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J. Padmaja, Ch. Anjaneyulu 
 

Department of Chemistry, University College of Science, Osmania University, Hyderabad-500007, India 

 

Abstract- Anodization of zircaloy-4 in 0.1M ammonium oxalate 
has been carried out. Kinetics of anodic oxidation of zircaloy-4 
has been studied at a constant current density of 8mA.cm-2 and 
at room temperature. Thickness estimates were made from 
capacitance data. The plots of formation voltage vs. time, 
reciprocal capacitance vs. time, reciprocal capacitance vs. 
formation voltage and thickness vs. formation voltage were 
drawn. From these plots rate of formation; current efficiency and 
differential field were calculated. The addition of solvent 
(methanol) showed better kinetics results. For 25%, 50% and 
75% aquo-methanolic media, the dielectric constant values are 
low leading to a marked improvement in the kinetics. In 80% 
methanol, though the dielectric constant value of solution is less, 
the kinetics was slow which may be attributed to the fact that the 
electrolyte becomes highly non-polar.   
 
Index Terms- Zircaloy-4, Anodization, Formation rate, Current 
efficiency,     Differential field, Aquo-methanolic media. 
 

I. INTRODUCTION 

ircaloy-4, which is a zirconium alloy containing Sn, Fe, Cr 
and O is mainly used in the Nuclear industry, especially in 

pressurized water reactors1,2 as fuel cladding integrity has to be 
ensured for its entire working life in the reactor core. 
Electrochemical oxidations of Zr-4 have been studied in 
electrolytes3, 4. 
           In this work, we focus on the oxidation of Zr-4 from an 
electrochemical stand point. The electrochemical experiments 
were performed at room temperature. 
           We have studied the electrochemical behavior of Zr-4 
through constant current density i.e. 8mA.cm-2 and at room 
temperature. 
           Thus specified experiments were performed and 
calculated to investigate the role of Zr-4 in 0.1M ammonium 
oxalate and the effect of solvent (methanol), formation rate, 
reciprocal capacitance vs. time, reciprocal capacitance vs. 
formation voltage and thickness vs. formation voltage were 
drawn. They were found to be optimum conditions for better 
kinetics and for better kinetic studies. 
 

II.  EXPERIMENTAL 

           Zr-4 was of 98% nominal purity supplied in the form of 
annealed sheet by NUCLEAR FUEL COMPLEX, 
HYDERABAD, as a gift sample was used. Thinning of this 

annealed sheet was done by DEFENCE METALLERGICAL 
RESEARCH LAB, HYDERABAD. The chemical composition 
of Zr-4 was described in Table 1. 
           From the initial sheet, the foil samples used were cut with 
the aid of a punch into a flag shaped specimen of 1cm2 working 
area on both side and 1 ½ cm long tag.                                                                                       
           They were chemically polished. The chemical polishing 
mixture consisted of acids such as HF, HNO3 and H2O in a 
definite volume ratio 3: 3:1. 
           The samples were thoroughly cleaned in distilled H2O, 
wiped with tissue papers, and exposed to dry before the 
experiment. 
 

TABLE 1 Composition of the studied material. 
Material    Weight Composition (ppm)                            
Zircaloy-4                                 Cr 1100 
 Fe 2200 
 O 1200 
 Sn 14400 
  
           Electrochemical Conditions : The counter electrode was 
a sheet of Platinum5 (2х3 cm, weight 3.000 gm). The working 
electrode was the Zr-46 sample. For anodizing, a double walled 
glass cell 100mL   capacity was used. The experiments were 
performed in aqueous media in an electrolyte, 0.1 M ammonium 
oxalate and 25%, 50%, 75% aquo-methanolic media .All the 
experiments were carried out at constant current density range 
8mA.cm-2.The experimental procedure for the anodization is 
given elsewhere7. The kinetic results calculated are formation 
rate in Vs-1, current efficiency (η) % and differential field (FD) in 
MV cm-1   from the conventional plots from the V vs. t, 1/C vs. t 
and 1/C vs. V.    
 

III. RESULTS AND DISCUSSION                                                   

Effect of Substitution: 
           Anodization of Zr-4 was done in 0.1M ammonium 
oxalate. The formation rate, current efficiency and differential 
field were calculated. The effect of solvent i.e.  Methanol on 
zircaloy-4 was studied in 0.1M ammonium oxalate to check 
whether there was enhancement of film formation 8, 9. 
 
Effect of Solvent: 
           Anodization of zircaloy-4 was performed in 0.1M 
ammonium oxalate and in aquo-methanolic media in 25%, 50%, 

Z
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75%.there was an improvement in the kinetics as given in table 
2. 
           The relevant plots are shown in figures 1 & 2. They were 
aid in the formation of good oxide films and acts as better 
electrolytic capacitors 10. These facts support the current results 
obtained in 0.1M ammonium oxalate. It can be explained on the 
basis of decrease in the dielectric constant of the medium (Table 
3) 
           In solutions of low dielectric constant there is less chance 
of ion- dipole interactions (solvent-ion interactions), which do 
not interfere in the oxide film formation. However, the ions in 
the high dielectric constant solutions interact with oxide ions 
responsible for oxide film formation due to high salvation with 
water molecules. In such solutions, the kinetics is poor. The 
kinetics are better in low dielectric constant solutions for 25% , 
50% , and 75%  aquo-methanolic media, the dielectric constant 
values are low leading to a marked improvement in the kinetics. 
The oxide film formed on the zircaloy-4 consists of two discrete 
layers in 0.1M ammonium oxalate were disappeared and made to 
a single layer in presence of methanol. 
 

Figure 1: Plot of formation voltage as a function of time in 
aquo-methanolic   solution 
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Figure: 2 Plot of reciprocal capacitance as a function of time 
in aquo-methanolic    solution 
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Table 2 Anodic films formed on Zircaloy-4 in 0.1M 

ammonium oxalate both aqueous and aquo-methanolic 
media. 

 
Percentage 
of  
methanol 

Formation 
rate dV/dt 
(V.s-1)                
 

Current 
efficiency  
Η, (%)    

Differential 
field 
FD(MV.cm-

1) 
 

BDV 
(V) 

0.1M AO 0.66 26 5.68 84 
0.1M 
AO+25% 
M 

0.93 40 5.22 170 

0.1M 
AO+50% 
M 

0.99 42 5.29 183 

0.1M 
AO+75% 
M  

1.05 44 5.33 213 

                  AO = ammonium oxalate, M = methanol 

 
Table 3 Variation of dielectric constant as a function of 

solution composition 
 

Methanol,%        Dielectric constant,ε                                                            
0 80 
25 67.7 
50 56.2 
75 44.8 
100 32.6 
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            Vermilyea studied the formation of anodic films  on 
tantalium in aqueous11 and non-aqueous12 solutions. He 
suggested that the composition of film depends on the solution in 
which it is formed. 
Seregina et al13 studied  the anodization of aluminium alloys in 
the solution of sulpho-salicylic acid  (90/cc) and found that thick 
films are possible during anodization at room temperature. 
Nageshwar rao et al14  observed a change in the dielectric 
constant of oxide films by changing the medium from aqueous to 
glycolic. 
            D.Rama devi15   reported that anodization of niobium in 
non-aqueous electrolytes in 50% glycerol increasing kinetic 
results with increase in glycerol content in 0.1M K2CrO4.                                                                                                                                                                                             
            Aparna16  observed the same trend of increasing kinetic 
results with increase in glycol content in 0.1Mpicolinic acid and 
sodium methoxide for Zr-2 and Ti.                                                                                                 
            Schmidt et al17 observed that the layers of TiO2 obtained 
in non-aqueous electrolytes are much adherent and uniform than 
those realized in aqueous media. 
            Climent Montoliu et al18  studied the anodization of 
titanium in acids, alkali and neutral baths (aqueous and aquo-
glycolic) and suggested from the structure and dielectric 
properties, that the anodic coatings formed in non-aqueous media 
acts as better dielectric capacitors. 
            Panasa Reddy et al19  and Lavanya et al20 also studied in 
tri sodium Citrate, 0.1M KOH (aquo-glycolic) respectively and 
found that the breakdown voltage was higher when anodized in 
ethylene glycol medium. This was also supported by other 
workers 21. 
            V Jeevana Jyothi22 observed anodization of Zr-4 in 0.1M 
sodium methoxide the addition of solvent (ethylene glycol) 
showed better kinetic results. 
            Shukla23 carried out the study of effect of aquo-glycolic 
media on Anodization of zircaloy-4 in 0.1M sulphamic acid and 
found that the addition of solvent improved the kinetic results 
 

IV. CONCLUSIONS                                   

            By  changing the solvent medium from aqueous to 
glycolic , the kinetics of film formation on zircaloy-4 in 0.05M 
Ammonium oxalate have been studied and it is observed that the 
peak  voltage, formation rate , current efficiency are increased 
but  differential field of formation decreased with the glycol 
content of solution. This can be attributed to the decreased in the 
dielectric constant of the solution with the increase in glycol 
content of the solution.               
 

ACKNOWLEDGEMENTS   

            The authors wish to thanks prof.K.Nageswar rao, Head, 
Department of Chemistry, University College of science, 
Osmania University for his keen interest and encouragement. 
The authors are also grateful to VC Prof.S.Satyanarayana, 
Osmania University, HYDERABAD, helping throughout this 
work. One of the authors (J.P) expresses her gratitude to Ex-
Heads, of OUCS, Hyderabad. The authors are special thankful to 

NUCLEAR FUEL COMPLEX,HYDERABAD  and DMRL, 
HYDERABAD  for generous help in providing Zr-4 annealed 
sheet  & thinning of annealed sheet. 
 

REFERENCES 
[1] Williams C D, Atomic Energy of Canada Limited Report, AECL 1969, 

3456.  

[2] Williams C D, Reactor Technol., 1970, 13, 147.  

[3] Shobha Rani P, Anjaneyulu Ch and Sastry K.S, J Electrochem Soc India, 
2000,  49(3), 129.  

[4] Lavanya A and Anjaneyulu Ch, Bull Electrochem, 2004, 20(4), 153.  

[5] Lavanya A, Raghunath G and Anjaneyulu Ch, Bull Electrochem, 2004, 
20(7), 305.  

[6] Ashok Kumar V, Raghunath G and Anjaneyulu Ch, Bull Electrochem 2005, 
21(1), 17.  

[7] Lavanya and Anjaneyulu Ch, Bull Electrochem, 2002, 18, 317.  

[8] Arifuku F, Iwakura C, Yoneyama H and Tamura H, Denki Kagaski, 1978, 
46, 19.  

[9] Randal J J, Electrochim Acta, 1975, 20, 663.  

[10] Lavanya A, Sarma C S N and Anjaneyulu Ch, J Electrochem Soc India, 
2001, 50, 164.  

[11] DA Vermilyea. Acta Met 1953; 1:282 

[12] DA Vermilyea. Acta Met 1954; 2:482 

[13] IE Seregina, B Kopara and AV Thimoshenko, Deposited Doc. (Avail 
SPSTI), 1982; 10 

[14] B Nageshwar Rao, V Venkata Ramana and Ch Anjaneyulu. J Electrochem 
Soc India 1996; 45: 27 

[15] Rama devi D, Ph.D. Thesis, O.U.,(1995). 

[16] N.N.S.Aperna, Ph.D. Thesis, OU, 2009 

[17] HK Schmidt, R Capellodes and MI Vidal, MT Vida, Lab. Invest. 
Components, Electron.S.A, Fr. Rev. Tech. Thomson C.S.F., 1982; 14, 657 
(FR). 

[18] F Climent Montaliu, R Fart Capelllodes & MI Vidal, Plennels An. Quim. 
Ser B 1983; 79-290 

[19] A Panasa Reedy, Ch Anjaneyulu and KS Sastry. J Electrochem Soc India 
1990; 39-183. 

[20] Krishnaiah S, Ph.D. Thesis, Osmania University, 1993 

[21] Sastry K S, Ph.D. Thesis, Chelsea College, University of London, London, 
1971 

[22] V Jeevana Jyothi and Ch.Anjaneyulu Research Journal of Pharmaceutical, 
Biological and Chemical Sciences 

[23] VD Shukla and Anjaneyulu Ch. E-Journal Chem. 2011; 8(1): 71-76 

[24] Lavanya A, Raghunath Reddy G and Anjaneyulu Ch, Bull Electrochem, 
2004, 20(7), 305-308. 

[25] Wei Wei, Jan M.Macak, Nabeen, K.Shreshta and Patrick Schmuki. J 
Electrochem Soc 2009; 156:104-109. 

[26] Narayana M L, Ph.D. Thesis, Osmania University, 1980. 

[27] Nehru Prasad K, Ph.D. Thesis, Osmania University, 1992. 

[28] Nageshwar Rao B, Ph.D. Thesis, Osmania University, 1990. 

 

AUTHORS 

First Author – J. Padmaja, Department of Chemistry, University 
College of Science, Osmania University, Hyderabad-500007, 
India, Email; jyothipadmaja22@gmail.com 
Second Author – Ch. Anjaneyulu, Department of Chemistry, 
University College of Science, Osmania University, Hyderabad-
500007, India 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      12 
ISSN 2250-3153  

www.ijsrp.org 

Family Disassembly and its Consequences: A Study from 
the Perspective of Single Parents in Sana’a Yemen 

Kamel Ahmed Mohammed Alalimi 
 

 Ph.D.Scholar,Ch.Charan Singh University, Meerut, India 

 

Abstract- This paper focuses on the family disassembly and its 
impact on children, family and society in Sana'a City, the capital 
of Yemen. It sociologically investigates the causes and factors 
leading to the family disassembly from the perspective of single 
parents, and the impacts of family disassembly on the children, 
on the family itself and on the society at large. The study 
depends on primary data collected from 100 single parents by 
using the techniques of interview. Moreover details of aspects 
were gathered by using case study method documents, and 
observation. Data collected by using interview guide/schedule (s) 
were analyzed by using simple statistical techniques, classifying 
variables of back ground, causes and effects.  
          The results of the study showed that family disassembly is 
taking place due to death, divorce and abandonment and lesser 
ability to perform basic roles for children’s upbringing and it led 
to dispersal of family members and juvenile delinquency and the 
recommend that relatives should not interfere in the disputes 
between husband and wife moreover the state, civic society, 
media and other social networks should pay more attention to 
family issues to help strengthening family ties. 
 
Index Terms- Family disassembly, single parent, children, 
society, Yemen 
 

I. BACKGROUND AND STATEMENT OF THE PROBLEM 

he family disassembly is considered to be one of the major 
social problems faced by both developed and developing 

societies. Family is the cornerstone of any society and it is the 
pillar which provides security and stability to the individuals in 
society. For people, family remains a lifeline that ensures their 
existence. It is the fountain from which everyone drinks what is 
required in life. Therefore, people think of the family as a source 
of strength, hope and inspiration and build their own dreams on 
it. If the family complains from the cases of weakness, disability 
and poverty, it will not be able to perform its educational, moral 
and social duties and here appear the human problems to arise in 
a frightening and terrible way. These problems threaten not only 
the structure and destiny of family but the structure and destiny 
of large society as well [1]. 
          Various studies and statistics in many countries have 
proved that a range between 60 to 80% of Juvenile delinquency 
have grown up within disassembled families as their families had 
some disputes that led to either divorce or separation. These 
averages of juvenile delinquency obviously shows that the 
collapse of family relationships and ties have created bad 
situations for children and teenagers to severely suffer. They 
have lost security, stability, reassurance and the emotional and 
psychological balance [2].  

          Several academic literatures from Arab countries including 
from Yemen like (Ghaith, 1979), (Alkhawli, 1984), (Rashwan, 
2003), (Turkiyah, 2004). (Alkamali, 2008). (Alkhatib,2006). 
(Algabere and Other, 2001). Tomim (1997), Isa's (1989), 
(Mubarak, 2006). (Autman, 1986) try to deal on family 
disassembly, juvenile delinquency, family structure and other 
family related issues.  
          The present study is distinguished from  the above 
mentioned research is by the fact that it aims at studying impact 
of the family disassembly on family, children and society from 
single parent perspectives.  
          In the light of the emerging scenario of family studies 
(above illustrations) and looking at the academic importance, the 
present study make an effort to examine the family disassembly 
in the Yemeni Society and its impact on the children, family and 
society through analytical and comprehensive approaches. The 
study would also look at the reasons and factors behind such 
family disassembly, as it is one of the sources of instability in a 
society and its people. The study has focused upon the following 
specific questions: What are the causes and factors that lead to 
the family disassembly? What are the impacts of family 
disassembly on children? What are the impacts of family 
disassembly on family itself? What are the impacts of family 
disassembly on society at large? What may be suggestions .i.e. 
what can be the suitable ways (recommendations) that may help 
to check this phenomenon? 
          The rest of the paper is organized as follows: Section two 
deals on review of literature and section three on data and 
methodology. Section four focuses on the findings of the study 
and finally section five gives conclusion and recommendation. 
 

II. REVIEW OF RELATED LITERATURE 

          This section tries to review literatures on the causes and 
effects of family disassembly focusing on Arab Countries.  
          The concept of family disassembly stands for many family 
problems like divorce, deviation and others that result from 
social mal-adjustment, the absence of economic status, 
psychological irritation, and tension of relationships inside the 
family, the lack of cooperative performances for family roles that 
sometimes result from the addiction to drugs and alcohol or from 
collecting the negative experiences for marital relationships. 
However, Atif Ghaith in his book Almashakil Alijtimayia 
('Social Problems') defines it any weakness, mal-adjustment or 
collapse of the ties in the family community for each other. This 
weakness is not restricted to that in the relationship between the 
husband and wife but it includes the relationships between 
parents and their children [3]. 

T
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          There are many literatures try to touch the causes for the 
family disassembly. Accordingly, (Rashwan, 2003:100) try to see 
the cause of family disassembly from the perspectives of faith 
weakening.  According to him the person with weak faith loses a 
preventive shield incomparable in facing the problems of 
contemporary life. If the faith of one single parent or both is 
weak, they are exposed to frequently easy mistakes and sins 
causing unbounded problems inside the family. He goes on 
saying that the moral problems such as the commitment of crime, 
and rebellion against social and moral values, the addiction to 
alcohols and drugs, hypocrisy, the absence of truthfulness, 
sincerity is the major cause of family disassembly[4].  
          Turkiyah (2004:175), try to see the causes of family 
disassembly from absence of head of the family. The researcher 
mentioned that there are forms of the absence such as the man 
indulged in his work, thus the problems will start to emerge in 
the house because of the lack of sharing between the couple [5]. 
          When the mother is busy with her work, there is no care 
for in his needs and affairs. If the husband comes back from his 
work he will find no one other than his attendant who prepared 
food and place but the wife will come back exhaustive and tired 
seeking for rest and comfort. Hence, the work of wife outside of 
her house will hinder the delivery of her natural mission and 
basic functions in home that is motherhood (Rashwan, 2003:94). 
          Alkamali (2008:107), state that the absence of guardian 
constitutes a huge danger that leads to the family disorder. She 
further elaborate that the family may be exposed to disorder due 
to the long disease of guardian since a patient does not have 
health insurance and this affects the family’s economies and 
becomes a burden on its shoulder and exposes it to terrible crises 
to face the requirements of the patient [6]. 
          The death, divorce or separation of one or both parents and 
polygamy are causes of the family crackdown and disunity; the 
death of one basic member of family may lead to the complete 
collapse of family structure (Rashwan, 2003:101).  
          Alkhatib, (2006: 200-201) one of the important causes of 
marital problems is the lack of contact between couples which 
mainly resulted from the lack of transparency and frankliness in 
the treatment between the couple [7].   
          On the other side looking at the effect of family 
disassembly Turkiyah (2004:176) noted that Individuals are 
victims of family disassembly in the broken family. When facing 
many problems, the couple will have frustration and 
disappointment and mal-adjustment and psychiatric health. This 
may expose them to some psychiatric diseases such as anxiety, 
depression, hallucination, obsession and illness fears. 
          When the family gets disassembled and the rally scattered, 
the individuals get feeling of social insecurity and inability to 
face up the problems by seeking the easiest way of solution and 
reaching their goals without reference to how legal is the way 
used to reach the goals. There is absence of conscience and of 
adherence to social regulations and standards dominant to guide 
an individual to the way acceptable to legally achieve the goals. 
Juveniles from boys and girls are mainly exposed to delinquency 
and involvement in criminal behavior due to disassembly of their 
families (Ibid, 177). 
          On the other hand Algabere et.al (2001: 91- 93) try to 
explain that the occurrence of family disassembly within the 
family leads its individuals to be scattered and be busy in their 

own personal problems rather than their social responsibilities. 
Instead of being productive in society, the individual becomes 
frustrated and in need for efforts to be exerted for the sake of his 
help in solving the problems to face. The family disassembly also 
generates psychological frustration influential on every 
individual of the disassembling family. This leads some of them 
blame the society that does not help in creating the circumstances 
for avoiding family disassembly. The individual gives blames for 
the values supported by the society, declaring rebellion against 
them. The disobedience to this kind indicates as the behavior 
expressing the dissatisfaction and this in turn may lead to a kind 
of cultural behavior contradictory to what is familiar and 
common in his/her society[8]. 
 

III. DATA AND METHODOLOGY 

          The study has been conducted in one city, namely Sana’a, 
the capital of Yemen. Primary data has been collected by using 
the techniques of interview, documents, and observation. At first 
the details of aspects were gathered by using case study method. 
Ten case studies were done. Thus exploration provided help in 
preparing an interview guide for parents and children separately. 
At the second stage, data from 100 single parents have been 
collected by using the interview guide. 
          The facts, collected through different sources have been 
analyzed scientifically in a systematic manner. Case studies have 
been analyzed qualitatively. All the data collected by using 
interview guide/schedule (s) were analyzed by using simple 
statistical techniques, classifying variables of back ground, 
causes and effects. Such techniques have helped in arriving at 
findings on the proposed objectives. 
 

IV. FINDINGS OF THE STUDY 

          Findings are presented here in the from single parents’ 
perspectives. Before describing the main findings of the study, a 
brief account on the socio-economic background of the sampled 
single parents will be dealt under section 4.1. And then the 
causes and effects of family disassembly from single parent’s 
perspectives will be examined at section 4.2.  
 
4.1. Socio-economic background of the sampled single 
parents 
          The study has identified some important particular socio-
economic characteristics of the single parents in the city. 
Significant among them are the majority of single parents (61%) 
are female, and a large number of them are middle aged (between 
36 and 45). The phenomenon of single-parenthood is not 
confined to the ‘illiterate’ people as there is also a segment 
(28%) that has secondary level of education.  
          In terms of economic/occupational background a larger 
portion (53%) of them belong to public and private sector 
employments.  Majority (53%) of single parents get salaries as 
their source of income. Large segment (37%) of single parents 
belongs to income group which range from 36,000 -45,000 Riyal 
per month. However, a considerably big number of single parents 
(42%) feel that their income is insufficient.  Although the 
majority (59%) of them originally belongs to rural places, their 
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present residences are mostly (56%) at the suburbs, and the 
residential area of a large number (46%) of them points to the 
fact that they are neither too poor nor well off.  Majority of them 
dwell in small (52%) and rented (56%) houses, and more than 
half (51%) of them are of medium sized families (of 5 to 8 
members) in comparison with the national standard. Majority of 
single parents show standards of religious/value based life 
similar to other people in the country.  
          Majority (76%) of single parents has TVs and large 
proportions (85%) of family members do not use alcohol in the 
family of single parents. greater percentage (93%) of family           
members do not use drugs in the family of single parents. 
Generally, single parents are not an independent group of people 
outside the general social, economic and value standards, but 

they share many things with others (see table 1 in the appendix 
part).    
 
4.2. Family Disassembly from Single Parents’ Perspective 
          From single parents’ perspective, the cause that led to the 
single-parenthood of the large majority (70%) is divorce, and 
according to a considerable number (23%) of among them the 
divorce took place due to the unwanted interventions by their 
relatives in the family their marital life. About one third (32%) of 
family members of single parents only sometimes meet together 
after divorce (see Table 2). 
 
 
 
 

               
Table 2: causes of family disassembly, reason for divorce and relationship after divorce. 

 
The causes that lead to the family disassembly Number Percentage 
Divorce of spouse 70 70% 
Abandonment 3 3% 
Going to Prison 4 4% 
Polygamy 5 5% 
Death of spouse 15 15% 
Suffering from any disease 3 3% 
Total 100 100% 
The Reason for divorce     
Infidelity/Betrayal 5 7% 
Lack of understanding between the couple 15 21% 
The insufficient income of the parent / Financial 
problems 20 29% 
The relatives` Intervention 23 33% 
Polygamy 7 10% 
Total 70 100% 
Inter-relationship  after divorce     
Meet always 21 30% 
Meet sometimes 32 46% 
Never meet 17 24% 
Total 70 100% 

              Source: Field Survey 
 
4.2.1. Impact of Family Disassembly on Children 
          From the perspective of single parents the impact of family 
disassembly on children has been observed in terms of children 
living with/without parent, their visiting the other parent, care by 
other parent, reasons of inability in providing care by single 
parents, extent of satisfaction with raising children alone, the 
reason of dissatisfaction  with raising children alone, treatment of 
children by single parents when coming back home late, whether 
children have school drop-out, reason behind their school drop-
out. 
          Larger segments (42%) of children are forced to live with 
their mothers.  Majority (54%) of children is not visited by other 
single parents.  Children receive care to some extent by single 

parents with whom they live (42%). A Small number (16%) of 
children with no care provided is due to the reason of inability of 
single parents to provide security. About 40% of single parents 
are not satisfied with their raising the children alone and 20% of 
single parents attribute the reason of their dissatisfaction of their 
inability in providing enough love and care to children. About 
40% of children gets punished by single parents if they come 
back late. Majority (66%) of children do not drop out their 
school. A segment (20%) of children drops out their school due 
to the reason of the inability of single parents to meet the study 
expenses (see Table 3). 
 

 
 

Table 3: Impact of Family Disassembly on Children from single parent Perspective 
 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      15 
ISSN 2250-3153  

www.ijsrp.org 

The children live Number Percentage 
With the father 22 22% 
With the mother 42 42% 
Distributed between the two  36 36% 
Total 100 100% 
Children Visited by parents       
Yes 31 36% 
No 54 64% 
Total 85 100% 
Children Given Enough Care     
Yes 24 24% 
To some extent 42 42% 
No 34 34% 
Total 100 100% 
Reasons     
Inability to provide security 16 47% 
Failure to meet their needs 11 32% 
Inability  to solve their problems 7 21% 
Total 34 100% 
Satisfied With Raising     
Yes 27 27% 
To some extent 33 33% 
No 40 40% 
Total 100 100% 
Answer is (not) Why     
The inability to provide them with enough love and care 20 50% 
The weakness of my personality to control them. 12 30% 

Being indifferent about their appearance and their food times 8 20% 
Total 40 100% 
The Children Coming Back Home Late     
Never come back late 13 13% 
Nothing is done 20 20% 
I give  them advice 27 27% 
Punish them 40 40% 
Total 100 100% 
School drop-out     
Yes 34 34% 
No 66 66% 
Total 100 100% 
Reason School Drop-out of School     
Inability to meet the study expenses 20 59% 
Repeated failure 10 29% 
Working to support family 4 12% 
Total 34 100% 

              Source: Field Survey 
 
4.2.2. Impact of Family Disassembly on Family Itself 
            From their perspective of single parents the impact of 
family disassembly on family itself has been observed in terms of 
their feeling after separation of single parents, society's 
perspective towards single parents, extent of disobedience of 
children to single parents, whether their behavioral change 
towards family members occurs, and extent of their behavior 
change.  

            About one third (31%) of single parents feels worried and 
depressed after separation. A large number (39%) of single 
parents expressed their displeasure of society towards them by 
tracking their movements and behavior. A good segment (31%) 
of children often disobeys the authority of their single parents. 
Majority (56%) of single parents does not change their behavior 
towards family members after separation. A small number (19%) 
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of single parents who change their behavior is due to the feeling 
of nervousness and losing temper over trivial things (see table 4). 

 

 
 

Table 4: Family disassembly on family itself observed in terms of single parent’s feeling after separation 
 

Feeling after Separation Number Percentage 
Worried and depressed 31 31% 
Isolated from social life 19 19% 

Interested in revenge 27 27% 
Nothing 23 23% 
Total 100 100% 

How Society Look upon you     

With sympathy & support and respect 33 33% 

With envy and greed 28 28% 

Tracking of movements and behavior 39 39% 

Total 100 100% 

The Extent of disobedience of children      
Always 20 20% 

Often 31 31% 

Rarely 28 28% 

Never 21 21% 
Total 100 100% 

The Change in your behavior     

Yes 44 44% 
No 56 56% 

Total 100 100% 

The Change you feel     
Tendency towards revenge and hostility 11 23% 

Lack of love and care for them 14 34% 

Nervous and losing temper over trivial things 19 43% 

Total 44 100% 
          Source: Field Survey 
 
4.2.3. Impact of Family Disassembly on Society 
           From the perspective of single parents  the impact of 
family disassembly on society  has been observed in terms of 
whether family disassembly affect society, its various effects on 
society, behavioral problems of single parents observation in 
children  after the family disassembly ,  feeling of children after 
family disassembly, suggestions for maintaining the cohesion of 
the family. 
           Majority (77%) of single parents feels that the family 
disassembly affects society at large. About one third (31%) of 

single parents, who expresses the effect of family disassembly on 
society, shows this effect as dispersal of family members leading 
to disintegration. Large segment (37%) of children, after the 
family disassembly, acquires the behavior of rebellion. Large 
segment (37%) of children feels insecure after the family 
disassembly and the lowest number (17%) who says that children 
get hatred towards family and relative. A segment (30%) of 
single parents suggests careful selection of spouse in order to 
maintain the cohesion of the family (See table 5). 

 
 
 
 
 
 

Table 5: Impact of family disassembly on society 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      17 
ISSN 2250-3153  

www.ijsrp.org 

 

Affects society Number Percentage 

Yes 77 77% 

No 23 23% 

Total 100 100% 

Effects Society     

Disruption of human resources of production 9 12% 

Adopt a different culture from the culture of the society as a kind of 
revenge and rebellion 11 14% 

Children turn to be outlaws and criminals in the society 18 23% 

Dispersal of family members 24 31% 

It weakens relationship among relatives 15 20% 

Total 77 100% 

The behavioral problem     

Rebellious 37 37% 

Deviate 23 23% 

Introvert 22 22% 

No problem 18 18% 

Total 100 100% 

The Children feel after the family disassembly     

They feel insecure 37 37% 

The  feel to be   inferior 27 27% 

Hatred to family and relatives 17 17% 

They feel nothing 19 19% 

Total 100 100% 

Suggestion     

Careful selection of spouse 30 30% 

Relatives must not intervene in  internal matters of  the spouses 21 21% 

To have one wife only/ monogamy 12 12% 

To provide children with the necessary needs 18 18% 

Family issues should be paid attention by mass media and through 
family specialized centers 19 19% 

  Source: Field Survey 
 

V. CONCLUSION AND RECOMMENDATIONS 

           The present study finds that families in Sana’a are 
becoming nuclear, the social organizations are taking more 
responsibilities, and family disassembly is taking place due to 
death, divorce and abandonment and lesser ability to perform 
basic roles for children’s upbringing. To this extent the findings 
of present study are similar to the above study of Tomim (1997).   
           The results of the study also indicates that the size of 
family, the income of the family create an environment for 
emerging family problems i.e. divorce which in turn leads the 
juveniles to involve delinquency. To this extent the findings of 

the present study are similar to a study conducted by Al-kamali 
(2008).  
           Moreover, the present study shows that the deviant 
behavior of fathers is imitated by their children those become 
juveniles. The results of this study further indicates that the 
weakness of family solidarity, the lack of good family 
relationship, the divorce and the loss of one parent are factors 
causing juvenile delinquency.  
           The present study finds that the family plays an important 
role in framing children's attitudes. It also indicates that the 
family suffering from relationship tensions exposes its children 
to involve delinquency. Finally, the results of the study indicates 
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that some children absence of one parent become juvenile 
delinquents.  
           Therefore this study recommends that relatives should not 
interfere in the disputes between husband and wife and care 
should be taken before hand in choosing the partner that is likely 
to enhance the integrity of the family. Moreover, media should 
pay more attention to family issues to help strengthening family 
ties. Finally the role of state and civil society organizations 
should be activated for resolving the problems of society, family 
in particular. And more studies and researches in future on the 

family problems, especially the problem of family disassembly 
and its effects, should be undertaken. 
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Table1: Socio-economic background of the sampled single parents. 
 

Sex of the Single parent Number Percentage 
Male 39 39% 
Female 61 61% 
Total 100 100% 
Age group     
25-35 26 26% 
36-45 43 43% 
46-55 22 22% 
Above 55 9 9% 
Total 100 100% 
Level of education     
Illiterate 26 26% 
Primary 22 22% 
Secondary 28 28% 
Graduate and above 24 24% 
Total 100 100% 
Occupation     
Employee 53 53% 
Nonemployee 47 47% 
Total 100 100% 
Occupation     
Employee 53 53% 
Professional/craftsmen 8 8% 
Farmer 5 5% 
Housewife 34 34% 
Total 100 100% 

Sources income     

Free business 14 14% 

Salary 53 53% 
Support from others 33 33% 
Total 100 100% 

Income of the family     

Less than 15,000 14 14% 

15,000 – 25,000 16 16% 

26,000 -  35,000 22 22% 

36,000 – 45,000 37 37% 

45,000 and above 11 11% 
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Total 100 100% 
The degree this income is sufficient     
Sufficient 20 20% 
Quite Sufficient 38 38% 
Insufficient 42 42% 

Total 100 100% 
The original place of residence     

Urban 41 41% 
Rural 59 59% 
Total 100 100% 
Present place of residence     
The outskirt of the City 56 56% 
In the City 44 44% 
Total 100 100% 
The nature of the residence area     
Lower 41 41% 
Middle 46 46% 
High-class 13 13% 
Total 100 100% 
Family size     
2 - 4(small) 22 22% 
5-8(medium) 51 51% 

9 and above(large) 27 27% 
Total 100 100% 
Ownership Status of House     
Personal ownership 36 36% 
Rented 56 56% 
Public(Govt.) 8 8% 
Total 100 100% 
The house     
Personal ownership 36 36% 
Rented 56 56% 
Public(Govt.) 8 8% 
Total 100 100% 
The family have TV     
Yes 76 76% 
No 24 24% 
Total 100 100% 
Use Alcohol     

Yes 15 15% 
Yes 85 85% 
Total 100 100% 
Use drugs     
Yes 7 7% 

No 93 93% 
Total 100 100% 

     Source: Field Survey 
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Abstract- In the present study, Variable Infiltration Capacity 
(VIC) a macro-scale hydrological model was used to simulate the 
hydrology of Chambal river basin of India. This analysis was 
carried out to generate water balance components including 
runoff, evapotranspiration and baseflow at 0.25*0.25degree grid 
for the year 2000 and to estimate daily variation of runoff over 
entire basin. The effect of change of Land cover, slope and soil 
type on runoff also investigated in this study. Simulation of VIC 
model showed the annual runoff generation over the basin is 
50%. 
 
Index Terms- Chambal river basin, Hydrology modeling, VIC, 
rainfall, runoff, evapotranspiration 
 

I. INTRODUCTION 

ater is the most precious gift of the nature and it must be 
conserved and maintained carefully for all living things. 

Due to scarcity of water and increased rate of population it has 
become to check optimum use of available water resources, for 
proper planning and efficient water resources in any region it is 
necessary to understand the hydrological parameters of the 
watershed.  For reliable prediction of the various hydrologic 
parameters including rainfall, runoff etc. for remote areas is very 
tough and time consuming by conventional methods. So it is very 
important to search suitable methods and techniques for 
quantifying the hydrological parameters. The fundamental 
objective of hydrology modeling is to gain an understanding of 
hydrological system in order to provide reliable information for 
managing water resources in a sustained manner. Distributed 
models are based on physical principles governing the movement 
of water within a catchment area, but they need detailed high-
quality data to be used effectively. AVSWAT (ArcView Soil and 
Water Assessment Tool), MIKE-SHE, Variable infiltration 
Capacity (VIC) model, HEC-HMS (Hydrologic Engineering 
Centre-Hydrologic Modelling System) are some of the physically 
based distributed hydrologic models. In the present study, VIC 
land surface hydrologic model has been used for modeling the 
river flow regime. It is a physically based, macroscale 
hydrological model which represents the partitioning of 
incoming (solar and long wave) radiation at the land surface into 
latent and sensible heat, and the partitioning of precipitation (or 
snowmelt) into direct runoff and infiltration.VIC explicitly 
represents vegetation, and simultaneously solves the surface 
energy and water balances. A river routing model when coupled 

with VIC permits comparisons between the model-derived 
discharge and observations at gauging stations. 
 

II. OBJECTIVES 

1. Spatio-temporal data collection, database preparation using 
Remote Sensing / GIS and their integration for model input. 
2. To conduct the hydrological modeling using VIC (Variable 
infiltration capacity) land surface model for Chambal river basin. 
3. To generate water balance components at 0.25x0.25 degree 
grid level on a daily time step. 
 

III. STUDY AREA 

         Chambal River Basin is located in eastern Rajasthan, 
between latitudes 22°27' and 27°20' and longitudes 73°20' and 
79°20'.It also covers some part of Madhaypradesh Banas and 
Mahi Basins lie to its west, and Gambhir and Parbati Basins to its 
north. Its eastern and southern edges border Madhya Pradesh 
State. Chambal River Basin extends over parts of Chittorgarh, 
Bhilwara, Bundi, SawaiMadhopur, Tonk, Jhalawar, Kota, Baran 
and Dholpur Districts. The total catchment area of the Basin is 
31,460 km2 (excluding Banas Basin, which is also a tributary of 
Chambal). (Fig 1) 
         The main tributaries of river Chambal are Siwana, Retam, 
Shipra and Choti Kalisindh in MP, Kalisindh, Parwati, Parwan 
and Banas in Rajasthan. Figure 2 shows the river network of 
Chambal river basin. The mean annual rainfall over the Chambal 
Basin was computed as 797 mm, of which about 93% falls 
during the four Monsoon months (June-September). 
 

 
 

Figure 1: Study Area 
 

W
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Figure 2: River Network in Chambal basin 

 

IV. MATERIALS AND METHODOLOGY 

Data and software 
         The satellite data used are  Landsat ETM+data from USGS 
classified with same classed as used in GLC 2000 vegetation 
classification   data ,  MODIS (MODIS 15 A 02) data for LAI 
and (MCD43B3) ALBEDO. Not only satellite data Soil data 
from STATGO, FAO and NBSSLUP, Digital Elevation Model 
(GTOPO30) of approximately 1 kilometer resolution and 
maximun, minimum temperature and rainfall data from Indian 
Meteorological Department were required to run the model. The 
software used were ERDAS (Earth resources Data analysis 
System) imagine 9.2 versions and ARCGIS 9.3 for generating 
grid mesh, preparing land use/land cover map and soil maps as 
well as while extracting mean LAI and ALBEDO values and 
Mean elevation values. ENVI 4.0 software was used during the 
study, to prepare all the rainfall, maximum and minimum 
temperature maps. The operating system used was windows and 
cygwin. 
 

V. METHODOLOGY 

         Grid mesh was created over the area corresponding to 
latitude and longitude with spatial resolution of 25 km * 25km in 
ARCGIS. Grid mesh is consisting with 19 rows and 23 columns. 
. Starting from the upper left corner the values were assigned 
going right and downward for each grid cell. Total number of 
grid was 436. Figure 3 shows the basin grid. Four major input 
files are necessary to run the VIC model. They are Vegetation 
parameter file, Vegetation Library file, Soil parameter file and 
Forcing file. All the files are represented according to ASCII 
format. Vegetation characteristics related to each grid cell are 
reflected by vegetation parameter file and vegetation library file. 
The vegetation parameter file describes the vegetative 
composition of each grid cell, and uses the same grid cell 
numbering as the soil file (latitudes and longitudes are not 
included in the file). This file cross-indexes each vegetation class 
(from any land-cover classification scheme) to the classes listed 
in the vegetation library. To prepare this file, land use map was 
overlaid on the grid map and the no. of vegetation classes as well 
as fraction of grid covered by those classes was extracted. A 
small code in C language was used to read this information from 
crossed map and arrange it in the format specified by the model. 
For the selected land cover classification of   the study area, a 

vegetation library file was set up. This describes the static 
(varying by month, but the same values year-to-year) parameters 
associated with each land cover class. The  variables used in 
vegetation parameter file and vegetation library file are Gridcel, 
Vegetation_type_no, Veg_class, CV, root depth, root fraction, 
Gridcel, Overstory, Rarc, Rmin, LAI, ALBEDO, roughness 
length, displacement height, overstory, architectural resistance, 
minimum stomatal resistance. For this purpose Landsat ETM+ 
data was supervisly classified with same classed as used in GLC 
2000 vegetation classification data to obtain land/use land cover 
map of the study area which have lkm*lkm spatial resolution as 
seen in Figure 4  using ERDAS imagine Software. Different 
vegetation types in land use map were used to include the all 
parameters accordingly by giving identification number for each. 
For derivation of LAI, MODIS LAI and albedo maps the 
monthly values  were reprojected from sinusoidal WGS to Albers 
equal area projection system All the images were subset using 
boundary map in ARCGIS and all the images were multiply by 
0.1 to get actual value and then mean LAI values for every 
month were obtained using Band math function. Other variables 
like roughness length, displacement height, overstory, 
architectural resistance, minimum stomatal resistance were 
derived from LDAS 8th database (http://ldas.gsfc.nasa.gov/LDAS 
8th/MAPPED.VEG/ web. veg.monthly.table.html) and MM5 
terrain dataset. Figure 8 and 9 represents the LAI and ALBEDO 
map prepared for May 2000.For derivation of soil parameter file 
Soil texture map (Fig 5) was rasterized and overlaid with the grid 
map to extract dominant soil type in each grid. Mean elevation 
values for each grid were derived from Digital elevation model 
and slope map shown in Fig 6. And Fig 7.Annual precipitation 
was obtained from the gridded rainfall map was provided from 
IMD (Fig 10). All other parameters except c, elevation, depth, 
off_gmt, rough, and annual prec are a function of soil texture and 
were derived using soil hydraulic properties index defined in 
VIC model documentation. Forcing data files play big role in the 
model to produce all the out puts in both water balance and full 
energy balance. This is done in the global control file using the 
FORCE_TYPE parameter. The VIC model is written entirely in 
the C programming language, and can be compiled using a gcc 
compiler on UNIX, Linux and DOS operating systems. The code 
was compiled using the make file included in the archive, by 
typing 'make'. The compiled code creates an executable entitled 
VicNl'. To begin running the model, VicNl -g (global control file 
name)' was written at the command prompt. Global control 
parameters were modified according to the input characteristics 
and to activate the ware balance. In addition to that input and 
output path were specified. VIC use infiltration formula used in 
Xinanjang model which assumes precipitation in excess of the 
available infiltration capacity forms surface runoff. Penman-
monteith formula is used to calculate the evapotranspiration 
.Base flow was derived as the function of soil moisture in the 
lowest soil layer using Arno non linear formula. 
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Figure 3: Chambal grid map 
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Figure 4: Lulc map over the area 
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Figure 5: Soil map of Chambal river  basin 
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Figure 6: Digital Elevation model 
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Figure 7: Slope map 
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Figure 8: LAI map of Chambal river basin  
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Figure 9: Albedo map of Chambal river basin 
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Fig 10: Gridded Rainfall map of Chambal river basin 
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VI. RESULTS AND DISCUSSION 

          The results obtained through the simulation are represented 
under this chapter. Although VIC model produce number of 
hydrological parameters the present analysis mainly focuses on 
the major components which are Runoff, Evapotranspiration, and 
Base flow. 
 
Major Hydrological component 
          Figure 11 shows the spatial distribution of annual rainfall 
calculated from January 2000 to December 2000 over the grid 
mesh of Chambal basin. It ranges from 465mm to 1024 mm. 
Also maximum rainfall is received in July and lowest in 
December. It is observed that in monsoon, this area received high 
rainfall and winter received less.Rainfall, Land use/land cover, 
Elevation, Slope, Soil types are main limiting factors for the 
runoff generation. Simulated annual runoff varies from 0 mm to 
516.8 mm and is presented in Figure 12. Highest Runoff has 
produced in July and lowest in December. According to the 
simulated results it has shown that average annual runoff 
generation over the basin is 50 % corresponding to the rainfall. 
Figure 14 shows the annual division of precipitation into the 
different components of the water balance which averaged for 
the whole basin. Figure 13 shows the daily variation of rainfall 
and runoff for the whole basin. 
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Fig 11: Annual rainfall distribution over basin 
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Fig 12: Annual runoff distribution over basin 

 

 
 

Fig 13: Daily variation of Rainfall and Runoff over basin 
 

 
 
Fig 14: Annual average distribution of different hydrological 

components 
 

             Base flow has produced according to the precipitation 
intensity and durations. The areas which receives lower 
precipitation has produced negligible amount of base flow. It is 
observed that annual base flow over the area range from 0 mm to 
184 mm according to the precipitation received. In VIC model 
Base flow is generated from the bottom layer. Hence bottom 
layer characteristics have influenced on base flow. However 
variation of Base flow ratio correspondent to rainfall is very 
smooth over the area as seen in Figure 16.The annual 
Evapotranspiration over the area simulated by VIC model ranges 
from 0 mm to 663 mm as seen in Figure15. However with 
respect to temperature changes in different months 
evapotranspiration has changed. Evapotranspiration has become 
lowest in December with respect to minimum temperature. 
Although South east part received higher rainfall, 
evapotraspiration has shown lower value than northern part of 
the basin. In addition to that it has shown evapotranspiration is 
higher in forest area with compare to the little or no vegetation 
area. 
 
             Effect of Land use/ Land cover, slope and soil type on 
runoff 
             It is observed that runoff has changed over the area 
according to the land use and land cover. Chambal basin mainly 
consists with mixture of vegetation types. Figure 17 shows runoff 
changes with correspondent to different land use/land covers. 
According to it open shrub land has produced lower runoff and 
cropland has produced higher runoff. Usually high slope tends to 
more runoff generation, retarding infiltration where as low slope 
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area creates low runoff giving time for the infiltration. It has 
clearly shown in Figure 18 which represents the fraction of 
runoff generation. 
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Fig 15: Annual evapotranspiration distribution over the 

basin 
 

Legend

<VALUE>

0 - 20.5

20.50000001 - 41.01

41.01000001 - 61.52

61.52000001 - 82.02

82.02000001 - 102.53

102.5300001 - 123.03

123.0300001 - 143.54

143.5400001 - 164.04

164.0400001 - 184.55

µ

0 250125
Kilometers

ANNUAL BASEFLOW

 
Fig 16: Annual Baseflow distribution over the basin 

 

 
 

Fig 17: Runoff changes according to Land cover 
 

 
 

Fig 18: Runoff changes according   to slope 

 
Fig 19: Runoff changes according to Soil 

 
            Figure 19 illustrate annual runoff variations according to 
the soil characteristics. It has shown that sandy soil formed low 
runoff due to high infiltration capacity where as clay soil has 
produced comparatively high runoff. 
 

VII. CONCLUSION 

            The grid based most recent version of VIC Model was 
implemented at 25km*25km grid resolution for the Chambal 
river basin with aid of Remote Sensing and GIS data. The 
different hydrological parameters are simulated according to the 
input data and those have shown acceptable degree of accuracy 
over the area. The advantage of the model is, it can utilized most 
of the Remote Sensing and GIS data which can easily derived 
from web-based spatio-temporal data especially for the areas 
which has very limited amount of data. Although model has 
formulated considering macro scale catchment areas it can 
successfully apply for the small watersheds to extract number of 
hydrological parameters. Also with this model it is possible to 
find the hydrological parameter changes over the catchment areas 
due to different alterations which help in decision making 
process. Some knowledge about programming is necessary to run 
the models which can be consider as a disadvantage of the 
model.VIC Model computed grid-wise water balance 
components simulated the seasonal and annual hydrological 
processes in Chambal River basin for the year 2000. Grid-wise 
daily water balance simulations provided the estimates of 
evapotranspiration, runoff and base flow at daily time step. The 
annual runoff generation over the basin is 50%. Land use/ land 
cover, soil and slop characteristics influences the hydrological 
processes in considerable manner. Higher runoff produce 
correspondent to less vegetative area where as low runoff 
produced in densely vegetated areas. Higher slopes contribute 
high runoff where as plain area produces low runoff. Also runoff 
changes in considerable manner with respect to soil type and soil 
characteristics over the area. The Sandy soil produces less runoff 
and Clay soil produces high runoff. 
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    Abstract- The previous research in Knowledge Management 
(KM) concentrated on the development of the subject of 
Knowledge, the creation of the maturity models, the process of 
implementation etc. as evident in the literature. The related past 
instruments are not applicable for evaluating the relationship of 
KM with industrial equipment reliability. The purpose of this 
paper is to develop a validated instrument to prove the 
relationship of organization-wide ‘failure factors (FF) of KM’ 
with ‘equipment performance’. A survey among the expert 
professionals attached to the inter-disciplinary tasks of managing 
assets’ reliability reveals that 116 items in 4 constructs suit this 
core specific purpose. The empirical results had provided the 
strong support for the models. It is expected that the proposed 
model would help in any future study on the ‘impact of KM’ on 
‘asset management’. 
 
    The various ‘factors of equipment’s failure’ as commonly 
encountered and applicable in any sector of industry were 
adopted and then these factors were validated with the responses 
from the industrial and specialized workforce either working on 
or associated with the equipments’ mal-functions. The responses 
from experienced ‘reliability experts’ had been statistically 
validated for consistency and reliability. The interplay and the 
inter-dependence of the failure factors are analyzed along-with 
the various ‘independent factors’ those have bearing on the 
equipments’ failure. The relationship of these independent 
factors with associated Knowledge Gap (K-Gap) and/or 
Knowledge Risk (K-Risk) and/or Knowledge Strength (K-
Strength) may guide then to formulate the equipment-oriented 
KM strategy. 
 
    Index Terms- Knowledge Management, Equipment 
Reliability, Failure Factors, Knowledge Gap, Knowledge Risk, 
Knowledge Strength. 
 

I. INTRODUCTION 

he review of previous research literature indicates that the 
major thrust of KM was either as an ‘academic study’ or the 

more specific to ‘Information Technology (IT) and enabling 
technology’ in order to relate the overall organizational 
perspective and goal. The effort was not fully intended to look for 
a related instrument that would fit and can be used in ‘equipment 
oriented KM’. The purpose of the current instrument was to 
capture expert views on equipment’s performance reflecting 
cultural, human, process aspects of the organisation. The failure 

factors listed by Weber [1] have been widely used. Knowledge 
concept as defined by Gordon [2] is applied in order to get 
feedback from participants on their understanding of equipment’s 
operational knowledge. The questionnaire then formed to have a 
feel on the impact of both the ‘macro level’ and ‘micro level’ 
factors [3] on reliability.  
 

A. Objectives 

    The objective of this exercise was whether or not an effective 
instrument could be developed to capture expert’s attitude 
towards equipment reliability and the reasons behind non-
performance of equipment. The proposed instrument was 
expected to be statistically valid and consistent. The responses 
must give an indication of impact of knowledge management on 
equipment reliability. 
 

B. Motivation of this Study  

    The process industry’s main value-adding production entities 
are the critical process equipment, through which the input-
resources (with low value) are transformed to the output products 
(with higher value). Any break of this process of value-adding 
chain due to the malfunction of assets/equipments ultimately 
affects the production-volume and the production-quality due to 
the disturbed process in case of breakdown and/or unhealthy 
running of equipment beyond/below the designed specification. 
 
    The causes of these malfunctions may be any or more of the 
reasons e.g. the deficiency in engineering, variation in 
manufacturing process, the environment not conducive to the 
production and assembly process, the flaws in commissioning 
and installation etc. and the ‘human unreliability’ in each stage. 
Among the total ‘human errors’, ‘human unreliability’ in the 
operation and maintenance stage occur in significantly large 
proportions due to the knowledge ‘gap’ and/or due to the 
knowledge ‘risk’ of the demotivated employees [3]. The human 
unreliability plays an important role since there is a direct 
correlation between the ‘equipment reliability’ and the 
equipment-specific ‘skills and knowledge’ of equipment 
operators. The positive attitudes of employees lead to more 
reliable equipment [4].  
 
    With this background, an attempt had been made here to study 
whether or not there is any possible link between equipment 
reliability and management of knowledge through empirical 

T
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study formulating specific sets of questionnaire, shown in 
annexure-A.  

II. PROPOSED INSTRUMENT AND TARGET FIELD 

OF STUDY 

    The tool to improve organizational performance, to understand 
the ‘overall success and benefits’, the ‘organizational readiness’ 
to adopt KM , the various knowledge maturity models, the SECI 
(Socialization, Externalization, Combination and Internalization) 
model, the instrument to evaluate KM projects etc. are the most 
accepted latest matured models [3]. Davenport and Prusak 
provided a balanced perspective of social, political, and 
technological issues in successful implementation of 
organizational knowledge initiatives. The need of leadership to 
champion the successful adoption of KM and the right 
organizational culture was propagated by Davenport and Prusak 
[5].  
     
    The current study is more specific and related to value-adding 
production process equipment. It is important to briefly explain 
here the span of the business process being discussed with a focus 
on the current area of study. It is illustrated in the sketch given in 
figure 1. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Subject Area of Study 

 

III. KNOWLEDGE ‘GAP’, ‘RISK’, ‘STRENGTH’ 

Understanding the concepts of knowledge gap, risk and strength 
is vital as the entire study moves around these fundamentals. The 
characteristics, as first conceived by Gordon [2] and team in 
AKRI (Applied Knowledge Research and Innovation), are 
explained below.   

  

A. Knowledge ‘Risk’  

    Change of technology, HR issues, changes in organization 
culture etc. may create knowledge risk. The important 
characteristics [3], [2] related to the knowledge ‘risk’ are:  

1) Certain knowledge items need early attention as, if delayed 
the organization may either lose those or knowledge may 
become obsolete. 

2) Risk may continue to change over time and not a constant 
phenomenon, restricting firms thus to mitigate risk with the 
similar approach and methodology.  

3) Changes in technology may either increases risk as the 
special type of knowledge is required for mitigation or 
decreases risk as some pieces of knowledge become less 
important putting existing knowledge into risk. 

4) Removal and recruitment of employees may lower risk, but 
the reduction of staff may increase risk.  

5) New projects, plant expansion etc. may demand new 
knowledge.  

 

B. Knowledge ‘Strength’   

    The amount of knowledge of a subject a person can possess is 
the ‘Strength’ of knowledge. For a certain task, a common person 
knows something, but an expert may be required for any difficult 
situation. The important characteristics [3], [2] related to the 
knowledge ‘Strength’ are: 
1) The knowledge ‘Strength’ is something like someone knows 

the answer but does not have the knowledge to derive the 
answer.  

2) The ‘Strength’ of knowledge is needed to estimate correctly 
the knowledge ‘gap’.  

 

C. Knowledge ‘Gap’  

    The knowledge ‘Gap’ is the difference between the 
‘knowledge needs’ and the ‘knowledge already in possession’. 
Gap is unwanted and needs to be bridged through effective KM 
process. The important characteristics [3], [2] related to the 
knowledge ‘gap’ are:   
1) The organizations may itself be responsible for creating the 

knowledge gaps. Employees’ promotion, redeployment to 
other assignment can make specific knowledge related to 
current assignment inactive.  

2) Gap may be created in case of any new expansion, 
technological upgrades. 

3) Employee’s ignorance to the enabling technology, the ego, 
the resistant to change etc. may create undesired gaps. 

 

IV. SOURCE OF EQUIPMENT UNRELIABILITY AND 

THE IMPORTANCE OF KNOWLEDGE 

    The focused areas [6] of equipment reliability issue in any 
organization are: 
1) Management Systems (include areas like performance, 

inspection, maintenance standards, workflows, KPIs (Key 
Performance Indicators), audits, skills improvement and 
training, employee recognition etc.). 

2) Management Support (should be continuous, consistent, at 
the highest and all levels, management understands the 
importance of KM and Reliability). 

3) Design and Engineering Practices (should follow global 
engineering standards, OEM master databases, should 
practice design for operability and maintainability). 

Process 
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4) Operation and Maintenance Practices (to focus on reliability 
improvement programs e.g. Risk Based Inspection (RBI), 
Reliability Centered Maintenance (RCM), Root Cause 
Analysis (RCA) etc; on right maintenance strategy e.g. 
Preventive Maintenance (PM), Predictive Maintenance 
(PdM); failure reporting, aging and wear management, spare 
management, Standard Operating Procedure (SOP) and 
Standard Maintenance Procedure (SMP) etc.). 

     
    Process industries various functions including design, 
engineering, operation, maintenance, human resources and 
various other support functions if not managed in the right way 
then there would be a room for equipment unreliability. The most 
unquestionable reality is that these functional areas are to be 
effectively manned and jobs are to be performed by employees 
only. Here comes the importance of employee’s knowledge.  
 

V. DEVELOPMENT OF INSTRUMENT 

    In order to develop an instrument, it is imperative to explain in 
brief the ideas behind the preparation of questionnaire since the 
study is intended to find out whether or not there is a relationship 
between equipment reliability and knowledge management. 
Reliability (Q) is a function of equipment Failures (F) which is 
again a function of either Gap (G), or Strength (S), or Risk (R). 
Due to the independent variables [3] like ‘motivation level’, 
‘organizational culture’, ‘basic knowledge’ etc., there is a 
possibility of either Knowledge ‘Gap’ or ‘Risk’ or ‘Strength’. 
Due to the Knowledge ‘Gap’ or ‘Risk’ or ‘Strength’, there is 
possibility of equipment ‘Failure’ and due to the ‘Failure’, there 
is every possibility of equipment’s ‘Unreliable’ performance. 
 

VI. PARTICIPANTS 

    The target focused group was Operation and Maintenance 
Managers, Reliability Engineers and HRD/HRM Experts both 
from industry as well as from academics. Companies include 
various sectors like refinery, petrochemicals, steel and OEM for 
process industries. The participants are expected to have good 
exposure in operation and maintenance of equipment, reliability 
and training needs. The table-1 below gives an indication of 
categories and sources of feedback recorded. 
 

Table 1: Summary of Target Group and their Background 
Sample Size:  113  
S.No. Data Grouping Sub-Grouping % 

1 Industry type Academics/ Institutes 5.32 
Consulting 19.15 
Energy  2.13 
Petrochemical/ Refinery/ Oil and gas 26.60 
R&D and Engg. 4.26 
Steel and Metals 42.55 

2 Functions Academics 5.32 
Consulting 19.15 
Industry 54.26 
Reliability Managers - interdisciplinary 21.28 

3 Experience  < 5 years 22.34 
5-15 years 22.34 
> 15 years 55.32 

 

VII. PROCEDURE 

    The data was collected from May 2010 to December 2010 
using emails, through a dedicated web-site [7]. The intention of 
this survey was conveyed by email as well as reflected in web-
site before starting the web-based questionnaire, with specific 
hints to participants on the subject-topic. Participants were able to 
open the questionnaire in web-site itself (the majority of the 
feedback) and then complete the same. The data automatically 
got saved in a report file, which later on exported to an excel 
sheet. Responses in hard copy were taken in related research 
conferences and collected on the spot. 
 

VIII. MEASURES 

    The measurement scale is 5 point Likert-type scale ranging 
from 1 (= strongly agree) to 5 (= strongly disagree).  The 
instrument is presented in annexure–A. Participants were asked to 
respond against each statement using this scale.  
 
    This study developed a preliminary scale consisting of 116 
items. Four sub-constructs, one for macro level factor items, and 
another three each one for knowledge ‘gap’, knowledge risk, and 
knowledge ‘strength’ are formed. First construct consists of 15 
factor items; the second construct is based on the ‘knowledge 
gap’ and contains 16 items; the third construct is based on the 
‘knowledge risk’ and contains 44 items; and the forth construct is 
based on the ‘knowledge strength’ and contains 41 items.   
 
    In statistical analysis, from ‘Strongly Agree’ to ‘Strongly 
Disagree’ range has been considered varying from +2 (Strongly 
Agree) to -2 (Strongly Disagree). 
 

IX. QUESTIONNAIRE OBJECTIVES 

    Literature survey reveals that the available tools are on the 
overall organizational general KM perspective and no tool can be 
taken to directly apply in this study. This specific instrument is 
developed in order to tap the right response related to ‘macro’ 
and ‘micro’ level failure factors since the current study is 
intended to explore the relationship, if any, between employee’s 
knowledge on process equipment and the failure factors of KM. 
The aim was to get feedback on the factors responsible for either 
the knowledge ‘gap’ or ‘risk’ or ‘strength’ specific to 
equipment’s performance. The intention was not only to extract 
the failure causes related to the operation and maintenance issues, 
but also from the other support functions of the organization in 
order to understand the extent of those functions’ involvement in 
failure of the industrial value-adding production equipment.  
 
    The instrument is applied to get right responses related to the 
‘equipment knowledge’ from the experts in the field. The KM 
failure factors (FF) as listed out by Weber [1] had assisted to 
form base work. The core ‘conceptual’ approach of KM by 
Gordon [2] is applied to the various failure factors of KM to 
understand the impact on knowledge gap, risk and strength 
related to ‘equipment operational knowledge’. The separate 
responses have been captured to get a feel on the impact of 
‘macro’ level factors [1] on the manufacturing equipment’s 
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failures. The dependency on ‘micro’ level factors and their 
influence on equipment knowledge ‘gap’, ‘risk’ and ‘strength’ 
had been asked separately to understand the participants’ general 
opinions of knowledge-related issues on the performance of 
manufacturing assets. 
 

X. DATA  ANALYSIS 

    The instrument was administered in a survey-field comprising 
of expert knowledge-source of ‘equipment management’ and then 
tested for validity and reliability to the extent to which the factors 
relate to the opinions of experts. 
 
    Statistical analysis of data reveals that the instrument is 
consistent and valid. Cronbach's α and item-to-total correlations 
are applied. The α coefficients for the four sub-constructs FF, G, 
R and S are found to be 0.800 (annexure-C), 0.854 (annexure-D), 
0.929 (annexure-E) and 0.930 (annexure-F) respectively. The 
coefficients exceed the accepted threshold value of 0.70 [8]. Each 
sub-construct was also tested and good convergence and the 
internal consistency were found.  The coefficients of the 
independent variables are also statistically significant.  

 

A. Influences of K-Gap, K-Risk and K-Strength on Factors  

    The relationship of ‘independent micro’ factors along-with 
their influences with K-Gap, K-Risk and K-Strength is tabulated 
in annexure-B [3]. Responses have indicated that Managerial 
Responsibility (FF1) has a role on the issues of Motivation (IM), 
Organizational Culture (IC), Promotion (IP), Technology 
Improvement (ITI) and all have either contribution or influence 
on K-Gap, K-Risk and K-Strength. As an indication, the absence 
of ‘Managerial Responsibility’ has influence on ‘Motivational’ 
issue and the lack of motivation can increase K-Gap and decrease 
K-Strength. 

 

B. Data Presentation  

    All the responses were analyzed here for their consistency, 
reliability and the response-dominance. 
 

B.1 Macro Level Factors   

B.1.1 Consistency and Reliability Analysis 

    The macro level failure factors (FF) from FF1 to FF15 are 
found to be completely consistent and reliable with Cronbach’s 
alpha value 0.80 [3]. The importance of each question, the item to 
point correlation, is also checked with Alpha value showing very 
close to 0.80. These responses are based on the basic thought 
process of relating these factors on the equipment reliability i.e. 
whether these factors influence K-Gap, or K-Strength or K-Risk 
or not. Further whether these macro level factors also relate to 
individual question-item response or not, is also checked 
combining the items related to each FF and finding out 
Cronbach’s Alpha where more than one item response is 
available. The consistency is found to be on positive side with 
values from 0.55 to 0.87 as shown in annexure-C. 

B.1.2 Summarized Response Analysis 

    There is strong agreement that all the factors are equally 
responsible for influencing (creating) K-Gap or K-Risk and 
influencing K-Strength, each carrying average 65% positive 
response (with ‘absence of manager’s responsibility’ as high as 
80.5%, ‘lack of knowledge specificity’ as 78.8%, ‘separation of 
human-process-technology’ as 72.6%, ‘barriers of knowledge 
transfer’ 74.3%, ‘lack of leadership support’ 72.6%. 
Disagreement responses contribute to average 13% only and the 
rest 22% of responses are neutral. 
 

B.2 Knowledge Gap  

    The ‘Knowledge Gap’ influencers can be referred to the 
questionnaire in annexure-A. 

B.2.1 Consistency and Reliability Analysis 

    This construct is made to have the responses on how the 
‘independent’ factors influence the ‘Knowledge Gap’. The 
Cronbach’s alpha value exceeds 0.854. The importance and the 
consistency of each item are also above 0.83 as shown in 
annexure-D. 

 B.2.2 Summarized Response Analysis 

    The construct is developed to study the influences of 
‘independent factors’ like ‘motivational issue’, ‘organizational 
culture’, ‘learning culture’, ‘fear of contribution’. There is a 
strong agreement as reflected in each item, carrying average 71.4 
% positive responses and indicating the strong influence on K-
Gap. Disagreement contributes to average 9.6 % only and the rest 
19 % of responses are neutral. 

 

B.3 Knowledge Risk 

    The ‘Knowledge Risk’ influencers can be referred to the 
questionnaire in annexure-A. 

B.3.1 Consistency and Reliability 

    This construct is made to have the responses on how the 
‘independent factors’ influence the ‘Knowledge Risk’. The 
Cronbach’s alpha value exceeds 0.93. The consistency of each 
item is also above 0.92 as shown in annexure-E. 

B.3.2 Summarized Response Analysis 

    The construct is designed to study the influences of 
‘independent factors’ like ‘promotion and redeployment’, ‘lack of 
integration’, ‘knowledge transfer mechanism’, ‘perceptions on 
value’, ‘inadequate technology’, ‘absence of stake holder’s 
inputs’, ‘lack of integration’, ‘experience’, ‘lack of inter-
functions collaboration’, ‘centralized memory’, ‘fear of 
contribution’. There is a strong agreement as reflected in each 
item, carrying average 60.9 % positive responses and indicating 
the strong influence on K-Risk. Disagreement contributes to 
average 17.3 % only and the rest 21.8 % of responses are neutral. 
 

B.4 Knowledge Strength 

    The ‘Knowledge Strength’ influencers can be referred to the 
questionnaire in annexure-A. 
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B.4.1 Consistency and Reliability 

    This construct is made to have the responses on how the 
‘independent factors’ influence ‘Knowledge Strength’. The 
Cronbach’s alpha value exceeds 0.93. The consistency of each 
item is also above 0.92 as shown in annexure-F. 

B.4.2 Summarized Response Analysis 

    The construct is designed to study the influences of 
‘independent factor’s like ‘motivational issue’, ‘grasping 
difficulty’, ‘experience’, ‘on-job exposer’, ‘basic knowledge’, 
‘knowledge context’, ‘knowledge transfer mechanism’, 
‘technology improvement’, ‘organizational culture’, ‘learning 
culture’. There is a strong agreement as reflected in each item, 
carrying average 64.7 % positive responses and indicating the 
strong influence on K-Strength. Disagreement contributes to 
average 14.2 % only and the rest 21 % of responses are neutral. 

 

B.5 Independent Variables 

    The reliability and the internal consistency analysis of 
‘independent variables’ are also carried out and found to be 
statistically significant and details available as annexure-G. 

 

C. Discussion 

    The means, standard deviations, and Cronbach’s alpha 
relationships among the study variables are shown in details as 
annexure-C to annexure-G. In this study, the relationships 

between the ‘attitudes’ toward KM and the macro factors, 
‘attitudes’ towards micro level independent factors and the 
relationships of both macro and micro factors with equipment 
knowledge gap, risk and strength are described. There is an 
indication of strong relationships as exhibited. 
 

XI. CONCLUSIONS 

    This study effort tries to explore an instrument and then 
validate the same for any influence of equipment oriented 
knowledge i.e. the impact of knowledge of employees (not 
necessarily KM process and related initiative in the organization) 
on the reliability. It appears that there is a strong relationship 
which is exhibited in models [3]. The organizational issues of 
‘people management’ appeared to be the most important focused 
areas of ‘equipment management’.  
 
    The instrument is tested statistically to establish high degree of 
confidence in the reliability and validity of scales. A new concept 
of KM, management of equipment knowledge, which has impact 
on or specific relation to equipment reliability is shown here. It is 
expected that the study would guide the enterprises to look 
equipment’s ‘imperfections’, ‘innovation’ in operation, ‘system’/ 
‘interfacing’ issues of various business functions in an entirely 
different perspective and the company-wide management of 
knowledge in ‘practical sense’ of up-keeping of most value 
adding production entities, the equipment. 

 

ANNEXURE-A: Questionnaire 

MANAGING KNOWLEDGE - MANUFACTURING PROCESS EQUIPMENT OPERATION 
Questionnaire 

Please rate each question from 1 to 5 scale, (where 1= Completely Agree, 2= Agree, 3= Neutral, 4= Disagree, 5= Completely Disagree) 
A Failure of Knowledge Management – Macro Level Issues 
  Production Machineries / Systems often fail. Responsible factors are given below. Rating from you: 
    1 2 3 4 5 

QA1 Absence of managerial responsibilities           
QA2 Ignorance to specificity of knowledge           
QA3 Knowledge not integrated to target process           
QA4 Separation of human, process and technology           
QA5 Indifferent perception on value of contribution           
QA6 Inadequate technology (Knowledge-based KM system)           
QA7 Absence of stakeholders inputs           
QA8 Lack of quality of knowledge           
QA9 Absence of collaborative approach           
QA10 Creation of monolithic memory (centralized store)           
QA11 Barriers of knowledge transfer           
QA12 knowledge (stored) difficult to interpret           
QA13 Lack of leadership support           
QA14 Fear of contributors, job security           
QA15 Absence of measurement of effectiveness of KM           

B Micro Level Issues Related to Knowledge Gap 1 2 3 4 5 

QB1 Employee motivation level has got direct link to equipment malfunction           
QB2 Gap widens for needed knowledge in operating or maintaining equipment due to de-motivated worker.           

QB3 
Gap widens for needed knowledge in operating or maintaining equipment due to lack of supervisor's responsibility in engaging the 
operator. 

          

QB4 
Gap widens for needed knowledge in operating or maintaining equipment due to ineffective strategic level issues in understanding 
importance of motivation in failure prevention. 

          

QB5 Unhealthy organizational culture creates knowledge gap.           
QB6 Depth of knowledge and specificity of knowledge has direct relation with employee's motivation level.            
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QB7 
Company's positive culture on productivity, people management, social responsibility greatly influence on bringing in quality 
knowledge. 1 2 3 4 5 

QB8 
Organization's culture on adoption of new technology of monitoring equipment can reduce the knowledge gap in changing scenario of 
modern machinery. 

          

QB9 
Company culture (absence of collaborative / team approach) greatly influence the gap of knowledge between existing and required 
knowledge in managing equipment.      

QB10 
Absence of knowledge collaboration exists between top level and bottom level, this influences motivation level and in turn has an 
impact on equipment health.  

          

QB11 Organizational culture may set a barrier to knowledge transfer           
QB12 De-motivated employees naturally become barriers and may increase the knowledge gap.           
QB13 Knowledge gap continues to widen on the existence of fear of losing job.           
QB14 Organization's positive culture on adopting latest tools and techniques can reduce the knowledge gap.           
QB15 Lack of effective leadership in managing knowledge widen the knowledge gap as it has effect on employee motivation           
QB16 Company's learning and managing knowledge culture from leaders reduce the gap           

C Micro Level Issues Related to Knowledge Risk 1 2 3 4 5 

QC1 
When employee is promoted, certain specialized skills and knowledge get carried away to higher level creating risk at lower operator 
level. 

          

QC2 
Equipment with advanced features of performance monitoring and controls brings new risk with it, creating current operating 
procedure at risk. 

          

QC3 Design/ expansion / technological upgrades bring in knowledge risk.           
QC4 Transfer on promotion to other function/ other site also brings risk to current function and hence knowledge is at risk.           
QC5 Specialized knowledge and skills become ineffective when employee promoted with other assignments.           
QC6 Specificity of knowledge often creates complexity and knowledge therefore is at risk.           
QC7 Knowledge transfer mechanism if inadequate, then equipment-specific knowledge and skills become a risk.           

QC8 
Due to advent and inclusion of new technology into manufacturing process, there is lack of up-gradation of knowledge to fit the 
changed process. 

          

QC9 Knowledge not upgraded and not integrated to process is mainly due to improper knowledge transfer mechanism.           

QC10 
Machinery failures occur often due to lack of integrated and coordinated approach between human, manufacturing process and 
available technological inputs. 

          

QC11 There is value-addition in contribution of skills and knowledge related to equipment, its operation and maintenance.           
QC12 People do not contribute to their full potentials because their jobs are not recognized.           
QC13 Low level of contribution is somewhat related to non-existence of a structured compensation, reward schemes.           

QC14 
Current knowledge based solutions, IT and expert systems, are not adequate in narrowing down root cause of failure and often far from 
reality when compared between fault and symptoms. 

          

QC15 Expert knowledge-based rules often do not match with equipment fault-alarm.           
QC16 Rule based system is mostly automated and software is not user-friendly.           

QC17 
Decision on start, run and stop the machines on/ after alarm/trip are taken based on guide-rules of Knowledge based automation 
system. 

          

QC18 Employee hardly face problem in automation and hardly have any learning problem.           

QC19 
There is an urgent need to improve knowledge-base (rule-base) of automation in order to clearly indicate the root cause of the 
machinery failures. 

          

QC20 Equipment operational knowledge is not clearly mentioned in operation and maintenance manuals supplied by OEM.           
QC21 After sales interactions / knowledge sharing between equipment user and OEM is not a routine and mandatory process.           
QC22 Many failures can be avoided if failure cases are shared with designer/ supplier.           
QC23 Profit sharing/business tie-up with designer, supplier, equipment user, customer would reduce the breakdowns.           

QC24 
Internal stake-holder's (management, plant maintenance, operation, Inspection) collaborative knowledge inputs can be a positive 
outcome in avoiding failures. 

          

QC25 
Quality of knowledge is at risk when equipment and process with new technology is added/ upgraded, as new advanced tools/process 
brings new risk of unknown knowledge 

          

QC26 
Redeploying an employee to another function while may add value to other business process may create a substantial risk in current 
tasks. 

          

QC27 
Risk of losing knowledge for a particular equipment operational function may surface too on promoting an employee and assigning 
him with other tasks.      

QC28 Quality of knowledge is therefore a risk for current employees.           
QC29 Lack of minimum experience (for particular equipment) is a risk.           
QC30 Knowledge transfer mechanism if not effective, there is risk of knowledge needs.           

QC31 
Collaboration with external customers/ vendors/ other stakeholders greatly improves desired equipment knowledge among employees 
and company's management and absence of these is big risk. 

          

QC32 Knowledge kept in centralized store is hardly accessed by equipment owner/ maintainer and itself a risky business process.           
QC33 Centralized knowledge store such as current day KM portals is less prescriptive in terms of enhancing equipment knowledge.           
QC34 Ineffective knowledge transfer mechanism is barrier and a great risk           
QC35 Fear of losing jobs (job security) is an important barrier to knowledge transfer.           
QC36 Risk of having the barrier of knowledge transfer is directly related to company culture.           

QC37 
Job insecurity (barrier to knowledge transfer process) is due to low level of company's direction on reliability/ process 
experimentation.  

          

QC38 Tacit knowledge source is itself a big risk of knowledge transfer mechanism.           
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QC39 Employee's fear of contribution in managing equipment’s operation is a big risk of knowledge needed to enhance equipment reliability. 1 2 3 4 5 
QC40 Open ideas, thoughts are not encouraged.           
QC41 There is tendency often noticed to create a gap in theory and practical part of equipment operation.           
QC42 Knowledge related to immediate practical solution to a failure issue does not demand theoretical explanation.           
QC43 Job security and fear of contributions of employee often get generated by misguided egoist experienced leaders.           
QC44 Way out of this menace is to change the company culture.           

D Micro Level Issues Related to Knowledge Strength 1 2 3 4 5 

QD1 
Lack of motivation reduces the man-machine interactions, widens the knowledge gap and hence the employees knowledge strength 
diminishes. 

          

QD2 Motivation has close positive relation with structured HR issues like compensation, working environment, culture etc.           
QD3 Unhealthy culture reduces needed strength of knowledge of equipment operation           

QD4 Equipment-specific knowledge / specialized knowledge, at times, becomes difficult for employees due to the un-matching current 
potential and needed specialized complex knowledge. It is lack of knowledge strength. 

          

QD5 Employee's minimum experience is required in order to understand the specialized skills.           

QD6 
Basic knowledge either by way of academic qualification or through training by employer or by association with peers is necessary for 
grasping equipment-specific specialized knowledge       

QD7 On-job exposure is must to understand and feel the equipment and operation.           

QD8 Improvement of employee's knowledge strength depends on effective knowledge transfer mechanism of the organization.           

QD9 Strength gets enhanced when knowledge is decoded and presented in easily grasping note/ lecture/ procedures/ visuals etc.           
QD10 Quality of knowledge is of prime importance in managing knowledge related to equipment function.           
QD11 Knowledge quality is strength to department owning the equipment.           
QD12 For quality knowledge, organization can bank only on motivated employees.           
QD13 Positive culture on equipment management is truly strength of the manufacturing business operation.           
QD14 Business ethics, operational strategy, HR philosophy etc. has direct link on failure-free operation of the equipment.           
QD15 Positive culture can only bring in the best available knowledge and helps in retaining and sustaining skills.           
QD16 Current skills become partially obsolete due to incoming technological improvement bringing in new knowledge requirement.           
QD17 Complex knowledge should be of such quality which can be easily understood by equipment operators, maintenance team.           
QD18 Knowledge strength in employee therefore has direct link to the form/state of knowledge items.           
QD19 Managing knowledge is easier for experienced employees due to his prior exposure to equipment/ similar equipment.           
QD20 Minimum experience truly adds on to current demand of strength of knowledge.           
QD21 Hands-on training enhances strength of knowledge.           
QD22 Knowledge strength reduces or remains stagnant in case knowledge transfer process is ineffective.           
QD23 Form of knowledge, whether in tacit or explicit, is a very important factor in attaining level of strength of knowledge.           

QD24 Organizational culture and values (in formation of team spirit) enhance employee's strength of knowledge/ skills.           

QD25 Knowledge collaboration is itself a great strength in equipment reliability.           
QD26 Absence of ethical values and superiority-ego influence de-motivation among operators and strength of knowledge suffers.           
QD27 Knowledge strength improves in ethical and value based business.           
QD28 Employee's knowledge strength can only be enhanced through right knowledge transfer mechanism.           
QD29 Motivated employee is strength.           

QD30 
Employee not exposed to needed demand of new knowledge specific to equipment operation and process may delay the process of 
knowledge transfer. 

          

QD31 Employee not adequately qualified and lack of basic exposure of the equipment may be a barrier to knowledge transfer.           

QD32 
Absence of knowledge items related to equipment, part, operation process needing physical contact for learning i.e. on-job practical, 
on-job controls, on-line maintenance etc. may create barrier. 

          

QD33 Form and state of knowledge items available in organization' store/ documentation are of complex nature and difficult to interpret.           
QD34 Prerequisite of increasing knowledge strength is to transform it to explicit and easy grasping language.           
QD35 Stored knowledge-context often less relevant in terms of repeated reference, understanding.           
QD36 Stored knowledge-context is often so complex that its retrieval becomes difficult when needed and references become cumbersome.           
QD37 Knowledge not easily decodable is almost like - not having knowledge and needed strength of knowledge becomes a casualty.           
QD38 Knowledge in tacit form is a barrier to strength of knowledge in on-job practical knowledge transfer.           
QD39 Complex knowledge is difficult to transfer and which affects process of transfer and in turn knowledge strength reduces.           

QD40 
Employee knowledge strength often gets multiplied with caring, concerns and direction from the superiors who know the essence of 
knowledge management. 

          

QD41 Learning improves the strength of knowledge.           
                                       
 
                    Name:_____________________________________     Experience (yrs.): ___________________ 

                   Organization:________________________________     Age (yrs.): ________________________  

                   Function:___________________________________      Email ID: 
 

Thank you for inputs ! 
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ANNEXURE-B: Relationship between Macro and Micro level Factors [3] 
Item 
code 

Relation to Macro Failure-items 
 

Independent Factors 
 Item   code 

Contributes/ Influences 
G R  S 

FF1 Absence of managerial responsibilities Motivation level IM √   √ 
Organization Culture IC √   √ 
Promotion IP   √   
Technology improvement ITI   √   

FF2 Ignorance to specificity of knowledge Basic knowledge IBK     √ 
Grasping difficulty ID     √ 
Experience IE     √ 
Knowledge transfer mechanism ITM   √ √ 
On-job exposer IOJ     √ 
Promotion IP   √   
Redeployment IRD   √   

FF3 Knowledge not integrated to target process Knowledge transfer mechanism ITM   √   
Technology improvement ITI   √   

FF4 Separation of human, process and technology Lack of integration II   √   
FF5 Indifferent perception on value of contribution Perception on values IV   √   
FF6 Inadequate technology  Inadequate technology IT   √   
FF7 Absence of stakeholders inputs Stakeholders inputs IS   √   
FF8 Lack of quality of knowledge Motivation level IM √   √ 

Grasping difficulty ID     √ 
Experience IE   √ √ 
Knowledge context IKC     √ 
Knowledge transfer mechanism ITM   √ √ 
On-job exposer IOJ     √ 

Organizational culture IC √   √ 
Promotion IP   √   
Redeployment IRD   √   
Technology improvement ITI   √ √ 

FF9 Absence of collaborative approach Motivation level IM √   √ 
Collaboration among stakeholders ICS   √   
Organizational culture IC √   √ 

FF10 Creation of monolithic memory Creation monolithic memory IMM   √   
FF11 Barriers of knowledge transfer Basic knowledge IBK     √ 

Motivation level IM √   √ 
Grasping difficulty ID     √ 
Fear of contribution IFC √ √   
Knowledge transfer mechanism ITM   √ √ 
On-job exposer IOJ     √ 

Organization culture IC √   √ 
FF12 knowledge (stored) difficult to interpret Basic knowledge IBK     √ 

Grasping difficulty ID     √ 
Knowledge context IKC     √ 
Knowledge transfer mechanism ITM   √ √ 
On-job exposer IOJ     √ 

FF13 Lack of leadership support Motivational level IM √   √ 

Learning culture ILC √   √ 
FF14 Fear of contributors, job security Fear of contribution IFC   √   
FF15 Absence of measurement of effectiveness Not applicable   

 

ANNEXURE-C: Macro level Failure Factors 

Statistical Analysis (Cronbach's Alpha of these factors - 0.80) 
Item Code Agree 

% 
Disagree 

% 
Mean SD item-total 

correlation 
Cronbach's 

Alpha if Item 
Deleted 

Dependency Test on 
G/S/R (Cronbach's 

Alpha) 
QA1 FF1 80.53 7.08 1.027 0.901 0.233 0.800 0.797 
QA2 FF2 78.76 7.96 0.965 0.876 0.348 0.793 0.862 

QA3 FF3 67.26 7.08 0.805 1.042 0.336 0.794 0.567 
QA4 FF4 72.57 8.85 0.903 0.896 0.422 0.788 Question- only 1 
QA5 FF5 58.41 14.16 0.619 0.994 0.478 0.783 0.571 
QA6 FF6 61.06 17.70 0.690 1.070 0.492 0.782 0.738 
QA7 FF7 53.10 26.55 0.363 1.134 0.470 0.783 0.705 
QA8 FF8 63.72 15.93 0.717 1.106 0.532 0.778 0.866 
QA9 FF9 70.80 8.85 0.938 0.994 0.342 0.793 0.668 
QA10 FF10 55.75 16.81 0.531 1.044 0.355 0.793 0.756 
QA11 FF11 74.34 5.31 0.938 0.816 0.456 0.786 0.821 

QA12 FF12 59.29 15.04 0.593 0.951 0.349 0.793 0.818 
QA13 FF13 72.57 15.04 0.929 1.091 0.475 0.783 0.548 
QA14 FF14 53.10 18.58 0.504 1.078 0.393 0.790 0.739 
QA15 FF15 55.75 10.62 0.681 1.002 0.428 0.787 Not separately influence G/S/R 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      35 
ISSN 2250-3153  

www.ijsrp.org 

ANNEXURE-D: Knowledge Gap 

Item-Total Statistics (Sixteen items with Cronbach’s Alpha value - 0.854) 

Item Agree  
% 

Disagree 
% 

Neutral 
% Mean Std. 

Deviation 

Corrected 
Item-Total 
Correlation 

Cronbach's 
Alpha if Item 

Deleted 
QB1 68.14 12.39 19.47 0.823 1.020 0.377 0.851 
QB2 76.99 7.96 15.04 0.973 0.871 0.541 0.843 
QB3 72.57 7.96 19.47 0.841 0.862 0.465 0.846 
QB4 69.91 9.73 20.35 0.805 0.905 0.508 0.844 
QB5 84.07 10.62 5.31 1.150 1.046 0.518 0.843 
QB6 58.41 15.93 25.66 0.611 0.995 0.432 0.848 
QB7 84.96 2.65 12.39 1.257 0.777 0.540 0.843 
QB8 74.34 8.85 16.81 0.947 0.962 0.423 0.848 
QB9 75.22 4.42 20.35 1.027 0.901 0.487 0.845 
QB10 76.99 10.62 12.39 0.912 0.978 0.461 0.846 
QB11 61.95 9.73 28.32 0.726 0.984 0.606 0.839 
QB12 70.80 10.62 18.58 0.920 1.019 0.584 0.840 
QB13 57.52 15.93 26.55 0.593 1.041 0.429 0.848 
QB14 69.91 11.50 18.58 0.858 1.060 0.408 0.849 
QB15 73.45 7.08 19.47 0.929 0.979 0.430 0.848 
QB16 67.26 7.96 24.78 0.814 0.931 0.454 0.847 

 

ANNEXURE-E: Knowledge Risk 

Item-Total Statistics (Forty-four items with Cronbach’s Alpha value - 0.929) 

Item Agree  
% 

Disagree 
% 

Neutral 
% Mean Std. 

Deviation 

Corrected 
Item-Total 
Correlation 

Cronbach's 
Alpha if Item 

Deleted 
QC1 43.36 35.40 21.24 0.195 1.216 0.409 0.928 
QC2 49.56 27.43 23.01 0.319 1.063 0.457 0.928 
QC3 46.02 35.40 18.58 0.142 1.245 0.468 0.927 
QC4 43.36 34.51 22.12 0.159 1.115 0.525 0.927 
QC5 46.90 30.09 23.01 0.301 1.164 0.434 0.928 
QC6 38.05 31.86 30.09 0.115 1.155 0.526 0.927 
QC7 68.14 11.50 20.35 0.752 1.005 0.507 0.927 
QC8 60.18 14.16 25.66 0.540 0.897 0.488 0.927 
QC9 79.65 6.19 14.16 0.947 0.777 0.456 0.928 
QC10 81.42 7.08 11.50 1.071 0.913 0.329 0.929 
QC11 77.88 4.42 17.70 1.000 0.824 0.362 0.928 
QC12 66.37 8.85 24.78 0.796 0.974 0.342 0.928 
QC13 69.91 10.62 19.47 0.752 0.969 0.402 0.928 
QC14 57.52 18.58 23.89 0.593 1.041 0.434 0.928 
QC15 55.75 18.58 25.66 0.558 1.101 0.448 0.928 
QC16 46.90 23.89 29.20 0.327 1.081 0.440 0.928 
QC17 53.10 20.35 26.55 0.407 1.041 0.446 0.928 
QC18 31.86 46.02 22.12 0.097 1.202 0.371 0.928 
QC19 72.57 8.85 18.58 0.832 0.934 0.586 0.926 
QC20 58.41 24.78 16.81 0.522 1.203 0.568 0.926 
QC21 55.75 23.89 20.35 0.478 1.218 0.427 0.928 
QC22 79.65 8.85 11.50 1.027 0.921 0.385 0.928 
QC23 68.14 15.93 15.93 0.726 1.071 0.401 0.928 
QC24 80.53 7.96 11.50 1.035 0.981 0.375 0.928 
QC25 55.75 19.47 24.78 0.478 1.045 0.642 0.926 
QC26 51.33 16.81 31.86 0.442 1.026 0.547 0.927 
QC27 42.48 22.12 35.40 0.265 1.044 0.519 0.927 
QC28 53.98 23.01 23.01 0.442 1.164 0.457 0.928 
QC29 71.68 11.50 16.81 0.805 0.981 0.461 0.927 
QC30 76.11 8.85 15.04 0.823 0.889 0.407 0.928 
QC31 75.22 6.19 18.58 0.920 0.847 0.497 0.927 
QC32 66.37 13.27 20.35 0.752 1.005 0.487 0.927 
QC33 62.83 12.39 24.78 0.646 0.935 0.510 0.927 
QC34 71.68 8.85 19.47 0.850 0.956 0.434 0.928 
QC35 52.21 23.89 23.89 0.434 1.164 0.429 0.928 
QC36 69.91 13.27 16.81 0.779 0.989 0.447 0.928 
QC37 68.14 9.73 22.12 0.761 0.889 0.501 0.927 
QC38 61.06 4.42 34.51 0.735 0.824 0.526 0.927 
QC39 55.75 13.27 30.97 0.575 0.989 0.650 0.926 
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QC40 60.18 18.58 21.24 0.602 1.074 0.581 0.926 
QC41 67.26 12.39 20.35 0.717 0.977 0.487 0.927 
QC42 46.90 33.63 19.47 0.212 1.176 0.345 0.929 
QC43 66.37 9.73 23.89 0.770 0.886 0.422 0.928 
QC44 72.57 6.19 21.24 0.920 0.908 0.515 0.927 

 

ANNEXURE-F: Knowledge Strength 

Item-Total Statistics (Forty-one items with Cronbach’s Alpha value - 0.930) 

Item Agree  
% 

Disagree 
% 

Neutral 
% Mean Std. 

Deviation 

Corrected 
Item-Total 
Correlation 

Cronbach's 
Alpha if Item 

Deleted 
QD1 55.75 25.66 18.58 0.487 1.189 0.388 0.929 
QD2 61.06 19.47 19.47 0.628 1.104 0.496 0.928 
QD3 56.64 23.01 20.35 0.496 1.211 0.491 0.928 
QD4 48.67 26.55 24.78 0.372 1.135 0.492 0.928 
QD5 53.98 24.78 21.24 0.442 1.149 0.442 0.929 
QD6 46.90 25.66 27.43 0.363 1.196 0.510 0.928 
QD7 75.22 7.08 17.70 0.938 0.966 0.504 0.928 
QD8 63.72 10.62 25.66 0.708 0.913 0.535 0.928 
QD9 83.19 6.19 10.62 1.018 0.845 0.399 0.929 
QD10 83.19 5.31 11.50 1.150 0.826 0.351 0.929 
QD11 75.22 2.65 22.12 1.080 0.825 0.324 0.930 
QD12 65.49 8.85 25.66 0.779 0.914 0.345 0.930 
QD13 69.91 10.62 19.47 0.814 1.014 0.446 0.929 
QD14 59.29 15.04 25.66 0.664 1.014 0.441 0.929 
QD15 63.72 15.93 20.35 0.717 1.106 0.442 0.929 
QD16 50.44 21.24 28.32 0.389 1.089 0.399 0.929 
QD17 61.95 15.04 23.01 0.619 1.055 0.597 0.927 
QD18 41.59 29.20 29.20 0.168 1.068 0.544 0.928 
QD19 75.22 8.85 15.93 0.858 0.925 0.539 0.928 
QD20 63.72 16.81 19.47 0.681 1.096 0.556 0.928 
QD21 75.22 15.93 8.85 0.912 1.169 0.512 0.928 
QD22 77.88 8.85 13.27 1.035 0.944 0.423 0.929 
QD23 70.80 13.27 15.93 0.743 1.007 0.516 0.928 
QD24 79.65 5.31 15.04 1.062 0.919 0.401 0.929 
QD25 62.83 15.04 22.12 0.664 1.057 0.624 0.927 
QD26 54.87 15.04 30.09 0.540 1.053 0.563 0.928 
QD27 50.44 16.81 32.74 0.469 1.061 0.485 0.928 
QD28 60.18 18.58 21.24 0.558 1.060 0.446 0.929 
QD29 74.34 9.73 15.93 0.956 1.012 0.457 0.929 
QD30 72.57 9.73 17.70 0.770 0.906 0.422 0.929 
QD31 74.34 7.08 18.58 0.947 0.895 0.456 0.929 
QD32 64.60 12.39 23.01 0.735 0.991 0.493 0.928 
QD33 61.95 14.16 23.89 0.619 0.985 0.450 0.929 
QD34 69.03 10.62 20.35 0.796 0.956 0.482 0.928 
QD35 53.10 19.47 27.43 0.442 1.060 0.586 0.927 
QD36 66.37 15.93 17.70 0.690 1.010 0.447 0.929 
QD37 68.14 7.96 23.89 0.814 0.892 0.487 0.928 
QD38 61.95 7.08 30.97 0.726 0.899 0.497 0.928 
QD39 55.75 16.81 27.43 0.549 1.061 0.576 0.927 
QD40 66.37 15.04 18.58 0.726 1.046 0.554 0.928 
QD41 76.99 7.96 15.04 0.982 0.935 0.440 0.929 

 

ANNEXURE-G: Independent Variables [3] 

Sl. 
No. 

Independent 
Factors  

Influences in 
Gap/  

Strength/  
Risk 

Related 
Questions (G) 

Statistical Analysis 

Mean 
Response 

Standard 
Deviation 

Cronbach's 
Alpha 

1 
Absence of 

stakeholders inputs 
Risk 

R20 0.522 1.203 

0.705 
R21 0.478 1.218 
R22 1.027 0.921 
R23 0.726 1.071 
R24 1.035 0.981 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      37 
ISSN 2250-3153  

www.ijsrp.org 

2 Basic knowledge Strength 

S6 0.363 1.196 

0.598 
S31 0.947 0.895 
S33 0.619 0.985 
S34 0.796 0.956 

3 
Creation of 

monolithic memory 
Risk 

R32 0.752 1.005 
0.756 

R33 0.646 0.935 

4 Demotivation 

Gap 

G1 0.823 1.020 

0.807 

G2 0.973 0.871 
G3 0.841 0.862 
G4 0.805 0.905 
G6 0.611 0.995 

G10 0.912 0.978 
G12 0.920 1.019 
G15 0.929 0.979 

Strength 

S1 0.487 1.189 
S2 0.628 1.104 

S10 1.150 0.826 
S11 1.080 0.825 
S12 0.779 0.914 
S25 0.664 1.057 
S26 0.540 1.053 
S29 0.956 1.012 
S40 0.726 1.046 

5 Difficult to grasp Strength 

S4 0.372 1.135 

0.673 
S17 0.619 1.055 
S18 0.168 1.068 
S30 0.770 0.906 
S39 0.549 1.061 

6 Experience 

Risk R29 0.805 0.981 

0.550 
Strength 

S5 0.442 1.149 
S19 0.858 0.925 
S20 0.681 1.096 

7 Fear of contribution 

Gap 
G13 0.593 1.041 

0.784 

G14 0.858 1.060 

Risk 

R35 0.434 1.164 
R36 0.779 0.989 
R37 0.761 0.889 
R39 0.575 0.989 
R40 0.602 1.074 
R41 0.717 0.977 
R42 0.212 1.176 
R43 0.770 0.886 
R44 0.920 0.908 

8 
Inadequate 
technology 

Risk 

R14 0.593 1.041 

0.738 

R15 0.558 1.101 
R16 0.327 1.081 
R17 0.407 1.041 
R18 -0.097 1.202 
R19 0.832 0.934 

9 Knowledge context Strength 
S23 0.743 1.007 

0.734 S35 0.442 1.060 
S36 0.690 1.010 

10 

 
Knowledge transfer 

mechanism 
 
 
 

Knowledge transfer 
mechanism 

 
 

Risk 

R7 0.752 1.005 

0.759 

R9 0.947 0.777 
R30 0.823 0.889 
R34 0.850 0.956 
R38 0.735 0.824 

Strength 

S8 0.708 0.913 
S9 1.018 0.845 

S22 1.035 0.944 
S28 0.558 1.060 
S37 0.814 0.892 

11 Lack of integration Risk R10 1.071 0.913 Q-item only 1  

12 Learning culture 
Gap G16 0.814 0.931 

0.245 
Strength S41 0.982 0.935 

13 
Non existence of 

inter-function 
Risk R31 0.920 0.847 Q-item only 1 
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14 On job exposer Strength 

S7 0.938 0.966 

0.510 
S21 0.912 1.169 
S32 0.735 0.991 
S38 0.726 0.899 

15 
Organizational 

culture 

Gap 

G5 1.150 1.046 

0.729 

G7 1.257 0.777 
G8 0.947 0.962 
G9 1.027 0.901 

G11 0.726 0.984 

Strength 

S3 0.496 1.211 
S13 0.814 1.014 
S14 0.664 1.014 
S15 0.717 1.106 
S24 1.062 0.919 
S27 0.469 1.061 

16 Perception on value Risk 
R11 1.000 0.824 

0.571 R12 0.796 0.974 
R13 0.752 0.969 

17 Promotion Risk 

R1 0.195 1.216 

0.710 
R5 0.301 1.164 
R6 0.115 1.155 
R27 0.265 1.044 

18 Redeployment Risk 
R4 0.159 1.115 

0.665 R26 0.442 1.026 
R28 0.442 1.164 

19 
Technology 

improvement 
Risk 

R2 0.319 1.063 

0.696 
R3 0.142 1.245 
R8 0.540 0.897 
R25 0.478 1.045 

Strength S16 0.389 1.089 
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Abstract- Hydrophytes are established bio-filters for a spectrum 
of pollutants and as such remediate gaseous contaminants as 
well. Carbon capture and sequestration (CCS) by virtue of 
aquatic plants at a local scale may manifest as invalid at the 
outset but the marine and inland water stretches do contribute a 
lot globally. A study pertaining to 15 emergent macrophytes 
represented by 10 families exhibited predominant carbon 
sequestration potential (CSP) ranging up to 412 Kg/ha. Organic 
carbon, biomass and calcium content determination provided the 
CSP values of each species studied. The correlation and 
regression analysis of the observed data revealed a highly 
significant relationship between carbon and biomass cum 
calcium with correlation coefficient values being close to 1. The 
interspecific comparison of the emergents confirmed Typha 
latifolia with the highest carbon content (53.62%) and CSP 
followed by Phragmites australis (52.02%) and Cyperus 
difformis (50.91%). 
 
Index Terms- biomass, calcium, carbon sequestration, emergent 
macrophytes, Manasbal lake. 
 

I. INTRODUCTION 

limate change constitutes one of the grave environmental 
challenges experienced by mankind worldwide today (Field 

et al., 2012). The precursor being the multitude of anthropogenic 
activities (Wuebbles and Jain, 2001; Upadhay et. al., 2006) 
resulting in elevated concentration of greenhouse gases and 
thereby their radiative forcing. This warming up of the earth’s 
atmosphere in turn switches on a chain of ecological hazards 
with varied frequency and intensity. Eventually, it evoked 
multiple integrative and interdisciplinary mitigatory and adaptive 
responses (Meyers, 2007) including carbon capture and 
sequestration (CCS) by natural ecosystems (Albrecht and Kandji, 
2003; Shin et. al., 2007; Sheps et.al. 2009). The initiative of bio-
sequestration has gained significant scope due to considerable 
(Rytter, 2012) but sustainable regulatory factor of global carbon 
flux and storage (Plantinga, 2003; Ravindranath, 2007). 
Although terrestrial and marine ecosystems are featured CCS 
systems, however, the lake ecosystem as carbon interface and 
stock components remain neglected or unaccounted (Downing, 
2010) presumably due to their relatively small global surface 
area of ̴ 4.2 million Km2 (Downing et al., 2006). 
          Of the overall global landscape, an estimated 2.1 % inland 
lake water cover contribute towards 260 gC/m2/yr. of NPP under 
eutrophic status out of the net global total of 1 PgC/yr (William, 

2011). Given the relatively small area of inland waters, an 
estimated 42 TgC/yr., mostly from primary production is buried 
in lake sediments at a rate three times greater than that of the 
oceans (Dean and Gorham, 1998). As such lakes comprise the 
important hot spots for carbon capture, transformation and 
storage (Cole et al., 2007; Tranvik et al., 2009; Williamson et al, 
2009) and this carbon is being mainly captured by the prolific 
growing macrophytes via photosynthesis. Till now macrophytes 
have been studied mainly for providing services like controlling 
eutrophication, treatment of waste waters, heavy metal 
remediation, etc.(Nahlik and Mitsch, 2006; Wang et. al, 2009) 
and their role in carbon sequestration has been given least 
attention. Therefore, the present investigation was an attempt to 
study the role and potential of emergent macrophytes in carbon 
capture and sequestration. 
 

II. METHODOLOGY 

          Study Site: The study was carried from March, 2011 to 
March, 2012 on a fresh water lake of Kashmir-Manasbal lake 
lying between 34015/N and 74040/E at 1585m (asl). The lake is 
surrounded by Jarokbal, Gratbal and Kondbal villages on its 
northern, eastern and southern sides respectively and has a total 
surface area of 2.80 Km2 with a maximum depth of 13m. The 
lake harbours a rich diversity of macrophytes, however, the 
present study focused on the emergent macrophyte species of the 
lake. Four sites (I, II, III and IV) were selected dividing the lake 
arbitrarily into four compartments (Fig.1) 
          Methods: Plant samples were collected at the selected sites 
on monthly basis from March 2011 to Feb 2012 using quadrat 
method (Gupta, 1999). Five quadrats of standard size (1m2) were 
laid at each site. Macrophytes falling in each quadrat were 
collected, stored in separate plastic bags and taken to laboratory 
for analysis. Dry weight biomass was obtained by oven drying 
the samples at 1050C for 24 hours (Gupta, 1999). Sub 
samples(5g) were combusted at 5500C for 4 hours in a muffle 
furnace for determination of organic carbon by using the 
following formula (Armecin and Gabon, 2008); 
  
OC (%) = OM (%)/1.724  
           (Where OC is the organic carbon, OM is the organic 
matter and 1.724 is the van Bemmelen factor i.e. organic matter 
contains 58% organic carbon). 
          Ca was analyzed by EDTA titration method (Trivedy et al. 
1987). CSP of each species was determined by multiplying the 
OC in per gram of dry weight to the biomass of that species 

C
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(Wang et. al, 2011) and the total CSP of all the emergent 
macrophytes was obtained by the summationof individual CSP of 
all species. The mean of the observations of the above analysis 
for each of the 5 quadrats was taken as the monthly 
representative value of the respective site. 
          Statistical Analysis: Correlation and regression analysis 
was done on the observed data by using SPSS 7.5 for Windows 
Student Version. 
 

III. RESULTS AND DISCUSSION 

          A total of 15 emergent macrophytes species were found to 
inhabit the Lake Manasbal represented by 10 families 
{Alismataceae (2 sps.), Asteraceae (1 sps.), Apiaceae (1 sps.), 
Brassicaceae (1 sps.), Cyperaceae (4 sps.), Haloragaceae (1 
sps.), Lamiaceae (1 sps.), Polygonaceae (1 sps.), Poaceae (2 
sps.) and Typhaceae (1 sps.)} (Table 1). 
          The carbon (%) content of the 15 emergent macrophytes 
varied between 34.97 to 50.92, 34.98 to 52.04, 34.96 to 52.01 
and 34.91 to 50.94 at sites I, II, III and IV respectively (Table 2). 
Similarly Ca (%) varied between 0.78 to 1.38, 0.78 to 2.21, 0.80 
to 2.24 and 0.79 to 1.38 at sites I, II, III and IV respectively. 
Biomass (g/m2) ranged from a minimum of 104 to a maximum of 
687 at site I, 116 to 1382 at site II, 141 to 1493 at site III and 122 
to 635 at site IV (Table 2). However, the minimum mean value 
of carbon (39.25%) and Ca (0.82%) was observed for Lycopus 

europus and the maximum mean value of carbon was observed 
for Typha latifolia (53.62) (Table 1). Phragmites australis 
showed the highest mean biomass (1423.5g/m2) followed by 
Typha latifolia whereas; the highest CSP was recorded for Typha 

latifolia followed by Phragmites australis and the lowest for 
Carexsp. (Table 1). The total CSP by the 15 emergent 
macrophytes species was estimated to be 411.9Kg/ha. 
Correlation and regression analysis was done in order to 
determine the relationship between (i) carbon and biomass and 
(ii) carbon and calcium. Results showed a highly significant 
correlation between carbon and biomass (r = 0.802) (Fig. 2)as 
well as between carbon and calcium (0.827)(Fig. 3) and hence 
the following regression equations were developed; 
 
Y= 40.028+ 0.01X (eq.1) (r = 0.802) 
Where Y is carbon (%) and X is the biomass (g/m2). 
 
Y=32.944+ 10.678X (eq.2)(r = 0.827)  
Where Y is carbon (%) and X is the Ca (%). 
 
          Significant variations were seen in the CSP of macrophytes 
species amongst the analysed emergents depending on their 
carbon content and biomass values. Typha latifolia, having the 
highest CSP exhibited the highest carbon content of 53.62% 
which was greater than 44% value reported by Wang et. al, 2011 
for Typha orientalis. Wang also reported 44.7%, 44.1% and 
41.8% of carbon for Phragmites communis, Cyperus malaccensis 
and Eleocharis dulcis respectively which is lower than the values 
in our study for Phragmites australis, Cyperus difformis and 
Eleocharis palustris respectively. The carbon content and hence 
the CSP in our study was higher when compared with the 
reported results for Scirpus lacustris (44.12), Eleocharis 

palustris (43%) (Fernandez-Alaez et. al, 1999); Phragmites 

australis (29.2%) and Myriophyllum salsugineum (15.8%) (Piola 
et. al, 2008) and Phragmites communis (45%)(Baldantoni et. al, 
2004). Further, Costa and Henry, 2010 observed the highest 
carbon content for E. azurea {437mg/g (43.7%)}, Myriophyllum 

aquaticum {430mg/g (43%)}, Cyperus esculentus {416mg/g 
(41.6%)} and Polygonumspectable{380m/g (38%)}. However, 
the carbon content reported by Westlake(1969) for Nasturtium 

officinale and that reported by Muraoka, 2004 and Demars and 
Edwards, 2008 for seaweeds and hydrophytes was in close 
approximation with that observed in our study. The results 
obtained for carbon were also in accordance with that obtained 
by Benoit et. al, 2007. Ca is used as an indicator of carbon 
content (Negi et al, 2003) as indicated by a highly significant 
correlation between carbon and calcium. The calculated 
correlation coefficient being close to 1 prescribes the regression 
equations (eq. 1 and eq. 2) apt for carbon estimation and thereby 
CSP.  
 

IV. CONCLUSION 

          Macrophytes comprise an essential component of aquatic 
ecosystems, vital for their steady state. Besides, playing an 
integral role as limnological assets, numerous accessory 
resilience and restoration capacities can be accounted thereof. In 
the context of CSP although they tend to be undervalued because 
of their size, distribution and seasonality but their effective 
carbon capture and storage role and rates are encouragingly 
promising and significantly sustainable. 
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Table 1: Mean Carbon, Calcium and Biomass of each species and its corresponding CSP. 

S.No. Name of Plant Species Family Carbon (%) Calcium (%) Biomass 
(g/m2) 

CSP 
 (g/m2/yr.) 

1 Alisma plantago Alismataceae 47.75 1.26   505.0  241.14 
2 Bidens cernua Asteraceae 45.45 1.05   405.0  184.07 
3 Carex sp. Cyperaceae 34.95 0.79   120.7    42.18 
4 Cyperus difformis Cyperaceae 50.91 1.39   695.0  353.82 
5 Echinocloa crusgalli Poaceae 47.46 1.23   464.5  220.45 
6 Eleocharis palustris Cyperaceae 46.06 1.16   394.0  181.48 
7 Lycopus europus Lamiaceae 39.25 0.82   350.0  137.37 
8 Myriophyllum verticillatum Haloragaceae 44.29 1.01   552.2  244.57 
9 Nasturtium officinale Brassicaceae 44.77 1.18   412.5  184.68 
10 Phragmites australis Poaceae 52.02 2.22 1423.5  740.50 
11 Polygonum amphibium Polygonaceae 43.67 0.94   370.2  161.67 
12 Sagittaria sagittifolia Alismataceae 46.06 1.13   580.4  267.33 
13 Scirpus triqueter Cyperaceae 46.13 1.08   367.5  169.53 
14 Sium latijugum Apiaceae 46.11 1.22   541.6  249.73 
15 Typha latifolia Typhaceae 53.62 1.72 1382.0  741.02 
 Total     4119.54g/m2/yr. 

 
Table 2: Peak biomass and its corresponding OC (%) and Ca (%) values for the emergent macrophytes species in Lake 

Manasbal. 

S.

No

. 

Name of the 

Macrophyte 

species 

Site I Site II Site III Site IV 

OC 

(%) 

Ca 

(%) 

Biomass 

(g/m2) 

OC 

(%) 

Ca 

(%) 

Biomass 

(g/m2) 

OC 

(%) 

Ca 

(%) 

Biomass 

(g/m2) 

OC 

(%) 

Ca 

(%) 

Biomass 

(g/m2) 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      44 
ISSN 2250-3153  

www.ijsrp.org 

1 Alisma 

plantago 

47.7

3 

1.27 511.0 NA NA NA 47.7

8 

1.26 499.0 NA NA NA 

2 Bidens 

cernua 
45.4

3 

1.05 387.0 NA NA NA 45.3

9 

1.05 452.0 45.52 1.04 376.0 

3 Carex sp. 34.9

7 

0.78 104.0 34.9

8 

0.78 116.0 34.9

6 

0.80 141.0 34.91 0.79 122.0 

4 Cyperus 

difformis 
50.9

2 

1.38 687.0 NA NA NA 50.8

6 

1.42 763.0 50.94 1.38 635.0 

5 Echinocloa 

crusgalli 
47.4

8 

1.22 456.0 47.4

2 

1.25 527.0 47.4

3 

1.24 460.0 47.50 1.22 415.0 

6 Eleocharis 

palustris 
46.0

5 

1.16 385.0 46.0

9 

1.15 348.0 46.0

3 

1.18 449.0 NA NA NA 

7 Lycopus 

europus 
39.2

2 

0.84 411.0 NA NA NA 39.2

8 

0.80 313.0 39.24 0.82 326.0 

8 Myriophyllu

m 

verticillatum 

44.3

0 

1.01 528.0 44.2

6 

1.02 643.0 44.3

1 

1.00 496.0 44.28 1.02 542.0 

9 Nasturtium 

officinale 
44.7

4 

1.19 467.0 44.7

9 

1.17 352.0 44.7

6 

1.18 445.0 44.78 1.18 386.0 

10 Phragmites 

australis 
NA NA NA 52.0

4 

2.21 1354.0 52.0

1 

2.24 1493.0 NA NA NA 

11 Polygonum 

amphibium 
43.6

9 

0.93 313.0 43.6

8 

0.93 329.0 43.6

4 

0.95 472.0 43.66 0.95 367.0 

12 Sagittaria 

sagittifolia 
46.0

8 

1.13 515.0 NA NA NA 46.0

5 

1.14 663.0 46.05 1.12 563.0 

13 Scirpus 

triqueter 
46.1

3 

1.09 366.0 NA NA NA NA NA NA 46.14 1.07 369.0 

14 Sium 

latijugum 
46.1

0 

1.23 683.0 NA NA NA 46.1

3 

1.20 418.0 46.11 1.22 524.0 

15 Typha 

latifolia 
NA NA NA 53.6

2 

1.72 1382 NA NA NA NA NA NA 

NA: macrophyte species not available at the particular site. 
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Fig1: Lake Manasbal, Kashmir, India. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                        Fig. 2: Correlation graph for Carbon and Biomass. 
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Fig. 3: Correlation graph for Carbon and Calcium. 
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Abstract- In present study the photocatalytic degradation of 
commercial azo dye Direct Red 5B (DR5B dye) has been carried 
out in presence of recently developed photocatalyst: methylene 
Blue immobilized resin Dowex-11, under visible light. The effect 
of process parameters such as variation of the dye concentration, 
pH, light intensity and amount of catalyst loading on the reaction 
rate has been studied .The rate constant has an optimal conditions 
at 30 oC , pH 7.5,2.0gm/L catalyst loading, light intensity 200 
watt & 40mg/L concentration of the dye. Kinetic study of photo 
degradation follows pseudo first order kinetics. A Tentative 
mechanism of the photocatalytic degradation of DR5B dye has 
also been proposed. 
 
Index Terms- DR5B, photo catalyst, photo degradation, 
Methylene Blue Immobilized resin Dowex -11 
 

I. INTRODUCTION 

extile azo dyes like Reactive dye, Direct dyes and other 
industrial dye stuffs constitute one of the largest groups of 

organic compounds that represent growing environmental 
pollution. Considering the volume and chemical compounds of 
the discharged effluents the textile dyeing and finishing is one of 
the major pollutants in industry1-2. Studies indicate that 
manufacturing and processing operations adds substantial 
amounts of dye stuffs and the resultant color enters the 
environment through effluents from industrial wastewater 
treatment plants. Adsorption and chemical coagulation are 
common technique used in treatment of such wastewater. 
However these methods transfer dyes from liquid to solid phase 
and produce secondary pollution and requiring further treatment. 
Textile wastewater treatment processes by means of coagulation, 
flocculation, ultra filtration and adsorption of the dyes aiming at 
the destruction of wastewater’s color. 3-5. Another wastewater 
treatment process like Advance Oxidation Process (AOPs) have 
been proposed6. AOPs are able to oxidize a wide range of 
compounds that are otherwise difficult to degrade by traditional 
physico chemical and biological methods.7. Among AOPs photo 
catalytic oxidation processes have been paid more attention to 
degrade various organic compounds & pollutants in water in the 
recent years.8-11 

          Maria et al12 investigate the complete mineralization of 
acid orange 7 dye into simple organic molecules using TiO2 as 
photo catalyst. Enhanced photo catalytic performance of nano 
sized coupled ZnO/SnO2 photo catalyst has been reported by 
Wang et al.13 
          Ameta et al 14 studied the photo bleaching of basic blue-24 
and orange – G over ZnO powder in presence of surfactants. 

Degradation of methyl orange dye under UV light (300nm) 
illumination using ZnO/ZnO2as photo catalyst has been 
investigated by Chin et al15. 
          Yaun et al 16 used combination of TiO2 and activated fiber 
for the degradation of methylene blue dye. Purification with TiO2 
mediated photo catalysis under UV light has been shown to be 
potentially advantageous as it may lead to complete 
mineralization of pollutant to CO2, water and mineral acids.17- 18 
          Although TiO2 is the most widely used catalyst, mainly 
because of its photo stability, low cost and non toxicity and 
insoluble in water under most environmental conditions.19, but 
this technology has not yet been successfully commercialized in 
past because of problems connected to the separation of TiO2 
particles from suspension .To solve this problem, supported 
photo catalysts have been developed 20- 21. 
          In present study MB immobilized resin, a newly developed 
photo catalyst for degradation of azo dyes can act as photo 
sensitizer induced process. As photo catalyst sensitizes, electron 
migrates from VB to CB and follows inter system crossing(ISC) 
and electronic transition starts between resin, MB dye molecules, 
water molecules,DR5B molecules and dissolved oxygen ,and via 
a chain process into highly oxidizing hole ,hydroxyl radicals and 
super oxide ions. 
 

II. MATERIAL AND METHODS 

Dye 
          The Dye Direct Red 5B (a sulfonated azo dye) mol.wt, 
663; λmax  510 nm figure-1 was collected from the near by textile 
industry and used as such. 
 

 
Figure-1 

 
Photo catalyst 
          Preparation of the photo catalyst was done by using 
Dowex-11 resin (particle size, 20 -50 mesh) (sisco chemicals 
India , Mumbai) and MB hydrated (Loba Chemicals India).All 
other laboratory reagents were analytical grade and the solutions 
were prepared by dissolving the calculated amounts of 
appropriate chemicals in double distill water. 
          MB solution of concentration 10-3 M in double distill 
water, was mixed with Dowex-11 resin (MB: resin, 100:1) with 
shaking well and allowed the mixture to stand for 3 days in dark 
for complete immobilization of resin by MB. After 3 days the 

T
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resin was filtered washed by double distill water twice and used 
as photo catalyst. The immobilization takes place it can be 
identified by its characteristic IR spectrum Figure-2 shows the 
peaks of the resin (without grafting) before immobilization and 
Figure-3 shows the peaks after immobilization the bands at 2987, 
2905, 1600-1430 cm-1 were attributing to Ar-H, C-H, C=C and 
C=N respectively, peaks at 1270, 1220-1020 cm-1 and others 
peaks show bending of various groups (Spectro Jasco Corp. /IR-
610 over the range 599.7532 – 4000.605 cm-1 ). These peak 
shows that the immobilization of the photo sensitized dye 
(methylene blue) in the resin has been taken place. 
 

 
Figure-2. The IR spectra of Dowex-11 resin without grafting. 

 

 
Figure-3. The IR spectra of Dowex-11 resin after 

immobilization by Methylene blue dye. 
 
Stability of the catalyst 
          In order to know the stability of the catalyst, the catalyst 
was recycled five times by using dye solution at optimum 
conditions, after each experiment the catalyst was separated from 
solution by filtration, washed with deionized water for several 
times, derived at 35oC for over night and than used for next run, 
observed after cycles of the experimentation, the catalysis 
efficiency of the catalyst was still higher than 98%, and the 
catalytic performance was not effected by the time of reuses. So 
the catalytic effect of the prepared catalyst (MB immobilized 
resin Dowex-11) was as successful as conventional catalyst. 
 
Analytical methods 
          The photocatalytic degradation of DR5B was observed by 
making aqueous solution of the desired concentration from the 
stock solution. Irradiation was carried out by using 200 watt 
tungsten lamp (Philips) having intensity 10.4 mWcm-2. The 
optical density of solution was measured by using 

spectrophotometer (Systronic model 106). The pH conditions of 
the desired solution were adjusted by using standardized 1N 
NaOH and 1N H2SO4 solution. pH of the solution was measured 
by digital pH meter(Fisher Scientific Accument 50). All the 
experiments were performed at room temperature and 
magnetically stirred and aerated throughout the experiment. 
 
Procedure 
          To carry out the photochemical reaction 50ml of the dye 
solution (DR5B dye) of desired concentration (40mg/L) was 
taken and appropriate amount (2.0gm) of MB immobilized 
Dowex -11 catalysts was added to it. The mixture was irradiated 
under visible light using 200watt tungsten lamp. 
          3 ml aliquot of the dye solution was withdrawn after a 
specific time interval and absorbance was measured using 
spectrophotometer (Systronic model 106) at 510 nm .The rate of 
decrease of color was monitored after specific time interval. 
 

III. RESULT AND DISCUSSION 

          The photo catalytic degradation of direct dye (DR5B) was 
observed at λmax  510nm. The optimum condition for the removal 
of the dye is, dye concentration at 40mg/L, pH-7.5, catalyst 
loading 2.0gm, light intensity 200 watt. 
          Rate of the reaction (k) was determined using the 
expression  
Rate (k) = 2.303 * slope 
          Figure- 4 shows the semi logarithmic plot of 1+log O.D 
versus exposure time was found to be straight line suggesting the 
bleaching of the dye follows pseudo first order kinetics. 
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Figure-4:  A Typical run of photo catalytic degradation of 

DR5B (λmax 510 nm) under optimum conditions. 
 
Effect of variation in pH 
          The photo degradation of the dye was studied at different 
pH values ranges from 3.5 to 11.5 .Degradation rate of the dye is 
very low in acidic pH range As pH range increases, degradation 
rate increases. In pH range 7.5-9.0 rate of bleaching was very 
good. It has been reported graphically in figure 5. 
          On further increasing pH, rate of degradation starts to 
decrease. Increase in rate of photo catalytic degradation in the 
neutral to alkali range (pH 7.5-9.0) may be due to more 
availability of OH- ions by combining with holes, which are 
formed due to electronic excitation in catalyst. These hydroxyl 
radicals were considered responsible for the photo catalytic 
bleaching. 
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Figure.5: A typical run of effect of pH on photo catalytic 

bleaching of the dye (Temp.30oC, dye conc. 40mg/L, light 
intensity 200watt , catalyst loading 2.0gm) 

 
Effect of catalyst loading 
          As catalyst loading increase the rate constant increases 
from 1.0gm to 3.0gm, by taking other parameters constant. This 
can be due to  more catalyst surface area for absorption of quanta 
and interaction of molecules of reaction mixture with catalyst , 
resulted increase in number of holes , hydroxyl radicals and 
supra oxide ions(o-). Since these are principle oxidizing 
intermediates in AOP and rate of degradation increases. This can 
be shown graphically in figure 6. 
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Figure- 6. A typical run of effect of catalyst loading on photo 
catalytic bleaching of the dye (Temp.30oC, dye conc. 40mg/L, 

light intensity 200 watt) 
 
Effect of concentration of dye 
          Degradation rate of the dye decrease with increase in 
concentration of the dye from 10mg/L to 70mg/L . As shown in 
figure 7. The rate constant revealed that the maximum 
degradation observed at low concentration of the dye. As 
concentration increases the rate constant decreases above the 
optimal value. At high concentration the decrease in degradation 
phenomenon can be explained in terms of the increased 
concentration of the dye However, the irradiation time and 
amount of catalyst have been kept constant hence the production 
of OH. radicals and supra oxide radicals was limited.   
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Figure 7 - A typical run of effect of variation of concentration 

on photo catalytic bleaching of the dye (Temp.30oC, light 
intensity 200 watt, catalyst loading 2.0gm) 

 

Effect of light intensity  
          The influence of light intensity was studied in the range 60 
to 500 watt an almost linear plot between the rate constant and 
light intensity was observed, that indicates an increase in the 
light intensity will increase the rate of reaction. Figure -8. This 
may be due to increase in number of photons reaching catalyst 
surface area so increase in number of excited catalyst molecules 
resulted in increase in number of holes, hydroxyl radicals and 
supra oxide ions(o-) .As a consequence ,an over all increase in 
the rate of degradation of dye molecules has been observed. 
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Figure-8. A typical run of effect of light intensity on photo 
catalytic bleaching of the dye(Temp.30oC, conc. 40mg/L, 

catalyst loading 2.0 gm) 
 
Mechanism 
          Tentative mechanism has been proposed on the basis of 
above experimental observation.                                                              
          On irradiation the dye molecules absorb photons and get 
excited, resulted electrons jump to singlet state. Then these 
excited singlet state molecule is convert into triplet state through 
intersystem crossing. The triplet dye may donate its electron to 
the photo catalyst and the dye becomes positively charged. The 
dissolved oxygen of the solution will pull an electron from the 
conduction band of photo catalyst. The positively charged 
molecules of the dye will immediately react with hydroxyl ion to 
form hydroxyl radicals and these hydroxyl radicals will oxidize 
the dye molecule in to the product. 

 
 

IV. CONCLUSIONS 

          In conclusion, this study has proved that MB immobilized 
Dowex -11 is an efficient catalyst .For degradation of DR5B Dye 
in the presence of solar light. The optimal reaction condition for 
the photo catalytic degradation of DR5B Dye were determined to 
be, 30o C, pH 7.5, 2.0gm/l catalyst loading, 40mg/l concentration 
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of the dye and 90 minute solar irradiation time. The degradation 
of DR5B by MB immobilized Dowex -11 catalyst, followed the 
Pseudo-first order Kinetics with respect to the concentration of 
DR5B dye. No obvious decline in efficiency of the catalyst was 
observed after 5 respected cycles and this shows the stability and 
reusability of the catalyst. 
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Abstract- Mathematical models constructed by fuzzy rules 
applying the gradient descent method have been widely used in 
many designs.  Adjusting the fuzzy model built for the pre 
processed data from a dominating graph is the another view point 
approach of this work. By treating the triangular membership 
function as two disjoint ones mutual independence of fuzzy rules 
showed.  In that way mathematical models constructed by fuzzy 
rules by applying gradient descent method with domination 
graphs. 
 
Index Terms- Fuzzy modeling - domination graphs - Gradient 
descent method. 
 

I. INTRODUCTION 

uzzy rule base normally consists of a certain number of fuzzy 
rules.  Depending on the types in the consequent parts, the 

fuzzy rules can be toughly classified in to the following briefly 
reviews those most commonly used fuzzy model.  If  x1 is Ai1 and 
x2 is Ai2  and …… and xin is Ain , then y is wi ,where wi’s are 
singletons.  For this fuzzy model, the inferred output 
 

 Wc  = ∑
∑

=

=
R

i i

i

1

R

1 iW    
i

µ

µ
         (1) 

 
        Where µi represents the firing degree of the antecendent part 
in the ith rule and R is the number of rules.  Assume that the 
product operation is used, then 
                     
                       n 

 μi  =  Π  Aij(xj)                            (2) 
  
j=1 

         Where Aij(xj) represents, the membership degree for the 
data xj on fuzzy sets Aij, the error function for given pattern as 
follows. 
  
  E=½[wc – od]

2                               (3)  
 
Where Od denotes output 
         In this paper we will focus on investigating fuzzy models 
constructed by fuzzy rules only to which the gradient descent 
method can be successfully applied.  The organization of this 

paper discussed how the raw data are pre processed and how the 
conventional gradient descent method is modified to handle the 
tuning job. To simplify the tuning process and to enhance the 
system performance, we suggest to use membership function 
dominating graph of fuzzy graph. 
                              

II. PRELIMINARIES 

         Definition: A fuzzy set of a base set V is specified by its 
membership function σ where  
σ :  v  -> [0,1] assigning to each u Є v the degree or grade to 
which u belongs to σ  
         Definition : A fuzzy graph G = ( , µ) is a pair of function  
σ : V -> [0,1] and µ : v × v -> (0,1)where for all u, v Є V , we 
have µ (u, v) ≤ σ(u) ∩ σ(v)    , µ is considered to be symmetric 
 
Example:-  A fuzzy graph G = (σ, µ) where 
 σ = {u/.5, v/.4, w/.6} and  
 µ ={(u, v)/.3, (u, w)/.4, (v, w)/.2} 
 
             V(.4)  
 
         .3             .2 fig(1).  
  
     
                       U(.5)    .4 W(.6)  
 
 
         Definition: Let G=(σ,µ) be a fuzzy graph the arc (x,y) is a 
strong arc then the graph is called strong arc fuzzy graph. 
 
         Definition: Let G=(σ,µ) be a fuzzy graph and u be a node 
in G then there exists a node v,  such that (u,v) is a strong arc, 
then u is said to be strong dominates v or simply dominates v. 
 
         If D is a fuzzy dominating set of a fuzzy graph G, then V-D 
need not be a fuzzy dominating set of G.  For example, D={v2, 
v3, v4} is a fuzzy dominating set of the fuzzy graph G given the 
following Fig(2).  But its complement {v1, v5} is not a fuzzy 
dominating set of G. 
 
       0.3                   0.3                        0.4                       0.6 

  •               •               •                  •            • 
 V1(0,4)        v2(0,3)            v3(0,5)           v4(0,8)     v5(0,6) 
                                                   

Fig(2) 
 

F 
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         Definition: Let G=(σ,µ) be a fuzzy graph.  A subset D of V 
is said of be fuzzy dominating set of G if for every V  V-D, 
there exists u  D such that u dominates v. 
         Definition: Minimum cardinality among all minimal fuzzy 
dominating set of G is called fuzzy dominating number of G 
and is denoted by γ (G). 
         Definition: Maximum cardinality among all minimal fuzzy 
dominating sets is called upper fuzzy domination number of G 
and is denoted by Γ (G). 
 
         A fuzzy dominating set D of a fuzzy graph G is called a 
minimum fuzzy dominating set, 
 
 if |D| = γ (G) and is denoted by γ - set. 
 

III. GRADIENT DESCENT METHOD FOR THE 

MATHEMATICAL MODELS. 

         Fuzzy model needs further optimization to fit the control or 
identification requirement, For example, adjusting the centers 
membership function from a domination graph can affect the 
firing degrees of the fuzzy rules.  Assuming the parameters to be 
adjusted in fuzzy models are Pj’s.  The quantity of Pj to be 
adjusted in each iteration can be obtained by taking the 

derivatives of      from(3).  As long as the quantity of Pj to 
be adjusted is determined the new Pj  can be updated as follows.          
                  

               Pj(t+1) = Pj(t) − γp                    (4) 

     Where γp is the prearranged learning rate. 
 
         For example, the consequent parts wi’s in fuzzy rules can 
be updated 
   

              Wi(t+1)= wi(t) – γw  

                          = wi(t) – γw  
               

                          = wi(t) – γw (wc – od) µi  / µi   

 
         Where γw represents the prearranged learning rate.  
Similarly, if the triangular member ship functions are used taking 
first derivatives of the error function with respect to the centers 
and spreads of the membership function allow us to 
systematically adjust the membership functions.  The purpose of 
preprocessing the original data is to reallocate the distribution of 
data to simplify the fuzzy modeling and in turn to improve the 
system performance. 
         

IV. RESULT- MEMBERSHIP FUNCTIONS OF 

DOMINATION GRAPHS. 

         We propose a simple but effective method to improve the 
inference outcome from the preprocessed model.  A membership 

function is still shared by the data located in two consecutive 
intervals.  This implies that adjusting a rule to satisfy a specific 
pattern will exert some effects on the neighbouring data. A 
continuing refinement must be done to make a compromise. 
         A fuzzy rule for the single-input-single-output (SISO) 
system is originally created like.  If x is Ai then y is wi .The data 
in the same region to have their own fuzzy rules and to simplify 
the adjustment of consequent real numbers, each membership 
function is virtually bifurcated at the center into two separate 
ones.(ie)  The left and right parts. 
         A fuzzy rule is separate into two rules as follows. 
 
         If x is AiL then y is wiL, If x is AiR then y is wiR 

         Where AiL and AiR represent the left and right parts of the 
membership function Ai  respectively, as shown in fig F(x).  A 
fuzzy model with each membership function virtually treated as 
two individual ones.  Of course, increasing the rule numbers will 
enlarge the rule base and in turn complicate the inference 
process. 
 
         Since the membership function for the premise part are 
equally distributed in the transformed domain each input pattern 
will activate at most fuzzy rules.  Except the leftmost and the 
rightmost intervals which have only one fuzzy set being mapped, 
each transformed data will be mapped to two non-zero 
membership degrees and the sum of both is exactly equal to one.   
This implies that Equation(1) can be further simplified. 
 µ 
 
 
    
       1L                                                                            5R                                             
 1         1R      2L      2R      3L   3R     4L 4R   5L       

                                       
 
         
     
 0  1       2                     3             4            5          x  
    
Fig. F(x) membership functions of input variable SISO System. 
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             =   µi   wi    = µ1   w1 + (1– µ1   )w2                                                          
     
         Assume that there are n transformed data patterns locating 
in the same interval.  Since those n patterns share the same fuzzy 
rules, the consequent parts in those rules must satisfy those 
patterns in a well refined fuzzy model.  We can compare the 
adjusted consequent singletons of fuzzy rules with those desired 
ones.  The desired consequent real numbers can be calculated by 
the least squared method.  As follows 
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          Od1                              µ1             1 –  µ1                                  
         Od2                             µ2             1 –  µ2                     

                •                                  •             •                   wi 

                •                  =              •                     •                            wi+1 

                •                                    •                     • 

        Odn                                µn            1 –  µn   

             O = PW                                    (5)   
    
 
 For simplicity, we can denote Equation(5) as follows. 
                     
    Where 
 
О = [Оd1, Оd2 - - - - - - - -Оdn ] 

T 
 
W = [wi , wi+1]

 T          and 

       P= 
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                    (6) 
  

         Equation(6) is created to represent the vector of desired 
inputs. 
         Using the pseodomverse of P, We can calculate the 
consequent singleton vector W as follows  
 
 W = (P-1 P)-1   P-1 О  
 

V. CONCLUSION 

         The gradient descent technique was successfully applied to 
adjusting fuzzy models as mathematical models by fuzzy rules 
from dominating graphs.        
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    Abstract- This paper is an attempt to investigate the causal 
relationships among quantity of agricultural export and real 
exchange rate in India by using time series data for the period 
between 1980 and 2010. All the macroeconomic series used here 
are non-stationary, integrated at order one but not co-integrated. 
The long run relationships between exchange rates and 
agricultural export were explored by using co-integration 
analysis. A Granger-causality analysis has been carried out in 
order to assess whether there is any potential predictability power 
of one indicator for the other. The finding shows that there is no 
significant relationship between quantity of agricultural export 
and real exchange rate. In Other words, both the variables do not 
cause each other in either direction. The result also shows that 
the variables are not co-integrated, so there is no the long run 
relationship between agricultural export and exchange rates in 
India. 
 
    Index Terms- Agricultural Exports, unit root test, Granger 
Causality, Exchange Rates, Johansen test 
 

I. INTRODUCTION 

xchange rate is an important economic variable influencing 
the export, import, and prices of India’s agricultural products 

worldwide. While stronger Indian rupees make India’s Exports 
more expensive in other countries, it also reduces the cost of 
imported products, resulting in lower prices for India. A weaker 
Indian rupee has the opposite effects, leading to increased 
exports and higher producer prices, but lower imports and higher 
prices for consumers. Both currency depreciation and a currency 
appreciation are, in most cases, short term in nature. Their effects 
occur during the first several months after the exchange rate 
change. Exchange rate is the price of one country's currency 
expressed in another country's currency. In other words, the rate 
at which one currency can be exchanged for another. Exchange 
rate is used to convert foreign prices into domestic currency and 
vice versa. These prices determine which goods are traded and 
where they are shipped or sourced. Being able to convert one 
currency into another at the prevailing exchange rate is crucial to 
international business and decision making. The difference in 
relative prices determines the flow of agricultural products and 
the patterns of trade. Agriculture is described as the backbone of 
Indian economy mainly because of the three reasons. One, 
agriculture constitutes largest share of country's national income 
though the share has declined from 55 percent in early 1950s to 
about 17 percent in early 2012.Two, more than 2/3rd of 
workforce of the country was employed in agriculture sector 

till1971. Recent census data for the year 2012 indicate that 
agriculture workers (cultivators and agricultural labourers) 
account for 52 percent of workforce of India. Three, growth of 
other sectors and overall economy depends on performance of 
agriculture to a considerable extent. Agriculture has also played 
important role as foreign exchange earner. Agricultural exports 
accounted for 44 percent of India’s total merchandise export 
during 1960-61. The share has declined over time but agriculture 
still contributes more than 17 percent of export earnings of India.        
 
India's foreign trade has expanded rapidly following sweeping 
trade policy and exchange rate reforms during 1991-93. India's 
total trade has expanded more than eleven-fold from $46 billion 
in 1990-91 to about $465 billion in 2009-10. During this period, 
exports grew 13 percent annually and imports grew 14 percent 
annually in U.S. dollar terms, with exports reaching $179 billion 
in 2009-10 and imports reaching $287 billion. Despite this 
expansion, India's share of world trade remains small, rising from 
0.5 percent in 1990 to about1.4 percent in 2010.      
 
The growth of India's foreign trade since the reforms of 1991-93 
has contributed to the strengthening of India's balance of 
payments and foreign exchange reserve positions. In 1990, prior 
to the reforms, India's foreign exchange reserves were $5.8 
billion-the equivalent of just two and a half months of imports. In 
2009-10, reserves reached more than $279 billion-equivalent to 
about one year of imports-providing Indian policymakers with 
significantly more flexibility in adjusting domestic and trade 
policies. Indian agriculture has increasingly been opened to 
global agriculture with the ratio of agricultural exports and 
imports as a percent of Agricultural GDP rising from 4.9 percent 
in 1990-91 to 12.7 percent in 18 State of Indian Agriculture 
2010-11. (Figure 1) This is still low as compared to the share of 
India’s total exports and imports as a percent of India’s GDP at 
55.7 percent India is a net exporter of agricultural commodities 
with agricultural exports constituting 11 percent of India’s total 
exports. However, the share of agricultural exports in India’s 
overall exports has been declining from 18.5 percent in 1990-91 
to 10.5 percent in 2010-11. 
 
 
 
 
 
 
 
 
 

E
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Figure 1: Trend in Trade of agricultural commodities in India 
[16] Source: http://www.csostat.gov.mm  

 Figure 2 shows how just a quick view on the data can 
support a positive relation between the two variables. The 
analysis in this paper will show in formal terms what kind of 
relation can be hypothesized on these two variables. 
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Figure 2: plots for exchange rate and export of    agricultural 

product  
Therefore, the main focus of the paper is to further analyze 
empirically the existence and direction of Granger causality and 
co-integration between agricultural export and exchange rate to 
help the policy makers for having a better insight into economic 
growth and to formulate effective economic policies. 
Objectives of the study: 
 The objectives of this study are as follows:  

1- To check whether there exists causality between 
exchange rate and agricultural export in India. 

2- To determine the long run relationship between 
exchange rate and agricultural export in India.   

 

II. LITERATURE SURVEY 

           Shombe [21] investigated causal relationships among 
agriculture, manufacturing and exports in Tanzania using the 
time series data for the period between 1970 and 2005. The 
empirical results found the evidence of Granger causality where 
agriculture causes both exports and manufacturing. Khalafalla 

and Webb [13] empirically tested the export-led growth 
hypothesis for Malaysian economy undergoing major structural 
changes. They investigated the relationship between the exports 
and economic growth in Malaysia using the quarterly data from 
1965-1996. Bashir [1] studied the impacts of economic reforms 
and trade liberalization on agricultural export performance in 
Pakistan. The author suggested that the agricultural export 
performance is more sensitive to the domestic factors, which 
changes due to economic reforms. Oyejide [15] examines effects 
of trade and exchange rate policies on Nigeria’s agricultural 
export using Ordinary Least Squares (OLS) over the period 
1960-1982 and concludes that appreciation of real exchange rate 
adversely influences to non-oil export especially during the oil 
boom. Shirazi and Manap [20] re-investigate the exports-
economic growth nexus, using the data from 1960 to 2003 
period. The results strongly support a long-run relationship 
among the three variables i.e. imports, export and output. As far 
as the causality between the exports and output growth is 
concerned, exports causes’ output growth, but converse is not 
true. Khan et. al. [14] investigated the direction of causation 
between exports growth and economic growth using the granger 
causality test and co-integration methods. They find stable long-
run two way relationship between total exports and output while 
one way relationship between output and primary exports. They 
also find the bi-directional causality between total exports growth 
and economic growth.                                           
 There are few studies relating to only agricultural sector 
about the effect of exchange rate on agricultural trade. Huges and 
Penson [10] studies have shown a marked increase in volume of 
agricultural exports over the years. However, the volatility, 
frequency and instability of the exchange rate movements since 
the beginning of the floating exchange rate raise a concern about 
the impact of such movements on agricultural trade flows. 
Vellianitis-Fidas [23] tested the hypothesis that exchange rate 
changes have a significant effect on the demand for U.S. 
agricultural exports. Johnson, Grennes, and Thursby [10] 
compared the impact of exchange rate versus the impact of 
foreign commercial policy in the pricing of U.S. wheat. 
Chambers and Just [5] noted that while some research found that 
exchange rates play a role in agricultural exports, still others 
found that the exchange rate has relatively small impact on the 
agriculture sector of the economy. Paarlberg, et al. [17] detail the 
economic theory behind the impact of exchange rates on prices, 
production, and consumption. The authors report the research of 
other studies that have measured the effects of exchange rate 
movements on agriculture. Schwartz [19] compared the effects of 
changes in exchange rate (and other macroeconomic variables) in 
a simple competitive versus a noncompetitive market for wheat. 
Bradshaw and Orden [2] tested the Granger Causality of 
exchange rates on agricultural prices and exports.     
 In case of India, Chandra [3] found bi-directional causal 
relationship between growth of exports and GDP growth which 
is a short-run causal relation, as co integration between growth of 
exports and GDP growth was not found. Sharma and 
Panagiotidis [8] test the export-led growth hypothesis in the 
context of India, and the results strengthen the arguments against 
the export-led growth hypothesis for the case of India.  Raju and 
Kurien [18] analyzed the relationship between exports and 
economic growth in India over the pre-liberalization period 
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1960-1992, and found strong support for unidirectional causality 
from exports to economic growth using Granger causality 
regressions based on stationary variables, with and without an 
error-correction term. Dash [6] analyzes the causal relationship 
between growth of exports and economic growth in India for the 
post-liberalization period 1992-2007, and the results indicate that 
there exists a long-run relationship between output and exports, 
and it is unidirectional, running from growth of exports to output 
growth. 

III. METHODOLOGY 

 a. DATA BASE  
 The secondary data regarding exchange rate and India’s 
agricultural export are utilized in this study. Annual time series 
data from 1980 to 2010 are analyzed through the Granger 
causality test. The data required was collected from FAO, World 
Bank website and balance sheets of financial reports of the 
Central Bank of India.                                     
b. GRANGER CAUSALITY APPROACH 
The Granger causality test is a statistical hypothesis test for 
determining whether one time series is useful in forecasting 
another. Granger (1969) proposed a time-series data based 
approach in order to determine causality. In the Granger-sense x 
is a cause of y if it is useful in forecasting y. In this framework 
”useful” means that x is able to increase the accuracy of the 
prediction of y with respect to a forecast, considering only past 
values of y. 
  Assuming to have information set  with the 
form , we say that is Granger causal 
for wrt.  if the variance of the optimal linear predictor of 

, based on , has smaller variance than the optimal linear 
predictor of , based only on lagged values of  , for any h. 
Thus, x Granger-causes y if and only if 

with j and i = 1,2,3,...,n 
and representing the variance of the forecast error.  
  There are three different types of situation in 
which a Granger-causality test can be applied: 
• In a simple Granger-causality test there are two variables and 
their lags. 
• In a multivariate Granger-causality test more than two variables 
are included, because it is supposed that more than one variable 
can influence the results. 
• Finally Granger-causality can also be tested in a VAR 
framework, in this case the multivariate model is extended in 
order to test for the simultaneity of all included variables. 
       The empirical results presented in this paper are calculated 
within a simple 
Granger-causality test in order to test whether quantity of 
agricultural export ”Granger cause” exchange rates and vice 
versa. The following two equations can be specified:  

 
    
                            

 
 

 Where  and ER are quantities of agricultural export 
(in tone) and exchange rates (percentage) respectively. Based on 
the estimated OLS coefficients for the equations (1) and (2) four 
different hypotheses about the relationship between  and ER 
can be formulated: 
1. Unidirectional Granger-causality from ER to . In this case 
exchange rates increase the quantities of agricultural export but 
not vice versa. Thus  and . 
2. Unidirectional Granger-causality from  to ER. In this case 
quantities of agricultural export increase the prediction of the 
exchange rates but not vice versa. Thus  
and . 
3. Bidirectional (or feedback) causality. In this case 

and , so in this case quantities of 
agricultural export increases the exchange rates and vice versa. 
4. Independence between  and ER. In this case there is no 
Granger causality in any direction, thus 

and . 
Hence by obtaining one of these results it seems possible to 
detect the causality relationship between quantity of agricultural 
export and the exchange rates of a country. 
Granger test analysis 
 The steps involved in implementing the Granger 
causality test are as follows: 

I. Regress current  on all lagged  terms and other 
variables, if any, but do not include the lagged ER 
variables in this regression. From this regression obtain 
the restricted residual sum of square . 

II. Now run the regression including the lagged ER terms. 
From this regression obtain the unrestricted residual 
sum of squares, .     

III. The null hypothesis is , that is, lagged ER   
 terms do not belong    in the regression. 
IV. To test this hypothesis, apply the F test as follows:   

     

                
 Which follows the F distribution whit m and (n-k ) df. 
 In this present case m  is equal to number of lagged 
 ER terms and k is the number of parameters  estimated 
 in the unrestricted regression                                                   

V. If the computed F value exceeds the critical F value at 
the chosen level of the significance, reject the null 
hypothesis, in which case the lagged ER terms belong in 
the regression. This is another way of saying that ER 
causes . 

VI. Steps 1 to 5 can be repeated to test the model (1), that is, 
whether  causes ER.     

The first step in this analysis concerns the stationarity of the  
and ER series. Granger causality requires that the series have to 
be covariance stationary, so an Augmented Dickey-Fuller test 
has been calculated.  Then, since the Granger-causality test is 
very sensitive to the number of lags included in the regression, 
both the Akaike (AIC) and Schwarz Information Criteria have 
been used in order to find an appropriate number of lags. 
. 
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c. UNIT ROOT TEST 
    Dickey-Fuller (DF) test [Dickey and Fuller (1979, 1981)] is 
most commonly used for testing unit root. The DF-test requires 
estimating the following by OLS: 
∆Yt = σ + βt + (φ – 1) Yt –1 + µt … … … … (2) 
Equation (2) indicates that the series Yt has both stochastic and 
deterministic trends and can be used as a DF-equation for testing 
the unit root hypothesis i.e., Ho: 
(φ – 1) = 0. The test statistic used to test the unit root hypothesis 
is the Tt-statistic. If the calculated Tt-value (t-value of the 
coefficient φ – 1) is greater than the critical Ttvalue, then Yt is 
non-stationary. 
 From (2) we can also test the joint hypothesis of unit 
root and no trend i., Ho: (φ – 1) = β = 0 against the alternative 
hypothesis of trend stationary i.e., H1: (φ – 1) = β ≠ 0 by using 
the φ – statistic with critical values from Dickey and Fuller 
(1981, Table (Vt, p. 1063). If the calculated (φ –1) value is less 
than the critical value, the null is rejected; Yt is stationary with a 
significant trend and is a trend stationary series. If the error term 
is not white-noise, there is autocorrelation in the residuals. To 
overcome this problem first, we can generalise the testing 
Equation of (3.2) or second, we can adjust the DF-statistics 
[Thomas (1997), p. 407]. It is common to follow the former that 
is the augmented Dickey-Fuller (ADF) test. For this lagged 
values of the dependent variable are included on the right hand 
side of the DFEquation of (2) which becomes: 
∆Yt = σ + βt + ( φ – 1) Yt –1 + Σ= ki 1 θ1 ∆Yt –1 + µt … … (3) 
 Langrange Multiplier (LM) test [Holden and Perman 
(1994), p. 62] is used to know the number of lagged values of the 
dependent variable. If there is more than one unit root, then first 
it is tested for a unit root in the levels of the series Yt. If the 
hypothesis of the presence of a unit root is not rejected, we test 
the first difference (i.e. ∆Yt) for the presence of a second unit 
root and so on. This testing procedure from lower to higher 
orders of integration continues until the null of a unit root is 
rejected. 
 
d. JOHANSEN TEST  
 Johansen’s Full Information Maximum Likelihood 
(FIML) approach [Johansen (1988); Johansen and Juselius 
(1990)] was used to test for co-integration and it allows the 
estimation of all possible co-integrating relationship and 
develops a set of statistical tests about how many co-integrating 
vectors exist. The Johansen maximum likelihood approach for 
multivariate co-integration is based on the following vector 
autoregressive (VAR) model: Zt = At Zt –1+ … + Ak Zt –k + µ t 
… … … … (1) Where Zt is an (n × 1) vector of I (1) variables, 
At is an (n × n) matrix of parameters, µt is (n × 1) vector of 
white-noise errors. Since Zt is assumed to be non-stationary, it is 
convenient to rewrite (1) in its first-difference or error correction 
form as: ∆Zt = Γ1 ∆Zt–1 + … + Γk–1 ∆Zt–k+1 + Π Zt–k + µ t … 
… (2) 
Where Γi = – (I–A1–A2–… –Ai), (i=1, … k–1), and Π = – (I–A1 
– A2– …. –Ak). 
 Equation (2) differs from the standard first-difference 
form of the VAR model only through the inclusion of term Π Zt–

k. This term provides information about the long-run equilibrium 
relationship between the variables in Zt. If the rank of the Π 
matrix, r, is 0<r<n, there are ‘r’ linear combinations of the 

variables in Zt that are stationary. In this case, the Π matrix can 
be decomposed into two matrices α and β such that Π = αβ, 
where α is the error correction term and β contains ‘r’ distinct 
cointegrating vectors i.e., the co-integrating relationships 
between the non-stationary variables. If there are variables which 
are I(0) and are insignificant in the long-run co-integrating space 
but affect the short-run model, (2) can be rewritten as: ∆Z t = Γ 1 
∆Z t–1 + Ψ Dt + µ t 
Where Dt represent the I(0) variables, which are often included 
to take account of short-run shocks to the system such as policy 
interventions. Two likelihood ratio 
(LR) tests are constructed for detecting the presence of a single 
co-integrating vector. The first is the trace test statistics: λ trace = 
–2lnQ = –Ti Σ = +prln1(1– λ t) 
It tests the null hypothesis of at most r co-integrating vectors 
against the alternative that it is greater than r. The second is the 
maximal-eigenvalue test: 
λ max = –2ln(Q: r׀r +1) = –Tin (l– λ r+1) Which tests the null 
hypothesis of r co-integrating vectors against the alternative that 
it is r + 1? The critical values for these tests have been derived by 
Monte Cario number of issues need to be addressed before using 
this methodology. First, the endogenous variables included in the 
VAR are all I(1). Second, the additional exogenous variable 
included in the VAR which explain the short-run behaviour need 
to be I(0). Third, the choice of lag length k (i.e., order) in the 
vector autoregressive (VAR) is important and the Akaike 
information criterions (AIC), Schwarz information criterion 
(SBC) are often used. 
 
 

IV. RESULTS AND DISCUSSION 

    First, the Augmented Dickey-Fuller (ADF) test, the popular 
tests for unit roots, has been performed for variables. The results 
of the ADF test at level and first differences are reported in Table 
1 and 2 respectively.  Based on Table 1, the t-statistics for all 
series from ADF test are statistically insignificant to reject the 
null hypothesis of non-stationary at 0.05 significance level. This 
indicates that these series are non-stationary at their level form. 
Therefore, these variables are containing a unit root process or 
they share a common stochastic movement. When the ADF test 
is conducted at first difference of each variable, the null 
hypothesis of non-stationary is easily rejected at 0.05, 0.01 and 
0.1 significance levels as shown in Table 2. This is consistent 
with some previous studies that have been demonstrated the most 
of the macroeconomics and financial series expected to contain 
unit root and thus are integrated of order one, I(1). 
     Table 1: ADF tests for unit roots of the variables 

ADF test for Unit Root 

Variables ADF test statistic Levels 

t-statistic Prob. t-statistic 

 2.090412 0.9998 -3.670170 

-2.963972 
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-2.621007 

ER -1.207199 0.6580 -3.670170 

-2.963972 

-2.621007 

 
Table 2: ADF tests for unit roots of the variables 

ADF test for Unit Root 

Variables ADF test statistic First 
Differences 

t-statistic Prob. t-statistic 

 -3.878413 0.0062 -3.670170* 

-2.963972** 

-2.621007*** 

ER -3.984654 0.0048 -3.670170* 

-2.963972** 

-2.621007*** 

Note: 1.* denotes significant at 1% level 

          2.** denotes significant at 5% level 

          3.***denotes significant at 10% level 

 
Johansen test: 
To test whether the variables are cointegrated or not, Johansen 
test of cointegration has been performed with appropriate 
assumptions on trends and lags. 
 
Table 3: Cointegration between Qx and ER 
Hupothosized 

No. of CE(s) 

Trace 

Statistic 

5% 
critical 

value 

Max-
Eigen 

statistic 

5% 
critical 

value 

None 5.041649 15.49471 5.041170 14.266460 

At most 1 0.000479 3.841466 0.000479 3.841466 

 
Table 4: Cointegration between ER and Qx   
Hupothosized 

No. of CE(s) 

Trace  

Statistic 

5% 
critical 

Max-
Eigen 

5% 
critical 

value statistic value 

None 4.8451 15.495 4.8383 14.265 

At most 1 0.00068 3.8415 0.00068 3.842 

 
Both the tables show that we can’t reject the hypothesis of ‘no 
cointegrated equations’ at 5% level of significance. So we can 
conclude that agricultural export is not cointegrated with 
exchange rate, in other words there is no long run relationship 
between agricultural export and exchange rate. 
 
Granger Causality Tests: 
There are two ways in which causality can express itself: through 
the F-test of joint significance of the lagged differenced terms, 
and through the error-correction term. The results are reported in 
Table 5. It can be seen that in this case of India F-statistics for 
Qx→ER and ER→Qx are insignificant at 95 percent level of 
confidence. Thus, the data suggest that there is no causality in 
either direction. If one looks at the error-correction terms, they 
appear insignificant in both equations for India (Table 5), 
implying that there is no long term causality runs from 
agricultural export to exchange rate.           
Table 5: Granger Causality Test Results 

Null 
Hypothesis: Obs F-Statistic Prob. 

D(ER) does not 
cause D(QX) 28 0.27810 0.7597 

D(QX)does not 
cause D(ER) 28 0.32664 0.7246 

 

V. CONCLUSION 

 This paper has examined the possibility of Granger 
causality between the quantity of agricultural exports and 
exchange rate in India during 1980-2010. The study findings 
suggest that quantity of agricultural exports and exchange rate 
are not co integrated, so there is no the long run relationship 
between agricultural export and exchange rates. The double steps 
procedure has evidenced that it can be reasonable to better 
investigate in the amount of exchange rate of predicting short and 
long term macroeconomic growth. On the other side it can be 
concluded that the exchange rate is not a good indicator for 
predicting future quantity of agricultural exports. Advanced 
econometric methodologies have been applied in order to 
investigate the short- and long-run causality relationship between 
quantity of agricultural exports and exchange rate. One of the 
merits the advocates of depreciation of local currency commonly 
put forward is its contribution to increase export earnings. In fact 
in the era of devaluation the authority in India, like in many third 
world countries, used to place export as one of the foremost 
reasons of devaluing local currency against US$. For India’s 
agricultural export to be price elastic, policies that help increase 
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the share of domestic goods in exportable commodities by the 
expansion of production base and that help diversification of the 
pattern of the export items should be prioritized. However, the 
impact of exchange rate depreciation might not be same for all 
sub-sectors of export. This is why the relation of exchange rate 
with various sub-sectors of export should be analyzed and 
considered separately. In addition, careful investigation of 
various incentive options is required to select an effective and 
pragmatic policy to support export. One policy may not fit all. 
Moreover, the bad impacts of depreciation on other sectors of 
economy should also be considered seriously before taking any 
policy that help depreciation. India’s exchange rate policy, which 
is generally aimed at supporting agricultural exports, will need to 
be re-evaluated. Exchange rate policy should not aim at export 
promotion in isolation, instead it should balance both exports and 
imports growth. This will, in turn, help Indian firms to export 
more and, more importantly, facilitate firms to achieve a higher 
level of productivity and efficiency. 
     

APPENDIX 

 AUGMENT  DICKEY-FULLER UNIT ROOT TEST ON ER  

 

AUGMENT  DICKEY-FULLER UNIT ROOT TEST ON D(ER) 

 

AUGMENT  DICKEY-FULLER UNIT ROOT TEST ON  QX 

 

AUGMENT  DICKEY-FULLER UNIT ROOT TEST ON  D(QX) 
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JOHANSEN COINTEGRATION TEST BETWEEN QX AND ER 

 

JOHANSEN COINTEGRATION TEST BETWEEN ER AND QX 

 

 

 

 

GRANGER CAUSALITY TEST 
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Abstract- Nowadays, the usage of cars is increasing day by day. 
Cars (or automobiles) make up approximately 87% of the total 
motor vehicle annual production in the world.The number of cars 
on the world's roads surpassed one billion last year, according to 
a study that has spurred debate on what the rapidly-growing car 
population will mean for the world's economy and environment. 
Not surprisingly, China led the way in vehicle growth, with the 
number of cars on Chinese roads increasing by 27.5 per cent, 
amounting to half the entire global growth. That gives China the 
world's second largest car population, with 78 million vehicles. 
But the United States still constitutes by far the largest vehicle 
population in the world, with 239.8 million cars. In India also, 
the percentage of cars usage has increased vastly. By usage of 
more cars, parking of car is becoming a problem. Since the 
parking space is not increasing with the increase of cars. To 
avoid this problem, in our project we have designed a concept car 
that is smaller than the usual cars present today.  A concept 
vehicle or show vehicle is a car made to showcase new styling 
and or new technology. 
 

I. INTRODUCTION 

 concept vehicle or show vehicle is a car made to showcase 
new styling and or new technology. They are often shown 

at motor shows to gauge customer reaction to new and radical 
designs which may or may not have a chance of being produced. 
The following car is car cum bike which converts in a bike with a 
press of a button. The car is called as a convertible car. The 
whole concept is developed keeping in mind the day today 
increasing cost as well as the number of vehicles in the present 
world. The concept is based on a simple converging of a two 
parts. The chassis of the car is the basics of the car. It has been 
designed to converge. The design is such that the whole one part 
side of the chassis moves in side the other part which is 
stationary. The concept is designed keeping in mind the day to 
day scenario which is causing a problem these days of parking 
and space. The designed who is prepared is a space reducing one 
as and when is beneficial in many ways. The car when converted 
in bike is a two wheeler which works the same as that of the 
current two wheeler. The bike is a more sophisticated as well as 
very advanced as compared to the current bike. The bike is a full 
covered and is provided with safety factors such as seat belt and 
as well as the same beneficial conditions of that a car like ac and 
comfortable ride. The car can we used as a bike which enables a 
family to own a car and a bike in one go. The Car is cost efficient 
one. The car is having an electric engine which is an advantage 
in matter of fuel and the environmental friendly also which 

makes it more beneficial. It reduces the fuel expenditure as well 
as it reduces the pressure on the environment. 
 

II. LITERATURE REVIEW  

          The car is the concept which is new in its type. The 
rinspeed presto is the same type on converging car. The car cum 
bike idea is the converging of the chassis of the car in the other 
part. The car is having a principal on converging in the horizontal 
direction which just reduces space. The other concept cars 
developed have been developed by taking in consideration 
individual car or bike and worked on it. The concept which has 
been a new door opening in the field of automobile are Buick y 
job-is the first most concept. General motors le saber-it helped 
introduce 12 volt electronics 215 ci v8 to gn. Cadillac cyclone-
futuristic styling. Chevrolet corvette mako shark-corvette. 
Chevrolet volt-the first hybrid electric engine. Ford sinus-reflects 
the modern obsession with safety. Mit car-concept car. Phantom 
corsair-a 1930 concept car developed. Pontiac club de mer-first 
stainless steel sports car. Lancia meggamma-the prototype of 
mpv. Mercedes benz f700-allows you not to feel any bumps on 
road. 
 

III. SCOPE OF PRESENT WORK 

          The work done or the concept created has a waste area to 
cover anywhere in the automobile field. The car cum bike is a 
very new concept in this case. The car when converted in the 
bike reduces space here and also gives a two in one product that 
is a car and a bike as one hole product. The cost of production 
the material used and the other resources used are also easily 
available. The production of the car is using easily available 
material like the sheet steel and the carbon epoxy material. The 
car when converted in a bike is a more safer one as compared to 
the present bikes. The bike will have the same comforts that of 
the car in a two wheeler also. The car cum bike is having an 
electrical engine which is now a days a booming one in the 
market. The electric engine used is having many advantages and 
is very user friendly. The car cum bike is eco friendly by this use 
of electric engine. The use of this has reduced the fuel 
consumption and the emission also. The car cum bike wills the 
first of its kind in which an electric bike is also there. The bike 
after converting will be a few of its kind. The car cum bike will 
be made of light material which will reduce the weight and also 
the strength remains the same. The bike will also be of the same 
kind and hard and light material which will open new doors for 
the separate knd of bikes also. The car cum bike will be having 

A
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less space to park in and be converted. The car cum bike can be 
compressed and parked in when necessary which resolves the 
parking and the space problems. The car cum bike is having over 
all small area as well when working as a car. The present concept 
cars and bikes do not have the same objective as well as any of 
the design concepts.  
 

IV. OBJECTIVE AND METHODOLOGY 

          The main objective behind making this concept was to 
reduce the number of vehicles on the road and as well as the 
space factor which is a major issue now a days. The concept 
covers mostly these two main parts the other include the electric 
engine which is the next best part of this project. The use of the 
electric engine does reduce the use of fuel and the emission of 
the burnt fuel in the air. This makes it an eco friendly concept. 
The car cum bike is have all the safety factors as that of the car in 
a bike. This objective is also necessary now days as it is 
important due to the changing world and the safety parameters. 
The other objective is it opens new door towards the new concept 
coming in the market in the automobile field. The methodology 
used in this is the converging of th hole chassis is to the other 
part. The upper top of the car is of leather and the whole 
mechanism works on the concept on converging the hole parts in 
the car work on this concept. 
 

V. DESIGN CONSIDERATION 

          The following are the key features of the proposed 
convergent concept: 
           (1)Chassis: The design has been made by basically 
making two different parts. The first and the second part is the 
main chassis part on which the whole concept works. The 
steering system and the suspension are attached to the main body 
itself. The car bodies are aliened is the same plane. After that the 
one part of the body which is the driver side is the first part and 
the basic part of the chassis. The other part the passenger part fits 
in the second part and goes in and out the driver side part. The 
parts when are in car are clamped in to each other and when 
converting in bike act as a support guide to converge in to form a 
bike. This is done by keeping a tolerance of 0.15 which is 
required for its converging action. The chassis has been modeled 
in PROE-Wildfire-5, and Fig (a) represents the chassis of the 
convergent car 
 

 
Fig1. Represents (a) Chassis of the car 

 

 
Fig 2. Represents (b) Steering system 

 
           (2)Suspension: The suspension is protruding out and 
connected to the main chassis. The suspension is a connected one 
for the front and back. This is done to give the suspension an 
independent wave like motion when the bike is formed. This is 
done to give the same mechanism as that of a normal bike when 
driven. The suspension is designed for giving it a bike look but 
also work as a car suspension. The basic functionality is same but 
it differ in the working principal of that of the ordinary one but it 
differ in the function that it is attached to the main body and 
allows inclination of the main body when bent as a bike. It helps 
the suspension to act like this which inclines the body only when 
a bike as the cross section area is reduced. 
            (3)Steering system: the steering system has also been 
made as per the car requirement. the hole suspension consist of a 
rod mechanism which includes the rods attached to each other for 
providing the steering mechanism by the help of ball joint and 
also have the converging mechanism incorporated with it. This 
helps to even lock the steering in its turning radius and also to 
provide the required radius. This mechanism is created keeping 
in mind the basic mechanism which is used in the car cum bike. 
The components have been designed in such a way that the have 
the same tolerance and get converge when the whole chassis 
does. The main steering column is also attached to the main 
chassis for the support. 
            (4)Seating system: The seats are also made as per the 
requirement of the car cum bike. They are designed to look like a 
car as well as a bike seat. The seats are also made by using the 
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light weight materials so that they are easy to converge and the 
mechanism is also important to work. The seats are provided 
with bars supporting them. These bars are fixed in the bottom of 
the seats. The passenger seat sits in the groves provided in the 
bar on its side and then slides in side and beneath the driver seat 
which co insides with the back seats. The seating is now in the 
form of a bike. The seat bars also work on the same mechanism 
that of the car chassis. The bar on the passenger side has a grove 
so that the seat first sits in to that grove so that it attains the 
height to go under the driver side seat. The seat are made of fiber 
            (5) Wheel: The wheels will be four on the ground. This 
will help in better support and also the center of gravity is not 
disturbed. The wheels are also designed in such a way that they 
give a look of being just a wheel when the car is converted in a 
bike. 
 

 
Fig 3. Represents (a) Alloy wheel 

 

 
Fig 4. Represents (b) Steering system 

 
Fig 3. Represents (a) Alloy wheel 
             (6) Engine: The engine is an electric engine which is 
having 4 batteries to work which are of 12 volt each. The car is 
having 6 batteries each of 6v each. The batteries will be charged 
back with the help of 220 V, 2.2 kW, requiring a 15 A socket. 
The car will have a power of 18ps@1300rpmwo.It will have a 
top speed of 60 km/hr. Four different motors are used and 
synchronized to work at the same speed. 
            (7)MATERIALS: 
The material used is the sheet steel and the carbon epoxy 
material. They are used because of their characteristics such as 
high strength and light weight which are essential for this car. 
The sheet steel material used will be of the thickness of 3mm in 
the floor and the other parts will be made of 2mm in thickness. 
The carbon epoxy material used is also used for the hole body 
some of the basic parts are made with sheet steel and other light 
weight material for the engine components. The use of this 
material has been done to reduce the weight. The material is 
easily available. The analysis done has proved that the material is 
satisfying the car strength needs corresponding to be light in 
weight.  
 

VI. ANALYSIS 

           The analysis has been carried out in COSMOS 12 for 
stress calculation, thermal analysis and structural calculations. 
 

Table 1: Material properties 
 

Properties  

Name: Alloy Steel  
Model type: Linear Elastic Isotropic  
Default failure 
criterion: 

Max von Mises Stress  

Yield strength: 6.20422e+008 N/m^2  
Tensile strength: 7.23826e+008 N/m^2  
Elastic modulus: 2.1e+011 N/m^2  
Poisson's ratio: 0.28    
Mass density: 7700 kg/m^3  
Shear modulus: 7.9e+010 N/m^2  
Thermal expansion 
coefficient: 

1.3e-005 /Kelvin  
 

CARBONEPOXY 
Linear Elastic Isotropic 
Max von Mises Stress 
1.089e+009 N/m^2 
3e+007 N/m^2 
1020 kg/m^3 
2e+009 N/m^2 
0.394   
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Table 2: Material properties 

 

 
                                     Fig5 Indication of Loads acting on chassis 
 

Table 3: Mesh Information 

Mesh type Solid Mesh Total Nodes 19998 

Mesher Used:  Standard mesh Total Elements 10380 

Automatic Transition:  Off Maximum Aspect Ratio 14.994 

Include Mesh Auto Loops:  Off % of elements with Aspect 
Ratio < 3 

92.6 

Jacobian points 4 Points % of elements with Aspect 
Ratio > 10 

0.135 

Element Size 32.3371 mm % of distorted 
elements(Jacobian) 

0 

Tolerance 1.61685 mm Time to complete 
mesh(hh;mm;ss):  

00:00:05 

 

 
Fig6. Represents mesh frame 

 
TABLE 4: Resultant Forces 

 
Components X Y Z Resultant 
Reaction force(N) -0.303558 3999.79 -0.00549316 3999.79 
Reaction Moment(N-m) 0 0 0 0 
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                                                 Fig7. Represents analysis                                   Fig8. Represents analysis 
 
 

VII. CONCLUSION 

           By the use of this new concept we are now able to 
overcome the space related issues in the automotive world. The 
new concept has also open new doors for the use of new light 
weight materials which are tough and light weight. The 
properties of these materials are the same as that of the present 
scenario. The concept has opened new doors for the new 
innovation keeping in mind this new concept. The new concept is 
electric engine which is eco friendly and brought in use by 
keeping in mind the environment. The fuel consumption is zero 
and the environment is also safe from the pollution. The use of 
electric engines is also in the bike form also which has brought 
up a new invention in bikes as being a electric bike. This concept 
is useful in many ways and has opened new ways in the 
automotive world for new and innovations and has also helped us 
over come many problems in one product and is cost efficient 
which is affordable by a common man and has included safety 
factors in every aspect and also in a bike form it gives the same 
comforts and safety precautions. 
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Abstract- A 40 year old female was brought for post mortem 
examination with history of epigastric pain of one day duration 
followed by death after hospitalisation on the very same day. She 
was unmarried & had mild mental retardation but she was 
capable of doing household chores. She also had recurrent 
episodes of epigastric pain for last 1 year for which she was 
treated with antacids. On examination pericardial tamponade was 
found as the cause for death. Detailed examination of heart & 
histology revealed associated bicuspid Aortic valve & Stanford 
type A aortic dissection. 
 
Index Terms- bicuspid Aortic valve epigastric pain, mental 
retardation, pericardial tamponade, Stanford type A aortic 
dissection 
 

I. INTRODUCTION 

hen sudden death (SD) occurs in adults and elderly 
persons, coronary atherosclerosis is the usual cause. On 

the contrary, a large spectrum of cardiovascular diseases, both 
congenital and acquired, may account for SD in the young. These 
diseases are frequently concealed and discovered with surprise 
only at autopsy by means of a thorough macroscopic and 
microscopic investigation.1 

 

II. CASE HISTORY 

           A 40 year old female was hospitalised with vague 
epigastric pain of one day duration and died on the very same 
day. She was unmarried, had mild mental retardation but was 
capable of doing routine household chores. On post-mortem 
examination she was normally built and nourished. External 
features were not pointing towards any chromosomal anomaly. 
Internal examination revealed pericardial tamponade with about 
1.5 litres of blood collected in the pericardial cavity which was 
fatal enough to cause death of the patient. 
           On detailed examination, the aortic valve was bicuspid 
and the aorta showed dissection staring from the root of Aorta up 
to the termination of aortic arch[figure 1].The coronaries were 
patent and there were no associated anomalies. On microscopy, 
the aorta showed dissection extending between media and 
adventitia [figure 2 & figure 3] 

III. DISCUSSION  

           Most patients with a bicuspid aortic valve are unaware of 
the diagnosis until late in life because symptoms and physical 
findings often are absent for many years2 . The tissue 
abnormality in patients with a bicuspid aortic valve is not 
confined to the valve leaflets; these patients are at increased risk 
of aortic aneurysm and dissection. Intrapericardial rupture of 
aortic dissecting aneurysm may occur in some which may prove 
fatal 3.Thoracic aorta dissection occurs as blood flow is 
redirected from the aorta (true lumen) through an intimal tear into 
the media of the aortic wall (false lumen)4,5. A dissection plane 
that separates the intima from the overlying adventitia along a 
variable length of the aorta is created within the media. At the 
tissue level, the aorta shows cystic medial necrosis, loss of elastic 
fibres, increased apoptosis, and altered smooth muscle cell 
alignment2,11 All dissections that involve the ascending aorta are 

grouped together as Stanford type A, regardless of where the 
primary tear occurs and Stanford type B involves only the 
descending Aorta4,8,9,10The risk of aortic dissection in patients 
with a bicuspid valve is 5 to 9 times higher than in the general 
population2 The association of bicuspid aortic valve with aortic 
aneurysm and dissection suggests the possibility that a bicuspid 
valve, at least in some patients, is only the most identifiable 
manifestation of a systemic connective tissue disorder6,7 

           William’s syndrome is an autosomal dominant disorder 
that is characterized by supravalvular aortic stenosis, peripheral 
pulmonary stenosis, obstructive coronary lesions, abnormal 
facies and mental retardation. This syndrome was found 
associated with a deletion of a region of the same chromosome 7 
(7q11.23)1 In addition, a bicuspid aortic valve is present  in 10% 
to 12% of women with Turner syndrome.2 Typical features of 
Turner syndrome (eg, short stature in females with webbed neck 
and broad chest) or Williams syndrome (e.g., elfin facies, mild 
retardation) may suggest the possibility of bicuspid aortic 
valve3,12 . Type IV Ehlers-Danlos syndrome is a connective tissue 
disorder of the pro 1(III) chain of Type III collagen with an 
incidence of 1 in 5000. The structurally abnormal media is 
susceptible to dissection. There are also familial aggregations of 
dissection without discernable biochemical or genetic 
abnormalities4 

 

W
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IV. CONCLUSION 

           A careful history and physical examination are essential in 
cases where the cause of abdominal pain seems obscure1,13 
Clinicians should think of common conditions first, but when 
developing a differential diagnosis they must consider risk 
factors and co morbid illnesses that predispose patients to 
uncommon entities. A case of mental retardation should always 
be thoroughly investigated since valvular anomalies and cardiac 
malformations usually coexist as part of syndromes and which 
may prove fatal as we have seen in the above case. 
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Figure 1-The heart shows bicuspid Aortic valve & the plane 
of dissection starting from the root of Aorta 
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Figure 2-Dissection extending from tunica intima to tunica 

media & tunica adventitia[H & E stain] 

 
Figure 3-Plane of dissection between Tunica media & 

adventitia[vangieson stain] 
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Abstract- There are many solution based methods created against 
Distributed Denial Of Service (DDoS) attacks are focused on the  
Transmission Control Protocol and Internet Protocol layers as a 
substitute of the high layer. An extended hidden semi-Markov 
model is proposed to describe the browsing habits of web 
searchers. A forward algorithm is derived for the online 
implementation of the model based on the M-algorithm in order 
to reduce the computational amount introduced by the model’s 
large state space. Entropy of the user’s HTTP request sequence 
accurate to the replica is used as a principle to measure the user’s 
normality. Finally, experiments are conducted to validate our 
model and algorithm. 
 
Index Terms- DDoS, M-algorithm, App-DDoS Browsing 
Behavior, Hidden Semi Markov Model. 
 

I. INTRODUCTION 

istributed Denial of Service (DDoS) attacks constitutes one 
of the major threats and is among the hardest security 

problem facing today’s Internet. Because of the seriousness of 
this problem, many defense mechanisms, based on statistical 
approaches have been proposed to combat these attacks. In 
statistical approaches to defend against DDoS attacks, the 
statistics of packet attributes in the headers of IP packets, such as 
IP address, Time-To-Live (TTL), protocol type, etc., are 
measured and the packets deemed most likely to be attack,  are 
dropped based on these measurements. Such approaches often 
assume that there are some traffic characteristics that inherently 
distinguish the normal packets from the attack ones. Therefore, 
“abnormal” traffic can be detected based on those traffic 
characteristics during a DDoS attack. Although the approaches 
based on statistics attributes of TCP or IP layers are valuable for 
certain DDoS attacks (e.g., SYN/ACK flooding), they are not 
always workable for some special DDoS attacks which work on 
the application layer. This has been witnessed on the Internet in 
2004, when a worm virus named “My doom” used pseudo HTTP 
requests to attack victim servers by simulating the behavior of 
browsers. Since the DDoS defense mechanisms that are based on 
the statistical attributes of lower layer information could not 
distinguish the abnormal HTTP requests from the normal ones, 
the victim’s server soon collapsed. In this project, we call such 
application-layer DDoS attacks “App-DDoS” attacks. 
 

II. D-WARD SYSTEM 

 

         The D-Ward Systems do not take into account the user’s 
series of operations information (e.g., which page will be 
requested in the next step) and methods need intensive 
computation for page content processing and data mining, and 
hence they are not very suitable for online detection. The 
methods omit the dwell time that the user stays on a page while 
reading and they do not consider the cases that a user may not 
follow the hyperlinks provided by the current page. It is very 
hard to identify DDoS attack flows at sources since the traffic is 
not so aggregate. From a network’s perspective, protecting is 
considered ineffective. Attack flows can still incur congestion 
along the attack path. So it leads to network congestion.  
 

III. DISTRIBUTED DENIAL OF SERVICE 

PREVENTION (DDOSP) 

         In the proposed approach namely DDoSP we can able to 
detect DDos attack based on TCP connection and web user 
browsing behavior can be abstracted and profiled by users’ 
request sequences. Thus, we can use a universal model to profile 
the short-term web browsing behavior, and we only need the logs 
of web server to build the model without any additional support 
from outside of the web server. Browsing behavior can be 
described by three elements: HTTP request rate, page viewing 
time, and requested sequence (i.e., the requested objects and their 
order). 
 
3. 1. ANOMALY DETECTION 
         Anomaly detection relies on detecting behaviors that are 
abnormal with respect to some normal standard. Many anomaly 
detection systems and approaches have been developed to detect 
the faint signs of DDoS attacks.  
 
3.2 DDoS PREVENTION ARCHITECTURE 
 

� Login/Registration 
� Anomaly detection 
� Browsing behavior 
� Prevent the attack 
� Sign out 

 
3.2.1 LOGIN/REGISTRATION 
         The Valid user enter into login to send data to available 
network systems, if the user doesn’t register it will move to new 
user creation  from. In this Module Collecting the general user 
details and store database for future references. It has Name, 
Password, Confirm Password and Email address. 

D
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3.2.2 ANOMALY DETECTION 
         Anomaly detection relies on detecting behaviors that are 
abnormal with respect to some normal standard. Many anomaly 
detection systems and approaches have been developed to detect 
the faint signs of DDoS attacks. 
 
3.2.3 BROWSING BEHAVIOR 
         Website can be characterized by the hyperlinks among the 
WebPages and the number of in-line objects in each page. When 
users click a hyperlink pointing to a page, the browser will send 
out a number of requests for the page and its several in-line 
objects. The above details help to easily detect the browsing 
behavior. 
 
3.2.4 PREVENT THE ATTACK 
         By the use of a DDoS tool the source IP address of the 
attacking packets can be spoofed and this way the true identity of 
the secondary victims is prevented from exposure and the return 
packets from the victim system. Then deny the access of the 
users. 
 
3.2.5 SIGN OUT 
         This module helps the client to sign out from the page. The 
record of the page accesses and the client are shown in 
Figure.1and Figure.2. 
 

 
 

Figure 1 Records of Page Accessed 
 

 
 

Figure 2 Files Accessed by Client 
 
3.3 Advantages 
         We can make these systems to take into account the user’s 
series of operations information. The dwell time that the user 
stays on a page while reading and we can find cases that a user 
may follow the hyperlinks provided by the current page. For 
ddos attack: Distribution: the number of hosts sending packets to 
the destination in each observation period Continuity: reflect to 
the observation that a DDoS attack always lasts for an extended 
period of time and the packet filter is the most effective one.  
 

IV. CONCLUSION 

         Undoubtedly, DDoS attacks present a serious problem in 
the Internet and challenge its rate of growth and wide acceptance 
by the general public, skeptical government and businesses. One 
great advantage of the development of DDoS attack and defense 
classifications is that effective communication and cooperation 
between researchers can be achieved so that additional 
weaknesses of the DDoS field can be identified. These 
classifications need to be continuously updated and expanded as 
new threats and defense mechanisms are discovered. Their value 
in achieving further research and discussion is undoubtedly large. 
A next step in this path would be to create sets of data and an 
experimental test bed so that all these various mechanisms can be 
compared and evaluated. 
 

V. FURTHER SCOPE 

         We focused on the detection of App-DDoS attacks and 
presented a new model to describe browsing behavior of web 
users based on a large-scale Hidden semi-Markov Model. A new 
on-line algorithm based on the M-algorithm was designed for the 
anomaly detection. A set of real traffic data collected from an 
educational website and a generated App-DDoS attack traffic 
were used to validate our model. 
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    Abstract- We review publications on Parametric Interactions in nonlinear semiconductor plasma. Topics covered are 
Hydrodynamical Model of Plasma, Parametric Excitation and Amplification, Piezoelectric Semiconductors, Ion-Implantation, Laser-
Plasma Interaction. 
 
    Index Terms- Wave interactions in nonlinear optics, Parametric excitation, Diffusion, II order Susceptibility. 
 

I. INTRODUCTION 

e have presented an introduction to Parametric interactions (PI) in Nonlinear semiconductor plasma. This review focused on the 
basic experimental facts and the essential features of the mechanisms which have been proposed to account for observations. 

We then review very recent fundamental development that includes Diffusion, Acousto-Helicon waves, Quantum Plasma etc. 
            In nonlinear wave propagation, the analysis of interaction depending on a particular physical situation is of great importance. 
As a consequence of nonlinear interactions between matter and wave, there arises phenomenon such as Parametric, Modulation and 
Stimulated scatterings to name a few. The most fundamental interaction is the PI. The understandings of these phenomena have lead to 
their successful application in the field like laser technology, laser spectroscopy, optical communication, photo physics, 
Photochemistry, Material Processing etc. It is well known fact that the study of matter wave interaction provides a tremendous insight 
that is helpful in analyzing the basic properties of the medium. Therefore the principle aim of this report is to study (PI) in a nonlinear 
semiconductor plasma (NLSP). PI was discovered fifty years ago. The field developed aggressively, even explosively for the first decade 
and then settled down a bit as entered its teenage years. Interest shifted from fundamentals to applications and a steady state stream of 
papers was published in diverse fields which included Solid state plasma, Nano structures, Quantum Plasma or even Medicine. As PI 
enters its third decade there has been a renewed interest in fundamentals especially in PI of low frequency waves particularly in 
semiconductor plasmas. Few scientists twenty five years ago would have bet the PI notoriously for its difficulty and insensitivity at 
that time. 
 We present here a contemporary review of PI with two objectives in mind. First we wish to provide an introduction to the field for 
scientist and for students, in particular who may wish to conduct research in this area. Second, we wish to highlight new areas of PI 
research which we feel are particularly exciting and show promise for further development. Our goal is to provide the reader with 
sufficient background, orientation and perspective to read. 
 The review is organized as follows.  The elementary aspects of PI are described from the research papers. A short history of the 
discovery of PI is followed by the key experimental facts. The theoretical formulation is based on Hydro dynamical Model of plasma 
using coupled mode theory and the Parametric Amplification is obtained in the form of gain. With the help of second order 
Susceptibility the gain characteristics area analyzed. This review article focuses the effects of different plasma parameters on 
parametric excitation. 
 

I. HISTORY AND FUNDAMENTALS  

 Parametric amplification and oscillation in the radio frequency and microwave range were developed before the laser was invented 
[1]. After the advent of laser PI, the origin of which lies in the II order susceptibility )2(χ of the medium has emerged as one of the 
most significant subfield of nonlinear Physics. It is an important mechanism of nonlinear mode conversion from high to low frequency 
waves and vice versa. It is also one of the key processes to generate coherent radiation at new wavelength in the range from extreme 
ultraviolet to millimeter to millimeter not available from direct sources. These phenomena can well explained in terms of bunching of 
free carriers present in the medium, under the influence of the fields applied externally and those associated with generated wave [2]. 
As an inverse process of sum frequency generation the general theory of parametric amplification is same that of the difference 
frequency generation and is generally known as parametric conversion process. It has since become an important effect because it 
allows the construction of widely tunable coherent infrared sources through the controllable decomposition of the pump frequency. 
 

W



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      74 
ISSN 2250-3153  

www.ijsrp.org 

II. PLASMA IN SEMICONDUCTORS 

 The concept of plasma in solid semiconductors is used to describe the collective response of a quasi-neutral system consisting of 
free charge carriers of two signs and ionized impurity atoms also of two signs to electromagnetic perturbations. The medium for 
charge carriers in solids is characterize by high value of dielectric constant which makes it possible to ionize atoms easily and to 
realize the plasma state even at a very low temperature. Such ionized, plasma are rigidly connected with the lattice. The plasma 
containing one kind of mobiles carriers is also frequently, since the presence of a compensating charge of the opposite sign is always 
assumed. When plasma contains more than one kid of mobile particles is it called multi component, other names for the intrinsic 
plasma are compensated, neutral and mobile. The fundamental difference between the plasma in solid and the gaseous plasma is that 
in solids the motion of mobile charges [charge carriers] of the plasma under the action of external forces occurs not as that of free 
particles but first under the condition of strong interaction with the field of atom that form the lattice and second in the presence of 
intense friction resulting from numerous collision with defect and vibration of crystalline lattice [3].  

 
III.      HYDRODYNAMICAL MODEL 

The possibility of parametric amplification of acoustic wave is because of the coupling that, the driving pump electric field 
introduces between the acoustic waves (AW) and Electron Plasma wave (EPW). An acoustic perturbation in the lattice gives rise to an 
electron density fluctuation in the medium at the sum frequency. These couples nonlinearly with the pump field and drive the EPW at 
the sum and difference frequencies. 
 The electron density perturbation, in turn, couples nonlinearly with external field and may reinforce the original perturbation at 
the acoustic frequency. Thus under certain conditions the AW and APW drive each other unstable at the expense of the pump electric 
field. In the present review parametric interaction is taken into consideration. This model proves to be suitable for the present study as 
it simplifies analysis by the authors, without any loss of significant information by replacing the streaming electrons with an electron 
fluid described by few macroscopic parameters like average carrier density, average velocity etc. however it restricts analysis by the 
author to be valid only in the limit ( )1〈〈〈kl ) k the wave no, and l is the mean free path. The non uniformity of the high frequency 
electric field could be neglected under the dipole approximation when the excited idler and signal waves have wavelength which are 
very small as compared to the scale length of electromagnetic field variation [4]. Therefore, in the absence of  0k  , the Doppler shift 

due to travelling space charge wave disappears. The PI of the pump generates an AW at ( ), aa kω and scatters a side band wave (SBW) at 

( 11 , kω ) supported by the lattice and electron plasma in the media, by considering the basic equation such as continuity polarization, 
equation of motion and momentum transfer equation and following the mathematical formulation of Ghosh et al. [5-6] the slow and 
fast components are analyzed to obtain slow and fast component of perturbed electron densities, and thus the nonlinear current density 
is valuated to find out the induced polarization. 
 
 

IV. POLARIZATION AND II ORDER SUSCEPTIBILITY 

In this area of research the first break though was achieved in 1961 when a pulsed laser beam was sent into a piezoelectric 

crystal. Franken and his co-worker [7] for the first time in history of optics observed second harmonic generation at the optical 

frequency shortly after this discovery several other frequency mixing effects were observed. The researcher [8] released that all 

these new effects could be explained if the linear term on right had side of equation (1) be replaced by a series in ascending power 

of applied field 0E  

][ 000
)3(

00
)2(

0
)1(

0 EEEEEEP χχχε ++=   (1) 
 The first term containing the 1st order susceptibility describes the familiar linear optical effect. Franken experiment [6] confirmed 

the existence of the II term where as Kaiser and Garrett [9] observed cubic nonlinearities explaining the )3(χ  terms.  
 In equation (1) the polarization expansion is convergent as successive products of electric field satisfy the condition 

)3()2()1( χχχ 〉〉 and so on. The linear optical susceptibility )1(χ  gives rise to the linear response of the material and includes 

absorption emission and refraction of light. The second order optical susceptibility )2(χ  give rise to three wave mixing phenomena 
such as second harmonic generation, DC rectification [10], Pockels effect, Parametric Amplification and Oscillation [11], Sum and 
Difference Frequency Generation [12-13] and so on. The phenomena of PI play a distinctive role in nonlinear optics. It is totally 

accepted fact that the origin of PI lies on the second order nonlinear optical susceptibility )2(χ of the medium. Flytzanis [14] and 

Pietons [15] have respectively studied )2(χ in different frequency region and the sum rules for the nonlinear susceptibility in solids and 

other media. Up till now experiments [16-18] have been performed concerning the behaviour of )2(χ , but neverth less the agreement 
between theory and experiments can be said to the poor.  

 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      75 
ISSN 2250-3153  

www.ijsrp.org 

 
V. EFFECT OF PLASMA PARAMETERS ON PARAMETRIC INTERACTIONS 

There are numerous excellent reports on effect of plasma parameters on PI of different types of waves in semiconductor plasma 
[19-23] the basis of the amplification of ultrasonic waves due to dc electron streaming in Piezoelectric semiconductor has been studied 
in great detail in past years [24-25]. The application of high frequency filed with ` po ωω =  can lead to coupling between ultrasonic 

waves and electron plasma waves in piezoelectric semiconductors [26] and leads to instability when a critical value is exceeded. Thus 
the basic conclusion comes out that it is possible to amplify ultrasonic waves in piezoelectric semiconductors with currently available 
pulsed high frequency fields.  

 In this review we have given the advancement of PI in semiconductor plasma. In this series we review the PI of acousto-helicon 
waves in a piezoelectric semiconductor which had been studied by the Guha et al. [27]. A number of papers stress the parametric 
excitations of helicon waves [28]. Parametric Excitation of a helicon wave in magneto active electron plasma by amplitude, modulating 
the pump wave at an appropriate frequency was studied by Paverman Taskhakaya [29]. Pavlovich and Epshtein [30] studied the 
behaviour of acousto-helicon waves in a strong high frequency oscillatory electric field. Guha et al. [27] thus concluded that growth 
rate depends on 0B and increases as square of the magnetic field which is in agreement with ref. [31]. 
 The researcher of the same group has predicted the parametrically excited instability of Hybrid mode in magnetized 
semiconductors [32]. They showed that parametric decay of a laser beam into an ultrasonic wave and another electromagnetic wave 
results in PI of hybrid mode. The magneto-statics field couples the acoustic and electromagnetic waves and in its absence the 
instability disappears. The growth rate increases with the square of magnetic field. The presence of deformation potential enhances the 
growth rate. The results of above referred paper are in well agreement with the threshold electric field value reported by S. Guha and 
N. Apte [33]. Another result based on PI is reported by S. Ghosh and V. K. Agrawal [34] point out the parametric decay of a laser beam 
into Ultrasonic and Helicon waves in longitudinally magnetised semiconductors. They have studied the hydrodynamical model of 
homogeneous plasmas, the parametric decay of a laser beam into an Ultrasonic wave and a Helicon wave has been studied in heavily 
doped n-type semiconductors in the presence of longitudinal magnetostatic field. This decay process results in the parametric 
excitation of acousto-helicon waves. The above report reported by Ghosh et al. is having crucial applications in microwave devices 
based on the parametric excitation and playing an important role as low noise amplifiers and oscillations. There are many research 
papers which stresses such interaction in microwave devices [35-38]. 
 The present review highlights the parametric instabilities of laser beams in material with strain dependent dielectric constant [39]. 
In the above referred paper it is found that anomalously large values of growth can be obtained for materials with large values of the 
dielectric constant which otherwise cannot be achieved with piezoelectric interaction. They have done the estimations for BaTiO3 
crystal irradiated with a pulsed 10.6 mµ  CO2 laser. S. Sharma [40] shows the Acousto Helicon coupling in Semiconductors and Ogg 
[41] have pointed out that in the presence of an electrostatic field, Ferroelectric crystals with high dielectric constant can have 
anomalously large values of linear gain constant, which is otherwise not achievable with piezoelectric interactions. Earlier PI of waves 
has been extremely studied in the last four decades there are tremendous possibilities of further exploration and exploitation due to 
poor agreement between theories and experiments. The current trends in the field indicate that this old but fascinating phenomena is 
still hotly pursued by both theoretician as well as experimentalists and increasing number of interesting application exploiting PI are 
being discovered or yet to be discovered [42]. 
 In most of the investigations referred above effect of carrier diffusion which is responsible for the nonlinear refractive index 
change, has not been discussed. So we have reviewed here the research article of Ghosh et al. [43]. They have showed the effect of 
carrier diffusion on PI. In their investigation they found that the wave number k is greatly influenced by carrier concentration and 
diffusion of the carriers may induce appreciable large second order nonlinearity in a diffusive Centro-symmetric semiconductor. This 
nonlinearity may be termed as diffusion induced second order (DISO) nonlinearity and may lead to interacting waves. The interesting 
feature of DISO nonlinearity may play an extremely important role in operation of parametric amplifiers, oscillators, tunable radiation 
sources. Thus from the above discussion it is concluded that as the DISO nonlinearity maximizes whereas required inciting intensity 
minimizes at resonance frequency. This fascinating and unique feature of DISO nonlinearity may reduce the operating cost of 
parametric amplifier and other non linear devices based on this principle. Hence the review of this article focuses your attention 
towards the diffusion induced second order nonlinearity may play an extremely important role in construction of parametric 
amplifiers, oscillators, tunable radiation sources etc.  
 Few papers deal with the parametric interactions in ion-implanted plasma [44-46]. Very recently the researcher from the same 
group of above referred papers has explored the possibility of PI in the ion-implantation. They have considered the well known 
hydrodynamical model of homogeneous ion-implanted n-type semi conductor plasma with electrons and negatively charged colloids 
as carriers subjected to an electromagnetic pump wave and an external magnetic field under thermal equilibrium. Normally the ion-
implanted semi conductor plasma and its response to an applied field is treated quantum mechanically. The author neglected the non 
uniformity of the high frequency pump field under dipole approximation under the excited acoustic wave have wave length which are 
very small compared to the scale length of electromagnetic field variation. The author has considered the colloids rich piezoelectric 
semi conductor plasma as a medium under study with a view to control the parameters without much difficulty. Thus it is found that in 
the presence of the implanted colloids the imaginary part of colloids susceptibility does not show any modification in the instability 
characteristics of wave spectrum. Hence the presence of colloids is responsible for the effective modifications in the dispersion 
characteristics of acoustic wave in ion-implanted semi conductor plasma. A significant enhancement in the parametric dispersion can 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      76 
ISSN 2250-3153  

www.ijsrp.org 

be achieved by the proper selection on doping level pump field and appropriate wave number. The above result is having great 
potential applications in soft condensed matter of long ranged ordered structures which may be formed with protein, nucleic acids, 
viruses and other biological macro molecules and also in ion-implanted techniques. 
 Very recently Ghosh et al. [47] explore the quantum effect on parametric amplification characteristics. They have employed the 
Quantum Hydrodynamical model (QHD) for the electron dynamics in the semi conductor plasma and predicted the parametric 
interaction of a laser radiation in an unmagnetised piezoelectric semi conductor plasma. It is found that the Bhom potential in the 
electron dynamics enhances the gain coefficient of parametrically generated modes where as reduces the threshold pump intensity. 
QHD have been developed by Haas et al. [47-48], the versatility of this approach is a promising development for analytical applications. 
 
 

VI.  CONCLUSION AND OUTLOOK 

PI research continues at brisk pace; hundreds of papers are published each year. Fundamental aspects of the phenomenon are still 
under investigation. Above we have reviewed the important work done by prominent authors in the area of PI in non linear semi 
conductor plasma. Hence from the above referred work we concluded that Parametric interaction in nonlinear semiconductor plasma is 
an efficient tool for the fabrication of optoelectronic devices such as optical parametric oscillators, optical resonators etc. 
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Abstract- Medicinal plants are part and parcel of human society 
to combat diseases, from the dawn of civilization. There exists a 
plethora of knowledge, information and benefits of herbal drugs 
in our ancient literature of Ayurvedic, Siddha, Unani and 
Chinese medicine. Aloe vera (L.) is commonly used plant for 
burn, cosmetic etc.. It belongs to the family Liliaceae. 
The present study reports antitumour activity of this plant in two 
stage skin carcinogenesis tumour model and antimutagenic 
activity using chromosomal aberration assay in the experimental 
animals. In present investigation, the comparative antitumour 
effect of Aloe vera extract has been undertaken by topical/oral 
application of 7, 12-dimethyabenz (a) anthracene followed by 
1% croton oil till the end of the experiment (16 weeks).GSH 
level were also measured during carcinogenicity studies. In 
another set of experiment the antimutagenicity activity was 
performed using chromosomal aberration assay in bone marrow 
cells of Swiss albino mice. 
The results have indicated that there was a delayed in the first 
appearance of tumour and significant reduction in incidence and 
cumulative numbers of papillomas which were observed in the 

Aloe veraextract treated groups (by topical and oral route) as 
compared to control. The GSH levels were restored in Aloe vera 
extracts along with DMBA + croton oil treated groups whereas 
DMBA + croton oil treated group depleted the GSH  levels. 

In chromosomal aberrations assay, single application of Aloe 

vera extract at the dose of 250, 500, and 750  mg/kg b.wt.,24 
hours prior the i.p. administration of Cyclophosphamide (at the 
dose of 50 mg/kg) have significantly prevented the chromosomal 
aberrations  in bone marrow cells of mice as compared to 
Cyclophosphamide group. The above studies indicate that Aloe 
vera may be used as an alternative medicine for chemoprevention 
of cancer. Therefore, the present study is immensely important in 
future drug development programs for the cancer treatment.  

I. INTRODUCTION 

ancer continues to represent the largest cause of mortality in 
the world and claims over 6 million lives every year [1]. An 

extremely promising strategy for cancer prevention today is 
chemoprevention, which is defined as the use of synthetic or 
natural agents (alone or combination) to block the development 
of cancer in humans. Plants, vegetables and herbs used in 
the folk and traditional medicine have been accepted currently as 
one of the main source of cancer chemoprevention drug 
discovery and development [2]. There is a growing interest in the 
pharmacological evaluation of various plants used in Indian 
traditional system of medicine. Aloe vera (Sottrukattalai, Tamil) 

is a perennial succulent belonging to the Liliaceae family and is 
called the healing plant or the silent healer. Aloe vera contains 75 
potentially active constituents: 
vitamins, enzymes, minerals, sugars, lignin, saponins, salicylic 
acids, and amino acids [3].Aloe gel has demonstrated wound 
healing [4], anti-inflammatory [5], antiviral [6], spermicidal [7], 
gastroprotective [8] and immune-stimulating [9] properties. Plant 
derived natural products such as flavonoids, terpenoids, and 
steroids etc have received considerable attention in recent years 
due to their diverse pharmacological properties including 
antioxidant and antitumor activity [10, 11]. Antioxidants play an 
important role in inhibiting and scavenging free radicals, thus 
providing protection against infection and degenerative diseases. 
The preventive effect of Aloe vera extract was also reported in 
Skin papillomagenesis in mice [12]There are insufficient report 
suggesting the anticarcinogenicity and antimutagenicity of Aloe 

vera extract. It is therefore we have undertaken to see if any 
preventive effect of Aloe vera extract using skin papillioma 
model and antimutagenicity using chromosomal aberrations test 
in Swiss albino mice.  

 

II. MATERIAL AND METHODS 

I. Animals 
The random breed, 6-7 weeks old male Swiss albino 

mice of weight 25 ± 2 gm body were used in the study. 
These mice were maintained under controlled 
conditions of temperature (22±1°C) and light (12 light: 
12 dark) and water was given ad libitum. 

II. Chemicals: 
The DMBA. Croton oil and cyclophosphamide were 
purchased from sigma chemical Co., U.S.A. and other 
chemical were procured from CDH, Ranchem and Hi 
Media Ltd., India. 

III. Preparation of Aloe vera extract. 
Aloe vera leaves were collected from the local herbal 
garden and identification of the plant Aloe vera (family: 

Liliaceae) was done by botanist Dr. S.S. Khan (Voucher 
Specimen No: SP/AV /2010), Department of Botany, 
Safia Science College, Bhopal, Madhya Pradesh (India). 
Pulps were taken out from   leaves and mixed in 
distilled water and kept in separating funnel for 6 hours. 
The supernatant was collected and this process was 
repeated until clear solution of supernatant was 
obtained. All supernatant was pooled together and dried 
to the powder at 400 C water bath. The powder was 

C
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dissolved in double distilled water before the each 
treatment at required concentrations. 

IV. Experimental Protocol:  
Three days before the commencement of the 
experiment, hair on the interscapular region of the mice 
were shaved. Only the mice showing no hair growth 
were selected for the study. The animals (male Swiss 

albino) were randomly divided into 8 groups 
comprising six mice each. The treatment was provided 
topically on shaved area using the following protocol 
Berenblum, 1975. (13) 
 

V. Treatment Groups 
Group 1 (Untreated control): No treatment 
Group 2 (Vehicle control): 100 µl acetone 2 times 
/week up to 16 weeks 
Group 3 (DMBA Alone): - 104 µg DMBA was 
dissolved in 100 µl acetone and single                                                
application was given. 
Group 4 (Croton Oil Alone): - 1 % Croton oil was 
applied on skin 2 times a week up to 16                                                      
weeks. 
Group 5 (DMBA + Croton Oil): - 104 µg DMBA was 
dissolved in 100 µl acetone and single                                                         
application was given afterwards 1 % Croton oil was 
applied    on skin 2 times a week up to 16 weeks. 
Group 6 (DMBA + A. vera Extract. + Croton Oil): - 
104 µg DMBA was dissolved in 100 µl acetone and 
single application was given afterwards the 100 µl dose 
of A. vera extract at the dose (oral) of 500 mg/kg b. wt. 
dose was given one hour before the each application of 
1 % croton oil 2 times a week up to 16 weeks. 
Group 7 (DMBA + A. vera Extract. + Croton Oil): - 
104 µg DMBA was dissolved in 100 µl acetone and 
single application was given afterwards the 100 µl dose 
of A. vera extract at the dose of 500 mg/kg b. wt.dose 
(Tropical) was given one hour before the each 
application of 1 % croton oil 2 times a week up to 16 
weeks. 
Group 8 (A. vera Extract Alone): - was applied on 
skin 2 times a week up to 16 week. 
The animals of all groups were kept under observation 
for gross and microscopic changes in skin. 

VI. Biochemical Study:  
Biochemical alterations were studied in all the groups at 
the time of termination of the experiment (i.e., at 16th 
week). The hepatic level of glutathione (GSH) was 
determined by the method of Moron et al. [14]. The 
GSH content in blood was measured 
spectrophotometrically using Ellman’s reagent with 5-5, 
dithiobis-2-nitrobenzoic acid (DTNB) as a coloring 
reagent, according to the method of Beutler et al. [15]. 
Data Analysis:  
The differences in the incidence of tumors among 
different groups were considered to besignificant at 5% 
significance level (p<0.05) when evaluated by Student’s 
‘t’ test. 
 

VII. Chromosomal Aberration Assay 

For chromosomal assay, different doses of Aloe vera 

extract i.e. 250, 500 and 750mg/kg b. wt. were 
administered. Aloe vera extract were dissolved in 
double distilled water and administered as single dose in 
0.2ml per mouse i.p. to 6 animals, 24 hours before the 
treatment of cyclophosphamide. Control mice were 
administered an equal volume of vehicle alone. The 
positive control group also received a single i. p. 
injection of 50 mg/kg CP in 0.9% saline. The animals 
were sacrificed by cervical dislocations and bone 
marrow cells were harvested. Colchicine (4 mg/kg b. 
wt.) was administered intraperitoneally 2 hrs. before the 
harvest of the cells. The slides prepared essentially as 
per modified method of Preston et al (1987) [16]. 
Briefly, femur bones were excised and the bone marrow 
extracted in 0.56% KCl. The harvested cells were 
incubated at 37°C for 20 minutes. and then centrifuged 
for 10 mins. at 1000 rpm. Cells were fixed in Carnoy’s 
fixative (methanol: acetic acid = 3:1) and bursed opened 
on clean slides to release chromosome. The slides were 
stained with 5% Giemsa solution for 15 mins and then 
put in xylene and mounted with DPX. A total of 100 
well spread metaphase plates were scored for 
chromosomal aberrations at a magnification of 1000 X 
(100 X 10) for each group. Different types of 
chromosomal aberration such as chromatid breaks, gaps, 
centromeric association, etc. were scored and expressed 
as % of chromosomal aberrations. The statistical 
significance was determined using Student’s ‘t’ test. 

RESULTS 

The results of the present investigation have been 
summarized in Table 1 Single topical application of 
DMBA followed by croton oil, produced skin 
papillomas, which started appearing from the sixth week 
onward. The tumor incidence in the DMBA + croton oil 
treated mice (carcinogen control) reached 100% by the 
end of the experiment (16 weeks). The cumulative 
number of papillomas was recorded 20 and average 
number of papillomas per mouse (tumor yield) as well 
as the papillomas per papilloma-bearing mice (tumor 
burden) was found  3.33 in carcinogen control group. A 
significant reduction was observed in tumor incidence, 
tumor burden, tumor weight, tumor size, and cumulative 
number of papillomas in Aloe vera treated groups (oral) 
relative to the carcinogen treated control.No papilloma 
was observed in Aloe vera (Topical) extract along with 
DMBA +Croton oil  treated group. 
A significant fall in GSH level was noticed in blood and 
liver in the carcinogen control animals as compared to 
Aloe vera  extract treated groups (groups VI- VII), at the 
time of termination of the experiment (i.e., 16 weeks). 
Treatment of Aloe vera   resulted in an enhanced level 
of GSH (p<0.05) in such groups as compared to 
carcinogen control group (Table 2). 

In chromosomal aberrations assay, single application of 
Aloe vera  extract at the dose of 250, 500, and 750  
mg/kg b.wt.,24 hours prior the i.p. administration of 
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Cyclophosphamide (at the dose of 50 mg/kg have 
significantly prevented the chromosomal aberrations  in 
bone marrow cells of mice as compared to 
Cyclophosphamide group .(Table 3). 

 
 

III. DISCUSSION 

The present study was carried out to evaluate the 
antitumor activity of aqueous extract of Aloe vera on 
papilloma bearing mice. The extract treatment at the 
dose (topical and oral) of 500 mg/kg inhibited the 
Cumulative no. papillomas and tumour incidence as 
compared to carcinogen control group and also restore 
the level of GSH in extract treated groups (i.e. topical 
and oral).Aloe vera was also showed chromosomal 
protection against cyclophasphamide positive control 
group.  
Chemoprevention is currently an important strategy for 
controlling the process of cancer induction. Therefore, 
there is a need to explore medicinal plants or other 
natural agents that can work as chemo preventive 
agents. The present study demonstrates the 
chemopreventive potentialof Aloe vera extract on 
DMBA-induced skin tumorigensis in male Swiss albino. 
Plant derived extracts containing antioxidant principles 
showed cytotoxicity towards tumour cells [16] and 
antitumor activity in experimental animals [17].  The 
lowering of lipid peroxidation and increase in levels of 
GSH, SOD and catalase in Aloe vera -treated group 
indicates its potential as an inhibitor of skin papilloma 
and chromosomal aberretion induced intracellular 
oxidative stress. A vera, used in the tumor study, is a 
well-known natural substance. It is a source of 
polysaccharides, selenium, calcium, copper, zinc, 
chromium, and vitamins A, E, and C, and it has been 
found to have anti-inflammation, wound-healing, 
antihepatitis, antigastric ulcer. Thus, the additive and 
synergistic antioxidant activity of phytochemicals such 
as flavonoids, triterpenoids, steroids, etc, present in Aloe 

vera could be responsible for its potent antitumor 
activity and antimutagenic activity. 
 

IV. CONCLUSIONS 

 From the present study, it has been observed that the A 

vera is a source of many anticarcinogenic agents and 
antioxidants, which may be useful for the prevention of 
cancer treatment. 
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Table 1: Effect of Aloe vera extract on DMBA-induced papillomas in Swiss albino micegroup 

 

 

 

 

 

 

 

*Denotes statistical significance in Student’s `t' test (p<0.05) as compared to carcinogen control  group. 

 

Table 2 Effect of Aloe vera  Extract on %  incidence of tumours bearing mice 

 

Tretment 8 
Weeks 

10 
Weeks 

12 
Weeks 

14 weeks 16 
wee
ks 

No treatment 
 

- - - - - 

Vehicle alone 
 

- - - - - 

Croton oil alone  
 

-  - - -  - 

S.N. Groups 1st Appearance 
of 

papilloma(in 
Days) 

Cumulative 
No.   of 

Papillomas 

% Tumour 
Incidence 

Tumour 
yield 

Tumour 
Burden 

1. Vehicle alone 

 

 
  - 

        00         0/6       - 

 

 

2. DMBA alone (1 

application) 

 

  - 
 
 

00 0/6        -  

3. Croton oil alone 

 

 
- 

00 0/6         -  

4. Aloe vera extract 

Alone(oral and 

tropical) 

 

 
- 

00 0/6         -  

5. DMBA+ Croton oil 

 

50 20   6/6 (100%)      3.33       3.33 

6. DMBA + Aloe 

vera(oral) 
extract (500 mg/kg)+ 

CO 

 

63         09  4/6 (66.6%)       1.5 *       2.25* 

7. DMBA + Aloe 

vera(Topical) 
extract (500 mg/kg)+ 

CO 

 
- 
 

 0   0         0        0 
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DMBA alone 
 

- - - - - 

Aloe vera Ext. 
alone 

 

- - - - - 

DMBA + 
Croton oil 

 

33 50 % 50 % 66.6 % 66.6 
% 

DMBA Aloe 
vera  Ext. ( 
Topical)+ 
croton oil 

 

-                                                                                                                             0 % 0  % 0 % 0  % 

DMBA +  Aloe 
vera. 

( oral) + croton 
oil 

0 16 32 32 32 

 

 

Table 3: Effect of Aloe vera  extract  on GSH level in blood (µg/ml) and Liverin DMBA induced papillomas model 

S. No. Treatment Glutathione level in liver (µmole / gm) 
S.No. Treatments GHS Level in Liver  

(In µmole/gm) 

GSH Level in 

Blood 

(In µmole/ml ) 

 

1. Normal mice 54.02 ± 0.577 3.50 ± 0.03 

2. Carcinogen (DMBA + Croton oil) 41.46 ± 0.48 
 

1.80 ± 0.06 
 

3. DMBA + AVE (500/kgbt)Oral 
+ Croton oil 
 

50.1 ± 0.45* 
 

 2.45 ± 0.14* 

4. DMBA + AVE (500/kgbt)Tropical 
+ Croton oil 
 

52.0 ± 0.58* 
 

3.11 ± 0.19* 
 

 

                                                                            *Denotes statistical significance in Student’s `t' test (p<0.05) as compared to carcinogen control  group. 

 

Table 4: Protection against Cyclophosphamide Induced Chromosomal Aberrations By 

Aloe vera Extract 

S.N Groups Mean ± S.E Different types of chromosomal 
aberration (%) 

%  Protection 

   CB CG CA RF 

 Cyclophosphamide 

(50mg/kg) 

 

62.83 ±9.19                               

 

31 18 12 4 - 

 A. vera Ext.+CP (250mg/kg) 

 

55.387 ±3.20      

 

20 2 8 1 11.86 

 A. vera Ext.+CP (500mg/kg) 

 

38.02 ±4.50 * 

 

19 4 4 4 39.52 

 A. vera Ext.+CP (750mg/kg) 

 

37.22 ±1.79 * 

 

13 7 11 3 40.00 

 A. vera Ext alone(250mg/kg) 

 

13.4±5.89                

 

8 1 3 - - 

 Solvent (DDW) 10.00 ± 2.9                5 3 - 2 - 
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• Denotes statistical significance in Student’s `t' test (p<0.05) as compared to Cyclophosphamide treated group. 

• 6 animals in each groups. 

• CB- Chromatid Break, CG- Chromosome Gap, CA- Centromaric Association, RF=Ring Formation 
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A New Tapeworm Circumonchobothrium Elichpurii 
n.sp. from Mastacembellus Armatus in Achalpur  of 

Amravati District, Maharashtra, India 
B.W. Sawarkar 
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Abstract- The present communication deals with the description 
of a new species of genus Circumonchobothrium (Shinde, 1968), 
viz., Circumonchobothrium elichpurii n.sp. from Mastacembellus 
armatus (Lecepede,1800) in Sapan  river at Achalpur  in 
Amravati district of Maharashtra. The present worm  differ from 
the known species of the genus in the shape and size of the 
scolex, number of hooks and arrangement of rostellum, shape of 
segment, number of testes, position of cirrus pouch and 
arrangement of vitellaria. 
 
Index Terms- Fish diseases, Cestode parasite, 
Circumonchobothrium elichpurii n.sp. Mastacembellus  armatus, 
Achalpur. 
 

I. INTRODUCTION 

he genus Circumonchobothrium is erected by Shinde G.B., 
(1968) described species C. Ophiocephali from the intestine 

of freshwater fish, Ophiocephalus leucopunctatus. Jadhav and 
Shinde, (1976) described three new species i.e., C. 

aurangabadensis and C. raoii from the host, Mastacembellus 

armatus and C. gauchai from Ophiocephalus gauchua. 

Chincholkar and Shinde, (1976) was reported two new species 
i.e., C. shindei from Mastacembellus armatus and C. bagariusi 

from the freshwater fish, Channa striatus. Later, Shinde added 
the new species C. khami in 1976 from the host, Ophiocephalus 

striatus. Jadhav et al., (1990) was reported new species C. 

yamaguti from Mastacembellus armatus. Later Shinde et al., 
(1994) described new species C. alii from the freshwater fish, 
Mastacembellus armatus. Later Patil et al., (1998) described new 
species C. vadgaonensis from host, Mastacembellus armatus 

Wongsawad and Jadhav, 1998 was added new species C. baimaii 

from freshwater fish, Mastacembellus armatus. Kalse and 
Shinde, (1999) described two new species C. punctatusi from 
host, Channa punctatus and C. armatusae from Mastacembellus 

armatus. Shinde et al., (2002) added a new species C. 

Mastacembellusae from the host, Mastacembellus armatus. Later 
Pawar et al., (2002) added new species C. armatusae (Minor) 
from Mastacembellus armatus. Tat and Jadhav, (2004) described 
the new species C. manjari from the fish, Mastacembellus 

armatus. Supugade et al., (2005) described new species C. 

vitellariensis from host, Mastacembellus armatus. Later, 
described the new species C. purnae by Borde S.N. and Sushil J. 
in 2008 from the host, Mastacembellus armatus. The present 
communication deals with the description of new species 
Circumonchobothrium elichpurii n.sp. from Mastacembellus 

armatus. 

 

II. DESCRIPTION 

         Four specimens were collected from the intestine of 
Mastacembellus armature at Achalpur , district Amravati, 
Maharashtra State, India in the month of  December,1983. The 
worms are of fairly large size, the scolex is distinctly marked off 
from the body, narrow anteriorly and broad posteriorly and 
measure 2.35 in length and 0.455 -1.606 in breadth, Two bothria 
are saccular. Large in size, broader posteriorly and narrow 
anteriorly, occupying almost complete portion of the scolex and 
measure 2.07 in length and 0.121-0.736 in breadth. The rostellum 
is disc like oval and measures 0.23 x 0.44 in length and breadth. 
It is armed with 56 hooks, which are straight, solid, stout and 
pointed at both the ends. The hooks are arranged in four 
quadrants, two quadrants are having 15 hooks each and other two 
are having 13 hooks each, arranged opposite to one another, the 
central hooks of each quadrant are large, wide, longer and they 
decrease in their size, length and breadth, on both the lateral 
sides of the quadrant. All four quadrants are close to each other, 
without any gap between them, as such are arranged in a single 
circle and measure 0.038 x 0.003 to 0.06 x 0.006 in length and 
breadth. 
         The neck is short and the breadth is triple than length and 
measure 0.275 x 0.91 in lengths and breadth. The mature 
segments are three times broader than long, cylindrical, crowded, 
overlapping on each other, on each segment two anterior and two 
posterior segments overlap, segments broader in the middle and 
tapering at both the ends, with lateral convex borders and 
measure 2.23 x 0.32 in length and breath. 
         Testes are small and large, rounded, evenly distributed, in 
two lateral fields, each field with 40 to 90 testes, leaving a large 
gap for the uterus, these are 130-150 in number and measure 0.03 
to 0.04 in diameter. The cirrus pouch is large, oval, median 
antero-posteriorly directed and measures 0.15 x 0.07 in length 
and breadth. Cirrus is coiled, thin and measures 0.169 x 0.009 
length and breadth.  Vas deferens is thin, short, runs transversely 
and measures 0.10 x 0.009 in length and breadth. 
         Ovary is bilobed, lobes compact, transverse bands, with 
almost uniform width, almost centrally placed, near the posterior 
margin of the segments and measures 0.669 x 0.029 – 0.048 in 
length and breadth.   Vagina is a thin tube, runs obliquely, and 
opens in to the ootype and measures 0.0270 x 0.009 in length and 
breadth.  Vagina and cirrus pouch open through a common 
genital pore, which is small, rounded and measures 0.048 in 
diameter.  Ootype is rounded, small, placed dorsal to isthmus and 
measures 0.053 in diameter. 

T
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         The uterus is large, saccular, transversely placed, at one 
side of the segment, near anterior margin and measures 1.043 x 
0.16 - 0.24 in length and breadth.  Uterus opens through a 
rounded, double walled uterine pore, which measures 0.048 in 
diameter.  Eggs are oval, small and large, operculated and 
measure 0.024  x 0.014 to 0.067  x 0.03 in length and breadth 
respectively. 
 

 
Fig.1 Fig: Camera lucida drawing of Circumonchobothrium 

elichpurii n.sp. Scolex, Rostellum with hooks and mature 
proglottid. 

 
         The vitellaria are granular, arranged along the lateral 
margin of the segment, corticular and from anterior to the 
posterior margin of the segments. 
 

III. DISCUSSION 

         The genus Circumonchobothrium was erected by Shinde in  
1968 as a type species  C. ophiocephali. The worms are of fairly 
large size, scolex distinctly marked off from the body, narrow 
anteriorly and broad posteriorly; with two saccular of large size 
bothria, occupying almost complete portion of the scolex, neck 
short, breadth triple than  length, rostellum disc like, oval, armed 
with 56 hooks, arranged in four quadrants, mature segments three 
times broader than long, cylindrical, crowded, over lapping on 
each other ; testes small and large, rounded, evenly distributed, in 
two lateral fields, each field with 40 to 90 testes, leaving a large 
gap for uterus and 130 – 150 in number, ovary bilobed, lobes 
compact, transverse bands, with almost uniform width, almost 
centrally placed, near the posterior margin of the segment; 
genital pores small, rounded, the uterus large, saccular, 
transversely placed, at one side of the segment, which opens by a 
double walled uterine pore vitellaria granular, arranged along the 
lateral margin  of the segment. 
         The present form resembles C.  ophiocephali in having 
mature segments  broader than  long, neck present, short in 
length; testes arranged in  lateral fields but differs from the same 
in the shape and size of the scolex (distinctly marked off from the 
body, narrow anteriorly and broad posteriorly as against board 

posteriorly as against broad in the middle and tapering at both 
ends), in the total number of rostellar hooks (56 as against 80), 
40 in the total number of testes (130 – 150 as against 70 – 78 ), in 
the structure of ovary bilobed, lobes compact, transverse bands, 
with almost uniform width, almost centrally placed, near 
posterior margin of segment as against distinctly bilobed, each 
lobe  with 2 – 3 acini. 
         The worm under discussion resemble  C. shindei in having 
mature segments broader than long and in the shape of scolex 
narrow anteriorly and broad posteriorly, but differs from the 
same in  the width of neck (breadth, triple than length), in the 
number of rostellar hooks (56 as against 49), testes 130 – 150 in 
number (small and large and large, rounded evenly distributed as 
against 260 – 275 in number), in the structure of ovary (ovary 
bilobed, lobes compact, transverse band, with almost uniform 
width centrally placed, near posterior margin  of the segment as 
against distinctly bilobed and with 5 – 6 acini in each lobe). 
         The present cestode resembles with C. bangarusi in having 
scolex narrow anteriorly and broad posteriorly, mature segments 
broader than long but differs from the same in having neck which 
is broader than long and short, distinctly marked off from scolex; 
in the number of rostellar hooks (56 as against 55) in the number 
and distributions of testes ( 130 – 150 in number, small and large, 
rounded, evenly distributed as against 275-285 in number and 
only in lateral fields). In the structure of ovary, bilobed, lobes 
compact-band with almost uniform width centrally placed, near 
posterior margin of segment as against distinctly bilobed, lobes 
with 4-6 acini. 
         The worn under discussion resembles C. khami in having 
mature segments broader than long but differs from the same in 
the structure of scolex (narrow anteriorly and broad posteriorly 
as against cylindrical ), in the number of rostellar hooks (56 as 
against 48), in the number of testes (130-150 in number small 
and large rounded as against 190-200 in number ), in the 
structure of ovary (ovary bilobed lobes compact, transverse band 
with almost uniform width, centrally placed, near posterior 
margin of segment as against distinctly bilobed, 
         The present worm resemble C. aurangabadensis in having 
mature segments long, vitellaria granular and neck present but 
differs from the same in the structure of scolex (56 as against 
42), rostellar disc like in the number of testes (130-150 in 
number small and large rounded as against 135-145), in the 
structure of ovary (ovary bilobed, lobes compact transverse band, 
with almost uniform width centrally placed, near posterior 
margin of segment as against distinctly bilobed, each lobe with 
3-4 acini. 
         The present worn resemble C. raoii in having neck short. 
Mature segments broader than long but differs from the same in 
the structure as scolex (narrow anteriorly and broad posteriorly 
as against broad in the middle and narrow at both the ends), in 
the number of rostellar hooks (56 as against 46) in the number of 
testes (130-150 in number, small and large, rounded as against 
210-215 in the structure of ovary (ovary bilobed, lobes compact 
transverse band with almost uniform width centrally placed, near 
posterior margin of segment as against bilobed). 
         The cestode under discussion resembles C. gachuaii in the 
presence of neck and mature segments broader than long but 
differs from the same in the structure of scolex (narrow anteriorly 
and broad posteriorly as against pear shaped ), in the number of 
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testes (130-150 in number, small and large, rounded as against 
375-400), in the structure of ovary (ovary bilobed, lobes 
compact, transverse band, with almost uniform width, centrally 
placed, near posterior margin of the segment as against bilobed, 
post equatorial with short, blunt 5-6 acini).  
         The cestode under discussion resembles C. 
nagabhushanamii Sp. described earlier in the saccular bothria, 
neck present, mature segments broader than long but differs from 
the same in the structure of scolex (narrow anteriorly and broad 
posteriorly, as against fairly large, long, triangular), in the 
number of testes (130-150 in number, as against 245-250 in 
number), in the structure of ovary bilobed, lobes compact, 
transverse band, with almost uniform width as against roughly 
bilobed, transversely placed, in the size of genital pores (small, 
rounded as against medium),  in the structure of vitellaria 
(granular as against follicular). 
         The differences justify the recognition of this cestode as 
distinct and hence the name Circumonchobothrium elichpurii. n. 
sp. is proposed after location of the worm which is newly 
erected. 
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     Abstract - Hepatic artery variations are important to the surgeons performing procedures in and around the porta hepatis in order 
to avoid injury to vascular and ductal structures. This cross sectional study was carried out in the Departments of Anatomy and 
Radiodiagnosis, KGMU, U.P, Lucknow, India. CT-angiograms of 50 subjects were analyzed. Various patterns of hepatic arterial 
anatomy were observed in the study. These included, normal anatomical origin of CHA from the celiac trunk in 95.92% with CHA 
displaying a variant anatomical relationship in 2.04% cases. Anomalous origin of CHA from the aorta was found in 4.08% cases. 
Replaced RHA was found in 16% whereas accessory RHA was found in 14% cases. Observations of LHA anatomy displayed 
replaced origin from CHA and LGA whereas accessory LHA could be traced to the LGA. Variant arteries displayed an anomalous 
course. 
     Index Terms: Hepatic artery, Aberrant hepatic artery, Celiac trunk, CT-Angiogram, Liver transplantation   

I. INTRODUCTION 

his epatic arterial anatomy represents one of the many "lessons for the general surgeon" that have emerged from the development 
of liver transplantation. Pre-operative arterial imaging is of paramount importance to plan open and endovascular procedures 

involving the upper abdominal organs due to the recent advancements in surgical and interventional options for patients with primary 
and metastatic liver tumors. Preprocedural CT evaluation of the celiac axis and hepatic artery anatomy can help one perform and 
interpret the findings of diagnostic angiography for intra-arterial management of hepatic tumors and perform embolotherapy for 
hemorrhage [11, 14]. Variations in these vessels may predispose patients to inadvertent injury during open surgical procedures or 
percutaneous interventions. The introduction of laparoscopic cholecystectomy has stimulated a renewed interest in anatomy of the 
hepatic arteries and bile ducts. The variant patterns of the major vessels are also relevant because they will affect the laparoscopic 
appearance of the porta hepatis.  

The hepatic artery “normally” originates from the celiac trunk and branches close to the porta hepatis into the left hepatic 
artery (LHA) and right hepatic artery (RHA). The artery may be subdivided into the common hepatic artery (CHA) - from the celiac 
trunk to the origin of the gastroduodenal artery and the hepatic artery 'proper' (PHA) from that point to its bifurcation [25]. It ascends 
in the free border of the lesser omentum and at the porta hepatis divides into right and left branches. This normal anatomy is observed 
in 55%-80% of population [6, 13, 19]. Modifications of the dominant scheme occur.  

The normal and variant anatomy of the hepatic artery has been described adequately in the literature [17, 18, 21, 22]. In 1969, 
Vandamme et al published their experiences with 156 postmortem angiograms that were obtained before anatomic dissection. Since 
then major technical advances in angiography have occurred. Thin-section dynamic CT has replaced conventional angiography for 
preoperative imaging evaluation of the hepatic vasculature [12, 28]. 

The purpose of our study was to evaluate and describe the prevalence of the hepatic arterial variants observed in north Indian 
population with the use of Multidimensional CT (MDCT). This knowledge may be helpful in accurate interpretation of disease, in 
diagnostic imaging, as well as in deciding the optimum elective procedure in surgical or interventional radiological management. It 
may also open the way for thinking about some potential explanations for certain clinical entities based on these anatomical variations. 

II. MATERIALS AND METHODS 

In the present study 50 subjects including both males and females (age group between 18 months to 78 years) were examined 
by by Multislice CT Angiography. CT Angiography was performed on a multislice spiral CT scanner. This cross sectional study was 
carried out after approval by our institutional ethical review board. The study was conducted in Departments of Anatomy and 
Radiodiagnosis, KGMU, Lucknow (U.P), India.  

All persons male or female of all ages undergoing abdominal CT for any indication were included in the study. Patient 
consent was taken. We excluded patients suffering from aorto arteritis, collagen vascular disorder, with history of previous abdominal 
surgery, abdominal malignancy distorting the vascular anatomy and any known disorder that could affect the region of study. 
 
Criteria for identification of vessels on CTA- 

� CHA- an arterial trunk containing at least one segmental hepatic artery and the gastroduodenal artery, irrespective of its 
origin site and anatomic course. 

T
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� PHA - an arterial trunk before branching into the right and left hepatic arteries, regardless of its origin site or anatomic 
course. 

� LHA & RHA – the arteries supplying the right and left liver substance. 
The dynamic spiral CT scans were obtained. MDCT raw data was transferred to a computer workstation and processed using 

multiplanar reformation (MPR) technique, maximum intensity projection (MIP), curved planar reconstruction, and volume rendering 
(VR). The anatomical variations detected on 3-D images were studied on the axial source images. Multiplanar reconstructions (MPRs) 
were used to study the anatomical relationship to the surrounding structures. The axial images were used for final confirmation of 
variant anatomical findings.  

III. RESULTS 
1.  Variations of common hepatic artery  
  In 95.92% cases CHA displayed a normal anatomical origin from the celiac artery or its equivalent (Fig.1). In 4.08% CHA 
originated from the aorta (Fig.2). We observed a single case of absent CHA. In this particular case LHA originated from LGA, the 
RHA originated from the SMA and the GDA was seen arising from the aorta (Fig.3) (Table 1).  

Common hepatic artery coursed superior to the pancreas (suprapancreatic) in all the subjects where it was present (28 males, 
21 females). In majority of cases (97.96%) CHA was present anterior to the portal vein (Fig.4a). In 2.04% cases CHA coursed 
posterior to the portal vein (Fig.4b).  
2.  Variations of right hepatic artery 

In 86% cases a single right hepatic artery was found, whereas, in 14% cases two right hepatic arteries were found. Within the 
single artery group in 83.72% cases RHA originated from the PHA (Fig.5). Variant origins of the RHA were observed from SMA in 
11.62% (Fig. 6), CA (2.33%) (Fig. 7) and the GDA in 2.33% subjects (Fig.8). Accessory right hepatic arteries were observed in 14% 
cases. In 6% cases the accessory RHA originated from the celiac trunk whereas in 8% cases the accessory artery was given off as a 
branch of the SMA (Table 2).     

Out of 43 cases with single RHA, a preportal RHA coursing anterior to the portal vein was observed in 90.70% (n=39) cases 
whereas a variant retroportal course of the single RHA behind the portal vein was observed in 9.30% (n=4) cases . 

Single RHAs passing posterior to the common hepatic duct (normal anatomical description) were seen in 81.40% (n=35) 
cases whereas variant course of the single RHA where it was anterior to the common hepatic duct was seen in 18.60% (n=8) cases.       

Accessory RHAs traversed posterior to the portal vein (through the portocaval space), and posterior to the common hepatic 
duct irrespective of their site of origin all the 7 cases (Fig.9) (Table 3).  
3.  Variations of the left hepatic artery 

Single left hepatic artery (LHA) was found in 96% (n=48) cases of the total. Amongst these cases LHA originated from the 
PHA in 83.33% (Fig.10). Origin of the LHA could also be traced to the CHA in 12.50% (Fig.11) and from the LGA in 4.17% cases 
(Fig. 12).  Accessory LHAs were seen in 4% (n=2) cases. In both the cases accessory LHAs were branches of LGA (Table 4).  

The RHA displayed significantly higher prevalence of variations as compared to the LHA. 2% (n=1) cases had a variant 
anatomy involving both the RHA and LHA.  

IV. DISCUSSION 
In upper abdominal surgery, hepatic arterial blood flow should be preserved whenever possible to avoid or minimize serious 

hepatic ischemic complications.  
CHA is the key component of the variant anatomy in describing variations for image interpretation, communication with 

surgeons, and scientific communication. The CHA can have a variant origin other than the celiac axis and take various anatomic 
courses [5, 34]. The specific type of celiac axis or hepatic artery variation can be appropriately named according to the definition of 
the CHA, and more complex combined variations could thus be objectively described as stated by Song et al., 2010.  
  CHA was absent in 2% cases in our study whereas Song et al. reported absent CHA in 1.1%. We found CHA origin from the 
celiac axis or its equivalent in 94% cases out of which 2% CHAs had variant relationship to the pancreas and portal vein whereas 
Song et al., reported a lower prevalence of variant CHA originating from the celiac axis in 0.15%. The variant CHAs passed through 
the retroportal space a course identical to that of a variant right hepatic artery arising from the CHA or the celiac axis [7, 20]. CTA 
studies have reported replaced CHA origin from aorta in 0.40%, but we reported a higher prevalence of variant CHAs (4%) 
originating from aorta. All variant CHAs had a normal suprapancreatic preportal course in accordance with the study of song et al. 
Variant CHA has been most commonly reported from SMA [26, 32]. We could not find any variant CHA originating from the SMA in 
our study probably due to a smaller sample size. 

The aberrant hepatic arteries may be incidental/ accessory or replaced artery .Variations in the hepatic arterial pattern which 
have been reported in the literature are purely based on the origin of the hepatic artery and its branching pattern. We found replaced 
RHAs in 14% which included a variant origin from SMA in 7% lower than a previous study [4] which encountered replaced RHA 
arising from the SMA in 15% and another [3] which also reported that approximately 12.2% of individuals were found to have variant 
right hepatic arterial supplies. Another study has reported variant RHA from the SMA in 17% and from the GDA in 6% [8]. Accessory 
right hepatic arteries were observed in 14% (CA 6%, SMA 8%) cases whereas previous studies found accessory right hepatic arteries 
from SMA in 2.5% [3]. These accessory arteries originating from SMA traversed posterior to the portal vein (through the portocaval 
space), and posterior to the common hepatic duct. Accessory hepatic arteries have also been reported from GDA, LGA and right 
phrenic artery [3]. 

We observed replaced LHA from CHA in 12.50% and LGA in 4.17% but our findings differed from other studies which 
observed replaced LHA from LGA in 8% [32] and 17% [23] cases. Accessory LHAs were found originating from LGA in 4% subjects 
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in our study. This finding was in variance to another angiographic study which reported a prevalence of 15% [3] and a cadaveric study 
which found accessory left hepatic artery from the LGA in 8.8% [23]. 

Occurrence of aberrant vessels can be explained on embryological basis, according to which there should be presence of 
sufficient quantities of signalling molecules and growth factors produced by the developing and migrating mammalian cells for the 
normal development of any viscera. In the event of an improper signalling and incorrect gradient visceral anomalies may occur [10].     

The anatomical knowledge of different variations of hepatic artery is required to reduce the number of iatrogenic 
complications in traditional and laparoscopic hepatobiliopancreatic surgery [24]. Likewise, the surgeon applies this knowledge in the 
surgical management of liver trauma in the region [15, 24], aneurysm of the hepatic artery, liver transplant surgery [1, 16] 
pancreaticoduodenectomy [22], radical gastrectomy [30] and countless surgeries themselves of this complex anatomical region. When 
the right hepatic artery originates from the superior mesenteric artery or directly from the aorta and courses in relation to the head of 
pancreas it can be injured during pancreaticoduodenectomy if it is not recognized. Therefore existence of such variants should be 
sought systematically by a careful dissection of the hepatic pedicle and the adventitial dissection of the superior mesenteric artery [9, 
27]. 

During dissection of nodes in radical gastrectomy, surgeon should take into account the presence of aberrant left hepatic 
artery originating from left gastric artery, especially if replacement, a situation that would require the surgeon to perform a left hepatic 
lobectomy in case of injury [30]. During the laparoscopic treatment of gastroesophageal reflux, the presence of a left hepatic artery 
may pose difficulties during surgery.  The clipping section of this artery can lead to hepatic necrosis. To expose the hiatal region in 
these cases wide dissection of the aberrant left hepatic artery should be carried out for its mobilization down [5]. 

In liver transplantation surgery, it is necessary to understand fully the anatomy and possible variations of irrigation liver 
donors. During orthotopic liver transplantation, the arterial reconstruction is an important step. The presence of an anatomical 
variation of the hepatic artery of the donor requires an adaptation of the arterial reconstruction technique to obtain an optimal 
perfusion of the territories of the graft and avoid certain complications which are dominated by thrombosis of the hepatic artery 
[2,16].When questions arise during bench surgical preparation of the graft, assistance of an angiogram can be helpful to better 
understand variant anatomy before further dissection is carried out.   

Therefore knowledge about the diverse hepatic artery variations observed in our study may be helpful for planning surgical 
and/ or interventional procedures [31, 33]. 
Conclusion: 
               The anatomy of the hepatic artery is subject to many variations. These anatomical variations are the result of a complex 
organogenesis through intricate steps.  

A higher prevalence (14%) of accessory right hepatic arteries was found in the present study. Variation of right hepatic 
artery was significantly higher (44%) than the left (20%). Accessory left hepatic artery was invariably arising from LGA.  

These data are useful for the planning and conduct of radiological and surgical procedures. 
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Figure:1 3D VR surface shaded display 
revealing normal anatomical origin of 
the common hepatic artery (CHA) from 
the celiac axis (CA). 

Figure:2 A three dimensional volume 
rendered (3D VR) image showing a variant 
origin of the common hepatic artery 
(CHA) directly from the aorta. 

Figure:3 A 3D VR image showing absent 
common hepatic artery. LHA originates from 
LGA, RHA originates from SMA and GDA 
originates directly from the aorta. 

Figure:4a An Axial thick slab maximum 
intensity image showing CHA anterior to 
the portal vein.                             

Figure:5 3D Volume rendered image  
showing RHA originating from the Proper 
hepatic artery.  

Figure:4b An Axial thick slab maximum intensity 
image showing CHA posterior to the portal vein. 
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Figure:7 3D VR image showing 
replaced right hepatic artery(Rep.RHA) 
originating from the celiac axis (CA). 

Figure:6 3D VR image showing replaced 
origin of the right hepatic artery (Rep. 
RHA) from SMA. 

Figure: 9 Axial MIP image showing 
course of normal and accessory RHAs in 
relation to portal vein. 

Figure: 8 3D VR image showing replaced 
right hepatic artery (Rep.RHA) taking 
origin from the gastro duodenal artery 
(GDA). 

Figure: 11 3D VR reformatted image showing a 
variant origin of the left hepatic artery (LHA) 
from the common hepatic artery (CHA). 

Figure: 10 3D VR reformatted image showing 
origin of the left hepatic artery (LHA) from the 
proper hepatic artery (PHA). 
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TABLES 
TABLE -1 

Prevalence of various sites of origin of the common hepatic artery according to gender 

 
 
 
 
 
 
                                         * The common 
hepatic artery was absent in one case. 

 
TABLE - 2           

   Prevalence of various sources of origin of the normal, replaced and accessory right hepatic arteries from different sites and according 
to gender   

 

Source of origin of the right hepatic artery 
(RHA) 

Males          (n=29) Females             
(n=21) 

Total     
(n=50) 

Single right hepatic artery no. % no. % no. % 
From proper hepatic artery 19 65.52 17 80.95 36 72 

Replaced RHA from superior mesenteric 
artery 

                     
4 

          
13.78 

              
1 

                  
4.76 

          
5 

         
10 

Replaced RHA from celiac artery 1 3.45 0 0 1 2 

Replaced RHA from gastroduodenal artery                   
1 

               
3.45 

                     
0 

                   
0 

             
1 

          
2 

TOTAL 25 86.20 18 85.71 43 86 

Double right hepatic artery no. % no. % no. % 

From proper hepatic artery & accessory 
RHA from celiac artery 

                         
2 

                 
6.90 

            
1 

                   
4.76 

             
3 

         
6 

From proper hepatic artery & accessory 
RHA from superior mesenteric artery 

                  
2 

        
6.90 

               
2 

                 
9.52 

             
4 

         
8 

TOTAL 4 13.80 3 14.28 7 14 

 

 
Name of the source 

vessel 

Males 
(n=28) 

Females 
(n=21) 

Total * 
(n=49) 

no. % no. % no. % 
Celiac trunk 27 96.43 20 95.24 47 95.92 

        Aorta 1 3.57 1 4.76 2 4.08 

Fig.12 3D VR image showing replaced left 
hepatic artery (Rep.LHA) from the left 
gastric artery (LGA). 
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                                                     Note-   RHA = Right hepatic artery 
 

 
TABLE - 3 

Prevalence of variable relationship of the single right hepatic artery with the portal vein and the common hepatic duct in males and 
females 

 
Relationship with the portal vein 

and common hepatic duct 

Males 
(n=25) 

Females 
(n=18) 

Total 
(n=43) 

no. % no. % no. % 

Relationship to 
portal vein  

Anterior 22 88 17 94.44 39 90.70 

Posterior 3 12 1 5.56 4 9.30 

Relationship to 
common hepatic 

duct  

Anterior 2 8 6 33.33 8 18.60 

Posterior 23 92 12 66.67 35 81.40 

 
TABLE - 4 

Prevalence of different sources of origin of normal, replaced and accessory left hepatic artery according to gender 

 
Site of origin of the artery 

Males 
(n= 29) 

Females 
(n= 21) 

Total 
(n= 50 ) 

Single left hepatic artery no. % no. % no. % 
From proper hepatic artery 23 79.31 17 80.95 40 80 

From common hepatic 
artery 

3 10.34 3 14.29 6 12 

Replaced LHA from left 
gastric artery 

1 3.45 1 4.76 2 4 

TOTAL 27 93.1 21 100 48 96 

Two left hepatic arteries no. % no. % no. % 

From proper hepatic artery 
& accessory LHA from left 

gastric artery 

 
1 

 
3.45 

 
0 

 
0 

 
1 

 
2 

From common hepatic 
artery & accessory LHA 
from left gastric artery 

 
1 

 
3.45 

 
0 

 
0 

 
1 

 
2 

TOTAL 2       6.9 0 0 2 4 
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Abstract— Mobile Ad-hoc Networks (MANETs) have dynamic 
and unpredictable environment. In MANETs nodes are movable 
and there is no centralized management. Hence, routing is an 
important factor in MANETs which works well in small 
networks as well as in the network which expanded dynamically. 
MANETs have several challenges such as link connectivity, 
congestion, routing, QoS, Power (Energy) consumption, 
interference etc. and routing in MANETs is a main factor 
considered among all these issues. In MANETs There are two 
variations in routing – unipath and multipath routing. Multipath 
routing scheme is superior to traditional unipath routing scheme. 
All routing protocols in MANETs are by virtue unipath routing 
protocols. Standard unipath routing protocols in ad-hoc 
networks, such as Ad-hoc on demand Distance Vector (AODV) 
and Dynamic Source Routing (DSR) are mainly intended to 
discover a single route between source and destination. Unipath 
routing protocols needs modification, optimization and alteration 
to formulate multipath routing protocol. In this paper, multipath 
routing protocols are surveyed and it further thoroughly 
investigates performance of MANETs. 
 

     Index Terms—mobile ad-hoc networks, unipath routing, 
multipath routing, ad hoc on demand distance vector, 
dynamic source routing, Quality of Service 

 

INTRODUCTION 

 
A. Mobile Ad-hoc Networks (MANETs) 

 

Mobile Ad hoc Network is an autonomous system of mobile 
nodes connected by wireless links. There is no static 
infrastructure such as base stations. All communication messages 
between them must pass through one or more intermediate hosts, 
if two hosts are not within radio range, all that acts as routers. 
These hosts move around randomly, thus change the network 
topology dynamically. Such networks are very useful in military 
and other tactical applications such as emergency rescue or 
exploration missions, where fixed network infrastructure is not 
available.  

 
MANET [1] is self-configuring, self-organizing and self-

maintaining dynamic network. Designing an efficient routing 
protocol for MANETs is an arduous task and it has been an 

active area of research. Therefore, exploitation of multi-path 
routing mechanism is to provide improved throughput and QoS 
as compared with single-path. The main objective of multipath 
routing protocol is to provide congestion-free reliable 
communication and to ensure improved QoS. 

WIRED AND WIRELESS ROUTING PROTOCOL 

Routing protocols are broadly categorized into two major 
categories: wired and wireless routing protocols. In wired 
networks there are variety of routing protocols implemented on 
IP protocol, while on the other hand wireless routing protocols 
needs modification, optimization and alteration so that these 
wireless routing protocols are suitable for mobility 

MULTIPATH ROUTING PROTOCOLS 

  
Multipath Routing protocols create multiple routes from 

source to destination. The main advantage of discovering 
multiple paths are that bandwidth between links is used more 
effectively with greater reliability.  

 
It also helps during times of network congestion. Multiple 

paths are generated on-demand or using proactive approach and 
have a great significance as routes generally get disconnected 
quickly due to node mobility. 

 
1. Multipath Routing in Reactive Protocols 

a. AODV Family 
  i. Ad-hoc on Demand Multipath Distance Vector 

 (AOMDV)  
    ii. Node Disjoint Multipath Routing (NDMR) 
b. DSR Family 

 i. Split-Multipath Routing (SMR) 
 ii. Multipath Source Routing (MSR) 
 

2. Multipath Routing in Proactive Protocols 
     i. Destination Sequence Multipath Routing (DSDV) 
     ii. Tree Exchange Routing Algorithm (TERA) 
 

3. Multipath Routing in Hybrid Protocols 
 i. Zone Routing Protocol (ZRP) 
 ii. Ant Agents for Hybrid Multipath Routing  
     (AntHocNet) 
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4. Multipath Routing in Hierarchical Protocols 
   i. Hierarchical Max-Flow Routing (HMFR) 
 ii. Hierarchical State Routing (HSR) 
 iii. Zone-based Hierarchical Link State (ZHLS) 
 

5. Multipath Routing in Power-Aware Protocols 
 i. Multipath on-demand Routing (MDR) 

 ii. Energy and Mobility aware Geographical Routing 
 (EM-GMR) 

 iii. Braided Multipath Routing (BGR) 
 

6. Multipath Routing in Multicasting Protocols 
i.  Multipath Multicast Routing Protocol (MRPM) 
ii. Multi-Objective Multipath Routing Algorithm for  

Multicast Flows (MMRAM) 
 

7. Multipath Routing in Security Protocols 
      i. Multipath TCP Security (MTS) 
 

A. Multipath Routing in Reactive Protocols 

 

These are on-demand routing protocols as they determine 
route when it is actually needed. They are relatively faster and 
perform efficient recovery from the route failures. By virtue 
Dynamic Source Routing (DSR) and Ad-hoc on-demand 

Distance Vector Routing (AODV) [2] are basic reactive single-
path routing protocols. Split Multipath Routing (SMR) [6] and 
Multipath Source Routing (MSR) are direct descendents of DSR, 
while Ad-hoc On Demand Multipath Distance Vector (AOMDV) 
[6] and Node-Disjoint Multipath Routing Protocol (NDMR) [6], 
both extends multi-path capability and evolved from AODV.  

 
MSR distributes traffic over multiple paths to achieve 

minimum mean delay; it also makes decision when to use single-
path and when to use multiple paths. Issue with MSR is 
processing overhead of originating the packets. 

 
SMR reduces the frequency of route discovery process thus is 

reduces control overhead in the network. The basic router 
discovery mechanism of DSR is used in SMR protocol, but an 
intermediate node is not allowed to reply from its route cache if it 
has some routes available to the destination. The drawback of 
SMR is redundant overhead of packets since intermediate node is 
not dropping duplicate request messages. 

 
NDMR [6] is modification of AODV. It avoids overlapping 

of paths by formation of node-disjoint paths and link-disjoint 
paths. In node-disjoint path no node is common while in link-
disjoint path, no link is common. This is accomplished during 
route discovery process. Issue with NDMR is, if there are fewer 
nodes in the path, this path is likely to break. Destination has the 
responsibility to choose the node-disjoint path. In order to limit 
the overhead packets, the number of path is restricted to three. 
AOMDV is also modified version of AODV. Destination node 
selects a path that passes through more reliable nodes. If node 
hears route request message and also hears broadcast of this 
message from another node, it does not broadcast this message.  

This is the way to reduce large number of broadcasts during 
route discovery process. 

 

B. Multipath Routing in Proactive Protocols 

 

Proactive routing protocols are table driven and maintain 
route updates among all nodes at all time. Destination Sequenced 

Distance Vector Routing (DSDV) [4] is proactive, table-driven 
routing protocol. Like reactive routing algorithms, proactive 
protocols are capable of repairing broken routes in short time. To 
repair the broken routes it continuously monitors the topology. It 
needs periodic update at regular time intervals.  

 
Another extension to standard distance vector routing is Tree 

Exchange Routing Algorithm (TERA) [18]. TERA is based on 
asynchronous distributed distance vector routing but uses several 
additional tables to allow path construction. This avoids count-
to-infinity problem which causes a very slow adaptation to the 
new network topologies. 

 
C. Multipath Routing in Hybrid Protocols 

 
A hybrid protocol combines pros of both on-demand and 

proactive routing protocols. Zone Routing Protocol (ZRP) [19] it 
uses proactive protocol in the neighborhood of a node and 
reactive protocol for routing between neighborhoods. It acts like 
cluster based network where a node acts as a cluster head. As it is 
combination of proactive and on-demand protocol it gives better 
performance. ZRP was proposed to reduce the control overhead 
of proactive routing protocol and decrease the latency caused by 
the route discovery in reactive strategy. If source and destination 
are in the same local zone, the packet destined for the destination 
delivered immediately, else reactive route discovery is used to 
construct the routes. 

 
 Let us describe another familiar hybrid routing algorithm, 

Ant Agents for Hybrid Multipath Routing in Mobile Ad-hoc 

Network (AntHocNet) [20] Specifically, the algorithm is reactive 
in the sense that it does not try to maintain up-to-date routing 
information between all the nodes in the network, but instead 
concentrates its efforts on the pairs of nodes between which 
communication sessions are taking place. It is proactive in the 
sense that for those ongoing communication sessions, it 
continuously tries to maintain and improve existing routing 

information.  
 

D. Multipath Routing in Hierarchical Protocols 

 
Hierarchical routing protocols avoids excessive overhead by 

restricting the local traffic to the local management and only 
global movements are reported between hierarchical layers or 
zones. Hierarchical Max-Flow routing forwards the packets and 
reduces the failure impact. It is stated that computational 
complexity of Max-Flow routing is high hence it is not used in 
moderate size networks. Hierarchical State Routing (HSR) [21] 
based on multilevel clustering levels such as physical and logical. 
Hierarchical address of every node is stored in an HSR table, 
merit of HSR is as it maintains the hierarchical information about 
the networks, and it automatically reduces size of routing table. 
Challenges in HSR are exchanging the information concerned to 
all the levels of the hierarchy and election of leader in every 
cluster is cumbersome.  
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In Zone-based Hierarchical Link State Routing (ZHLS) [22], 

cluster heads are not defined. Creation of Zone-Level topology 
information is distributed to all nodes and reduces the traffic and 
avoids single-point-of-failure. Maintaining Zone-Level topology 
produces additional traffic which degrades the performance of 
the algorithm. 

 
E. Multipath Routing in Power-Aware Protocols 

 
A multipath routing protocol that improves energy efficiency 

of a network falls into this category. A mobile node is usually 
equipped with a battery of limited capacity. These protocols 
maximized network life by efficiently using the battery of mobile 
node. Nodes they consume power while sending, processing and 
forwarding data as well as control packets. Low power of node 
also leads to failure of connectivity and node. As power 
consumption of mobile nodes is another area of research there is 
need of energy-efficient algorithms for seamless connectivity. 
Energy and power related issues are primarily at physical layer; 
this gives rise to cross-layer approach which is relatively new 
topic.  

 

Multipath on-demand Routing (MDR) [6] evolved from DSR 
but it has different route maintenance option. Unlike DSR, the 
route request packet does not collect the routing information; 
hence route request packet does not get larger as it travels along 
the possible path.  

 
Energy and Mobility aware Geographical Multipath Routing 

Protocol (EM_GMR) [6] is another protocol in which while 
selecting next hop, a mobile node should consider the remaining 
battery capacity, mobility and distance of that next hop to the 
destination. Fuzzy logic system is developed and applied to the 
next hop to the destination.  

 
Braided Multipath Routing (BGR), [6] as node-disjoint 

multipath routing is not energy efficient, because a node-disjoint 
path may have longer hops compared to the shortest hop paths.  
 
F. Multipath Routing in Multicasting Protocols 

 

Multipath Multicast Routing Protocol (MRPM) [13] is an 
example of this category. A method chooses the next hop when 
multiple equal cost next hops are present. It is quick distributes 
dynamic algorithm that manages network resources efficiently. 
Multi-Flow Real Time Transport Protocol (MRTP) [14] is mesh-
based ad hoc based protocol that offers multipath routing for 
multicast application. It is based on Real-Time Protocol (RTP) 
and Real-Time Transport Control Protocol (RTCP). RTP is by 
virtue multicast-oriented protocol for real-time applications. 
MRTP improves effective path discovery and data partitioning 
techniques by improving queuing performance of real-time 
traffic.  

 

Multi-Objective Multipath Routing Algorithm for Multicast 

Flows (MMRAM) [15] proposes multi-objective traffic 
engineering scheme using different distribution trees to multicast 
several flows. It combines maximum link utilization, hop count, 
total bandwidth consumption and total end-to-end delay into 

single aggregated flow. Therefore, MMRAM is suited for 
Multiprotocol Label Switching (MPLS). 
 
G. Multipath Routing in Security Protocols 

 
MANETs are vulnerable to external attacks or threats that 

compromised the security of communication in MANETs. 
Therefore, there is need to devise end-to-end security mechanism 
by exploiting use of multipath routing. The existence of multiple 
paths used to increase robustness and data confidentiality. The 
scheme is presented in [16]. 

 

Multipath TCP Security (MTS) is multipath routing algorithm 
for data security discussed in [17], source node chooses the 
available routes adaptively rather than testing the “stored routes” 
one by one exhaustively. This algorithm is tested against AODV, 
DSR and concluded security level is good. 

 

CONCLUSION 

 
In this work, we have highlighted merit and demerits of 

several variations of multipath routing protocols with different 
topologies. There is need of modification, optimization and 
alterations for the deployment of these protocols in real-time 
environment. Major concern is how to choose suitable multipath 
routing protocol? Choosing suitable multipath routing protocol is 
challenging and arduous task. Several factors are taken in 
consideration while selecting suitable multipath routing protocol 
such as, the size of network, the lifetime of network, 
environmental conditions and types of application. Hence, 
choosing suitable multipath routing protocol is another interested 
area of research in Mobile Ad-hoc Networks. 
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An Outstanding LEADER Before Someone Else Will 
Bharat  Kumar Bharadwaj 

 

I. INTRODUCTION 

nything of ‘gospel’ in nature will be heard attentively, and 
appreciated too.  Following it and applying in practice 

become optional and an individual prerogative. Many National, 
International Symposiums and Guest Lectures, though promoted 
with spiritual gusto and conducted with never before grandiose, 
remain, as gospels to be kept at the bottom of the mind at will, by 
choice (the symposium handouts lie in a visitor conspicuous 
location-some advertisement that). 
          I read in The Economic Times, the coverage on Mr. Noel 
Tichy’s address to the top business intellectuals (most of them 
might have been LEADERs) in New Delhi on 21/03/2k1, under 
the auspicious of CII – India’s congregation of successful 
intellectual industrialists. 
          I am one among the millions who agree with Mr. Tichy, 
and would love to follow his prescriptions and migrate to the 
path of success in professional life and personal life too! The 
transformation of  “Being A LEADER To Becoming An 
Outstanding LEADER”  is by controlling one’s destiny before 
someone else will. 
          Mr. Tichy had a touchstone in re-defining the leader of 
the 21st century. His prescription is simple and brief, but it 
takes to be a Jack Welch, Narayana Murthy  and   the likes, 
to get administered by the prescription. 
          Turning to Indian context, which I know a bit, it’s 
pertinent to ask’ How many Indian LEADER’s are LEADERS 
first?  Leave alone becoming an “outstanding” leader and hence 
an “outstanding LEADER”.  
          We Indians are taught from the day we can understand, 
that “follow and respect the elders, 
Without questioning,” (questioning is audacity). 
 
          LEADERs capitalize on this, to enslave the people by 
unleashing   “fear psychosis”, rather than taking a ‘parental 
approach’ or “teacher like” approach.  
 
          Alas, most of the LEADERs, tend  more towards 
dictatorship approach with ” I know all, hence I am here” 
approach.  “I instruct - you do” syndrome,  irrespective of 
number of seminars the LEADERs have attended on “Human 
resources capital management” “Leadership through synergy” 
and the likes. 
          While agreeing with Mr.Tichy  that leader should be a 
“Teacher,” I dare add one more attribute, he must be a 
“learner” too, a committed teacher and a continuous, unbiased 
learner. 
          Most of the LEADERs accept the concept in public while 
refusing to “teach or learn “ in private.  They reiterate that they 
are Icons of knowledge, bundle of ideas, volcanoes of energy, 

more perfect than perfection “and they strongly hinge upon their 
perceptions, in spite of HEARING/READING noel Tichy’s 
prescriptions. 
 
          Mr.Tichy talks of E3-“Emotional Energy Edge” and this is 
translated by our LEADERs thus “I have provided you a JOB 
{Just Obey the Boss} and you  are indebted to me. Your survival 
hinges on the level and extent to which you enslave, epitomize, 
and pigmify yourself at my beckoning!!  And this should 
continue as long as you are at the other end of my whip!! Liked 
the “Sermon” from “the boss??”  
          Let all the LEADERs touch their soul and confess in front 
of their own mirrors (privately), that they are prepared to learn 
and teach continuously and that they have intellectual, emotional 
and spiritual guts to develop “LEADERS AT ALL LEVELS’ 
as recommended by Mr. Tichy.  Some at least, who attended his 
presentation on 21st march, should attempt before they forget the 
event as one of those, filling the agenda gap of the organizers. 
          CHANGE in line with environmental demand is first 
resisted at the top, and slaves, down the line are blamed for 
‘change failure”. 
          Many LEADERs I presume are split personalities. They 
speak of hi-fly concepts in seminars, sponsored interviews, but in 
practice, they are hypocrites doing what THEY WANT AND 
CONVENIENT TO THEM. 
          One of the LEADER’s whom I know, talked from the 
elevated, glorified platforms of “ perfection, professionalism, 
giving & taking, system dedication and what not”. But he 
behaved just the opposite – adhoc decisions, individualistic 
dictates, etc., He was unable to recognize the skills, talents and 
creativity of his people, hence lost a golden opportunity of using 
them to build competitive advantage to his business. His 
limitations became the limitations of the organization. 
          It must be no different elsewhere! When I spoke to some 
of my peer professionals, they too lamented, “ yaar, no one wants 
creativity, innovation, breakthroughs, lateral thinking, as they 
have their own agenda of sorts and these things do not fit into 
them. 
 
Let us examine the prescriptions given by Mr. Tichy:  
          A MUST PROFILE OF  A SUCCESSFUL LEADER 
AND HOW WHAT IT MEANS TO MANY OF THE 
DESIGNATED LEADERs. This comparison would, I presume, 
wake up few of the LEADERs. 
 
 
 
 
 

 
 
 

A
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A MUST PROFILE AS 
RECOMMENDED BY MR.TICHY 

WHAT THAT MEANS TO A NORMAL LEADER   
( by designation ) – INTERPRETATION BY AUTHOR. 

1.  Integrity, Maturity, Energy Yes, I have all these in plenty and more, hence I am here. My sub-
ordinates, I suspect.  

2. Business acumen: 
- Deep understanding of the 

business 
- Strong profit orientation 
- Instinctive feel for how the 

company makes money? 

Most of them presume they know this and only others do not 
know.  
All others, apart from me are costs and I am the value. 
If in doubt, instead of turning to their own, people,    
they turn to an external, un-attached agency for  help. 

3. People acumen: 
- Judging people 
- Leading teams 
- Coaching people 
- Cutting losses. 

 
- Biased parameters for judging 
- Through dictates & instructions. 
- Coaxing them. 
- Cutting stronger, innovative people to remain strong 

among weaklings. 
4. Organization acumen 

- Engendering trust 
- Sharing information 
- Listening expertly 
- Performance 
- Being decisive       

 
- Endangering trust, genetic suspicion 
- Sharing failures, “hold”-- Info is power. 
- Listener is always the subordinate. 
- Demand from all below and authoritatively. 

-   “I” driven decisions and enforcing. 
 

[1] A MUST PROFILE AS 
RECOMMENDED BY 
MR.TICHY 

[2] WHAT THAT MEANS  
      TO A NORMAL LEADER ( by designation ) 

I. Curiosity:  - To know who’s secretly becoming stronger than me? 
- Challengers and not the challenges to be eliminated. 

II. Superior judgment - Punish by authority and power that be. 
-     Fear is still the key. 

III. Converting learning to practice - No learning, no practice. Why learn, I   
      Know all, it is learning, learning and           
      Learning for the rest. 

 
          The facts are there: it is left to the “self-introspection’ of 
the individuals. 
          In my 3 decades plus of work experience, in projects, 
corporate, and academics, put together, I have found very few 
LEADERS who were leaders IN THE REAL SENSE,   found 
lots of them as dictators, few directors and teachers. Those who 
were teachers were alas, only preachers, they never practiced 
what they preached, never walked their talk. Developing a 
second in command, creating leaders at all levels is a threat 
to most of them.  
 
          Teaching, learning, teaching, unlearning, learning and 
teaching should be a perpetual – intellectual, emotional and 
spiritual forte of a LEADER. 
 
          WHAT A LEADER NORMALLY DOES (  or what a 
normal LEADER do?): 

• Use authority to pin down self-esteem of enslaved 
employees, in the name of shear discipline.  

• Hypnotize the bought out commodities ( HR capital) to 
accept that he is  the best, perfect leader to work with. 

• Get rid of too intelligent people, rule by employing 
weak and lesser mortals.( in the kingdom of the mutes, 
one who can stammer is the king!) 

• Encourage sycophancy as all your sub-ordinates weak, 
economically, intellectually, and are vulnerable on 
security grounds. 

• Induce “glorification of the boss” syndrome. 
• Believe strongly that “fear is still the key” and validate 

it by highlighting small lapses of people down below. 
 
 
          WHAT A LEADER NORMALLY DOES NOT DO OR 
THINK? 

• Recognize the individual strengths by skill mapping 
and not skull counting: and evolve an OPPORTUNITY 
CHAIN for the skills. Opportunity chain could be 
established by evolving a participative, learning 
organization, encouraging team work, continuous 
improvement plans, etc, 

• Recognize the “fit” of our demand chain with skill-
supply-chain facilitated by the opportunity chain, to 
accomplish all the tasks as per plan.  

• Create an “ activity-skill- resource – chain” and 
examine the fit with your expectations. 

• Communicate understandably with all frequently and in 
a planned manner. 

• Mean what you speak, speak what you mean and stand 
for it. 
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• Identify skill-gaps and fill it up with customized 
training. 

• If you are not committed, why waste money on TQM, 
TPM, EQ, EI and the likes. 

• Service leadership. 
 
          Managing is not a past time hobby. It is an ART, 
facilitated by scientific and researched knowledge base. All the 
theories and documented experiences are tools. LEADER cannot 
delegate LEADER’s job. Ultimately, the limitations of the 
LEADER become the limitations of implementing the 
prescriptions of Mr. Noel Tichy. It’s better to take a 
“constructive approach” than “Instructive Approach”. 
History repeatedly has warned us with factual, picturesque proof 
that  
“ A DICTATOR DIES HIS DEATH, DICTATED BY HIM, 
BUT EXECUTED BY OTHERS………………. WHILE, A 
LEADER LIVES PAST HIS DEATH, KEPT ALIVE BY 
OTHERS.” 

Bharat  Kumar Bharadwaj.  

( A  learning teacher of management and an honest student of  

life). 
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Bhagavat-Gita and Knowledge Management 
Bharat Kumar Bharadwaj 

 
 

I. INTRODUCTION 

nowledge management is a continuum. Core knowledge is 
eternal. The applied knowledge is what the world needs.  

conceptual knowledge to be implemented practically needs skills. 
Knowledge management has two major responsibilities. One – 
creation of knowledge base and designing of process of 
converting conceptual knowledge to skills, competencies,  
          Bhagavad-Gita is one of the most significant part of the 
TRINITY OF ETERNAL KNOWLEDGE CONGLOMERATE 
(knowledge source) best known as PRASTHANA TRAYA. 
 
5. BHRAHMA SUTRA 
6. BHAGAVATGITHA 
7. UPANISHADS.  
 
(All other Puranas, including Ramayana and Mahabharata are 
case studies.) 

• BRAHMA SUTRA - Introduces us to intellectual 
leadership 

• BHAGAVAT-GITA - Provides logic, strategies to 
convert knowledge  to action with will.   

• UPANISHADS  - Provide the guidelines or processes of 
converting  Strategies to action with lots of case 
illustrations.  

 
          All the three are complimentary and has to be followed in 
unison to gain unprecedented knowledge. Bhagavad-Gita is the 
concise version of the Brahmasutra and Upanishad. Most of the 
verses are from Upanishads. To this end I would like to share 
what ever is relevant to quality management, from all the three 
scriptures. But most of it will be from Bhagavat-Gita. 
BRAHMA SUTRA HAS 4 CHAPTERS: 
 
♦ SAMANVAYA = Equal incidence, Iso - purpose, Iso-

application, shared vision and the process applies to all and 
equally, participation by one and all. 

♦ AVIRODHA =    Non-contradictory, Non-resistant: decide 
collectively, and Do as decided. 

♦ SADHANA = practice and implementation. Act to succeed 
and reach the goal as decided. 

♦ PHALA =     RESULTS ARE GURANTEED. 
 
          MANAGEMENT IS A CONVERTER OF 
KNOWLEDGE INTO ACTION WILLINGLY DONE BY 
ALL THE CONCERNED. 
          KNOWLDEGE MANAGEMENT QUALIFIES THE 
CONVERSION PROCESS TO DO THE ACTION 
EXCELLENTLY. 
 

Some facts:  that we might have recognized in management. 
(tenets from our eternal literature) 
 
[3] No failure approach in all the processes, all the time, leading 

to Zero-defect. 
[4] Nirvighnam kuru sarva karyeshu sarvada. 

[5] Manage with facts. 
[6] Satyam vada, asathoma  sadgamaya. 

[7] Bottom up approach is superior to top-down approach. 
[8] Pravrithi margaha nivruthimargena vishishyathe. 

[9] Committed learning only leads to perfect knowledge. An 
organisation has to be learning continuously. 

[10] Shraddavaan labhathe gnaanam. 

[11] We are known by our deeds. 
[12] Yatha karma thathaa shrutaha. 

[13] Bench mark with the best: global leadership in global 
competition to become globally competitive. 

[14] Vishwajith yaga  

[15] Profession protects the professional 
[16] Dharmo Rakshathi Rakshithaha. 

 
          These are some typical quotes, which should sounds 
familiar in quality management system. 
          Though Bhagavad-Gita forms a part of Mahabharat, it 
stands out clearly as a stand alone document of knowledge. 
Mahabharat has been used only as a "website" to propagate the 
essential essence of the Upanishads.  This is depicted as a 
dialogue between Sri Krishna and Arjuna, in the middle of the 
battlefield between the two factions of the same family of Kurus. 
Though at the macro level it has historical reverence, the entire 
Mahabharat has a larger than life content and connotation. It 
revels in sorting and solving many of the intricate problems of 
life of individuals and also society as  a whole. 
 
 
It is stated to be DARMA KSHETRA - DOMAIN OF 
PROFESSIONALISM. 
It is stated to be KURUKSHETRA  
 (WITH)   SARVE YUDHA VISHARADAHA 

• DOMAIN OF COMPETITION OF THE BEST OF 
COMPETENCIES AND COMPETITIORS, WHO 
WERE ALL EXPERTS IN THEIR FUNCTIONS.  

 
          The Bhagavat-Gita though designed to find a logical 
solution for the great warrior who was in a fix either to continue 
the war or not.  It unfolds various strategies to overcome 
despondency and to excel. 
 
CAUSES OF UNCERTAINTY EFFECT IS UNCERTAINTY 
IN BEHAVIOR  
 

K
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IV. FEAR OF MORTALITY MEMORY OF PAST, LIVING 
AND LEGACIES. 

V. FEAR OF FAILURE ENGROSSED IN PRESENT 
HOWEVER IT IS. 

VI. FEAR OF COMPETITION WITHDRAWAL SYNDROME 
VII. FEAR IF ACTION DESPONDENCY. 

 
Total quality is the essence of Bhagavad-Gita. 
          It spells out personal quality, quality of strategies, quality 
of action and quality of choice of the route one chooses to excel. 
Quality management accords maximum weightage to human 
resource and contemplates on transformation. KM believes - 
every activity if done as it should be done,  the cumulative result 
will be excellent. 
          KM is a sort of digitization of knowledge into small 
activities designing optimum processes to accomplish the goal. If 
the process is perfect, the result is incidental and imminent. 
Continuous improvement and customer orientation, peoples' 
participation and prioritization is the basic agenda of KM. 
Bhagavat-Gita focus on all these issues. 
          This calls for synergising various strategies, activities to 
achieve excellence in all facets of Business and Personal 
Management. 
          Bhagavat-Gita contains 18 chapters but could be 
summarized into following: 
♦ Saankhya yoga   - synergy of core competence 
♦ Karma yoga       - synergy of actions / processes 
♦ Gnaana yoga     -  synergy of  knowledge 
♦ Vignaana yoga   -  synergy of expertise – competence.  
♦ Bhakthi yoga    -   synergy of dedication and involvement 
 
          Yet another significant factor emerge in Sri Krishna being 
the charioteer of Arjuna.  This is the concept of SERVANT 
LEADER, which is being talked of,  in elite management forums 
of scholars. The leader is a servant and all the customers, people, 
resources are his MASTERS. To serve such a vast domain HE 
must be a PURUSHOTHAMA - A EXCELLENT HUMAN 
BEING . If one reads considering Krishna as the servant 
leader, then all the concepts of KM will become apparent and 
much more relevant. 
          It enlightens about quality of leaders, various kinds of 
people and their fundamental nature which helps in organizing 
for skill mapping and QC circles , Team work, based on 
knowledge, skill and Swabhaava. 
 
KNOWLEDGE MANAGEMENT SHOULD CREATE 
LEADER SHIP. 
LEADERSHIP THROUGH SYNERGY: SYNERGY IS AN 
EFFECT. 
 
          Synergy: the word is so romantic that even a guy with 
least of sentiment and emotion or passion dances to the tune of 
synergy. In addition, in the scriptures Synergy is defined as 
"YOGA".   That is intermingling or two different things 
irrespective of the level or datum. One has to reach out to the 
other. Or one has to come down and the other has to go up. We 
presume that the hierarchy establishes and ensures - synergy, it is 
a myth. 

          Synergy is like a closed circuit. It could have different 
voltages, at different points, it could have different instruments, 
equipment at different locations. Unless the system design 
addresses the Inter - dependence and inter-alia transfer of 
technology, process and skill, amongst the components, the 
synergy will still be a myth. 
          Synergy and harmony are not synonyms. At best they 
could be complimentary. Harmony is orchestered. The tunes 
and tones are in a controlled mode and one cannot be out of tune. 
But, this could be of limited universality in management 
parlance. Harmony is like physical health of a person. It has to be 
maintained and if sick, improved upon. But, synergy is like the 
mental health or competence of a person. This requires a special 
note. At best we could accept the orchestered symphony as the 
basic pre-qualification for synergy. 
          Just thinking of synergy will not suffice. Synergy 
should be planned. Synergy is a strategic option and 
opportunity. Questions should asked: why synergy? How do 
we define synergy? What are the attributes, pros and cons of 
synergy? And last but not least how do we go about it? 
          There are various options in business. Small is beautiful. 
But cluster of such small is the big business houses. Normal 
management practice is to draw parallels within the clusters and 
not parallel with best of the business house. "One fundamental 
issue is, open-mindedness to   accept  and accede to values and 
systems. -"Let noble thoughts come to us from every side". Once 
this ambiance is created, it is far easier to plan for synergy. 
 
KNOWLEDGE, WILL AND ACTION ARE THE TRINITY 
TO SUCCESS: 
 
          Knowledge: we must know clearly what are we, how did 
we get there, inventories of lessons learnt from the past, where 
we intent to go, is the path open and wide enough, do we have 
the intrinsic strength to adopt and change, how is the 
environment, and at what rate it is changing? Most importance is 
to define clearly and cleverly what not to do? 
          Strategic perspective is meant to self-introspection self-
analysis-core competence, self-SWOT, SWOT of environment, 
SWOT of competition and competitors' SWOT, positioning of 
business and  products, people - mix, talent mix required to take 
on the future challenges, organization, structure, fiscal strength, 
systems and processes and will to convert strategic intent and 
vision into a working plan and implement activities as planned, 
which is the key to success. 
          Action: once the plan is ready, the action portion starts. 
This is the crucial stage. This is where the organizational culture 
matters. Culture is defined as, the intrinsic strength of a group of 
people called organization, to convert knowledge into action 
through an unflinching commitment, loyalty and professional 
grit. 
 
• Synergy may demand re-structuring. 
          Re-grouping is not re-structuring. Restructuring involves 
mechanical and intellectual adjustments, intellectual honesty in 
understanding the critical impediments, and issues, and find and 
slot the people with drive and grit to take on the challenges. 
What I mean by intellectual honesty is the loyalty to profession 
and not always to an individual or individualism. 
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          "PEOPLE (SKILL) VS JOB DEMAND FIT" is essential 
while thinking and inking of re-structuring. Identification on 
attributes of people we have and that of job demand is as critical 
as re-structuring.  
"Tat viddhi pranipaatena, pariprshnena seveya " 
knowledge could be attained by brain-storming, PDCA, and  
constant and consistent questioning. 
          "Yogasthah kuru karmani" this means, work with 
synergic approach. While saying so, we must define what is 
synergy? 
Synergy is the integration of minds, with varied personal traits, 
uniqueness, and multitudes of knowledge bases, cultural and 
geographic environmental influences, with constancy of purpose. 
Post -event corrections are far inferior to pro-active preemptive 
diagnosis and immunization is better than drugging to cure.  
          Synergy is an effect: Yogaha karmasu kowshalam. The 
skill and competence to work in non-dualistic teams with 
determined minds, in-spite of all seeming odds, is synergy or 
yoga -meeting the different things and projecting as one. We 
need to look at what are compelling and competitive forces 
acting on an organization/business not have synergy? In other 
words. We need to write the cause and effect diagram of why 
there is not synergy. Then we can find options to achieve 
synergy. This at the outset, seem a negative approach. But let us 
not forget, that the best approach to achieve what is needed is to 
eliminate what is not needed or what are the causes which 
hamper the achievements as planned. 
          Even if synergetic forces do exist, recognize the intensities 
and direction of that force. Let me explain. The conductor of an 
orchestra and the music composer are two different identities. 
This clear demarcation has to be understood first. 
          The composer is conceptualist-the knowledge. The 
conductor is the one who translates the vision or the concept into 
notes. Once he does that he goes on to analyze the base 
competence of each of the instruments, their players' competence 
and the purpose of that tune end in mind. Then he chooses the 
instruments, their, direct participation or base notes, or just 
coming in the middle as effective middle supporter. Then he 
writes "notes" matching the involvement of various instruments, 
their position, when to respond, and this when played to the 
direction of the conductor, satisfies the composer. Then a 
different team takes over.  
          The composer, the director of the event where the tune is 
used. They discuss the application, pre and post linkages to the 
events, their bearing on the project etc., 
          Hence , the need for synergy should be very clearly and 
explicitly  defined. Once we define, we should also recognize the 
effectiveness of the synergy. Again adopt the elimination theory. 
Identify all the negatives first and then the positive effects. This 
could guide the team to recognize and evolve a plan  of action to 
achieve synergy. 
          Synergy demands basic union of people - the rest will 
fall in line by the synergetic people. 
          Each and every individual is exposed to following 
circles while he is a part of a tem. They are: Bhagavat-Gita 
clearly identifies, describes the various circles of being to 
becoming. 
 

Inner orbits confining to "I" (the individual) 
           (Family, percentage, family circle, relatives circle, 
neighbors circles, social environment, spiritual environment-
including religions influence, family value, social values, 
national values) 
          Self or I-circle: conglomerate of the inner orbits and self - 
definition, self orientation, self - adaptation, vulnerability index 
to the inner orbits, and capability to live, sustain and change w.r.t 
environments of the kind described above). 
          Close associates or we - circle: one to one relation ship 
established: father, mother, grand parents, sisters, brothers, 
relatives, friends, acquaintances, neighbors, movies, events in 
life, TV etc., 
          Acquaintance due to being part of a group or cluster of 
companies or our circle: close circle of few socially, 
professionally, culturally, religiously, emotionally, sentimentally 
bound set of people. 
          Totally alien or their-circle: unknown set of people : the 
rest of it all who have not direct contact with us. The entire 
universe who are just a part of the system of which we are also 
one. 
          Non-business related or outer orbits: special competence 
developed by the individual in terms of hobbies, creative arts, 
which complement the individuals personality. 
          The synergy also could be explained and understood with 
respect to functioning of  human body and the human system. 
          Hierarchy: body-structure, sustaining systems - heart, 
lungs, liver, digestive systems, the conceptors- the it-masters: 
eyes, ears, tongue, skin, nose, the creator and  
          Control system in the form of brain and nervous systems. 
Intelligence, mind, conscience, super-conscience. The brain, the 
nervous systems, have a different role, the eyes and ears have 
theirs; the limbs, the muscles, the bone structure, the nose, the 
lungs, have their own.                  
     
          Yogstan kuru kartavyam : work in synergy to achieve 
what needs to be done. Activity is not the end - actions. We need 
to recognize the analogy of human body management with the 
organization's functioning and identify people who could do 
what? Then communicate, integrate, inter-net the functions and 
get the best out of individuals and thus the team. This may be 
applied to group synergy also. 
          Synergy of a cluster of groups may seem difficult to 
achieve, but not impossible. The vision, mission and guiding 
principles should be common. The product synergy, policies, 
methodology of conducting business as perceived should be kept 
in mind before attempting to announce that we are a synergetic 
group. 
 
(Refer to the matrix in the box.) 
♦ Once this matrix is filled for all the individual group of 

companies, try and integrate the various attributes in vertical 
and horizontal attributes, find the similarities, gaps, 
diversities, and decide the synergetic possibilities and 
wherever uniqueness has to be maintained within the 
framework of a group policy, then retain them so. 

♦ Uniqueness, is  not a weakness. When synergy is possible, 
uniqueness could be defined clearly. There should be no 
ambiguity in reaching out for a conclusion. 
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♦ Hence synergy is a hierarchical structure spread in the form 
of matrix structure. The duality is limited to very few issues, 
hence the entire group could be projected as one force of 
talent, strength, competence and thus achieve optimum ROI 
in terms of business, and last but not he least the spiritual 
satisfaction of having achieved the unity in diversity, 
vishwaroopa darshan with seemingly diverse groups as 

one gigantic form, the sun with million rays, and 
accomplishing the global presence 

          How all these inter are - connected? Physical inter-
dependence is least. It is all through the master computer and its 
communication system through nerves.If this could be adopted 
and applied to cluster of groups, then synergy could be designed 
and achieved. 
 

 
MATRIX OF SYNERGY Leadership through synergy 

 
 PRODUCT MARKET TECHNOLOGY SYSTEMS PEOPLE / PROCESS 
BUSINESS POLICY Existing extended 

new 
Existing 
extended new 

Best in the 
competition 

Management Quality mix 

VISION Futuristic Growth Change IT & commn.  Orgn.culture & dev, 
FUNCTIONAL 
POLICY 

Market driven 
dev. 

Development  Market driven 
innovation growth & 
profit 

Ease of operation  Right ones in right 
slot. 

ORGANISM 
CULTURE 

Customer driven Public/ 
customer 
opinion 

Change with good of 
the past recorded and 
used as ref. 

Own the systems 
delegate, and not 
abdicate 

Professional loyalty 
commitment 

COMPETENCE Engg. R & D 
strengths. 

Image-creation 
& sustenance 
process. 

Adaptation speed and 
accuracy 

Commn. 
Delegation 
monitoring  

Innovator sustainer 
change agent. 

INFO.TECH History of 
development 

Competition 
info - on-line 

Network of 
application and 
process Eng. Inflow 
flow. 

Ease of updation 
and retrieval & 
exchange 

Awareness accepted 
will to change as 
required. 

HRM/HRD Good internal 
faculty 

Customer feed 
back on the 
people 

Exposure to changing 
environment 

Process orientation 
driven people 

Create: tomorrow's 
people today. 

 
♦ Bharat Kumar Bharadwaj 
(a learning teacher of management and an honest student of life.) 
e-mail: bharatkbwj@gmail.com 
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Abstract- We report two variations of celiac trunk which we 
found during the routine dissections of cadavers in Anatomy 
Department, Government Medical College, Thrissur, Kerala. 
Even though enormous number of variations of celiac trunk are 
reported, quadrifurcation of celiac trunk into splenic, hepatic, left 
gastric and gastroduodenal is a very rare variation. Awareness of 
the arterial variations in the upper gastrointestinal region, such as 
shown in our case, is very important during surgical and 
radiological procedures pertaining to the liver and adjacent 
viscera. 
 
Index Terms- celiac trunk, hepatic artery, gastroduodenal artey 
 

I. CASE REPORTS 

e present two variations that we have found during our 
routine dissections in cadavers.  

            Case Report one:-It was a very rare case where the 
Gastroduodenal artey (GDA) is directly arising from the Coeliac 
trunk. So the celiac trunk, instead of trifurcating to three 
branches, it is dividing into 4 branches (figure 1).  An unusual 
embryologic development of the ventral splanchnic arteries may 
lead to this variation. In this case, the coeliac trunk is 
quadrifurcating into splenic artery (SA), Left Gastric artery 
(LGA), Common Hepatic artery (CHA) and Gastroduodenal 
artery. 
            Case report two:- It is case of Hepatic artery variation. 
The Coeliac trunk in this case gives off splenic artery, Left 
Gastric artery, Common Hepatic artery. The Common Hepatic 
artery bifurcates into Gastroduodenal artery and Proper Hepatic 
artery. But the Proper Hepatic artey instead of dividing into right 
and left Hepatic arteries simply continues as the right Hepatic 
artery (RHA) alone. The left hepatic artery (LHA) is arising 
directly from left Gastric artery (figure 2). 
 

II. DISCUSSION 

            Hepatic artery variation was first described by Michels et 

al. in the 1960s, and since then more and more variation types 
have been reported. Generally, the incidence of anatomical 
variations in the HA is 20-50%, with diversity in different 
series1. Gruttadauria et al 

2 reported normal anatomy of the HA 
and variations of the HA in 57.8% and 42.2% of 701 cases, 
respectively. It was infrequent for a CHA to originate from the 
Superior Mesenteric artery - SMA (0.86%) or be directed from 
the aorta (0.43%). Being the rarest type of HA variations, a right 
HA might originate from the gastroduodenal artery or the aorta.  
            Stable blood supply is necessary for every organ to 
function normally. Knowledge of topography, morphology, and 
anatomical variations of vascularization of the liver is necessary 

in clinical procedures, especially in hepatic surgery (mainly in 
liver transplantations) or radiological trans-arterial chemo-
embolization procedures for hepatic tumors3. The “normal” 
arterial supply of the liver comes from the common hepatic 
artery (CHA) arising from the celiac trunk (CT) and dividing into 
the gastroduodenal artery (GDA) and the proper hepatic artery 
(PHA). PHA divides into two main branches: the left hepatic 
branch (LbPHA) and the right hepatic branch (RbPHA). It is  
consistent with International Anatomical Terminology4. One of 
the study showed that the left gastric artery was directly 
originating from the abdominal aorta3. 
            Anatomic anomalies of the hepatic artery can be found in 
25.5–46.5% of the cases. After studying 200 cadavers, Michels 
classified the variations into ten types, according to the clinical 
and modern concepts of accessory and replaced hepatic arteries: 
(1) the normal right, left, and middle hepatic artery (textbook 
type); (2) replaced left  epatic from left gastric artery; (3) 
replaced right hepatic from superior mesenteric artery; (4) 
replaced right hepatic from superior mesenteric artery and 
replaced left hepatic replaced from the left gastric artery; (5) 
accessory left hepatic from the left gastric artery; (6) accessory 
right hepatic from the superior mesenteric artery; (7) accessory 
right hepatic from the superior mesenteric and accessory left 
hepatic from the left gastric artery; (8) combination patterns of 
replaced right hepatic and accessory left hepatic or accessory 
right hepatic with replaced left hepatic artery; (9) common 
hepatic derived from the superior mesenteric artery; (10) 
common hepatic derived from the left gastric artery. This 
classification was completed by Hiatt et al. in 1994.5. 
            Hepatic artery variations can usually be explained by 
embryonic development. The liver is supplied during the fetal 
life by three arteries: the CHA, the right HA from the SMA, and 
the left HA from the LGA. Anatomical variations correspond to 
the results of partial or complete persistence of the fetal pattern 1, 

6.  
            Clinical importance - The anatomy of the HA is of great 
importance in general surgery and hepatic surgery, especially in 
liver transplantation, as well as vascular radiology. Recently, the 
arterial vascular anatomy of the liver has played a significant 
clinical role, especially after the considerable development of 
hepato-pancreatobiliary surgery, the introduction of laparoscopic 
surgery, and the constant development of liver transplantation. 
Knowledge of the potential HA anatomical variations is essential 
for a transplant surgeon in order to prevent vascular damage, and 
also in many radiological procedures such as transarterial chemo-
embolization for hepatic tumours7,8. A study showed that the 
entire hepatic artery, namely CHA or the proper hepatic artery, 
was arising from the left gastric artery, as the only arterial supply 
to the liver9.  Inferior phrenic arteries also arise as variant 
branches from celiac axis10. 

W
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            According to standard anatomical textbook descriptions11, 
the coeliac trunk and its branches supplies the gastrointestinal 
tract from the distal third of the oesophagus to the mid part of the 
duodenum and all derived adenexae (liver, biliary tree, spleen, 
dorsal pancreas, greater omentum and lesser omentum). The 
coeliac trunk is the first anterior branch and arises just below the 
aortic hiatus at the level of T12/L1 vertebral bodies . It is 1.5–2 
cm long and passes almost horizontally forwards and slightly 
right above the pancreas and splenic vein. It divides into the left 
gastric, common hepatic and splenic arteries. The coeliac trunk 
may also give off one or both of the inferior phrenic arteries. The 
superior mesenteric artery may arise with the coeliac trunk as a 
common origin. One or more of the superior mesenteric branches 
may arise from the coeliac trunk. 
            The left gastric artery is the smallest branch of the coeliac 
axis. The left gastric artery rarely arises from the common 
hepatic artery or its branches. A replaced/accessory left hepatic 
artery origin from the left gastric artery is more common than a 
replaced/accessory left gastric origin. The right gastric artery 
arises from the hepatic artery. The origin of the right gastric 
artery often varies: the most common alternative origins are from 
the common hepatic, left hepatic, gastroduodenal or 
supraduodenal arteries. The gastroduodenal artery usually arises 
from the common hepatic artery behind, or sometimes above, the 
first part of the duodenum. Although the gastroduodenal artery 
usually branches from the common hepatic artery, it may also 
arise as a trifurcation with the right and left hepatic arteries, or 
from the superior mesenteric artery or the left hepatic artery 
(occasionally), or from the coeliac axis or right hepatic artery 
(rarely). In our case it’s a direct branch from the Coeliac Axis. 
            In adults the hepatic artery is intermediate in size between 
the left gastric and splenic arteries. In fetal and early postnatal 
life it is the largest branch of the coeliac axis. It may be 
subdivided into the common hepatic artery, from the coeliac 
trunk to the origin of the gastroduodenal artery, and the hepatic 
artery ‘proper', from that point to its bifurcation. A small number 
of normal variants are important to demonstrate angiographically 
because they may influence surgical and interventional 
radiological procedures. Rarely a replaced common hepatic 
artery arises from the superior mesenteric artery and is identified 
at surgery by a relatively superficial portal vein. Occasionally, a 
replaced left hepatic artery or an accessory branch arises from the 
left gastric artery: these vessels provides a source of collateral 
arterial circulation in cases of occlusion of the vessels in the 
porta hepatis but may also be injured during mobilization of the 
stomach as it lies in the upper portion of the lesser omentum. 
Rarely, accessory left or right hepatic arteries may arise from the 
gastroduodenal artery or aorta. The presence of replaced arteries 
can be lifesaving in patients with bile duct cancer: because they 
are further away from the bile duct they tend to be spared from 
the cancer, making excision of the tumour feasible. Knowledge 
of these variations is also important in planning whole and split 
liver transplantation. Splenic artery - The spleen is supplied 
exclusively from the splenic artery. This is the largest branch of 
the coeliac axis and its course is among the most tortuous in the 
body. Gastroduodenal variations reported are as branches arising 
from right hepatic artery, quadrifurcation of common hepatic 
artery as right and left hepatic arteries, gastroduodenal and right 
gastric artey12. 

 

III. CONCLUSION 

            Even though enormous number of variations of celiac 
trunk are reported, quadrifurcation of celiac trunk into splenic, 
hepatic, left gastric and gastroduodenal is a very rare variation. 
            The knowledge of Anatomical variations of Coeliac trunk 
is important for proper pre-operative diagnosis and planning of 
surgical and radiological procedures. Presence of arterial 
variations may result in erroneous interpretation of angiograms. 
The topographical anatomy of such variations is also important 
for interventional radiologists performing arteriography. 
            Conflict of Interest – The authors declare no competing 
interests. 
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Figure 1 – Gastroduodenal Artery arising directly from Coeliac Trunk (within the tip of forceps) 
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Figure 2 – Replaced Left Hepatic Artery from Left Gastric Artery as hold by forceps 
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I. INTRODUCTION 

01.1 Background  

The shoulder joint has the greatest range of motion of any joint in the body. Because of this mobility the shoulder is more likely to be 

injured or cause problems. They include sprains, strains, dislocations, separations, tendinitis, bursitis, torn rotator cuffs, frozen 

shoulder, fractures and arthritis. Among these conditions sub acromial impingement syndrome is the most disabling condition of the 

shoulder. (Hermoso, F.E, 2009). 

Sub acromial impingement syndrome (SIS) is a painful impingement of the supraspinatus tendon and sub acromial bursa between the 

head of the humerus and coracoacromial arch, which is a frequent cause of shoulder pain (Aktas I et al 2007). It is characterized by 

severe pain in the anteroposterior and lateral shoulder extending to the deltoid and biceps area. It is caused by overuse or repetitive 

micro trauma sustained in the overhead position (Williamson MP et al 1994). It is currently believed that stiffness and thickening of 

the coracoacromial ligament (Hypvonen, P 2003), lesions to the long head of the biceps, sub acromial bursitis and partial or full 

thickness tears of the rotator cuff (Calis HT et al 2011) and abnormal scapular kinematics(Hebert LG et al 2002) are the different 

aetiologies for SIS 

 

Figure 4  Sub acromial Impingement Syndrome 

Physiotherapy is often the first choice of treatment for SIS. Between 10 to 30% of all shoulder patients seen in primary care are 

referred to physiotherapy after initial presentation, Physiotherapy is widely used in the management of SIS which includes various 

treatment methods such as shoulder exercises, manual therapy, and electrotherapy. Physiotherapy has been found to be effective in 

reducing pain and disability in patients with shoulder impingement (Michener, L.A et al 2004).  
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Ultrasound is a commonly used electrotherapeutic modality for impingement as well as other forms of tendinitis and muscle injury. 

Therapeutic ultrasound is a modality commonly used by physiotherapist. Ultrasound therapy works by driving alternating compression 

and rarefaction of sound waves with a frequency of more than 20,000 cycles per seconds. Therapeutic ultrasound may have two types 

of benefits, namely thermal effects and non-thermal effects. Thermal effects aid in pain relief whereas non-thermal effects enhance 

cell-repair effects of the inflammatory response (H.D., et al 2004). Reduction in pain and induce tissue repair helps in regaining the 

reduce range of motion due to SIS. 

 

Figure 5  Therapeutic Ultrasound apparatus 

When recovering from a shoulder injury physiotherapy exercises are an integral part in regaining the range of motion, muscle 

elasticity, and strength. Therapeutic exercises can be defined as the use of active or assisted exercises aimed at improving the range of 

motion, strength or dynamic neuromuscular control of joint motion, whereas manual therapy can be defined as the use of manually 

and/or mechanically applied movement techniques to improve joint motion (Somty.R.2002). Both therapeutic exercises and manual 

therapy are commonly used as part of physiotherapy programs aimed at improving shoulder kinematics. Therapeutic exercise focusing 

on strengthening the rotator cuff and scapula stabilizing musculature has been shown to be effective in treating shoulder impingement 

symptoms (Bang MD et al 2000) 

Manual or manipulative therapy encompasses the treatment of health ailments of various etiologies through “hands-on”, physical 

intervention. Various manual therapy techniques have proved to be effective for SIS. Stretching reduces capsular tightness (D’Hespeel 

C.G., 2004) and a few studies have evaluated the effectiveness of incorporating glenohumeral joint mobilizations for SIS (Bang MD et 

al 2000). 

 

       Figure 6  Manual therapy and shoulder exercises 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      113 
ISSN 2250-3153  

www.ijsrp.org 

01.2 Problem Justification 

The shoulder is the most movable joint in the body. However, it is an unstable joint because of the range of motion allowed. This 

instability increases the likelihood of joint injury. 

The most common cause of shoulder pain in the older population is soft tissue injuries. These include frozen shoulder, sub 

acromial impingement, rotator cuff tendinopathy or rupture, arthritic conditions, degeneration and, or destruction of the joint and 

referred pain from cervical radiculopathy. (Hermoso, F.E, 2009) 

Shoulder instability and acromioclavicular joint disorders tend to affect younger people, particularly men who play certain sports 

that involve repetitive shoulder movements, such as overarm bowling or throwing and contact sports, such as rugby. 

Among the different diagnoses covered by the concept of shoulder pain, the most common is sub acromial impingement syndrome 

which is increasingly more common in athletes whose sports involve repetitive overhead motions as well as in the older 

population.  

This condition is used in our study as majority of sub acromial impingement may be successfully managed with conservative 

treatment. (Arcuni SE2000). Specific supervised exercises obtain improvements in the range of movement and muscular function 

by restoring the shoulder's mobility and stability. Physiotherapeutic options include several electrotherapy techniques. Among 

them Ultrasound (US) Therapy is more popular. 

Although adequate literature provides evidence to prove the effectiveness of various therapeutic exercises and manual therapy 

techniques (Lori A. et al 2004), the effectiveness of US therapy in the treatment of SIS is still under debate.  According to some 

studies ultrasound therapy added to conservative treatment of SIS do not provide an additional benefit to the patients, (Celik D et 

al 2009, Valma, J et al 2001) and some other studies also reveal that the effectiveness of US in the treatment of SIS is limited.  

(Santamato A et al 2009). 

In spite of the limited evidence to prove the effectiveness of US in the treatment of SIS it is a widely used electrotherapeutic 

modality to treat patients with soft tissue injuries including SIS. Based on this our study was designed to assess whether US 

therapy helps in rehabilitation of SIS in the acute and sub-acute stages.  

The patients were referred only from Kurunegala and Peradeniya teaching hospitals due to the limited accessibility. Occurrence of 

SIS does not differ according to the age and sex of the patients and it was equally distributed in the age group from 18-55. The age 

of selected patients was ranged from 18 to 55 according to the limited availability of the patients with pure impingement and the 

equal distribution of this condition in this range. 

01.3 Objectives 

01.3.1 General objectives 

• To assess the effectiveness of ultrasound therapy when added to manual therapy and shoulder exercises in the 

rehabilitation of patients with sub acromial impingement syndrome. 

01.3.2 Specific objectives 

• To assess the effectiveness of the ultrasound with manual therapy and shoulder exercises. 

• To assess the effectiveness of manual therapy and shoulder exercises in treating sub acromial impingement syndrome 

01.4 Hypothesis 

01.4.1 Null hypothesis (H0)  

Ultrasound therapy is not beneficial when combined with manual therapy and exercises in the physiotherapy 

management of patients with SIS to reduce pain, increase range of motion and to reduce shoulder disability 
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01.4.2 Alternative hypothesis (H1) 

Ultrasound therapy is beneficial when combined with manual therapy and exercises in the physiotherapy 

management of patients with SIS to reduce pain, increase range of motion and to reduce shoulder disability. 

II. REVIEW OF LITERATURE 

What is subacromial impingement? 

Brotzman (2003) reported that impingement is a chronic inflammatory process produced as the Rotator Cuff muscles (Supraspinatus, 

Infraspinatus, Teres minor and Subscapularis) and the Subdeltoid bursa pinched against the coracoacromial ligament and the anterior 

acromian when the arm is raised above 80 degrees. The supraspinatus, infraspinatus portion of the rotator cuff is the most common 

area of the impingement. This syndrome is commonly seen in throwing sports, in racquet sports, and in swimmers, but can be present 

in anyone who uses the arm repetitively in a position over 90 degrees of elevation. (Brotzman SB et al 2003) 

02.2 Sub acromial impingement syndrome – most frequent reason of the painful shoulder syndrome.  

Painful shoulder syndrome is a frequent cause of visit to a physician. The development of knowledge about the anatomy and 

biomechanics of the shoulder allows, based on detailed examination, to precise localization of the shoulder dysfunction. Sub acromial 

impingement syndrome is the most common cause of pain as well as of limited motion of the shoulder region. Misdiagnosis and 

mistreatment can lead to serious damage of the structures placed in the sub acromial space including the rotator cuff, which along with 

the deltoid are responsible for movements of the upper limb in the shoulder joint. If not taken seriously, the problem can cause 

irreversible damages which will result in pain and limitations of upper limb movements. (Szyluk, K., et al 2008) 

02.3Are ultrasound, laser and exercise superior to each other in the treatment of sub acromial impingement syndrome? A 

randomized clinical trial 

Calis HT et al, (2011) conducted a study   to define and compare the efficacy of ultrasound, laser and exercise in the treatment of SIS. 

This was a randomized controlled trial with-pre and post-treatment evaluations. This study was performed on 52 patients with SIS 

who were out patients referred to the physical medicine and rehabilitation unit. The patients were put randomly into three groups. 

According to this study result they concluded that ultrasound and the laser treatments were not superior to each other in the treatment 

of SIS.  

02.4Efficacy of standardized manual therapy and home exercise programme for chronic rotator cuff disease: randomized 

placebo controlled trial 

Bennell K, et al (2010) investigated the efficacy of a program of manual therapy and exercise treatment compared with placebo 

treatment delivered by physiotherapists for the people with chronic rotator cuff disease. Participants were randomized and single 

blinded, placebo controlled trial. A standardized programme of a manual therapy and home exercise did not confer additional 

immediate benefits for pain and function compared with a realistic placebo treatment that controlled for therapists’ contact in middle 

aged to older adults with chronic rotator cuff disease.   

02.5 Adding ultrasound in the management of soft tissue disorders of the shoulder: a randomized placebo-controlled trial. 

A study group (Kurtaiş et al 2004) from Ankara in Turkey conducted a randomized placebo controlled trial in2004, to assess the 

effectiveness of ultrasound over a placebo intervention when added to other physical therapy interventions and exercise in the 

management of shoulder disorders. This study included Forty patients who were diagnosed by ultrasonography or magnetic resonance 

imaging to have a periarticular soft tissue disorder of the shoulder and were randomly assigned to either a group that received true US 
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(n=20; mean time since onset of pain=8.7 months, SD=8.8, range=1-36) or a group that received sham US (n=20; mean time since 

onset of pain=8.1 months, SD=10.8, range=1-42). Besides true or sham US (10 minutes), superficial heat (10 minutes), electrical 

stimulation (15 minutes), and an exercise program (15-30 minutes) were administered to both groups 5 days each week for 3 weeks. 

After the intervention subjects showed within-group improvements in reduction of pain, range of motion, Shoulder Disability 

Questionnaire scores, and Health Assessment Questionnaire scores with the intervention, but the differences did not reach significance 

when compared between the groups. Finally they concluded that the results suggested that true US, compared with sham US, bring no 

further benefit when applied in addition to other physical therapy interventions in the management of soft tissue disorders of the 

shoulder. 

 

02.6 A systematic review of manipulative therapy for the treatment of shoulder pain.  

Pribisevic M, (2010) conducted a systematic review to discuss the evidence for manipulative methods of management of shoulder pain 

and chiropractic management techniques used within the literature. A literature search of MEDLINE,CINAHL,MANTIS, the 

Cochrane Musculoskeletal Group trials register and the Cochrane Controlled Trials Register was conducted. Search terms included 

chiropractic or manipulative therapy and shoulder pain, impingement, rotator cuff, shoulder instability, shoulder joint, treatment or 

rehabilitation exercises. Publications were included if they contained shoulder pain or contained a specific clinical diagnosis of a 

shoulder pain syndrome in the title; a detailed description of the treatment intervention which was typical of the profession; treatment 

performed by a registered practitioner and outcome measures were included in the studies. Exclusion criteria included the diagnosis of 

adhesive capsulitis or referred/pathological pain. The articles were reviewed and clinical trials ranked on the Physiotherapy Evidence 

Database scale. From a total of 913 retrieved publications, 22 case reports, 4 case series and 4 randomized, controlled trials met the 

inclusion and exclusion criteria for this review. The literature contains 2 articles of reasonably sound methodology. The evidence for 

chiropractic management of shoulder pain is limited to low level evidence in the form of case reports and case series and 1 small 

controlled trial. There is a need for more well-designed, trials investigating multi-modal chiropractic management for shoulder pain. 

(Pribisevic M, 2010) 

 

02.7 The value of intermittent ultrasound treatment in sub acromial impingement syndrome. 

Celik D et al (2009) conducted this study with thirty-six patients (29 females, 7 males; mean age 51 years; range 40 to 69 years) with 

type II SIS who were randomized to two groups to receive intermittent ultrasound (group 1, n=20) and placebo ultrasound (group 2, 

n=16) for three weeks (15 sessions). All the patients received the same standard physical therapy and rehabilitation modalities besides 

ultrasound treatment. Evaluations were made before and three and six weeks after treatment. Functional results were assessed by the 

Constant score, pain was assessed by a visual analog scale, and range of motion was measured. Within-group comparisons showed 

significant improvements in both groups three and six weeks after treatment According to the findings the study group concluded that 

intermittent ultrasound added to conservative treatment of SIS do not provide an additional benefit to the patients (Celik D et al 2009). 

02.8 A prospective double blind placebo-controlled randomized trial of ultrasound in the physiotherapy treatment of shoulder 

pain. 

A prospective double blind placebo controlled randomized trial to compare the effectiveness of manual therapy and ultrasound with 

manual therapy and placebo ultrasound in the treatment of new episodes of unilateral shoulder pain referred for physiotherapy was 

carried out by a study group from the University of Bermingham in UK in the year 2007.  In a multicenter, double blind, placebo-

controlled randomized trial, participants were recruited with a clinical diagnosis of unilateral shoulder pain from nine primary care 

physiotherapy departments in Birmingham, UK. Recruitment took place from January 1999 to September 2001. Participants were 18 
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years old and above. Participants all received advice and home exercises and were randomized to additionally receive manual therapy 

plus US or manual therapy plus placebo US. The primary outcome measure was the Shoulder Disability Questionnaire (SDQ-UK). 

Outcomes were assessed at baseline, 2 weeks, 6 weeks and 6 months. Analysis was by intention to treat. A total of 221 participants 

(mean age 56 years) were recruited. 113 participants were randomized to US and 108 to placebo US. There was 76% follow up at 6 

weeks and 71% at 6 months. The mean (95% CI) reduction in SDQ scores at 6 weeks was 17 points (13-26) for US and 13 points (9-

17) for placebo US (P = 0.06). There were no statistically significant differences at the 5% level in mean changes between groups at 

any of the time points. The results suggested that true US, compared with sham US, and brings no further benefit when applied in 

addition to other physical therapy interventions in the management of soft tissue disorders of the shoulder. 

III. METHODOLOGY 

This chapter presents the research design, variables, study population and study area, selection criteria, measurements, materials and 

apparatus and procedure. 

03.1 Research design 

This randomized control study was done to investigate the effectiveness of ultrasound therapy in patients with clinical signs and 

symptoms of sub acromial impingement syndrome. Selected participants were divided into an intervention group and a control 

group.  

03.2 Variables 

The following variables were used in the study. They can be categorized into two groups. 

03.2.1 Independent variables 

• Manual therapy and shoulder exercises  

• Manual therapy, shoulder exercises and ultrasound therapy 

03.2.2 Dependant variables 

• Shoulder pain 

• Shoulder ROM 

• Shoulder disability 

03.3 Study population and study area 

The study participants were referred by the orthopedic surgeons, physicians, and rheumatologists from the teaching hospital, 

Peradeniya and from the teaching hospital, Kurunegalla. Referred participants were thoroughly assessed with a standard physical 

examination by the investigators and the participants eligible with the selection criteria were confirmed for the study. This 

research study was carried out at the Department of Physical Medicine (DPM), Teaching hospital, Kurunegalle and at the DPM, 

Faculty of Allied Health Sciences, University of Peradeniya, Peradeniya. 

03.4 Selection Criteria 

The participants who were referred for the study were included and excluded from the study according to the following criteria 
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03.4.1 Inclusion criteria 

• Age between 18 and 55 year. 

• Main complaints in the glenohumeral joint region or the proximal arm. 

• Documented X-ray (XR)/ ultrasound (US) and/or evidence of sub acromial impingement through physical examination. 

• Presence of two of the following signs indicating SIS: Neer impingement test, Hawkins-Kennedy impingement test, painful arc with 

active abduction or flexion. 

• Pain with two of the following resistance tests: external rotation, internal rotation, abduction, or flexion. 

• Shoulder disability: greater than or equal to 20/100 (0 = no disability). 

• Potentially available for the next two months. 

• Able to understand written and spoken English, Tamil, or Sinhala. 

• Pain at rest and/or with free movement and/or with movement against resistance with a score on the visual analogue scale of (1-

8)/10. 

 

03.4.2 Exclusion criteria 

• Primary scapulothorasic dysfunction due to paresis. 

• Diagnosed instability or previous history of dislocation. 

• Adhesive capsulitis (frozen shoulder). 

• More than 1/3 restriction of elevation compared to the unaffected side. 

• Substantial shoulder weakness or loss of active shoulder function. 

• Shoulder surgery in the last 12 months on the involved side. 

• Involvement with sensory and muscular deficit. 

• Radiological findings of tumor lesions, avascular necrosis, glenoid development defects, acromial bone, severe degenerative signs 

affecting inter-articular space and fractures 

• Ischemic cardiopathy in subacute phase 

• Cognitive deficit, psychiatric alterations or behavioral disorders that might compromise the patient's collaboration 

• Unsuitable for electrotherapy: pregnancy, epilepsy, pacemaker, osteosynthesis, undergoing treatment with Sintrom 
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After a complete description of the study was provided, written informed consent was obtained from all subjects or their relatives. The 

participants were instructed to abstain from the execution of painful activities of daily living involving the affected shoulder.  

03.5 Sampling and sample size 

All participants referred from the hospitals were screened for study eligibility. At the end of the evaluation, 30 patients who were 

affected by SIS (Neer stage I , 19 right shoulders and 11 left shoulders), had sub-acute pain, fulfilled the selection criteria, agreed to 

participate, and signed informed consent statements were enrolled in the study (16 women and 14 men; mean age = 40.22 years, SD 

=9.0, range=18-60).  

These participants were divided into 2 groups by convenient sampling. The participant who was referred first and eligible for the study 

was assigned to the control group. And the second patient was referred to the intervention group. Thus participants were assigned to 

groups alternatively. A group of 15 participants were assigned to the control group and 15 participants to the intervention group. 

Among the selected participants only 26 participants completed the study and were included in the analysis. One participant was 

excluded due to falling on the affected shoulder during the study period. One participant was unable to complete the study due to 

family problems. Other 2 participants quit due to unknown reasons.  

13 participants from the control group completed the study that received manual therapy and performed shoulder exercises (8 women 

and 5 men; mean age = 37.62 years, SD =14.57, range=18-56). And 13 participants from the intervention group also completed the 

study that received US therapy in addition to manual therapy and shoulder exercises (6 women and 7 men; mean age =39.92 years, SD 

=16.6, range=18-60)  

 

03.6 Interventions 

The protocol for both the control and intervention groups involved the application of manual physical therapy and shoulder exercises 

for a total of 15 treatment sessions of 40 minutes, over a period of 3 consecutive weeks (5 days per week). At the beginning of the 

treatment all participants were given a brief explanation on anatomy and biomechanics of the shoulder complex and a short 

description of the etiology and pathology of SIS. 

The treatments in the first week aimed at reducing the pain intensity and to prevent further damage and consisted of manual therapy 

techniques such as joint mobilization techniques and transverse friction massage and shoulder pendulum exercises.  

 

Figure 0:7 Joint mobilization techniques 

The second and third week aimed at restoring the functional level by increasing ROM, muscle strength and flexibility and consisted of 

ROM exercises with rope and pulley, L bar exercises, self-capsular stretching exercises, joint mobilization techniques and 
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strengthening exercises with weights, therapeutic bands, springs and push ups. The standard exercise protocol and manual therapy 

were given in order to restore muscular deficits in strength, mobility, and coordination of the rotator cuff and the shoulder girdle 

muscles to unload the subacromial space during active movements. And the participants were expected to return to their functional 

level without recurrence at the end of the treatment. 

 

Figure 0:8 Abduction and flexion exercises with rope and pulley 

 

 

Figure 0:9 Shoulder capsular stretching exercises 

 

 

Figure 0:10 Strengthening exercises with weights 
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Figure 0:11 Wall pushups 

Participants in the intervention group received pulsed ultrasound for 5 minutes with a device that was operated at a frequency of 1 

MHz, and an intensity of 1 W/cm2, The treating physical therapist, using the technique of slow circular movements, applied the 

transducer head over the superior and anterior periarticular regions of the participant's glenohumeral joint and on the shoulder trigger 

points. The treatment was continued from the first treatment day over the 15 day treatment period. 

 

Figure 0:12   the participant being treated with Ultrasound therapy 

The participants were treated by final year physiotherapy students with 3 years of clinical experience and supervised by the chief 

physiotherapist from the department of physiotherapy, teaching hospital Kurunegala and the head of the department, Department of 

Physiotherapy, University of Peradeniya 

03.7 Data collection and Procedure 

03.7.1 Methods of collection 

Data were collected using a standard shoulder assessment form (Annexure 1). Participants were assessed by the group members at the 

baseline (before the first treatment session), at the end of first and second weeks and at the end of physical therapy (after the last 

treatment session).  

 

03.7.2 Measurements 

1. Shoulder pain intensity was measured using the visual analogue scale (scored on a 10 point visual analogue scale) 

2. The shoulder disability was measured using the shoulder disability index.  
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3. Active painful joint ROM for shoulder flexion, extension, abduction, adduction and external and internal rotation were  measured 

using a goniometer. 

4.  And at the end of the treatment, patient satisfaction with treatment was assessed using a brief questionnaire. (Annexure 2) 

03.7.3 Materials and apparatus 

 

• Materials and apparatus 

 

Figure 13 Universal Goniometer 

 

Figure 14 Ultrasound therapy apparatus 

03.7.4 Procedure  

1. All shoulder ROMs were measured using the universal goniometer. Shoulder flexion, abduction, and external rotation were 

measured in the supine position whereas shoulder extension and external rotation were measured in the prone position.    

The axis of goniometer was placed at 2.5cm inferior to the lateral aspect of the acromion process for shoulder flexion and 

extension, at 1.3cm inferior and lateral to the coracoid process for abduction and at the olecranon process of the ulna for shoulder 

internal and external rotation. 
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Figure 0:15 Goniometric measurement of shoulder ROM 

2. Shoulder pain intensity was measured in various activities involving the shoulder. The participants were asked to mark the pain 

intensity for each activity on separate visual analogue scales. The right end of the VAS was defined as "worst pain imaginable’’, the 

left end as "no pain ". Each level was recorded in a table (Table). A score was then calculated out of 100 with higher scores 

reflecting higher pain levels. 

3. Shoulder disability level was measured in various activities involving shoulder. The right end of the VAS was defined as "so 

difficult required help", the left end as "no difficulty".The level of difficulty in doing each activity is marked in the table. A score 

was then calculated out of 100 with higher scores reflecting higher disability levels. 

 

03.8 Ethical clearance 

Ethical clearance was obtained by requesting from the ethical review committee of the faculty of Allied Health Sciences, 

University of Peradeniya. 

03.10 Data analysis 

All analyses were performed with MINITAB statistical software (version14). Frequency distributions as well as means and standard 

deviations were used for descriptive purposes. At the baseline, differences in age was analysed using the two-sample Wilcoxon rank 

sum test. Differences between treatment groups in change scores at the baseline and at the end of each treatment sessions over a period 

of 3 consecutive weeks were analysed with the two-sample Wilcoxon rank sum test. Repeated measurements obtained before and after 

treatments within groups were also analysed with the two-sample Wilcoxon rank sum test. The Kruskal Wallis test was performed to 

estimate differences between age groups for each studied outcome. The alpha level for significance was set at 0.05.  

IV. RESULTS 

Distribution of age groups among control and intervention groups 

The age of the participants of both the control and intervention groups ranged from 18-55. The above age group was categorized into 4 

groups.   
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Figure 16 Histogram showing the distribution of age groups in the control group 

The figure 12 shows the histogram of distribution of the age groups in the control group. 
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Figure 17  Histogram showing the distribution of age groups in the intervention group 

The figure 13 is a histogram that shows the distribution of different age groups in the intervention group.  

The ‘Kruscal Wallis test’ was used to compare the distribution of age in the control and intervention groups. According to the 

Wilcoxon signed rank test, there was no significant difference between distribution of age groups in the control group and the 

intervention group. 

04.2 Distribution of male and female participants in control group and the distribution of male and female participants in 

intervention group 

 

Both male and female participants were included in the study. The control groups had 5 male and 8 female participants. The 

intervention group had 7 male and 6 female participants. The figure 14 is the pie chart that shows the distribution of gender in both 

groups. 
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sex control sex intervention
female

male

Category

Pie Chart of sex control, sex intervention

 

Figure 18   the pie chart showing the distribution of male and female participants in the control and the intervention group 

04.3 Distribution of involved side (right/left) among selected participants in control group and the distribution of involved side 

among selected participants in intervention group 

Some participants involved in the study had shoulder impingement on the right side. And some of them had involved the left side. All 

the participants were right handed.                                     

side con side int
left

right

Category

Pie Chart of side con, side int

 

Figure 19 the pie chart showing the distribution of affected sides in the control and intervention groups 

The above pie charts show the distribution of participants involved side of shoulder in the control and intervention group.  

 

 04.4 Normality tests for baseline measurements of pain, disability and ROM in control and intervention groups 

 

The normality test was used to find out whether the baseline measurements for pain, shoulder disability and shoulder ROM were 

normally distributed. The results showed that none of the above baseline characteristics follow the normal distribution. Hence the 

‘Wilcoxon signed rank test’ was used to compare for any difference between the control and intervention groups for baseline 

measurements.The Wilcoxon signed rank test hypotheses were H0: median = hypothesized median versus H1: median ≠ hypothesized 

median. The confidence level was set at 95.0. 
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04.5 The comparison for measurements between male and female participants at the baseline and the improvement 

 

According to Wilcoxon Rank sum test; 

Table 1 the comparison for measurements between male and female participants at the baseline and the improvement 

 

 

Measurement 

 

Control 

 

Intervention 

 

Male 

(M)  

 

Female 

(M)  

 

Difference  

 

Male  

(M) 

 

Female 

(M)  

 

Difference  

 

 

Visual Analogue Scale 

Initial  44.4 57.625 

 

NS 69.41 49.42 NS 

Pain 

reduction 

49.25 29.32 NS 53.65 31.33 NS 

 

 

Shoulder Disability 

Index 

Initial  43.34 54.33 NS 56.26 38.73 NS 

Disability 

reduction 

47.08 33.73 NS 38.66 

 

21.08 NS 

 

 

 

 

 

Range of 

motion 

 

Abduction  

Initial  120.6 167.00 NS 113.0 143.33 NS 

After 

treatment  

10.2 49.37 NS 24.28 51.16 NS 

External 

rotation  

Initial  40.0 44.0 NS 44.2 53.0 NS 

After 

treatment  

27.0 23.87 NS 15.0 16.0 NS 

 

Internal 

rotation 

Initial  61.75 59.8 NS 61.83 61.42 NS 

After 

treatment  

14.4 21.37 NS 22.85 13.16 NS 

*= p<0.05,        ** = p<0.01,     ***= p<0.001,        NS= Not Significant M= mean value 

The measurements for pain, disability and shoulder ROM at the baseline and at the end of the treatment have been compared within 

the groups for any difference between female and male participants and for any difference in the improvement according to the 

gender. The table 10 shows that there is no significant difference in measurements either at the baseline or at the end of the treatment. 

Hence there has been no difference within the groups according to the gender. 
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04.6 Comparison between involved side of the shoulder for initial measurements and improvement in control and intervention 

groups 

According to the Wilcoxon rank sum test; 

Table 2 Comparison between involved side of the shoulder for initial measurements and improvement in control and 

intervention groups 

  

Control 

 

Intervention 

 

Right  

(M) 

 

Left  

(M) 

 

 

Difference  

 

Right 

 (M) 

 

Left  

(M) 

 

 

Difference  

 

 

Visual Analogue Scale 

Initial  61.62 38 NS 63.56 47.6 NS 

Pain 

reduction 

48.57 30.5 NS 43.78 38 NS 

 

 

Shoulder Disability 

Index 

Initial  54.99 43.56 NS 52.33 34.45 NS 

Disability 

reduction 

47.04 33.86 NS 32.87 25.46 NS 

 

 

 

 

 Range of 

motion 

 

Abduction  

Initial  114.17 NS 112.5 136 NS 

After 

treatment 

 53.4 NS 47.5 32.3 NS 

External 

rotation  

Initial 36 35 NS 44.44 53.67 NS 

After 

treatment 

25.85 36.25 NS 18.33 29.7 NS 

 

Internal 

rotation 

Initial 54.5 63.75 NS 52.86 57 NS 

After 

treatment 

24.8 15 NS 21.43 9 NS 

*= p<0.05,     ** = p<0.01,      ***= p<0.001,      NS= Not Significant,     M=mean value 

The measurements for pain, disability and shoulder ROM at the baseline and at the end of the treatment have been compared within 

the groups for any difference for baseline measurements between the participants who had affected there right shoulder and who had 

affected there right shoulder and for any difference in the improvement according to involved side. The table 11 shows that there is no 

significant difference in measurements either at the baseline or at the end of the treatment. Hence there has been no difference within 

the groups according to the involved shoulder. 
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04.7 Comparison between different age groups for initial measurements and improvement in the control and intervention 
groups 
According to the Kruskal Wallis test; 

Table 3 Comparison between different age groups for initial measurements and improvement in the control group 

   

18-29 

(M) 

 

30-39 

(M) 

 

40-50 

(M) 

 

51-60 

(M) 

 

Difference  

 

 

Visual Analogue 

Scale 

  

Initial  

55. 42 62. 26 NS 

After treatment  44. 24 52. 14. NS 

 

 

Shoulder Disability 

Index 

  

Initial  

51. 53 47. 47. NS 

After treatment  44. 40 40. 41. NS 

 

 

 

 

Shoulder  

Range of motion 

 

 

Abduction  

 

Initial  

145 18 14 17 NS 

After treatment  52. 0 53  NS 

 

External rotation  

 

Initial  

48 30 36. 70 NS 

After treatment  66. 80 63 75 NS 

 

Internal rotation 

 

Initial  

63. 90 68. 50 NS 

After treatment  16 0 10. 25 NS 

*= p<0.05,                  ** = p<0.01,                ***= p<0.001,                  NS= Not Significant 

Table 4 Comparison between different age groups for initial measurements and the improvement at the end of three weeks 

   

18-29 

(M) 

 

30-39 

(M) 

 

40-50 

(M) 

 

51-60 

(M) 

 

Difference  

 

 

Visual Analogue 

Scale 

  

Initial  

50. 62 45 71 NS 

After treatment  29. 56 30 56 NS 

 

 

Shoulder Disability 

Index 

  

Initial  

35. 65. 31 58 NS 

After treatment  20 52 19 40 NS 

   141 160 125 110 NS 
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Shoulder  

Range of motion 

 

Abduction  

Initial  

After treatment  21. 20 40 54 NS 

 

External rotation  

 

Initial  

49. 70 45 44 NS 

After treatment  15. 20 15 19 NS 

 

Internal rotation 

 

Initial  

60. 90 60 62 NS 

After treatment  27. 0 20 12 NS 

*= p<0.05,                  ** = p<0.01,                ***= p<0.001,                  NS= Not Significant 

The measurements for pain, disability and shoulder ROM at the baseline and at the end of the treatment have been compared within 

the groups for any difference between the age groups of participants and for any difference in the improvement according to the age 

group. The table 12 and 13 show that there is no significant difference in measurements either at the baseline or at the end of the 

treatment. Hence there has been no difference within the groups according to the age category.According to the tables 10, 11, 12 and 

13 there has been no significant difference at the baseline or at the end of treatment according to the involved side, gender or age 

group. Hence the intergroup comparison is done regardless of the variations in gender, age group and or involved side. 

04.8 Overall improvement within the control and intervention groups 

Table 5 within groups’ improvement 

According to Wilcoxon rank sum test; 

 

 

Overall  

improvements 

N N for test Wilcoxon 

statistic 

P Value Estimated 

Median 

 

Control group 

Vas4- Vas1 13 13 91.0 0.002 40.50 

Dis4 – Dis1 13 13 91.0 0.002 42.34 

Abd4 – Abd1 13 08 36.0 0.014 25.50 

Ext4 – Ext1 13 11 0.00 0.004 -25.00 

Int4 – Int1 13 09 45.0 0.009 11.0 

 

 

Intervention 

group 

Vas4– Vas1 13 13 91.0 0.002 41.90 

Dis4 – Dis1 13 13 91.0 0.002 30.60 

Abd4 – Abd1 13 11 66.0 0.004 35 

Ext4 – Ext1 13 11 66.0 0.004 15.00 

Int4 – Int1 13 09 45.0 0.009 15.00 
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The above table shows the test results obtained by using Wilcoxon rank sum test for overall improvement after three weeks of 

treatment in pain, disability, abduction, internal rotation and external rotation in both control and intervention groups. The difference 

between initial measurements and measurements taken at the end of three weeks treatment period has been calculated using the above 

test. 

If the P value is less than 0.05 the null hypothesis is rejected at 5% of significant level that the two sample medians is not equal. The 

measurements obtained before and after the treatment were taken as the two samples for this test. The above table shows that the P 

values for improvements at the end of treatment is less than 0.05 and there is significant improvement at the end of three weeks of 

treatment in both intervention and control groups.  

Table 6 within group comparison at the baseline and after three weeks 

 

 

 

 

 

Control group Intervention group 

Initial 

(M) 

After 3 

weeks 

(M) 

Difference Initial 

(M) 

After 3                  

weeks 

(M) 

Difference 

Vas scale 52.53 10.95 ** 58.65 16.66 ** 

Disability  50.10 08.13 ** 46.82 16.23 ** 

 

ROM 

Abduction 138.46 172.76 * 128.30 165 ** 

Ex. Rotation 42.46 67.53 ** 48.30 63.76 ** 

Int. rotation 65.53 79.69 ** 61.61 80.00 ** 

*= p<0.05,          ** = p<0.01,       ***= p<0.001,         NS= Not Significant   M= mean value 

The table above depicts the difference in the measurements for pain, shoulder ROM and shoulder disability at the baseline and after 

three weeks of treatment in both intervention and control groups. According to the table the P values obtained by applying the 

Wilcoxon rank sum test to the measurements taken before and after the treatment it is clearly evident that most of the P values have 

been less than 0.01 which proves the improvement with the treatment in both the control and intervention groups. 

 

04.9 Comparison between the control and intervention groups for baseline measurements and measurements at the end of 

each week.  

Table 7 intergroup comparison for pain 

Weekly 

improvement 

N N for test Wilcoxon 

statistic 

P Value Estimated 

Median 

Initial 13 12 28.0 0.410 -7.00 

Vas2 – Vas1 13 13 49.5 0.807 1.000 

Vas3 – Vas2 13 13 56.0 0.485 2.500 

Vas4 – Vas3 13 12 12.5 0.041 -4.500 

Vas4 – Vas1 13 13 46 1.000 0.300 
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Vas2 – Vas1- The difference between the initial measurement and at the end of the treatment at the 1st week for pain. 

Vas3 – Vas2- The difference between the measurement and at the end of the treatment at the 1st week and the second week for pain.  

Vas4 – Vas3- The difference between the measurement and at the end of the treatment at the 2nd week and the 3rd week for pain. 

Vas4 – Vas1- The difference between the initial measurement and at the end of the treatment at the 3st week for pain. 

The table 2 shows the test results obtained by using Wilcoxon rank sum test for comparison of pain measured with VAS between 

control and intervention groups for baseline measurements and improvements in first, second, third weeks and overall improvement at 

the end of treatment. 

Table 8 intergroup comparison for disability 

Weekly 

improvement 

N N for test Wilcoxon 

statistic 

P Value Estimated 

Median 

Initial 13 13 54.0 0.576 2.470 

Dis2 – Dis1 13 13 18.0 0.059 -7.000 

DIs3 – dIs2 13 13 57.0 0.442 3.130 

Dis4 – Dis3 13 13 45.0 1.000 -0.145 

Dis4 – Dis1 13 13 64.0 0.208 10.40 

 

Dis2 – Dis1- - The difference between the initial measurement and at the end of the treatment at the 1st week for shoulder disability. 

DIs3 – dIs2- The difference between the measurement and at the end of the treatment at the 1st week and the second week for shoulder 

disability.  

Dis4 – Dis3- The difference between the measurement and at the end of the treatment at the 2nd week and the 3rd week for shoulder 

disability. 

Dis4 – Dis1- The difference between the initial measurement and at the end of the treatment at the 3st week for shoulder disability. 

Table 3 shows the test results obtained by using Wilcoxon rank sum test for comparison of disability measured with shoulder 

disability index between control and intervention groups for baseline measurements and improvements in first, second, third weeks 

and overall improvement at the end of treatment 

 

Table 9 Intergroup comparison for abduction ROM 

Weekly 

improvement 

N N for test Wilcoxon 

statistic 

P Value Estimated 

Median 

Initial 13 11 43.0 0.398 10.00 

Abd2 – Abd1 13 11 36.0 0.824 1.5 

Abd3 – Abd2 13 10 26.0 0.919 -1.00 

Abd4 – Abd3 13 10 40.0 0.221 5.00 

Abd4 – Abd1 13 12 44.0 0.724 5.00 

Abd2 – Abd1- The difference between the initial measurement and at the end of the treatment at the 1st week for shoulder abduction 

ROM. 

Abd3 – Abd2 -The difference between the measurement and at the end of the treatment at the 1st week and the second week for 

shoulder abduction ROM. 
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Abd4 – Abd3 -The difference between the measurement and at the end of the treatment at the 2nd week and the 3rd week for shoulder 

abduction ROM. 

Abd4 – Abd1- the difference between the initial measurement and at the end of the treatment at the 3st week for shoulder abduction 

ROM. 

The above table shows the test results obtained by using Wilcoxon rank sum test for comparison of abduction ROM  measured with 

the Universal Goniometer between control and intervention groups for baseline measurements and improvements in first, second, third 

weeks and overall improvement at the end of treatment.   

Table 10 Intergroup comparison for external rotation 

Weekly 

improvement 

N N for test Wilcoxon 

statistic 

P Value Estimated 

Median 

Initial 13 12 27.0 0.367 -8.00 

Ex.ro2 Ex.ro1 13 11 35.0 0.894 0.00 

Ex.ro3 Ex.ro2 13 11 39.0 0.625 2.00 

Ex.ro4 Ex.ro3 13 11 52.0 0.100 6.00 

Ex.ro4 Ex.ro1 13 11 48.5 0.182 11.5 

Ex.ro 2 – Ex.ro 1- The difference between the initial measurement and at the end of the treatment at the 1st week for shoulder external 

rotation ROM. 

Ex.ro 3 – Ex.ro 2 -The difference between the measurement and at the end of the treatment at the 1st week and the second week for 

shoulder external rotation ROM. 

Ex.ro 4 – Ex.ro 3 -The difference between the measurement and at the end of the treatment at the 2nd week and the 3rd week for 

shoulder external rotation ROM. 

Ex.ro 4 – Ex.ro 1- The difference between the initial measurement and at the end of the treatment at the 3st week for shoulder external 

rotation ROM. 

The above table shows the test results obtained by using Wilcoxon rank sum test for comparison of external rotation ROM  measured 

with the Universal Goniometer between control and intervention groups for baseline measurements and improvements in first, second, 

third weeks and overall improvement at the end of treatment.   

Table 11 Intergroup comparison for internal rotation 

Weekly 

improvement 

N N for test Wilcoxon 

statistic 

P Value Estimated 

Median 

Initial 13 10 33.0 0.610 9.00 

In.ro2 –In.ro1 13 11 50.5 0.131 5.00 

In.ro3 –In.ro2 13 11 50.5 0.131 5.00 

In.ro4 –In.ro3 13 07 19.5 0.398 0.00 

In.ro4 –In.ro1 13 8 15.5 0.779 0.00 

In.ro 2 – In.ro 1- The difference between the initial measurement and at the end of the treatment at the 1st week for shoulder 

internal rotation ROM. 

In.ro 3 – In.ro 2 -The difference between the measurement and at the end of the treatment at the 1st week and the second 

week for shoulder internal rotation ROM. 
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In.ro 4 – In.ro 3 -The difference between the measurement and at the end of the treatment at the 2nd week and the 3rd week 

for shoulder internal rotation ROM. 

In.ro 4 – In.ro 1- The difference between the initial measurement and at the end of the treatment at the 3st week for shoulder 

internal rotation ROM. 

The above table shows the test results obtained by using Wilcoxon rank sum test for comparison of internal rotation ROM  

measured with the Universal Goniometer between control and intervention groups for baseline measurements and 

improvements in first, second, third weeks and overall improvement at the end of treatment.   

Table 12  Comparison between groups before treatments and after each week 

 Control group 

(M) 

Intervention 

group(M) 

Differences 

 

 

Vas scale 

Initial 52.53 58.65 NS 

1st week 35.69 40.00 NS 

2nd week 18.64 30.22 NS 

3rd week 10.95 16.66 * 

 

 

Disability 

Initial 50.10 46.82 NS 

1st week 31.43 34.77 NS 

2nd week 16.40 24.93 NS 

 3rd week 08.13 16.23 NS 

 

 

 

 

 

 

 

ROM 

 

 

 

Abduction 

Initial 138.46 128.30 NS 

1st week 156.76 143.08 NS 

2nd week 167.23 157.07 NS 

3rd week 172.76 165.00 NS 

 

 

External 

rotation 

Initial 42.46 48.30 NS 

1st week 51.23 56.38 NS 

2nd week 58.23 62.07 NS 

3rd week 67.53 63.76 NS 

 

Internal 

rotation 

Initial 65.53 61.61 NS 

1st week 71.92 77.23 NS 

2nd week 75.07 78.38 NS 

3rd week 79.69 80.00 NS 

*= p<0.05,          ** = p<0.01,       ***= p<0.001,         NS= Not Significant   M= mean value 

The table 8 shows the difference between the measurements in both control and intervention groups.  There is no significant difference 

between the control and intervention groups in all the initial measurements at the baseline for pain, shoulder disability and shoulder 

ROM. And the comparison at the end of the first week of treatment has shown no significant difference between the groups. At the 

end of the second week of treatment there is no significant difference between the groups. The pain reduction in the 3rd week has 

shown significant difference between groups. But all the other measurements for shoulder disability, and ROM have not shown any 

significant difference between the groups. According to the above table the control group which received manual therapy and shoulder 
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exercises alone and the groups which received ultrasound therapy in addition to them have shown no significant difference in the 

improvement with the treatment regarding pain, disability and ROM. 

 

Table 13 Overall improvements in percentage 

 Control group 

(M) 

Improvement 

Percentage (%) 

Interventio

n group 

(M) 

Improvement 

Percentage (%) 

 

 

VAS scale 

I 52.53  

 

79.15% 

58.65  

 

71.59% 

1 35.69 40.00 

2 18.64 30.22 

3 10.95 16.66 

 

 

Disability 

I 50.10  

 

83.77% 

46.82  

 

65.33% 

1 31.43 34.77 

2 16.40 24.93 

3 08.13 16.23 

 

 

 

 

 

 

 

ROM 

 

 

 

Abduction 

I 138.46  

 

24.77% 

128.30  

 

28.60% 

1 156.76 143.08 

2 167.23 157.07 

3 172.76 165.00 

 

 

External 

rotation 

I 42.46  

 

59.04% 

48.30  

 

32.00% 

1 51.23 56.38 

2 58.23 62.07 

3 67.53 63.76 

 

Internal 

rotation 

I 65.53  

 

21.60% 

61.61  

 

29.84% 

1 71.92 77.23 

2 75.07 78.38 

3 79.69 80.00 

 

The above table shows the percentage for overall improvement in both control and intervention groups. The pain has been reduced by 

79.15% in the control group whereas in the intervention group it has been reduced by 71.59%. The disability has been reduced by 

83.77% in the control group whereas in the intervention group it has been reduced by 65.33%.  

The Abduction has been improved by 24.77% in the control group whereas in the intervention group it has been improved by 28.60%. 

Internal rotation it has been improved by 59.04% in the control group and in the intervention group it has been improved by 32.00%. 

External rotation has been improved by 21.60% in the control group whereas in the intervention group it has been improved by 

29.84%    
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V. DISCUSSION 

The aim of this study was to identify whether ultrasound therapy has an additional effect when combined with manual therapy and 

shoulder exercises in the treatment of patients with SIS. This is a randomized control trial which has not been done before in Sri 

Lanka. 

05.1 Major findings 

The measurements in VAS, disability index and shoulder ROM shows significant improvement in both control and intervention 

groups at the end of three weeks treatment period. In the control group VAS for pain measurement has reduced from 52.54±23.24 to        

10.95 ± 9.52, the disability index has reduced from 50.11±19.11 to 8.13 ± 7.03. And the ROM for abduction external rotation and 

internal rotation were increased from abduction 138.5 ±46.2 to 172.77 ±16.90, external rotation 45.38±19.73 to 67.54± 13.15, and 

internal rotation 42.46 ±21.88 to 79.69 ± 12.33 

In the intervention group VAS for pain measurement has reduced from 58.65 ±20.56 to 16.66± 13.02, the disability index has reduced 

from 46.83±19.80 to 16.24 ± 13.26. And the ROM for abduction external rotation and internal rotation were increased from abduction 

128.31 ±31.84 to 165.00 ±21.41, external rotation 48.31±17.72 to 80.00 ±14.72, and internal rotation 48.31±17.72 to 63.77± 13.40. 

Between group comparisons for the improvement in patient condition regarding pain, disability and shoulder ROM for abduction, 

internal rotation and external rotation after the three weeks treatment or at the end of first or second week have shown no statistically 

significant difference between the groups. 

The participants’ age ranged from 18-55. The distribution of age among the control and intervention groups has no significant 

difference. And the comparison between difference for baseline measurements and overall improvement for pain, shoulder disability 

and shoulder ROM has not shown significant difference according to the different age groups involved in this study either in the 

control or intervention groups.  

Most of the participants had been affected by their dominant shoulder. But some of them had been affected by their non-dominant 

shoulder. But according to the results comparison between baseline measurements and overall improvement has no significant 

difference in either group.  

In this study both male and female participants were included. But comparison between female and male participants for baseline 

measurements and overall improvement has no significant difference in control or intervention groups. 

Thus the result shows that there is no gender, side or age associated with improvement.  

05.2 Interpretation of results 

 It has been found by previous studies that there is an equal effectiveness of physiotherapist-led exercises compared with surgery 

(Kromer, T.O., et al 2009). Other studies have concluded that manual therapy and exercise seem effective for shoulder impingement 

(Michener, L.A., et al 2004) Results of the study conducted by Roy, J.S., et al. (2007) suggested that a 4-week program including 

motor control and strengthening exercises reduces shoulder pain and improves function in persons with SIS. 

In the present study both the control and intervention groups has significant improvement after three weeks of treatment. There is 

significant improvement in pain reduction, disability and shoulder ROM from baseline measurements to the first, second and third 

week after treatment in both the groups. The control group received manual therapy and shoulder exercises alone and these treatments 

have led to the significant improvement in the control group. These findings support the previous study results and emphasize the 

importance of manual therapy and shoulder exercises in the treatment of patients with SIS. 
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The effects of therapeutic ultrasound are still being disputed. To date, there is still very little evidence to explain how ultrasound 

causes a therapeutic effect in injured tissue. Nevertheless practitioners worldwide continue to use this treatment modality relying on 

personal experience rather than scientific evidence. 

Therapeutic ultrasound may have two types of benefit: Thermal effects and non-thermal effects. Thermal effects aids in pain relief 

whereas non thermal effects enhance the cell-repair effects of the inflammatory response. (H. D., et al. 2004).Reduction in pain and 

induced tissue repair are believed to help in regaining the reduced ROM due to SIS. 

According to the study conducted by Ceilik D et al (2009), intermittent ultrasound added to conservative treatment of SIS do not 

provide an additional benefit to the patients with SIS. There was little evidence that active therapeutic ultrasound is more effective 

than placebo ultrasound for treating people with pain or a range of musculoskeletal injuries or for promoting soft tissue healing 

according to some systematic reviews. 

The present study also shows that there is no significant difference between the control group which received manual therapy and 

shoulder exercises and intervention group which received ultrasound therapy in addition. According to the present study results, 

ultrasound therapy does not have an additional effect when combined with shoulder exercises and manual therapy. 

05.3 Significance of the study 

Although various studies have been done in UK, Turkey and some other country (Pribicevic, M, et al 2010) and the values of 

individualized treatment according to the findings of patient’s physical assessments (Kromer, T.O, et al 2010) the studies have not 

been done related to this in Sri Lanka. 

The number of patients per physiotherapist is far more in Sri Lanka when compared with advanced countries. This has been a major 

factor which leads to the limited availability of time that a therapist can spend for a patient. The patients also tend to believe that these 

modalities are effective than exercises and pay less attention to exercises. 

The present study aimed not only at proving that ultrasound therapy does not have an added effect when combined with shoulder 

exercises and manual therapy, but also at emphasizing the importance of  manual therapy and shoulder exercises  in relieving 

symptoms in patients with SIS without the use of any electrotherapeutic modality.  

05.4 Strength of the study 

The strength of this study is enhanced by its methods and design. Internationally accepted measuring tools and scales have been used 

to collect data. The shoulder pain and disability index used in this study has shown to be valid and highly responsive in assessing 

shoulder pain and function (MacDermid, J., et al 2006); it is therefore highly recommended for use in patients with SIS (Purdy, S., et 

al 2005).  

Participants were enrolled according to inclusion and exclusion criteria. All the group members have been involved in the 

interventions, data collection and the measurements. Every group member treated a similar number of participants from both the 

groups. Treatments were given according to standard treatment protocols and ultrasound therapy was given according to standard 

parameters.  

Special training regarding manual therapeutic techniques such as shoulder joint mobilization including anterior posterior and inferior 

glides of 1st and 2nd grades, deep friction massage, shoulder capsular stretching and strengthening exercises was provided by the staff 

of the Department of Physiotherapy, Faculty of Allied Health Sciences, to each member of the team to reduce potential errors in 

treatments and taking measurements. Treatments were done under the supervision and instructions of qualified physiotherapists.  
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All the data has been analyzed through the MINITAB which is recognized as an accurate statistical software package. Data analysis 

was done with the assistance from qualified and experienced statisticians and the Department of Statistics, of the Faculty of Science, 

University of Peradeniya 

05.5 Limitations of the study 

This study has been done in a limited time period. Therefore duration of treatment has been only 3 weeks and has led to a lack of 

follow up period.  

Due to limited time and limited accessibility for the investigators to hospitals the sample size was limited to 30.   

Among them only 26 participants completed the study and there were 4 drop outs because of distance to the faculty of Allied Health 

Sciences. 

Some patients referred from the Teaching Hospital, Peradeniya refused to give consent to participate in the study due to distance to the 

faculty and hence, could not be included in the study.  

05.6 Future directions 

The present study has shown that ultrasound therapy has no additional effect when combined with other physiotherapy interventions 

for SIS.  The previous studies and systematic reviews also concluded that US therapy has no added effect.   

Further  studies are needed to compare the effectiveness of various other electrotherapy modalities when combined with manual 

therapy and exercises in the treatment of musculoskeletal conditions to improve the knowledge of how and when to apply appropriate 

modalities, manual therapy, therapeutic exercises and other physical therapy interventions for various conditions.  

Studies to assess the effectiveness of individual assessment based treatment for various conditions should be encouraged. 

Although the analytic studies regarding physiotherapy are being done, only few clinical trials have been done which are related to 

physiotherapy, in Sri Lanka.  Therefore more and more trials should be encouraged in the development of   physiotherapy as a 

profession and to improve the knowledge and the quality of physiotherapists in Sri Lanka 

VI. CONCLUSION 

The results of this research show that the participants who received manual therapy and shoulder exercises alone as well as the group 

which received ultrasound therapy in addition to manual therapy and shoulder exercises had significant improvement at the end of 

three weeks of treatment and at the end of each week.  

The study finally concludes that ultrasound therapy has no additional benefit when combined with manual therapy and shoulder 

exercises in the treatment of patients with SIS to reduce pain, disability and to improve ROM.  
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ANNEXURE 

01 Assessment form 

 

01).Demographic data 

• Name; 

• Age; 

• Sex; 

• Occupation; 

• Handedness;             left                  right 

• Chief complaint; 

Shoulder pain           yes                    no 

Numbness                yes                    no 

Difficulties in overhead activities 

                                Yes                      no 

    

02).History 

           History of present illness;       DM                   HT                 Arthritis 

              Other 

           History of past medicine;    NSAIDs              Analgesics                 

                                                         Other 

           Personal history;                 Married               Unmarried       

           Socio-economical history (Monthly income) 

 

03). Investigations 

   -X-ray image……………………………………………………………………….. 

<Rs;10,000   

>Rs;10,000  
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  -Ultra sound scan…………………………………………………………………........ 

  -Other ………………………………………………………………………………… 

 

03).On observation 

              Built;                      medium            obese             thin 

              Deformity;           AC joint                         shoulder   

              Abnormal pattern of movement;      yes                 no 

             Willingness to move;                          yes                 no 

             Swelling;                                             yes                 no 

             Inflammation;                                     yes                 no 

             

Other………………………………………………………………………………………………………………………………………

……………………………………….. 

04).On palpation 

   Tenderness                                    present                      not present 

SC joint 

Clavicle 

AC joint 

Bicipital groove 

Supraspinatus insertion 

Upper trapezius 

Deltoid insertion 

Subacromial bursa 

05).Pain assessment 

      - Side                        left                     right 

      -Site                          neck             shoulder            arm              forearm 

     -Onset                       sudden           gradual 

     -Is it constant?            Yes                      No 

Visual Analogue Scale: 

0-No pain 

10-The worst pain imaginable 

 

Table 12  Visual Analogue Scale 

State 0 1 2 3 4 5 6 7 8 9 10 

At its worst?            

When lying on the involved side            

Reaching for something on a high shelf            

Touching the back of your neck            
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Pushing with the involved arm            

 

Total pain score…. /50*100=……% 

(If a patient does not answer all questions, divided by the total possible score. E.g. if one question missed by 40) 

Disability scale: 

How much difficulty the patient has? 

0 -No difficulty 

10-So difficult it requires help. 

Table 13 Disability Scale 

State 0 1 2 3 4 5 6 7 8 9 10 

Washing your hair            

Washing your back            

Putting on an skirt or trouser            

Buttoning on a shirt            

Forward reaching for an object            

Placing an object on a high shelf            

Carrying a heavy object of 4.5 kilograms            

Removing something from your back pocket.            

 

Total disability score…./80*100=…..% 

(If a patient does not answer all question divided by the total possible score, e.g. if one question missed divided by 70) 

Source: Roach et al. (1991).Development of a shoulder pain and disability index 

05).On examination 

Special tests 

                                                  Positive                              Negative  

Neer test: 

Hawkins-Kennedy test: 

Drop arm test:  

Empty can test:  

Infraspinatus resistance test 

Lift off test 

Biceps load test 

Motor assessment 

 

Table14 Motor Assesment 
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AROM-Active 

Range of Motion                               

L-Left 

PROM-Passive 

Range of Motion 

      

R-Right 

PF- Painful ROM 

  

 

 PFr- Pain 

free ROM 

 

Patient’s satisfaction  

-How do you feel about the pain you feel now compared with that you felt a week ago? 

      Feel the same                  better                    worse 

-How do you feel about the ability to use your hand in day to day activities compared to that a week ago? 

     Feel the same                  better                      worse 

-How do you feel about the ability to lift your arm over the head compared to that a week ago? 

     Feel the same                  better                     worse 

 

 

 

 

 

 

 

 

 L R 

AROM PROM 

 St
re

ng
t AROM PROM 

 St
re

ng
t

PF PFr PF PFr PF PFr PF PFr 

Flexion           

Extension           

Abduction           

Adduction            

Internal rotation           

External rotation           
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02. Treatment protocol 

  

Goals: 

 -Relieve pain. 

-Maintain/increase flexibility (ROM). 

- Improve and maintain muscle power 

 

Range of motion exercises 

-Pendulum exercise  

• Flexion- Extension exercises 15 times 

• Abduction- Adduction exercises 15 times 

• Circumduction ( clock wise & anti clock wise ) each 15 times 

-Active/active assisted/passive ROM 

o Abduction with rope and pulley(figure 9) 15 repetitions 

o L- Bar active assisted exercises(figure 10) 

• Abduction- Adduction with L- bar exercises 15 repititions 

• Flexion – Extension with L- bar exercises 15 repetitions 

• Internal rotation- External rotations L- bar exercises 15 repetitions 

o Self-capsular stretching 

� Anterior self- capsular stretching 3 repetitions, ask the patient to holding each for 5 counts    

� Posterior self – capsular stretching 3 repetitions, ask the patient to holding each for 5 counts  
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Joint mobilization: 

o Initially start with grade 1. Gradually progress into 2. 

o Joint distraction and Inferior, anteroposterior and posteroanterior glides.(figure 14) 15 gliding for each sets ant 3 times 

therapist have to peform 

Strengthening exercise 

o Rotator cuff (figure 14) using springs and thera bands 

o Biceps(figure 15)using springs 

o Serratus anterior (wall pushups)(figure 16) 

 

 

Modalities 

(For intervention group only) 

Ultrasound treatment (figure 17) 

(Pulsed 1MHz ultrasound at 1 W/cm2 for 5 minutes,) patient should be in relaxed sitting position 

 

 

Patient education and activity modification 

Educate the patient regarding activity, pathology, and avoidance of overhead activity, reaching and lifting activity 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      144 
ISSN 2250-3153  

www.ijsrp.org 

03. Study Participants details 

 

                        Name                              Age                                      Address  

1. Mrs A.M Somawathie  50  Malvila, ThimbalaPanaliya, Polgahawella 

2. Mrs R.K.M Lalani  40  Piyasewana, Ethalawatthe. 

3. Mrs S.D Kusumawathie  53  Tharaptha, Hendigolla 

4. Mrs W.A Balawthie  58  Ambahera, Urumeeya 

5. Mr GaminiJayaratne  46  204, WijithaMawatha, Muruthalawa 

6. Mr S Navaneethan  28  Coolbrougdevision, Thalawakelle 

7. Mr W.D.Premaratne  56  Pallegama, Bandarakoswaththe 

8. Mr ThimiraGalappathtige 18  6/8, Revenue rd., Thennakumbura, Kandy 

9. Mrs ShiyalathaEkanayake 60  Homathagama, Ukumeeya, Kurunegala 

10. Mrs A.D.R Damayanthi  46  33/3, Santhasewana, Malkadawara,      

                                       Kurunegala 

11. Mrs H.P. Somawathie  56  Waraliya, Panatharagama, Kurunegala 

12. Mrs G.D Hemawathie  59  Hongawathoraya, Kurunegalla 

13. Mrs M.G Manel   47  36, Heerrassagala, Pilimathalawa 

14. Mr W.A.G Wijesuriya  44  117/3, 1st lane, Arambawela, Pothuhera 

15. Mrs DasuniAnarasinghe 41  Ahelagolla, Bmanagala 

16. Mrs C.M Lalani   54  Bopalamulla, Dewalagama 

17. Mr N.K.G.Rajapakshe  39  Galpaya, Meethalawa,  Gampola 

18. NimeshaGunasinghe  18  St Anthony’s College, Katugasthota,  

      Kandy 

19. Mr Inesh R.A.K   20  Galagedara , Kandy 

20. Lahiru     29  182, Mannikkawa, Hingula 

21. Mallika Jayawickrama      49  Bopathgama, Aratthikattuwa 

22. Chandima Abeykon  22  Ivo Jeninghs Hall, Peradeniya 

23. K.A.D.K Nawaratne  24  Panawalagama,Mhamulgama 

24. Ms.K.H. Jayasekara  18  143, Sirikulamwatthe, Mallawapitiya. 
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04. Data analysis using Minitab software 
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05.  Consent letter -English 

Department of Physiotherapy, 

Faculty of Allied Health Sciences, 

University of Peradeniya 

..….../……./…………. 

Dear Mr/Mrs/Miss, 

Obtaining the consent for treatment and collection of data 

We are a group of final year students from the department of Physiotherapy, Faculty of Allied Health Sciences, University of 

Peradeniya, conducting a research to find out the effectiveness of Ultrasound therapy, which is a part of physiotherapy treatment for a 

disorder of the shoulder called “shoulder impingement syndrome” 

We would appreciate your participation. During the research you will undergo a physical assessment for shoulder and receive 

physiotherapy treatment; this procedure will require you to expose the shoulder region. The treatment will continue for three weeks. 

If you have no objection in participating in this research please confirm it below. 

……………………………………………. 

(Signature)  

I hereby give my consent and authority to………………………………………    

(Name of the physiotherapy student), to perform the above mentioned procedure. 

The nature of these procedures has been explained to me, and I understand what will be done. 

 

Name; …………………………………… 

Signature; ………………………………..  Date; …………………….. 

06. Consent letter- Sinhala 

fN!; Ñls;ail fomd¾;fïka;=j" 

iu fi!LH úoHd mSGh" 

fmardfoKs úYajúoHd,h" 

fmardfoKsh' 

''''''$''''''$2011 

uy;auhdfKks$uy;añhKs$fukúhKs" 

m%;sldr lsÍu iy o;a; /ia lsÍu i|yd wjir ,nd .ekSu' 

 wm Subacromial Impingement Syndrome (SIS) kñka ye¢kafjk frda.S ;;a;ajh i|yd Ndú;d lrk fN!; Ñls;ail m%;sldr j, wx.hlajk 

Ultrasound m%;sldr l%ufha M,odhS;djh ms<sn|j iólaIKhl kshef,k" fmardfoKs úYajúoHd,hSh iu fi!LH úoHd mSGfha fN!; Ñls;ail 

fomd¾;fïka;=fõ wjika jir YsIH lKavdhuls'  
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 tai|yd wms Tnf.a iyNd.S;ajh w.h lr isákafkuq' iólaIKh ;=<§ Tn Wrysi i|yd jk ldhsl mÍlaIKhlg Ndckh flfrk w;r fN!; Ñls;ail 

m%;sldrhkao ,nd foa' fï l%shdj,sh i|yd Wrysia m%foaYh ksrdjrKh lsÍu Tfnka wfmalaId flf¾' fuu m%;sldr wLKavj i;s ;=kla mqrd ,nd 

foa'  

 fuu iólaIKh i|yd iyNd.S ùug Tfí úfrdaO;djhla fkdue;skï lreKdlr my;ska th ;yjqre lrkak'  

 

'''''''''''''''''''''''''''''' 

w;aik 

uu fuhska '''''''''''''''''''''''''''''''''''''''''''''''''''''''' ^fN!; Ñls;ail isiqjdf.a$ isiqúhf.a ku& yg by; i|yka l%shdj,sh isÿ lsÍug uf.a wjirh yd n,h ,nd foñ' fuu 

l%shdj,sfha iajNdjh ud yg meyeÈ,s lrk ,o w;r isÿ lrkq ,nk foh uu wjfndaO lr .;sñ'  

 

ku'''''''''''''''''''''''''''''''''''''''''   

w;aik''''''''''''''''''''''''''''''''    Èkh ''''''''''''''''''''''''''''''''''' 

 

07. Consent letter - Tamil 

,ad;kUj;Jt Njhs;%l;Lr; rpfpr;ir Kiwf;Fk; jfty; Nrfhpj;jYf;Fkhd mDkjp ngwy; 

 

Nguhjidg; gy;fiyf;fofj;jpy; ,ize;j Rfhjhu tpQ;Qhdf; fw;iffs; gPlj;jpy; ,ad; kUj;Jtj; Jiwapy; ,Wjpahz;by; fy;tp fw;Fk; khzth;fshfpa ehk;> 

,Wjpahz;L Research Methodology vd;w ghlj;jpl;lj;jpw;F mikthf “Effectiveness of Ultrasound therapy in combination with manual 

therapy and shoulder exercises for subacromial impingement syndrome” vd;w jiyg;gpy; vkJ Ma;it Nkw;nfhs;s ,Uf;fpNwhk;. 

Njhs;%l;Lg; gpur;ridf;Fhpa fopnahyp rpfpr;ir njhlh;ghd ,e;j Ma;T njhlh;r;rpahf %d;W fpoikfs; eilngWk;. 

 

,e;j rpfpr;ir Kiwf;F cq;fspd; njhlh;r;rpahd gq;fspg;ig toq;FkhW Nfl;Lf; nfhs;fpNwhk;. 

 

………………………….. 

 

ehd; Fwpg;gpl;l ,e;j khztUf;F rpfpr;ir mspg;gjw;F vdJ rk;kjj;ijAk; xj;Jiog;igAk; nfhLg;Ngd;. 

vdf;F ,e;j rpfpr;ir Kiw njhlh;ghd KOikahd tpsf;fk; mspf;fg;gl;Ls;sJ. 

 

ngah; : …………………….. 

ifnahg;gk; : ……………………………………   jpfjp : …………………  
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Abstract- Road traffic crashes are still a major cause of death, 
injuries and economic loss in India due to increasing number of 
old and unmaintained vehicles, inexperienced drivers and 
increasing the number of aggressive and impulsive road users. 
But, unfortunately road safety is still not considered as a major 
priority for a sustainable transport system. So there is an urgent 
demand to develop comprehensive Road Safety Policies. The key 
components of such policies should be based on strong 
commitments in increased acceptance of road safety as a 
problem, development of safety culture in society and 
coordination of all the policy makers.  
           To inculcate safety culture within the society, dynamic 
safety standards should be introduced in all components of the 
transport system to stimulate continuous development.  In 
particular this applies to: a) vehicle component for developing 
safety awareness among consumers and manufacturers, b) road 
component for introducing compulsory Road Safety Audits of 
Roads at the construction stage and develop safety assessment 
methods for existing roads and c) driver component for 
continuous development of effective testing and evaluation 
system with awareness plan for driver licensing, education and 
testing of professional drivers.  
           A case study conducted by Central Road Research 
Institute for driver components highlight that the specially 
trained drivers had significantly give superior performance in 
different evaluation criteria (tests) as compared to the normally 
trained group of the drivers. Present paper emphasizes the urgent 
demand of an effective and uniform driver testing and training 
system for inculcating safety culture in India. 
 

I. INTRODUCTION 

ndia's economy is rapidly growing and with it increasing the 
car ownership rate and related congestion problems. The 

growth of the economy has been accompanied by a growing 
expectation of improved road safety and security by citizens, 
which includes all the users related road infrastructure 
components and good attributes among the drivers who have the 
mechanical power to facilitate the rapid movements of people 
and goods between one location and another.  
          Throughout the world, India has one of the largest highway 
and road network second only to road network of United States. 
Presently, out of the worldwide average of 7, 00,000 RTA, 10% 
is in India (WHO, 2004). The latest annual statistics indicate over 
80,000 are killed 3 Lakh people sustain injuries every year on 
Indian roads. If current trends continue The total road length 
exceeds 3 million it is predicted that by 2050, 267 million 
vehicles will be on Indian roads, number of people killed and 

injured on roads will rise > 60% between 2000 and 2020.Over 
95% of road crashes (MVAs, in the USA, or Road Traffic 
Crashes, RTAs, in Europe) involve some degree of driver 
behavior combined with one of the other three factors. Drivers 
always try to blame road conditions, equipment failure, or other 
drivers for those road crashes. When the facts are truthfully 
presented, however, the behavior of the implicated driver is 
usually the primary cause. Most are caused by excessive speed or 
aggressive driver behavior. Review of related literature (Amett et 
al, 1997; Barkley et al, 2002, Cox et al 2000) highlight that 
deficits in cognitive abilities found evidence for inattentiveness, 
particularly visual inattentiveness and impulsiveness correlating 
with problem driving outcome. Slow processing and 
distractibility and problems with visual memory are also 
associated with negative driving outcomes. Impulsivity leads to 
excessive speed and problems disengaging from risky strategic 
maneuvers which when combined with attention problems lead 
to late counter measures that would likely transact to magnify 
risk. These factors would likely vary depending on driving 
experience and the cognitive demands of the prevailing road 
conditions and the in-car situation, e.g. cell phone use, the 
number of passengers, etc. Particularly risky environments may 
be ones of monotonous highways although convincing data about 
possible mechanisms and the relationship to changing road 
conditions is not yet available.  
          Like any other disease, road crashes too are caused by 
interaction between host and environment. Human factors 
include age, (road crashes most common between 10-24 years), 
sex, education, medical conditions (heart attack, impaired 
vision), fatigue, influence of alcohol and other drugs, lack of 
bodily protection ( like helmets, seat belts) and psychosocial 
factors like lack of experience, impulsiveness, aggressiveness, 
defective judgment and delay in decisions. A comprehensive 
study of road safety (Treat et al., 1977) found that human error 
was the sole cause in 57% of all road crashes and was a 
contributing factor in over 90%. In contrast, only 2.4% were due 
solely to mechanical fault and 4.7% were caused only by 
environmental factors.  
          This paper highlights the current needs of the driver 
evaluation tests and processes to screen drivers having safe 
driving related ability traits and to provide good practices to 
those who lacks in certain safety related traits with an urgent 
need to provide uniformly a system for driver evaluation as a 
regulatory act. To inculcate safety culture within the society, 
dynamic safety standards should be introduced to all components 
of the transport system to stimulate continuous development.  In 
particular this applies to following factors:  

1.1. VEHICLE COMPONENT  

I
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          In depth analysis of these four factors highlights that 
human behaviour and act is involved behind all these four factors 
e.g. in majority of the cases except some exceptional cases, 
equipment failure are caused due to poor maintenance and 
improper synchronized mechanical maneuvering and fittings of 
mechanical parts, poor quality of the mechanical and accessory 
parts, failure in annual maintenance, vulnerability against high 
voltage fluctuations etc. Similarly, improper and improperly 
maintained road ways designs caused more man-machine 
conflicts and resulting into congestions and road rage cases.   
 

1.2. ROAD COMPONENT  
          A Road Safety Audit (RSA) is defined as "the formal 
safety performance examination of an existing or future road or 
intersection by an independent, multidisciplinary team. It 
qualitatively estimates and reports on potential road safety issues 
and identifies opportunities for improvements in safety for all 
road users."  
          A key feature of a road safety audit is the use of a team of 
professionals with varied expertise. The team should include 
highway safety engineers, highway design engineers, 
maintenance personnel, and law enforcement. Additional 
specialties should be added to the team as needed. The team 
members must not be involved in the design or maintenance of 
the facility being examined, so that they can have an objective 
point of view. The road safety audit may investigate general 
safety conditions, or it may focus on specific concerns of the 
users. Walkability audits concentrate on pedestrian safety and 
accommodation, and transit audits focus on safety of bus and 
train users. RSA uses audit techniques to make simple but 
effective safety improvements in conjunction with road 
resurfacing projects. Also RSA helps to prevent future incidences 
of crashes.  
 
1.3 DRIVER COMPONENT  
          Driving is a complex tasks in which a driver has to face 
various types of complex situations in the form of obstacles or 
hazards while driving, straight ahead or in or outside their 
peripheral visual field (e.g.; sudden appearance of a person 
crossing the road), consider the possible reactions of this person, 
estimate the distance, and decide whether they have to slow 
down or stop and then react accordingly. People driving are 
bombarded with information. Mostly visual – road, other 
vehicles, pedestrians, passing scenery and signs; auditory – 
listening to radio, talking on cell phone, carrying on conversation 
with co-passenger. Internal – thinking what to make for dinner 
and so on. Drunken driving is another important risk factor. 
Under the influence of alcohol, the driver & car have the 
potential for becoming most lethal weapons. An Indian estimate 
shows 25% of RTA to be alcohol related. Alcohol causes poor 
judgment, slowed reaction time, loss of concentration and 
impaired vision. So a continuous development of effective 
testing and evaluation system with awareness plan for driver 
licensing, education and testing of professional drivers is 
urgently required. The various driver psychomotor stages can be 
summarized as follows:  

• Perception Central ⇒ Fixation towards oncoming 
stimuli 

• Peripheral ⇒ Scanning according to the relevance of the 
stimuli 

• Interpretation ⇒ Interpretation of the stimuli according 
to their past experiences i.e. “Emotion”  

• Decision & Reaction Time ⇒ Driver decision to take 
action , releasing the present action and staring new 
action e.g. time between releasing accelerator and 
pressing brake  

• Volition ⇒ Wiliness to act with the drivers motor 
abilities  

 
          Multipurpose driving task also depends on following 
human characteristics and their interactions with the  external 
road environmental factors as well as on the condition of the 
driver: 

• Visual Characteristics Of The Oncoming Stimuli on 
road and the related drivers decision and reaction .This 
decision and reaction depends on drivers accuracy of 
vision, synchronization of the eye to hand and foot 
movements and related vehicle movement  .  

• Visual field: Visual field depends on the driver’s ability 
to observe side and straight oncoming and static objects; 
also the road side environment plays a large role .Clear 
view ahead and side of the driver help the driver to take 
accurate decision and reaction in time. 

• Driver Distraction through Irrelevant information: 
Due to publicity Age various road side advertisements 
attracts the drivers attention which in turn create 
conflicts on road also various types of distracted driving 
behaviour like  cell phone use, talking to passengers, 
anxiety causes increase risk and hazards on road.  

• Various Factors Affecting Visibility of The Driver  
Research has shown that road crashes occur for one of 
three main reasons. The first is perceptual error. 
Sometimes critical information was below the threshold 
for seeing, poor lighting at night time, adverse weather 
conditions due to fog, rain etc., poor visual acuity of the 
driver, the driver was blinded by glare, or the 
pedestrian's clothes had low contrast. In other cases, the 
driver made a perceptual misjudgment (a curve's radius 
or another car's speed or distance). The second, and far 
more common cause, is that the critical information was 
detectable but that the driver failed to attend/notice 
because his mental resources were focused elsewhere. 
Often times, a driver will claim that she/he did not "see" 
a plainly visible pedestrian or car. This is entirely 
possible because much of our information processing 
occurs outside of awareness. Mack and Rock (1998) 
have amazingly shown that driver may be less likely to 
perceive an object if he/she is looking directly and the 
oncoming stimulus falls outside the center of the visual 
field. This causes “intentional blindness" phenomenon 
which is proved to be major cause for many road 
crashes.  

• Fatigue, Alcohol, drugs and medication  
Several driver characteristics and driving behaviors due 
to age, diet, alcohol consumption, circadian rhythms, 
drug intake and diseases may contribute to a reduced 
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alertness and induce drowsiness with dangerous 
consequences on driving ability thus increasing the risk 
of car crashes. It can be estimated that human factors 
concerning the psychophysical condition of the driver 
are involved in 60-80% of road crashes (Taggi F, 
Giustini et al 1997). 

• Risk Taking Practices Among Drivers 
Most road crashes involve subjects under 25 years 
(35%),whereas subjects aged over 70 years are involved 
in approximately 3% of car crashes, as expected 
considering that the percentage of drivers over 70 years 
of age is small compared to other age groups Ryan GA 
et al 1998. 
 

II. COMPARATIVE ANALYSIS OF PERFORMANCE 

BETWEEN TWO GROUPS OF DRIVERS 

          Present study was conducted at CRRI on two groups of the 
drivers under controlled laboratory conditions (photo 1& 2). 
Specially trained group A (special protection group, SPG) and 
drivers from group B from Delhi Transport Corporation (D.T.C.) 
were randomly selected for this study. All the drivers were 
belonging to almost similar education level, age group and 
economic status. The following test battery was administered to 
see the performance levels of these two groups of drivers (table-
1). 
 

Identify the constructs of a Journal – Essentially a journal consists of five major sections. The number of pages may vary depending 
upon the topic of research work but generally comprises up to 5 to 7 pages. These are: 
 
 

 
Photo 1&2 Driver Testing and Evaluation Laboratory 

 
Table 1: Selected Test Battery for Testing Psychomotor Ability Traits 

S.No. Traffic Psychological Test Parameters Measured by the Test   

1 Concentration Test (Q1) Quantity and quality of subject’s attention 
performance under  monotonous conditions 

2 Visual Structural Ability (LL5)  Visual Structuring ability and development of 
irritation under increasingly difficult driving task 

3 Speed and Distance ability test 
(DEST)  

Ability to judge the speed and distance of oncoming 
stimuli   

4 Depth Perception Test (DEPT) Three Dimensional Special Vision  

     



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      151 
ISSN 2250-3153  

www.ijsrp.org 

 2.1 Q1 Test Under Monotonous condition 
            When the monotony test was performed on the selected 
sample of drivers of i.e. SPG drivers (referred as Group-A) it was 
noted that these drivers performed significantly better in 

exhibiting their concentration levels under monotonous 
conditions as compared to the drivers of the normal group of bus 
drivers (as shown in Figure 1). 60% drivers from SPG performed 
outstandingly better as compared to the normal drivers.  

 

 
 
2.2  LL5 Test Visual Structuring ability / Vigilance Test  
          In this test also, SPG drivers performed far better 
compared to normal drivers.  

 

 

 
 
2.3. DEST Test Speed and Distance Judgment ability Test: 
          This test helps in measuring the speed and distance 
perception of the drivers in respect of the approaching vehicles 

while driving. In this test SPG drivers again have demonstrated 
better performance as compared to the normal group of bus 
drivers (refer Figure 2) 
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          3% performed excellent, 20% very good and 40% drivers 
of Group A performed good in this test while 0% driver of Group 
B performed excellent ,3% very good and 7% good in this test. 
 
2.4. Depth Perception Test Performance 
  

 
 
          In the Depth perception test, 50% of SPG drivers 
performed “Outstanding”, 23% performed “Excellent” as 
compared to 0% of the normal bus drivers (refer Fig 5). 
 

III. CONCLUSION 

          All the above results confirmed that special training 
required for the drivers specially those who are driving school 
buses, heavy commercial vehicle drivers, drivers plying with 
hazardous goods for improving psychomotor ability traits as 
these traits are essential for developing safe driving abilities.  
 

IV. RECOMMENDATIONS 

          To accomplish this, uniform Driver Evaluation and Testing 
Facility is required to be mandatory at the National Level. The 
salient aspects essentially required to be part of such kind of 
facilities are mentioned as below:   

� Testing track for testing drivers with all traffic  signals 
and road signs 

� Training laboratory with a well coordinated research 
team 

� Standardized training materials for all categories of 
drivers i.e. drivers of motorized two wheelers, light 
motor vehicles for public and commercial use, bus 
drivers, drivers for school transportation, heavy vehicle 
drivers , drivers of vehicles carrying hazardous goods 

� Training sessions should be fully interactive and 
participants should be encouraged to interact 

� Relevant films, photographs and animations should be 
projected to make the drivers relate to actual driving 
conditions which they face regularly 

� Refresher courses should be conducted on a periodic 
basis for drivers as well as for trainers with subsequent 
refresher courses to highlight different micro level 
problems which would enhance their skills, and also for 
re-capping of essential areas 
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� Additional special courses should be introduced to 
enhance different skill levels of weaker drivers up to the 

required standards. 
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Abstract- Road rage is a phenomenon which indicates that 
society is on edge. Increasingly, aggression and violence has 
appeared to drift further into mainstream Indian society. Stories 
of school shootings, workplace violence, violence on the airlines, 
and “road rage” abound. Road rage has recently been cited as 
equalling alcohol-impaired driving in the number of resultant 
motor vehicle accident related injuries and fatalities (Martinez, 
19971 and Snyder, 1997)2. The probability of becoming a victim 
on the roadways is significantly increased by the average 
exposure of the individual on the road. Presently Indian roads 
and driving conditions are a point of discussion moreover no 
comprehensive data is available to how many persons die or are 
injured due to road rage cases. In the last three years in the 
capital of India sudden provocation prompted people to kill or 
physically assault each other .In 2005-2006 it topped the list of 
murder motives. In 2007 it was the second highest cause in 
murder list.  
        This paper discusses results of opinion survey of experts as 
well as of the drivers/ commuters, detailed analyses of the causes 
and time-wise, vehicle-wise, location-wise aggressive behaviour 
among drivers. Paper further highlights action plan for mitigating 
measures for reducing   aggressive behaviour among Indian 
drivers. 
 
 
Index Terms- Aggression;  Road Rage; Violence. 
 

I. INTRODUCTION 

 report from the World Health Organisation and the World 
Bank (2004)3 on road traffic accidents and injuries 

estimated 1.2 million people are killed in road crashes each year 
and as many as 50 million are injured worldwide. There is 
substantial body of work on risk taking behaviour (Turner et al., 
2003)4 socio-economic factors and driving history in relation to 
road traffic accidents. They reported that high incidence of motor 
vehicle crashes among young males was related to their risk 
taking behaviour. Apart from medical costs, damage to property 
and loss of productivity adds to the cost impact. A decade's 
worth of saving the Rs. 50,000 million estimated loss in traffic 
accidents every year could buy the country a 7,000 km-long, six-
lane national highway at today's rates. That would cut back on 
the Rs 300,000 million India loses every year due to road-related 
mishaps, freeing a sea of finance for the social development 
sector, including disaster management. According to the World 
Disasters Report 1998 5, "The economic cost of road accidents is 
equivalent to approximately one per cent of the Gross National 
Product."But, experts say, road disaster management does not 
figure in the agenda of the MOST.) In 1998–99, the MOST was 
given Rs. 43,260 million. In the national annual budget of 1999–
2000, it was allocated Rs. 53,560 million for road safety. Experts 

point out that road disaster management is yet to figure in the 
agenda. 
            Presently Indian roads and driving conditions are a point 
of discussion moreover no comprehensive data is available to 
how many persons die or are injured due to road rage cases. 
Road deaths in India registered a sharp 6.1% rise between 2006 
and 2007. However, road safety experts say the real numbers 
could be higher since many of these accident cases are not even 
reported.  
            In the last three years in the capital of India sudden 
provocation prompted people to kill or physically assault each 
other .In 2005-2006 it topped the list of murder motives. In 2007 
it was the second highest cause in murder list. According to 
Delhi Police “The most chilling examples are cases of violent 
road rage when people hit each other due to minor fights.” Some 
behavioural factors were significantly associated with having 
been involved in an accident: tailgating, getting angry with other 
drivers, aggressive behaviour, encounter with the police and 
being warned for poor riding.  
             According to doctors such erratic and potentially 
dangerous behaviour is a medical problem which is called 
Intermittent Explosive Disorder (IED) which is significantly 
different from foul temper and it affects up to one in 20 people 
more men than women. Doctor Rajesh Sagar, Associate 
Professor, Department of Psychiatry, AIIMS says “People 
suffering from IED can go to extremes without understanding 
what they are doing. People do not realize the intensity of the 
problems until they commit a violent act” (Bajpai, 2008)6. 
             The National Highway Traffic Safety Administration 
(NHTSA)7 distinguishes road rage from aggressive driving by 
classifying aggressive driving as a traffic offense and defining it 
as “the operation of a motor vehicle in a manner which 
endangers or is likely to endanger people or property’’ while 
road rage is classified as a criminal offense and is defined as “an 
assault with a motor vehicle or other dangerous weapon by the 
operator or passenger(s) of one motor vehicle on the operator or 
passenger(s) of another motor vehicle or vehicles precipitated by 
an incident which occurred on a roadway’’(Martinez, 
1997)1.Aggressive driving is an apparent cause which aggravates 
the road rage cases. The term “Road Rage” was first coined in 
1988 (Fumento, 1998)8 and is defined as “Violent Anger Caused 
by the Stress and Frustration of Driving in Heavy Traffic.” Some 
researchers suggest this definition is not entirely accurate. For 
example, road rage has been described as a cultural habit of 
retaliation that occurs as a result of frustration and   independent 
of heavy traffic (James & Nahl, 1998)9. Elevated levels of anger 
may prompt aggressive and other risk-taking behaviour, that can 
increase accident risk, and risk of other deleterious behaviour 
such as physical assault between drivers or argument with 
passengers (Deffenbacher, Oetting, & Lynch, 1994)10. 

A
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            Stradling & Parker, 1997 11 define aggressive driving by 
grouping driving behaviours into three categories: lapses, errors, 
and violations. Lapses are exemplified by such behaviours as 
pulling away from the curb in third gear, or switching on one 
control when trying to turn on another. Errors include failure to 
see a sign, misjudging a distance, etc. Violations involve intent 
and are related to aggressive driving such as disregarding the 
speed limit, running a red light, or tailgating. Violations 
aggravates the anger and frustration among the fellow road users 
or drivers which turns up into personal attacks on fellow drivers 
such as obscene gesturing, verbal insults, throwing objects, and, 
in extreme cases, physical assault. Such behaviours tend to be 
reciprocated quickly, and a relatively minor infraction can 
quickly escalate into a major altercation resulting in injury, 
property damage, or even death (Maiuro, 1998)12.  
            In India, to date, there is no work published on risk taking 
behaviour and road rage incidence and related mitigation 
measures nor an objective record of driving with regard to road 
traffic accident. There is a need to develop an agreed conceptual 
framework for examining the above factors using appropriate 
parameters and measurable variables by systematic approach. 
This study attempts to provide evidence of several factors 
leading to road rage and how they lead to an accident. This can 
be used to control or modify the risk behaviours, build public 
health interventions like policy making on road safety measures, 
education and health. It might help devise methods to minimise 
or avoid consequences of road traffic accidents related to road 
rage. 
1.1 Road Rage Incidences 
            Road rage stories coming from countries across the globe 
confirms its proliferation as a random, albeit widespread, form of 
potentially deadly interpersonal violence. Yet, despite its 
commonness, road rage presents a series of unique challenges to 
researchers, making it unlike most other forms of interpersonal 
violence. First, it usually involves expressed aggression between 
strangers. Second, it is related in some way to a driving incident. 
Third, it involves a perceived threat of "invasion" into one's 
space, and thus, one's identity. Fourth, it is a conflict 
phenomenon that has yet to secure a universally agreed upon 
definition. Fifth, there are, by some standards, insufficient 
quantifiable data documenting its existence. Sixth, theories about 
its causes abound, proposing an extremely broad range of 
probabilities. Seventh, the inability to target causes for the 
phenomenon presents major challenges to resolving it. 

II.  RESULTS AND INTERPRETATION OF TIME –
WISE FIELD OBSERVATION  OF AGGRESSIVE 

DRIVING CASES ON A SPECIFIED LOCATION 

            Field observations were carried out in three phases  
a) Time –wise field observation and  recording  of Road 

Rage incidences and Aggressive Driving cases  
b) Results and interpretation of vehicle-wise, weather-wise 

analysis of road rage incidences in Delhi and some NCR 
areas 

c) Administering Propensity of Aggressive Driving Rating 
Scale on Drivers of the selected sample. 

 
            Time –wise field observation and recording of 
Aggressive Driving cases were made on NH-8 (Ahram-Badarpur 
Road Stretch), New-Delhi team members recorded time wise 
various aggressive driving and road rage incidences for duration 
of five hours i.e. from 9:15 a.m. to 5 p.m. The main objective of 
selecting this NH-8 road stretch was to compare aggressive 
behaviour and risk taking practices of drivers on off peak hours 
and peak hours. Apart from these several complains were also 
received from road users about aggressive driving practices 
shown by drivers of different vehicles on this particular road 
stretch. 
            Observations were made on the basis of number of traffic 
violations and risk taking behaviours (as mentioned below) 
shown by the drivers of light motor vehicles i.e. car/jeep, three 
wheelers and two wheelers and heavy motor vehicle drivers:  
 
2.1.   Number of red light jumping cases    
2.2.   Number of tailgating cases   
2.3.   Number of aggressive honking horn   
2.4.   Number of wrong side overtaking  
 
2.1. Observation of Red Light Jumping Cases  
            Overall  503 (whole vehicle population) number of red 
light jumping cases were observed out of which drivers of two 
wheelers & light motor vehicles were observed maximum 
violating traffic signals by jumping red lights (total 239,48% and 
total 207,41% ) as compare to the drivers of other vehicles.  
 
 

 
Table 2: Field Observation of Risk Taking Behaviour (Red Light Jumping Cases) 

 

Red Light Jumping 

Time Car/Jeep % T.W*. % TH.W.* %. H.M.V*. % 

9:15 -10:15 am 44 9 52 10 7 1 0 0 

10:30 -11:30 am 38 8 42 8 10 2 3 1 

1:30 -2:30 pm 32 6 37 7 6 1 6 1 

3:00 – 4:00 pm 40 8 47 9 7 1 7 1 

4:00 – 5:00 pm 53 11 61 12 9 2 2 0 

Total 207 41 239 48 39 8 18 4 
*T.W. =Two –Wheelers, TH.W. =Three-Wheelers, H.M.V. =Heavy Motor Vehicles 
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            Maximum numbers of red light jumping cases were 
observed during the evening peak hours i.e. between   4.00-5.00 
pm while minimum numbers of such cases were observed during 
afternoon   i.e. between 1.30-2:30 p.m. (table-2).  
 

2.2 Observation of Behaviour of Tailgating 
            During the period of 9:15 a.m. to 5:00 p.m. total 52 cases 
of tailgating were observed .One of the interesting observation 
was the drivers who were high speeding e.g. car/jeep and two 
wheelers drivers they minimum tailgated as their tendency were 
to jump red light, high speeding and overtaking the front 
vehicles.  

            In such cases out of the total 52 tailgating cases only 4% 
car/jeep drivers and none of the two wheeler drivers tailgated 
during this time interval. Comparatively slow moving three 
wheelers drivers (85%) and heavy motor vehicle drivers (12%) 
were observed tailgating other vehicle maintaining minimum 
space with the front vehicle. Also the maximum numbers of 
tailgating cases were observed during the peak hours between 
1:30 p.m. -2:30 p.m. while minimum numbers of cases were 
observed during evening peak hours between 3:00 p.m. -4.00 
p.m. (table-3). 

 
Table 3: Field Observation of Risk Taking Behaviour (Tailgating) 

 

 
2.3 Observation of Behaviour of Aggressive Honking Horn  
             Overall 107 vehicles were observed aggressively 
honking horns out of which drivers of heavy motor vehicles were 

found observed maximum honking aggressive horns as 37% of 
the total vehicle population followed by drivers of two vehicles 
and car/jeep as 30% and 26%.  

 
Table 4: Field Observation of Risk Taking Behaviour (Honking Horn Cases) 

 

Aggressive Honking horn 

Time Car/Jeep % T.W. % THREE W. % H.M.V. % 

9:15 -10:15 am 3 3 6 6 1 1 7 7 

10:30 -11:30 am 6 6 6 6 2 2 5 5 

1:30 -2:30 pm 4 4 2 2 2 2 8 7 

3:00 – 4:00 pm 4 4 9 8 2 2 7 7 

4:00 – 5:00 pm 9 8 7 7 4 4 13 12 

Total 26 24 30 28 11 10 40 37 
 
                Maximum number cases related to aggressive honking 
horn were observed during the evening peak hours between 4:00-
5:00 p.m. while minimum numbers of cases were observed     
between 1:30-2:30 p.m. 
 
2.4 Observation of Behaviour of Wrong side overtaking  

                Wrong side overtaking were maximum observed in 
two wheelers i.e. 43% followed by drivers of car/jeep i.e. 23% .It 
is interesting to observe that high speeding drivers i.e. two –
wheeler riders and car/jeep drivers were found maximum 
overtaking from wrong side. 

 
Table 5: Field Observation of Wrong side overtaking 

Tailgating  

Time Car/Jeep % T.W. % THREE W. % H.M.V. % 

9:15 -10:15 am 0 0 0 0 10 19 1 2 

10:30 -11:30 am 1 2 0 0 10 19 2 4 

1:30 -2:30 pm 1 2 0 0 11 21 3 6 

3:00 – 4:00 pm 0 0 0 0 5 10 0 0 

4:00 – 5:00 pm 0 0 0 0 8 15 0 0 

Total 2 4 0 0 44 85 6 12 

Wrong side overtaking 

Time Car/Jeep % T.W. % THREE W. % H.M.V. % 

9:15 -10:15 am 7 9 7 9 1 1 3 4 

10:30 -11:30 am 3 4 3 4 2 3 1 1 

1:30 -2:30 pm 4 5 10 13 1 1 4 5 

3.00 - 4.00 pm 7 9 2 3 2 3 3 4 
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            Three wheelers were found minimum overtaking (9%) 
from wrong side as compared to other vehicles. Maximum 
numbers of cases were observed during were observed during 
between 1:30- 2:30 p.m. and 4 p.m. -5p.m and minimum cases 
were observed between 10:30 a.m. to 11:30 a.m.  
 

III. RESULTS AND INTERPRETATION OF VEHICLE-
WISE, WEATHER-WISE ANALYSIS OF ROAD 

RAGE INCIDENCES  

              Field surveys related to the observation of various road 
rage incidences were carried out by the research team (which was 
comprised of police personnel and scientists from the Central 
Road Research Institute) on Delhi roads for eight months i.e. 
from October 2008 to May 2009. Out of the total 100 incidences, 

24 major cases where some types of physical assaults or 
aggressive gestures / postures were involved by the aggressive 
drivers (which are highlighted below) were analysed.  
 
3.1   Road Capacity and Enforcement and Perception of 
Weather Condition  
              Places of observations and number of incidences 
occurred at different place of Delhi and NCR areas are shown 
below (fig.1,2).This has been observed that those areas where 
more road rage incidences have been observed, had either lack of 
proper road capacity leading traffic congestion, lack of working 
traffic signals or presence of enforcement. Apparently, as 
observed in the survey weather condition was clear which depicts 
that road rage incidences are not always related to weather 
conditions except few exceptional cases (fig.3). 

 

  

 
 

4.00 - 5.00 pm 2 3 12 15 1 1 4 5 

Total 23 29 34 43 7 9 15 19 
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3.2 Type of Vehicles Involved in Road Rage incidences 
              During observation it was found that 42% car drivers 
were involved with fellow car drivers, while car drivers were 
either involved with two wheelers 33%, 4% with tractors and 4% 

with buses, 4% with three wheelers and 8% with trucks. This 
shows that car drivers were maximum involved in all types of 
road rage cases (fig4). 

 

 
  
3.3 Type of Traffic Rule Violence involved During Road Rage 
Incidences  
            Road rage is just a trigger which brings forth all 
frustrations deposited inside the human mind for any minor 
incidence which may be any form of violation of traffic rules 
from either of the parties i.e. victims or aggressor , resulting into 
physical harm, fatalities and mental assaults. From the survey it 
was observed that 38% road rage incidences were triggered due 

to high speeding accompanied with wrong inside overtaking and 
25%   due to tailgating by any of the parties (victim or 
aggressor). Other types of violence involved during road rage 
incidences were red light jumping 13%, hitting from the back 
13%,high speeding with overloaded vehicle 4%,aggressive 
honking horn 4% and driving under influence of alcohol 
4%(fig.5).   

 

 
 

IV. ANALYSIS OF PADS SCALE ACROSS DIFFERENT 

AGE GROUPS, PROFESSIONAL GROUPS, GENDER 

AND DRIVING EXPOSURES 

              4.1 Brief Introduction of the Propensity of 
Aggressive Driving Scale (PADS)  
              This scale was developed by Jason P. De Pasquale, E. 
Scott Geller, Steven W. Clarke and Lawrence C. Littleton in 

1999 . This scale is designed to identify individuals with the 
greatest tendency to become angry while driving and 
subsequently engage in hostile driving behaviours or acts of 
“road rage.” Investigation revealed that the PADS is having 
adequate test–retest reliability (.91) and validity.  
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4.2 Sample Size and characteristics:  
              In the present study   191 drivers from Delhi were 
randomly selected across different age groups, professions, 
qualification and driving experiences. In the present sample 
population 81% were males and  19% were females, age –wise 
categorisation shows that 3% were from below 18 years 36% 
were from 19 - 25 years, 30% were from 26-35 years, 15% were 
from 36-45 years, 9% were from 46-55, 7% were 56 &above. 
Qualification wise categorisation of sample consisted of   36%  
graduates,30%  post graduates, 14% and  17%  were qualified up 
to higher secondary and  secondary level and 3% were only 
qualified up to primary level. According to the driving 
experiences 49% were having up to 5 years, 26% were having 5-
10 years, 11% were having 10-15 years, 7% were having 15-20 
years and 7% were having more than 20 years of driving 
experience. Profession wise in the present sample 21% were 
students, 3% were engineers, 8% were business men, 57% were 
service men, 1% and 10%   were housewives and from other 
types of profession . 
 
4.3.   Methodology and Data Collection: 
              This study was conducted on drivers randomly across 
age group, qualification, profession and driving exposures with 
the help of experienced traffic police personnel. Various 
aggressive driving behaviour parameters were measured by the 
administration of propensity of aggressive driving scale (PADS).  
Following steps were adopted in the present study: 
 

� Interview with the  Additional CP Licensing, Delhi 
regarding opinion about road rage  

� Data collection by administering PAD Scale on drivers 
� Data compilation and analysis 
� Report writing 
� Planning and Implementation of Mitigation measures   

 
4.4 Interview with the Additional CP Licensing, Delhi 
Regarding Road Rage  
              Additional Commissioner of Police expressed her 
opinion in an interview which was conducted by the research 
team that road rage is a phenomenon which shows that the 
society is on an edge; moreover it is a symptom of social 
fragmentation where one person is not able to appreciate and 
adjust with the problems of another. Road rage is a momentary 
insanity arising out of irrational anger, which is due to the 
emotional load of frustration which an individual is carrying. The 

point at which the Road Rage occurs is just a trigger, which 
brings forth the accumulated tensions, pressures and frustrations 
in the mind of an individual to the forefront. It could be because 
of any specific reason e.g. a child wasting his time during 
examination, anger at unfair treatment etc. Anger is on the other 
hand may or may not be a result of bottling up of various 
frustrations. As for the mitigation of road rage she expressed that 
we all need to cultivate a sense of balance about everything. 
Frustration results when expectations are too high then one gets 
carried away by the image of “success in life”. We tend to get 
swayed by them and then we try to assess our achievements 
against this extremely subjective benchmarks set by ourselves for 
ourselves.  She added that happiness and contentment is a state of 
mind and this realisation comes only through introspection. We 
need to teach ourselves to introspect. 
 
4.5 Data collection by administering PAD Scale on drivers 
              This study was conducted on drivers randomly across 
age group, qualification, profession and driving exposures with 
the help of experienced traffic police personnel. Various 
aggressive driving behaviour parameters were measured by the 
administration of propensity of aggressive driving scale 
(PADS).Due to time and manpower constraint the observation 
area surrounding Delhi and NCR was kept limited. 
 
4.6 Analysis and Interpretation of Data of PAD Scale 
              Various levels of aggressiveness were analysed on the 
basis of six major independent variables i.e. age, gender, 
profession, driving experiences and qualification taken up in the 
study. 
 
4.6.1 Level of Aggression Shown By the Respondents of 
Different Age Group  
              Overall responses of the respondents in all situations of 
PADS scale were compiled and analysed to observe the age-wise 
effect of aggression over different situations. On the basis of the 
data overall maximum aggressive responses were shown by the 
respondents of 19 to 25 years age group who has shown 12.9% 
extreme aggressive responses, 23.7% aggressive responses 
followed by the below 18 years age groups whose parents had 
provided them their vehicles to drive and some respondents were 
having motorbikes. These age groups were observed as most 
vulnerable groups for involving in road rage cases resulting to 
fatalities and accidents.  

 
 

Table 6: Level of Aggressiveness Shown By the Respondents of Different Age Groups 
 

Age of the 
respondents 

No 
Aggression 

Somewhat 
Aggression Aggression 

Extreme 
Aggression 

Below 18 52.6 23.1 16.8 7.5 
19-25 38.2 25.2 23.7 12.9 
26-35 60.7 19.7 15.4 4.2 
36-45 54.9 20.1 17 8 
46-55 56.1 30.8 11.5 1.6 
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56 & above 63.2 22.9 9.8 4.1 
 
4.6.2 Level of Aggression Shown By the Respondents of 
Different Gender  
           Female drivers showed more aggression as compared to 
the male drivers as female drivers have shown 10.2 percent 

extreme aggression level as opposed to 6.4 percent of male 
drivers. 

 
Table 7: Level of Aggressiveness Shown By the Respondents of Different Gender Groups 

 
 
 
 
 
 
 
              As with most human behaviour, there is a stated and 
unstated, a conscious and unconscious motivation for most traffic 
disputes. Today aggressor could be male or female, young 
(usually), or old, educated or uneducated, rich or poor. Violent 
traffic disputes are rarely the result of a single incident but the 
cumulative result of a series of stressors. 

4.6.3 Level of Aggression Shown By the Respondents of 
Different Qualification 
              Overall, there was no significant difference up to .05 
level in ANOVA has been found as drivers qualified up to post 
graduate levels were found showing maximum aggressive 
responses followed by drivers qualified up to primary and 
secondary levels. 

 
Table 8: Level of Aggressiveness Shown By the Respondents of Different Qualification 

 
Qualification No 

Aggression 
Somewhat 
Aggression Aggression 

Extreme 
Aggression 

Primary 34.2 32.8 21.2 11.8 
Secondary 31.5 31.7 26.3 10.5 
Higher 
Secondary 68.4 19.5 9.4 2.7 
Senior 
Secondary 58.2 23.5 12.5 5.8 
Graduate 50.3 24.6 16.2 8.9 
Post Graduate 40.6 25.6 16 17.8 

 
4.6.4. Level of Aggression Shown By the Respondents of 
Different Profession 
              Respondents of category one i.e. students have shown 
maximum aggression level while the other groups has almost 

same level of aggressiveness. This observation of research data 
shows that the drivers of having new driving experiences have 
maximum chances for involving in road rage incidences as 
compared to the other professional categories.  

 
Table 9: Level of Aggressiveness Shown By the Respondents of Different Profession 

 
Profession 

No 
Aggression 

Somewhat 
Aggression Aggression 

Extreme 
Aggression 

Student 40.6 25.7 20.8 12.9 

Engineer 50 23.6 18.4 8 

Businessman 64.5 19.6 11.5 4.4 

Serviceman 57.6 24.8 11.9 5.7 
Housewife 42.1 21 31.5 5.4 

Others 58.1 20.7 14.4 6.8 
 
 

Gender 
No 
Aggression 

Somewhat 
Aggression Aggression 

Extreme 
Aggression 

Male 55.7 24 13.8 6.4 
Female 47.3 24.6 17.7 10.2 
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4.6.5. Level of Aggression Shown By the Respondents of 
Different Driving Experiences 
              Almost similar results have been observed in the data 
analysis according to driving experiences .Respondents of 
category one i.e. the drivers  having driving experiences up to 5 

years have shown maximum aggression level while the other 
groups has almost same level of aggressiveness. This observation 
of research data proves that the novice drivers have maximum 
chances for involving in road rage incidences. 

 
Table 10: Level of Aggressiveness Shown By the Respondents of Different Driving Experiences 

 
 
 
 
 
 
 
 
 
 
 

V. CONCLUSION OF THE RESEARCH FINDINGS 

             Overall, in all types of road rage cases there are some 
common characteristics  

• It usually involves expressed aggression between 
strangers. 

• It is related in some way to a driving incident.  
• It involves a perceived threat of "invasion" into one's 

space, and thus, one's identity.  
• It is a conflict phenomenon that has yet to secure a 

universally agreed upon definition.  
• There are, by some standards, insufficient quantifiable 

data documenting its existence.  
• Theories about its causes abound, proposing an 

extremely broad range of probabilities.  
• The inability to target causes for the phenomenon 

presents major challenges to resolving it. 
 
             The table 11 reveals that somewhat aggressiveness was 
shown by the 35.1% respondents when driver of another vehicle 
came suddenly in front of the respondent’s vehicle and the 
respondents had to put an emergency brake. Extreme 
aggressiveness was shown by 68.6% respondents when a fellow 

driver occupied their parking space in a fully congested parking 
lot. Somewhat aggressiveness had been shown by the 36.6% 
respondents towards those drivers who had the general tendency 
to play music at high volume while driving. About 39% 
respondents had shown aggressiveness towards those drivers 
who had the general tendency of frequently switching over lanes 
and preventing fellow drivers from passing efficiently. 
Respondents had shown aggressive attitudes towards risk taking 
pedestrians who runs across the road ,don’t use zebra crossings  
and come in front of the busy traffic and bump with them, about 
34% of the respondents had come across with such type of 
situation. 
             Some drivers have the bad habits of eating and drinking 
on the road side and throwing the waste paper, bottles and other 
things out of their windows while driving. 96.4% drivers had 
come across with such type of incidences where the waste paper, 
bottles etc. thrown out by the drivers whom they were following 
and these got struck on their windshields. Facing such situations 
4.2% respondents responded extreme aggressively which led to 
following of the faulty driver’s vehicle and fighting with him, 
39.3% respondents gave bad gestures to the faulty drivers and 
shouted towards the faulty drivers.  

 
Table 11: Analysis of Aggression Levels on Nineteen Different Situations 

 
Behaviour S1* S2 S3 S4 S5 S6 S7 S8 S9 S10 

No aggressive 
behaviour 

47.1 55.5 0 68.6 70.7 38.2 81.7 89.5 78.5 56.5 
Somewhat 
aggressive 
behaviour 

35.1 24.6 14.7 25.7 0 36.6 5.8 0 13.1 4.2 
Aggressive 
behaviour 

10.5 0 16.8 0 18.8 11 12.6 10.5 8.4 39.3 

Driving 
Experiences No 

Aggression 
Somewhat 
Aggression Aggression 

Extreme 
Aggression 

Upto 5 48.1 24 17.9 10 
5 to 10 58.2 23.5 13 5.3 
10 to 15 61.3 23.7 10.9 4.1 
15 to 20  63.1 20.5 10.7 5.7 
Above 20 58.5 28.9 8.6 4 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      162 
ISSN 2250-3153  

www.ijsrp.org 

Extreme aggressive 
behaviour 

7.3 19.9 68.6 5.8 10.5 14.1 0 0 0 0 
Total 100 100 100 100 100 100 100 100 100 100 
 
Behaviour S11 S12 S13 S14 S15 S16 S17 S18 S19 

No aggressive 
behaviour 

66 52.3 3.1 3.6 3.1 75.9 96.9 53.4 30.9 
Somewhat 
aggressive 
behaviour 34 21.5 28.8 52.9 67.5 0 0 18.3 53.4 
Aggressive 
behaviour 

0 16.2 57.1 39.3 16.8 0 3.1 17.3 15.7 
Extreme aggressive 
behaviour 

0 9.9 11 4.2 12.6 24.1 0 11 0 
Total 100 100 100 100 100 100 100 100 100 

*S1 to S19=situation 1 to situation 19 
 
             Respondents had also found victimised by the fellow 
drivers like blocking their space, bad gestures etc. for which 
46.6% respondents responded aggressively (varying from 
somewhat 18.3% to extreme aggressiveness 11%) towards the 
aggressors. Generally drivers in India driver at night with high 
beams which in case directly fall on the eyes of the drivers 
produce glare effect and cause temporary impairment of vision 
due to the bleaching effect of Rods. About 69% respondents 
responded aggressively towards the drivers who were driving 
with high beam at night time. 
 

VI. THE MITIGATIONS MEASURES INITIATED BY 

CSIR- CRRI  

6.1   Through Education and Enforcement 
             a) Research team has planned to develop an educational 
film on ROAD RAGE to highlight the causes and ways to 
control road rage. 
             b)  Working with the Enforcement people CRRI research 
team working as a coordinator to talk road rage victims, help in 
various research activities to find effective interventions of 
aggressive driving and road rage. Enforcement efforts have been 
accompanied by public information campaigns. CRRI 
Cooperative programs with Delhi police in various aspects were 
found to be effective. To understand the mechanisms underlying 
young drivers' risk-taking behaviour in CRRI participated in   
Road Safety and Anti Aggression campaign. The goal such 
campaign was to bring about a change in the students and social 
climate so that normative behaviour of children is constructive. 
Various schools participated in the campaign. 
             c) CRRI participated in the First Aggression 
Management Workshop  organized by the Delhi Police under 
chairmanship of Additional Commissioner of Police, Licensing 
Branch of Delhi Police on 15th and 17th April, 2009 in which 
CRRI participated as one of the  coordinator of the core 
group along with the other highly expertise persons.  

             d) In the workshop NAVCHENTA website 
www.navchetna.com was launched. The prior objective of 
launching such website was to inculcating safety attitude and non 
aggressive behaviour among youngsters through different 
processes e.g. CRRI research team is interacting with the 
different experts for solving kids problems & helping in research 
for identifying causes and mitigation of aggressive behaviour 
through this network. 
 
6.2 Behaviour Scanning And Modification Through 

Aggression Management Workshop 
             CRRI participated in aggression management workshop 
organized in Lady Irwin College by TrafficZam.com, website 
www.trafficzam.com for imparting aggression management 
practices on the road. CRRI highlighted various causes of road 
rage incidences and highlighted to avoid such conditions through 
safe and calm attitude. CRRI also provided practical simulation 
practices among the students to show the after effect of road rage 
and stress on human health. 
 
             This type of intervention is useful for those drivers who 
do not have any record of long time driving offences. Students 
and young drivers were taught to control the Level of frustration 
and how to Avoid Becoming a Victim of road rage by 

a) Reducing Stress and Fatigue on the Road  
b) Regular maintenance of the Car  
c) Taking journeys in easy stages  
d) Acquiring knowledge about road signs and road 

rules 
e) Knowledge regarding First Aid 
f)  

6.3 Research Initiative  Taken And Planned For Further 
Mitigating Road Rage 

             CRRI had also planned for a collaborative project work 
on indentifying aggressive attitude among college students riding 
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two –wheelers with Dept of Mental Health & Social Psychology, NIMHANS, Bangalore. This project is under review in CSIR. 
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Abstract- In this paper the ACO (Ant colony optimization) 
technique of Swarm Intelligence has been used to solve an 
interesting class of problem. This is an optimization technique 
which is used to solve max-min MDVRP. Unlike the traditional 
MDVRP which focuses on minimizing the distance travelled by 
the vehicle, this technique focuses on minimizing the maximum 
distance travelled by the vehicle. To achieve this level of 
optimization 2-opt technique has been used. 
 
Index Terms- Input Image for15 cities, 18 cities and 30 cities, 
Clustering and Swarm Intelligence. 
 

I. INTRODUCTION 

ehicle routing problem (VRP) is a combinatorial 
optimization problem delving to serve geographically 

dispersed customers with a fleet of vehicles. This came into 
existence in 1959. VRP is exercised in transportation, tourism, 
logistics, school bus path optimization etc. There is one central 
depot which takes order from the customers and then finally 
supplies them the goods. VRP is closely related to TSP as it 
consists of many TSPs with common start and end cities. 
Probably, the basic inducement is to minimize the cost by 
minimizing the total distance travelled by the vehicles. Other 
name for VRP is Single Depot Vehicle Routing Problem 
(SDVRP).  
          An extension of this algorithm is Multi Depot Vehicle 
Routing Problem (MDVRP) which implicates number of 
depots instead of only one. In most of the real-life VRPs, 
demands at the customer nodes vary due to various factors, such 
as location and temporal seasonal factors [3]. A network routing 
topology generated by solving min-max MDVRP results in a set 
of daisy-chain network configurations that minimize the 
maximum latency between a server and client. This can be 
advantageous in situations in which the server-client connection 
cost is high but the client-client connection cost is low 
[20].Vehicles should start from the depot and then return back to 
the depot after serving an ample amount of customers. Every 
customer has a demand which varies stochastically. Vehicles are 
assigned to the customers and one customer is served by only 
one vehicle. There are few considerations which should be kept 
in mind while implementing MDVRP. 
1) Vehicle should start and end its route at the depot. 
2)  A customer is visited exactly once by the vehicle in each 
cluster. 
3)  Total cost to traverse the customers is minimized.  
 

1.1 Nearest neighbor function 
a) Each customer/city is assigned to the nearest depot. 
b) Routes are made by traversing the vehicles over the cities( 
initial solution is made). 
c) Local improvement method is applied to the routes initially 
formed in order to get better results. 
 
          Constraints are imposed on the vehicles: 
a) Capacity constraint: includes that a vehicle can carry a 
certain amount of goods. 
b) Distance constraint: includes that a vehicle can travel a 
certain amount of distance. 
 
1.2 Ant Colony Optimization  
          The technique that is used to solve the problem is Ant 
Colony Optimization (ACO). ACO is a probabilistic technique 
for solving computational problems which are used to find 
optimum path, based upon the behavior of the ant seeking a path 
between the food source and their colony. ACO algorithms are 
population-based, in that a collection of agents “collaborates” to 
find an optimal (or even satisfactory) solution. Such approaches 
are naturally suited to parallel processing, but their success 
strongly depends on both the nature of the particular problem and 
the underlying hardware (12). Initial these ants wander 
randomly; they find the food source they keep on laying the 
pheromone trail which acts as a communication medium for the 
ants. Pheromone evaporates over the period of time. 
 
          Minor changes can be done in order to get improved 
results of Ant system  
1) Transition rule 
           Relation between the pheromone trail laid done and the 
exploration of path done. 
2) Pheromone trail update 
          Increasing the probability of the city been chosen by 
updating the value of the pheromone laid. 
3) Local trail updates 
          Evaporation of the pheromone laid down thus the solution 
does not stuck in local minima. 
 4) Candidate lists (of cities) 
          The one that is closer and has more probability is chosen 
as the next city. 
 

II. IMAGE CLASSIFICATION 

          In the fig below cities and depots are randomly distributed 
over the planar region. Black nodes are the cities/ customers and 

V
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the red nodes represent the depots. There are 50 cities/customers 
and 3 depots. On each depot there are 2 vehicles each. Fig 1.6 
represents how the cities /customers are assigned to the depots. 
Finally in Fig 1.7 represents how these assignments are given 
route. The assignment of routes should be such that the vehicle 
routes do not intersect which means that the perturbation is 
applied.  
 

 
Fig 1: Random distribution of cities and depots 

 
 

 
Fig 2: Assignment of cities to depots 

 

 
Fig 3: Routes formed 

 

III. PROPOSED WORK  

          Here broader area of research is swarm intelligence under 
which ACO has been chosen. Various problems are encountered 
when it comes to transportation of goods like how to decrease the 
cost in terms of distance travelled, fuel consumption etc. Thus for 
further exploration vehicle routing problems are chosen, under 
which this paper will be extending SDVRP to MDVRP. Here 
MDVRP is solved using ACO technique. In traditional MDVRP 
attempt was made to reduce the total distance travelled whereas 
in this case attempt is being made to reduce the maximum 
distance travelled by the vehicle. This is done by first making 
clusters based upon the distance of cluster from the depot. 
Number of routes should be equal to or less than the number of 
depots. More number of routes increase the number of vehicles 
required thus reducing the quality of solution. Customers are 
assigned to different routes. The distance is computed according 
to the following rule: 
 
- If D(ci,A) < D(ci,B), then customer ci is assigned to depot A 
- If D(ci,A) > D(ci,B), then customer ci is assigned to depot B 
- If D(ci,A) = D(ci,B), then customer ci is assigned to a depot 
chosen arbitrarily between A and B. 
 
In the above cases, 

d =                                                                                         
 
represents the distance between customer ci and depot k. Finally 
each cluster is treated as an individual SDVRP in which ACO is 
used to find the shortest path such that the distance and the 
capacity constraints of the vehicle are not violated. In ACO 
artificial ants simulate the behavior of artificial ants. The 
objective function corresponds to the quality of food sources and 
an adaptive memory corresponds to the pheromone trails [5]. 
Ants are provided with local heuristic function and global 
function which represent the greedy approach and desirability of 
a solution respectively. To appropriately guide the search process 
using the local and global information, ant colony algorithms 
typically use some parameters that include heuristic desirability, 
pheromone updating rule, and probabilistic transition rule [5]. 2-
opt-heuristic, a local search that involves replacing two edges is 
used in order to embellish the accuracy. Firstly the heuristic 
desirability of visiting one city after other is calculated 
i.e. when we move from city i to j . Desirability and distance are 
inversely proportional to each other. ; the probability of visiting 
the city is calculated 

      
           
          Once desirability value is calculated for each city moving 
to the other one, now probability value can be calculated using 
the desirability as one of the parameter. Probability is denoted by 
pij which tells the probability of visiting the next city which 
traversing the route 
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where τij represents the concentration of the pheromone on the 
path from city i to city j, α and β represents the biases for 
pheromone trail and visibility respectively, and they represent 
parameters to weigh pheromone concentration (which represents 
learnt knowledge for more global solution) with respect to 
visibility (which represents local heuristic desirability) in the 
transition rule (4).  
          This is done in order to find the shortest path possible. The 
value of the pheromone is updated whenever a new city is 
chosen. Finally the moment the distance or the capacity 
constraints are violated then the depot is chosen as the next city 
to be visited.  Whenever the vehicle exceeds the vehicle distance 
constraint L then the depot is chosen as the next city and a new 
tour is commenced for a new vehicle. Thus L is a critical 
parameter for calculating the distance for the proposed algorithm. 
L is the maximum distance that a vehicle can travel while our 
approach tries to find out the minimum of L i.e. L

* in each 
cluster. 
 

IV. SIMULATION RESEARCH 

          The flowchart of the proposed algorithm is shown in figure 4.  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4: Flow Chart 
 

The pseudo-code of the proposed algorithm is given in figure 5. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5: Pseudo-code: Implementation of algorithm 
 
 
 

 

Procedure  MDVRPusingACO 
InitializeDataValues 
ClusteringTechnique 
While( ! numberofclusters) do 

SDVRPforeachCluster 
While( ! nodeleft) do 
ACOforeachVehicle 
End-while    End-while 

End-procedure 
Procedure InitializeDataValues 
           Variables 

InterpretData                                   
CalculateDistances                        
CalculateNearestNeighbourList 
IntializeMatrix               
InitializeAnts 
InitailizethePositonofAnts 
InitializeParameter      End-Procedure 

Procedure ClusteringTechnique 
For m = 1 to noofdepos do 
         For n =1 noofcities do 
                  D[m][n] =  
            End            End 
For n=1 to noofcities do 

                     For m = 1 to noofdepos do 
                              A[x] = D[m][n] 
                       End 
                 T[n]  =  sort(a, noofdepos)  
              End     End-procedure 
Procedure   ACOfor1vehicle 
While (!maximumdistance) do 

RouteConstruction 
LocalSearchProcedure 
UpdateStatistics 
PheromoneUpdate 

End-while          End-procedure 
Procedure  RouteConstruction 
for a = 1 to m do 

for c = 1 to n do 
ant[a].city[c ] = 0 

  End-for      End-for 
counter ←  1 
for a = 1 to m do 

r ← random   {1; . . . ; p} 
ant[a].tour[counter]← r 
ant[a].city[r] ← 1 

End-for 
while (counter < p ) do 

counter = counter + 1 
for a = 1 to m do 

FormulationRule(a, counter) 
              End-for        End-while 
for a = 1 to m do 

ant[a] . tour[ p + 1 ] ← ant[ a ] . tour[1] 
ant[ a ] . tour_length ← CalculateTourLength(k) 

End-for 
End-procedure 
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V. RESULT 

           Here we have made the input image on the 900*600 pixel 
we assume that two pixels represents 1 km on the ground. For 
example suppose XY city is 150 km apart from the depot which 
is considered as the origin. Now when we draw the similar image 
according to pixels then we will say that city XY is 300 pixels 
apart from the depot. Here we have two options one is we can 
draw the position of the depots and the city and the other one is 
we can give as input the coordinates of the point. Here we will be 
using the first scenario i.e. giving the image as the input.  
 
5.1 Results for 15 cities 
Depot A 
 

Table 1. Route allocations to depot A (15 cities) 

 

 
Fig 6: Left represents depots and right cities (15 cities) 

 

 
Fig 7: Pixel values if depots and cities( 15 cities) 

Depot B: 
Table 2. Route allocation to depot B(15 cities) 

 
5.2 Result for 18 cities 
Depot A: 

Table 3. Route allocations to depot A (18 cities) 

 
Fig 8: Left represents depots and right cities (18 cities) 

 

 
Fig 9: Pixel values if depots and cities (18 cities) 

 

Max. 
distance 

Min. 
distance 

Average 
length 

Route 
formed 

No of 
vehicles 

Tour 
length 

772.85 276.994 524.75 B-11-
12-6-3-
7-9-8-
10-B 

1 554 

Maximum 
distance 

Minimum 
distance 

Average 
length 

Route 
formed 

No of 
vehicles 

Tour 
length 

738.3 272.1081 505.2 A-15-
14-13-
4-3-2-
1-A 

1 544.2 

Max. 
distance 

Min. 
distance 

Average 
length 

Route 
formed 

No of 
vehicles 

Tour 
length 

667.15 167.411 417.27325 A-2-1-
5-6-7-
9-8-4-
3-A 

1 502.25 
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Depot B: 
 

Table 4. Route allocation to depot B (18 cities) 

 
Depot C: 

Table 5. Route allocation to depot C (18 cities) 

5.3 Result of 30 Cities 

 
Fig 10: Left represents depots and right cities (30 cities) 

 

 
Fig 11: Pixel values if depots and cities (30 cities) 

 
 
 

Depot A: 
Table 6. Route allocations to depot A (30 cities) 

 
Depot B: 

Table 7. Route allocations to depot B (30 cities) 

 
Depot C: 

Table 8. Route allocations to depot C (30 cities) 

 

VI. CONCLUSION AND FUTURE WORK  

             Ant colony optimization technique has been used to 
solve an interesting class of problem. This is an optimization 
technique which is used to solve max-min MDVRP. Unlike the 
traditional MDVRP which focuses on minimizing the distance 
travelled by the vehicle, this technique focuses on minimizing the 
maximum distance travelled by the vehicle. To achieve this level 
of optimization 2-opt technique has been used. Various time 
critical problem fall in this category so this system can be used to 
meet the constraints of the problem. Here distance constraints 
have been used such that there is a limit to which the vehicle can 
travel. Results have been verified for a various test cases and 
have been compared to max-min SDVRP and MDVRP using 
GA.  The results are better than both of them using the proposed 

Max. 
distance 

Min. 
distance 

Average 
length 

Route 
formed 

No of 
vehicles 

Tour 
length 

416.75 37.081 226.9155 B-10-
12-18-
16-B 

1 111.25 

Max. 
distance 

Min. 
distance 

Average 
length 

Route 
formed 

No of 
vehicles 

Tour 
length 

704.15 194.97855 449.5642 C-11-
13-14-
15-17-
C 

1 584.95 
 

Max. 
distance 

Min. 
distance 

Average 
length 

Route 
formed 

No of 
vehicles 

Tour 
length 

882.35 220.57665 551.45 A-3-2-
1-30-
11-13-
4-6-5-
A 

1 661.75 

Max. 
distance 

Min. 
distance 

Average 
length 

Route 
formed 

No of 
vehicles 

Tour 
length 

665.25 174.93225 420.1 B-9-
10-12-
14-15-
16-8-7-
B 

1 524.8 

Maximu
m 
distance 

Minimu
m 
distance 

Avg 
length 

Rout
e 

No of 
vehicle 

Tour 
length 

997 356.9030
5 

676.95 C-25-
24-
29-
27-
28-
21-
17-
18-C 
C-19-
20-
22-
23-
24-C 

2 858.75 
197.27
5 
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Ant Colony Optimization Technique. Future work includes using 
the concept of time windows using ACO. Other future work can 
be using3-opt to solve the problem and get more optimized 
result. 
 

Table 9. Comparative analysis: 
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Madhubani Paintings: Its Existence and Possibility 
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Abstract- Indian art history has given a rich storage of traditional painting in Indian sub-continent from pre-history to present time. 
The style of painting differs from region to region and period to period. There is a living tradition in the art field of Bihar that is called 
Madhubani painting which enlightened about the social structure as well as cultural identity of Bihar and the styles of painting has 
been changing from generation to generation.  
The article deals with the history, subject matter, use of raw materials and styles of Madhubani Paintings in the context of the role of 
local artisans of Jitwarpur village in it. Article focuses on the paintings of Madhubani with special emphasis to the present scenario of 
Madhubani painting and how the village painters express their skill through organic colours and free hand brush drawing.  

 
 

I.  Section 1 

ainting is generally done by folk artists or classical artists in three ways: wall-painting (bhitti chitra), canvas-painting (pata chitra) 
and floor-painting (aripana). Among these the wall-painting and the floor-painting are very popular in Mithila region. The Wall-
paintings or Mural paintings, popularly known as Mithila painting or Madhubani painting (Thakur: 1982). Madhubani is a district of 
North Bihar, a place where art and crafts have reached its stage of excellence. This part of the country is renowned for wall paintings, 
floor paintings, canvas painting and decorative crafts like wooden toys, Pottery toys and papier-mache products 
(www.madhubaniart.com).The tradition of Madhubani painting of Bihar has continued unbroken to the present day and has yet 
evolved with the times and changing more. These paintings are practiced by the women folk, which is an exclusively feminine school 
of folk painting. The lovely canvas paintings seen at every house in Madhubani are very much attractive, whether painted with colours 
or black ink. Madhubani paintings are practiced till date in the village of Jitwarpur, Ranti, Rasidpur, Bacchi, Rajangarh, etc. 
Madhubanipainting is a rich traditional style, rooted in region of Mithila in Bihar. It is not only limited to the artist of the villages of 
Madhubani. But also cannoscisser of art living beyond all over the country as well as abroad. This art is said to date back to the times 
of the Ramayana when it is believed Janaka who ruled Mithila, commissioned artist make painting on the occasion of his daughter Sita 
to Rama (www.mithilaart.com).Origin of this continuity may be traced to the continuous spell of Hindu role in Mithila from 1097 AD 
to c1550AD under the Karnatas and the Oinavaras which continued uninterruptedly under the Khandavala dynasty (Darbhanga raj) 
till the present day (Thakur: 1882).About the history of Madhubani painting, artist Rajkumar Lal mentioned, “in around 1934 the 

place Madhubani attacked by a big earthquake. In 1960, few members of the All India Handicrafts Board, Delh,i came to Madhubani 

for survey. At that time they attracted by the wall painting of Madhubani. They gave suggestions to some local artisans to paint on 

cloth and paper in their traditional way. They also encouraged the women of Madhubani for commercial sale”. Since then the 
painting medium has diversified. Wall paintings were transferred to handmade paper (which was of poster size) and gradually it 
praised for other mediums and motifs like greeting cards, dress materials, etc. It is assumed that this was the turning point of 
Madhubani folk painting. He also said that his grandmother Jagadamba devi was first artist of Madhubani painting who got national 
award in 1970 and Padmasree award in 1975 from India government. 

II. Section 2 

Madhubani is a district of North Bihar situated at a distance of 190 kilometers from Patna city. The village Jitwarpur is around 
two/three kilometers away from Madhubani Railway station. A big cultural activity of Bihar is traditionally practiced by different 
community artist like Bramhan, Kayastha and schedule caste in this village. Jitwarpur village is surrounded by lush green fields, long 
palm trees, and picturesque mango gardens of North Bihar. It is completely flat and free from rock or stone. The inner landscape is 
characterized small brick huts where maximum walls are decorated with ritual design, well natured date trees and mango trees the 
village is unique one with exquisite natural and artistic beauty which captures viewer’s imagination and an ideal atmosphere for 
research purpose (especially field work study on Madhubani painting). The artisans of Jitwarpur have eagerness to develop and 
express their own cultural activities in front of the world. Anybody will be surprise to see their skill full ritual decorations and 
paintings. Madhubani artists are very simple house wives who do not go to any school to learn this painting. Their tradition is going 
on from generation to generation. In Mithila the women of all communities are working on these paintings, but the paintings of the 
women of the Brahmana and Kayastha communities are unique. Their subject matter and technique is different from schedule caste 
painters because they are educated then the other caste people. Now a days about ninety nine percent people of Madhubani district are 
working on this field. Some artisans of Jitwarpur who are still working on the field of Madhubani, they are Siban Paswan, Shanti 
Devi, Rajkumar Lal, Kamolesh Korn, Mahasundari Devi, Biva Lal Das, Rekha Das, Satya Narayan Korn, Joy Narayayn Lal Das. And 

P 
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they already have made their position on the market field in India and abroad. They have been participated so many workshops in 
Denmark, Dubai, and German. Among them some artists are national awardees and state awardees. Some non living women artists of 
Madhubani are; Jagadamba Devi, Ganga Devi, Sita Devi, Yoshoda Devi, Bua Devi who has made their contribution in Madhubani art 
history. After visiting the Jitwarpur village and observing their paintings we can sum up that the villages itself is a Madhubani artist 
camp. 

The attributes characterizing almost all Madhubani paintings are:- 
1. Use of bold natural and artificial colours. 
2. A double line border with simple geometric designs or with ornate floral patterns on it. 
3. Symbols, lines and patterns supporting the main theme. 
4. Abstract-like figures, of deities or human. 
5. The faces of the figures have large bulging eyes and a jolting nose emerging out of the forehead. 

Madhubani painting is an emblematic expression of day-to-day experiences and beliefs. As such, symbolism, simplicity and beauty 
hold them together in a single school of traditional art. The symbols that these Maithili painters use have their specific meanings as, 
for instance, fish symbolize fertility, procreation and good luck, peacocks are associated with romantic love and religion, and serpents 
are the divine protectors. Characterized by vibrant use of colour, underlying symbolism and traditional geometric patterns supporting 
the main theme, the Indian folk art form of Madhubani succeeded in creating a place for itself in the international house of fame and is 
now recognized worldwide. The Government of India is also paying its tribute by starting training programs educating people on 
Madhubani paintings. 
Till date the artisan of Madhubani paintings are used colours directly from nature. Lamp soot served as a source of black, White from 
powdered rice, green was made from the leaves of the apple tree and Tilcoat(Fig.10.c), blue from the seeds of Sikkot (Fig.10.d) and 

indigo, yellow was drawn from the parts of singar flower ( Fig.10.a) or Jasmine flower, bark of peepal was to be boiled to make a part 
of saffron colour, red was made from kusum flower and red sandal wood. To make the painting last long as well as o take brightness 
they mixed gum with colour. Artist Shanti Devi says that the use of synthetic colour and modern round brushes are replacing the 
cotton tipped bamboo sticks and stiff twigs that used to serve as brushes still a few years back. A living artist Gouri Shankar 
interpreted that, at first he made rough sketch then detail drawing of subject matter is completed with bold strait and curve lines. 
Finally, the drawing is filled with different colours whenever it is required. The colours in the paintings are applied flat and the figures 
are rendered with double outlines with the space in between filled with thin crosshatchings or slanting lines. Over a period of time 
distinct style evolved with practitioners from deferent social background bringing their own word view and aesthetics understanding 
into their paintings. These styles can broadly be categorized as geru,bharhi,kachni, gobar and godna. 
Thematically, Madhubani paintings are mostly based on religion and mythology. In the paintings of little tradition, Gods like Raja 
Salesh, Buddheshwar, Jutki Malini, Reshma, and the likes occurs in abundance. Great tradition is a tribute to the Hindu Gods like 
Krishna-Radha, Shiva-Parvati, Ganesha, Maa Durga, and the likes (Thakur:1982). Nevertheless, natural scenes of villages, everyday 
life, flora and fauna which are so much a part of life of this school of painters also entered the domain of Godhna paintings. A visit to 
the Jitwarpur village of Madhubani district enlightened about the Madhubani painting. The effort of the artists makes one realize about 
the time they give for their painting and how their lives are completely involved around their painting as this is the any source while 
fetches then bread and butter. Everybody knows that Mithila is the birthplace of Sita and that is why the artisan visualized several 
scene of Ramayana. According to them fish is symbol of goodluck and holyness. Fish also symbolize water with which it is 
associated. Besides abstract human figure the motifs and design are seen in Madhubani painting such as; flora and fauna, curve linear 
devices, circle in series, series of short lines ,peacock, fish, flower, birds, animal and other natural life. The central theme the 
Madhubani paintings is the Hindu Gods and Goddesses. The outline is usually left uncolored, in order to create a visual depth and 
aesthetical taste. while religious painting include various god and goddesses, secular and decorative paintings contain various symbol 
and prosperity and fertility such as elephant horse, lion parrot, turtle, bamboo, lotus, flower, purania leaves, pana flower, creepers, 
swastika, samka etc. forms on the background. The human figures are mostly abstract and linear in forms and the animals are usually 
naturalistic and are invariably depicted in profile. Border of Madhubani painting has equal important as like as theme and style. To 
make border attractive the artists are applied strong linear design of geometrical symbols and other flora and fauna. Madhhubani 
painting has become major part of their daily life and it is easily understood when anybody visits their house then he/she will be found 
somebody is working on this painting like sharee, bad cover, mural painting, paper painting etc. Artist Komolesh Korn express his 
view, at first he made line drawing of different image with water proof ink on handmade paper where these two products are available 
in the market. And this way they made several line drawing painting near about 100/150 of deferent size (small size). Many foreigners 
come to the village of Madhubani for research purpose and they purchase these painting and also give commercial order to the artisans 
and then they apply colours on these black and white linear paintings on the spot and sale. All the artists of Madhubani are used 
natural and synthetic colours and no doubt they are enjoying their tradition but now days they make painting according to customers 
demand. Some artists are expert in free hand drawing. Kohober is one of the important type of Madhubani painting which made at the 
time of marriage. Marriage of Bihari people and kohober painting is synonymous to each other. Kohaber indicates a specially 
decorated room with elaborate paintings on the walls where married couple enters for their first meeting after marriage. These 
particular wall paintings are done only by some expert women artist. They used only red colour on kohobar painting, no other colour 
is allowed to be used except red which is traditionally supposed to be very auspicious. 
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Madhbani artist has a sufficient demand in foreign country and it is proved by the experience of some eminent artist of jitwarpur 
village of Madhubani. According to Rajkumar Lal, on his second visit to Mauritius had a very positive response by the audience about 
the workshop, he said “I was surprised to receive New Year card this year (2010) on madhubani painting in Mauritius style”. The 
principal of the college of art and crafts (patna) Anunoy Choubey said, “The world of Madhbani painting continues to evolve and 

influence other forms of contemporary art today”. About contemporary field of Madhubani painting, Choubey express her view “I was 

invited to Mauritius to set up the department, there was tremendous enthusiasm. It was a new journey for Madhubani painting 

crossing over boundaries and culture”. .Now painting are done on jute bags, sarees, other apparel, pen holders, file covers, mobile 

cover etc. It had picked up fast to provide a full of Bihar far away from our shores. What is however distinct is the innovations in the 

Madhubani painting to depict Mauritius culture and history. It has become quite popular, with the blending of regional colours and 

theme giving it an entirely new dimension. Madhubani art has been introduced in a new place and a new context and its relevance and 

meaning tasted by non Madhubani artist, so successfully, to be a testimony to the greatness of this art form from Bihar (Hindustan 
Times, Saturday 2010). This proved that Madhubani is amalgamated with other foreign style and this type of workshop will help to 
continue the tradition of Mithila or Madhubani painting. 
Beside this, some centers are playing vital role to develop the cultural scenario of Bihar. Amongst them Office of Development 
Commissioner (Handicrafts) Ministry of Textile, Government of India is working under Government in Bihar state and this give 
chances to express their (Madhubani artisans) own cultural activity in the deferent places. Carpet training officer Bipin Kr Das says 
that 38 training centers in Bihar state are running on. 21 centers in North Bihar and 17 in South Bihar are located. The main objective 
of these kinds of centers are to develop the skill of artisans of different places of state, to give a financial assistant for capacity 
building and to conduct awareness-cum-training workshops/seminar for artisans, NGOs etc. office of development commissioner 
(handicrafts) ministry of textile, government of India  has different type of schemes like design and technology up gradation, training 
and extension ,financial assistance SHDC/Apex societies, marketing support and service, Babashaheb Ambedkar Hastashilp Vikash 
Yojona etc. up gradation of artisan skill, improvement and diversification of product, development of new design and prototypes, 
supply of improved/modern equipment to the craft persons revival of rare crafts to preserve the traditional heritage, preservation of 
traditional art and crafts of high aesthetics value, etc. A training center Upendra Maharathi hndicrafts institute of Patna, bearing a six 
months course of Madhubani painting under the scheme of Indian government. There some selected teachers are employed to train 
Madhubani paintings to students. Some rare collectionsof painting and decorative crafts are well preserved in this institution. Sri 
Nagar Kishore Das a Madhubani based artists of Jitwarpur is one of the trainers in this institute. The materials which are used for the 
paintings are; hardboards, papers, fabric colours and enamel colours. As it is a short term course so organic colours which takes a long 
process and time are replaced with readymade colours. 
 

III SECTION 3 
Thus, it can be concluded that folk culture of Mithila as especially painting has rich heritage. It has achieved eminence in the 
international art market. To conclude one must consider or agree that in the absence of folk painting there is no identity of culture in 
human life as well as occasion will be incomplete. If anybody wants to know the nation at first he has to know the roots. There is no 
doubt that the cultural roots of Mithila as well as Bihar basically based on Madhubani painting. The media of pictorial expression of 
painting are basically colour and line. . Folk paintings give aesthetical feelings and remind us about the native life through their 
colourful line drawings. The repetition of same kind of line confers a harmonious unification of elements. The big attraction at 
Jitwarpur is that the whole village community is involved in making this painting. Everyone in Bihar's Madhubani is an artist 
According to time and people medium has changed. Now most of the artists use watercolors and handmade papers. But they maintain 
the traditional characteristics and style and themes of paintings although the medium has changed. In order to create a new source of 
non-agricultural income, different organizations encourage the artists to produce their traditional paintings on handmade paper for 
commercial sale. This way now it also widely spread.  
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                        Fig.1:Madhubani Painter Komolesh Korn. 
                                                                                                                             Fig.2 Artist Rajkumar Lal is doing his painting  

                                                                           

                         Fig.3: Mithila folk Art workshop, Patna.                            
                         Organized by, Bihar Lalit Kala Academy.                            Fig.4: Upendra Maharathi Crafts Institute (Patna). 
 

                               
 
                                  Fig.5 Biva Devi with her painting 
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                  Fig.6 Madhubani painting by Rajkumar Lal  (Ram- Sita)               Fig.7 Work of Gouri Shankar (Saree pallu) 
 

                                                        

                  Fig.8 Work of Kamolesh Korn (paper painting)                           Fig.9 Line Drawing by Komolesh Korn  

                                                        

                                            Fig. a: Singhar                                                      Fig. b: Singhar with water (yellow colour) 

                                                          

                         Fig.c: Tilcoat leaves   (green colour)                                          Fig. d: Sikkot (blue colour) 

                   Fig.10: Natural sources of colours which are used by Madhubani painters. 
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Abstract- Several tailings earthen dams have failed during 
monsoon.  Due to failure of tailings dam, stored tailings waste 
gets release in downstream area causing environmental hazard.  
Ash produced by combustion of coal in thermal power stations 
are stored in ash pond.  No well-defined provision of operation 
and maintenance exists for ash pond.  Therefore, this paper 
describes various issues related to operation and maintenance of 
ash pond. 
 
Index Terms- Discharge shaft, dam beam, ash pond 
embankment, raising of ash pond. 
 

I. INTRODUCTION 

ly ash is pumped to ash pond in the form of paste under High 
Concentration Slurry Disposal (H.C.S.D.) or mixed with 

water in a ratio varying from 1 part ash and 8-20 parts of water.  
Ash particles settle down in the ash pond and water is allowed to 
drain through discharge shafts or decant towers.  Precast dam 
beams are placed in the periphery of discharge shaft to allow 
discharge of clear water.  Due to poor maintenance of ash pond, 
situation become alarming to the extent of even breach of earthen 
bund which creates pollution to water bodies and surrounding 
area.  This paper describes important issue related to operation 
and maintenance of ash pond.  Particle size distribution of fly ash 
and engineering parameters are indicated in the table No.1 & 2. 
 

II. AIM AND OBJECTIVES 

           Mines tailings such as copper tailings, lead-zink tailings, 
aluminium tailings   and coal ash tailings  are stored in tailings 
dam.  Properties of the mine tailings and coal ash are indicated in 
the table No.3.  Out of various alternatives use only few 
quantities of these are utilized therefore, balance huge quantity is 
to be disposed and stored in tailings earthen dam are causing 
challenges to engineers.  Apart from construction of tailings 
earthen dam, good operation and maintenance of dam is very 
important.   Main objective of the publication of this paper is to 
describe various steps and precaution to be taken for operation 
and maintenance of ash pond throughout the year i.e. including 
rainy season in which flooding/overtopping  may occur due to 
storm water.   

III. RESEARCH METHODOLOGY 

           Various points regarding operation and maintenance of 
ash pond are based on experience and as per site condition.  
However, some laboratory tests are performed to know the 
engineering parameters of fly ash. 
 
           1. Operation of Ash Pond: Ash slurry pumped to ash pond 
is spreaded over entire area uniformly.  To allow discharge of 
water through discharge shaft having turbidity less than 100 ppm, 
it is essential to place dam beam such that atleast 50 mm layer of 
water is there to check air pollution by blowing wind.  Discharge 
of water from wiers having same turbidity level i.e. below 100 
ppm by placing dam beam as the ash level raised in the ash pond.  
For even spreading of ash slurry inside the ash bund small drain 
in the shape of garland is prepared manually.  Sufficient quantity 
of precast concrete dam beam are stacked nearby each discharge 
shaft so that as and when required i.e. on rising of ash level in the 
pond, these beams can be placed on discharge shaft so that only 
clean water can flow through discharge shaft. 
           Effort has been made to distribute ash slurry discharge in 
the ash pond such that every discharge shaft can be uniformly 
loaded, this will facilitate uniform raising of ash level in the ash 
pond.  This will also give the clear picture about raising of ash 
level in the near future, so that necessary construction 
programme of raising of bund can be chalked out.  Raising of 
embankment is very difficult during monsoon.  Therefore, this 
work is carried out during fair weather only. 
           In addition to above, commercial alum has been utilized to 
settle ash particle nearby discharge shaft speedily.  Therefore 
alum blocks  (30 to 35 Kg weight) placed regularly near every 
discharge shaft.  Sufficient quantities of dam beam are casted in 
advance, looking to the requirement keeping in consideration in 
raising of ash level in next three months. 
 
           2. Maintenance of Pitching and toe-drain: Dry boulder 
pitching, toe-drain on the down stream slope is to be maintained 
on time-to-time.   Random Rubble Masonary Drains constructed 
on the down stream slope are normally damaged during monsoon 
is to be maintained properly. Grouted pitching can also be 
collapsed due to settlement of embankment, as compaction of 
earth is not proper on the slopes. Therefore maintenance of 
pitching is most essential after monsoon.   In addition to these 
kuchha drains is to be de-silted regularly to facilitate flow of 

F 
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seepage water.  Turfing on the down stream face of the earthen 
embankment is to be carried out where pitching is not possible.   
  
           3. Maintenance of Discharge Shaft: Due to continuous 
contact of water and pressure of fly ash, steel section including 
bracings of discharge shaft may bend/corrode. Therefore, 
periodical maintenance of discharge shaft is essential.  Anti 
corrosive painting on steel structure may be applied annually.  
Prior to painting, if necessary, additional bracing my also be 
provided by welding to maintain regular dimension of discharge 
shaft.  Regular cleaning of discharge shaft is essential to facilitate 
free flow of decant water.  Therefore, cleaning schedule of shaft 
may be fixed so that by rotation discharge shaft can be cleaned 
once in a month.  During cleaning it has to be ascertained that all 
bracings are firm and shaft is in perfect shape, otherwise 
necessary welding may be done as per requirement.   
           Looking to the raising of ash level necessary arrangement 
for raising of discharge shaft, by welding suitable sections may 
also be scheduled, atleast 6 months in advance.  This is very 
difficult during monsoon. 
 
           4. Plantation:- In the  down stream slope plantation of 
eucalyptus tree is very successful because it can grow in 
submerged soil/marshy soil.  Inside the ash pond, Beshram 
(Ipomea) twinges are planted to check air pollution in case of dry 
surface in the ash pond.  Subabul can also be planted inside ash 
pond and on the down stream slope of the bund.  Roots of these 
plants conserve the soil erosion during monsoon. 
 
           5.. Instrumentation: Settlement gauge, piezometer, 
inclinometer and other instrument are installed during 
construction of ash pond.  However due to passage of time, lack 
of maintenance/replacement these sophisticated instrument are 
not found in working condition even after careful maintenance.  
Raising of ash level can be determined based on the daily intake 
in the ash dyke.  Accordingly suitable action can be taken for 
extension of discharge shaft and raising of embankment in 
second and third stages  
           Apart from above, special care is to be taken during 
monsoon because discharge shaft has to facilitate additional 
discharge of storm water of the entire area of ash pond.  On the 
other hand, rainwater can damage earthen embankment in the 
form of heavy rain cuts in down stream slope.  Good drainage all 
along the bund provides phreatic line at very low level Therefore, 
round the clock vigilance is essential to safeguard the earthen 
bund from severe damage.  Following are the main points to be 
kept in mind during monsoon  
 
           6.  Pre-monsoon repair: Pre-monsoon repair and 
maintenance is necessary to avoid any hazardous situation during 
monsoon.  Works for raising of earthen embankment and 
discharge shaft cannot be executed during monsoon. Following 
pre-monsoon works and stacking of material is essential before 
onset of monsoon   

1. Looking to the raising of ash level in next six month 
(i.e. including rainy season) work of raising of earthen 
embankment and discharge shaft, if necessary, may 
be carried out. 

2. Stacking of dam beam, Bolder and sand fill bags 
(Atleast 2000 Nos.) near every discharge shaft, and 
various important points where rain cuts/ soil erosion 
may occur during to monsoon. 

3. Repair and maintenance of pitching, toe-drain chute 
and drainage paths. 

4. Cleaning of discharge shaft to insure flow of 
water/storm water gets discharged without hindrance. 

5. Plugging of ash slurry pipelines buried in the 
embankment due to raising of level of ash. 

6. All tools and plants are checked for running 
condition.  Ladder, torch, flood light, portable 
emergency light set, crow bar, spade, pick axe, axe, 
rope, empty bag (jute/polythene having atleast one 
cubic feet capacity for filling sand/fly ash), rain coat 
and umbrella.   

7. Lighting arrangement through out the periphery of the 
bund should be maintained. 

8. Pedestals of ash slurry pipelines be maintained. 
9. Approach road to the ash pond should be maintained 

and necessary arrangement for motorable position on 
the embankment of the ash pond may be done.  

10. Chainage post are to be maintained (with Update RL) 
through out the periphery of the ash pond so that 
during monsoon the actual / exact location can be 
identified / conveyed to control room / supervisors by 
the patrolling team.   

 
           7.  Maintenance during monsoon:  This depends on pre-
monsoon maintenance.  If pre-monsoon maintenance is perfect, 
then only watch and ward and timely action to discharge storm 
water evenly through all discharge shafts is necessary.  During 
monsoon following are the main points to be kept in mind: 
 

i) Round the clock watch and ward. 
ii) Regular patrolling on the bund is 

essential to observe rain cuts on the 
down stream slope and level of water 
in the ash pond.  Immediate action to 
release accumulated storm water 
through discharge shaft may be done 
by raising dam beams of the discharge 
shaft.  Care should be taken while 
lifting dam beam that only clear water 
is flown. 

iii) Rain cuts on the slope of the 
embankment may be filled by 
boulders and sand bags.  Necessary 
drainage arrangements should be done 
so that no further soil erosion occurs 
at that point. 

iv) Whenever continuous rainfall occurs 
for more than an hour, dam beams are 
to be removed promptly from 
discharge shaft to reduce the level of 
water in the ash pond.  Therefore, 
during heavy rains a team of 4-6 
persons for each discharge shaft are to 
be deputed to take immediate action.  
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A close monitoring may be done to 
ensure the safety of ash pond from 
over topping of water.   

 
           Apart from above, plantation in nearby areas of the ash 
pond and turfing on the downstream slope of the embankment 
may be carried out.   
 
           8. Post Monsoon Repair:  Repairing of pitching, toe drain, 
surface drains and heavy rain cuts which were filled during 
monsoons may be maintained properly.  Necessary maintenance 
in the discharge shaft may be carried out on priority.   
 

IV. RECOMMENDATIONS 

           Round the clock watch and ward, regular maintenance of 
ash pond is essential for safety of dam from environmental 
hazards.  Special attention is to be given during monsoon. 
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Tables and figures 

Table No.1 – Particle size distribution of fly ash 

Gravel 0% 

Sand   (Coarse)  0%      

Sand (Medium) 1-2% 

Sand (Fine) 70 – 80% 

Silt 20 – 25% 

 

Table No.2 – Engineering properties of  fly ash of  STPS and  SGTPS  of M.P. 

Specific gravity 2.2 to 2.4 

Plasticity Non-plastic 

Angle of internal friction 30 - 40 

Cohesion (kg/cm2) Negligible 

Permeability (Centimeter per second) 0.0003-0.0008 

 

    

Table No. 3 – Properties of mine tailings 

Type of waste Max Dry Density 
KN/M3 

Optimum dry density 

KN/M3 

Strength parameter 
C=0,  O 

Copper talings 19.8 6.8 33.5 

Lead Zinc tailings  18.9 11.8 33 

Aluiminium tailings 19.2 11.4 30.5 

Iron tailings 28.6 9.8 38 

Coal ash 12.1 28 33 
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Abstract- Preference queries are used in multi criteria decision 
making applications where a number of contradictory criteria are 
involved to select the most commodious answers to the user. 
Many modern applications agree to the streaming model of 
computation and therefore continuous query processing 
algorithms are required to refresh the query result. Examples of 
such emerging applications are technical data analysis, data 
organization in sensor networks, article filtering in information 
retrieval, web-based alerts, issue/subscribe services. Continuous 
processing of the preference queries is performed by using the 
sliding window technique which generates fairly accurate answer 
to data stream query by evaluating the recent data. A Brief 
overview of how the sliding window technique can be used with 
preference queries comprised in this survey. 
 
Index Terms- Top-k, Skyline, Top-k dominating, data streams, 
algorithms, analysis. 
 

I. INTRODUCTION 

reference based queries rank the items of a database 
according to the significance of their attributes.In addition to 

hard constraint (eg price<100) the result must satisfy some 
additional specific properties related to the attribute values 
associated with each tuple [1]. The preference queries are 
broadly classified into top k query, skyline query and top k 
dominating query. In a top k query user defined ranking function 
is used which assign a value to each tuple. It bound the output 
size. If two or more tuples have the matching score then all these 
tuples added or use a tie-breaking criterion. The most important 
limitation of the top k query is that a user defined ranking 
function is used. 
            Skyline query is one of the most widely used preference 
query. The result of a skyline query is composed of the points 
that are not dominated by any other point. A dominant tuple is 
defined as tuple tx  dominates another tuple ty ,if and  only if tx is 
smaller than or equal to ty.in all dimensions [5].The dominance 
relationship counts on the semantics of each attribute. In some 
cases, small values are preferred (e.g., distance) but in other 
cases large values are suitable (e.g., quality). The key advantage 
of the skyline query is that it does not require any user-defined 
information or parameter. The limitation of the skyline query is 
that it does not bind the output size and therefore in extreme 
cases it is possible that all tuples be the part of skyline tuples. 
A new concept has been proposed which combines the idea of 
domination with the notion of ranking functions. This new query 
is termed as top-k dominating query. It is a combination of top-k 
and skyline queries. It uses the dominant relationship rather than 

a user defined score function. It uses an intuitive score to rank 
the tuples that can be interpreted easily by a non expert. The 
score associated with a point pi, denoted as score (pi), equals to 
the number of points that pi dominates. The incentive of this 
thought is to define a preference query that maintains the 
compensation and eliminates the restrictions of both top-k and 
skyline query. The top-k dominating query has the following 
desirable properties: 
 

• The amount of result is assured. 
• The outcome is scaling invariant. 
• User-defined position function is not necessary. 
• It uses an intuitive score to rank the tuples. 

 
            The top-k query, skyline query and top-k dominating 
query are answered by using proficient algorithms. These 
algorithms operate in an ad hoc fashion meaning that they lead 
up a query processing task only if a query is issued .This is 
adequate for applications functioning on static or almost static 
data sets, where updates are rare. Many modern applications 
agree to the streaming model of computation, and therefore 
continuous query processing algorithms are required to refresh 
the query result. Examples of such upcoming applications are 
computer network monitoring, scientific data analysis, data 
management in sensor networks, document filtering in 
information retrieval, web-based alerts, publish/subscribe 
services, The common property of these applications is that 
updates are very frequent, rendering query re-execution a 
nonviable solution. 
            The continuous monitoring of preference queries is 
performed by using a sliding window. Sliding window technique 
is the process of generating an approximate answer to a data 
stream query by evaluating the query not over the entire past 
history of the data stream, but rather only over a sliding window 
of the recent data [7].For example, only data from the last week 
could be considered in producing the query answers. The sliding 
window technique has many attractive properties. It is definitely 
and easily understood. It is deterministic. It emphasizes on recent 
data. The two basic sliding window types are count based sliding 
window and time based sliding window. In a count based sliding 
window, the number of dynamic points remains constant. If n 
new points arrive the n oldest points expire. In a time-based 
sliding window the number of active points remains constant. 
The termination time of a point does not depend on the reaching 
or termination of other points. The set of dynamic points is 
composed of all points reached at the last T time instances.  
The rest of the paper is organized as follows. Section 2 and 3 
study different processing techniques of top k query and skyline 

P
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query respectively. Section 4 presents top k dominating query. 
Finally the conclusions are given in the section 5. 
 

II. TOP K QUERY 

            Consider a dataset D and a preference function f, a top-k 
query contains the k tuples with the highest scores according to f. 
The problem is well-studied in conventional databases but the 
existing methods are incompatible to highly dynamic 
environments involving numerous long running queries. 
K.Mouratidis et.al [3] proposed algorithms for the continuous 
monitoring of top-k queries over a fixed-size window W. The 
sliding window size can be articulated either in terms of the 
count based or time units. To achieve real-time query estimation 
the suitable tuples are stored in main memory. The valid records 
are arranged by using grid based index schema. Grid based index 
preserves a book keeping structure.  
            The top k query is important for several online 
applications such as communication and sensor networks, stock 
market trading, and profile based marketing etc. Top k query 
evaluation can be performed by using the count based and time 
based sliding window. The count based window W contains the 
most recent items and the time based window W contains all 
tuples that arrived within a fixed time instances. The task of the 
query processor is to constantly report the top k set of every 
monitoring query among the valid data.  When a query q first 
arrives at the system, its result is computed by the top-k 
computation module which searches the minimum number of 
cells that may contain result records. Two algorithms are used for 
the continuous evaluation of Top k monitoring. The algorithms 
are Top k Monitoring Algorithms (TMA) and Skyband 
Monitoring Algorithm (SMA).The Top k Monitoring Algorithm 
re-computes the answer of a query whenever some of the current 
top-k points expire. The Skyband Monitoring Algorithm (SMA) 
partially precomputes future results by reducing the problem to 
sky band maintenance over a subset of the valid records. 
            The Top k Monitoring Algorithm consists of three 
modules such as grid based index structure, top k computation 
module and maintenance module. The grid based index is 
represented by using 2-dimensional space,. The grid structure 
contains cells Each grid cell contains the points. Each point  p 
consist of following attributes <p.id, p.x, p.y, p.t> where id is the 
unique identifier, x and y are the attributes and t is the arrival 
time. The grid based index schema allows the continuous 
processing of multiple queries [4]. It avoids expensive 
reorganization costs. It can be broadly classified into regular grid 
structure and irregular grid structure. The benefit of the regular 
grid is that insertions and deletions are processed efficiently. It is 
significant to supply an efficient mechanism for evicting the 
expiring records. In the count and time based sliding window the 
tuples are evicted in First In First Out (FIFO) manner .All the 
records are stored in a single list .The new arrivals are placed at 
the end of the list. The tuples that fall out of the window are 
discarded from the head of the list.  
            The running queries q is stored in a query table. Query 
table maintains for each query q contains a unique identifier 
q.id,its scoring function q.f, the number of tuples required q.k 
and its current list q.top_list. The score of the kth point in 
q.top_list is referred to as q.top_score. To restrict the scope of the 

top k maintenance algorithms each cell is associated with an 
influence list ILc.          
            In computation module the result of a query q is obtained 
by sorting all the score of the cell c according to the maxscore(c) 
and processes them in descending order. The search terminates 
when the cell c under the consideration has maxscore(c) ≤ 
q.top_score (q.top_score is the score of the kth element in the 
q.top_list) .  
            The operation on the maintenance module occurs after the 
computation of the initial result. When a new tuples arrives at the 
system the oldest tuples expires. Let Pins be the set of incoming 
tuples and Pdel be the set of evicted ones. For each p∈Pins it 
initially insert into the point list of the corresponding cell c.Then 
it scan the influence list ILc of c and updates the result of every q 
∈  ILc  for which score(p ) ≥  q.top_score . The expunged point p  
may be part of the result for some of the queries in ILc . For each 
query q in ILc  , If  p ∈q.top_list , q is marked as affected 
,implying that it result has to be computed from scratch when the 
processing of Pdel  is completed.  
            Skyband Monitoring Algorithm applies the reduction of 
top k to k-skyband queries in order to avoid computation from 
scratch when the results expire. The skyband maintenance 
procedure only handles tuples p with score(p) ≥ q.top_score. 
When such a tuple arrives at the system, it is inserted into 
q.skyband increasing its cardinality.  
            SMA is expected to be faster than TMA, because it 
involves less frequent calls to the top k computation module. The 
space requirements of SMA are higher than the TMA, because it 
maintains the skyband of each query. TMA recomputed the result 
from the scratch and the SMA maintains a superset of the current 
answer in the form of a k skyband.  
 

III. SKYLINE QUERY  

            The skyline consists of the tuples not dominated by other 
tuple. The skyline computation has received considerable 
attention in relational database but the existing algorithms of the 
skyline computation are inapplicable to stream application. The 
irst reason is they assume static data that are stored in the disk. 
The second reason is they focus on “one-time” execution that 
returns a single skyline .The third reason is they aim at reducing 
the i/o overhead. The skyline computation in streaming 
environment is performed by using a sliding window. Y.Tao [2] 
proposes algorithms that continuously monitor the incoming data 
and maintain the skyline incrementally. These algorithms utilize 
several interesting properties of stream skylines to improve 
space/time efficiency by expunging data from the system as early 
as possible. The skyline computation in data stream system that 
consider only the tuples that arrived in a sliding window covering 
the W most recent timestamps, where W is a system parameter 
called the window length. 
            The architecture of the skyline system consists of four 
sections such as input buffer, pre-processing modules, the 
database and maintenance module. The arriving tuples are placed 
in the input buffer which is processed by processing module in 
ascending order and the sorted tuples are placed in the database 
to place the arriving tuples. The database is further divided into 
DBsky and DBrest   storing points that are and are not in the current 
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skyline. Whenever a skyline points expires some points in the 
DBsky may appear in the new skyline. The Maintenance module 
is responsible for expunging the obsolete data from the database 
and outputting the skyline streams. 
            The two general frameworks for online monitoring of 
skyline query are Lazy method and Eager method. The Lazy 
method delays most computational work until the expiration of 
the skyline point. The eager method takes the advantage of 
precomputation to memory consumption. 
            The continuous evaluation of the skyline query can occur 
only when a new tuple arrives or some skyline points expire. 
Lazy approach handles these situations in its pre-processing 
module and maintenance module. Given an arriving point p the 
pre-processing module checks if it is dominated by any point in 
the DBsky  , then it is placed on the DBrest. On the other hand, if a 
new point p is not dominated by any skyline point, it is added to 
DBsky. The point p may dominate some skyline point that may 
expunge from the system.   The disadvantage of the lazy method 
is that the DBrest need to store obsolete data and points that will 
never appear in the skyline.  
            The Eager method aims at minimizing the memory 
consumption  by keeping only those tuples that are or may 
become part of the skyline in the future and reducing the cost of 
the maintenance module. It achieves these goals by performing 
additional work in the pre-processing module. Eager maintains 
an event list that contains entries of the form 
e=<e.ptr,e.t,e.tag>.Field e.ptr is a pointer to the tuple involved in 
the event, e.t specifies the event time and e.tag indicates the 
event type. if the tuple r referenced by e.ptr belongs to the 
skyline currently, then e.tag =’EX’ indicating the expiry of the 
skyline point or e.tag=’SK’ indicating the inclusion of the 
skyline. The key benefit of the eager method is it reduce the 
memory consumption. 
 

IV. TOP K DOMINATING QUERY 

            Top k dominating query returns the finest top k points to 
the user based on the dominance power. It maintains the 
advantage and eliminates the disadvantage of Top k query and 
skyline query. The continuous monitoring of top-k dominating 
queries  agree to the sliding window approach in which  only the 
n most recent points called active points are occupied into 
account. The count based sliding window technique is used here. 
Each point p associate two time instances p.arr is the onset time 
of p, whereas p.exp is the resultant termination time. When a 
point terminate, it is separated from the set of dynamic points. 

            M. Kontaki et.al [9] proposed algorithms for continuous 
processing of top k dominating query using sliding window 
technique. The algorithms are Brute Force Algorithm (BFA), 
Event based Algorithm (EVA), Advanced Algorithm (ADA), 
Advanced Hoeffding Bound Algorithm (AHBA) and Advanced 
Minimum Score Algorithm (AMSA). 
            The naive approach to evaluate a top-k dominating query 
continuously is to perform all domination checks using points. 
For a new point px, its score (Px) is computed by counting the 
number of points dominated by px. Moreover, the score of a point 
py, y≠ x should be increased if py dominates px. When a point 
expires, the scores of other points need to be updated. This 
simple algorithm is called Brute Force Algorithm (BFA).It is 
expected that BFA will invoke a large number (O(n)) of 
domination checks between points. 
            An Event-Based Algorithm (EVA) which uses event 
scheduling and rescheduling toward avoiding the examination of 
points for inclusion in top k. Let pi be a point that is not part of 
top k and therefore, score (pi) < scorek (score of top k points) . In 
each update, the value of scorek can be reduced at most by 1 and 
the value of score (can be increased at most by 1. Therefore, pi 
cannot be in top k in less than [(scorek – scorepi)/2) time 
instances, unless a top-k dominating point expires during this 
period. Event Based Algorithm has two disadvantages. The first 
is that all points that are not part of top k should be examined at 
the expiration time of a top-k dominating point. The second is 
that it is possible that many points have a score close to scorek, 
resulting in consecutive exact score computations.  
            To avoid the disadvantage of Event Based Algorithm a 
new algorithm called Advanced Algorithm can be used. In 
advanced algorithm it continuously evaluate the score of some 
special points called candidate points, whose event processing 
time is in the near future. 
             To trade accuracy for speed two approximate algorithms 
such as Advanced Hoeffding Algorithm (AHBA) and Advanced 
Minimum Score Algorithm (AMSA) are used. The effectiveness 
of an approximate solution is measured by considering the 
accuracy of the result, which corresponds to the fraction of the 
correct top-k dominating points returned by the algorithm over 
the actual number of top-k dominating points. AHBA offers 
probabilistic guarantees regarding the accuracy of the result 
based on the Hoeffding bound. AMSA performs a more 
aggressive computation resulting in more efficient processing  
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Table I: Comparison between Preference Based Queries 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V. CONCLUSION 

           The main aim of this survey is to analysis of the methods 
used by preferences queries to find out the top k result. The 
sliding window technique is used for continuous monitoring of 
data streams. In top k query the continuous monitoring of the 
data is performed by using Top k Monitoring Algorithm and 
Skyband Monitoring Algorithm. In skyline query continuous 
monitoring of skyline points is performed by lazy method and 
eager method. In top k dominating query the advanced algorithm 
and approximate algorithms are used to return the top k result. 
Finally all preference queries methods are compared and 
concluded that top k dominating query with advanced algorithm 
show the best performance. 
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     Abstract- Information Technology (IT) had a great impact in all aspects of life such as economy, businesses and enterprises. The 
global economy is currently undergoing fundamental transformation in which IT plays a key role. IT has a real impact in most of 
industries and in all aspects of economy, while businesses and enterprises continue to undergo considerable changes. Usage of these 
technologies is revolutionizing the rules of business, resulting in structural transformation of enterprises. Modern businesses are not 
possible without help of information technology, which is having a significant impact on the operations of Small and Medium scale 
Business (SMB). It is claimed to be essential for the survival and growth of economies in general. SMB is drawing attention in 
developed and developing countries as well as in transition countries. It is generally recognized that SMB play a vital role in the 
revitalization and development of national economy in many countries and particular in the context of India. It is encouraging the 
development of SMB and the role that SMB sector can play in promoting economic and social development by creating opportunities 
for employment. These components are described and discussed while more research and studies on the adoption of information 
technology in SMB in India are proposed as necessary. 
 
     Index Terms- Business, Economy, Information Technology (IT), Small and Medium Sized Business (SMB). 
 

I. INTRODUCTION 

nformation Technology (IT) provides an opportunity for businesses to improve their efficiency and effectiveness,   and even to gain 
competitive advantage. Small and medium sized business (SMB) plays an important role in economical development of a any 

country. There are several theories, which elaborate the connection between information technology, economic development and 
social change. Almost all agree on the importance of information and communication technology adoption in SMB, while the 
importance of SMB as engines to economic growth is well acknowledged worldwide. Information technology, particularly the Internet 
is having a significant impact on the operations of any small and medium scale business and it is claimed to be essential for the 
survival and growth of nation’s economies [1]. At present, the economy and traditional business become more dependent on new 
technologies due to information technology. Compared with traditional business new technologies facilitate an increased interactivity, 
flexibility, cheap business transactions as well as improve interconnection with business partners and customers. Information 
technology is having a significant impact in sector of SMB, especially where industries are in decline or when uneployment levels are 
high. In developing countries, SMB development is drawing attention too and modern trends of businesses and information 
technology usages are taking place. 
 

In this paper, the impact of new technologies in SMB is described. The main focus is on exploring the opportunities that new 
technologies present to SMB with the purpose to usage of information technology for competitive advantages in both local and 
international markets. Firstly, the paper highlighted the concept of SMB and information access and their uses and secondly, described 
SMB in India and ICT infrastructure.  

 

II. CONCEPT OF SMB AND INFORMATION ACCESS AND THEIR USES 

 
Generally, new technologies had a great impact on all aspects of life and the global society and economy is undergoing a 

fundamental transformation [2]. The present society is changing and is becoming “knowledge society” [3]. This is more dependent on 
new technologies, with a new economy or “knowledge economy”, where knowledge and information are essential and the key factor 
of production. In this, the ideas, processes, knowledge and information are growing share of trade in the knowledge economy. In the 
information society, environment successful enterprises produce high technology goods and services and transform human effort, 
materials and other economic resources into product and services that meet customers need. In order to be successful in such society, 

I 
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SMB would need high quality information and must always provide superior value, better than competitors, when it comes to quality, 
price and services [4]. 
 
SMB have a vital role for the growth and innovation of economies. The long terms of economic development of the countries are 
depending on the promotion of SMB sector [5]. Behind this, a common recognition of SMB plays an important key role in 
revitalization and development of national economy [6] by providing various goods and services, forming a structure of division of 
labour and developing regional economies and communities [2]. Furthermore, SMB are considered key agents of social and economic 
growth and are increasingly becoming the most vital part of the economy due to its major role in fostering growth, jobs creating and 
reducing poverty. As such, there is no acknowledged universal definition of SMB. For our purpose, we restricted our attention to the 
common definition of the Organization for Economic Cooperation and Development [6], which is based on employment figures. The 
widely accepted definition points to Small Sized Business enterprises with the employees between 10 to 49, while Medium Sized are 
enterprises with employees between 50 to 249 [7]. According to this definition, Small Sized Enterprises are defined as firms that are 
registered and have less than 50 employees. On the other hand, Medium Sized Enterprises are defined as registered firms with less 
than 100 employees.  
 
Globalization of world economy and technological developments in the two decades of twentieth century has transformed the majority 
of wealth creating work from physically based to knowledge based. It has greatly enhanced the values of information to business 
organization by offering new business opportunities. While, for the last two hundred years, economics has recognized only two factors 
of production: labour and capital, which is now changing. Information and knowledge are replacing capital and energy as the primary 
wealth creating assets. Information has become a critical resource, a priceless product and basic input to progress and development. 
Information has become synonymous with power. Therefore, accurate, rapid and relevant information are considered to be essential 
for SMB [4]. SMB would need as well as effective information systems [8] to support and to deliver information to the different users. 
Such information systems would include those technology that support decision making, provide effective interface between users and 
computer technology and provide information for the managers on the day-to-day operations of the enterprises. Information is needed 
for various purposes and serves as an invaluable commodity or product. It is very important aspect of decision making in all levels of 
management in enterprises [1], especially in competitive business environment and managers utilize information as a resource to plan, 
organize, staff administer and control activities in ways that achieve the enterprises objectives. The ability of SMB’s to realize their 
goals depends on how well the organization acquires, interprets, synthesizes, evaluate and understands information and how well its 
information channels supports organizational processes. Information technology is noted as one of the most important factors of any 
production activity and technological changes can have profound consequences [4]. These technologies will continue to enable the 
growth of global work, where SMB operate across national boundaries. Today, new technologies, especially Internet technology are 
changing the global flows of information, trade and investment and the competitive advantage of industries, services and regions. 
These changes are requiring from all enterprises, no matter of their size to invest in the adoption of new technology. The ability of 
SMB to survive in an increasingly competitive and global environment is largely influenced upon their capacity to access information 
as a resource and usage of new technologies. Greater use of these technologies is often associated with improved availability of 
information, quality of work, effectiveness and efficiency in accomplishing tasks. This trends will develop rapidly over next years and 
capabilities will steadily increase accompanied by greater ease of use [9]. Information technology will continue to be first importance 
in the development of the countries, economies and enterprises. Taking in to the consideration the full potential of these technologies, 
they may also play an important role in the future. 
 

III. SMB IN INDIA AND ITS INFRASTRUCTURE 

 
With the advent of planned economy from 1951 in India, SMB was earmarked as a special role by the planner in Government 

of India. Due protection was accorded to SMB sectors, and particularly for small scale business from 1951 to 1991, till the nation 
adopted a policy of liberalization and globalization [10].  SMBs always represented the model of socio-economic policies of 
Government of India which emphasized judicious use of foreign exchange for import of capital goods and inputs; labour intensive 
mode of production; employment generation; non concentration of diffusion of economic power in the hands of few discouraging 
monopolistic practices of production and marketing; and finally effective contribution to foreign exchange earning of the nation with 
low import-intensive operations. It was also coupled with the policy of de-concentration of industrial activities in few geographical 
centers. It can be seen that, SMBs in India met the expectations of the Government in this respect [11]. SMBs developed in a manner, 
which made it possible for them to achieve high contribution to domestic production,significant export earnings, low investment 
requirements, operational flexibility, location wise mobility, low intensive imports, capacities to develop appropriate indigenous 
technology, import substitution, contribution towards defense production, technology – oriented industries,  and competitiveness in 
domestic and export markets .At the same time it  has some limitations , such as low capital base, concentration of functions in one / 
two persons, inadequate exposure to international environment, inability to face impact of WTO regime, inadequate contribution 
towards R & D, lack of professionalism. In spite of these limitations, the SMBs have made significant contribution towards 
technological development and exports. Almost all-major sectors in the Indian industry SMBs have been established. As a result of 
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globalization and liberalization, coupled with WTO regime, Indian SMBs have been passing through a recessionals period. With 
slowing down of economy in India and abroad, particularly USA and European Union and enhanced competition from China and a 
few low cost centers of production from abroad many units have been facing a tough time. Those SMBs who have strong 
technological base, international business outlook, competitive spirit and willingness to restructure themselves shall withstand the 
present challenges and come out with shining colours to make their own contribution to the Indian economy. 
 

The growth of Small and Medium Enterprises (SMEs) is monitored by the Ministry of MSME by conducting the All 

India Census of the sector, periodically in the country [12].  As per the Third All India Census of Small Scale Industries (SSIs) 

with reference year 2001-02 and Fourth All India Census* of MSMEs with reference 2006-2007, the number of registered 

working enterprises increased from 13.75 lakhs to 15.64 lakhs, recording annual compound growth rate of 2.61% during the 

period from 2001-02 to 2006-2007. The Ministry facilitates the promotion and development of MSMEs through 

implementation of various schemes/programmes relating to credit, infrastructure development, technology upgradation, 

marketing, entrepreneurial/skill development, etc. The Major schemes include Credit Guarantee Scheme, Credit Linked 

Capital Subsidy Scheme, Performance and Credit Rating Scheme, Cluster Development Programme, National Manufacturing 

Competitiveness Programme and Prime Minister’s Employment Generation Programme. The latest Census (Fourth Census) 

was conducted with reference year 2006-07, wherein the data was collected till 2009 and results published in 2011 as 

shown in Table 1. Before going further, it is important to mention some of the organisations that are associated with small-

scale industry/ MSMEs: Small Industries Development Organization (SIDO), Small Scale Industries Board(SSIB), National 

Small Industries Corporation Ltd. (NSIC), Confederation of Indian Industry (CII), Federation of Indian Chamber of Commerce 

and Industry (FICCI), PHD Chamber of Commerce and Industry (PHDCCI), Associated Chamber of Commerce and Industry of 

India (ASSOCHAM), Federation of Indian Exporters Organization (FIEO), World Association for Small and Medium 

Enterprises (WASME), Federation of Associations of Small Industries of India (FASII), Consortium of Women Entrepreneurs 

of India (CWEI), Laghu Udyog Bharti (LUB), Indian Council of Small Industries (ICSI), Indian Institute of Entrepreneurship (IIE), 

National Institute of Small-Industry Extension Training (NISIET), National Backward Caste Finance Development 

Corporation, National Institute for Entrepreneurship and Small Business Development (NIESBUD), Small Entrepreneurs 

Promotion and Training Institute (SEPTI), Small Industries Development Bank of India (SIDBI) etc. are the SMBs in India. 

Current worldwide movements show us that usage of information technology will be an important factor for competitive 

growth of SMB in global and regional markets [13]. Growth of competitive pressure, force SMB to fight for new markets, 

new products and new distribution channels. These environment movements can be faced just from those businesses that 

have quality information systems support.  

  The only competitive advantages companies and SMB enjoy are their process of innovation and availability to derive value 
from information as resource. SMBs can gain from developing capabilities for managing, information intensive resources, enjoy 
reduced transaction costs, develop capacity for information gathering and dissemination of international scale and gain access to rapid 
flow of information. New business models and market configurations enabled by information technology, including business process 
outsourcing, provide SMBs with access to new market and new sources of competitive advent- ages.  

 

Table 1: State-Wise Number and Growth Rate of Registered Working Enterprises 
 

Sl. 
No. 

 

Name of State/UT Number of  Registered Working Enterprises 
3rd All India 

Census of SSIs 
(2001-02) 

4th  All India 
Census of MSMEs 

(2006-07) 

Annual 
Compound 

Growth Rate (%) 
1 JAMMU & KASHMIR 14,625  14,993  0.50  
2 HIMACHAL PRADESH 10,891  11,931  1.84  
3 PUNJAB 65,015  48,110  -5.84  
4 CHANDIGARH 1,281  996  -4.91  
5 UTTARAKHAND 15,285  23,765  9.23  
6 HARYANA 39,584  33,150  -3.49  
7 DELHI 7,360  3,754  -12.60  
8 RAJASTHAN 43,145  54,885  4.93  
9 UTTAR PRADESH 162,938  187,742  2.87  
10 BIHAR 52,107  50,036  -0.81  
11 SIKKIM 174  122  -6.85  
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12 ARUNACHAL PRADESH 255  417  10.34  
13 NAGALAND 568  1,332  18.59  
14 MANIPUR 4,599  4,492  -0.47  
15 MIZORAM 2,733  3,715  6.33  
16 TRIPURA 959  1,343  6.97  
17 MEGHALAYA   1,939  3,010  9.19  
18 ASSAM 14,453  19,864  6.57  
19 WEST BENGAL 42,148  43,259  0.52  
20 JHARKHAND 18,322  18,190  -0.14  
21 ODISHA 12,366  19,606  9.66  
22 CHHATTISGARH 33,909  22,768  -7.66  
23 MADHYA PRADESH 101,939  106,997  0.97  
24 GUJARAT 138,537  229,830  10.65  
25 DAMAN & DIU 1,026  594  -10.35  
26 DADRA & NAGAR HAVELI  693  1,716  19.88  
27 MAHARASHTRA 83,098  86,586  0.83  
28 ANDHRA PRADESH           62,917  45,692  -6.20  
29 KARNATAKA 110,487  136,186  4.27  
30 GOA 2,139  2,621  4.15  
31 LAKSHADWEEP 68  2  -50.60  
32 KERALA 146,988  150,188  0.43  
33 TAMIL NADU 180,032  233,881  5.37  
34 PUDUCHERRY 1,721  1,451  -3.36  
35 ANDAMAN & NICOBAR  673  750  2.19  
ALL INDIA 1,374,974 1,563,974 2.61 

 

IV. CONCLUSION  

     It is encouraging the development of SMB sector as a way to diversify Indian economy. Information technology usage in SMBs in 
India is finding fast usage too. But, despite the improvement of information technology infrastructure in SMB’s and although 
information technology is perceived as critical in creating employment and job opportunities, compared to other countries in the 
region, they lag behind their counterparts. A small business managed by leaders who understands the benefits of IT adoption will be 
able to take advantage of the promised benefits of IT adoption, including improved organizational efficiency and effectiveness.  
 
 

V. REFERENCES 
 
[1]. Hicks, O.J. (1993): Management information systems, 3rd Edition, USA 
[2]. Kaibori, Sh.(2001): Development of Small and Medium Sized Enterprises and Policy Support-Action “Guidelines for tomorrow for policy makers in transition 

countries, Economic and Social Research Institute. 
[3]. Lucey, T. (2005): Management information systems, 9th Edition, London 
[4]. Pollard, D. (2006): Promoting Learning Transfer. Developing SME Marketing Knowledge in the Dnepropetrovsk Oblast, Ukraine. 
[5]. Ramsey, E.Ibbotson, P. Bell, J. & Gray, B. E-opportunities of service sector SMEs, Journal of Small Business and Enterprise Development, 10(3) 
[6]. Mustafa, M. & Gashi, P. (2006): Biznesi i vogël dhe i mesëm, Prishtinë, Kosovë. 
[7]. Ghatak (2008-2009), Annual Report. Ministry of Micro, Small and Medium Enterprises, www.msme.gov.in 
[8]. Nash, J.F. (1988): Accounting information systems, 2nd Edition, PWS, Kent Publishing Company, Boston 
[9]. [http://www.med.gov.nz/templates/page_10117.asap#%20knowledge%20%society] october 2008. 
[10]. ICT adoption among MSMEs in India: A survey with special focus on Online B2B marketplaces (2008) by Internet and Mobile Association of India (IAMAI) and 
eStatsIndia.com,http://iamai.in/Upload/Research/B2B_report_30.pdf 
[11]. Report on Effect of Economic Slowdown on Employment in India (October-December, 2008), Ministry of Labour and Employment, Government of India, 
January, 2009, http://www.labourbureau.nic.in/Report_on_EOFEMP_Jan09.pdf 
[12]. Final Results Third All India Census of Small Scale Industries 2001-2002, Ministry of Small and Medium Enterprises 
http://www.smallindustryindia.com/publications/books/fcensus.htm 
[13]. The Challenge of Employment in India: An Informal Economy Perspective, Volume-I, Main Report, National Commission for Enterprises in the Unorganised 
Sector (NCEUS), April, 2009, http://nceus.gov.in 

 
 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      188 
ISSN 2250-3153  

www.ijsrp.org 

Enrichment, Isolation and Identification of Polycyclic 
Aromatic Hydrocarbon Degrading Rhodococcus 

ruberfrom Sediments 
SrujanaKathi*, Anisa B. Khan** 

 
Department of Ecology and Environmental Science,Pondicherry Central University, Puducherry-605014, India. 

 

Abstract- This study focuses on the isolation and biodegradation 
of PAHs by microorganisms associated with the sediments of 
automobile workshops of Pondicherry.  One of the bacterial 
isolate selectively enriched in these compounds was identified as 
Rhodococcus ruber based on morphology, 16S rDNA sequencing 
and phylogenetic characteristics. Biodegradability tests with 
selected PAHs supplied as sole carbon sourceshowed that 
Rhodococcus sp. could utilize PAH compoundsin the order of 
chrysene>dieseloil>benzanthracene>crudeoil>fluorene>fluorant- 
hene>phenanthrene>dibenzothiophene>naphthalene and 
anthracene. Absorbance change of mineral medium with 
phenanthreneat 250ppm, 500ppm and 1000ppm concentration 
showed a linear increase in growth of the isolate in all the 
concentrations of phenanthrene. At 250ppm of phenanthrene 
concentration a lowest average growth of 0.05±0.02 ( ) was 
observed while the highest optimum growth of 1.02±0.33 
( ) was recorded at 1000ppm concentration of phenanthrene 
suggesting that R.rubercan endure high concentrations of 
phenanthrene. Hence,R.ruberstrain has great application 
indegradation processes involving petrochemical products. 
 
Index Terms- Bioremediation, PAHs, 16S rDNA and 
Rhodococcusruber. 
 

I. INTRODUCTION 

olycyclic Aromatic Hydrocarbons (PAHs) known as toxic 
contaminants of soil & aquifers and carcinogenic for humans 

are of great environmental concern. The potential use of 
microorganisms to clean up contaminated soil, sediments and 
water can provide efficient, inexpensive and environmentally 
safe clean-up of waste material [1]. Biodegradation technologies 
were proved practically on a wider scale during an oil spill of 
Exxon Valdez tanker [2].  
Microorganisms play a pivotal role in the degradation of PAHs in 
terrestrial and aquatic ecosystems and microbial degradation is 
the main process in natural decontamination [3]. The 
microorganisms isolated from hydrocarbon contaminated 
environments have been found as active as or even more active 
than those originating from uncontaminated soil [1].Taking into 
account the fact that each contaminated site can respond in a 
different way to distinct parameters that affect microbial 
biodegradation, laboratory-scale bioremediation protocols have 
been developed in order to determine the effects of different 
conditions [4].  
A better understanding of the diversity of the microbial 
communities inhabiting PAH-contaminated soil and their 

response to different biostimulation or bioaugmentation 
strategies could provide clues about the type of bacteria that are 
able to adapt and exploit such habitats [5,3]. Rhodococcus ruber 
appears be a promising candidate for microbial remediation 
studies of gasoline-contaminated sites because of its large 
degradation range of alkane substrates [6]. 
 

II. MATERIALS AND METHODS 

Sampling site 
Samples were collected fromGorimedu area of Pondicherry 
(geographically at 11° 95' 82" North and 79° 79' 54" East). This 
area is situated in the outskirts of Pondicherry where about thirty 
automobile workshops are located. A composite sample of the 
soil is collected from the site and transported in ice to the 
laboratory.  
 
Isolation and culture conditions  
Three grams of soil was added to sterile 250-ml Erlenmeyer 
flasks containing 50 ml of Bushnell Hass Medium (BHM). The 
bacterial strain was isolated by repeated enrichment cultures 
adding PAHs as the source of carbon and energy [7]. Each PAH 
was supplemented at a final concentration of 200 mg/l. The 
flasks were incubated in the dark on a rotary shaker at 30°C and 
200 rpm for 30 days. At the end of this period, the vials were 
allowed to settle for 1 hr. The supernatant of each vial was 
collected and re-suspended in phosphate buffer before being 
added into new 250-ml Erlenmeyer flasks containing 50ml BHM 
and 200 mg/l of PAH compound. This procedure was repeated 
five consecutive times totally under the same conditions. 
Aliquots of every culture were plated on solidified BHM and 
sprayed with concentrated PAH solutions to produce solid films 
on the petri dishes. The aromatic degrading candidates were 
identified by the presence of clearing zones around the colonies 
that indicates substrate utilization [8, 9]. Subsequently, bacterial 
growth is monitored by taking the absorbance at 600 nm [10]. 
 
Turbidity tests 
The tetrazolium salt appeared promising as an indicator of 
viability in assays as a colorimetric indicator of viability in 
respiring bacteria [11]. A carbon source utilization study was 
conducted using chrysene, benzanthracene, dibenzothiophene, 
fluorene, naphthalene, fluoranthene, crude oil and diesel oil as 
carbon source [12]. The selected PAHs were added to the 
microplates in the following concentrations: 1000µg/ml of 
acenaphthene and naphthalene; 200µg/ml of fluoranthene, 
fluorene, dibenzothiophene, crude oil, and diesel: 100µg/ml of 

P 
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phenanthrene and benz (o) anthracene. 50µl of each PAHs 
compound in acetone was coated on the microplates prior to 
bacterial inoculum prepared as above [13]. The concentration of 
p-iodo nitro-tetrazolium formazan (INTF) formed was measured 
at 405nm in dual mode with 655nm reference filter [14, 15]. 
 
Growth on phenanthrene as carbon substrate 
The purified and isolated bacterial stock (1ml) was added into the 
conical flask containing 50ml of BH broth. 1ml of standard 
phenanthrene stock in acetone was coated into the bottom of the 
flask in methanol and the solvent is allowed to evaporate under a 
fume hood prior to addition of BH broth. Three different 
concentrations of phenanthrene: 250ppm, 500ppm, 1000ppm 
were prepared in acetone as solvent [16]. The flasks were in an 
incubator shaker at 30ºC and 180rpm. The optical density of the 
culture was measured using UV/Vis Spectrophotometer at 
600nm. 
 
SEM Analysis 
The immobilised bacterial cells were fixed at 24°C for 60 min 
with 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 
7.2), dehydrated with a serial concentration of ethanol. The 
dehydrated cell samples were coated with gold and examined 
using a scanning electron microscope (S-3400N; Hitachi 
Co.)[17]. 
 
Genotypic Characterisation 
The isolates were identified by 16S rDNA sequencing after 
extracting DNA. The sequence obtained was compared to find 
sequence similarity using GenBank program - Basic Local 
Alignment Search Tool (BLAST). The phylogenetic tree based 
on 16S rDNA gene sequence was constructed by the neighbour-
joining method.  
 
Nucleotide sequence accession number 
The sequence obtained in this study was deposited in the 
GenBank database. The GenBank accession number for the 
nucleotide sequence reported in this paper is JF430081 (Isolate 
1). 
 

III. RESULTS 

The isolated strain is a rod-shaped, gram-positive bacterium 
forming raised pink coloured colonies on nutrient agar medium. 
Initially colonies were smooth, opaque convex with slightly 
irregular edges. A primary mycelium that was on the surface and 
penetrated into the agar was visible when cultures were 
examined with a lightstereomicroscope. The Scanning electron 
micrographs (Figure(a-b)) clearly indicate the hyphal structure of 
the given Rhodococcus sp.  
 
Biodegradation experiments 
In the given studyRhodococcus sp. showed decolorisation in the 
microplates due to formazan formation in the order of 
chrysene>dieseloil>benzanthracene>crudeoil>fluorene>fluoranth
rene>phenanthrene>dibenzothiophene>naphthalene and 
anthracene as the carbon source.  The growth of the isolates on 
PAH was concentration dependent. Here, the lowest optimum 
growth of 0.01 ( ) was observed when the level of 

phenanthrene was higher than 100ppm, while the highest 
optimum growth of 0.09 was recorded when the level of 
phenanthrene was 15ppm (Figure 2). Similarly, the lowest 
optimum growth of 0.05 at anthracene level of 30ppm was 
observed while the highest absorbance of0.45 was recorded when 
the anthracene level was 15ppm ( ). However, no 
significant growth of isolate was observed under different 
naphthalene concentrations ranging from 15 - 100ppm. 
 
Degradation of Phenanthrene  
The average optical density of Rhodococcus spp. grown in 
Bushnell Haas broth at 250ppm, 500ppm and 1000ppm 
concentration of phenanthrene was measured at 600nm.There 
was a corresponding increase in growth of isolate in all the three 
concentrations of phenanthrene studied from time 0 to three 
weeks. In all the cases OD values higher than that of the control 
were observed where phenanthrene is used as additional carbon 
substrate.The isolate showed significant (p < 0.01) differences in 
the growth of the isolate at different phenanthrene levels[16] 
when compared with controls (Figure(3a-3c)).At 250ppm of 
phenanthrene concentration a lowest average growth of 
0.05±0.02 (OD600) was observed while the highest optimum 
growth of 1.02±0.33 was recorded when the level of 
phenanthrene was highest (1000ppm). 
 

16S rDNA Gene Sequencing 
The selected isolate was identified by partial sequencing of 
16SrDNAgene (Figure4)byMicrobial Type Culture collection, 
Chandigarh, India(MTCC). The obtained sequence (1373 bps) 
was subjected to the BLAST in order to find a homology with 
other 16S rDNA sequences [18]. Comparison indicated that the 
isolates are similar to Rhodococcus ruber with 99% similarity 
[19,20]. 
 
Phylogenetic tree 
Aphylogenetic tree was constructed to know the microbial 
community structure. The phylogenetic tree was generated by the 
neighbour-joining method using MEGA 5software. Number on 
bootstrap is >50%. Dietziameris ATCC 350153ᵀ was used as an 
out groupwhere bar in the figure represents 0.05 substitutions per 
nucleotide positions(Figure 5).GenBank accession number 
JF430081 was assigned by National Centre for Biotechnology 
Information (NCBI) to nucleotide database. 
 

IV. DISCUSSIONS 

Indigenous microorganisms, enriched and isolated from 
automobile workshop sediments were observed to possess ability 
to degrade broad range of mixtures of substrates ofPolycyclic 
Aromatic Hydrocarbons (PAHs). A Rhodococcus strain capable 
of degrading broad range of PAHs was isolated and screened in 
this study. Among the 34 oil-degrading microbial isolates 
collected from petrochemical contaminated workshop sediments 
of Puducherry in India five isolates are screened and selected 
based on their efficiency to mineralize Polycyclic Aromatic 
Hydrocarbons. The efficiency of biodegradation is assessed using 
soil dehydrogenase test to measure microbial activity when 
supplied with individual PAHs, in addition to different 
concentrations of phenanthrene. The cells formed a primary 
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mycelium that soon fragmented into rod to coccoid elements. 
These branched hyphal structures that fragment into irregular 
rods are typical of Rhodococci [15].Strain ZP2 that could not use 
other PAHs as its sole carbon and energy source except 
naphthalene, phenanthrene and Tween 80 was studied. The 
carbon-source utilization experiment conveys some useful 
information about phenanthrene degradation pathways[21].The 
chemicals used in our carbon source utilisation tests are main 
components of crude oil and universally present in contaminated 
soil. According to our earlier studies R. ruber showed a 
degradation percentage of 86.08 (naphthalene), 81.87 (fluorene), 
77.77 (acenaphthene), 78.5 (phenanthrene) and 72.56 
(benzanthracene) when analysed using HPLC [15]. The isolate 
from present studies grew well in liquid medium with 
phenanthrene as the sole carbon source and its colony was 
surrounded by a clear zone when grown on the Bushnell has agar 
plate coated with phenanthrene. 
Similar studies undertaken by Amouricet al. [22] to investigate 
the alkane-hydroxylating system of Rhodococcus members 
revealed that these are highly interesting microorganisms, for 
their degradation capacities, their hydrophobic cell surfaces, their 
production of biosurfactants and their resistance to harsh 
environments.  
Scanning electron micrographs which clearly show the fruiting 
body of the microbe areseen in the Figure 1(b).The results of the 
studies by Al-Thaniet al. [23] demonstrated that strains isolated 
on phenanthrene and anthracene were able to grow better on the 
three tested PAHs than the strain isolated on naphthalene. 
Similarly, the PAH degradation ability in combination with rape 
seed oil by R. wratislaviensiswas reported byPizzulet al. [24]. 
 

V. CONCLUSION 

PAHs degrading bacterial strain was isolated and identified from 
contaminated soil collected from automobile workshops of 
Pondicherry.Biodegradability in the order of 
chrysene>dieseloil>benzanthracene>crudeoil>fluorene>fluoranth
ene>phenanthrene>dibenzothiophene>naphthalene and 
anthracenewas observed. The average optical density of 
Rhodococcus ruber grown in BH broth at 250ppm, 500ppm and 
1000ppm concentrations of phenanthrene measured at 600nm 
showed a correspondingly increased in growth of isolate in all 
the three concentrations of phenanthrene studied.At 250ppm of 
phenanthrene concentration a lowest average growth of 
0.05±0.02 (OD600) was observed while the highest optimum 
growth of 1.02±0.33 was recorded when the level of 
phenanthrene was highest (1000ppm). Among the isolated strains 
one with better degradation was identified as Rhodococcus ruber 

(JF430081) showing 99% homology. This strain has shown 
degradation over a broad range of PAHs in turbidity studies.The 
present study indicates that the isolated strain Rhodococcus ruber 

would prove to be a promising candidate for bioremediation of 
phenanthrene contaminated sites. 
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Figure. 1(a-b): Morphology of strain Rhodococcus sp. as 
determined by Scanning Electron Microscope. 

 

 

 

Figure. 2: Biodegradability of selected PAH compounds. 
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Figure.3(a-c): Impact of 250ppm, 500ppm and 1000ppm 
concentrations of Phenanthrene respectively on the growth of 
Rhodococcus ruberwhen compared to control. 

 

 

Figure. 4: 16S ribosomal DNA sequence of Rhodococcus 

ruber. 
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Figure. 5: Phylogenetic relationship of Rhodococcus ruber 

based on sequence analysis and the most closely related 
bacterial species. 
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     Abstract - Fraud permeates the whole sector of Nigeria’s 
economy, the mobile telecommunication industry is no 
exception. Nigeria’s mobile industry is a fast growing sector of 
her economy with increasing numbers of mobile 
telecommunication operators. However, telecommunication 
fraud has been a major hindrance to the rapid growth of this 
industry as it has caused both the telecommunication operators 
and its subscriber’s loss of revenue. Different solutions and 
services have been employed to curb this menace in the mobile 
industry, but the more advanced the service or solution, the more 
susceptible it is to fraud. This paper therefore presents a survey 
on the fraud rate of two major services provided by Nigeria’s 
mobile telecommunication companies over a specified period of 
time and proffer suitable solutions to reduce fraud in this industry 
in order to restore the telecommunication subscriber’s confidence 
in their mobile operators. 
     Index Terms - Mobile Fraud, Prepaid and Postpaid Services, 
Nigeria Telecommunication Industry 

I. INTRODUCTION 

raud is a household name in any sector of the economy of a 
country. The term fraud simply means any activity that result 

to gain of monetary benefit or unlawful advantage. Revenue loss 
as a result of fraud is rapidly increasing, eating up many business 
enterprises and economic sectors. Different fraud detection 
technologies have been proposed to check or reduce the losses 
caused by fraud perpetrators, but it has continued to pose 
significant problem to many economic sectors including the high 
rising mobile telecommunications industry. 

Mobile telecommunication fraud refers to illegal access to 
the mobile operator’s network, using their services for unlawful 
interest to the detriment of the network operators and/or its 
subscribers. Fraud is the principal profit leakage area in the 
mobile telecommunication industry [1]. In fact, it was estimated 
globally that mobile telecommunication fraud cause losses of 
tens of billions of dollars yearly [2, 3]. 

The Nigerian mobile telecommunication industry is the 
fastest growing among her economic sectors, with increasing 
numbers of network operators. However, revenue loss due to 
fraud has been a major challenge to the steady growth of this 
industrial sector. The Nigerian Communication Commission 
(NCC) estimated that revenue loss as a result of fraud is the 
largest in the mobile telecommunication industry [4]. Based on 
the NCC findings, this paper therefore presents a survey on the 
percentage of annual revenue affected by fraud in two major 
services provided by mobile operators in Nigeria over a specified 
period of time - percentage fraud rate. 

The rest of this paper is structured as follows. Section II 
presents a brief history of Nigeria’s mobile telecommunication 

industry. Section III gives an insight to the types of 
telecommunication fraud. Section IV presents the major types of 
mobile services targeted by fraudsters. Section V analyses the 
fraud trend in Nigeria’s mobile telecommunication industry, and 
suggest solutions to this menace. Section VI critically 
summarizes and concludes the paper. 

II BRIEF HISTORY OF NIGERIA’S MOBILE 
INDUSTRY 

Telecommunication is fast turning the world into a global 
village. Globally, the development of telecommunications 
industry is rapidly increasing with one innovation replacing 
another in a matter of years, months, and even weeks. Without 
doubt telecommunication is a key driver of any nation’s 
economy. The Nigerian economy is not left out in the race for 
rapid developments induce by innovations in 
telecommunications.   

The Nigerian Telecommunication sector was very 
underdeveloped before the sector was deregulated in 1992 by the 
then military regime with the establishment of NCC as a 
regulatory body for the telecommunication sector [4]. Since 
inception of duties, the NCC has issued licenses to several 
private telecommunication operators. The license allows the 
private telephony operators to set up both fixed wireless 
telephone lines and analogue mobile phones [4].  

However, in 1999, the return of democracy to Nigeria saw 
the beginning of the mobile telecommunication industry. The 
then democratic government revisited the telecommunication 
policy and authorised the NCC to issue new licenses to mobile 
operator(s). Three mobile operators were issued licenses in 23rd 
March, 2001 with 90days deadline to start operations - MTN 
Nigeria, ECONET Wireless Nigeria (Airtel), and MTEL [4]. 
Other mobile operators were later licensed by the NCC, among 
which are GLOBACOM, Etisalat etc, to create room for 
competition in the industry, thus, providing efficient and cost 
effective mobile telephony system. According to the NCC, as at 
12th September, 2012, Nigeria has 129million plus mobile 
subscribers, five main mobile operators, and many other mobile 
operators that are regionally based [5,6]. 

III TELECOMMUNICATION FRAUD 
As earlier defined, telecommunication fraud refers to illegal 

access to the mobile operator’s network, using their services for 
unlawful interest to the detriment of the network operators and/or 
its subscribers. Mobile telecommunication fraud can be classified 
into two categories - subscription fraud and superimposed fraud 
[7]. 
Superimposed Fraud - In this type of telecommunication fraud, 
the fraudster takes charge of legitimate mobile account(s), and all 
the illegal use of the account(s) is superimposed on the legitimate 
customers. 

F 
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Subscription Fraud - This is a type of telecommunication fraud 
where the fraudsters obtain a mobile account with the intention to 
never pay any bill. 

Both type of telecommunication fraud can either be internal 
or external - Telecommunication fraud is said to be internal when 
the fraudster(s) is an employee of the mobile operator while it is 
an external fraud if the fraud is carried out by the general public. 
 

IV TELECOMMUNICATION MOBILE SERVICES 
Telecommunication companies in Nigeria provide different 

services to win the heart of their subscribers because of the 
market competition. However, some of these mobile services are 
common to all the mobile operators in Nigeria, these includes: 

�  Prepaid Services 
� Postpaid Services  

Prepaid Services: This is the most popular of the services 
provided by mobile operators. As the name implies ‘Pre-paid’, 
all transaction in this service is pay-as-you-go. This service is 
easy for the mobile operator to maintain in the event of fraud and 
it is less susceptible to fraud as compared to postpaid services. 
Postpaid Services: This is the most conventional service offered 
by mobile operators all over the world. As the name implies 
‘Post-paid’, credit facilities is given for services used for some 
period of time, usually between 1- 6 months. Though, this 
service is not common in Nigeria because there is no proper 
means of identification in case a subscriber defaults, yet, all 
mobile operators in Nigeria still render the service as a result of 
the stiff competition in the industry. 

Other services provided by Nigeria’s mobile 
telecommunication companies that are susceptible to fraud 
includes: Roaming Services, Value Added Features and Service 
(VAS), Premium Rate Services (PRS) etc. However, this paper 
carried out survey to anlayse the fraud rate for Prepaid and 
Postpaid services because these are the two major services 
generally offered by mobile companies in Nigeria providing both 
data and voice package to subscribers. 

V MOBILE FRAUD ANALYSIS 
Fraud has continued to pose significant threat to the mobile 

telecommunication industry, as such, it is necessary to analyse 
the fraud rate in this industry in order to proffer solutions to this 
menace. In achieving the aim of this paper, it is imperative to put 
into consideration the method that will produce the most 
productive result germane to the problems at hand. In this regard, 
Data needed for the project was gathered from the various mobile 
telecommunication companies in Nigeria providing both voice 
and data services - MTN, Globacom, Multilink, Airtel, Visafone 
etc. Table 1(figure 1 a and b) shows the survey result of the 
percentage of revenue affected by fraud for postpaid and prepaid 
services offered by Mobile Operators in Nigeria, and table 2 
(figure 2 a and b)  shows the total (summary) percentage fraud 
rate caused by both postpaid and prepaid services. 
 
Table 1: Percentage of Revenue Affected by Fraud for Postpaid 
and Prepaid Services. 

 
Years Postpaid 

Services (%) 
a 

Prepaid 
Services (%) 

b 
2005 0.0320 0.0204 

2006 0.0404 0.0240 
2007 0.0520 0.0301 
2008 0.0630 0.0309 
2009 0.0704 0.0406 
2010 0.0770 0.0504 
2011 0.0779 0.0704 

 
Table 2: Total Percentage of Revenue Affected by Fraud. 
 

Years Total Loss (%) 
a + b  

2005 0.0524 
2006 0.0644 
2007 0.0821 
2008 0.0939 
2009 0.1110 
2010 0.1274 
2011 0.1362 

 
Discussion of Results 

The focus of this paper is to investigate the rate of fraud in 
Nigeria mobile telecommunication industry. From table 2 and 
figure 2, it is clearly seen that fraud in Nigeria mobile 
telecommunication industry has continually increase from year to 
year which is usually in the range of 0.012% - 0.020%. However, 
between the year 2010 and 2011, there was decrease of 0.0087% 
in this usual trend.  

Also, from table 1 and figure 1, postpaid services is more 
susceptible to fraud as compared to prepaid services yearly, 
usually a difference in the range of 0.011% - 0.035%, except 
between the year 2010 and 2011 that recorded a difference of 
0.0076%. The percentage fraud rate of postpaid services is 
always more than that of the prepaid services because of poor 
means of identification in Nigeria, whereas, postpaid services 
requires 1- 6 months credit upon taking up the service. 

In order to reduce fraud in the mobile industry, in 2010, 
NCC in conjunction with all the mobile telecommunication 
companies and the Nigerian law makers passed a bill which 
states that all Subscriber Identification Module (SIM) should be 
registered before usage. Insight into information and knowledge 
derived from the SIM registration will give mobile operators 
competitive edge in terms of customer care and retention, 
marketing and fraud detection. The SIM registration approached 
helped reduce the percentage fraud rate between the years 2010 - 
2011 as compared to previous years (see table 2). 

Similarly as a result of the SIM registration approach, there 
is a partially proper means of locating and identifying 
subscribers, as such, the difference in percentage fraud rate 
between postpaid and prepaid services in the year 2010 - 2011 is 
less as compared to the difference in previous years (see table 1). 
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Figure 1(a): Graphical Representation of the Percentage of 
Revenue Affected by Fraud for Postpaid and Prepaid Services. 
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Figure 2(a): Graphical Representation of the Total Percentage of 
Revenue Affected by Fraud. 

Furthermore, figure 2a shows that the yearly increase in 
percentage fraud is not at a fixed rate. This means that the 
increase in percentage fraud rate differs from year to year. 
Between the years 2005 - 2006, there was increase of 0.012%. 
Similarly, between the years 2006 - 2007, 2007 - 2008, 2008 - 
2009, 2009 - 2010, and 2010 - 2011 there was increase of 
0.018%, 0.012%, 0.017%, 0.016%, and 0.0087% respectively.  
But the fact remains that there have always been increase in the 
percentage fraud rate each year giving a total of 0.084% between 
the years 2005 - 2011. These discrepancies in the trend at which 
the percentage fraud rate increases yearly is to show that 
difference fraud detection technologies have been put in place to 
curb this menace in the industry, however, mobile fraud 
perpetrators have found their ways through these technologies 
and have continued to pose significant problem to the mobile 
operators. 

 
Remedies to Mobile Fraud in Nigeria 

Based on the findings of this research work, fraud cannot be 
completely eradicated in Nigeria’s mobile telecommunication 
industry and the world in general, however this menace can be 

properly managed to reduce its effect on the revenue of the 
mobile operator to the lowest possible value. 

 

 
Figure 1(a): Bar Chart Representation of the Percentage of 
Revenue Affected by Fraud for Postpaid and Prepaid Services. 
 

 
Figure 2(b): Bar Chart Representation of the Total Percentage of 
Revenue Affected by Fraud. 

Firstly, the registration of SIM before usage is a welcome 
idea to reduce fraud in the mobile industry but this exercise 
should be carried out thoroughly. Subscribers should register 
their SIM with a standard Identification Card (ID card) accepted 
nationwide. In the course of this paper research, it was observed 
that 22.9% of mobile subscribers register their SIM with fake 
addresses. The question is ‘why should mobile subscribers 
register their SIM with fake addresses?’- Fraud. As such, SIM 
registration with accepted ID cards will further help to curb fraud 
in this industry. 

Also, it was revealed in the course of this paper research that 
most of the mobile telecommunication companies in Nigeria do 
not have the understanding of the threat mobile fraud pose and 
proper record of past fraud cases . Recent researches in mobile 
fraud show that for mobile companies to have an effective fraud 
management system in place, the companies must have an in 
depth   knowledge of the threat posed by this menace. All fraud 
cases should be properly recorded in order to utilize the 
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information from the previous fraud cases in the future and to 
enable proactive detection of fraud  

Furthermore, recent mobile fraud researches indicate that 
most fraud cases have an internal source or link. As such, mobile 
operators should ensure proper management control, supervision 
and monitoring of internal activities of system user. This should 
be taken seriously, because as earlier said, 22.9% of mobile 
subscribers register their SIM with fake addresses and when 
asked reason for their action, they claim their information is not 
save with their network operator. Therefore, if mobile 
telecommunication operators are open minded to internal risk, it 
can help save the operators lot of money as a result of fraud, and 
also help restore subscriber’s confidence in the security of their 
transactions.  

 
VI SUMMARY AND CONCLUSION 

Mobile telecommunication fraud is a problem that has 
grown noticeably over years and has become a serious global 
issue (the Nigeria’s mobile industry is no exception) for mobile 
network service providers. This paper has presented a survey on 
the percentage of annual revenue affected by fraud over a 
specified period in prepaid and postpaid services offered by 
mobile telecommunication companies in Nigeria. Without 
doubts, fraud has continued to pose significant threat to this 
industry despite numerous fraud detection techniques put in place 
by these network operators. Also, this paper has presented 
insights to the trend of mobile telecommunication fraud in 
Nigeria and has proffered solutions to reduce fraud losses. 

Fraud has indisputably become a significant cause of 
substantial annual revenue losses in Nigeria’s mobile 
telecommunication industry. If proper fraud detection technology 
is not put in place by each network operator and NCC to curb 
this menace, it will lower the subscriber’s confidence in the 
security of transactions available via the service operator. 

Finally, this paper has only presented survey on the two 
services (prepaid and postpaid) generally offered to subscribers 
by mobile network operators in Nigeria. From this, it shows that 
the revenue losses will increase if other services such as VAS, 
PRS, etc were to be considered. The level at which the 
percentage fraud rate will increase if other services are 
considered is an open area for future research. 
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Abstract- Health is basic requirement of any society to develop 
and progress. Nutrition has major effects on health. Nutrition 
refers to the availability of energy and nutrients to the body’s 
cells in relation to body requirements. Growth and development 
of any country is reflected by the growth and development of its 
children. The present community based interventional study was 
carried to assess impact of health interventions in the form of 
health and nutritional education on nutritional status of 
malnourished children. It was conducted during January 2010 to 
December 2010 at urban slum of Cheetah Community, Mumbai, 
India. Total of 190 children registered under six Anganwadis 
were included. The information was gathered by personal 
interview of mothers using semi-structured questionnaires. Out 
of 190 children 102 were malnourished which later divided into 
study/intervention (50 children) and control group (52 children). 
Health interventions were given only to intervention group for 
six months. Significant difference was seen between the weight 
gains by both groups. Similarly, significant improvement in 
mothers’ knowledge about nutrition was seen after six months of 
intervention. Thus it was evident from the study that health and 
nutritional education should be considered as major interventions 
to reduce the problem of malnutrition. 
 
Index Terms- Health education, Malnutrition, Nutritional 
education, Urban slum    

I. INTRODUCTION 

alnutrition is the major problem in developing countries 
especially in underserved areas such as urban slums. Most 

slum dwellers in India belong to the category of permanent 
necessitation, which are forced to live in the existing eco-
cultured situations on account of poverty and social discard. 
Being the most vulnerable segment of the community the 
preschoolers (1-6 years) are at the greatest risk of malnutrition 
because of their growing period that demands high intake of 
protein and calories.(1) 
          Surveys carried out in different parts of India show that the 
diet and nutrition of a large majority of the people are inadequate 
in several aspects. Consequently, varying types of nutritional 
deficiencies result. Today malnutrition is the most debilitating 
health problem affecting millions of children. Malnutrition is not 
a pathological condition due to the deficiency of a single nutrient 
or calories, but a consequence of several interacting factors.(2)  

Malnutrition is usually the result of a combination of inadequate 
dietary intake and infection. In children, malnutrition is 
synonymous with growth failure. Malnourished children are 
shorter and lighter than they should be for their age. To get a 
measure of malnutrition in a population, young children can be 
weighed and measured and the results compared to those of a 
‘reference population’ known to have grown well.(3)    
          Globally, malnutrition has been responsible, directly or 
indirectly, for 60.0% of the 10.9 million deaths annually among 
under-five children. Well over two-thirds of these deaths, which 
are often associated with inappropriate feeding practices, occur 
during the first year of life. No more than 35.0% of infants 
worldwide are exclusively breastfed during the first four months 
of life; complementary feeding frequently begins too early or too 
late, and foods are often nutritionally inadequate and unsafe. 
Malnourished children who survive are more frequently sick and 
suffer the life-long consequences of impaired development 
(WHO, 2003).(4) 

          Malnutrition is more common in India than in Sub-Saharan 
Africa. One in every three malnourished children in the world 
lives in India.(4) The prevalence of child malnutrition in India is 
among the highest in the world, nearly double that of Sub-
Saharan Africa, with the dire consequences of morbidity, 
mortality, productivity, and thereby the economic growth. 
Decline in child malnutrition over the last 15 years has been very 
slow; from 51.1 % in 1992-93 (National Family Health survey - 
NFHS I) to 47 % in 1998-99 (NFHS II) to 45.9 % in 2005-06 
(NFHS III). What is worse is that child malnutrition has gone up 
to 50 % in 2007-08. Also, inequities in undernutrition do exist 
between demographic, socioeconomic and geographic groups in 
India, as can be seen from NFHS I, II, and III data. It may not be 
possible for India to achieve the nutrition Millenium 
Development Goal (MDG) by 2015 in spite of economic growth, 
unless urgent measures are taken for more and better investments 
in child development. Population is increasing by over 16 million 
every year and hence the number of malnourished children is 
actually increasing. This is a matter for serious national concern. 
Although preventing malnutrition needs to be the focus of our 
policy and program action, we have many children currently 
suffering from severe acute malnutrition.(5) 
 

M
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II. MATERIALS AND METHODOLOGY 

          The present study was a community based interventional 
study carried out during January 2010 to December 2010 in of 
Cheetah Camp urban slum. Community of Cheeta camp is 
situated in the peripheral part of Eastern Mumbai coming under 
M/East Ward of Mumbai Municipal Corporation. The population 
of Cheeta camp is approximately 87000 (Census 2001) and 
comprises of migrant people from Uttar Pradesh, Bihar, 
Tamilnadu, Kerala, Maharashtra, Bengal and Andhra Pradesh 
The whole area is divided in to 11 sectors and. There were 
around 9300 (Census 2001) children aged less than 5 years. It is 
the field practice area under the Department of Preventive and 
Social Medicine, of TN medical college which provide 

preventive, promotive, curative and rehabilitative health care 
services to the community in coordination with the Urban Health 
Centre, Health Post, and Municipal Dispensary under M/East 
Ward of Brihanmumbai Municipal Corporation.  
          The Anganwadi centre was considered as a sampling unit. 
There were total 57 Anganwadi at Cheetah camp. Out of these, 
10 percent Anganwadis (i.e. 6 Anganwadis) were selected by 
using simple random sampling method. All the children aged 1-3 
years registered in these Anganwadi were included in the study. 
Children having Grade IV malnutrition according to Indian 
academy of Paediatrics (IAP) were excluded from the study. As 
per the record of the selected Anganwadis and the distribution of 
children according to their nutritional status is as follows:

 
 

Sr. no 
Sector and 
Anganwadi 
(AW) no. 

Children 
between 1yr 
to 3 yr age 
group 

Grades of malnutrition (A/c to IAP classification) 

Normal 1 2 3 4 

1 
F, 
 AW No. 20 

24 15 7 2 0 0 

2 
A,  
AW No. 35 

30 17 8 5 0 0 

3 
B,  
AW No. 22 

31 11 8 9 3 0 

4 
J,  
AW No. 3 

36 19 9 7 1 0 

5 
D, 
 AW No.49 

31 10 9 10 2 0 

6 
E, 
 AW No. 61 

39 16 12 8 3 0 

Total 191 88 53 41 9 0 

 
          Out of these 103 malnourished children 1 child was 
untraceable. These 102 Malnourished children were divided into 
intervention/study group and control group (3 Anganwadis in 
each group). Baseline data collected for both intervention group 
(50 children) and control group (52 children). Health measures 
like complete immunization, treatment of acute ailments, 
Vitamin A supplementation and de-worming were given to both 
groups. In addition to these health measures, health interventions 
such as one to one health education sessions (total 6 sessions) to 
every mother for six months and focus group discussion (FGD) 
one per two months for six months (total 3 FGDs) were given 
only to Intervention group. Post intervention data collected after 
6 months from baseline data collection. There were loss of 2 
children from intervention group and 3 children from control 
group. Study was implemented in six phases: 
 
2.1 Preparatory Phase 
2.1.1 Administrative approvals 

          The necessary approvals were obtained from the following 
authorities to carry out the study. 
          The Dean of TN Medical College, Mumbai 
          Ethics committee of TN Medical College, Mumbai 
          Professor and Head, Department of Preventive and Social 
Medicine, TN Medical College, Mumbai 
          In Charge of Urban Health Center, Cheeta Camp, Mumbai  
 

2.1.2 Constructing tools for data collection 
          Data collection tools were prepared (i.e. consent forms and 
preformed, pretested, semi-structured, open-ended 
questionnaires). To reduce bias, the information was collected 
maintaining utmost privacy as per the convenience of the 
respondents. Time required to complete one interview was 30 
minutes. 
 

2.1.3 Pilot study 
          Initially a pilot study was conducted, which helped to test 
and restructure the instrument required for the actual study. 
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2.2 Phase of baseline data collection 
          Total 6 Anganwadis were selected by using simple random 
sampling method. Inclusion and exclusion criteria were pre-
determined and each participant was chosen keeping them in 
mind. Home visits were done to interview the mother of the 
children to know sanitary practices followed in the family. 
          Initially informed consent was obtained from study 
participants. Nutritional status among 1-3 years old children was 
assessed by computing weight for age and grading the children 
using the IAP classification. Association of nutritional status 
with gender, maternal education, father's occupation and birth 
order was determined. Dietary intake of protein and calories for 
1-3 year old children was determined using the 24-hour dietary 
recall method from the child's mother at her home. Two more 

visits were paid by the investigators to the home of the child if 
the mother was not available during the first visit. Child was 
considered non traceable if the mother was not available for 
interview at home even on the third visit. Apart from dietary 
history, mothers were interviewed for breast feeding, 
complementary feeding practices. Medical examination and 
anthropometric measurements of the children were taken at 
Anganwadi. The grade of malnutrition was decided by using 
WHO growth standards and IAP grade of malnutrition. 
These children were followed up every month for next 6 months. 
On each visit child’s health assessment was done by clinical 
examination. At the end of 6 month again anthropometric 
measurements were taken to measure the outcome.  

 

Standard of Sanitation according to Briscoe’s Scale 
(6) 

 

Behaviour 
Points 

3 2 1 

Water 
Drinking tube well/tap ring well pond 
Washing tube well/tap ring well pond 
Bathing tube well/tap ring well pond 

Defecation Children < 5 years 
Latrine/ 
disposed off 

open within 
compound 

Anywhere 

Hand washing by mother  before eating /handling food Yes occasional No 

Hand washing by mother after defecation  
Yes with 
soap 

Yes with 
sand or ash 

Yes with 
water 

Appearance of mothers hands and cloth Clean one clean unclean 

Drinking water storage direct use clean, covered 
Unclean, 
uncovered 

Water for washing direct use clean, covered 
Unclean, 
uncovered 

 

 
 

 
Maximum score to be achieved was 21, which was grouped as  

• 7-12 : Poor 
• 13-17 : Fair 
• 18-21 : Good 

 
Assessment of Knowledge of mother about child’s nutrition 
          The nutrition knowledge of mothers was evaluated. Each 
mother was asked a set of four questions about nutrition. The 
aspects of nutrition knowledge studied were: age for introducing 
weaning foods into a child's diet; diet during diarrhea; 
preparation of oral rehydration solution (ORS); growth-chart 
interpretation. A score of 2 was given for each valid answer. A 
mother's overall knowledge of nutrition was rated on a scale of 0 
to 8 by calculating the total of all the valid responses she made. 
Mother's responses were considered valid if she provided the 
following information: Soft and semisolid foods (weaning food) 
should be introduced to children after completion age six months 
or less. A child should be given as same or more food during 
diarrhoeal episodes as when the child is not ill. Diarrhoea should 
be managed by giving ORS or fluids to the affected child. ORS 
should be made with three standard tablespoons of sugar and 

one-half standard teaspoon of salt per liter of water or by 
dissolve one ORS packet in one liter of boiled and cooled water. 
          Three growth charts were shown to the mothers. One chart 
showed weight gain every month (normal growth); the second 
showed no weight gain for six months (growth faltering); and the 
third showed continuous loss of weight (grade IV malnutrition). 
A mother's response was considered valid if she could interpret 
three charts correctly. If a mother had more than one child in this 
age group, questions concerning her nutrition knowledge were 
asked with reference to the youngest child.  
 

Scoring for Knowledge of mother regarding nutrition 
1. Introduction of solid foods in diet: < 4 months (0 mark) / 4-6 
months (0 mark)/ > 6months (2 marks) 
2. Diet During diarrhoea: No or less food to be given (0 marks)/ 
same or more food is given (2 marks)  
3. Preparation of ORS: not at all knows (0 mark) / partly correct 
(1 mark)/ correct (2 marks) 
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4. Growth chart interpretation: none Correct (0 marks)/ 1 correct or 2 correct (1 mark)/ 3 correct (2 marks) 
 

Questions 
Points 

Valid 
Partially 
correct 

Invalid 

Introduction of solid food 2 0 0 

Knowledge about preparation of ORS 2 1 0 

Growth Chart interpretation 2 1 0 

Diet during diarrhoea 2 0 0 

 
Maximum score to be achieved was 8, which was grouped as  

• 0-2 : Low 
• 3-6 : Medium 
• 7-8 : High 

 
2.3 Phase of Interventions  
          For the intervention group health education was given in 
the form of  

• One to one talks 
• Explained with the help of audio-visual aids i.e. posters 

and flip chats 
• Discussions with the mothers (Focus Group Discussion) 
•  

          Health educator initially established a contact with the 
women individually at home and talked about causes, symptoms 
and prevention of childhood malnourishment. This group of 
mothers was educated on the problems due to malnutrition, the 
importance of immunization, good sanitary practices, and dietary 
modifications to improve nutritional status of child. Then 
mothers were motivated to participate in group discussion (GD’s) 
sessions to be conducted in their locality. The purpose and 
importance of the group discussion (GD’s) activity was 
explained to them. On a fixed day of the week, a lecture cum 
discussion session was organized for these mothers in groups 
comprising of 6-8 women at a time. A total of 3 sessions were 
organized to cover all aspects of malnutrition. Flip charts were 
used to demonstrate the dietary modification.  
          Follow up visits were done every month for a period of six 
months for both the groups. During each follow up visit health 
assessment of child was done. Morbidity, such as gastrointestinal 
and respiratory infections were identified and treated 
accordingly. Immunization of children was advised, in order to 
improve their immunization status. Vitamin A is administered as 
per Expanded program of Immunisation. 
 
Interventions given 

• Health education and nutritional education were given 
individually to mothers to improve their knowledge 
regarding infant feeding, in order to improve their 
babies’ weights.  

• Mothers were also given health education and 
nutritional education, in groups. 

• Special attention was given to grade 3 babies, in order 
to improve their grade of malnutrition.  

• Mothers were trained to make homemade ORS solution, 
if the ORS packets were not available. 

• Mothers were convinced for regular visits to growth and 
development clinic. 

• The babies were referred for pediatricians’ opinions, 
whenever necessary 

All these interventions were not applicable to control group. 
 
2.4 Phase of data analysis 
          The comparison of Quantitative variables between and 
within the groups was done using student’s t-test, while the 
Qualitative data was compared using chi-square test.  The 
median values of mothers’ nutritional scores within the two 
groups and between them was compared using Wilcoxon Signed 
Rank test. The confidence limit for significance was fixed at 95% 
level with p-value < 0.05 
 
2.5 Phase of interpretation and discussion 
          The findings of the present study were compared and 
discussed with other relevant studies done before and finally 
conclusion & recommendations were drawn as feasible 
 
2.6 Phase of documentation 
          The analysed data was compared with various studies done 
previously and is presented in the form of tables and is 
documented. 
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IAP classification for malnutrition (7) 
Nutritional Status % of Standard weight for age (W/A) 

Normal More than 80% of (W/A) 

Grade I 71 to 80% of (W/A) 

Grade II  61 to 70% of (W/A) 

Grade III  51 to 60% of (W/A) 

Grade IV  Less than 50% of (W/A) 

 
WHO classification for malnutrition(7) 

 Normal Moderate Undernutrition Severe Undernutrition 

Weight for height (W/H) 
Standard deviation up to 
2 of expected W/H; ( i.e. 
> 79% of expected W/H) 

Standard deviation score 
between 2 to 3 of expected 
W/H; (i.e.70-79% of expected 
W/H) - Wasting 

Standard deviation score 
below 3 of expected W/H; 
(i.e. < 70% of expected 
W/H) - Severe wasting 

Height for age (H/A) 
Standard deviation up to 
2 of expected H/A ( i.e. > 
89% of expected W/H) 

Standard deviation score 
between 2 to 3 of expected H/A; 
(i.e. 85- 89% of expected W/H) 
- Stunting 

Standard deviation score 
below 3 of expected H/A; 
(i.e. < 85% of expected H/A) 
– Severe Stunting 

 

III. RESULTS 

          Total 190 children were included in this study. Table 1 
shows, 97 (51.05%) were male children and 93 (48.9%) children 
were in the age group of 12-23 months. Out of 190 children, 130 
(68.42%) were Muslims and 89 (46.84%) children belonged to 
nuclear family. According to Modified Prasad classification 104 
(54.74%) children were from socio-economic class II & III, 78 
(41.05%) mothers had completed their education up to secondary 
level, while 4 (2.11%) fathers were found illiterate as compared 
to mothers 13 (6.18%). 57 (30%) fathers completed education 
more than S.S.C. compared to mothers 34 (17.89%). Table 2 
shows nutritional status of children. Table 3 reveals significant 

association of mother’s knowledge about nutrition and nutritional 
status of children. Tables 4, 5 and 6 show initially there was no 
significant difference between weights of intervention and 
control groups; but after six months of health intervention 
significant difference noted between these two groups in terms of 
weight gain. Similarly, health intervention has shown significant 
effect on mother’s knowledge regarding nutrition (Table 7).   
 
 
 
 

 
Table 1: Socio-demographic Profile 

 
Socio demographic profile Male (n-97) Female (n-93) Total 
Children’s  
Age group 

12-23 months 51(52.6%) 42 (45.2%) 93 (48.9%) 
23-35 months 46 (47.4%) 51 (54.8%) 97 (51.1%) 

Religion 
Muslim 70 (72.2%) 60 (64.5%) 130 (68.4%) 
Hindu 27 (27.8%) 32 (34.4%) 59(31.1%) 
Other 0.00 (0%) 1 (1.1%) 1(0.5%) 

Type of Nuclear 39 (40.2%) 50 (53.8%) 89 (46.8%) 
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 family Joint 10 (10.3%) 9 (9.7%) 19 (10%) 
Three generation 48 (49.5%) 34 (36.6%) 82 (43.2%) 

Socio- 
economic  
Class 

I Upper 6 (6.2%) 6 (6.4%) 12 (6.3%) 
II Upper Middle 40 (41.2%) 34 (36.6%) 74 (38.9%) 
III Lower Middle 39 (40.2%) 43 (46.2%) 82 (43.2%) 
IV Upper Lower 12 (12.4%) 10 (10.8%) 22 (11.6%) 
V Lower 0 (0%) 0 (0%) 0 (0%) 

Mother’s Education 

Illiterate 7 (7.2%) 6 (6.2%) 13 (6.8%) 
Primary 33 (34%) 32 (34.4%) 65 (34.2%) 
Secondary 38 (39.2%) 40 (43%) 78 (41.1%) 
>S.S.C. 19 (19.6%) 15 (16.1%) 34 (17.9%) 

Father’s Education 

Illiterate 3 (3.1%) 1 (1.1%) 4 (2.1%) 
Primary 27 (27.8%) 31 (33.3%) 58 (30.5%) 
Secondary 34 (35.1%) 37 (39.8%) 71 (37.4%) 
>S.S.C. 33 (34%) 24 (25.8%) 57 (30%) 

Total 97 (51.1%) 93 (48.9%) 190 (100%) 

 
Table 2: Indices of Nutritional Status 

 
Indices Normal Malnourished 
Weight for Age (W/A) [A/c to IAP classification] 88 (47.4%) 102 (52.6%) 

Height for Age (H/A) [A/c to WHO classification] 107 (56.3%) 83 (43.7%) 

Weight for Height (W/H) [A/c WHO classification] 156 (82.1%) 34 (17.9%) 

 
Table 3: Mother’s Knowledge Vs Malnutrition 

 

Mother’s Knowledge Normal 
Malnutrition (A/c IAP classification) Association 

Grade I Grade II Grade III 

About growth 
chart 
interpretation 

None 
correct 

28 (29.5%) 31 (32.6%) 28(29.5%) 8 (8.4%) 

p value < 0.01; 
Significant 

1 correct 32 (56.1%) 16 (28.1%) 9 (15.8%) 0 (0%) 
2 correct 16 (66.7%) 3 (12.5%) 4 (16.6%) 1 (4.2%) 

3 correct 12 (85.7%) 2 (14.3%) 0 (0%) 0 (0%) 

Diet in 
Diarrhoea 

Valid 54 (52.4%) 30 (29.1%) 14 (14.6%) 4 (3.9%) p value- 0.06; 
Non-significant Invalid 34 (39.1%) 22 (25.3%) 26 (29.9%) 5 (5.7%) 

ORS 
preparation 

Invalid 19 (25%) 22 (28.9%) 27 (35.5%) 8 (10.5%) 
p value < 0.01; 
Significant 

Partially 
correct 41 (55.4%) 22 (29.7%) 11(14.9%) 0 (0%) 

Valid 28 (70%) 8 (20%) 3 (7.5%) 1 (2.5%) 

Weaning food 
Valid 64 (54.7%) 28 (23.9%) 23 (19.7%) 2 (1.7%) p value < 0.01; 

Significant Invalid 24 (32.9%) 24 (32.9%) 18 (24.6%) 7 (9.6%) 

Mother 
Knowledge 
Score 

Low 14(24.6%) 18 (31.6%) 20 (35.1%) 5 (8.7%) 
p value < 0.01; 
Significant 
Association 

Medium 53 (51.5%) 28 (27.2%) 19 (18.4%) 3 (2.9%) 

High 21 (70%) 6 (20%) 2 (6.7%) 1 (3.3%) 

 
Table 4: Baseline weight for intervention and control group 

 

Baseline weight n Mean (kg) 
Standard 
error 

unpaired 
t value 

p value Association 

Intervention group 50 8.53 0.123 
0.23 0.759 Not significant 

Control group 52 8.59 0.195 
Intervention Group (females)  27 8.43 0.169 0.61 0.546 Not significant 
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Control Group (females) 27 8.63 0.275 
Intervention Group (males)  23 8.65 0.181 

0.32 0.754 Not significant 
Control Group (males) 25 8.54 0.282 

 
Table 5: Weight gain by intervention group children after intervention 

 

 
Mean 
weight 

Standard Deviation 
(SD) 

Paired t test (Two tailed) 

Intervention 
group (n-48 ) 

Pre-intervention 8.49 kg 0.86 t value- 27.4; p value < 0.001; 
Significant Difference Post-intervention 9.96 kg 0.9 

Control Group 
(n-49) 

Pre-intervention 8.56 kg 1.3 t value- 30.3; p value < 0.001; 
Significant Difference Post-intervention 9.76 kg 1.3 

 
Table 6: Weight gain by children after intervention in both groups 

 

Weight gain n 
Mean weight gain 
(kg) 

Standard error 
(S.E.) 

Unpaired t- test 

Intervention group 48 1.47 0.054 t value- 4.05; p value < 
0.01; Significant Difference Control group 49 1.2 0.04 

 
Table 7: Effect of intervention on mother’s knowledge about child’s nutrition 

 
 

Mean SD 
Percentile Wilcoxan signed 

Ranked test 
Association 

25th 50th 75th 

Intervent
ion 
group 

Pre-
intervention 

3.83 1.74 2 4 5 
4.81 

p-value < 0.01; 
Significant 
Difference Post-

intervention 
5.1 1.15 4 5 5.75 

Control 
group 

Pre-
intervention 

3.53 2.15 2 3 5.5 
1.49 

p-value = 
0.136; Non-
significant 
Difference 

Post-
intervention 

3.84 1.8 2 4 6 

 

IV. DISCUSSION 

          The present community based interventional study was 
carried out during the period of Jan 2010 to December 2010, by 
selecting 6 Anganwadis where we have found 102 (52.63%) 
undernourished children. Whereas 83 (43.68%) children were 
stunted and 34 (17.89%) children were wasted. Similar findings 
were found by Kumar et al.(8) According to NFHS III (9) in urban 
slum of Mumbai in the age group of 12 months 35 months, there 
were 35.26% undernourished children, 51.92% were stunted and 
14.16% were wasted . 
          In this study according to IAP grades of nutritional status 
88 (46.32%) children were normal, while 52(27.37%) were in 
Grade I of malnutrition, 41 (21.58%) in Grade II and 9 (4.74%) 
children were in grade III malnutrition. Similar findings were 
noted by Verma et al.(10), Chakraborty et al.(11), Mittal et al.(12) 
and Harishankar et al.(13)  
          This study revealed that 48 (51.61%) children from the age 
group 12 months to 23 months were malnourished while 54 
(55.61%) children belonging from age group 24 to 35 months 
were malnourished. Whereas Mittal et al.(12) found 66 (40.74%) 
children from the age group 12 to 23 months were malnourished; 
while 49(40.16%) children from the age group 24 to 35 months 
were malnourished.  Similarly Harishankar et al (13) found 

33(32.1%) children in the age group of 12-23 months age group 
were malnourished while 23(21.7%) children in the age group of 
24-35 months were malnourished. Mahajan et al.(14) noted more 
prevalence of malnutrition between one to three year age group 
compare to below one year age group. 
          In this study no significant association was seen between 
sex of the children and their nutritional status, though percentage 
of malnutrition was more in female children compare to male 
children. In contrast to this study, Kumar et al.(8), Chakraborty et 
al.(11) and Prinja et al.(15) found more percentage of malnutrition 
among male children. Whereas Mahajan et al(14) found more 
percentage of malnutrition among female children as compare to 
male children. 
          In this study we found that poor the social class more the 
chances of child being malnourished. Out of 22 children from 
class IV socioeconomic class 19 (86.36%) were detected 
malnourished compared to 4 (33.33%) of class I. Significant 
association was seen between nutritional status and 
socioeconomic status of the family. Similar was the finding of 
study conducted by Mahajan et al.(14) and Avachat et al.(16) 
          Present study revealed that as the educational level of 
mother increased, improvement in nutritional status of the child 
was seen. 11(84.62%) children were malnourished whose 
mothers were illiterate as compared to 4 (12.12%) whose mother 
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completed 10 or more years of education. The association 
between education of mother & children’ nutritional status was 
found to be statistically significant. Similar finding was noted by 
Verma et al.(10) Chakraborty et al.(11) Mittal et al.(12) Harishankar 
et al.(13) and Mahajan et al.(14) 
          In this study significant association was seen between 
mother’s knowledge about child’s nutrition and their ability to 
interpret a growth chart correctly with nutritional status of 
children. But no significant relationship was seen between 
mother’s knowledge about diet during diarrhoea and nutritional 
status of children. These findings were similar to findings of 
Abbi et al.(17)  
          Overall statistically significant association was seen 
between score of mother’s knowledge about child’s nutrition and 
nutritional status of children. This finding was different from the 
finding of Lakshmi et al.(18) They found no significant 
relationship between mother’s knowledge score and nutritional 
status of children. 
          After six month of intervention more weight gain was seen 
in intervention group compared to control group. The difference 
was statistically significant. Mean weight gain by intervention 
group was 1.47 kg compare to control group (i.e.1.2 kg). This 
finding was similar to study conducted by De Silva et al.(19) and 
Banerjee et al. (20) They also noted more weight gain among 
intervention group compared to control group. 
 

V. CONCLUSION AND RECOMMENDATION 

          Improvement in nutritional status of malnourished children 
was seen after six months of health intervention, therefore health 
and nutritional education should be considered as major 
interventions to reduce the problem of PEM. Use of non 
expensive, culturally acceptable nutritious recipes should be 
promoted and demonstrated. With the help of social worker, 
health volunteers and community health workers regular health 
education programmes should be conducted in the community.  
          Appropriate dietary modifications should be done to 
ensure increased calorie & protein intake as per the 
recommendations. Growth monitoring should be made 
compulsory for all under five children and mothers should be 
taught the importance of regular weight checkups and early 
treatment of sick children to avoid the vicious cycle of infection 
–malnutrition –infection.  
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Abstract- We present results from a detailed Quantum Monte 
Carlo study of BEC applied to JILA experiment[Jin et al, Phys 
Rev Lett 78,764,1997[1]. This is the first Monte Carlo approach 
(based on Feynman-Kac path integral method) to the above 
problem where good qualitative agreement is found for both the 
lowest lying m=2 and m=0 mode. We found an upward shift of 
the experimental data for m=0 mode around   ( is defined as the 
predicted BEC transition temperature for a harmonically 
confined ideal gas when the effect of noncondensate was 
considered. 
 

I. INTRODUCTION 

fter the experimental realization of Bose Einstein 
Condensation in alkali vapors in 1995[2], and subsequent 

experiments pertinent to temperature dependence of frequencies 
and damping rate[1], there have been a lot of theoretical 
studies[3-9] to explain the experimental observations in 
connection with temperature dependent frequency shifts 
corresponding to different angular momenta, m=0 and m=2 
modes in particular[2]. Results have been reported in which 
theoretical data agreed well with experimental values for m=0 
mode showing an upward trend of frequencies with rise in 
temperature [4,9]. But in all cases the agreement is rather poor 
when it comes m=2 mode. There is an agreement up to 

0T 0.6T=
, beyond which frequencies rise with increase in 

temperature deviating from the downward trend of experimental 
data. In this article, we would like to report a diffusion Monte 
Carlo study of the frequency shifts of m=0 modes in a dilute gas 

of 
87Rb . In our non mean field study, we  see agreement with 

experimental study (Fig 3a of Ref 2] for m=2 mode all the way to 

0T 0.9T=
(Fig 7). When we consider the dynamics of the 

thermal cloud separately, the upward shift (Fig 8) at 

0T 0.7T=
which is similar to JILA experiment is observed for 

m=0 mode. This agrees with the results obtained from the revised 
gapless theory of Morgan[6,7]. 
          The dynamical behavior of dilute alkali BECs at 
T 0= can well described by Gross-Pitaevski eqn(GPE)[10]. 

2
2

ext
Rb

(r, t)
i [ V (r) g (r, t) (r, t)

t 2m 2

∂ϕ ∆
= − + + ϕ ϕ

∂

r r r rh
h

    (1)                             

          where 

2

Rb

4 a
g

m

π
=

h

, ‘a ‘ is the scattering length and 

Rbm
is the mass of Rb atom. But it seems to be inadequate at 

finite temperatures. The total density of atoms is related to BEC 

density and normal component as follows: At T 0= the normal 
component is not equal to zero in the interacting case and is 
referred to as ‘quantum depletion’.  At finite temperature  the 
thermal atoms also contribute to the normal component. Since 
mean field wavefunctions do not account for the normal 
component, it gives accurate energy spectrum if depletion is 

small[11]. Near 0T
, the quantum depletion becomes significant 

and mean field theory breaks down. 
          The other mean field theories which have been used so far, 
are based on HF and HFB-Popov equations[12] and break down 

near 0T
as its effective single particle spectrum always displays a 

gap. In 1998, a self consistent gapless non-divergent theory[5] 
was developed  and a closed set of coupled equations were 
solved numerically.  In these analysis,  only the dynamics of 
condensate was considered and downshift of data was observed 
for both m=0 and m=2 mode. Subsequently, with the more 
sophisticated theory of Morgan[6] an upward shift at 

0T 0.6T=
was achieved[7,8].Analytic expressions[13] for 

temperature dependent frequencies were obtained for m=0  and 
m=2 mode by variational Monte carlo technique. 
          Even though ref[7] has the best agreement with JILA data 
till date, solving coupled partial differential equations 
numerically is not an easy task. The chief purpose of this paper is 
to go beyond mean field theory with a comparatively simpler 
numerical procedure which work at all temperatures. We propose 
to explore finite temperature aspect of BEC by quantum 
nonperturbative technique, namely Feynman-Kac (FK)[14-16] 
procedure. To be precise, we use Generalized Feynman-Kac 
(GFK) method[17] to make the rate of convergence faster. Since 
quantum Monte Carlo methods are computationally expensive, 
we are simulating only 2000 interacting atoms at this moment. 
Increasing number of interacting atoms would change our results 
quantitatively not qualitatively. The paper is organized as 
follows: In Sec 1 we have the introduction. In Sec 2, we discuss 
the path integral technique at zero and finite temperatures as a 
many body technique, the Schroedinger  formulation of Rb 
condensate and non-condensate, fundamental concepts of BEC 
and finite temperature excitations. In Sec 3, we discuss the 
numerical procedure. In Sec 4, we present all the numerical 

A
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results pertinent to energies and frequencies at different 
temperature. Finally in Sec 5, we summarize our results. 
 

II. THEORY 

          To connect Feynman-Kac(FK)  or Generalized Feynman 
Kac(GFK) to other many body techniques our numerical 
procedure[18,19] has straight-forward implementation to 
Schroedinger’s wave mechanics. Since at low temperature the 
de-Broglie wavelength of the atoms becomes appreciable, we do 
a full quantum treatment. GFK is essentially a path integral 
technique with trial functions for which operations of the group 
of the wavefunction keep points in the chosen nodal region, 
provide an upper bound for the lowest energy of that symmetry. 
The nodal region with the lowest energy serves as a least upper 
bound. If the nodal region has exact nodal structure of the true 
wave-function the random walk is exact in the limit scale, time 
for walk and the number of walkers get arbitrarily large. To 
calculate energy we approximate an exact solution (i.e, the GFK 
representation of it.) to the Schroedinger’s equation, whereas 
most of the other numerical procedures approximate a solution of 
an approximate Schroedinger equation. From the equivalence of 
imaginary time propagator and temperature dependent density 
matrix, finite temperature results can be obtained from the same 
zero temperature code by running it for finite time. So from all of 
these aspects, Generalized Feynman-Kac method turns out to be 
a potentially good candidate as a sampling procedure for Bose 
gases at all temperatures. Next we consider the Feynman-Kac 
formalism and then show how it can be modified to get the 
Generalized Feynman-Kac version of it. 
 
2.1 Path integral theory at T=0 
2.1.1 Feynman-Kac Path integration 

          For the Hamiltonian )x(V2/H +∆−= consider the 
initial-value problem 

)t,x(U)x(V
2dt

)t,x(dU
i 








−

∆
=

,                                                                             
(2) 
 

with 
dRx ∈  , N3d = and U(x,0)=1. The Feynman–Kac 

solution to this equation is 

]ds))s(x(Vexp[E)t,x(U
t

0
∫−=

,                                                                             
(3) 
          where x(t) is a Brownian motion trajectory and E is the 
average value of the exponential term with respect to these 
trajectories. The lowest energy eigenvalue for a given symmetry 
can be obtained from the large deviation principle of Donsker 
and Varadhan[20] . 

]ds))s(x(Vexp[Eln
t
1

lim
t

0t
∫−=µ

∞→                                                                             
(4) 
          The formalism is valid for any arbitrary dimensions d( for 

a system of N particles in three dimensions ). 
Generalizations of the class of potential functions for which Eqns 

3 and 4 are valid are given by Simon [21] and include most 
physically interesting potentials, positive or negative, including, 

in particular, potentials with   singularities. It can be argued 
that the functions determined by Eq(3) will be the one with the 
lowest energy of all possible functions independent of symmetry. 
Restrictions on allowed Brownian motions must be imposed to 
get a solution o f the desired symmetry if it is not the lowest 
energy solution for a given Hamiltonian. Since the above energy 
formula gives the lowest energy corresponding to any symmetry, 
the same formula gives the lowest energy corresponding to any 
symmetry, the same formula can be used to calculate the ground 
and excited states of a quantum mechanical system. Although 
other interpretations are interesting, the simplest is that the 
Brownian motion distribution is just a useful mathematical 
construction which allows one to extract the physically relevant 
quantities, the ground and the excited state energy of a quantum 
mechanical system. In numerical implementation of the Eq(4) the 
3N dimensional Brownian motion is replaced by 3N 
independent, properly scaled one dimensional random walks as 
follows. For a given time t and integer n and l define [16] the 

vector in . 

), ),………..

), )                (5) 

where                 
(6) 

with for 

.Here ϵ is chosen 

independently and randomly with probability for all   

such that . It is known by an 

invariance principle [17] that for every  and  defined 
above . 

                                                                                                                  
(7) 

                                              =  
Consequently for large n, 
 

                                                                                                               
(8) 

                                              
By generating independent replications , ,….   
of  

                                                                                                                 
(9) 
And using the law of large numbers, 

 is an approximation to 
Eq(2) 

)t(Zlog
t

1
−≈µ

                                                                                                                         
(10) 
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          Here denotes the realization 

of out of independently run simulations. In the limit of 

large t and this approximation approaches an equality and 
forms the basis of a computational scheme for the solution of a 
many particle system with a prescribed symmetry.  In dimension 
higher than 2, the trajectory x(t) escapes to infinity with 
probability 1. As a result, the important regions of the potential 
are sampled less and less frequently and the above equation 
converges slowly. Now to speed up the convergence we use 
Generalized Feynman-Kac(GFK) method.                                  
 
2.1.2 Generalized Feynman Kac Path Integretion 
          To formulate the (GFK) method, we first rewrite the 
Hamiltonian as H = H0+Vp, where 

T

T
T0 22H

ψ
ψ∆

+µ+∆−=
and 

)2(VV
T

T
Tp ψ

ψ∆
+µ−=

 Here Tψ  is a twice 
differentiable nonnegative reference function and 

TTTH ψµ=ψ . The expression for the energy can now be 
written as 

   −µ=µ T  
]ds))s(x(Vexp[Eln

t
1

lim
t

0t
∫−

∞→  (11) 
 
          where Y(t) is the diffusion process which solves the 
stochastic differential equation 

      

∆ψ
= +

ψ
T

T

(Y(t))
dY(t) dt dX(t)

(Y(t))                                     (12) 
 
          The presence of both drift and diffusion terms in this 
expression enables the trajectory Y(t) to be highly localized. As a 
result, the important regions of the potential are frequently 
sampled and Eq (10) converges rapidly. 
 
2.2 Path integral theory at finite temperature 
          The temperature dependence comes from the realization 

that the imaginary time propagator )1,2(k is identical to the 

temperature dependent density matrix )1,2(ρ if T
1t =β⇒

 
holds. 
This becomes obvious when we consider the eqns[23] 

)1,2(kH
t

)1,2(k
2

2

=
∂

∂
−

                                      (13) 

and 
)1,2(H

)1,2(
2ρ=

β∂

ρ∂
−

                                                                                                     
(14) 
 

∑
−−ϕϕ=

i

E)tt(
1

*
i2i

i12e)x()x()1,2(k
                                                                                         

(15) 

∑
β−ϕϕ=ρ

i

E
1

*
i2i

ie)x()x()1,2(
                           (16) 

          For zero temperature FK we had to extrapolate to ∞⇒t . 
For finite run time t in the simulation, we have finite temperature 
results. In this section we show how we change our formalism to 
go from zero to finite temperature. We begin with the definition 
of finite temperature. A particular temperature ‘T’ is said to be 

finite kTE <∆ holds. The temperature dependent density 
matrix can be written in the following form 

DRW0
p

)0( ds)]s(X[vexp[x),x,x(),x,x( ∫
β

−β′ρ=β′ρ
                                                                    

(17) 
The partition function can be recovered from the above as 
follows: 

∫ ∫ ∫
β

−β′ρ=β′ρ
DRW0

p
)0( ds)]s(X[vexp[x),x,x(),x,x( 

                                                                  
(18) 
In the usual notation,the above equation reads as  

β
∫β = β −0

p
0 DRW

Z(x, ) Z (x, )x exp[ v [X(s)]ds

                                                                                          
(19) 
At finite temperature thus the free energy canbe written as  

β
∫−

β β= − = − −
β β β

p0
0

ln exp[ v [X(s)]ds DRW
lnZ(x, ) lnZ (x, )F

                                              (20) 
2.3 Schroedinger Formalism for Rb condensate at T=0 
          In the Jila experiment different frequency modes are 
labeled by their angular momentum projection on the trap axis. 
In cylindrical symmetry, m=2 mode is an uncoupled one and 
there are two coupled oscillation for m=0 mode. As a matter of 
fact Stringari[25] showed that m=0 mode is a coupled oscillation 
of a quadrupolar  surface oscillation and monopole. In the non-
interacting case, these two modes are degenerate with 

2x =ωω . 
          We choose to work in the cylindrical coordinates as the 
original experiment had an axial symmetry. 
We consider a cloud of N atoms interacting through repulsive 
potential placed in a three dimensional anharmonic oscillator 
potential. At low energy the motion of condensate can be 
represented as 

int trap 0 c 0[ 2 V V ] (r) (r)−∆ + + ψ = µ ψ
r r

                                                                                                   
(21) 

N 2 2 2
int i i a i 0 c 0

i 1

1
[ 2 V [x y z ] (r) (r)

2 =
∑−∆ + + + + λ ψ = µ ψ

r r

                                                                    
 (22) 
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Where 
]zyx[

2

1 2
ia

N

1i

2
i

2
i λ++∑

= is the anisotropic potential with 

anisotropy factor x

z
a

ω

ω
=λ

. 
Now 

∑ ∑

<

−α−−α− −===
j,i ji

)rr()rr(
ijMorseint )2e(e[D)r(VVV 00

                                                               
(23) 

          In the above potential ‘ 0r ’ is the location of the well 
minimum and ‘ α ’ is the width of the Morse potential. 
          The above Hamiltonian is not separable in spherical polar 
coordinates because of the anisotropy. In cylindrical coordinates 
the noninteracting part behaves as a system of noninteracting 
harmonic oscillators and can be written as follows : 

)z,()z,()]z(
2

1

z2

11
)(

2

1
[ c

22
a

2
2

2

2

2

2
ρψµ=ρψλ+ρ+

∂

∂
−

ϕ∂

∂

ρ
−

ρ∂

∂
ρ

ρ∂

∂

ρ
−

                             (24)   

          The energy µ  of the above equation can be calculated 
exactly which is 

azmnn )21n()1mn2(
z

λ++++=µ ρ
ρ                                                                                

(25) 
          In our guided random walk we use the  solution of the 
Schroedinger equation in the noninteracting case as the trial 

function[26]:     
 
 
                                            (26) 
          Since we are dealing with many Boson systems having 
very small number of particles, ( In JILA experiment the number 
of particles is of the order of 2000 and does not correspond to 
Thomas-Fermi limit ). So it is quite legitimate to use Gaussian 
trial functions for modes which are not coupled. In our guided 
random walk we use the solution of Schrödinger equation for 
harmonic oscillator in d-dimension as the trial function as 
follows: 16 

 
2.4 The effect of noncondensate 
          In the case of noncondensate the system can be considered 
as a thermal gas . To calculate noncondensate energy and density 
we need to study the effect of noncondensate explicitly and 
consider the following stationary state for the thermal gas. 

int trap j nc j[ / 2 2V V ] (r) (r)−∆ + + ψ = µ ψ
r r

                                                                                        
(27) 

N 2 2 2
int i i a i j nc j

i 1

1
[ 2 2V [x y z ] (r) (r)

2 =
∑−∆ + + + + λ ψ = µ ψ

r r

                                                           
(28) 

          The basis wavefunction jψ
which describes the 

noncondensate should be chosen in such a way that it is 

orthogonal to 0ψ
. The most common way to achieve an 

orthogonal basis in Schroedinger prescription is to consider the 
dynamics of noncondensate in an effective potential 

eff trap intV V 2V=
.  

          The factor 2 represents the exchange term between two 
atoms on two different states. The energy in the case of lowest 
lying modes then corresponds to  

c ncµ = µ + µ
. One can calculate the ncµ

using the same 
parameters as discussed in Sec 3.1. 
 
2.5 Fundamentals of BEC 
          Even though the phase of Rb vapors at T=0 is certainly 
solid, Bose condensates are preferred in the gaseous form over 
the liquids and solids because at those higher densities 
interactions are complicated and hard to deal with on an 
elementary level. They are kept metastable by maintaining a very 

low density. For alkali metals, η , the ratio of zero point energy 
and molecular binding energy lies between 10−5 and 10−3. 
According to the theory of corresponding states17 since for the 
T=0 state of alkali metals, � exceeds a critical value 0.46, the 
molecular binding energy dominates over the zero point motion 
and they condense to solid phase. But again the life time of a gas 
is limited by three body recombination rate which is proportional 
to the square of the atomic density. It gets suppressed at low 
density. Magnetically trapped alkali vapors can be metastable 
depending on their densities and lifetimes. So keeping the density 
low only two body collisions are allowed as a result of which 
dilute gas approximation11 still holds for condensates which 
tantamounts to saying na

3 << 1 (a is the scattering length of s 

wave). Now defining n = N/V = 
3

av
r−

 as a mean distance between 
the atoms (definition valid for any temperature ), the dilute gas 

condition reads as ava r<<  and zero point energy dominates 
(dilute limit). In the dense limit, for a ≈ rav on the other hand the 
interatomic potential dominates.11 The gas phase is accomplished 
by reducing the material density through evaporative cooling. 
 
2.6 Finite temperature Excitations: 
          Finite temperature excitation spectrum is obtained by using 
the path integral formalism used in section 2.2. in our analysis, 
we first assume that the condensate oscillates in a static thermal 
cloud. There are no interactions between the condensate and the 
thermal cloud. There principal effect of finite temperature on the 
excitations is the depletion of condensate atoms. We want to 
calculate the collective excitations of Bose Einstein condensates 
corresponding to JILA Top experiment(m=2 and m=0 modes). 
Eventually for m=0  mode, we consider the effect of thermal 
cloud separately. 
Condensation fraction and Critical temperature: In the 
noninteracting case for a harmonic type external force the 
theoretical prediction for condensation fraction is  

3
0 0N / N 1 (T / T )= −

                                                   (29) 

2 2

z z

z
im m m 22 2

n n m(r ) n ne H (z)xe e L ( )
ρ ρ

−ρ−
ϕψ ≅ ρ ρr
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Critical temperature can be defined as   
1/ 3

c
B

0.94x N
T

k

ω
=

h

                                                  (30) 
2 1/ 3

z( )ρω = ω ω
                                                                 (31) 

 
          From equation (29) we see that as temperature increases, 
condensation fraction decreases in the non-interacting case. 
Interaction lowers the condensation fraction for repulsive 
potentials. Some particles always leave the trap because of the 
repulsive nature of the particles and moreover, if temperature is 
increased further, more particles will fall out of the trap and get 
thermally distributed. The decrease in condensation fraction 
eventually would cause the shifts  the critical temperature. We 
observe this in sec 4.2(fig 4). Earlier this was done by W 
Krauth[30] for a large number of atoms by path integral Monte 

Carlo method. In our analysis, we denote ‘ 0T
’ as transition 

temperature following Ref[1]   
 

III. NUMERICAL PROCEDURE 

3.1 Dilute limit 
          In the dilute limit and at very low energy only binary 
collisions are possible and no three body recombination is 
allowd. In suc two body scattering at low energy first order Born 
approximation is applicable and the interaction strength ‘D’ can 
be related to the single parameter of this problem, the scattering 
wavelength ‘a’ through the relation given below. This single 
parameter can specify the interaction completely without the 
details of the potential in the case of pseudopotentials. We use 
Morse potential because it has a more realistic feature of having  

a repulsive core at 
0rij =

 than other model potentials.Socondly, 
using this realistic potential allows us to calculate the energy 

spectrum exactly as opposed to the case of δ  function potential 
where it is calculated perturbatively[31].  In our case the 
interaction strength depends on two more additional parameters, 

0r  and α  

∫

π
= rd)r(V

4

mD
a 3

2η                                                              (32) 
          It is worth mentioning over here that instead of actual 
scattering length we use the Born approximation to it. Since we 
are dealing with a case of low energy and low temperature it is 
quite legitimate to use the above expression as a trickery to 
calculate the strength of Morse interaction[32]. As a matter of 

fact in Ref[33] the author has justified using Eq(32) for a δ  

function potential . So if it is justified to do it for δ  function 
potential it is even more justified to do so for Morse potential 
which is finite and short-ranged. 
          The Morse potential for dimer of rubidium can be defined 
as  

∑ ∑

<

−α−α− −=
j,i ji

)rr()r-(r 
ij )]2e(e[D)r(V 00

                 (33) 

where α is the depth of the Morse potential. Using the above 
potential 

)16e(me

a4
D

00 rr

32

−

α
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αα

η

                                                         (34) 
 
          The Hamiltonian for Rb gas with an asymmetric trapping 
potential and Morse type interaction can be written as  

∑ ∑ ∑ ∑∑

= = ==
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           (35) 

The above Hamiltonian can be rescaled by substituting rsr
ρρ

=′  

and 
U0µ=µ

as 
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(36) 

dividing the above equation by -
2

2

ms

η

throughout we get 
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Now let 
1
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is the natural unit of 

length. Let 
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η

η is the natural unit 
of energy. Then in the dimensionless form the above equation 
can be written as  
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With λ

ω
=ω=ω z

yx
, the above equation becomes, 
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or equivalently 
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          Now for 29.0=α  and 
758.9r0 =

(both in oscillator 
units)[32], we have checked that Morse solution is extremely 

good. For 
1010x52a −=  cm and 

710x12s −= cm the 

interaction strength γ  is given by 

=γ

5
rr

3

10x64.2
)16e(se

a4
00

−

αα
=

−

α

.                                                                                         
(41) 
          For mean field calculation the value of interaction strength 

was taken to be 
310x33.4 −

. For this problem we are interested 

in the limit 1<<γ . The case 1>>γ  is usually known as the 

Thomas Fermi limit. 
510x64.2 −=γ , the eigenvalue equation 

reduces to minimally coupled perturbed system of d-dimensional 

anisotropic  oscillator where N3d =  and N is the number of 
particles. The whole concept of bound states of Morse dimmers 
is outside the range of this limit, so the nonexistence of two-body 
bound states is ensured by choosing the above parameters. 

          Even though 1<<γ , we solve the eigenvalue Eq(4)  
nonperturbatively with Generalized Feynaman-Kac procedure. 
Energies and frequencies at zero temperature are obtained by 
solving Eq(4) and using Eq(11). To calculate the analogous 
quantities at finite temperature we use Eq(20). We can get the 
energy of both condensate and noncondensate using Eq(4) and 
Eq(20) by generating a large number of paths anen averaging the 
results for all the paths. Since original Feynman-Kac 
method[14,15] is computationally inefficient we incorporate 
importance sampling in our random walk and use trial function 
of the form given in Eq(26). 
          Evaluation of temperature dependent mode frequencies: 
Following the prescription in [4] we see that for a fixed ‘N’ 

relationship 
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generates the condensation fraction N
N0

as a function of time. 
One can generatethis from experiment also. From the 

thermodynamic limit we get 0N
as a function of time and run 

our zero temperature code with same number of 0N
 as the 

dynamics of the finite temperature is essentially the same as 
those of a zero temperature condensate with the same value of 

0N
. The other way to calculate energy is to run the code for 

different simulation time corresponding to different temperatures 
as time is defined as inverse temperature. This is idenfied as 

method II. 
)T,N( 0µ

 and 
)0T,N( 0 =µ

are calculated using 

)2(
N
1

inthokin µ+µ+µ=µ
 and kinµ , hoµ

and intµ
 are 

calculated as described in Ref[25]. Later in fig 5 (our data) of 
Section 4.2, we see that the effect of interaction on the 
condensation fraction. 
 

IV. RESULTS 

4.1 Excitation spectra at T=0 for different symmetries 

          We chose 
87Rb as an example of a weakly interacting 

dilute Bose gas as in Ref[29] .We simulate 2000 atoms 

interacting via the morse potential. We choose 
1010x52a −=  

cm and 
710x12s −= cm. In the following table we show the 

ground state energy of the particles. With repulsive interaction, 
the Energy/Particle increases with increase in number of particles 
in the trap[Fig 1-2] whereas the energy gap between the different 
symmetry states decreases as evident from Fig 3. However we 
see a different trend [Fig 4] for m=0 mode where the excitation 
frequencies increase with the increase in number of particles. 
This agrees with the Hartree-Fock spectrum in the Fig 2 of 
Ref[33]. 

Table I Results for the ground state energy of 2000 
87Rb atoms 

in a trap with 
1yx =ω=ω

, an 8z =ω=λ  in the 
interacting case; The table shows how energy varies with the 
number of particles in the Gross-Pitaevski(GP) case[34] and 
GFK method. 
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N E/N(GP) E/N(GFK) 

1 

100 

200 

500 

1000 

2000 

2.414 

2.66 

2.86 

3.30 

3.84 

4.61 

2.414 213 

2.52230(5) 

2.63 141(1) 

2.9588(4) 

3.5047(4) 

4.5962(3) 

 

  
 
 

 
Figure 1 A plot for the Condensate Energy/Atom versus 

Number p\of atoms in trap for 2000 particles for the ground 
state; this work 

 

  
Fig 2 A plot for the Condensate Energy/Particle versus 
Number of atoms in trap for 2000 particles for the m=2 

mode; this work 

                      Table 2: Frequency ω for the lowest lying 
modes 

N Mode of 

oscillation 

energy ω (this 

work) 

ω (JILA 

TOP) 

2000 

2000 

2000 

Ground 

state 

m=2 

m=0 

4.596(3) 

5.860(1) 

7.295(3) 

 

1.264(4) 

2.699(6) 

 

1.4 

1.8 

 
Fig 3. A plot of Excitation Frequency vs Number of Atoms 

for lowest lying m=2 mode;this work 

 
Figure 4: A plot of Excitation Frequency vs Number of atoms 

for lowest lying m=0 mode; this work 
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Figure 5: Frequencies for m0 

 
4.2 Effects of temperature on condensation fraction 
          Density of condensate atoms decreases in the trap as 
temperature increases. This lowers the interaction energy of the 
condensate atoms resulting in a shift in the critical temperature. 
As a matter of fact in the interacting case, the critical temperature 
decreases. This is a very unique feature of the trapped gas. 
                                

 
          Figure 6. Condensation fraction vs Reduced temperature; 
this work . The middle curve corresponds to the 2000 interacting 
atoms (GFK simulation data; our work) and the outer one 
corresponds to the interactting case. The innermost curve also 
correponds interacting atoms[Ref 37] . The number of condensed 
particles decreases with the interaction. 
 
4.3 Effects of temperature on the frequency shifts; 
comparison with other experiments and theories. 
          Since we give an account of how our path integral 
simulations compare with other theoretical and experimental 
data. Fig 3a in Ref[2] represents JILA TOP data wher one 

observes a large temperature dependent frequency shift for both 
m=0  and m=2 modes. For m=2mode,starting from Stringari limit 

it decreases all the way up to 0T9.0
whereas for m=0 mode it 

shows a rising trend with rise in temperature. Our path integral 
data for m=2 mode in Fig[6] shows similar decreasing trend as 
JILA TOP data in Fig 3a of Ref [2] and best theoretical data in 

Fig 1 of Ref[7] all the up to 0T9.0
whereas data generated by by 

Hartree-Fock-Bogoliubov[HFV] method in Fig[1] of Ref[4] 

agree with JILA TOP only up to 0T7.0
. Finally our data Fig[7] 

for temperature of m=0 mode agrees with JILA data in Fig[3a] of 
Ref[2] nad Morgan data  in fig 1 of Ref[7] when the effect of 
thermal cloud is considered. 

 
Fig 7 Effects of temperature on m=2; this work 

 
 

 
Figure 8: Effects of temperature on m=2 mode; this work 
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4.4 Discussions 
          We are solving the full Hamiltonian with some realistic 
potential and thereby trying to solve the many body problem 
fully quantum mechanically and non-perturbatively. So for both 
m=0 and m=2 modes, our calculations adopting Feynman-Kac 
path integral technique represent the collective behavior of the 
Bose gas. Our work[Fig 7] agrees with JILA experiment [2] for 
m=2 mode. The other theoretical work shows the reverse trend 
[Fig 1 of Ref 4]. We found that considering the dynamics the 
condensates alone  and the effect of finite temperature as static 
thermal cloud , we do not achieve the upward shifts of 
frequencies as shown by JILA data for m=0 mode. In fact, we 
agree with Ref[5] that as m=0 happens to be a coupled mode, we 
need to consider the dynamics of thermal cloud to obtain a 
satisfactory agreement with the experimental data. Eventually we 
consider the dynamics of thermal cloud and get the upward shift 
of data[Fig 8] as observed in JILA[2] and Ref[7,8]. 
          At T=0 for m=2, we observe that as N increases the 
energies grow, but the splitting between the ground and excited 
state decreases – an essential feature of Bose Condensation. But 
in the similar case for m=0 mode we observe that both the 
energies and the gap between the ground and higher excited 
states increases with increase in number of atoms. This agrees 
with Hartree-Fock spectrum of Ref[33] where the author had to 
improve these results by using random phase approximation to 
get an agreement with the experimental results. For m=2 mode 
Stringari limit turns out to be 1.264(4) as opposed to the 
experimental value of 1.4. on the other hand for m=0 mode the 
Stringari limit is 2.699(6) as opposed to experimental value of 
1.8. So for the coupled m=0 mode, our path integral method does 
not work better than Hartree-Fock theory and thereby does not 
yield  a correct value of Stringari limit. The reason that the 
quantitative agreement between the Stringari limit predicted by 
us particularly for m=0 mode and the experiments is not good, 
might be the use of the Gaussian wave functions as the trial 
functions. In general, the frequencies of the collective modes do 
not have direct correspondence to Harmonic oscillator  states 
because they do not include correlations. It is legitimate to use 
harmonic oscillator solutions as trial functions for m=2 mode as 
JILA experiment does not correspond to the Thomas Fermi 
limit[35]. But for m=0 mode we need to include  correlations in 
the trial functions as m=0 is  a coupled mode.  
 

V. CONCLUSIONS 

          We have used GFK to bring out the many body effects 
between the cold Rb atoms. Numerical work with bare Feynman-
Kac procedure employing modern computers was reported[15] 
for the first time for few electron systems after 40 years of the 
original work[14] and seemed to be really useful for calculating 
atomic ground states[19]. A fairly good success in atomic 
physics motivated us to apply it to Condensed matter Physics. 
          Cross-Pitaevski(GP) technique[33] does not include 
correlations in the solutions explicitly and calculates energy at 
the variational level. These energies are upper bounds to the 
actual energies of the system, We have been successful in 
achieving a lower value of Rb ground state than that obtained by 
GP. This correct trend in our calculated energies for different 
symmetry states enables one to calculate the frequencies more 

accurately by Feynman-Kac path integral method. As a result, 
diffusion Monte carlo codes based on nonperturbative quantum 
approach can handle temperature very accurately and we do not 

see any breakdown near cT
. For the first time we have 

calculated finite temperature properties beyond mean field 
approximation by Quantum Monte Carlo technique. The only 

other non mean field calculations at 0T =  worth mentioning in 
this context is the work done by Blume et al[36]. We have 
calculated spectrum of Rb gas by considering realistic poitentials 
like Morse potential etc instead of conventional pseudopotentials 
for the first time. 
          We have been able to calculate the lowest lying excitation 
frequencies for m=0 and m=2 modes by Feynman-Kac path 
integral technique in a very simple way. We have found an 
alternative to Gross-Pitaevski technique and other mean-field 
calculations which work at all the temperature. Simulating 2000 
atoms with the path integral method we have been able to capture 
some of the signatures of Bose-condensation like decrease of 
excitation frequencies with number of atoms, lowering of 
condensation fraction in the interacting case etc. in our non mean 
field study, we see agreement with experimental study all the 

way to cT9.0T =
[Fig 7]. This is because of the fact that we 

have been able to solve the related many body theory very 
accurately with the nonperturbative and quantum mechanical 
approach. At this point our results agree with the experimental 
results only qualitatively as we are restricting ourselves to the 
choice of Gaussian trial functions. This would bea  nontrivial 
extension of the present work and will be reported elsewhere.The 
simplicity in our code is appealing as it is extremely easy to 
implement and our fortran code at this point consists of about 
270 lines. In fact mere ability to add, subtract and toss a coin 
enables one to solve many body theory with our path integral 
technique.  
          We employ an algorithm which is essentially parallel in 
nature so that eventually we can parallelize our code and 
calculate thermodynamic properties of bigger systems taking 
advantage of new computer architectures. This work in progress. 
We are continuing on this problem and hope that this technique 
will inspire others to do similar calculations.  
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Abstract- Fibrin-ring granuloma (FRG) is characterized by a ring 
of fibrin and epithelioid histiocytes arranged around a central fat 
vacuole. It is classically described in Q fever. We report a case of 
FRG in the bone marrow biopsy of a 45-year old male with 
pancytopenia and clinical features of sepsis and bleeding 
diathesis. Serologically, the antibodies against Orientia 
tsutsugamushi were positive; being diagnostic of scrub typhus. 
The patient responded to specific antibiotics and supportive 
treatment. Thus, scrub typhus should be included as aetiology for 
FRG. 
 
Index Terms- Fibrin-ring granuloma (FRG); scrub typhus; bone 
marrow biopsy, sepsis. 
 

I. INTRODUCTION 

ibrin-ring granuloma (FRG) has conventionally been 
associated with Q fever and is considered to be suggestive of 

Coxiella burnetii infection.1,2  An epithelioid histiocyte, 
neutrophil and lymphocytic infiltrate in the shape of a doughnut 
encasing a vacuole or with an empty central space along with an 
outer rim, surrounded by eosinophilic fibrinoid material is the 
composition of FRG.3,4  Recent literature has thrown light on 
some other rare causes of FRG in the bone marrow such as  viral 
infections, allopurinol hypersensitivity hepatitis, Hodgkin 
lymphoma, and peripheral T-cell lymphoma.5-8   We report a 
unique case where FRG were noted in a patient with 
serologically confirmed case of scrub typhus. 
 

II. CASE REPORT 

        A 45-year old male presented to the casualty with a 12 day 
history of high-grade fever with chills and rigors and acute 
epigastric pain. He also had episodes of vomiting and bleeding 
diathesis in the form of epistaxis and melena since 4 days.  On 

examination, the upper cervical lymph nodes were firm, mobile 
and moderately enlarged bilaterally. The ultrasound and CT scan 
showed moderate splenomegaly with mild ascites. The rest of the 
general and systemic examinations were within normal limits. 
The baseline laboratory investigations showed raised blood urea 
(75 mg/dL) and serum creatinine (2.3mg/dL) levels; indicating 
mild acute renal failure. The tests for liver profile showed 
deranged enzymes. The serum amylase level was also elevated 
(828 units/L).The blood examination were as follows: 
hemoglobin 5.7 g/dL, total leucocyte count – 2.7x103 cells/ 
cu.mm., platelets- 14x103 / cu.mm. The peripheral smear 
confirmed the pancytopenia profile and the differential count 
showed marked left shift and toxic changes in neutrophils and 
reactive lymphocytes. 
        The Quantitative Buffy Coat (QBC) test for malaria and the 
D-dimer test for hemolysis were negative. The serological tests 
for HIV-1 and 2, Hepatitis B and Hepatitis C virus were also 
negative. The coagulation tests showed a mild increase in both 
PT and APTT. The blood was sent for culture and sensitivity. 
A provisional diagnosis of sepsis was considered. Thus, the 
patient was placed on broad spectrum antibiotics and supportive 
therapy (platelet transfusion and packed red blood cells). Despite 
these measures, there was no improvement in the clinical features 
and cell counts.  
        In view of the clinical and laboratory findings, a bone 
marrow study was advised to determine the cause of 
pancytopenia.  The bone marrow aspirate study showed infection 
associated changes evidenced by an increase in myelopoiesis 
with toxic changes. An increase in the histiocyte number was 
also noted. The trephine biopsy showed small, discrete fibrin-
ring granulomas consisting of a ring of fibrin arranged around a 
central fat vacuole. Epithelioid histiocytes were seen around the 
ring of fibrin (figure 1).  No multinucleated giant cells or 
necrosis were seen. The special stains for mycobacterium 
tuberculosis and fungal elements were negative.  

 
 
 
 
 
 
 
 
 

F 
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         Meanwhile, the blood culture study was negative even after 
7 days. The serology profile for Q fever, cytomegalovirus and 
infectious mononucleosis were negative. However, the antibodies 
against Orientia tsutsugamushi were positive; being diagnostic of 
scrub typhus. The patient was placed on specific antibiotics and 
supportive treatment and subsequently discharged from the 
hospital. At the time of submission of this article, the follow up 
of the patient showed an improvement in the blood counts and 
clinical features. 
 

III. DISCUSSION 

         Fibrin-ring granulomas (FRG) are a subset of epithelioid 
granulomas, possessing distinct microscopic features which aid 
in their instant identification. They are best described in liver and 
bone marrow biopsies. It was first described by Bernstein et al in 
1965 in a liver biopsy in a diagnosed case of acute Q fever.9   
Bernstein had originally attributed the typical appearance to 
“eosinophilic necrosis of the sinusoidal walls” as a part of 
widespread vasculitis in Q fever. 
         The differential diagnoses of bone marrow granulomas are 
quite extensive ranging from malignancy and infectious agents to 
environmental and drug exposure. The infectious aetiology of 
FRG is widespread. Apart from Q fever, they have been 
described in Boutonneuse fever (Rickettsia conorii) 10 ,  
leishmaniasis, toxoplasmosis and cytomegalovirus infection5. 
Rare associations include hepatitis A virus11 and Staphylococcus 
epidermidis.12   In a recent case study published by Chung HJ and 
colleagues, Epstein-Barr virus emerged as an important aetiology 
for FRG. The association is particularly significant in EBV-

associated hemophagocytic lymphohistiocytosis and chronic 
active EBV infection. It also portends a poor prognosis.13   
         The malignancies where FRG are seen include Hodgkin 
lymphoma and peripheral T-cell lymphoma.4, 8 Fibrin-ring 
granulomas have also been described with therapeutic agents 
such as allopurinol, BCG vaccination and intravesical therapy for 
carcinoma.7, 14 

         With regard to the morphology of FRG, typically they are 
small, well-formed granulomas consisting of a ring of fibrin 
arranged around a central fat vacuole. Epithelioid histiocytes are 
present around the ring of fibrin. The eosinophilic fibrinoid 
material can be demonstrated by Masson trichrome stain. More 
typical granulomas without the fibrin ring generally are present 
in other areas of the biopsy, which can be overlooked in case of 
inadequate sections. In atypical cases, the fibrin is intermixed 
with the histiocytes and does not form a well-defined ring.15  
 

IV. CONCLUSION 

         Fibrin-ring granulomas are a subset of granulomatous 
lesions with distinct morphological features, seen in trephine 
biopsy sections. Although intimately associated with Q fever, the 
aetiology of FRG is widespread. We report a case of 
serologically confirmed case of scrub typhus, presenting with 
pancytopenia and sepsis; showing FRG in the bone marrow. To 
the best of our knowledge, this is the first reported case of scrub 
typhus showing FRG in the bone marrow. Thus, scrub typhus 
should be included in the differential diagnoses of this lesion.    
 

Figure 1: Trephine bone marrow biopsy showing a fibrin-ring granuloma. Prominent eosinophilic fibrinoid 
material around the doughnut-shaped infiltrate of epithelioid histiocytes and lymphocytes is seen.  
(Hematoxylin & Eosin ; x200) 
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Abstract- The significance of the present research can be 
attributed to the systematic study of QR algorithm to solve 
eigenvalues. The main objective is to study how to develop a 
new method or strategy to find eigenvalues which improve the 
convergence of QR algorithm. It is observed that in general the 
QR algorithm succeeds when the matrix is graded downward 
with hessenberg form. Our future goal is to analyze theoretical 
proof for the same and find the well balanced input matrix for 
QR algorithm. This paper will helpful to all new students who 
want to work on Matrix decomposition problem. 
 
Index Terms- QR algorithm, Graded and Hessenberg matrix and 
shifting algorithm 
 

I. INTRODUCTION 

atrix multiplication algorithm is a very important 
algorithm for eigenvalues problem. Matrix multiplication 

is a very important part of the eigenvalue related problems. In 
QR algorithm if we will add more multiplication step then it will 
be helpful to add more parallelization in QR algorithm [1, 2]. 
          We discuss the details of QR algorithm and important 
topics which need to understand this algorithm. We will present 
some results which are needed to understand to improve the 
performance of QR algorithm. In this section we discuss the 
results of our implementation of QR algorithm. 
          When dealing with graded matrix arrange the grading 
downward by rows, columns or diagonals and balance the 
matrix. The Wilkinson shift proposed by Wilkinson for 
symmetric tridiagonal matrices, where it insures global 
convergence of the QR algorithm [8]. If matrix is graded and 
change the shifting strategy, it will improve the convergence and 
reduce the number of iteration. In this section we took some 
results for graded downward matrix by diagonal with hessenberg 
form. 
          See the given reading in section 2 which we have taken on 
8 GB RAM Workstation which have dual core processor with 
3.16 GHz speed. We applied symmetric matrices as an input 
without hessenberg reduction. We are using random symmetric 
square matrices for input, there are inputs for matrices are 
between 1 to 9. We implement QR algorithm in java. We 
performed many tests for QR algorithm on given platforms. All 
this tests are performed for the purpose of finding execution 
time, suitable approach and the performance of QR algorithm on 
given machine.  
 
 

1.1 The QR algorithm 
          All general-purpose eigenvalue algorithms are necessarily 
iterative. This statement is a consequence of Abel's famous proof 
that there is no algebraic formula for the roots of a general 
polynomial of degree greater than four. Specifically, to any 

polynomial 
1

1 1 0( ) .....n n

n
p x x a x a x a−

−= − − −
 there 

corresponds a companion matrix 
 

                                       

1 2 1 0....

1 0 ... 0 0

0 1 ... 0 0

: : : :

0 0 ... 0 0

0 0 ... 1 0

n n

p

a a a a

C

− − 
 
 
 

=  
 
 
 
   

 
          Whose characteristic polynomial is p. Thus if we had a 
non-iterative general-purpose eigenvalue algorithm, we could 
apply it to the companion matrix of an arbitrary polynomial to 
find its zeros in a finite number of steps—in effect producing a 
formula for the roots. Thus the history of eigenvalue 
computations is the story of iterative methods for approximating 
eigenvalues and eigenvectors. An important theme in this story 
concerns methods based on powers of a matrix. The climax of 
that theme is the QR algorithm—the great success story of 
modern matrix computations [3]. This algorithm, with proper 
attention to detail, can compute a Schur form of a general matrix 
in 0(n3) operations. It can be adapted to reduce a real matrix in 
real arithmetic to a real variant of the Schur form. Other forms of 
the algorithm compute the eigenvalues of and eigenvectors of a 
Hermitian matrix, the singular value decomposition of a general 
matrix, and the generalized Schur form of a matrix pencil. And 
the underlying theory of the method continues to suggest new 
algorithms. The algorithm is closely related to two algorithms 
that are important in their own right—the power method and the 
inverse power method.. 
          The QR algorithm is a complicated device that generates a 
lot of code. Nonetheless, its various manifestations all have a 
family resemblance. The QR algorithm is a procedure for 
determining all eigenvalues of a real matrix A. The algorithm 

sequentially constructs matrices Ak 
( 1, 2,..., )K n=  by forming 

QR decompositions. 
          The name QR derived from the letter Q to denote 
orthogonal matrices and R denote upper triangular matrices. It 

M
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computes the eigenvalues of real symmetric matrices, 
eigenvalues of real nonsymmetrical matrices and singular values 
of general matrices. Many people have contributed to 
development of various QR algorithms. But, first complete 
implementation and convergence analysis are due to J. H. 
Wilkinson. QR algorithm is an iterative process that is not 
always guaranteed to converge [3]. It is difficult to improve 
convergence without sacrificing accuracy and applicability.  
 
1.1.1 QR decomposition 
          In linear algebra, a QR decomposition (also called a QR 
factorization) of a matrix is a decomposition of the matrix into an 
orthogonal and a right triangular matrix. QR decomposition is 
often used to solve the linear least squares problem, and is the 
basis for a particular eigenvalue algorithm, the QR algorithm. 
There are several methods for actually computing the QR 
decomposition, such as by means of the Gram-Schmidt process, 
Householder transformations, or Givens rotations. Each has a 
number of advantages and disadvantages. We used the Gram-
Schmidt method in QR decomposing. 
 
1.1.2 Gram-Schmidt process 
          The Gram-Schmidt orthogonalization process ([4] as 
presented in Chapter 11) may yield grossly inaccurate results due 
to round off error under finite-digit arithmetic (see Problems 
20.10 and 20.11). A modification of that algorithm exists which 
is more stable and which generates the same vectors in the 
absence of rounding (see Problem 20.12). This modification also 
transforms a set of linearly independent vectors 

{ 1 2, ,..., nX X X
} into a set of orthonormal vectors 

{ 1 2, ,..., nQ Q Q
} such that each vector kQ ( 1, 2,..., )K n=  is a 

linear combination of 1X
through. 1kX − The modified algorithm 

is iterative, with the kth iteration given by the following steps:  
 

STEP 1: Set 2|| ||kk kr X=
 and

(1/ )k kk kQ r X=
.  

 

STEP 2: For j = к + 1, к + 2, n, set 
,

kj j k
r X Q=

 
 

STEP 3: For j = к + 1, к + 2, n, replace j
X

by j kj k
X r Q−

. 
 
1.1.3 Householder transformation 
          A Householder reflection (or Householder transformation) 
is a transformation that takes a vector and reflects it about some 
plane [8]. We can use this operation to calculate the QR 
factorization of an m-by-n matrix A with m ≥ n. Q can be used to 
reflect a vector in such a way that all coordinates but one 
disappear. 
 
1.1.4 Givens rotation 
          QR decompositions can also be computed with a series of 
Givens rotation [8]. Each rotation zeros an element in the sub 
diagonal of the matrix, forming the R matrix. The concatenation 
of all the Givens rotations forms the orthogonal Q matrix. In 
practice, Givens rotations are not actually performed by building 

a whole matrix and doing a matrix multiplication. A Givens 
rotation procedure is used instead which does the equivalent of 
the sparse Givens matrix multiplication, without the extra work 
of handling the sparse elements. The Givens rotation procedure is 
useful in situations where only a relatively few off diagonal 
elements need to be zeroed, and is more easily parallelized than 
Householder transformations. 
 
1.1.5 The Hessenberg form 
          It is now to focus on the cost of the QR algorithm. Notice 
that the algorithm requires a decomposition A = QR which takes 
O (n3) operations. Because this needs to be repeated for each 
eigenvalue we obtain an overall cost of O (n4) which is 
prohibitively expensive. The cure to this problem is the 
transformation of the matrix to upper-Hessenberg form H. When 
this is done the total cost of the algorithm is O (n3) [6, 7]. 
          QR algorithm is not always simple. It always preceded by 
reduction in hessenberg form. In which all the elements below 
sub diagonal elements are zero. Due to this factorization can be 
done much more quickly. 
          I found from one paper where real nonsymmetrical QR 
algorithm fail to converge for 4 by 4 matrixes. The double roots 
slow down convergence. 

                                             A=     

0 2 0 1

1 0 0 0

0 1 0 0

0 0 1 0

− 
 
 
 
 
   

 
          So, in some cases the shifted algorithm will fail. If we use 
double shift then we will get immediate satisfaction.  
 

                                          A =    

2 3 3 3

0.002 3 3 6

0 0.001 2 1

0 0 0.01 7

 
 
 
 
 
        

 
          Some times we will get very small values in subdiagnol 
elements that are not particularly small and also not negligible. 
That time iterative step will increase and convergences also slow 
down. Convergence is chaotic and, in some cases, the iteration 
limit is reached. We should plan to add a test that will avoid this 
behavior.  
 
1.1.6 Deflation for QR 
          In the QR algorithm, convergence is detected by checking 
the sub diagonal entries of the Hesenberg matrix for given 
iteration. If the (i+1,i) sub diagonal entry satisfies  

1, , 1, 1| | max{| |,| |
i i i i i i

h u h h+ + +≤
},                                                              

----------- (A) 
 
          Where u denotes the round off (double precision u= 1.1 x 

10E-16) then 1,i i
h +  is set to zero and H becomes block upper 
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triangular. The eigenvalue problem deflates into two smaller 
problems associated with the two diagonal blocks of H, which 
can be treated separately by the QR algorithm. Typically, the 
convergence takes place at the bottom right corner and the size of 
the lower diagonal block is roughly the number of shifts used in 
the iteration. 
          Recently, the award winning aggressive early deflation 
(AED) strategy is used in addition to (A). We will see it why we 
should study AED in detail and why more efficient method is 
required for QR algorithm [6, 7]. 
 
1.1.7 Graded matrices 
          A matrix is graded if it shows a systematic decrease or 
increase in its elements as one proceeds from one end of the 
matrix to the other [10]. It is observed that in general the QR 
algorithm succeeds when the matrix is graded downward but it 
fails when the matrix is graded up-wards. Therefore balancing 
can help and solve the problem.  For example, the matrix 
 

1.5940 00 3.9990 09 7.1190 17

1.4410 08 6.9000 17 1.2900 24

5.7110 17 8.1560 25 6.6860 33

e e e

A e e e

e e e

− + − − − 
 = − − − − 
 − − −   

 
          Exhibits symmetric grading from large to small along the 
diagonal. We therefore say that A is graded downward by 
diagonals. If we set 

8 16(1,10 ,10 )D diag − −=  
 
Then 

1

1.5940 00 3.9990 17 7.1190 33

1.4410 00 6.9000 17 1.2900 32

5.7110 01 8.1560 17 6.6860 33

e e e

D AD e e e

e e e

−

− + − − − 
 = − + − − 
 − − − 

 
Is graded downward by rows, while 

1

1.5940 00 3.9990 01 7.1190 01

1.4410 16 6.9000 17 1.2900 16

5.7110 33 8.1560 33 6.6860 33

e e e

D AD e e e

e e e

−

− + − − − 
 = − + − − 
 − − − 

 
 
Is graded downward by columns 
          It turns out that the QR algorithm usually works well with 
matrices that are graded downward by diagonals. For example, 
the computed eigenvalues of A are 
 

5.1034150572761617 33

1.0515156210790460 16

1.5940000000000001 00

e

e

e

−

−

− +  
 
          Which are almost fully accurate? On the other hand, the 
algorithm does not do as well with other forms of grading. For 
example, reverse the rows and columns of A to get the matrix 

6.6860 33 8.1560 25 5.7110 17

1.2900 24 6.9000 17 1.4410 08

7.1190 17 3.9990 09 1.5940 00

e e e

B e e e

e e e

− − − 
 = − − − 
 − − − − +   

 
          Which is graded upward by diagonals? If we compute the 
eigenvalues of B, we get the following results. 
 
6.6859999999999994e 33−  
1.0515156534681920e 16−  

1.5940000000000005e 00− +  
 
The relative errors in these eigenvalues are 
3.1e 01,  3.1e 08,  2.8e 16,− − −  
 
          From which it is seen that the smallest eigenvalue has no 
accuracy at all, the second smallest is accurate to only eight 
decimal digits, and the largest is correct to working precision. 
Row and column grading can also cause the algorithm to fail. 

The computed eigenvalues of 
1

D AD
−

 have relative errors of 
1.0e 16,  2.3e 00,  1.4e 16,+ + −  

          While the computed eigenvalues of 
1

DAD
−

 have relative 
errors of 
1.3e 00,  3.4e 01,  0.0e 00.+ − +  
 
          The two smaller eigenvalues of both matrices have no 
accuracy. There is no formal analysis of why the algorithm 
succeeds or fails on a graded matrix. However, inspection of 
special cases will often show that the algorithm causes a loss of 
important information by combining large and small elements. 
For example, consider the first column of B and the 
corresponding first column of the Hessenberg form of B: 

 

6.6859999999999994e 33 6.6859999999999994e 33

 1.2900000000000000e 24 7.1190000000000004e 17

7.1189999999999992e 17 0.0000000000000000e 00

 

− −

− − −

− +

          This display shows that the first column of the Hessenberg 
form is the same as the one obtained by first setting the element 
1.290e-24 to zero. This is a small error compared to the norm of 
B, but the smallest eigenvalue of B is quite sensitive to it. In 
particular the relative errors in the eigenvalues of the altered 
matrix B are 
1.6e 00,  2.3e 16,  O.Oe 00+ − +  
          Balancing can help in this case. For example, balancing 

1
DAD

−
 and 

1
D AD

−
restores the lost accuracy. On the other 

hand, balancing B has no effect, since it cannot change the 
direction of the grading. This suggests the following rule of 
thumb. We do not claim that this strategy is foolproof, and 
therefore anyone employing it should take a hard look at the 
results to see if they make sense. 
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1.2 QR Algorithm without Shifts 
 
A0 = A 
For k=1, 2… 
 QkRk = Ak  
 Ak+1 = RkQk  
End  
          Ak+1 tend to an upper triangular matrix with the same 
eigenvalues as A. These eigenvalues lie along the main diagonal 
of Ak+1. QR algorithm is using QR factorization. It is similar to 
gram-Schmidt process [4, 12]. 
 
1.3 QR Algorithm with Shifts 
 
The step of QR iteration 

A – S I∗ = QR           
s = A (n, n) element of matrix A or also called shift (It accelerate 
convergence) 

A = R Q∗ + S I∗  
 
          The QR factorization makes matrix triangular. Each 
iteration is effectively transferring mass from lower to upper 
triangular [4, 9]. Finally, the matrix convert in upper triangular 
form and the diagonal elements represent the eigenvalues of that 
matrix. 
 
1.4 The small bulge multishift QR algorithm 

1( )......( )l l m l lA s I A s I Q R− − →
 

H

l m l l l
A Q AQ+ ←  

Matrices: 
A  Hessenberg 
Q  Unitary 
R  Upper triangular 

Shifts 1... ms s
 

 
          Perform m steps of the QR method at once. Computational 
procedure for single iteration is different here. It will take m/2 
bulges and transform the matrix by chasing m/2 bulges [9, 11]. 
 

II. RESULTS AND ANALYSIS 

          We have implemented QR algorithm in java language. We 
have developed the package for matrix and vector related 
operations. We have taken the result for QR algorithm using 
input matrix as a Hessenberg form, graded downward and graded 
upward form.  We convert the input matrix graded downward by 
diagonal and graded upward by diagonal. Our goal was to find 
the difference between these techniques. We can arrange the 
matrix graded downward by rows, columns and diagonal. It is 
already conclude that QR algorithm usually work well with 
matrices that are graded downward by diagonal. But, there is no 
formal analysis of why the algorithm succeeds or fails on graded 
matrix. So, this reading will help us to do this analysis or help in 
my research work. 
 

 
Table 2.1 Table showing execution time for symmetric matrices on QR algorithm with graded matrix 

CPU: Intel® Core™ 2 Duo CPU E8500@3.16 GHz, 8GB RAM 
 

Matrix Size Double shift  
(Time  
in millisecond) 
 

Double shift 
(graded downward) 
(Time  
in millisecond) 
 

Double shift 
(graded upward) 
(Time  
in millisecond) 
 

4 3  3  3  
4 49 46 6 
5 17 59 72 
6 82 75 41 
8 241 73 57 
10 159 152 231 
12 3523 195 146 
15 439 460 510 
18 2699 3439 5528 
20 4293 2534 1796 
22 1603 2482 4424 
25 NC 79778 3264 
28 3813 8401 11811 
30 20846 20738 53808 
35 498401 42750 696350 
40 26640 51758 177434 
42 523374 255320 255607 

 
          The Table 2.1 is displaying the execution time for the QR 
algorithm with graded matrix and simple matrix. In these results 

we have not converge the matrix in hessenberg form. This result 
is looking very strange. We can’t say that matrices which are 
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graded downward by diagonal are working well. In reading we 
can see that execution time is good for graded matrix. But, 
sometimes the matrices which are graded upward by diagonal are 
working better than graded downward as well as simple matrix. 

So, there is a need to analyze the graded matrix for improvement 
in eigenvalues method. 
 

 
Table 2.2 Table showing execution time for symmetric matrices on QR algorithm with graded matrix + Hessenberg form 

CPU: Intel® Core™ 2 Duo CPU E8500@3.16 GHz, 8GB RAM 
 

Matrix Size Double shift 
 

Double shift 
(graded downward) 

Double shift 
(graded upward) 

4 7  7 6 
4 71 33 4 
5 31 9 82 
6 76 54 71 
8 83 81 90 
10 111 137 190 
12 3837 477 3755 
15 537 567 583 
18 2352 3449 3440 
20 3489 3574 3535 
22 1177 1118 1088 
25 79565 4928 5034 
28 3993 4050 7713 
30 17346 386925 374848 
35 10278 7774 7688 
40 14332 10258 9629 
42 588975 563333 537273 

 
          To check the conformability for reading, we check same 
matrices on different platform and we got same strange results. 
The most important thing we can conclude from the Table 2.1 is 
that the time difference is not very large when input simple 
matrices are working well. But, when the graded matrices 

working well that time, we can say time difference is very large. 
So, we can say that, graded matrices are really improving the 
performance of QR algorithm.  
 

 
Table 2.3 Table showing execution time for symmetric matrices on QR algorithm with graded matrix 

CPU: Intel® Core™ 2 Duo CPU E8500@2.93 GHz, 4GB RAM 
 

Matrix Size Double shift 
 

Double shift 
(graded downward) 

Double shift 
(graded upward) 

4 43 50 11 
4 3 4 4 
5 19 73 79 
6 69 55 48 
8 251 123 80 
10 199 166 264 
12 3826 218 214 
15 484 455 565 
18 2960 3781 6119 
20 4716 2766 1982 
22 1748 2742 4870 
25 NC 89110 3607 
28 4248 9404 13257 
30 23940 23522 60345 
35 573290 49261 794631 
40 31115 59345 203730 
42 606363 293465 288396 
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The Table 2.2 is showing the execution time for QR algorithm. 
But, here we used hessenberg form after converting matrix in 
graded form.  This result is looking very strange because, it is 
performing well but not for all size of matrices. But from the 

result, we can say hessenberg form will help when it will apply 
to graded matrix.  
 

 
Table 2.4 Table showing execution time for symmetric matrices on QR algorithm with graded matrix + Hessenberg form 

CPU: Intel® Core™ 2 Duo CPU E8500@2.93 GHz, 4GB RAM 
 

Matrix Size Double shift 
 

Double shift 
(graded downward) 

Double shift 
(graded upward) 

4 8 11 7 
4 32 39 5 
5 23 11 92 
6 71 88 68 
8 88 107 181 
10 124 156 184 
12 4113 476 4101 
15 534 605 543 
18 2552 3616 3751 
20 3938 3897 3964 
22 1205 1256 1310 
25 89012 5583 5649 
28 4691 4692 8935 
30 19587 440193 427867 
35 11894 8999 8606 
40 16645 11839 11156 
42 678574 643774 615074 

 
          So, this combination of graded and Hessenberg form is 
helpful, when we want to improve the performance of QR 
algorithm. We will see the comparison of graded matrix with and 
without hessenberg matrix. 
          Table 2.3 shows the result of QR algorithm without 
Hessenberg matrix on 4GB RAMS with Processor speed of 2.93 
GHz. These results will show the same graph as previous results 
for 8GB RAM. And Table 2.4 shows the results for QR 
algorithm with Hessenberg matrix. We can go for conclusion, 
after analyzing the graph for the given table. We compare the 
graded matrix output with and without Hessenberg form. These 
results are really useful to conclude something and do the 
research in that direction. 
          For better understand of results, we draw the comparison 
graph for execution time. We can see from Figure 2.1, that the 
graded downward matrix by diagonal is taking less execution 
time than the other two approaches. It is remarkable that graded 
upward matrix by diagonal also have mix response with respect 
to standard input. From this graph we can say that we should 
develop a method which can be helpful to improve the 
performance of QR algorithm. People are not using graded 
matrix for input due to this kind of mix approach. That’s why we 
took reading of graded downward with hessenberg matrix. And 
we got some good results for this mixed approach. 

 
Figure 2.1 Benchmarking results of QR algorithm (without 

Hessenberg) on 3.16 GHZ CPU with 8GB RAM 
 
          Figure 2.2 is showing graph for graded upward and graded 
downward with the hessenberg approach. From this graph we can 
say graded upward by diagonal matrix also performing well. 
Most of the times all three approaches have equal performance 
but graded upward by diagonal has some good results compare to 
other.  Figure 2.3 shows the same comparison but platform with 
4 GB and CPU speed with 2.93 GHZ. Results of this machine 
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also have same response like 8GB RAM and 3.16 GHz CPU 
speed. So, it is confirm we may get good results on all kind of 
platform.   

 
Figure 2.2 Benchmarking results of QR algorithm (with 

Hessenberg) on 3.16 GHZ CPU with 8GB RAM 
 

 
Figure 2.3 Benchmarking results of QR algorithm (with 

Hessenberg) on 2.93 GHZ CPU with 4GB RAM 
 
          Why we are speaking about different platform? There is a 
very good question. We also took some results for matrix 
multiplication on different platform. But, we got the very strange 
results. CPU with less speed has given good results than the CPU 
with more speed [1, 2].  
          We see it in previous results that graded downward have 
good performance comparatively simple input matrix. To get 
more clear results, we compare the graded downward by 
diagonal with Hessenberg and without hessenberg. See Figure 
2.4, we can say that only in two readings graded downward 
without hessenberg have less execution time. So, it is confirm 

that if we add this kind of approach in graded downward by 
diagonal matrix, we can improve the performance of QR 
algorithm. We will work more towards this mixed approach. 
Figure 2.5 presenting the same graph for the results. 

 
Figure 2.4 Benchmarking results of QR algorithm (with and 

without Hessenberg) on 3.16 GHZ CPU with 8GB RAM 
 
          From Figure 2.4 and 2.5, we can say there is a requirement 
to analyze the graded matrix with other different methods. For 
symmetric matrices, the Hessenberg reduction process leaves a 
symmetric at each step, so zeros are created in symmetric 
positions. This means we need to work on only half the matrix, 

reducing the operation count to 
3 24 / 3 ( )n O n+  or 

3 28 / 3 ( )n O n+  to form 1 1....nQ Q−  as well. So, it is really 
helpful to check these approaches and develop a new method 
which will improve the performance of QR algorithm.  
          We can also say the reading is not so helpful to predict the 
new method development for QR algorithm. But, the results of 
graded downward matrix with the hessenberg form are very 
satisfactory. So, we will continue our research in the same 
direction. 
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Figure 2.5 Benchmarking results of QR algorithm (with and 

without Hessenberg) on 2.93 GHZ CPU with 4GB RAM 
 
          We also compare the results of the QR algorithm with and 
without hessenberg matrix. The hessenberg matrix is near to the 
diagonal matrix, so it will reduce the operation count for the QR 
algorithm From Figure 2.6 we can say QR algorithm with 
hessenberg matrix will work better than without hessenberg. Our 
main goal is to improve the convergence and reduce the number 
of iteration for QR algorithm. If we are able to do this, we can 
work towards the development of new method. We also try to 
make a change in shifting strategy. It was not giving the 
satisfactory results for the QR algorithm. The conclusion from 
this reading is that there is a need to analyze the graded matrix 
why it wills success and fails. In one reading you can see that 
simple matrix is not able to converge but graded matrix is 
converging in satisfactory time. So, from this reading we are 
going to work towards the development of new method for 
graded matrix. We will try to analyze the graded matrix. Hence, 
it is final that there is still requirement to improve the 
convergence and performance of eigenvalues related algorithm. 

 
Figure 2.6 Benchmarking results of QR algorithm (with and 

without Hessenberg) on 3.16 GHZ CPU with 8GB RAM 
          After the discussion of different input matrices for QR 
algorithm, we will discuss and analyze the output of input 
matrices. From the previous results we know that graded 
downward by diagonal is working well than simple matrix. We 
also conclude that graded with hessenberg has overall good 
performance than graded downward by diagonal only. So, we try 
to analyze the convergence rate of graded downward by diagonal 
and graded downward by diagonal with hessenberg form. We got 
some good results, which are help to understand the development 
of K. Braman, R. Byers and R. Mathias, 2002. This development 
is very helpful to converged eigenvalue early.  
          From the table 2.5 we can say eigenvalue for the 5 x 5 
symmetric matrix is converged very early at 60th iteration. But 
we are not able to find converged eigenvalues. If we will see 
carefully the results of Table 2.5 all the eigenvalues are 
converged before the 80th iteration. From these results it is final 
that we need to work on a method which will be helpful to find 
the converged eigenvalues earlier than the standard QR algorithm 
do. AED is the method which is used to find eigenvlue earlier 
than the standard convergence criteria. 
 

 
Table 2.5 Converged eigenvalue with respect to iteration for QR algorithm using input matrix with graded downward by 

diagonal (matrix size 5 x 5) 
 

Number of 
iteration 

First 
eigenvalue 

Second 
eigenvalue 

Third 
eigenvalue 

Fourth 
eigenvalue 

Fifth 
eigenvalue 

5 30.342254314
02704 

-
0.2442687194
0302908  

 
0.7105141732
318789 

 
3.6777781251
28669 

1.1478337642
388863 

20 30.342254314
02701 

-0.24 0.4617984168
0387534 

3.9270572969
150654 

1.1467879337
033158 

40 30.342254314
027 

-
0.2448321328
4536331 

0.4616173098
687457 

3.9272384038
501933 

1.1467879337
032434 

60 30.342254314 -  3.9272384137 1.1467879337
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027 0.2448321328
4536331 

0.4616172999
4545997 

734786 032434 

80 30.342254314
027 

-
0.2448321328
4536331 

0.4616172999
449115 

3.9272384137
740257 

1.1467879337
032434  

100 30.342254314
026995 

-
0.2448321328
4536331 

0.4616172999
4491285 

3.9272384137
740253 

1.8347423174
298956  

120 30.342254314
026967 

-
0.2448321328
4536243 

0.4616172999
4491374 

3.9272384137
740235 

1.1467879337
03243 

130 30.342254314
02696 

-
0.2448321328
453611 

0.4616172999
449143  

3.9272384137
74022 

1.1467879337
032412 

140 30.342254314
02696 

-
0.2448321328
453611 

0.4616172999
449143 

3.9272384137
74022 

1.1467879337
032412 

150 30.342254314
02696 

-
0.2448321328
453611 

0.4616172999
449143 

3.9272384137
74022 

1.1467879337
032412 

 
          See the results of Table 2.6 the eigenvalues are converged 
early then the Table 2.5. We can see from the table 2.6 the Most 
of the eigenvalues are converged before 40th iteration. So, after 
comparing these two approaches we can say the previous results 
are really helpful to work on graded downward with hessenberg. 

So, our goal is to find the direction where we can work on to 
development of new method. This thesis will help to us get good 
direction for my PhD work. 
 

 
Table 2.6 Converged eigenvalue with respect to iteration for QR algorithm using input matrix with graded downward by 

diagonal with hessenberg 
 

Number of 
iteration 

First 
eigenvalue 

Second 
eigenvalue 

Third 
eigenvalue 

Fourth 
eigenvalue 

Fifth 
eigenvalue 

5 30.342254314
027045 

3.9270277154
6233 

3.3670942373
445594 

-
0.2447815004
820959 

0.4616172999
449124 

20 30.342254314
027045 

 
3.9272384110
01787 

3.3669341741
68375 

-
0.2448321328
453651 

0.4616172999
449124 

40 30.342254314
027045 

3.9272384137
7403 

3.3669341713
961343 

-
0.2448321328
453651 

0.4616172999
449124 

60 30.342254314
027045 

3.9272384137
7403 

3.3669341713
961343 

-
0.2448321328
453651 

0.4616172999
449124 

80 30.342254314
027045 

3.9272384137
7403 

3.3669341713
961343 

-
0.2448321328
453651 

0.4616172999
449124 

100 30.342254314
02703 

3.9272384137
740293 

3.3669341713
961343 

-
0.2448321328
4536487 

0.4617680697
8837115 

120 30.342254314
02703 

3.9272384137
740275 

3.3669341713
961334 

-
0.2448321328
4536465 

0.4616172999
449121 

140 30.342254314
02703 

3.9272384137
740275 

3.3669341713
961334 

-
0.2448321328
453642 

0.4616172999
4491196 

150 30.342254314
02703 

3.9272384137
740275 

3.3669341713
961334 

-
0.2448321328
453642 

 
0.4616172999
449121 
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184 30.342254314
02703 

3.9272384137
740275 

3.3669341713
96131 

-
0.2448321328
453642 

0.4616172999
4491196 

 

III. CONCLUSION 

          People are not using graded matrix for input due to the 
problem of convergence. That’s why we took reading of graded 
downward and graded downward with hessenberg matrix. And 
we got some good results for this mixed approach. So, after 
comparing the two approaches by convergence, we can say the 
results are really helpful to work on graded downward with 
hessenberg. This thesis will help to us get good understanding of 
why combination of two method will help to improve the 
performance of the algorithm. 
          From the previous results we know that graded downward 
by diagonal is working well than simple matrix. We also 
conclude that graded with hessenberg has overall good 
performance than graded downward by diagonal only. So, we try 
to analyze the convergence rate of graded downward by diagonal 
and graded downward by diagonal with hessenberg form. We got 
some good results, which are help to understand the development 
of K. Braman, R. Byers and R. Mathias, 2002. This development 
is very helpful to find converged eigenvalue early than the 
conventional deflation strategy.   
 

IV. FUTURE WORK 

          This research work has an objective in mind to improve the 
performance of QR algorithm. It is already conclude that the QR 
algorithm usually work well with matrices that are graded 
downward by diagonals. There is no formal analysis of why the 
algorithm succeeds or fails on a graded matrix. Our next 
objective is to give the theoretical proof why graded downward  
 
 
or graded upward approach will help in finding eigenvalues for 
matrices. 
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Abstract- An association of acute myeloid leukemia (AML) with 
a granuloma has seldom been reported in the literature. We 
report a case where 62-year old male, diagnosed as AML on the 
bone marrow had a co-incidental epithelioid granuloma. The 
work up for common causes such as tuberculosis and fungal 
elements were negative. This case raises a pertinent question on 
the simultaneous association between AML and granulomas.  In 
the present case, the three follow-up has so far been uneventful. 
 
Index Terms- acute myeloid leukemia; granuloma; bone marrow. 
 

I. INTRODUCTION 

one marrow granulomas are an infrequent finding in a bone 
marrow biopsy. The incidence may range from 0.3% to 

2.2%, depending on the series.1-3 A wide variety of diseases have 
been implicated in the formation of granulomas in the bone 
marrow, but they are not specific and do not usually show 
characteristic features that typify a specific diagnosis.4 An 
association of acute myeloid leukemia (AML) with a granuloma 
has seldom been reported in the literature.5 We report a rare 
instance where granulomas and AML were seen co-existing in 
the bone marrow. 
 

II. CASE REPORT 

           A 62-year old male presented to the casualty with 
presenting complaints of low-grade fever with chills and rigors. 
He also had generalized body ache and loss of weight. On 
examination, mild hepatosplenomegaly was appreciated. The rest 
of the general and systemic examinations were within normal 
limits. 
           The blood examination was as follows: hemoglobin: 7.4 
g/dL, total leucocyte count: 4.4x103 cells/ cu.mm. and 
platelets:92x103/ cu.mm. The peripheral smear showed a mild 
pancytopenia. The differential counts showed 52% myeloblasts; 
suggestive of acute myeloid leukemia. A bone marrow study was 
requested to subtype the neoplasm. Other baseline investigations 
including renal function tests and serum electrolytes were within 
normal limits. Liver function tests showed a mild elevation of 
enzymes. 
           The bone marrow aspirate study revealed >90% blasts 
(Figure 1). The findings of the cytochemistry panel comprising 
of myeloperoxidase (MPO), sudan black B (SBB) and periodic 

acid schiff (PAS) were suggestive of myeloblasts. A final 
diagnosis of acute myeloid leukemia (AML) was given.  
 

 
 
 
 
 
 
 
           The trephine biopsy showed a cellular marrow with a 
diffuse replacement of hematopoietic elements by myeloblasts. 
The marrow also showed discrete well-formed epithelioid 
granulomas and aggregates of mature lymphocytes (Figure 2). 
Neither necrosis nor multinucleated giant cells were seen. 
Special stains for acid-fast bacilli (AFB) and fungi were 
negative. 
 
 
 
 

B

Figure 2: Bone marrow aspirate smear showing myeloblasts  
(Leishman x 200). Inset showing positivity for SBB. 
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         A final diagnosis of acute myeloid leukemia (AML) with a 
granulomatous lesion was given and a follow up was requested.  
 

III. DISCUSSION 

         Malignant neoplasms have been reported as the cause of 
bone marrow granulomas in 20% to 25% of the cases; a vast 
majority being attributed to Hodgkin and less commonly, non-
Hodgkin lymphoma1-5. Acute myeloid leukemia (AML) is an 
aggressive hematolymphoid neoplasm with characteristic bone 
marrow findings. An incidental finding of a simultaneous lesion 
such as a granuloma in the biopsy section is rare and requires a 
detailed investigation.  AML has been previously reported in 
association with granulomas of sarcoidosis in varied case reports. 
6-9  
         The aetiology of the epithelioid granulomas in leukemia 
has been extensively researched.  Some studies have led to a 
hypothesis that there is a strong induction of anti-leukemic 
immune response to tumour-associated antigens and a high 
incidence of circulating immune complexes in AML patients.10,11  
Reich had suggested that if the presence of granulomatous 
inflammation within tumours or tumour-draining lymph nodes 
represents an immunologic response to a large variety of 
insoluble antigens, a multisystem granulomatous inflammation 
may occur in instances in which the tumour antigens were 
widespread, such as leukaemia.12   With reference to our case, 
this hypothesis provides a plausible explanation for the 
simultaneous existence of granuloma and AML.  
         The presence of a granulomatous lesion along with a 
hematolymphoid neoplasm has been associated with a good 
prognosis; particularly in patients with Hodgkin's disease.13,14   

With reference to acute myeloid leukemia, the data  regarding the 
prognosis of the neoplasm when a granuloma is seen is 
insufficient.  In the sporadic cases of AML with sarcoidosis 
reported in the literature, the granulomatous lesion was observed 
both before and after the diagnosis of AML15,16.   There is also a 
reported case of a 17-year time interval between the two 
diagnoses.6 These cases raise a pertinent question: is the 
association between AML and granulomas causal or 
coincidental? In the present case, the three follow-up has so far 
been uneventful. 

         To conclude, we report a case of an acute myeloid leukemia 
where a granulomatous lesion was coincidentally noted in a bone 
marrow biopsy section. The association between AML and 
granuloma in the published literature is extremely sporadic. 
Moreover, the nature and strength of this association has never 
been scrutinized. An analysis of all these cases might help 
resolve the questions on the pathogenesis and provide answers to 
the AML-granuloma relationship. 
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Abstract- Bulk density of a soil is a dynamic property that varies 
with the soil structural conditions. In general, it increases with 
profile depth, due to changes in organic matter content, porosity 
and compaction. The main objective of this work was to 
investigate the dependence of bulk density on texture, organic 
matter content and available nutrients (macro and micro 
nutrients) for soil of Coimbatore. The relationships between 
some physical and chemical properties of soil such as, clay 
content (C), silt content (Si), sand content (S), CaCO3, organic 
matter content (OMC), total macro and micro nutrient content 
with soil bulk density (ρb) were studied for eight  surface soil 
samples (0-15 cm). Soil bulk density showed negative 
relationships with all soil properties (Si, C, CaCO3, OMC, total 
macro and total micro nutrient content) except with sand content 
(S). Besides texture and OMC, the nutrient concentration was 
also the most effective factor that affected the bulk density of 
soils. 
 
Index Terms- soil bulk density, clay content, silt content, sand 
content, organic matter content, total macro and micro nutrient 
content. 
 

I. INTRODUCTION 

oils are composed of solids (minerals and organic matter), 
and pores which hold air and water. The bulk density of a 

soil sample of known volume is the mass (or weight) of that 
sample divided by the bulk volume. The "ideal" soil would hold 
sufficient air and water to meet the needs of plants with enough 
pore space for easy root penetration, while the mineral soil 
particles would provide physical support and plant essential 
nutrients. Soil bulk density is a basic soil property influenced by 
some soil physical and chemical properties. 
          Bulk density is influenced by the amount of organic matter 
in soils, their texture, constituent minerals and porosity. 
Knowledge of soil bulk density is essential for soil management, 
and information about it is important in soil compaction as well 
as in the planning of modern farming techniques. 
          Soil bulk density measurements are often required as an 
input parameter for models that predict soil processes. Such 
models often use bulk density measurements to account for 
horizon mass when aggregating soil data. Methods to measure 
bulk density are labor intensive and time-consuming. Thus, 
models have been developed to predict bulk density from soil 
physical and chemical data [1 - 2]. 

          A normal range of bulk densities for clay is 1.0 to 1.6 
mg/m3 and a normal range for sand is 1.2 to 1.8 mg/m3 with 
potential root restriction occurring at ≥ 1.4 mg/m3 for clay and 
≥1.6 mg/m3 for sand [3]. 
          Saxton, et. al. [4] estimated generalized bulk densities and 
soil-water characteristics from texture and developed a set of 
equations from which soil-water characteristic equations for a 
number of soil textural classes can be derived. 
          Bulk density values are required for converting gravimetric 
soil water content to volumetric and to calculate soil porosity 
which is the amount pore space in the soil [5]. Total porosity can 
be calculated by using bulk density and particle density of soil 
[6]. Soil bulk density should be used as an indicator of soil 
quality parameter. Akgül and Özdemir [7] studied the 
relationships between soil bulk density and some soil properties 
explained that these constants can be estimated by means of 
regression models. 
          Organic carbon influences many soil characteristics 
including colour, nutrient holding capacity, nutrient turnover and 
stability, which in turn influence water relations, aeration and 
workability [8]. Soil organic matter plays a key role in nutrient 
cycling and can help improve soil structure. The Bulk density 
depends on several factors such as compaction, consolidation and 
amount of SOC present in the soil but it is highly correlated to 
the organic carbon content [9 - 10]. 
          Organic matter is different to organic carbon in that it 
includes all the elements (hydrogen, oxygen, nitrogen, etc) that 
are components of organic compounds, not just carbon. Soil 
organic carbon (SOC), soil organic matter (SOM) and the 
correlation between bulk densities are frequently used to estimate 
carbon pools [11]. Organic matter is an important source of 
nutrients for plants. Nitrogen, phosphorus and sulphur are 
considered macronutrients, essential micronutrients are iron, 
manganese, zinc, copper, boron, molybdenum, and chlorine and 
beneficial but not essential elements are silicon, vanadium, cobalt 
and nickel. Erdal Sakin  [12] obtained the relationships between 
organic carbon, organic matter and bulk density in arid-semi arid 
soils in Southeast Anatolia region. Similar studies were 
performed by Catherine Pe´ rie´ and Rock Ouimet [13] for forest 
soils. T. Aşkın and N. Özdemir [14] obtained the relation of soil 
bulk density with soil particle size distribution and organic 
matter content.  R. Laiho, et. al. [15] studied the variability in 
mineral nutrient concentrations (P, K, Ca, Mg, Fe, Mn, Zn) and 
bulk density within floristically defined peatland sites. E. 
Reintam , et. al. [16] reported the effect of bulk density on 

S 
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nutrient (N, P, K) assimilation and on cellular fluid pH of spring 
barley with different levels of fertilization.  
          From above discussion it was inferred that increase in 
organic matter decreases the bulk density of soil. On the other 
hand increase in organic matter also leads to change the nutrient 
concentration of soil. So that available nutrients in the soil may 
play an important role in the variation of bulk density of soil. 
Keeping this in mind we proposed to study the effect of texture, 
organic matter content and total nutrient content on bulk density 
of soils of Coimbatore. 
 

II. MATERIALS AND METHODS 

Study Area 
          Coimbatore is located at an elevation of about 411 meters. 
It lies between 10° 10' and 11° 30' of the northern latitude and 
76° 40' and 77° 30' of eastern longitude. The mean maximum and 
minimum temperatures varies between 35 °C and 18 °C highest 
temperature ever recorded is 41 °C and lowest is 12 °C. On an 
average, the district gets 695 mm. of rainfall in a year. 
Coimbatore receives high rainfall from North East Monsoon of 
444.3 mm. followed by South West Monsoon Period and hot 
weather period. Rainfall distribution is also good.  
          The soil types of a particular area play critical role is 
determining the fertility status and cropping pattern. Red 
Calcareous soil, Black soil and Red non-calcareous soil are major 
soil types found in Coimbatore district. Percentage distribution of 
Red Calcareous soil is high as compared to other soil types.       
The soil is predominantly black soil which is suitable for cotton 
crop. The soil in Coimbatore taluk is enriched with organic 
matter from the hill ranges. The red soils around the Anamalais 
are fertile. The other important causes for decline in crop 
production response to the application of inputs and technology 
is the gradual degradation of soil, the key factor for sustaining 
agriculture. The imbalanced fertilizer consumption, without 
taking into account the soil needs and soil health is proving 
counter productive. Therefore, soil analysis has to be taken on 
priority to find the status of nutrients and the requirement of 
fertilizers to supplement these deficiencies. 
 
Soil Sampling and physico-chemical analyses  
          The aim of this study was to determine bulk density of soil 
samples and its relationship with the soil particle distribution, 
organic matter and status of nutrients of soil in Coimbatore 
region. Before sampling 15 mm topsoil was removed. Soil 
samples were collected from eight different locations at the depth 
of 15cm. in zigzag pattern across the required areas. Five pits 
were dug for each sample. A composite sample of about 2 Kg. 
was taken through mixing of represented soil sample. These soils 
were first sieved by gyrator sieve shaker with approximately 2 
mm spacing to remove the coarser particles and then allowed to 
dry in air for 1 hour.  
          The proposed samples were analyzed for physico-chemical 
properties using standard procedures. . The nutrient 
concentrations and physical parameters of soil samples are 
represented in Tables 1 and 2 respectively. 
          The pH and electrical conductivity of soil samples were 
determined in 1: 2.5, soil: water suspension [17]. Organic Matter 

(OM) was obtained from estimated organic carbon (OC) using 
the conventional conversion    [18 - 19]  
   OM    =       1.7    ×     OC                        ………..  (1)                                                  
          The soil bulk density was selected as dependent variables 
to determine statistical relationships of soil texture, organic 
matter content and nutrient concentrations with soil bulk density. 
Factors affecting bulk density are Porosity, Texture and Organic 
matter content. Clay soils tend to have a higher total porosity 
than sandy soils. However, the relationship between texture and 
bulk density is tenuous and depends on a variety of factors such 
as organic matter content and depth in the soil profile. Bulk 
density is closely related to the soil porosity through the 
following relationship [20] 
             n    =    1 - (ρb / ρs)                     ………..  (2)                                                                      
Where,    n = porosity     ;    ρb = bulk density     and                   
ρs = particle density 
 
Measurement of Electrical Conductivity and pH  
          A pH and Electrical Conductivity of soil samples were 
measured by Soil Testing Kit Model 161E. A 20 gms of collected 
soil was weighed out into a 150 ml plastic jar and 100 ml distill 
water was added to it. Lid of jar was packed tightly and stirred 
continuously for 5 minutes. Then it was kept overnight and 
stirred again. Allowed to set for 15 minutes and strained sample 
into clean measuring cup. A pH and Electrical conductivity 
readings were taken.                                                       
 
Statistical analysis 

          The 
relationshi

p between 
different 

soil 
parameters 

and nutrient content of soils were determined using correlation 
coefficient “r”.  
                                         
                                                                      -------- (3) 
 
 
 
Where n is the number of pairs of data (x, y).    
        Simple Correlation Coefficients (r) between soil parameters 
and bulk density are listed in Table 3.  
 

III. DISCUSSION 

Texture, Bulk Density and Porosity of soil samples 
          The sand, silt and clay of collected samples ranges 67.25 - 
90, 2 - 16.75 and 3.75 – 26.25 % respectively and these soils 
were categorized as sandy clay loam, loamy sand, sandy loam 
and sand. 
          Because of more percentage of sand Bulk Density and 
Porosity of soil samples ranging (1.25 - 1.57 Mg m-3) and 
(0.3921 - 0.4857) respectively. 
 
CaCO3, pH and Electrical Conductivity of soil samples  
          Calcium Carbonate (CaCO3) content (1.00 – 8.5 %) of soil 
samples showed that four samples were slightly calcareous, two 
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samples were moderately calcareous and the remaining two were 
calcareous in nature. The pH (5.39 – 8.85) values indicated that 
two samples were acidic, four samples were alkaline and two 
were neutral. The values of electrical conductivity (0.1 - 0.26 ds 
/m) showed that all soil samples were normal i.e. non saline in 
nature.  
 
Organic Carbon and Organic Matter Content of soil samples 
          A conversion factor of 1.72 is commonly used to convert 
organic carbon to organic matter as in equation (1). Organic 
Carbon and Organic Matter Content of soil samples varied as 
(0.13 – 0.78 %) and (0.22 -`1.33%) respectively. 
 
Available Macronutrients in soil samples  
          According to Methods Manual of Soil Testing in India [21] 
the critical limits of Nitrogen (N), Phosphorus (P) and Potassium 
(K) for normal growth of plant were 280 kg/ha, 10 kg/ha and 108 
kg/ha respectively. With this consideration the available Nitrogen 
content (88 - 138 kg/ha) of almost all samples was found to be 
very low. The Phosphorus content (6.38 - 68.47 kg/ha) of soils 
indicated that the one sample contain very low, two samples 
were contain low, three samples were contain medium and the 
remaining two samples were contain very high amount of 
Phosphorus. The available Potassium (123 - 964 kg/ha) showed 
that except one sample all samples were contain high amount of 
Potassium. All soil samples were containing adequate amount of 
available Calcium (Ca) (152 - 756 meq/100 gm) but low amount 
of Magnesium (Mg) (20 - 56 meq/100 gm). 
 
Available Micronutrients in soil samples  
          According to Lindsay and Norvell [22] 4.5 ppm of Iron 
(Fe) is considered as the critical limit for normal growth. 
Considering this limit the available Fe (0.12- 5.53 ppm) indicated 
that five samples were containing low amount and the remaining 
three samples were contain high amount of Fe. 
          Shukla and Gupta [23]    reported 3.00 ppm as the critical 
limit for available Manganese (Mn). The available Mn (2.31- 
23.16 ppm) showed that two samples were containing low 
amount while six samples were contain high amount of Mn. 
          Lindsay and Norvell [22] suggested the critical limit of 
Zinc (Zn) as 0.5 to 1.00 ppm, according to which available Zn 
(0.43 - 2.60 ppm) showed that two samples were contain low 
amount and six samples were contain high amount of Zn. 
          Considering 0.66 ppm as critical limit of Copper (Cu) for 
normal growth of plant [24]  , the available Cu (0.11-  1.08 ppm) 
inferred that only one soil sample was contain less amount of 
available Cu while the remaining samples have adequate amount 
of available Cu. 
 

IV. RESULTS 

Relationship between bulk density and texture of soil   
          Effect of sand content on soil bulk density was found to be 
higher than that of the other soil properties. Clayey soils tend to 
have lower bulk densities and higher porosities than sandy soils. 
High degree positive correlation of bulk density was observed 
with sand content (r = 0.9094). While significant negative 
correlation of bulk density was observed with clay content (r = - 
0.6332) and silt content (r = - 0.7343) of soil samples. The bulk 

density indirectly provides a measure of the soil porosity. Soil 
porosity is the ratio of the volume of soil pores to the total soil 
volume. Thus the bulk density of a soil is inversely related to 
the porosity. We also found strong negative correlation (r = - 
0.8859) between porosity and bulk density of soil samples. All 
these correlations are shown in Figs. 1 – 4. 
Jones [25] reported that the impact of the texture on bulk density 
is much, because of the organic carbon. Wagner et al. [26] 
estimated soil bulk density using soil texture parameters along 
with organic carbon content values.  Bernoux, et al [27] found a 
correlation between texture and bulk density. Dinesh Kumar et. 
al. [28] indicated that soil texture specific tests would be required 
to determine the correct organic matter level to achieve a target 
bulk density to avoid the problem of compaction. 
 
Relationship between bulk density with CaCO3, pH and 
Electrical Conductivity of soil samples  
          It was observed that the bulk density is dependent on 
calcareous and saline nature of soils but independent on 
whether the soil is acidic or alkaline. Statistical correlation 
studies showed significant negative correlations of bulk density 
with CaCO3 (r = - 0.4952) content and electrical conductivity (r 
= - 0.6611) of soil as in Figs. 5 and 6.  While correlation 
between bulk density and pH (r = - 0.2317) was negative but not 
so significant. However, Shaffer [29] observed highest 
correlation between pH and BD at 0 to 15 cm, but he did not 
indicate the reasons. 
 
Relationship between bulk density and Organic Matter 
Content (or Organic Carbon) of soil samples 
          Many researchers [9-10], [12-14] obtained the relationship 
between organic matter and bulk density of soils and showed 
strong correlation between them. Curtis and Post [30] stated a 
reverse correlation between organic matter and bulk density.  E. 
Sakin [31] determined the strongest correlation between bulk 
densities and organic matter among the data attained from the 
analysis results. We obtained similar results with strong negative 
correlation (r = - 0.8869) between organic matter and bulk 
density of soil samples. Thus our studies indicate that as the 
organic matter increases the bulk density of soil decreases (Fig. 
7) which is required for the proper growth of the plants. 
 
Relationship between bulk density and available 
Macronutrients in soil samples  
          We have studied the dependence of bulk density on 
available total primary (N+P+K) and secondary (Ca+Mg) 
macronutrients in the soil. It was found that the bulk density 
decreases as the total primary and secondary macronutrient 
contents in the soil increases as shown in Figs. 8 and 9. 
Statistical correlation studies showed strong negative correlation 
of bulk density with available total primary macronutrients (r = - 
0.8615) and total secondary macronutrients (r = - 0.8119) in the 
soil. R. Laiho, et. al. [15] showed that the total variances of K 
and Mg decreases with increase in sampling depth i.e. bulk 
density. 
 
Relationship between bulk density and available  
Micronutrients in soil samples 
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          As that of macronutrients, the available total 
micronutrients (Fe + Mn + Zn + Cu) in the soil also varied bulk 
density of the soil. It was found that the bulk density decreases as 
the total micronutrient   contents in the soil increases as shown in 
Fig. 10.                        
          Statistical correlation studies showed strong negative 
correlation between bulk density and available total 
micronutrients (r = - 0.7089) in the soil. R. Laiho, et. al. [15] 
reported that the total variances of Fe and Zn decreases with 
increase in bulk density.     
                                                                                                      

V. CONCLUSIONS 

Following conclusions can be drawn for Coimbatore Soils - 
          1. Effect of sand content on soil bulk density was found  
to be higher than that of the other soil properties.  
          2. Bulk density was dependent on calcareous and saline  
 nature of soils but independent on whether soil is  acidic or 
alkaline. 
          3. There was high degree reverse correlation between 
organic matter and bulk density of soil.  
          4. As that of organic matter bulk density was dependent on 
available macronutrients and micronutrients in the soil. It 
decreases as the total macronutrient or total micronutrient 
contents in the soil increases. 
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Table: 1 Physico-chemical analysis of soil samples 
 

Sample 
No. 

pH 
(1:2.5) 

E.C. 
(dSm-1) 

OC CaCO3 N P K Ca Mg Fe Mn Zn Cu 

(%) (kgha-1) (meq 100g-1 
soil) (ppm) 

1 6.80 0.03 0.31 1.25 138 14.14 328 248 20 4.49 17.69 1.38 
 
0.57 
 

2 8.41 0.12 0.55 3.0 113 19.13 565 656 56 2.94 4.47 1.23 
 
0.79 
 

3 7.08 0.08 0.13 1.0 94 6.38 123 152 16 5.53 12.79 1.21 
 
0.49 
 

4 5.39 0.07 0.26 2.0 100 10.81 365 316 20 3.49 2.32 0.51 
 
0.25 
 

5 6.49 0.10 0.44 6.0 107 19.40 304 484 28 0.69 3.96 0.47 
 
0.36 
 

6 8.40 0.10 0.31 2.0 100 21.62 259 312 24 4.83 6.28 0.43 
 
0.46 
 

7 8.28 0.18 0.78 8.5 138 68.47 964 756 36 1.63 23.16 2.60 
 
1.08 
 

8 8.85 0.08 0.24 3.5 88 44.91 260 396 24 0.12 2.31 1.01 
 
0.11 
 

 
 

Table: 2 Physical Parameters of Soil Series Samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
              

Sample 
 No. 

Sand  Silt  Clay  
Textural class 

Bulk  
Density 
 

Particle  
Density 
 Porosity 

(%) (Mg m-3) 

1 86.00 3.25 10.50 Loamy sand 1.43 2.57 0.4436 

2 67.25 5.75 26.25 Sandy clay loam 1.26 2.45 0.4857 

3 89.50 2.00 7.25 Sand 1.55 2.55 0.3922 

4 86.75 2.50 10.00 Loamy sand 1.45 2.45 0.4082 

5 89.25 6.00 3.75 Sand 1.47 2.49 0.4096 

6 90.00 2.00 7.25 Sand 1.44 2.42 0.4050 

7 73.50 16.75 9.00 Sandy loam 1.25 2.43 0.4856 

8 89.75 2.25 7.25 Sand 1.57 2.71 0.4207 
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Table: 3 Simple correlation coefficients (r) between soil 
properties 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                     Where B D     = Bulk Density 
                                                                 EC     = Electrical Conductivity 
                                                                 OMC = Organic Matter Content   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Related Soil 
Parameters 

Correlation 
Coefficient      
(r) 

Level of 
Significance 

B D - Sand%  0.9094 High degree positive 

B D - Clay% - 0.6332 Significant  negative 

B D - Silt% - 0.7343 Strong negative 

B D - Porosity - 0.8859 Strong negative  

B D - CaCO3 - 0.4952 Significant  negative 

B D - E C - 0.6611 Significant  negative 

B D - pH - 0.2317 Negative but not 
significant 

B D - OMC - 0.8869 Strong negative 

B D - (N+P+K) - 0.8615 Strong negative 

B D - (Ca+Mg) - 0.8119 Strong negative 

B D - (Fe+Mn    
         +Zn+Cu) - 0.7089 Strong negative 
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Figure 1: Variation of Bulk Density with                              Figure 2: Variation of Bulk Density with 
Sand % content in soil samples                                        Clay % content in soil samples 

 

             
 

Figure 3: Variation of Bulk Density with                        Figure 4: Variation of Bulk Density with 
Silt % content in soil samples                                           Porosity of soil samples 

 

            
 

Figure 5: Variation of Bulk Density with                           Figure 6: Variation of Bulk Density with 
CaCO3 in soil samples                                         Electrical Conductivity of soil samples 

 

 
 

Figure 7: Variation of Bulk Density with                          Figure 8: Variation of Bulk Density with 
Organic Matter Content of soil samples                                           (N+P+K) in soil samples 
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Figure 9: Variation of Bulk Density with                                  Figure 10: Variation of Bulk Density with 
(Ca + Mg) in soil samples                                                           (Fe+Mn+Zn+Cu) in soil samples 
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Abstract- Background and Objectives: Osteoporosis is a global 
problem occurring in every geographic area and affecting 150 
million men and women worldwide. Osteoporosis is defined as a 
reduction of bone mass (or density) or the presence of a fragility 
fracture. Based on recommendation of a WHO committee, 
osteoporosis is   defined as a bone density that falls 2.5 standard 
deviation (SD) below the mean for young healthy adults of the 
same race and gender also referred to as T-score of -2.5. Those 
who fall at the lower end of the young normal range ( a T-score 
of >1SD below the mean ) are defined as  osteopenic having  low 
bone density and are considered to be at increased risk of 
osteoporosis.Materials and methods: This  population based 
cross   sectional study attempts to measure the   peripheral ie. 
heel bone mineral density (BMD) by p-DEXA technique in 
adults     Measurement of BMD:In the DEXA technique two X-
ray energies are used to estimate the area of mineralised tissue 
and the mineral content is divided by the area, which partially 
corrects for body size. Results:  Among total of 173 individuals ( 
106 women and 67 men) Women had 137 risk factors and men 
had 71 risk factors.    Among  them there are 39 people who had 
no risk factors and 134 people had one or more risk factors. 
Among 134 individuals 65 people  (50%) had one risk factor and 
69 people(50%) had two risk factors.  Conclusion: Identification 
of people at risk of osteoporosis by p-DEXA method was useful 
in adults and we can  implement  preventive strategies  to 
improve  bone health and reduce the personal and economic 
burden of osteoporosis. 
 
Index Terms- Peripheral - dexa, calcaneus, bone mineral density. 
 

I. INTRODUCTION 

agnitude of the Problem and Geographical Variation: 
Osteoporosis is a global problem occurring in every 

geographic area and affecting 150 million men and women 
worldwide. Ethnicity and race are well known determinants of 
skeletal health and bone mineral density.  
          Osteoporosis is a condition characterized by decreased 
bone strength. Women are four times likely to develop 
osteoporosis than men. It is prevalent in post-menopausal  
women but also occurs in men and women with underlying 
conditions or major risk factors associated with bone 
demineralization.  Its chief clinical manifestations are vertebral 
and hip fractures, although fractures can occur at any skeletal 
site. Osteoporosis ranks as one of the 5 costliest diseases of aging 

after diabetes, hyperlipidemia, hypertension and heart diseases. 
As age advances, the incidence of osteopenia and osteoporosis 
increase and with the progressive aging of the world’s 
population, there will be a resultant increase in the osteoporotic 
fractures. It is a matter of great concern that although the effects 
of osteoporosis are seen in the elderly population particularly 
women, the roots of osteoporosis are laid much earlier in life. 
Thus osteoporosis has been described as a condition  dealt with 
by geriatrician but with roots in pediatrics. 
           
          Osteoporosis is defined as a reduction of bone mass (or 
density) or the presence of a fragility fracture. Based on 
recommendation of a WHO committee, osteoporosis is 
operationally defined as a bone density that falls 2.5 standard 
deviation (SD) below the mean for young healthy adults of the 
same race and gender also referred to as T-score of -2.5. Those 
who fall at the lower end of the young normal range ( T-score of 
>1SD below the mean ) are defined as  osteopenic having  low 
bone density and are considered to be at increased risk of 
osteoporosis.      
 
Risk factors associated with generalized osteoporosis: 
Non modifiable 
   Personal history of fracture as an adult 
   History of fracture in first degree relative  
   Female sex  
   Advanced age  
   Caucasian race  
   Dementia  
Potentially modifiable 
    Current cigarette smoking 
    Low body weight (<58kg, 127lb) 
    Estrogen deficiency 
             Early menopause (<45yrs) or bilateral ovariectomy 
             Prolonged premenstrual amenorrhea (>1year) 
     Low calcium intake 
     Alcoholism 
     Impaired eye sight 
     Recurrent falls  
     Inadequate physical activity 
     Poor health / frailty 
 
Measurement of bone mass:  
          Several  non  invasive  techniques  are  now available for 
estimating skeletal mass or density. These include Dual X ray 

M
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Absorptiometry(DEXA), Single Energy X-ray 
Absorptiometry(SEXA), Quantitative Computed Tomography 
(CT) and Ultrasound. 
          DEXA is  highly accurate X-ray technique that has become 
the standard for measuring bone density. Though it can be used 
for measurements at any skeletal site, clinical determinations are 
usually made of the lumbar spine and hip.  
           Portable DEXA machines have been developed that 
measure the heel (calcaneus), forearm (radius and ulna) or 
fingers (phalanges). In the DEXA technique two X-ray energies 
are used to estimate the area of mineralised tissue and the 
mineral content is divided by the area, which partially corrects 
for body size. However, this correction is only partial since 
DEXA is a two dimensional scanning technique and cannot 
estimate the depth or posteroanterior width of the bone,  thus 
small people tend to have lower than average bone mineral 
density.  
 
Objectives of the study 
          This prospective randomised study attempts to evaluate the 
influence of a peripheral-DEXA (p-DEXA) heel bone mineral 
density (BMD) measurement in adults  and a patient education 
program  on osteoporosis. It also aims to study the effect of age, 
height, weight, menopause, physical activity, food habits on 
BMD. Men and women who were found to have heel BMD T-
scores of < -0.6 (suggested by the World Health Organization) 
were considered osteopenic and <-1.6 was considered as 
osteoporotic. Year of menopause onset, pharmacotherapy for 
osteoporosis, calcium, vitamin D, presence of DM / HTN, other 
clinical disorders, steroid intake and physician intervention were 
assessed. 
 

II.                                 METHODOLOGY 

          Study Setting: This study is population based  
observational study conducted in Orthpaedics department, 
Kasturba Medical College, Attavar, and Tejaswini hospital,  
Mangalore. In this health camp apart from consultants there were 
nurses, nutritionists, pharmacists, health care professionals who 
worked in this programme providing patient care.   

          Subjects:We measured BMD  in  173 individuals of both 
genders who came to health camp for BMD testing. Among 
them, there were 106 females and 67 males.  Their age was 
ranging from 25 to 85 years. 
          Place : Orthopaedic  Health Camp  held in  KMC Attavar  
and Tejaswini hospital , Mangalore. 
          Materials : Height  &  Weight measuring apparatus, BMD 
chart. 
          P-DEXA (PIXI  machine made by the Lunar Corporation) 
for  heel BMD testing. 
          Data collected: Data collected from patients include name, 
age, gender, height, weight, activity level, menopause, history of 
DM/HTN, smoking, alcohol, medications (steroids), joint 
problems, bone related complaints, thyroid disorders and any 
other risk factor for osteoporosis.   
 
Procedure to measure BMD 
          The patient was  made to  sit  on  a chair  and  asked to 
place his or her ankle on the machine.After jelly was applied to 
ankle the probes were pressed gently upon ankle to measure 
BMD.The BMD value printed on machine was noted. This was 
plotted on BMD chart and calculated for T- score by plotting 
against age of the patient. According to the T-score, the diagnosis 
of osteoporosis, osteopenia  were made. 
 
Note: 
          The heel has a slower bone loss rate than other sites in the 
body, such as the hip, spine, or forearm. This means that the T-
score used from other skeletal are as may underestimate BMD 
loss if the same standards are used to measure the heel. The 
World Health Organization (WHO) T-score for hip, spine, and 
forearm is defined as normal at greater than -1, low bone density 
(osteopenia) at a reading between -1 and -2.5, and osteoporosis at 
a T-score less than -2.5. The WHO equivalent for heel BMD 
includes >-0.6 for a normal T-score, -0.6 to -1.6 for osteopenia, 
and less than -1.6 for osteoporosis(1,2). Men and women who 
were found to have heel BMD T-scores of <-.6 (suggested by the 
World Health Organization) were considered osteopenic and <-
1.6 was considered as osteoporotic and > -0.6 were considered as 
norma 

 
Table.1 

Presence of Selected Risk Factors and Test  Results Among Study Subjects 
  

Risk Factors Women Men 

   

Postmenopausal 41 - 

Inactivity 7 - 

Hysterectomy(ovariectomy) 7 - 

Cigarette smoking 0            3 

Alcohol use 1 4 

Hypothyroidism 4  

Fractures 0  

Early menopause 3 - 

Family history of osteoporosis 1 - 

Joint disorders 9            6 

Low body weight 10 6 
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Steroid therapy 3 - 

Diabetes mellites type II 6             5 

H/o bone related complaints 45           47 

Total              137           71 

  
          
          Among total of 173 individuals ( 106 women and 67 men) 
Women had 137 risk factors and men had 71 risk factors.On 
average they reported one osteoporosis risk factor .  Among  
them there are 39 people had no risk factors and 134 people had 
one or more risk factors. Among 134 individuals 65 people  

(50%) had one risk factor and 69 people(50%) had two risk 
factors   
 

 
 

 
 
 
 
 
 

Table. 2:  Effect of menopause on BMD and T-score 
 

Variables 

 
Groups 

P value 
Premenopausal 
N1=65 

Postmenopausal 
N2=41 

BMD 
(gm/cm2) 

 
0.48±  .09 

 
0.44 ± 0.1 

 
0.027* 

T-Score 
 
-0.9 ± 0.86 

 
-1.2±  0.83 

 
0.06 (NS) 

 
          Values are expressed  as Mean±SD (P Value <0.05 is 
considered  statistically significant) 
          Among all( n=106 )females, women who attained   
menopause( N2=41), had mean BMD of 0.44 gm/cm2  and  
women who didn’t  attain menopause (N1=65) had mean  BMD 
of  0.48gm/cm2 (Fig 1).  Post menopausal women had 
significantly lower  BMD than  pre menopausal women. P <0.05 
(significant) 

          As shown in Fig 1,  premenopausal women  had mean T-
score of  -0.9 and post menopausal women had mean T- score of 
-1.2  proving increased risk  of fractures in postmenopausal 
women but not statistically significant. 
 P value 0.061 ( non significant) 
                 

                                      Positive screening  Tests 

P-dexa Osteopenia 53(50%) women 39(50%) men  

p-dexa Osteoporosis 24(25%) women 9(15%) men   

n = 173 
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III. DISCUSSION 

          In the present study, bone mineral density testing was done 
using peripheral (calcaneal) - DEXA scan to assess the strength 
of bones and the probability of fractures was assessed in persons 
at risk for osteoporosis using T- scores. 
          A  study by Ravn et al (1994)(3) confirmed that low BMI 
constitutes a potential risk factor for osteoporosis. Sharon et al 
observed that BMD was closely associated with increasing 
quantities of each weight measures (total weight, BMI, lean 
mass, fat mass) and percentage of fat mass than with other body 
size measures (waist hip ratio, height). Similarly our study 
showed that  obese women with high BMI are at lesser risk for 
osteoporosis as compared to lean women    
          Aoki T T et al (2000)(4), in his study on 625 
postmenopausal women showed that incidence of osteoporosis 
increases from 15.5% in women less than 50 years of age to 
59.6% in those older than 69 years of age.   Similar results were 
obtained in our studies as there is significant reduction in BMD 
in post menopausal women when compared to premenopausal 
women and hence significant increase in fracture risk in them. 
          B. Lawrence et al (1986)(5) concluded that  the rapid phase 
of bone loss in early postmenopausal women was caused mainly 
by loss of direct restraining effects of estrogen on bone cell 
activity, whereas the slow phases in late postmenopausal women 
and in aging men were mainly caused by loss of the calcium-
retaining effects of estrogen on the gut and the kidney. 
          Prominslow J H et al (2002)(6) observed a positive relation 
between high animal protein intake and increase in BMD. In our 
study people having mixed diet have more BMD compared to 
vegetarians.  Understanding that osteoporosis varies in various 
ethnic population, our data and that obtained by other Indian 

investigators (Pande KC, Johansen K B et al 2001)(7) revealed 
that Indian women have  5-15% lower bone mass compared to 
Caucasians. Such a variation also occurs among Asian women 
residing in America (Reddy PG, and Mithal et al (2002)(8). 
Studies in different ethnic populations reveal that individual 
population should use their own reference range T-scores to 
avoid misdiagnoses  of osteoporosis and osteopenia by DEXA.  
 Earlier studies done   by using DEXA had predicted that one in 
every eight men and one in every two women  over age 50 years 
will have osteoporosis related fractures in his or her life time ( 
Brunner L. C and Eshillion Ostes et al 2003)(9), which means 
women are 4 times at risk for fracture compared to men after 50 
years of age. According to our studies one in every six men and 
one in three women had osteoporosis related  risk of fractures. 
Shah Rashmi, Savardekar et al (2004)(10)  have shown that type I 
osteoporosis which occurs typically between 55-75 years of age 
and affects women more than men ratio being 6:1. In our study 
this ratio has reduced to 2:1 which can be attributed to 
prophylactic use of calcium and vit D tablets and increased  
health awareness in women of this particular georaphical area.  
          Earlier studies have concluded that normally bone mineral 
density is 10-15%  lesser in females when compared with males 
of similar age groups (Pacifici R et al 1987)(11). According to our 
study there is 2-4% decrease in bone mineral density in females 
when compared with BMD of males of same age group. 
 

IV. CONCLUSIONS 

           In summary, low BMD and low T- Score has been 
demonstrated in our study as an important predictor of future 
fracture risk both in men and women. Osteopenia patients can be 
treated prophylactically to prevent osteoporosis in  future. We 
have also evaluated from this study the potential  clinical risk 
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factors related to osteoporosis. We have witnessed the role of 
heel bone density scanners in identification of high risk 
individuals. This study also demonstrates the utility of p-DEXA 
in screening for osteopenia and osteoporosis due to its cost 
effectiveness, low X-ray dose, immediate results and no clothing 
restrictions. Other data support the accuracy and precision of this 
peripheral-DEXA machine. 
          Significant reduction in BMD was observed in elderly and 
in post menopausal women.  In hysterectomised women, there 
was reduction in BMD but not statistically significant.  BMD 
was  more in men compared to women, also in individuals 
having more than 50 kg weight, in exercising people and in 
nonvegetarians. Patients having bone related comlaints like body 
ache, weakness, leg pain  had less BMD. 
          Thus, identification of people at risk of osteoporosis by 
population based screening programmes and implementation of 
preventive strategies are the measures to improve health related 
quality of life and reduce the personal and economic burden of 
osteoporosis.     
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Abstract- Bayesian statistics is becoming an important statistical 
tool for practitioners to deal with analysis of complex data and 
complicated statistical models. The impact of Bayesian analysis 
in combination with Markov Chain Monte Carlo (MCMC) 
technology is realized optimally in the domain of applications. 
The ecological data could be a storehouse of natural history and 
experimental data is used to address hidden uncertainty. 
Bayesian inference could be the most straightforward and natural 
way of analyzing and interpreting the related ecological 
hypotheses. This study basically aims to exploit the inbuilt 
advantages of Bayesian approach in studying the prevalence of 
Meiofaunal population from the data collected at five different 
(Pulicat, Royapuram, Napier, Marina, Adyar) coastal areas of 
Chennai, India. 
 
Index Terms- Bayesian methods, MCMC, Meiofauna, 
Sparseness, WinBUGS 
 

I. INTRODUCTION 

tatistics has a significant and unique characteristic that has 
been influenced largely by many other sciences with which it 

could interact. The list of other faculties include an extensively 
large number of areas such as atmospheric, bio medical, 
economic sciences, ecological, educational, psychological, public 
health, market research and many more. Most or all these studies 
could provide an ample scope for statistical intervention or 
contribution with their objective and vast array of data in high 
dimensional or hierarchical methods.  
          The challenges in data analysis has also been faced and 
during these kind of interventions, yet the powerful advanced 
computational developments lead or assist statistics into a greater 
and broader purview of data modeling and effective and 
meaningful interpretations. It is also to point out that with a 
visible better growth in the communication between statistics and 
other disciplines of science, a scope in incorporate subject 
matter, experts’ opinion has been increased in many data 
analyses and model building. Piegorsch et al (1998) have 
observed this twin advantage as an upward spiral so that science 
and society could benefit with the interactions of disciplines. 
          Statistic in a wider perspective could be classified as long 
run frequentist and Bayesian paradigms. A lot of conceptual and 
computational difference exists between these two 
methodologies; however this work does not intend to compare or 
contrast the two procedures. The principle aim of the paper is to 
have a broader outline of three fold aspects; building the theory, 

computations and an application specifically to an ecological 
study. As recent decades could witness a surge in the application 
of Bayesian statistics and many researchers have pointed out the 
advantages from model formulation to interpretation of the 
results, this present work could be considered as another 
application of Bayesiansim to a more complicated study in that 
usual “log run” or “identical sample” assumptions might not hold 
apparently.  
          The paper has been organized as follows; section 2 lists 
recent and appropriate Bayesian literature pertains in particular to 
many ecological data. Section 3 covers a quick overview of 
conceptual and computational aspects of Bayesian statistics. The 
ecological data that has been considered for the present study is 
elaborated in section 4. An illustrative data analysis has been 
presented in section 5 and concluding remarks in section 6. 
 
 

II. BAYESIANS AT WORK 

          From the mid 20th century, with the availability of fast, 
accurate and affordable computing algorithms and machines, 
Bayesian approach could find a large scale applications in many 
fields from agriculture to business; medicine to social 
psychological studies; education to economics. However, this 
work aims in presenting a few yet more reasonable list of 
literature in environmental, ecological or generally bio scientific 
studies. Stephans et al (2006) have pointed out the way 
ecologists and evolutionary biologists who deal with high natural 
variability system and dependence of statistical procedure for 
their inference. 
          A chronological sequence of articles could provide many 
interesting applications of Bayesian methods ranging from 
parameter estimations to linear model to meta-analysis. As noted 
earlier. Piegorsch et al (1998) have discussed some selected 
applications of statistical theory to environmental sciences that 
include atmospheric pollution, mortality analysis, space-time 
modeling of acid rain, ecological monitoring and assessment and 
animal populations. Gurevitch and Hedges (1999) have 
elaborated the methods for the meta-analysis of ecological data 
that include fixed vs mixed models and regression-type analyses. 
In Qian et al (2000) have presented a non parametric Bayesian 
binary response model that could be applied to many applications 
such as a study on fish response to acid deposition in Adirondack 
lakes (USA).  
 

S 
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          Link et al (2002) have provided an introduction of Markov 
Chain Monte Carlo (MCMC) methods and have illustrated the 
use of MCMC with an analysis of the association between latent 
factors governing individual heterogeneity in breeding and 
survival rates of kittiwakes. A Bayesian regression model to 
calculate tracer clearance forma plasma time activity curve has 
been fitted in Russell et al (2002). This study has made a strong 
reason for shifting to Bayesian analysis form the traditional 
methods. A similar modeling problem but with Poisson 
regression with fire factors as a Bayesian hierarchical method has 
been discussed in Hoef and Frost (2003).  
          This kind of analysis could also be observed in Boventy et 
al (2003) related to the study of abundance of harbor seals in the 
Gulf of Alaska. Jonsen et al (2003) have pointed out the 
advantages of Bayesian frame work that could allow to 
incorporate important prior information in a meta-analysis 
related work. This study also addresses the advantages of 
Bayesian methods for animal movement using state space 
models. Population viability analysis (PVA), commonly used 
tool in conservation biology and Maunder (2004) has viewed that 
Bayesian analysis could be considered as a traditional PVA for 
which model parameters are generated with data outside the 
population dynamics model.  
          On the other hand Lin et al (2004) have observed that 
Bayesian statistical analysis could be the one of the advanced 
modeling approaches recommended by Risk Assessment 
Guidance for super fund in providing a more comprehensive 
analysis. A Bayesian hierarchical model has been used to obtain 
posterior parameter estimates from a food web bioaccumulation 
model with an inclusion of rich literature survey in Watanabe et 
al (2005). A Bayesian treatment with expert opinion as a prior for 
assessing the impacts of grazing levels on bird density has been 
discussed in Kuhnert et al (2005). The experience of 20 experts 
in the field of bird responses to disturbances has been discussed 
with a high frequency of zeros in the data using winBUGS 
(Spiegelhalter et al, 2003), popular Bayesian software; similar 
work on animal abundance and occurrence of species that yield 
sparse counts could be found in Royle and Dorazio (2006).  
          Further, Lele et al (2007) have used the Bayesian frame 
work while proposing a new statistical computing method, called 
data cloning and have advocated that Bayesian methods could 
provide reasonable solutions to difficult problems for which 
maximum likelihood procedures have been impracticable. A 
baseline for concepts, notation and method on hierarchcal 
modeling has been discussed in Cressie et al (2009). Recently, 
Hector et al (2011) have assessed the relative importance of 
species richness and composition using a multilevel model and 
have introduced graphical Bayesian ANOVA. 
          However, two articles by Ellison (1996 and 2004) have 
discussed the use and application of Bayesian inference in 
ecology. Ellison (1996) has an indication that ecological 
experiments are rarely repeated independently and compared 
some fundamental differences between frequentist and Bayesian 
statistical inference models. In addition to this Ellison (2004) has 
pointed out that Bayes’ theorem is an iterative process in that an 
investigator might start with little or information with which to 
construct the prior, but the posterior derived hence could then be 
used as a prior for the next experiment. Ellison (2004) and 
selected references therein have highlighted the iterative nature 

of Bayesian inference in the successful implementation of many 
studies. These strong and a long journey of Bayesian work in 
ecological studies provide a scope to refresh a quicker Bayesian 
statistical tour to understand and appreciate the underlying 
procedures. 
 

III. BAYESIAN INFERENCE  

          A statistical model consists of the observation of a random 
variable x, distributed according to f(x/θ), where the parameter θ 
is unknown and belongs to a space Θ of finite dimension. The 
purpose of the statistical analysis is to draw inference on the 
parameter θ, using the observation x to accrue the knowledge on 
the parameter and help in the decision making process, like 
estimating a function of θ. 
          The uncertainty on the parameter θ of a model could be 
modeled through a probability distribution π, called prior 
distribution. The inference is then based on the distribution of θ 
conditional on x, p(θ/x) called posterior distribution obtained 
using Bayes’ theorem. However, p(θ/x) is actually proportional 
to the distribution of x conditionally on θ, that is, the likelihood 
multiplied by the prior distribution of θ. Hence, the mechanism 
of the Bayesian approach to make inference consists of three 
basic steps; (i) assign priors to all unknown parameters, (ii) 
define the likelihood of the data given the parameters and (iii) 
determine the posterior distribution of the parameters given the 
data using Bayes' theorem. 
          The ability to include prior information in the model is not 
only an attractive pragmatic feature of the Bayesian approach 
and is theoretically vital for a guaranteed coherent inference. The 
way of expressing the beliefs about θ is by taking into accounts 
both prior beliefs and the data. Though the prior beliefs may 
differ, there may be a common agreement on the way in which 
the data are related to θ. The key issues in setting up a prior 
distribution are the necessary information going into the prior 
distribution and the resulting properties of the posterior 
distribution. 
          Most of the theoretical work on prior distribution has been 
on determining the conditions that needs to be satisfied by the 
prior and data distributions so that the posterior distribution is 
well behaved. Conversely one might seek to avoid theoretical 
considerations entirely and simply pick a ‘subjective’ prior 
distribution that best represents ones scientific knowledge about 
the set of uncertain parameters in the problem. In practice, 
however, subjective knowledge is hard to specify precisely, and 
so it is important to study the sensitivity of posterior inference. 
          The posterior probability distribution contains all the 
current information about the parameter θ; ideally one might 
report the entire posterior distribution, a graphical display is 
useful. In practice, interest lies in simulating draws from the 
posterior distribution of the model parameters of unknown 
observations. The desirable numerical summaries of the 
distribution include; summaries of location such as mean, median 
and mode(s); variation is commonly summarized by the standard 
deviation, the inter quartile range, and other quantiles. In addition 
to point summaries it is also important to report the posterior 
uncertainty. Usual approach is to present quantiles of the 
posterior distribution of parameters of interest or, an interval 
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summary of posterior probability such as highest posterior 
density or central Posterior Intervals (PI).  
          However, practical problems in statistics include several 
parameters of interest and conclusions will often be drawn on 
one or more parameters at a time. In particular, Bayesian 
analyses for complicated models can be carried out on a fixed 
data set relatively simple using Monte Carlo methods to simulate 
posterior distributions. Monte Carlo methods allow exploring a 
great variety of models with relative ease, and thus it is possible 
to pursue the scientific goals of marching models to data more 
effectively and with less algebraic digression.  MCMC is 
essentially Monte Carlo integration using Markov chains which 
provides enormous scope for realistic statistical modeling 
through a unifying framework within which many complex 
problems can be analyzed using generic software. The inference 
and efficiency in the output analysis of MCMC is to improve 
monitoring and inference through more effective use of the 
information in the Markov chain simulation.  
          The Gibbs sampler, one of MCMC tools, is a technique for 
generating random variables from a marginal distribution 
indirectly without having to calculate the density. Due to its 
relative ease of implementation and direct applicability to a wide 
range of commonly encountered problems, most reported 
applications of MCMC methods in Bayesian statistics have 
focused on the Gibbs sampler. Further details on Bayesian 
philosophy, theory, computations could be accessed from a great 
and extensive Bayesian literature, a limited yet essentially 
important list would include, Berger J (2006), Carlin and Chib  
(1995), Casella and Berger (2002), Casella  and George  (1992), 
Chib and Greenberg (1995), Gelman (1996), Gelman et al 
(1995), Goldstein (2006), Kerman and Gelman (2006), Robert 
and Casella (2004a), Robert and Casella G (2004b), and Smith 
and Roberts (1993).  
 

IV. ECOLOGICAL DATA  

          The present study focuses on meiofauna and the related 
data (Altaf et al, 2004)  that has been conducted on five selected 
intertidal sandy beaches along the coast of Chennai, India. These 
stations are located within a distance of about 60 km. All the 
stations are exposed, unvegetated sandy beaches with variations 
in the rate of exposure, slopeness and width of the intertidal 
region. The width of the intertidal region was generally 
maximum during summer and minimum during winter. Though 
the human disturbances in the form of tourists are common in all 
these stations, the rate of their disturbance and the level of 
pollution vary. 
          Meiobenthic samples were collected randomly from the 
mid-tidal level of the intertidal zone during low tide and high 
tide. The partition corer was used for the collection. The samples 
were collected upto 20 cm depth and divided into four divisions 
(0-5cm, 5-10cm 10-15 and 15-20cm) each of this division was 
kept separately in a container and fixed immediately with 5% 
Rose Bengal (0.5 g/l) formalin. Following table provides the 
overall summary of data collection methodology. 
 
 
 

Description Variable Name Number of 
variables 

Taxa T1 to T26 26 

Place P1 TO P5 5 

Tide level L AND H 2 

Sample Frequency S1 TO S25 25 

Measurement 
Division 

L1 TO L4 and H1 
TO H4 

8 

Measurement 
Frequency 

M1 TO M3 3 

 
          In the laboratory, fixed meiofaunal samples were separated 
by decantation method by passing the supernatant through 
1000µm and 62µm sieves. The separated fauna was immediately 
preserved in 5% Rose Bengal formalin. Since fixation and 
preservation distorts the soft meiofaunal taxa (ciliates, 
turbellarians, gastrotrichs, gastropods and holothurians) they 
were isolated alive by elutriation method.  
          In elutriation method, the live meiofaunal samples were 
narcotized in 6% Magnesium Chloride (MgCl2) and the sample 
was placed in the separating funnel of the elutriation set-up and a 
jet of water was allowed to pass through this funnel. The fauna 
separated from this funnel was allowed to pass through 1000µm 
and 62µm sieves. These animals were immediately identified in 
living condition under different magnifications of compound 
microscope. The major and minor meiofaunal taxa were 
identified following Higgins and Thiel (1988). The meiofauna 
separated by decantation method were enumerated in Sedgwick-
rafter counting chamber. Density and vertical distribution of the 
meiofauna was expressed as mean ± SE (standard error of mean) 
of number of individuals /10cm2. The pooled up mean values of 
0-5cm, 5-10cm, 10-15cm and 15-20cm were considered as total 
density. Univariates were calculated based on the total density. 
Based on these values, prevalence, percentage of diversity and 
percentage composition were calculated. The entirety of the data 
collection based on various design and study aspects could be 
observed from a pictorial form depicted in Figure 2. 
 
 

V. ILLUSTRATIVE DATA ANALYSIS  

          A pervasive feature of ecological data sets include 
estimating binary presence or absence of a specific species over a 
large population; however such data sets might have a tendency 
to contain many zeros (Martin et al, 2005). The meiofauna data 
elaborated in Section 4 also possess many zeros that could be 
sampling zeros rather than structural zeros in that sites having no 
organisms present due to some ecological effects. Though, the 
entire study encompasses zero-inflated issues, site specific 
analyses and more, this illustration confines to a specific station, 
Pulicat and proportion of zeros in low tide has been presented in 
Figure 1. This exemplifies the presence of zeros across the 
sampling counts of all taxa in Pulicat where the proportion of 
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zeros varies between 40% and 80% and similar pattern could be 
observed in all other places. 
 

 
Figure 1: Proportion for presence of zeros in the data 

collected at Pulicat during low tide. 
 
          Also, if the sample counts are sampling zeros, it might not 
be sensible to use 0.0 as the “best” estimate of a probability 
(Agresti, 1990), Bayesian procedure provides a more appealing 
way of smoothing these zeros with an appropriate prior inclusion 
in the analysis; following is a simple WinBUGS code for 
estimating proportion using a simple non-informative prior 
whereas Kamal et al (2011) have attempted a species specific 
analysis with experts’ opinion as informative prior. 
 
MODEL 
{ 
for ( i in 1:k) 
{ 
x[i] ~ dbin(p[i], n)  #Binomial Likelihood  
p[i] ~ dbeta(1, 1)    #Non-informative prior for proportion U(0,1) 
} 
} 
 
          A partial list of the entire 25 results from this analysis has 
been presented in Table 1. It could be observed that Bayesian 
procedure provides an easier as well as a better way of 
smoothing zeros present in the data set. Also, a range of 
proportion for the presence of each taxa could be estimated that 
vary over a tidal criterion; analysis records a proportion of as low 
as 0.1% to a maximum of 27.7% as an overall value. However, 
individual proportions for the respective taxa could be 
comparable in a similar way to understand the nature of presence 
more specifically; for example, Harpacticoids records the highest 
among all as 16.9% to 27.7% and Collembolans, Nermertines. 
Halacarids, Bivalves, Insects, Rotifers, and Cladocerans share the 
least value status as 0.01% to 0.02%. Further, it could be 
observed from Table 1 that the standard deviations (sd) 
associated with point estimate (mean) do not vary with 
alarmingly high values; and the variation would reflect in the 

lower and upper limit of 95% confidence interval presented in 
Table 1 as 0.025 and 0.975 percentiles of MCMC output. 
 

VI. CONCLUSION 

          Bayesian inference has been accepted as a more flexible 
and pragmatic statistical principle among ecologists for 
estimating parameters of interest and expressing the degree of 
confidence or uncertainty in those estimates (Ellison, 2004). The 
platform provides a better methodology to realize and work on 
the challenges that prevail between statistical and subject matter 
readers.  As observed in Piegorsch et al (1998) “the resulting 
quantitative methodology will best represent good statistics, good 
science, and good public policy”. 
          The Bayes estimation of proportions seems to possess 
certain inherent properties, a better approach for estimating the 
summary measures that are widely used in practice.  Further, 
irrespective of the choice of flat or informative priors, the 
approach of smoothing cells through Bayesian approach yield 
considerably valuable information about the parameter of 
interest, especially in a sparse data.  In conclusion, the Bayes 
approach offers a language and tool set for studying most of the 
uncertainties in complicated problems, and therefore provides a 
better method for analyzing uncertainty in real world problems. 
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APPENDIX 

Table1: Point and Interval estimation for the proportions of each taxa from the samples of Pulicat based on four low tide period 

Taxa 
Low 1 Low 2 Low 3 Low 4 

mean sd 0.025 0.975 mean sd 0.025 0.975 mean sd 0.025 0.975 mean sd 0.025 0.975 

Foramineferans 0.032 0.008 0.019 0.049 0.030 0.007 0.018 0.045 0.001 0.001 0.000 0.005 0.071 0.012 0.050 0.095 
Cnidarians 0.032 0.008 0.019 0.049 0.030 0.007 0.018 0.044 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.008 
Turbellarians 0.154 0.015 0.125 0.185 0.141 0.014 0.114 0.170 0.107 0.011 0.087 0.130 0.105 0.014 0.080 0.134 
Nematodes 0.032 0.008 0.019 0.049 0.030 0.007 0.018 0.045 0.065 0.009 0.049 0.083 0.071 0.012 0.050 0.095 
Gastrotrichs 0.063 0.010 0.044 0.085 0.057 0.010 0.040 0.078 0.044 0.007 0.031 0.059 0.036 0.009 0.021 0.055 
Kinorhynchs 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.007 
Polychaetes 0.124 0.014 0.097 0.153 0.113 0.013 0.089 0.140 0.108 0.011 0.087 0.130 0.277 0.020 0.238 0.317 
Archiannelids 0.215 0.018 0.182 0.250 0.197 0.016 0.166 0.230 0.086 0.010 0.068 0.107 0.071 0.012 0.050 0.095 
Oligochaetes 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.008 
Harpacticoids 0.185 0.017 0.153 0.218 0.169 0.015 0.140 0.200 0.277 0.016 0.246 0.309 0.174 0.017 0.142 0.209 
C & N 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.008 
Ostracods 0.032 0.008 0.019 0.048 0.030 0.007 0.018 0.045 0.044 0.007 0.030 0.059 0.002 0.002 0.000 0.008 
Isopods 0.032 0.008 0.019 0.049 0.030 0.007 0.018 0.045 0.023 0.005 0.013 0.034 0.036 0.008 0.022 0.055 
Collembolans 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.008 
Ciliates 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.008 
Nermertines 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.008 
Gnathostomolids 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.007 
Cyclopoids 0.032 0.008 0.019 0.049 0.030 0.007 0.017 0.045 0.022 0.005 0.013 0.034 0.071 0.012 0.050 0.095 
Halacarids 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.008 
Gastropods 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.022 0.005 0.013 0.034 0.036 0.008 0.022 0.055 
Bivalves 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.008 
Holothurians 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.036 0.008 0.022 0.055 
Insects 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.007 
Rotifers 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.008 
Cladocerans 0.002 0.002 0.000 0.007 0.002 0.002 0.000 0.006 0.001 0.001 0.000 0.005 0.002 0.002 0.000 0.008 
Eggs & Others 0.093 0.012 0.070 0.120 0.085 0.011 0.064 0.109 0.214 0.015 0.186 0.243 0.036 0.008 0.022 0.055 
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Figure2: Schematic diagram of sampling procedure adopted in the meioufauna study conducted at five places along Chennai coastal area
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Abstract- This paper provides the channel parameter estimation 
and bit error rate performance for multiple-input multiple-output 
(MIMO) orthogonal frequency division multiplexing (OFDM) 
system in new transmission scheme. Channel estimation 
parameter and bit error rate calculation for 2 x 2 MIMO OFDM 
system is performed. This new transmission scheme is used in 
symmetric channels such as the link between two transmit 
antennas and two receive antennas in the system. Channel 
parameters are estimated with the help of pilot data. These are 
send by the receiver to the transmitter. The proposed 2 x 2 
MIMO channel model provides good performance compared to 
conventional MIMO OFDM system model. Mat lab software is 
used to simulate the results in this paper. 
 

I. INTRODUCTION 

igh data rate wireless communication links with 
transmission rates nearing 1 Gigabit/second , in which 

channel capacity is achieved[1]. MIMO OFDM system model 
provides high speed links that offer good quality of service , this 
will minimize the probability of error. Real life issues are 
minimize complexity and cost of implementation of proposed 
system, minimize the transmission power required and 
bandwidth used. MIMO is known to boost channel capacity[2]. 
OFDM system is band width efficient, robust to multipath fading 
, easy to implement by using IFFT /FFT algorithm and flexible in 
resource allocation. It converts a frequency selective channel into 
a parallel collection of frequency flat sub channels[3]. It 
improves multipath fading issues. It reduces the effect of inter 
symbol interference. 
 
In OFDM system, transmitter side initially the high serial data 
rate input with sampling time Ts is modulated using any digital 
modulation techniques to give digital symbols. Next the 
modulated serial data is converted to low rate parallel data stream 
using serial to parallel converter. Due to this parallel conversion, 
the effective symbol duration is increased to T= MTs. To 
mitigate the effect of ISI , cyclic prefix is used. 
          In Channel the transmitted signal x(t) travels though 
wireless channel through multipath in various types of 
environments (indoor, outdoor , static and mobile)thus the signal 
y(t) undergo distortion, scattering, reflection and addition of 
noise. These phenomenon ultimately characterizes the channel 
mathematically in terms of delay spread and fading coefficients 
of the channel which are treated as random variables. 
          In receiver side cyclic prefix is carried out from the 
received signal first. After CP removal the signal is demodulated 
using FFT, which converts the time domain signal to frequency 
domain signal. MIMO encoding, such as Alamouti Space 
Time Block coding (STBC), the Vertical Bell-Labs layered 

Space Time Block code (VBLASTSTBC), and Space-Time 
Trellis Code ( STTC)[4] 
          In this paper, channel parameter estimation and bit error 
rate performance of MIMO OFDM systems is proposed. The no 
of receiving antennas increases, bit error rate will be reduces 
significantly for the symmetric channel. The principal of this 
paper is based on channel coding which make use of the 
estimated channel parameters extracted from a pilot signal 
transmitted by the destination receiver.  
          The paper is described as follows. In section II, the 
conventional MIMO-OFDM system is described. In section III, 
the new transmission model is presented. In section IV, the 
channel matrix and bit error rate performances of the proposed 
transmission scheme are analyzed via simulations, and a 
comparative study with the conventional MIMO-OFDM system 
using space time trellis code (STTC) encoder is also described. 
Finally, conclusions are drawn in section V. 
 

II. CONVENTIONAL MIMO-OFDM SYSTEM 

          The conventional MIMO-OFDM system is shown in figure 
1. The proposed system consists of 2 transmit and 2 receive 
antennas. In transmitter side initially maps the sequence of bits in 
each spatial stream to constellation points. Then it is encoded in 
to digital form. A pilot sequence is inserted and used for the 
channel estimation. Then, a cyclic prefix is inserted in front of 
the OFDM symbol at the last step of OFDM modulation block. 
The time length of the cyclic prefix should be greater than the 
maximum delay spread of the channel[5]. The purpose of adding 
cyclic prefix is to guard the OFDM symbol against Inter Symbol 
Interference (ISI), hence, this cyclic prefix is called the guard 
interval of the OFDM symbols. The MIMO coding can use 
several encoders such as STBC, STTC coding. In this paper, the 
conventional MIMO-OFDM system is implemented using STTC 
with two transmit and two receive antennas[6]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.Conventional MIMO-OFDM system model 

H
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III. NEW TRANSMISSION MODEL 

          The new transmission model is suitable for symmetric 
channels, such as the transmission between two transmit 
antennas and two receive antennas. The proposed MIMO-OFDM 
model is shown in the following figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Proposed MIMO-OFDM system model for 
symmetric channel. 

 
          In  this  new  MIMO-OFDM  model,  the  channel   
parameters  are  estimated  from  a  pilot  data transmitted by the 
receiver side[7]. These estimated parameters are used by a 
special channel coding block to adapt the transmitter signal to the 
diverse channel impairments and variations[8]. To reduce the 
system complexity we have removed the pilot insert, the pilot 
extraction, the MIMO encoder and the MIMO  decoder  from the 
conventional  MIMO-OFDM  scheme[9].  The channel  coding  
is based on the channel parameters , this channel in our case is 
between two transmit antennas and two receive antennas, and it 
can be modeled as shown in the figure 2. First, the receiver send 
a pilot signal to the transmitter, which can expressed as follows : 
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Figure 3. 2 x 2 channel model 
 

Where: 
 

pX1  and 
pX 2  are the orthogonal transmitted pilot signals from 

the transmit antenna TX1 and TX2 respectively. 
 

pY1 and 
pY2  are the received pilot signals on the receive antenna 

RX1 and RX2 respectively. 
 

2
1Y  and  

2
2Y  are  the  received  information  at  time  slot 2 on  

receive antenna RX1 and RX2 respectively. 
 
 
Hij is the channel from j

th
 transmit antenna TXj to i

th  receive 
antenna RXi  with i and j ε {1,2}.    
 

pN1 and
pN2  are the noise components on receive antenna RX1 

and RX2 respectively. 
 

2
1N and

2
2N are the noise at time slot 2 on the receive antenna 

RX1 and RX2 respectively. 
 

          Let us also define the pilot received signal 
p

Y the matrix 

channel H the pilot transmitted signal
pX and the noise vector 

pN as follows respectively. 
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          By using the above notations, equation (1) can be rewritten 
as 
 

                           
ppp

NXHY +′= .                 (2) 
 

          Using the transmitted pilot signal 
pX and the received 

pilot signal 
pY , the channel parameters are estimated as 

following 
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          The term 0. 12 =pp XX  because  the pilots  
pX 2  and 

pX1  
are chosen  to be  orthogonal signals.  
 

          In addition, if  the  pilot  signal  power is  

2

1
p

X
>> 1 

then                               
 

                      1111 H    Ĥ ≈                                            (4) 
 
          Similarly, all channel parameters Hij can be easily 
deducted 
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2

2 22 22
p

Xif
                      (7) 

 
          By combining results obtained from equations (3), (5), (6) 
and (7), a more compact expression can be easily written 
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          Moreover, equation (9) can be further  simplified and 
rewritten as follows. 
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          Finally, the channel can be easily estimated using the 
following expression 
 

             ( )′′′=  )( .  .Ĥ  
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          Consequently, the channel  coding principal  can be easily 
implemented  by just multiplying  the original transmitted signal 
with the inverse of the estimated channel to extract the coded 
signal Xc  given by 
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          The received signal of the second time slot is given by the 
following equation (17) 
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          The advantage of this channel coding is that there is no 
need to perform the channel estimation and MIMO  encoding  at  
the  receiver,  because  going  through  the  channel  the  received  
signal becomes 
 

NXXH
c +=+=  .Ĥ H.  N   .Y -1

  
  

N  ˆ Y +≈=⇔ XX                                 (20) 
 
          So  we  can  directly  demodulate  the  received  signal to  
find  the  estimation  of  the  original transmitted symbol . 
 

IV. SIMULATION RESULTS 

          The new transmission  MIMO-OFDM system is simulated 
using parameters shown in Table 1. These parameters are based 
on transmission between two transmit and two receive antennas. 
 

Table 1. Simulation Parameters 
 

Parameters Specifications 
System 2x2 MIMO-OFDM 
No of Subcarrier 64 
Modulation QAM 
Delay Spread 15 
Size of DFT/IDFT 64 

MIMO encoder  STTC (2Tx 2Rx) 
 
           In this paper we are interested in comparing the proposed 
scheme with the conventional MIMO- OFDM system in the case 
of symmetric channel based on STTC coding [10]. This 
simulation considers the transmission between two transmit and 
receive antennas . The channel parameters are used for the 
channel coding in the new transmission scheme[11]. 
          Figure 4 shows the variation of BER as a function of SNR. 
This system has better performances than the conventional 
MIMO-OFDM system. Besides the performance of this scheme, 
its complexity is low and there are no needs of complicate 
MIMO encoder or channel estimation at the receiver side. In 
addition, to the simplification of the conventional MIMO-OFDM 
system, bandwidth efficiency can be highly increased. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Bit  Error  R ate  as  function of Signal to Noise 
Ratio 

          Table 2 shows the values   of BER corresponding SNR 
The proposed scheme has better performances than the 
conventional MIMO-OFDM system when the number of 
antennas increases.   
 
Table 2 . SNR Vs BER values  for  MIMO  OFDM System 
 

Eb
/ 
N
o 

BER 
1Tx 1Rx 1Tx 2Rx 2Tx 1Rx 2Tx  2Rx 

0 0.1464 0.0581 0.1151 0.0759 
2 0.1085 0.0328 0.0748 0.0348 
4 0.0771 0.0169 0.0442 0.0146 
6 0.0530 0.0081 0.0239 0.0064 
8 0.0355 0.0037 0.0119 0.0028 
10 0.0233 0.0016 0.0055 0.0011 
12 0.0151 6.74e-4 0.0024 4.3799 e-4 
14 0.0097 2.7843e-4 0.0010 1.8634e-4 
16 0.0062 1.1351e-4 4.3606e-4 7.5599e-5 
18 0.0039 4.587e-5 1.7884e-4 2.936e-5 
20 0.0025 1.8442e-5 7.2564e-5 1.1225e-5 
22 0.0016 7.3867e-6 2.924e-5 4.7282e-6 
24 9.9231e-4 2.9521e-6 1.1731e-5 1.8987e-6 
26 6.2679e-4 1.1781e-6 4.6928e-6 7.4031e-7 
28 3.9575e-4 4.6974e-7 1.874e-6 2.953e-7 
30 2.4981e-4 1.8719e-7 7.4757e-7 1.1871e-7 
32 1.5766e-4 7.4567e-8 2.9795e-7 4.9188e-8 
34 9.9497e-5 2.9697e-8 1.1871e-7 1.9007e-8 

 
Table 3   shows the channel parameter values  for 2x2 

channel model for only five subcarriers. 
 

Table 3 . Channel Matrix of  2 x 2 Channel  Model 
 

H11 H12 H21 H22 
2.0195+0.0
…. 

2.0195+0.
0…. 

2.0195+0.
0…. 

2.0195+0.0
…. 

1.9617+0.2
…. 

1.9617+0.
2…. 

1.9617+0.
2…. 

1.9617+0.2
…. 

1.8093+0.5
…. 

1.8093+0.
5…. 

1.8093+0.
5…. 

1.8093+0.5
…. 

1.6111+0.6
…. 

1.6111+0.
6…. 

1.6111+0.
6…. 

1.6111+0.6
…. 

1.4134+0.7
…. 

1.4134+0.
7…. 

1.4134+0.
7…. 

1.4134+0.7
…. 

 

V. CONCLUSION 

          This paper provides channel parameter estimation and bit 
error rate performance for multiple-input multiple-output 
(MIMO) orthogonal frequency division multiplexing (OFDM) 
systems in new transmission scheme. This system is based on 
channel coding using estimated channel parameters from a 
transmitted pilot data at the receiver end. Simulation results 
confirm the high performance and the low complexity of the 
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proposed transmission scheme when compared to the 
conventional MIMO OFDM system using STTC Coding. 
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Abstract- Cloud computing is a technology that uses the internet 
and the central servers to maintain data and resources.Cloud 
computing allows consumers and businesses to use the 
applications without installing and access their personal files at 
any computer with the help of internet. The users request for 
available services according to their desired Quality of Service, 
and they are charged on a pay-per-use basis. One of the most 
challenging problems in Cloud computing is the workflow 
scheduling the problem of satisfying the Quality of Service of the 
users as well as minimizing the cost of workflows executions. 
Workflow scheduling is one of the major issue in  cloud 
computing environment . This paper surveyed different types of 
scheduling algorithms and compare their various parameters. 
Existing workflow algorithms does not consider the execution 
time. Therefore there is a need to implement a new  scheduling 
algorithm that can minimize the execution time in cloud 
environment. 
 
Index Terms- Cloud computing, Workflow scheduling, SaaS, 
Workflow management, Qos scheduling. 
 

I. INTRODUCTION 

Cloud is a type of parallel and distributed system consisting 
of a collection of interconnected and virtualized computers 

that are dynamically provisioned and represented as one or more 
unified computing resources based on service level agreements 
established through the negotiation between the service providers 
and consumers. Cloud computing is a term that involves 
delivering hosted services over the Internet.  
          By using the virtualization concept, cloud computing can 
also support heterogeneous resources and flexibility is achieved. 
Another important advantage of cloud computing is its 
scalability. Cloud computing has been under  growing spotlight 
as a possible solution for providing a flexible on demand 
computing infrastructure for a number of applications. All these 
factors increased the popularity of cloud computing The services 
are broadly divided into three categories Infrastructure-as-a-
Service (IaaS), Platform-as-a-Service (PaaS) and Software-as-a-
Service (SaaS). 
          Workflows constitute a common model for describing a 
wide range of scientific applications in distributed systems. 
Workflow is described by a Directed Acyclic Graph (DAG) in 
which each computational task is represented by a node, and 
control dependency between tasks is represented by a directed 
edge between the corresponding nodes. Workflow scheduling is 
the problem of mapping each task to appropriate resource and 

allowing the tasks to satisfy some performance criterion. 
Workflow is processes that consist of a series of steps which 
simplifies the complexity of executions and management of 
applications. 
          The objective of this paper is to focus mainly on various 
workflow scheduling algorithms. The remainder of the paper is 
organized like this. Section II presents the key concepts of this 
paper. Section III presents existing workflow scheduling 
algorithms and section V concludes the paper with summary. 
 

I. KEY CONCEPTS 
 The main concepts dealing in this paper are cloud computing 
and workflow scheduling. Cloud computing is a  term that 
involves delivering hosted services over the Internet. Workflow 
scheduling is the problem of mapping each task to appropriate 
resource allowing the tasks to satisfy some performance 
criterion. Workflows are supported by Workflow Management 
Systems. Workflow scheduling discovers resources and allocates 
tasks on suitable resources. Software as a service (SaaS), 
sometimes referred to as on-demand software, is a software 
delivery model in which software and associated data are 
centrally hosted on the cloud. SaaS is typically accessed by end 
users, via a web browser .Qos is associated with end users and 
providers. 
A. Cloud computing 

A cloud is a type of parallel and distributed system 
consisting of a collection of interconnected and virtualized 
computers that are dynamically provisioned and represented as 
one or more unified computing resources based on service level 
agreements established through negotiation between the service 
providers and consumers.  According to the type of services 
provided cloud computing is classified into three. They are called 
as service models. Software as a Service (SaaS), Platform as a 
Service (PaaS), and Infrastructure as aService (IaaS) are the 
service models. IaaS Clouds, like Amazon, provide virtualized 
hardware and storage on top of which the users can deploy their 
own applications and services. PaaS Clouds, like Microsoft 
Azure, provide an application development environment in 
which the users can implement and run applications on the 
Cloud. According SaaS cloud there are two types of Cloud, 
which deliver software applications to the users. The first group 
offers an entire application as a service to the end users, which 
can be used without any changes or customization. Examples of 
these Clouds are Google office automation service like Google 
Document or Google Calendar. The second group provides 
rudimentary web services to the users (known as on-demand web 
services), which can be used to build more complex applications.  

A
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    Clouds are deployed in four ways. They are community 
cloud, public cloud, private cloud and hybrid cloud .In 
community cloud type the resources are shared between 
organizations. Community clouds are mainly benefited by 
Government, banks etc.Public cloud provide applications, 
storage, and  resources available to the general public by using a 
service provider. These services are free or on a pay-per-use 
model. Generally, public cloud service providers like Microsoft 
and Google owns and operates the infrastructure and offer access 
only via Internet.Hybrid cloud is a composition of two or more 
clouds i.e (private, community or public)  Hybrid clouds lack the 
flexibility, security in applications. Private cloud is mainly 
operated for single organization,and managed by internally or by 
a third party that hosted  either internally or externally. 

 
B. Workflow scheduling 

     Workflow scheduling is the problem of mapping each 
task to appropriate resource and allowing the tasks  to satisfy 
some performance criterion. A workflow consists of a sequence 
of concatenated (connected) steps. Workflow mainly focused 
with the automation of procedures and also in order to achieve a 
overall goal thereby files and data are passed between 
participants according to a defined set of rules. A workflow 
enables the structuring of applications in a directed acyclic 
graph form where each node represents  
 
the task and edges represent the dependencies between the 
nodes of the applications .A single workflow consists of a set of 
tasks and each task communicate with  another task in the 
workflow. Workflows are supported by Workflow Management 
Systems.  Workflow scheduling discovers resources and 
allocates tasks on suitable resources. Workflow scheduling 
plays a vital role in the workflow management. Proper 
scheduling of workflow can have an efficient  impact on the 
performance of the system .For proper scheduling in workflows 
various scheduling algorithms are used. 

 
II. EXISTING WORKFLOW SCHEDULING 

ALGORITHM 
The following workflow scheduling algorithms are         

currently present in clouds and these algorithms are 
summarized         .  

1. A Particle Swarm Optimization based Heuristic for 
Scheduling Workflow Applications: Pandey, LinlinWu, 
Guru, Rajkumar Buyya presented a particle swarm 
optimization (PSO) based heuristic to schedule the  

applications to cloud resources that takes both 
computation and data transmission cost. It is used for 
workflow applications by varying its computation and 
communication costs. The evaluation results shows that 
PSO can minimize the cost and good distribution of 
workload onto resources.  

2. Meng Xu, Lizhen Cui, Haiyang Wang, Yanbing Bi  
worked on multiple workflows and multiple QoS.They 
implemented a strategy  for multiple workflow 
management system with multiple Quality of Service. 
The access rate for scheduling is increased by using this 
strategy. This strategy minimizes the make span and 
cost of workflows .  

3. Heterogeneous Earliest Finish Time algorithm (HEFT): 
Topcuoglu et. al,  presented the HEFT algorithm. This 
algorithm finds the average execution time of each task 
and also the average communication time between the 
resources of two  tasks. Then tasks in the workflow are 
ordered on a rank function. Then the task with higher 
rank value is given higher priority. In the resource 
selection phase tasks are scheduled in priorities and 
each task is assigned to the resource that  complete the 
task at the earliest time.  

4. Market-Oriented-Hierarchical Scheduling: Salehi, M.A. 
and Buyya, R. proposed a market oriented hierarchical 
scheduling strategy which consists of both service level 
scheduling and tasklevel scheduling. The service level 
scheduling deals with the Task to Service assignment 
and the task level scheduling deals with the optimization 
of the Task to Virtual Machine assignment in local 
cloud data centers.  

5. Cost based scheduling of scientific workflow 
applications on utility grids: Yu, J., Buyya, R. and 
Tham, C.K. proposed a cost based workflow scheduling 
algorithm  minimizes the execution cost while meeting 
the deadline for delivering results.It can also  adapt to 
the dealys  of service executions by rescheduling 
unexecuted tasks. 

6. Scheduling workflows with budget constraints: 
Sakellariou, R., Zhao, H., Tsiakkouri, E. and Dikaiakos, 
M.D proposed a basic model for workflow applications 
that modelled as directed acyclic graph(DAGs) and  that 
allow to schedule the nodes of DAG onto resources in a 
way that satisfies a budget constraint and is optimized 
for overall time. 

 
 

Table 1 
Existing Workflow Scheduling Algorithms 

 
Scheduling 
algorithm 

Scheduling 
parameters 

Scheduling 
factors 

Findings Environment Tools 

A particle 
swarm 
optimization-
based 
heuristic[1]  

Resource utilization 
time 

Group of tasks  Good 
distribution of 
workload onto 
resources. 
Cost savings.  

Cloud 
environment 

Amazon EC2 

HEFT 
workflow 

Make span Highest upward 
rank 

Reduce make 
span in a DAG . 

Grid environment Grid sim 
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scheduling 
algorithm[3] 
Multiple Qos 
constrained 
scheduling 
strategy for 
multi-
workflows[2] 

Successrate,cost,time,m
akespan 

Multiple 
workflows 

Schedule the 
workflow 
dynamically. 
Minimize the 
execution time 
and cost. 

Cloud 
environment 

Cloud sim 

Market 
oriented 
hierarchial 
strategy[4] 

Cost,cpu time Service and 
task level 
scheduling 

Running cost is 
minimized. 
Optimize both 
cost and cpu time  

Cloud 
environment  

Amazon EC2 

Workflow with 
budget 
constrained[9] 

Makespan,budget DAG 
scheduling 

Minimize the 
execution time 
Makespan is 
minimized 

Cloud 
environment 

Amazon EC2 

Cost  based 
scheduling on 
utility 
grids[11] 

Cost Task 
scheduling 

Reschedule the 
unexecuted tasks 
Minimize the 
cost 

Grid environment Grid sim 

 
 

II. CONCLUSION 

          Workflow scheduling is one of the major issue in cloud 
computing environment. This paper surveyed the various existing 
workflow scheduling algorithms in cloud computing and 
compare their various parameters. Existing workflow algorithms 
does not consider the execution time. Therefore there is a need to 
implement a new scheduling algorithm that can minimize the 
execution time in cloud environment. Moving workflows to a 
cloud computing environment enables the use of various cloud 
services to facilitate workflow execution. 
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   Abstract- In the present research work, studies on correlation factors of electrical conductivity and dielectric constant of black soils 
with physical properties and macro- and micronutrients of black soils are reported. Soil samples are collected from eight different 
locations covering North Maharashtra Region (India).  An automated C-band and X -band microwave set-ups in the TE10 mode with 
Gunn source operating at frequencies 4.6 GHz in C - band  and 10 GHz in X - band , are used for measuring dielectric properties. Our 
results show significant positive correlation of electrical conductivity and dielectric constant with majority of soil parameters except 
those with sand, bulk density, pH and CaCO3.  Further, values of correlation factor are relatively more at C-band microwave frequency 
than X-band. Besides agricultural applications, such studies may find importance in better understanding of soil physics and also for 
analyzing the satellite data in remote sensing.  
 
   Index Terms- Dielectric constant, Electrical Conductivity, Black soils, Soil physical properties, Macro- and micro nutrients in soils 
 

I. INTRODUCTION 

he soil has physical, chemical as well as electrical properties. Colour, texture, grain size, bulk density etc., comprise the physical 
properties; Nutrients, organic matter, pH, etc., comprise chemical properties while, electrical properties include dielectric 

constant, electrical conductivity and permeability. The quality of soil is controlled by physical, chemical and biological components of 
a soil and their interactions [1]. The concept of soil health and soil quality has consistently evolved with an increase in the 
understanding of soils and soil quality attributes. Perveen S. et al. [2] have studied micronutrient status of soils and their relationship 
with various physico-chemical properties. Chhabra G. et al. [3] have shown that available manganese decreased with soil pH and 
available copper increased with clay and organic carbon content. Results of physical and chemical tests provide information about the 
capacity of soil to supply mineral nutrients. Martin C. et al. [4] have shown that the electrical conductivity of soil water is a good 
indicator for absorbing the amount of nutrients available for crops.  
Bell R. W. and Dell B. [5] have showed that the deficiency of nutrients has become major constraint to productivity, stability and 
sustainability of soils. The status of available micronutrients in soils and their relationship with various physico-chemical properties 
have been attempted by several investigators [6,7,8]. Avnimelech Y. et al. [9] estimated the organic content and bulk density of 
flooded mineral soils and found that the sediment bulk density was inversely related to the organic carbon concentration. 
 The measurements of dielectric constant of soils as a function of moisture content over wide microwave frequency range 
were carried out in the past by many investigators [10-17]. These investigators have used soils covering different parts all over world 
and with different texture/structures. Almost all these investigators have concluded that the dielectric constant of soils is strongly 
dependent on moisture content. Further, Sami S. [18] has reported the effect of Chemical and Mineral Composition of dust on 
dielectric constant. Srivastava S. K. and Mishra G. P. [12] studied the characteristics of soils of Chhatisgarh at X – band frequency and 
shown the dependence of dielectric constant of soils on its texture of soils. Calla O. P. N. et al. [19] have studied the variability of 
dielectric constant of dry soil with its physical constituents at microwave frequencies. Dawood N. K. et al. [20] have evaluated the 
dielectric constant by clay mineral and soil physico – chemical properties and showed that texture and mineral content of soil had 
different impact on dielectric constant. Chaudhari H. C. and Shinde V. J. [21] have   reported that the dielectric properties of dry soil 
at microwave frequency in X- band are function of its chemical constituents and physical properties. In a detailed study, Sengwa R. J. 
and Soni A. [22] have reported the variation of dielectric constant with density of dry minerals of soil at 10.1 GHz.  
 The properties of dry soil along with its type have a great importance in agriculture. For microwave remote sensing 
applications, dielectric constant is the primary important electrical property for dry soil. It is now confirmed that the dielectric 
properties of soils are mainly depend on their MC. Further, due to dependence of dielectric constant on the physical constituents and 
chemical composition of the soil, the detailed study of its variability with these soil parameters will be useful for better understanding 
of soil physics. Therefore, in the present work, we have made the measurements on dielectric constant and electrical conductivity of 
dry black soils and studied their statistical correlation factors with physical and chemical properties. The black soil samples are 
collected from various locations covering North Maharashtra Region (India). The dielectric constant of dry black soils are measured at 
C- band (4.6 GHz) and X- band (10 GHz) microwave frequencies by waveguide cell method using automated microwave set-ups.  

T
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II.    MATERIALS AND METHODS 

A. Study Area and Soil Sampling 
 Eight black soil samples from eight different locations were collected from North Maharashtra region. Details about 

geographical parameters and soil sampling sites are given in Tables 1 and 2. Soil samples are then collected from ten different 

locations at the depth of ranging between 0-20 cm. in zigzag pattern across the one site areas. Five pits were dug for each sample. A 

composite sample of about 3 to 4 Kg representing one site was taken after thorough mixing of all above soil samples. This procedure 

was repeated while preparing composite samples representing all eight sites covering four districts of North Maharashtra. These 

topsoil samples are first sieved by gyrator  sieve shaker (size 425 µm) to remove the coarser   particles. The sieved out fine particles 

are then dried in the hot air oven to a temperature  around 110oC for about 24 hours in order to completely remove any trace of 

moisture. Such dry sample is then called as oven dry or dry base sample when compared with wet samples.       

Table 1: Geographical parameters of North Maharashtra Area 

Districts of North 
Maharashtra 

Latitude Longitude Altitude 
(m) 

Average Rainfall/Year 
(mm) 

Jalgaon 210   01’ N 750   34’ E 209 690 

Dhule 220  53’ N 740   46’ E 239 640 

Nandurbar 210  22’ N 740   25’ E 209 780 

Nasik 190  58’ N 730   47’ E 569 730 

Table 2: Details of soil sampling sites and soil samples 

Districts of 
North 

Maharashtra 

Sampling 
Sites 

Soil 
Colour 

Sample Nos. 
Assigned as per 

Clay % 

Irrigated/  Non-
irrigated 

Crops Grown 

Jalgaon 
Amalner Deep 

Black 
S1 Semi-Irrigated Cotton, Jwari 

Erandol Deep 
Black 

S2 Irrigated Cotton, Jwari 

Dhule 
Shirpur Deep 

Black 
S3 Irrigated Cotton, Corn 

Dhule Deep 
Black 

S4 Non-irrigated Bajara, Jwari 

Nandurbar 
Shahada Black S5 Irrigated Bajara, sugar cane 

Nandurbar Black S8 Non-irrigated Bajara, groundnuts 

Nasik 
Kalwan Black S6 Semi-Irrigated Onion, Corn 

Satana Black S7 Semi-Irrigated Wheat, Corn 

B.  Soil Physical and Chemical Properties  

         The analysis of soil physical and chemical properties is usually carried out in the well reputed soil testing laboratories. The soil 

parameters like pH and EC are measured in our laboratory by using soil testing kit (Model-161). The detailed soil analysis reports for  

Table 3:  Physical Parameter Analysis of Black Soils 

Sample 
No. and 
Location  

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Textural 
Class 

Bulk 
Density 
(Mg m-3) 

Particle 
Density 
(Mg m-3) 

Porosity 
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1. Amalner 20 31 49 Clay 1.27 2.5 49.2 

2. Erandol 33 25 42 Clay 1.3 2.5 48 

3. Shirpur 19 48 33 Silty Clay Loam 1.27 2.4 47.08 

4. Dhule 43 25 32 Clay Loam 1.45 2.54 42.91 

5. Shahada 34 40 26 Loamy 1.36 2.46 44.72 

6. Kalwan 40 35 25 Loamy 1.4 2.5 44 

7. Satana 56 23 21 Sandy Clay loam 1.54 2.6 40.76 

8.Nandurbar 61 20 19 Sandy Loam 1.55 2.61 40.6 

                                                                 

Table 4: (a) Chemical Analysis of Black Soils 

Sample No. 
and Location 

pH 
(1:2.5) 

E.C. 
(dSm-1) 

Macro Nutrients 

Available 
Nitrogen 

(N)    
(kgha-1) 

Available 
Phosphorus 

(P)       
(kgha-1) 

Available 
Potassium 

(K)    (kgha-1) 

Ca 
(meq 
100g-1 
soil) 

Mg 
(meq 
100g-1 
soil) 

1. Amalner 7.2 0.33 238 16.9 610 200 47 

2. Erandol 7.6 0.30 223 15.2 579 195 46 

3. Shirpur 8.0 0.26 211 12.0 542 168 49 

4. Dhule 8.0 0.17 193 10.4 490 176 40 

5. Shahada 7.9 0.20 183 9.3 522 120 35 

6. Kalwan 8.4 0.18 197 11.8 456 143 23 

7. Satana 7.8 0.15 160 8.0 510 116 27 

8. Nandurbar 8.25 0.10 163 6.2 412 98 18 

 

Table 4: (b) Chemical Analysis of Black Soils 

Sample No. and 
Location 

Organic 
Carbon  
(OC) 
(%) 

Calcium 
Carbonate  
(CaCO3) 

(%) 

Micro Nutrients 

Available 
Iron (Fe) 

(ppm) 

Available 
Maganese 

(Mn) (ppm) 

Available 
Zinc (Zn) 

(ppm) 

Available 
Copper (Cu) 

(ppm) 

1. Amalner 0.65 4.0 4.6 15.0 1.2 2.1 
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2. Erandol 0.70 4.2 4.8 13.2 1.34 1.4 

3. Shirpur 0.42 4.9 3.4 9.3 1.1 1.56 

4. Dhule 0.50 5.5 2.7 11.0 1.0 1.5 

5. Shahada 0.43 5.8 3.5 11.0 0.94 0.8 

6. Kalwan 0.30 5.7 2.0 9.5 0.52 1.42 

7. Satana 0.40 3.9 3.9 8.0 0.76 0.65 

8. Nandurbar 0.23 6.4 2.1 5.6 0.32 0.85 

the remaining parameters of the eight black soil samples used in this study were obtained from Soil Science Division, College of 

Agriculture, Pune. These soil analysis reports includes the chemical analysis of OC, available macronutrients N, P, K, Ca, Mg and 

micronutrients  Fe, Mn, Zn, Cu. It also includes properties like texture, structure, pH, bulk density. The detailed results on physical and 

chemical parameter analysis of black soils are presented in Tables 3 and 4 respectively. 

C.   Measurement of Dielectric Constant of dry Soil Samples 

 Wave-guide cell method is used to determine the dielectric properties of these dry black soil samples. An automated C-band 

and X -band microwave set-ups in the TE10 mode with Gunn source operating at frequencies 4.6 GHz in C - band  and 10 GHz in X - 

band , are used for this purpose. Automation of these set-ups includes PC-Based slotted line control and data acquisition system. The 

main advantages obtained due to atomization are increased resolution of output, reduction of backlash error in slotted line, visual 

representation of standing wave pattern. The sample lengths are usually taken in the multiples of λ/4. The solid dielectric cell with 

black soil sample is connected to the opposite end of the source. The black soil sample reflects part of the incident signal from its front 

surface. The reflected wave combined with incident wave to give a standing wave pattern. These standing wave patterns are then used 

in determining the values of shift in minima resulted due to before and after inserting the sample. The dielectric constant of dry black 

soils is calculated by measuring the standing wave ratio of the dielectric material and the shift in minima of the standing wave pattern 

in a rectangular waveguide. The dielectric constant ε' of the soils is then determined from the following relation:   
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a
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                                  ….                                             (1) 
 

Where,   a    =  inner width of rectangular waveguide. 

            λ gs  =  wavelength in the air-filled guide. 

             gε   =  real part of the admittance 

 
III.   RESULTS AND DISCUSSION 

A.  Physical and chemical properties of soils 

 From Table 3, we conclude that the sand, silt and clay of the soil samples used for this study ranged between 19 - 61, 20 - 48 

and 19 - 49 % respectively. Majority of these soils have Clay, Clay Loam and Loamy texture. pH values listed in Table 4 (a) ranged 

between 7.2 - 8.4  which indicate that these soils are slightly alkaline in nature. Further, all the eight samples (S1-S8) are found non-
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saline in nature and their electrical conductivity values lie in the range 0.10–0.33 dS/m. From Table 4 (b), it can be further observed 

that the all eight soil samples have moderately calcareous (3.9 – 6.4 %) nature. According to Methods Manual, Soil Testing in India 

[23], the critical limits of (N), (P) and (K) for normal growth of plant are 280 kg/ha, 10 kg/ha and 108 kg/ha respectively. Comparing 

our data with these critical limits show low values of available N (160 - 238 kg/ha), low to high for P (6.2 - 16.9 kg/ha), while the 

available K (412 - 610 kg/ha) values are very high. All soil samples were containing adequate amount of available (Ca) (98-200 

meq/100 gm) and (Mg) (18 – 49 meq/100 gm). According to Lindsay W. L. and Norvell W. A. [24], 4.5 ppm of Fe is considered as 

the critical limit for normal growth. Comparing our data with this critical limit, only two soil samples S1 and S2 (Table 4,b) found to 

contain sufficient amount of Fe (4.6 and 4.8 ppm) while the remaining soil samples are found to be deficient of available Fe (2.0 – 3.9 

ppm). Shukla J. B. and Gupta S. P. [25] and Annual Progress Report by ICAR [26] reported the range of 3.00 ppm to 4.7 ppm as the 

critical limit for available Mn. However, as can be seen from Table 4 (b), all the soil samples studied are having relatively high values 

of available Mn (5.6 - 15 ppm). Further, Lindsay W. L. and Norvell W. A. [24]  suggested the critical limit of Zn as 0.5 to 1.00 ppm. 

Zn values for majority of our samples either lie or quite close to this critical limit. Further, Sakal R. et al. [27] have found 0.66 ppm as 

critical limit of Cu for normal growth of plant. Results in Table 4 (b) are more or less agrees with this critical  limit  and  the  reported  

soils  contain  adequate  amount  of  available  Cu (0.65-2.1 ppm). 

 B.  Relationship between electrical conductivity and dielectric constant of soils                                                                                                                                                                           

 Variation of Electrical Conductivity with Dielectric constant of black soil samples (S1-S8) are shown in Fig. 1. Our results 

give a strong positive statistical correlation between dielectric constant and electrical conductivity (Rc=0.895; Rx=0.662) for the eight 

soil samples. It is further seen from Fig. 1 that the correlation factor for dielectric constant with electrical conductivity of soil samples 

is comparatively more positive at microwave frequency 4.6 GHz (C–band) than at 10 GHz (X-band). This clearly indicates the 

frequency dependence of the correlation factor between these two soil parameters.        

 

Figure 1: Variation of Electrical Conductivity with Dielectric constant of black soil samples (S1-S8) 

 Our experimental results are found to agree with the theoretical models developed by many investigators working in this field 

[28-30]. These models also give a strong linear relationship between dielectric constant and electrical conductivity of the soils. 

Brovelli A. and Cassiani G. [31] further constituted the model that can be used to parameterize electrical conductivity and permittivity 

and to evaluate whether the information carried can be used to identify soil parameters.  

C.  Relationship of electrical conductivity and dielectric constant of soils with physical constituents  
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(i)    Relationship of electrical conductivity and dielectric constant with soil texture    

Simple correlation studies showed high degree of relationship of electrical conductivity and dielectric constant of soil with its physical 

constituents; viz., sand, silt and clay. Fig. 2 (a-c) shows variation of electrical conductivity with sand, silt and clay of black soil 

samples (S1-S8) respectively. Our results thus show that the electrical conductivity has strong positive and strong negative relationship 

with clay content (R=0.938) and sand content (R= - 0.886) of soil samples respectively, whereas there is positive but less significant 

correlation was observed between electrical conductivity of soil with silt content (R=0.385). 

 

                                                    (a)                                                     (b)                                               (c) 

Figure 2: Variation Electrical Conductivity with texture of black soil samples (S1-S8) 

 Fig. 3 (a-c) shows variation of dielectric constant with sand, silt and clay of black soil samples (S1-S8) respectively. Our 

results, thus show that the dielectric constant has a strong positive relationship with clay content (Rc=0.846;   Rx=0.657) and strong 

negative with sand content (Rc= - 0.956; Rx= - 0.840) of soil samples respectively, while relatively less positive but significant 

correlation was observed between dielectric constant of soil with silt content (Rc = 0.594; Rx = 0.617). From these correlations it was 

noted that relationship of dielectric constant with clay content and sand content of soil samples was comparatively more significant at 

frequency 4.6 GHz (C-band) than at 10 GHz (X-band). While correlation between dielectric constant and silt content of soil samples 

was slightly stronger at frequency 10 GHz (X–band) than at 4.6 GHz (C-band). This clearly indicates the frequency dependence of the 

correlation factor between dielectric constant and soil texture.   

               Thus, soil texture can be expressed significantly by knowing its electrical conductivity and dielectric constant. Our 

experimental results are in consistence with the studies and predictions of many earlier investigators [10,19,32-36]. These investigators 

have also found positive correlation of electrical conductivity and dielectric constant with silt and clay content of soil and negative with 

sand content. Their studies also show that the clay textured soils are highly conductive while sandy soils have poor conductivity. 
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                                                       (a)   (b)                                (c) 

Figure 3: Variation of dielectric constant with texture of black soil samples (S1-S8) 

(ii)  Relationship of electrical conductivity and dielectric constant with bulk density and porosity of soil 

 Fig. 4 (a, b) shows the variation of electrical conductivity with bulk density and porosity of black soil samples (S1-S8). Fig. 4 

(a) shows a strong positive correlation of electrical conductivity with porosity (R=0.978) and Fig. 5.4 (b) gives a strong negative 

correlation with bulk density (R= - 0.924) of soil samples. Our results on correlation of EC with porosity and bulk density presented 

here are in close agreement with the results reported by various investigators [34,36].  They have also concluded that the porosity and 

bulk density of soils are the most important properties affecting the soil electrical conductivity.  

                                                                                               

(a)                       (b) 

Figure 4: Variation of Electrical Conductivity with porosity and bulk density of black soil samples (S1-S8)  

 Further, Fig. 5 (a) shows a strong positive correlations of dielectric constant with porosity (Rc=0.901; Rx=0.667) and Fig. 5 

(b) gives a strong negative correlations with bulk density (Rc= - 0.91; Rx= - 0.715) of soil samples respectively. It is further observed 

that the relationships of dielectric constant with porosity and bulk density of soil samples are relatively more positive and more 
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negative at frequency 4.6 GHz in C-band than at 10 GHz in X-band. This also gives the frequency dependence of the correlation factor 

among dielectric constant and porosity and bulk density. 

 It is thus concluded that the electrical conductivity and dielectric constant of dry soils show strong positive correlation with 

porosity and strong negative correlations with bulk density of soil. The magnitude of correlation factor of dielectric constant with 

porosity and bulk density is relatively more at comparatively lower microwave frequency. 

                     

(a)                                                                    (b) 

Figure 5: Variation of dielectric constant with porosity and bulk density of black soil samples (S1-S8) 

D.  Relationship of electrical conductivity and dielectric constant of soils with its chemical properties  

(i)   Relationship of electrical conductivity and dielectric constant of soil with its pH 

 Most of the crops generally grow best if pH is close to neutral (pH= 6 to 7.5) although a few crops prefer acid or alkaline 

soils. The nutrition, growth, and yields for most of the crops decrease when pH is low and increase as pH rises to an optimum level. In 

the present work, almost all soils are alkaline (pH = 7.2 to 8.4) in nature. Alkaline soils are usually deficient with phosphorus, iron, 

copper, zinc, and boron.  

                                    

(a)                                                                                        (b) 

Figure 6:  Variation of Electrical Conductivity and dielectric constant with pH of black soil samples (S1-S8) 

  



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      268 
ISSN 2250-3153  

www.ijsrp.org 

 

               Form Fig. 6 (a), it can be seen that the electrical conductivity has strong negative correlation with pH (R=-0.764) of soil 

samples. Dielectric constant has comparatively less but   significant negative correlation with pH (Rc = - 0.601; Rx= -0.484) of these 

soil samples (Fig. 6, b). Again from Fig. 6 (b), it is evident that the correlation of dielectric constant with pH of soil samples is 

relatively more negative at frequency 4.6 GHz (C-band) than at 10 GHz (X-band). Thus both, the electrical conductivity and dielectric 

constant of soils have negative relationship with pH. Similar results were reported by several investigators [6,27,28,37].  However, the 

studies reported by few other investigators [38,39] showed exactly opposite trends. Again, it is further noted that the correlation 

between dielectric constant and pH of soils is also frequency dependent and its magnitude is higher for relatively lower frequency.   

(ii)  Relationship of electrical conductivity and dielectric constant with status of Macronutrients in the soil  

 Our results presented in Fig. 7 (a-e) show strong positive correlations of electrical conductivity of soil samples with available 

macronutrients such as nitrogen (R = 0.941), phosphorus (R=0.947), potassium (R=0.932), Ca (R=0.860) and Mg (R=0.865) content.  

Figure 7: Variation of Electrical Conductivity with macronutrients N, P, K,Ca and Mg of black soil samples (S1-S8)   

 

                                                 Fig. 7 (a)               Fig. 7 (b)                          Fig. 7 (c) 

 

                 

                                                             Fig. 7 (d)                                        Fig. 7 (e)      
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Similarly Fig. 8 (a-e) show strong Positive correlations of dielectric constant of soil samples with available nitrogen (Rc=0.898; 

Rx=0.679), phosphorus (Rc=0.877; Rx=0.628), potassium (Rc=0.822; Rx=0.658), Ca (Rc=0.830; Rx=0.668) and Mg (Rc=0.843; 

Rx=0.760) content. Comparing the correlation values of Rc and Rx for each of these macronutrient with dielectric constant confirm the 

frequency dependence. Thus, the correlations between dielectric constant and available macronutrients in the soils are stronger at 

frequency 4.6 GHz (C-band) than at 10 GHz (X-band).  Our results discussed here also show good agreement with the results of earlier 

investigators on soil characteristics [37]. 

Figure 8:  Variation of Dielectric Constant  with macronutrients N, P, K, Ca and Mg of black soil samples (S1-S8) 

     

Fig. 8 (a)             Fig. 8 (b)             Fig. 8 (c) 

                      

Fig. 8 (d)                           Fig. 8 (e) 

(iii)     Relationship of electrical conductivity and dielectric constant with status of Micronutrients in the soil  

 Results on correlations of Electrical conductivity with Micronutrients in the soils are graphically shown in Fig. 9 (a-d). It 

gives strong positive correlations of electrical conductivity with available micronutrients such as Fe (R = 0.779), Mn(R=0.876), Zn 

(R=0.867) and Cu (R=0.749) in the soil. Similarly Fig. 10 (a-d), show strong positive correlations of dielectric constant with available 

micronutrients such as Fe (Rc=0.54; Rx=0.347), Mn (Rc=0.836; Rx=0.770), Zn (Rc=0.773; Rx=0.640) and Cu (Rc= 0.835; Rx=0.733). 

These results clearly indicate the frequency dependence of correlation coefficient of dielectric constant of soils with their available 
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micronutrients. The relative values of correlation coefficients of dielectric constant with available micronutrients for black soil samples 

are comparatively more at frequency 4.6 GHz (C-band) than at 10 GHz (X-band). Results presented in Figs. (9-10) are in close 

agreement with the results of Rana L. et al. [37] and Vijayakumar R. et al. [38], while partially agree with the results of Mali V.S., et 

al. [39] and Sillanpää M. [40].  

                  

Fig. 9 (a)                                   Fig. 9 (b) 

                    

Fig. 9 (c)                             Fig. 9 (d) 

Figure 9:  Variation of Electrical Conductivity with micronutrients Fe, Mn, Zn and Cu of black soil samples (S1-S8) 
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Fig. 10 (a)                        Fig. 10 (b) 

 

              

Fig. 10 (c)                      Fig. 10 (d) 

Figure 10:  Variation of Dielectric Constant with micronutrients Fe, Mn, Zn and Cu of black soil samples (S1-S8) 

(iv)   Relationship of electrical conductivity and dielectric constant of soils with organic  carbon and CaCO3  

 The availability of plant nutrients is influenced by the amount of carbonates in the soil. This is due to the effect of carbonates 

on soil pH and also on nutrient availability. The work reported by Pe´rie´ C. and Ouimet R. [41] and Sakin E. [42] have indicated the 

negative correlation between bulk density and organic carbon content of soil. Our results reported in Figs. 4 (b) and 5 (b) also show 

negative correlation of bulk density with electrical conductivity and dielectric constant of soil. Thus, it is quite evident that electrical 

conductivity and dielectric constant of soil should be correlated positively with organic carbon content of soil.     

 

                                

(a)                                                 (b) 

Figure 11:  Variation of Electrical Conductivity with Organic Carbon and CaCO3 of black soil samples (S1-S8) 
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(a)                                                            (b) 

Figure 12:  Variation of Dielectric constant with Organic Carbon and CaCO3 of black soil samples (S1-S8) 

 

 Fig. 11 gives the variation of electrical conductivity with organic carbon and CaCO3  while Fig. 12 shows the variation 

dielectric constant with organic carbon and CaCO3 of black soil samples (S1-S8). Our study gives a strong positive and strong 

negative correlations of electrical conductivity with organic carbon content (R=0.849) and CaCO3 content (R= -0.647) for black soil 

samples. It further show a positive significant correlation of dielectric constant with organic carbon content (Rc=0.682; Rx=0.491) and  

negative  but  less  significant  correlation  with  CaCO3  content (Rc=-0.499; Rx=-0.357) for black soil samples. Thus, electrical 

conductivity and dielectric constant of soil samples are positively correlated with organic carbon content and negatively correlated 

with CaCO3. Also the correlations of organic carbon and CaCO3 with dielectric constant have frequency dependence. The magnitude 

of correlation coefficient in both cases is relatively more at frequency 4.6 GHz (C-band) than at 10 GHz (X-band). Thus, our results 

are found to closely agree with the predictions by earlier investigators [41,42]. 

IV.   CONCLUSIONS 

 Results of our study presented in Figs. (1-12) are summarized in Table 5. Our results show significant positive correlation of 

electrical conductivity and dielectric constant with majority of soil parameters except those with sand, bulk density, pH and CaCO3, 

the correlation factor is negative. Further, values of correlation factors among these soil parameters are relatively more at C-band 

microwave frequency than X-band, thereby showing their frequency dependence nature. Studies reported here have lot of importance 

not only for better understanding of soil physics but also in remote sensing applications. Especially, by knowing the correlation 

coefficient of various soil properties and nutrients with dielectric constant help to understand and analyze the satellite data. The 

present work thus, will be helpful for the prediction of the soil texture, nutrients type and their concentrations present in the soils from 

the knowledge of electrical conductivity and dielectric constant.  
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Table 5: Correlation coefficient of electrical conductivity and dielectric constant for dry soils (S1-S8) with their physical constituents 

and nutrient concentrations 

Correlation 
with 

 
Soil 
Parameter 

Electrical 
Conductivity 

Dielectric Constant 
 

Correlation 
Coefficient R 

Correlation Coefficient 
Rc (C- band) 

Correlation Coefficient 
Rx (X-band) 

Sand -0.886 -0.956 -0.840 

Silt 0.385 0.594 0.617 

Clay 0.938 0.846 0.657 

Porosity 0.978 0.901 0.667 

BD -0.924 -0.91 -0.715 

EC --- 0.895 0.662 

pH -0.764 -0.601 -0.484 

N 0.941 0.898 0.679 

P 0.947 0.877 0.628 

K 0.932 0.822 0.658 

Ca 0.860 0.831 0.668 

Mg 0.865 0.843 0.760 

Fe 0.779 0.540 0.347 

Mn 0.876 0.836 0.770 

Zn 0.867 0.773 0.641 

Cu 0.749 0.835 0.733 

OC 0.849 0.682 0.491 

CaCO3 -0.647 -0.499 -0.357 
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    Abstract- The GPS (Global Positioning System) is a mature technique in the navigation and positioning. But there are  some 
limits in special applications such as mines. The main draw back  of the GPS use indoors are the low signal power, and the presence of 
multi-paths, which may affect the signal acquisition and tracking accuracy[5]. The performance of GPS needs to be improved with 
technological advances. As a GPS-like ground transmitter, the Pseudolite provides a new research direction to achieve high 
positioning accuracy and reliability[5]. Pseudolites (pseudo-satellites) are local transmitters on Earth that output GPS satellite signals 
in order for augment the GPS system for use in locations where satellite signals may be obstructed.  One of the challenges related to 
indoor positioning is to find suitable statistical models of the indoor propagation that give further insight on multi-path behavior and 
fading distributions[5].  
   In this paper, we proposed  the basic technology of designing and simulation on the coarse acquisition (C/A) codes in constructing 
the GPS/pseudolite Integration  system. We have generated code PRN1 to  PRN32 it indicate GPS signal and PRN33 of PL by using 
(Interace Control Document) ICD-GPS-200C Date sheet.  To show multipath efects on generated signals we have  Considered 
Channel noise asWhite Gaussian Noise and Rayleigh Noise, These noises are added to generated PRN codes  with the help of Mat-
Lab tool, and removed with by using  Equal Gain combining algorith (EGC) at the time of Signal Acquisition. Finally we acquired 
C/A code with the help of Correlation. The obtained results was compared with previous research data to show multipath effects in 
Indoor channel. It is shown that the pseudolite technology is ideally suited to augment the GPS alone and provide greater integrity, 
availability, and continuity of the navigation positioning system, especially for indoor use[5]. 
  
     Index Terms- C/A: Course Acquisition, GPS: Global Positioning System, PRN: Pseudo Range Number, PL: Pseudolite 
 

I. INTRODUCTION 

PS constellation consists of generally 24 satellites. GPS of United State of America From Department of Defense (DoD) is very 
Efficient for its great performance of the navigation and positioning and it can be used anywhere, any weather Condition, and 

any time. When the GPS receiver is used outdoors, at least four GPS satellites’ signals need to be acquired and tracked to meet all 
kinds of the location based service requirements[1]. 
    However, the satellite signal is sometimes blocked indoors so it is difficult for indoor positioning. The alternative for indoor 
positioning is Pseudolite.  The pseudolite is not a real GPS satellite.  
   It only transmits a GPS-like signal and the signals are received by modified GPS receivers. The broadcasted signals are not affected 
by the ionosphere because it is based on the ground[1],[2]. 
 
   The aim of the paper is to analyze the indoor signal fading characteristics and multipath effects in  indoor GPS/Pseudolite 
Integration System. We have limited to the GPS Coarse Acquisition (C/A) signal because it is the most used civilian navigation signal. 
   

II. COURSE ACQUISITION  CODE GENERATION 

 

   The GPS space segment satellite transmits a MW radio signal consists  of two carrier frequencies at 1575.42 MHz as the L1 carrier 
and at 1227.60 MHz as the L2 carrier, modulated by two digital codes and a navigation message[1],[2],[17][18]. The GPS codes are 
called coarse acquisition ( C/A code) and precision ( P code) [1],[2],[17]. Each code is a stream of binary digits, zeros and ones, called 
bits or chips. The codes are commonly known as pseudo-range number (PRN) codes since they look like random signals. Generally, 
the pseudolite technology adopts the C/A code and L1 carrier to transmit the GPS-like signals[1],[2]. 
  
   According to the signal structure, the pseudolite C/A code is generated according to ICD-GPS-200C[3]. Each Gi(t) sequence is a 
1023 bit Gold code which is itself the Modulo-2 sum (X-or Operation) of two 1023-bit linear patterns, G1 and G2i. The G2i sequence 

G
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is formed by effectively delaying the G2 sequence by an integer number of chips ranging from 5 to 950. The G1 and G2 sequences are 
generated, with G1=1+X3+X10 and G2=1+ X2+ X3+ X6+ X8+ X9+ X10, by 10-stage shift registers having the following polynomials 
referred to as the shift register input. The 10-stage shift registers are the vectors of G1 and G2, and the initialization setting is 
1111111111.  
 
    The C/A code repeats itself every millisecond and the chipping rate of the C/A code is 1.023 Mbit/s. Presently, the C/A code is 
modulated onto the L1 carrier only[3]. Each satellite is defined by a unique C/A code, which is the ID of the transmit-ting signal of the 
GPS satellite[1,3,4]. The pseudolite signal is similar to the GPS signal in its structure and the generation theory[4]. 
 
   The above concept of course acquisition code generation was implemented by below Fig.1  

 
 
Fig 1: Concept of   C/A code Generation 
 
   Theoretically, the C/A code generator can produce 1023 separate Gold codes besides the two base MLFSR (Modified Linear 
Feedback Shift Register) codes according to ICD-GPS-200C [3]. 
  
    In this paper we are not going  to discuss in detail of C/A code generation  it is already well explained previous research. Here we 
have taken concept of previous researcher. 
 
   In this paper we have  simulated the C/A codes and configure the PRN1 to PRN32  and PRN33 which are reserved for the GPS and 
Pseudolite respectively [4]-[8]. 
 
   By using above concept we have generated  course acquisition code and we have collected some samples as shown below  Fig 2. It 

shows characteristics of GPS/PL signal[9,10]. 
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   Fig 2:  Generated GPS Signal Characteristics 

 
 
   GPS/PL  signal Sample here we have taken GPS signal has length 32768 Divide this signal in to 8 frame that is 4096*8. 
  

 
    After generation  GPS/PL signal We Obtained Power Spectural Density as shown Fig 3. At a frequency of  0.002188Mhz. 
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   Fig 3: Generated Signal Power Spectrual Density 

 

III. MULTIPATH  EFFECTS  ON  SIGNAL 

 
   Generally, The generated (C/A) code is transmitted by the     pseudolite transmitter it is effected by the multipath transmission in 
indoor Environment. In this multipath transmission ( multi path fading)  includes Large scale fading and Small scale fading. Large 
scale fading corresponds  to average signal power attenuation, Small Scale fading is due to dramatic alterations in amplitude   and 
Phase[11]. Fig.4-5 Gives typical Scenario multipath reflected signal propagation in indoor and out door channel. 
  
   In this paper we have considered channel noise as Rayleigh noise and Gaussian noise. These Noises are added to PRN 1 to PRN32 
and PRN33 of C/A code by using MATLAB tools  to show Multipath Effects on the generated signal. 
    

 
    
 
Fig 4: Signal Propogation in Indoor Channel. 
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Fig 5: Signal Propogation in ourdoor Channel. 
 
    
   The magnitude of the multipath effect on a phase observation can be estimated from the following mathematical relation eq.(1) [12]. 
 
tan∆Φm  =  β.Sin∆Φ/1+β.Cos∆Φ          (1) 
 
where 
 
∆Φm: Is the shift in carrier phase of the combined signal received at the antenna due to multipath. 
 
∆Φ: Is the shift of the reflected signal with respect to the direct signal. 
 
Β  : Is a damping factor which varies between o (no reflection) and 1 (reflected signal as strong as direct signal).   
 
 
Due to Rayleigh and Gaussian Noise, Receiver cannot track exact signal. At receiver front end  various signals are available  i.e. 
(direct signal from the pseudolite transmitter  and reflected signal from various object) so  signal power  degrades and noise power 
increases. This signal is not sufficient for accurate  indoor  positioning. 
 
    From probability theory we know  that the  Received amplitude follows Rayleigh distribution as shown below eq.(3). 
 
 
 
 
 
 
 
  

  (3)  
                   
       Below Fig 6. Shows the Characteristics of the   Amplitude, Rayleigh Distribution[13]. 
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     Fig 6: Rayleigh Distribution[19]. 
 
 
   In probability theory, the normal (Gaussian) distribution is a continuous probability distribution, that has a bell-shaped probability 
density function[21], known as the Gaussian function or informally as the bell curve it is given by eq.(4)[14]. 
 
 
           ƒ(x, µ, σ 2 )= ( ⅟σ √2π)e -½(x-µ/σ)²       (4) 
 
 
   The parameter µ is the mean or expectation (location of the peak) and σ 2 is the variance. σ is known as the standard deviation[21]. 
The distribution with µ = 0 and σ 2 = 1 is called the standard normal distribution or the unit normal distribution[21-24].  
 

A normal distribution is often used as a first approximation to describe real-valued random variables that cluster around a single 
mean value[21-24]. 
                                                            
  The Gaussian Distribution  function is shown in Fig 7. in this characteristic of Gaussian Distribution changes as Standard 
deviation[14]. 
 
 

 
 
   Fig 7 : Gassian Distirbution fuction[22] 
 
 
REDUCING MULTIPATH EFFECTS BY USING EQUAL GAIN COMBINING  ALGORITH  
    
   At receiver front end  various signals are available  i.e. (direct signal from the GPS/pseudolite transmitter  and reflected signal from 
various object) due to this exact  Signal reception  is very difficult. To Reduce multipath effects at receiver front- end  we have used 
Equal gain  Combining Algorithm (EGC). In this we have  taken average  signal power  of all the  signals. So  that we can  improve 
the average signal power  at receiver side[15]. 
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The goal of the equalization techniques should be to reduce the effect of  the fading and the interference. 
 

   Consider a transmitted signal s(t) = A cos 2πfct through a fading channel. The received signal can be expressed as eq.(5). 

           (5) 
Where: 
 
 ai is the attenuation of the ith multipath component. 

 �i is the phase-shift of the ith multipath component 
 

It must be noted that ai and �i are random variables. The above expression can be re-written as eq.(6). 
 

 
               
     (6) 
We Introduce Two Random Processes X1(t) and X2(t), Such that the above Equation becomes shown elow eq.(7). 

 

 
             (7) 

The phase of the received waveform �(t) is given by eq.(8). 
 

            
   (8) 
 
In Equal Gain Combining (EGC), all the received signals are co-phased at the receiver and added together without any weighting it  
by suing in eq.(9), eq.(10). 
 
 

Yegc=y(t)*exp(-j*θ(t))  (9) 
 
θ(t)=angle of Rayleigh channel        (10) 
 
 

 

GPS/PSEUDOLITE INTEGRATION SYSTEM 

 
   The GPS/pseudolite Integration system shown in  Fig.8[4] consists of one pseudolite transmitter , one modified  GPS Receiver 
antenna and GPS/Pseudolite receiver which is connected to system to verify Integrated results. 
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Fig 8 : GPS/pseudolite Integration System. 

SIGNAL ACQUISITION USING CORRELATION  

 
   The acquisition is the first step upon receiving the signals. The received signals s are a combination of signals from all n visible 
GPS/PL shown in eq.(11). 
 
satellites described by s(t)= s1(t)+ s2(t)+…+ sn(t).  (11) 
 
   When acquiring the GPS signal PRN1 to PRN32 and PRN33, the incoming signal s is modulated by the locally generated C/A code 
corresponding to the GPS signal. The cross correlation between C/A codes for different GPS  implies that signals from other GPS  are 
nearly eliminated by this procedure. To avoid eliminating the desired signal component, the locally generated C/A code must be 
properly aligned in time to have the correct code phase[4]. 
 
    The correlation process is shown in Fig .9, in this un wanted signals are eliminated and  we can  obtain desired signal[4],[16].   
 
    Signals originating from PRN 1 to PRN 32 of the GPS  and PRN 33 of PL are present in the received signal. This can be seen In 
Figure 10, significant peak in the acquisition plot. The peak location is related to a C/A code phase and a frequency of the signal.  
    
   The signal power of the pseudolite was set for −80 dBm at 10−8 mW. And the PRN of the pseudolite was set for 36 [4].  
 
  

 
        
Fig9 :  Obtaining GPS//Pseudolite sinals by Cross correlation 
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   For acquisition of GPS/pseudolite signal we have used Mat-lab tool.  Fig 10. shows   the acquisition result of PRN1 to , PRN32 of 
GPS  and PRN33 of  Pseudolite.  
 

 
 
Fig 10:Simulation result of GPS PRN1 toPRN32 and PL PRN33. 
 
    We have Concentrated on  PRN9, PRN15,  PRN27 of GPS  and PRN33 for Pseudolite to get maximum peak. In this it is clearly 
shown that multipath effect was removed. 
 
    We have gone through previous research members Practical acquired results of GPS/ Pseudolite Integration System shown in Fig11. 
In this they have received low peaks for Satellite signal PRN9, PRN21, PRN24,PRN29 which are effected by multipath and maximum 
peak for  PRN36 for Pseudolite signal, and no peaks for other PRN codes shown in Fig10.  
 
  By observing Fig.10 and Fig.11 we conclude that multipath reduces the signal strength, in our simulation results we have removed 
multipath effects in maximum extents with the help of Equal gain combining algorithm.. 
 

 
 
Fig 11: Practical GPS/Pseudolite integration system result [4] 

APPLICATIONS 

   Pseudolite have wide verity of application in real life. It is  mostly useful in door environment. But in some cases it is also useful in  
outdoor where GPS signal is very poor due to atmospheric (Ionosphere   and Troposphere) effect  or unhealthy whether conditions 
such as heavy rain, peak summer days and at  Equatorial plan where GPS signal undergo various effect so it is difficult to identify 
exact location.  In such cases GPS/pseudolites Integration  is  the other alternative . 
 
   In outdoor environment GPS /Pseudolite Integration can be most useful for Aircraft blind landing  such as LAAS (Local area 
Augmentation System) and some other Military Services, it is also useful to  identify enemy  activities under signal Jamming 
condition. 
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   Below Fig.12  shows one of the application of GPS/Pseudolite Integration for Aircraft navigation under un-healthy whether 
conditions. 
 
 

 
 
Fig 12: Application of GPS/PL in Air-Craft Navigation[23] 

CONCLUSION AND FUTURE WORK 

   In this paper we have Generated C/A code of PRN 1to  PRN32 of GPS and PRN33 for Pseudolite by using ICD-GPS-200C 
Document and Estimated multipath Effects  in Indoor (Channel) environment, Multipath Effects occurred in Transmission channel so 
we have considered  Channel noise as white Gaussian and Rayleigh Fading.   
 
   Due to multipath effects   GPS/pseudolite signals may not reach same time at the Receiver  and signal power reduces and noise 
power increases. To compensate this  Multipath  effects on received signal We have  equalized these effects by using Equal Gain 
Combining Algorithm further Correlating the received signal with reference signal so that we can eliminate other unwanted signals. 
But obtained Signal has more noise power this  signal may  not sufficient to locate Indoor positioning in Centimeter level or 
millimeter level.  
 
    In this paper we have discussed only multipath effects, but in Indoor Environment there are some other problems like Near-Far and 
Inter symbol  Interference. The future work for this paper is to develop new Algorithm  to reduce Near and Far problems and  
Implement error detection mechanism to identify Inter symbol Interference, finally   designing  of Sufficient Filter to Reduce noise  
power so that we can Improve the performance of Pseudolite . 
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Abstract- To fulfill the challenging demands of the growing grid, 
new concepts of the inverters are needed. In this project a 
reduced switch modular inverter design is detailed.  A reduced 
switch modular inverter design is presented for a modern power 
system which inputs power from both AC and DC Renewable 
Sources.  The modular inverter is the combination of both three 
phase inverter and three phase inverter with the neutral point and 
it supports both symmetrical and asymmetrical loads. Power 
Electronics Inverter is the key component to couple the two 
different renewable energy sources such like solar and wind.  
The converter is the combination of Cuk – SEPIC converters, the 
input from the source can be either buck or boost or stabilized at 
a particular value, the inductor in those converters provides the 
function filter reducing harmonics. 
 
Index Terms- Hybrid Power, Interconnected Power System, 
Power Conversion, Power Generation Reliability, Designing 
Method, System Analysis and DC- AC Power Conversion. 
 

I. INTRODUCTION 

ecently, a combination of PV and Wind source forming a 
good pair with promising features for distributed power 

energy system applications.  This means now a day a large power 
systems are replaced by a renewable energy sources.  
Applications with the Photovoltaic (PV) and wind energy have 
been increased significantly due to the rapid growth of power 
electronic techniques [1][2]. Generally PV power and wind 
power are complementary since sunny days are usually calm and 
strong winds occurred at the cloudy days or at night time.  
Hence, therefore the Hybrid PV/Wind power system has a higher 
reliability to deliver a continuous power than the individual 
sources [3].  Traditionally, a sub sequential energy storage banks 
is used to deliver the reliable power and to draw the maximum 
power from the PV arrays or wind turbines for either one of them 
has an intermittent nature [4].   
         Usually, two separated inverters for the PV array and wind 
turbine are used for the hybrid PV/Wind power system [5]. An 
alternative approach is to use the modular inverter for combining 
these renewable energy sources.  Because of the complementary 
feature of solar and wind energy, the power rating of the modular 
inverter will be smaller than the total power rating of the two 
individual inverters.  It can simplify the power system and 
reduced costs.  
         Several hybrid PV/Wind energy system use a separate 
DC/DC converter connected in parallel in the rectifier stage to 
perform MPPT control for the each renewable energy sources 
[3][4].  The structure proposed by [7] is a fusion of buck and 

buck-boost converter.  The systems in literature require a passive 
input filters to remove the high frequency current harmonics 
injected into the wind turbine generators [8].  The harmonic 
content in the generator decreases the life span and increases the 
power loss by heating [8].  
         The objective of this paper is to propose a reduced switch 
modular inverter for a hybrid of solar photovoltaic and wind 
energy system.  The proposed system design is a fusion of Cuk 
and SEPIC converters and inverters are switched automatically 
according to the load.  The features of the proposed system 
topology are: 1) The inherent nature of these converters 
eliminates the need for separate input filters for PFC 2) it can 
support both step up/down operations for renewable sources 3) 
Systems works on the presence of both or any one of the 
renewable energy sources 4) Individual and simultaneous 
operations is supported 5) A large range of input voltage 
variation caused by different insolation  and wind speed is 
acceptable 6) power rating of the inverter can be reduced.   
 

II. THE PROPOSED MULTI INPUT RECTIFIER  

         A system diagram of the proposed rectifier stage of the 
hybrid energy system is shown in Fig. 1, where one of the inputs 
is connected to the output of the PV array and other inputs is 
connected to the output of the generator output.  The fusion of 
the two converters is achieved by reconfiguring the two existing 
diodes from each converter and the shared utilization of the cuk 
output inductor by the sepic converter.  This configuration allows 
each converter to operate normally individually in the event that 
one source is unavailable.  Fig. 2 illustrates the case when only 
the wind source is available.  In this case, D1 turns off and D2 
turns on; the proposed circuit becomes a sepic converter and the 
input to output relationship is given by equation (1).  On the 
other hand, if only the PV source is available, then D2 turns off 
and D1will be always on and circuit becomes a cuk converter as 
shown in Fig. 3.  The input to output voltage relationship is given 
by equation (2).  In both cases, both the converters have step 
up/down capability, which provides more design flexibility in the 
system if the duty ratio control is utilized. 
 

R
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Fig.1 cuk sepic based converter on source side 

 
Fig.2 Sepic Converter (Wind source is available) 

 
Fig. 3 Cuk Converter (PV source is available) 

  (1) 

              (2) 
         In the both cases, the input to output voltage relationship is 
given by equation (3) 
 

  (3) 
The PV array 

 

          The PV array is constructed by many series or parallel 
connected solar cells.  Each solar cell is form by a PN junction 
semiconductor, which can produce currents by the photovoltaic 

effects.  The equivalent circuit of the PV array is shown in Fig. 4, 
where Iph is the generated current by the photovoltaic effect, Rs is 
the internal equivalent series resistance, Ipv is the PV array output 
current, and V is the PV array output voltage.      
         Usually, Rsh is very large and Rs is very small.  Both of 
them can be neglected in order to simplify the solar cell model.  
Typical output power characteristic curves for the PV array 
under inslolation are shown in Fig. 5.   

 
Fig. 4 Equivalent circuit of the PV array 

 
Fig. 5 PV array output power characteristic curve 

 
         The resultant ideal voltage-current characteristic of the 
photovoltaic array is given by equation (4) and 

(5);   (4) 

        (5) 
The Wind Turbine 

         Among the various types of wind turbines, The permanent 
magnet synchronous variable speed wind turbine, which has 
higher reliability and efficiency.  The power of the wind can be 
derived as equation (6); 

  (6) 
         where ρ is the air density (kg/m3), A is the area (m2) swept 
by wind blades, and Vwind is the wind speed (m/s). The ratio of 
the energy extracted by the wind turbine Eturbine  to the total 
energy of the air-stream Ewind flowing through the area swept by 
the wind turbine blades is defined as the coefficient of 
performance is given by (7): 
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  (7) 
 
         It has been proved that the maximum value of Cp is 
59.26%, which is called the Betz limit.  The coefficient of 
performance will always less than the Betz limit.  The below Fig. 
6, shows the power coefficient of the typical wind speed. 

 
 

Fig. 6 Power Coefficient curve for typical wind speed 
 

III. DESIGN OF MODULAR INVERTER WITH 

REDUCED SWITCH 

Signification 

         Conventional three phase inverter system structures are 
fixed in size and function and offer only limited flexibility 
demands and to be more versatile in production and 
development, a new standardized system concept with modular 
structure is needed.  Modularity basically means a segmentation 
of the complex structures into functional groups.  In this way the 
main components of an inverter structure can be subdivided and 
the resulting modules can be treated as standalone systems.  By 
use of standardized interfaces these separated modules can be 
scaled independently.  The result is an inverter system that is 
completely adaptive regarding size, components, configuration 
and the operating control.  The system is flexible to be quickly 
adapted and optimized for any application demands.  Modularity 
or modular design is the subdivision of a complex system into 
smaller units (modules) with basic functionalities.  These 
modules can then be used in different systems with multiple 
functionalities.  A module pool keeps different discrete modules 
that can perform defined discrete tasks or functions.  To connect 
any modules in a free selectable order and topology, standardized 
interfaces have to be defined to react on linked neighbor modules 
and hand over information to them.  Production costs are reduced 
by completely independent manufacturing of the various 
modules.  Furthermore, modular design offers additional benefits 
such as augmentation and exclusion.  An existing system can be 
enlarged, updated, modified or pared down in functionality by 
adding or excluding new sub functional modules. 
Principle to Design Modular Inverter 

         The basic principle of modularity can be applied to the two 
main fields of inverter design, the hardware and the software 
design.  Although these design fields are functional closely 
related to each other, they can be more or less decoupled in 
design by standardized interfaces or e.g. by the use of per unit 
(pu) or standardized values for communicated data.  In the 

underlying project, the modular approach has been applied to the 
design of an exemplary inverter system the applied modularity 
will now be detailed.  At this point it has to be mentioned that the 
level and depth of modular design applied to inverters, but also to 
any other system, always depends on the product range of the 
manufacturer and the applications to be covered by the designed 
systems.  The more complex a system is and the more functions 
it has to perform, the higher the level of modularity should be. 
The characteristic of the inverter load regarding the symmetry is 
one of the main influencing factors of the desired power 
electronic inverter topology.   
         The inverter topologies for symmetrical loads are shown in 
Fig. 7. This modular inverter is built of two MOSFET legs and 
with one split capacitor legs.  Each of the legs is generating the 
voltage for one grid phase by pulsing the intermediate circuit 
voltage.  For asymmetrical loads two strategies are commonly 
applied.  The three leg inverter with a neutral point Fig. 8 is a 
combination of three single phase inverters sharing a common 
neutral line.  The neutral line is connected to the mid –point of a 
common intermediate circuit built by two capacitors these 
characteristics lead to different hardware topologies and also 
different control modes that have to be implemented regarding  
to the environment conditions of the inverter on its primary and 
secondary side.  As stated in the introduction, most of the 
inverters are fixed in their power rating and functionality.  
Further inverters, however, need to be able to adapt changing 
source and situations.  

 
Fig.7 Inverter topology for symmetrical load 

 
Fig. 8 Inverter topology for asymmetrical load 
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C. Modular Inverter Specification  

 
Fig. 9 Modular Inverter Blocks With input converter blocks 

 
         All basic inverter topologies are built of a couple of main 
functional elements. The selection and Composition of these 
elements is mainly based on the type and behavior of the ECS as 
well as the grid which the inverter is connected to. The basic 
components   needed to operate any ECS and grid type are shown 
in Fig. 9 Three main module pools can be built. These are the 
converter, the intermediate circuit and the switch topology 
module pool. By selection of modules from these three module 
pools any typical basic inverter topology can be set up in 
hardware. The converter module pool itself contains DC/DC 
converters to adjust the voltage level of DC ECS to the 
intermediate circuit voltage and to actively control the DC 
sources. Passive and active rectifiers of this pool are able to 
connect AC sources to the intermediate circuit. The intermediate 
circuit pool keeps two different module types the circuits are the 
standard two level intermediate circuits built by one capacitor 
and the three level intermediate circuits with divide the 
intermediate circuit voltage in halves by the use of two series 
capacitors. The third wire in this case is connected to midpoint 
between the two capacitors. A chopper circuit is available for all 
intermediate circuit modules. It is closely linked to the 
intermediate circuit and will not be treated as separated module 
because of security aspects. The inverter topology for 
symmetrical loads is this basic inverter is built of two MOSFET 
legs and with one split capacitor legs either three leg inverter or 
three leg inverter with neutral point. 
 

IV. SIMULATION AND RESULTS 

         Inverter system was simulated using 
MATLAB/SIMULINK.  The system was finally tested under 
common ECS and with different loads.  The designed inverter is 
able to handle AC and DC sources as inputs.  Symmetrical and 
Asymmetrical load situations were successfully handled by 
application of three legs and three legs inverter with NP. 
         The test installation is set for a three phase system with a 
frequency of 50Hz; the applied switching frequency was 10 KHz, 
normal pulse generators providing switching pulses to the 
MOSFET switches with respect to time instant.  Balanced load 

with resistance of 1000 ohms at all phases.  The inverter output 
voltages are near undistributed three phase signal in amplitude 
and phase while the current is increased in phase ‘a’, due to load 
step.  In this case unbalance resistive-inductive load was placed.  
All Phases were set to 1000 ohms initially, while phase ‘a’ 
includes a 1mH inductance is series as well.  An unsymmetrical 
load step from 500 ohms to 1000 ohms in phase “a” was 
performed.  The quick reaction of modular inverter control to the 
load step can be seen.   

   
 

 
Fig. 10 Symmetrical load modular inverter simulation circuit 

and  ouput voltage 

 

 
Fig. 11 Asymmetrical load modular inverter simulation 

circuit and output voltage 
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V. CONCLUSION 

         Cuk - Sepic converter design methodology based modular 
inverter with four switches and two fixed capacitors were 
proposed.  Hence it is clear from the simulation results by 
reducing the number of switches in the modular inverter; it is 
able to get a desired simulation output as shown in simulation 
results, Due to the design of Cuk-SEPIC converter there is no 
need for additional Filter components in the proposed circuit; the 
features of the proposed system are (1) possible to work on both 
or any one of the renewable sources; (2) reducing the switches in 
the inverter side will leads to improve performance and 
efficiency; (3) so conduction losses and switching losses will had 
been reduced; (4) size of the component and cost are reduced.  
CUK - SEPIC Converter and modular inverter performance for 
the proposed system is analyzed through MATLAB software 
simulations. 
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I. INTRODUCTION 

ogistics, as defined by the Council of Logistics Management, 
“is that part of the supply chain process that plans, 

implements and controls the efficient, effective flow and storage 
of goods, services and related information from the point of 
origin to the point of consumption in order to meet customers’ 
requirements.” To make this happen, transportation, distribution, 
warehousing, purchasing and order management organizations 
must execute together. This is no small task, especially in an 
environment that is becoming increasingly demanding, with 
customers expecting their products to be delivered as quickly as 
possible and according to their exact specifications. Most experts 
talk about inventory and shipment visibility as the key to 
successful logistics execution. But, when asked to define 
visibility, those same experts give a fancy response that in plain 
English means knowing the status of “in-transit” shipments or 
inventory. Unfortunately, the reality is that knowing the status of 
something once it is already in-transit adds no value to the supply 
chain. What many companies fail to realize and understand is 
that there are four conditions that are changing the way 
companies are thinking about visibility and the logistics 
operation as they struggle to meet the ever increasing customer 
demands: 
           The Internet B2B Economy: A dramatic transformation 
in the use of the Internet for business transactions between 
companies. 
           Reverse Logistics: The management of returned products 
to distributors, manufacturers or retailers; a fifth of all purchased 
items are returned annually. 
           Real-time Logistics Event Management: The need for 
accurate and timely management of information in order to 
maintain on-time deliveries, reduce inventory levels and ensure 
that the right product is in the right place at the right time. 
           Technology Solutions Provide Visibility: New logistics 
event management technologies to gain real-time visibility into 
logistics operations; ensure a more accurate, efficient and 
effective flow of goods; reduce costs and increase customer 
satisfaction The four conditions outlined above have significantly 
changed the role and expectations of the logistician. Companies 
must radically adapt their logistics management strategy in order 
to compete in today’s tumultuous marketplace, marked with 
ever-decreasing turnaround times, increased competition and 
lower profit margins. This article focuses primarily on how these 
conditions are affecting logistics today, with a particular 
emphasis on the new technologies that are improving the flow of 
goods. There are numerous companies in the marketplace that 

offer technology solutions claiming real-time visibility into 
inventory levels and logistics; unfortunately, what most offer 
does not match up with what businesses really need to improve 
costs and customer satisfaction. 
The Internet B2B Economy 
           There has been explosive growth in business-to-business 
(B2B) transactions via the Internet. According to Forrester 
Research, the B2B e-Commerce segment of the economy will 
grow to $2.7 trillion by the year 2004. AMR is even more 
optimistic, predicting that the market will reach $5.7 trillion 
during the same time period. Forrester predicts that as much as 
20 percent of all transportation transactions will take place over 
the Internet by 2004. With this dramatic growth in Internet-based 
transactions, “e-logistics” has created new categories of logistics 
management providers including: 
           Fourth Party Logistics (4PL) firms: Organizations that 
manage the full scope of logistics services for companies by 
aggregating and coordinating the services of multiple logistics 
service providers. 
           Logistics Exchanges (LX): Internet-based marketplaces 
for the buying and selling of logistics services, management of 
logistics content, and the optimization of logistics activities. 
           Logistics Visibility Providers (LVP): Internet-based 
service providers that capture data from logistics service 
providers; cleanse, verify and analyze the data; and report on 
logistics activities to facilitate total supply chain visibility All of 
these providers rely on the Internet in some way to provide a 
service to a business organization. However, it is difficult to 
determine who participates in which category and who really 
delivers the functions they promise. 
 
Reverse Logistics 
           Typically, a fifth of all purchased items are returned to the 
manufacturer, distributor or retailer in a process that can shed up 
to 85 percent off of their original retail value. In the year 2000, 
the total value of returned merchandise was estimated at $60 
billion by IDC, while the cost of handling returns stood at $40 
billion.  With such a high price tag, companies must decide if 
managing product returns is part of their core competency. IDC 
predicts the returns-management outsourcing business in online 
markets will soar from $1.2 billion in 2000 to $7.5 billion by 
2004. At a recent National Association of Purchasing 
Management seminar, it was presented that the top five reasons 
for electronically-generated orders not meeting customer 
expectations are: 

• Late delivery 
• Wrong product/quantity 
• Not shipped at all 

L
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• Technical problems 
• Returns 

 
           If it is true that 90 percent of these issues could have been 
avoided in the first place, then logisticians must focus on the root 
cause. In order to improve this process, companies need real-time 
visibility into what is actually going to be shipped compared to 
the customer’s request. This leads to the need for real-time event 
management. 
 
Real-time Logistics Event Management 
           In today’s market, you now have three to 100 times the 
departmental interdependencies across organizations, 
international borders and myriad systems. But, if even a small 
component of the process can be managed well, significant 
improvements will be gained. Consider the fact that total supply 
chain management costs typically account for eight to nine 
percent of sales, according to benchmarks from the Performance 
Measurement Group, LLC. The largest single driver of this is 
logistics. Typical benefits from integrating the supply chain 
range from 28 percent to 60 percent improvement in delivery 
performance and inventory reduction, to 10 percent to 30 percent 
improvement in capacity realization and fill rates. Therefore, the 
potential money savings from real-time logistics visibility is 
staggering. 
           The combination of supply chain complexity and market 
conditions puts even more pressure on manufacturers to provide 
the right amount of products, at the right time, for the lowest 
possible price. A few factors have made this increasingly 
difficult. There have been many recent inventory debacles as a 
result of the inability of ERP systems to properly forecast 
demand and prevent inventory build-up. In addition, the lead 
times for producing products has shrunk dramatically. And 
finally, most organizations now outsource manufacturing of 
components to third- party organizations. Our current connected 
economy has drastically changed the role and operations of 
transportation. As a result, the logistics management departments 
must try to perform transportation ‘miracles’ on a daily basis in 
order to meet these monumental goals. Transportation 
professionals can meet most of these demands, but at what cost? 
Every dollar spent at this point is a decrease in net profitability. 
That is a significant concern for companies. It becomes an even 
bigger concern if what was shipped was shipped out incorrectly 
and has to be returned or routed differently. In this collaborative 
economy, enterprises have to acknowledge the increased role of 
transportation management and how to use technology to their 
best advantage.  
           One additional aspect of logistics that needs to be covered 
is that of in-transit inventory. In-transit inventory has gone from 
a taboo subject to one of strategic value – just-in-time (JIT) 
replenishment on wheels. If managed properly, in-transit 
inventory can reduce customer lead times and distribution 
network costs. The down side is, without appropriate technology 
and integration into TMS or OMS, optimization and visibility 
into in-transit inventory can be a nightmare. Many e-logistics 
companies and software providers state that with real-time 
visibility into in-transit inventory, the enterprise can be proactive 
in meeting customer requirements by: 

• Returning the load, 

• Redistributing or rerouting the load, or 
• Shipping the right product or short supply in expedited 

fashion. 
 
           The result is that the customer gets what they ordered, but 
at a significant cost to the enterprise. There is technology that 
exists today to manage customer requirements before the product 
is shipped. In logistics management, from the raw materials 
procurement to the customer destination, value or cost is added 
along the way. To correct a deviation from the original customer 
requirements as it approaches its destination is a very costly 
proposition; not only in terms of dollars but in terms of time. 
There is a solution. It is real-time logistics event management 
using some of the leading edge technology solutions available 
today. 
 
Technology Solutions Provide Visibility 
           Very few companies can compete on price alone. Speed, 
accuracy and completeness with which orders are filled and 
delivered are the sustaining differentiators in today’s fast-paced 
economy. Effectively managing events is key. The solution is 
real-time logistics event management. Logisticians must gain 
real-time pre-shipment visibility and proactive event 
management before shipment. But be warned – some technology 
providers state they have “visibility” to facilitate proactive 
tendering and management of all freight through to the final 
destination – what they are really talking about is managing 
product in-transit. How can redirecting and addressing supply 
imbalances once the product is in-transit be proactive? Once a 

product is in-transit, it is too late. There are solutions available 
that provide visibility through a collection of real-time, Web-
based data and analytics. These solutions help to manage the 
logistics process between buyers and suppliers, while eliminating 
costly discrepancies between purchase order, sales order and 
shipping information. By eliminating these variances and 
inconsistencies in anything from quantities and shipping 
locations to ship dates, part numbers and freight terms, logistics 
providers can: 

• Eliminate missed shipments 
• Eliminate shipment discrepancies 
• Improve profit margins by inputting more accurate and 

timely data into optimization tools 
• Enable the reduction of inventory carrying costs for the 

customer 
• Support customers’ efforts to reduce inventory 

investments 
• Significantly reduce product returns 
• Improve customer satisfaction through: 
• Improved delivery reliability 
• Improved efficiencies in your customers receiving 

operations 
• One version of the truth for dispute resolution 

 
           In today’s volatile economic climate, logistics 
management is becoming more important than ever before. 
Getting the right amount of goods to the right place at the right 
time is critical, especially in an age when budgets are tight and 
customers demands are unpredictable and unforgiving. In the 
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best of times, logistics managers only execute 80% of the time. 
However, in tougher economic times, this margin for error is too 
high. Logistics management is evolving in significant ways to 
address these problems. Internet utilization, combined with the 
proliferation of reverse logistics and the impact of technology 
advancements in real-time logistics event management and 
visibility, are fundamentally changing the role of logistics 
management in organizations. In order to succeed in today’s 
global marketplace, companies must be ever cognizant of these 
trends and develop a logistics management strategy that 
capitalizes on the best-of-breed technology solutions available 
today, so that they can meet the demands of their customers 
today and be 
well prepared for the future. 
 

II. NEED AND IMPORTANCE OF RESEARCH PROBLEM 

           India is going through a retail revolution. All the big 
business houses are entering this Sector and it is growing at a 
very past pace. International giants in this sector like Wal- Mart, 
Tesco and Carefour are also trying to enter the Indian market. 
Retail is offering Tremendous opportunities in employment. 
However, our country also poses a big challenge to organized 
large retailers.  For the retailer to be successful the key is proper 
supply chain management. The challenge comes from a number 
of factors, e.g. huge size and population of our country, varied 
culture and hence varied taste, very poor infrastructure like 
improper roads, bad connectivity between production centers and 
markets, lack of proper cold chain facility like refrigerated 
transportation, ware-housing etc. Under these circumstances it is 
interesting to find out how large organised retailers are coping up 
with these problems. In the light of the above discussion, It is 
strongly felt that a comprehensive research is necessary to 
analyze “Dynamics of logistics management with special 
reference to organized retailing”.   Hence an attempt has been 
made by the researcher to study and analyze the Dynamics of 
logistics management with special reference to organized 
retailing. 
 

III. OBJECTIVES 

           The Primary Objective of this study is to analyze the 
Dynamics of logistics management with special reference to 
organized retailing. The other secondary objectives of the 
proposed research study include the following: 
           1. To understand the importance and relevance of 
Logistics management in general and organized retailing in 
particular.  
           2. To analyze the supply chain and logistics management 
practices   adopted by the organized retailing players in India. 
           3. To examine the pros and cons of different logistics 
management policies on the customers in particular and the 
society as a whole. 
           4.To summarize the findings, conclude and offer 
suggestions for better packaging practices. 
 
 
 

IV. METHODOLOGY 

           It is proposed to make use of both primary and secondary 
data for the purpose of the study.  The primary data would be 
gathered from the customers, traders, manufacturers, stockiest, 
channel men, packaging material technicians, environmentalists 
etc,.  The primary data would be collected using structured 
questionnaire apart from an interview schedule.  Further, it is 
also proposed to it is also proposed to make use of the secondary 
data to substantiate the information needs to bridge the data gap. 
 

V. SIZE OF SAMPLES 

           The sample size is determined at 500 respondents from the 
individual customer segment who are the users of organized 
retailing.  It is proposed to collect data from 100 other 
participants in the process of packaging activity namely, the 
manufacturers, the traders, the packaging material suppliers etc., 
The total sample size of the study is 600 respondents. 
 

VI. HYPOTHESIS 

           It is proposed to construct a few hypotheses for the 
purpose of the study considering the review of literature and 
research gap. 
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Abstract- In this paper the availability of Indian coal its 
production in (1955 to 2011-12) , present production , production 
challenges, supply constraints is discussed. 
 
Index Terms- Ash, Coal, and Coal production. 
 

I. INTRODUCTION 

ndia is the third largest producer of coal in the world (Source 
Coal India Limited). Coal in India is considered as the black 

gold. It is widely used in Indian power industry to generate 
electricity, it has rapid contribution in industrialization , it 
contribute a total of 55% of commercial energy production of 
India( Source Ministry of Coal Government of India); India has 
2, 93,497 Million Tones (Source Ministry of coal, Govt. of India) 
of geological resource of coal estimation from whole country. 
The Lignite reserve in the country has been estimated at around 
40.91 billion tones (Annual report 2011-12, Ministry of Coal, 
Government of India) as on 01.04.2011. 
 

 

 

I 
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          Coal India a major player in mining of coal produce 
431.32 Million Tones at financial year ending 2011 and targeted 
452 Million Tones of at 2012 financial year ending (Source Coal 
India Limited). Coal/Lignite based thermal power plant is 88 
Number with installed capacity 80458 MW (Source Central 
Electricity Authority, 2010) which consumed 407.61 Million 

Tones (Source Central Electricity Authority, 2010) of coal. 
While in 2012, 90 numbers of Coal/lignite based thermal power 
plant with installed capacity of 83797MW production (Source 
Central Electricity Authority, 2012). The annualized production 
of coal is shown 

 

Plan Period Terminal Year Production (Mty) CAGR (%) 

I Plan 1955-56 38.40  

II Plan 1960-61 55.72 7.73 

III Plan 1965-66 70.30 4.76 

IV Plan 1973-74 78.18 1.24 

V Plan 1978-79 102.02 5.47 

VI Plan 1984-85 147.44 7.24 

VII Plan 1989-90 203.36 6.64 

VIII Plan 1996-97 289.32 4.76 

IX Plan 2001-02 327.79 2.53 

X Plan 2006-07 430.83 5.62 

XI Plan (P) 2011-12 554.00 5.16 
 

Figure 3: Plan period-wise coal production trend and annualized growth rate (CAGR) 
Source (Coal Controller’s Organization) 
 

II. INDIAN COAL 

          Indian coal has high ash content. The average ash content 
in Indian coal is 35-38 per cent while imported coal ash content 
10-15%. In this regard, washing will help reduce the ash content 
by 7-8 per cent (Source, the Indian Express, 2011). In addition, 
over time the calorific value and the ash content of thermal coals 
in India have deteriorated as the better quality coal reserves are 
depleted and surface mining and mechanization expand. This 
poses significant challenges. Transporting large amounts of ash-
forming minerals wastes energy and creates shortages of rail cars 
and port facilities. A low-quality, high-ash coal also creates 
problems for power stations, including erosion in parts and 
materials, difficulty in pulverization, poor emissivity and flame 
temperature, low radioactive transfer, and excessive amounts of 
fly ash containing large amounts of unburned carbons ( Zamuda 
and Sharpe, 2007). Indian coal is characterized by the following 
quality aspects: 
 

4.1 Lower to medium grade coal  
4.2 Ash content is high  
4.3 Moisture content is low  
4.4 Sulphur content is low  

 
          A wide area of coal usage, ranging from power generation 
to steel production to infrastructure and commercial usage, the 
quality of coal can be improved by washing. 
          Coal washing is being promoted in India as a number of 
studies have shown that washed coal has higher calorific value 
than unwashed coal, translating into better power generation 
efficiency. The lower ash content of washed coal results in lower 

emissions as well. India will setup 20 new washeries with annual 
capacity of 111 Million Tones to help better realize of its 
produce. The CFRI has developed the following: 
 

(i) Improved froth floatation process  
(ii) Oleo floatation process  
(iii) Oil agglomeration process  

 

III. WAYS TO INCREASE COAL SUPPLIES IN INDIA  

 
(i) Exploration is a specialized job and is considered a 

risky venture. So investment should be encouraged in 
this sector through proper incentive and security of 
tenure.  

(ii) Performance improvement ways in mining operations 
may be explored and implemented in Indian mines.  

(iii) Mining applications pending at different levels with the 
state and centre. This is a deterrent for future 
investments. For this state or centre may take action on 
these applications within a time-bound manner.  

(iv) To streamline the entire approvals process and bringing 
about speed and consistency in decision-making a single 
window committee will help.  

(v) Online web portals through filling of returns should be 
considered by state or central government. Online 
payment mechanism for royalty can also be explored.  

(vi) In the past lot of mining leases have been provided 
comprising small areas to individuals. The mine owners 
are not able to mine scientifically while complying to all 
the environmental norms and would like to dispose of 
the areas or develop them through forming a joint 
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venture. States may allow transferring these assets at a 
premium so that these dormant assets can be developed 
to increase supply in domestic market, leading to the 
utilization of dormant resources.  

(vii) The exploration and exploitation for minerals requiring 
huge capital should be extended the same benefits and 
incentives which are available to the oil and gas sector 
under the new exploration licensing policy (NELP).  
 

IV. WAYS TO IMPROVE COAL TRANSPORT 

(viii) Doubling of railway routes at places where coal 
movement is higher.  

(ix) Mismatch between the demand and supply of railway 
wagons.  

(x) Restructuring and/or reallocation of railway networks to 
connect with the coal bearing areas.  

(xi) Enhancing port capacities as well as evacuation 
efficiency and augmenting the existing capacities from 
existing ports.  

 

V. FUTURE OF INDIAN COAL 

         In 2030 total power generation from the coal is likely to 
161 Giga-watts, with associated projected increase in coal 
production to 750 Million Tones (Zamuda and Sharpe, 2007). 
         The country's coal demand is likely to touch 1,000 million 
tons (MT) by 2016-17, much higher than estimated supply of 750 
million (The planning commission of India, 2012). 
 

VI. CONCLUSION 

         The Indian coal reserve is enormous and production is very 
less due to many constraints in coal production and its supply, 
proper supply and introduction to private players also making 
them feasible in mining would cater this production and supply 
gap. Various ways to improve supply if implemented properly 
for coal would definitely fulfill the upcoming demand scenario of 
Indian coal 
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Abstract- Mixed ligand complexes of some transition metals[ 
Cu(II),Ni(II), Co(II) and Zn(II)] have been investigated 
Potentiometrically with Pyridine-2,6-dicarboxylic acid(PDA) and 
2-hydroxy benzalidine-anthranilic acid (HBAA) in aqueous 
solution at 298.15 K and 313.15 K. The ionic strength of 0.1 mol 
dm-3 was kept constant using KNO3. The stability constants of 
these 1:1:1 ternary complex have been evaluated by the 
computational methods. The relative order of stability has been 
observed in accordance with the increasing (φ) = charge/ radius 
ratio. The changes in thermodynamic parameters (∆G0, ∆H0, 
∆S0) have also been calculated under the same conditions. 
 
Index Terms- Potentiometric Study, Ternary Complexes, 
Transition metals, HBAA, PDA 
 

I. INTRODUCTION 

etal coordination complexes have been extensively used in 
clinical applications as enzyme inhibitors (1), anti bacterial 

(2-3), antiviral (4-6) and anti cancerous (7-9). The complexes of 
metal ions are common in analytical and Biological systems (10-
12). The metal ions in presence of organic and inorganic ligands 
are playing a crucial role in the field of analytical chemistry (13-
15), catalysis (14-16), biology (14,17), medicine (18-21), 
chemical protection of radiation(22,23) in the study of 
metalloprotiens and metalloenzymes (24,25). Different kinds of 
metals have been employed in these complexes including 
Platinum, Gold, Vanadium, Iron, Cobalt, Tin, Copper and many 
others (8). Ligands play two prominant roles in complex 
formation. First, they act as electron pair donors to a single 
cation. The other important function of ligands is to act as 
bridging groups. The complex formation depends on the affinity 
of the metal ion towards the various ligands present and the 
relative concentrations thereof. Carboxylic pyridine and hydroxyl 
anthranilic acid structures provide selective and effective 
ligational site for metal ion binding through oxygen and nitrogen. 
Presence of carbonyl group, ring structure, -OH and C=N make 
ligands fascinating for tailoring the electron releasing and 
resonating ability on coordination with various metal ion at 
different pH conditions.  The ligands have been chosen because 
of their ability to forming complex with metal ions (26).The 
transition metals are attraction for complex studies due to their 
high charge and tendency to exhibit large and variable 
coordination number. In case of ternary complexes two different 
type of ligands are coordinate to the central metal ion 

respectively(27,28).The  study of the formation stabilities and 
reactivities of mixed ligand complexes have been adopted by 
many research workers(29-31). There are various papers 
appeared in last few decades regarding ternary complexes of 
transition and non-transition metals(32-43).Recently there has 
been considerable interest in the study of binary, ternary and 
quaternary complexes by pH metric method(17,44-46). In the 
present study mixed ligand complexes of some transition metals[ 
Cu(II),Ni(II), Co(II) and Zn(II)] have been investigated 
Potentiometrically with Pyridine-2,6-dicarboxylic acid(PDA) and 
2-hydroxy benzalidine-anthranilic acid(HBAA) in aqueous 
solution at 298.15 K and 313.15 K. The changes in 
thermodynamic parameters (∆G0, ∆H0, ∆S0) have also been 
calculated under the same conditions. 
 

II. EXPERIMENTAL 

            All chemicals used in this study were of AR grade 
obtained from BDH. Double distilled water was used for the 
preparation of solutions. The solution of transition metal nitrates 
were prepared and standardized by the oxalate method (47). 
Pyridine-2, 6-dicarboxyllic acid was used and prepared in 
calculated volume of KOH. The solution of PDA, HBAA, KNO3 
and potassium hydrogen phthalate were prepared by direct 
weighing method and solution of KOH was prepared by 
standardization method. pH-metric titration were carried out by 
ELICO(LI-613) pH-meter fitted with a combined glass-calomel 
electrodes assembly having an accuracy of ±0.01 pH unit. The 
instrument was standardized against potassium hydrogen 
phthalate solution (0.05M) for pH-4 and standard buffer tablets 
solution (pH-9). Each titration was repeated at least twice against 
0.1 mole dm-3(KNO3) and total volume (50ml) kept constant in 
the beginning of each titration.  
 

III. RESULT AND DISCUSSION 

            The dissociation constants of PDA, HBAA were 
calculated by the method of Chaberck and Martel (48) and 
recorded in Table-1. The values were calculated from titration 
curves by the direct algebraic method for mono and dibasic 
ligands. 
 

   

M
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   For mono basic ligand 

   For dibasic ligand 
 
            Where K1 andK2 are the first and second dissociation 
constants, CA= Total concentration for ligands, a= number of 
moles of alkali added per mole of ligand. 
            The stability constants (log K MLL’) for ternary mixed 
ligand complexes were calculated as suggested by Ramamoorthy 
and Santappa (49) for simultaneous complexation of ligand to the 
metal ion. The stability constants for the ternary system were 
calculated by the following expression 
 

  
 

Where,  
 

 
 
            Where TM=Total metal ion concentration; K1 and K2 = 
the first and second dissociation constants of ligand (L’); K1= the 
dissociation constant of the ligand (L) 
            The calculated values of stability constants are 
summarised in Table-2. The relative order of stability has been 

found as Ni(II) ˃Cu(II)>Co(II)>Zn(II) . It can be correlated in 
terms of increasing ionic potential (ϕ) of the metal ion (50). It 
was reported that (51) the stability of ternary complexes depends 
on several factors such as a double bond present in a ligand 
increases stability of the complex due to exocyclic conjugation, 
the OH group present in the ligand increases stability due to 
electron withdrawing nature, if the ring form is bigger, the 
stability will be low. 
            The average (log KMLL’) values were used to calculate the 
free energy (∆G0), enthalpy (∆H0) and entropy (∆S0) from the 
Van’t Hoff’s isotherm., The values of free energy (∆G0), 
enthalpy (∆H0) and entropy (∆S0) change of the resulting ternary 
complexes are shown in the table-3, the calculated ∆G0 has been 
found to be negative in all the systems indicating spontaneity of 
the complex formation. Calculated positive values of entropy 
(∆S0) indicate the formation of ternary complexes in the solution. 
The negative enthalpy (∆H0) values indicate the exothermic 
nature of the reaction.  
 

IV. CONCLUSION 

            On the basis of above study the stability of various 
ternary complexes has been found in the following order Ni (II) 
˃Cu (II)>Co (II)>Zn (II). The observed order of stability of 
complexes may be correlated in terms of increasing polarisability 
of metal ion due to their decrease in size and increase in ionic 
potential (ϕ). 
 

 
TABLE: 1 Dissociation Constants of PDA and HBAA at experimental temperatures 

Ligand 
 

PK1 PK2 

298.15K 313.15K 298.15K 313.15K 
PDA 2.57 2.63 4.33 4.38 
HBAA 4.37 4.77 8.36 8.45 

 
 

TABLE:2 Stability Constants for M(II)-PDA-HBAA, Ternary System[µ=0.1 mol dm-3(KNO3), KOH=0.1M] at temperatures 
298.15 and 313.15K 

S.No. 
 

m 
 

Cu(II)-PDA-HBAA Ni(II)-PDA-HBAA Zn(II)-PDA-HBAA Co(II)-PDA-HBAA 

298.15K 313.15K 298.15K 313.15K 298.15K 313.15K 298.15K 313.15K 
1 0.2 11.92 11.65 12.05 11.92 11.11 11.03 11.13 11.05 
2 0.3 11.63 11.56 11.68 11.63 10.74 10.74 10.77 10.69 
3 0.4 11.51 11.35 11.47 11.42 10.53 10.53 10.56 10.48 
4 0.5 11.42 11.12 11.24 11.19 10.30 10.30 10.33 10.25 
5 0.6 11.21 10.89 11.02 10.97 10.08 10.08 10.11 10.03 
6 0.7 10.97 10.81 10.93 10.88 9.99 9.99 10.02 9.98 

 
TABLE: 3 Free energy (∆G0), Enthalpy (∆H0) and Entropy (∆S0) changes of ternary complexes [µ=0.1 moldm-3 (KNO3)] at 

temperatures 298.15 and 313.15K 

S.No. 
Systems, 
1:1:1 

Mean Value logKMLL’ -∆H 
(k.cal/Mole) 

-∆G (k.cal/Mole) 
+∆S 
(Cal/Mole/degree) 

298.15K 313.15K 298.15K 313.15K 298.15K 313.15K 

1 
Cu(II)-
PDA-

10.82 10.61 5.97 14.75 15.19 29.46 29.45 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      300 
ISSN 2250-3153  

www.ijsrp.org 

HBAA 

2 
Ni(II)-
PDA-
HBAA 

10.87 10.82 1.42 14.82 15.49 44.96 44.95 

3 
Zn(II)-
PDA-
HBAA 

9.94 9.83 3.13 13.55 14.07 34.96 34.95 

4 
Co(II)-
PDA-
HBAA 

9.97 9.89 2.56 13.59 14.16 37.01 37.06 
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Abstract- Wireless sensor networks are networks consisting of 
nodes with sensors to monitor physical or environmental 
conditions. Resource constraint nature of wireless sensor network 
(WSN) turns the security issue certainly into a big challenge. 
Security is critical for sensor network due to the limited resource 
constraints nature of sensor nodes. Security can be provided in 
various ways such as in key generation, distribution, storage etc. 
In our work we present   a secure framework against various 
attacks in WSN by three key management schemes and how the 
attacks are identified and protected by these three schemes. The 
proposed scheme has low memory consumption, computation 
time and energy to run in a node.. Also we propose a new energy 
efficient clustering algorithm which clusters the nodes in an 
energy efficient way and the data’s are distributed by Multipath 
broadcast protocol. Further, we prove that the proposed secure 
framework against various attack and performance is analyses 
with certain metrics. The work is organized as Section I-
Introduction, Section II-Network Entities, Section III-
Architecture, Section IV Clustering and Head selection, Section 
V-Proposed methods, Section VI- Evaluation metrics, Section 
VII-Performance analysis ,section VIII-Conclusion. 
 
Index Terms- Base station (BS), Cluster Head (CH), Key 
distribution center (KDC),Node Allocation Table(NAT) and 
Wireless Sensor Network (WSN) 
 

I. INTRODUCTION 

raditional methods using a filing a cabinet or manual 
administration were implemented to protect the information 

from outsiders. But nowadays all the documents are in electronic 
form. With the introduction of the computer, the need for 
automated tools for protecting files and other information stored 
on the computer became evident. Most initial computer 
application had no security. This continued for a number of years 
until the importance of data was truly realized. When computer 
application were developed to handle financial and personal data, 
the real need for security rise. To protect data to thwart attackers, 
the collection of tools were designed to provide computer 
security. The security are needed to protect the data during their 
transmission is termed as Network Security. Security in sensor 
network is a work to protect the data as well as the 
communication links should also be secured. Sensor networks 
are easier to attack and harder to protect than other types of 
networks. In many cases, sensor networks are deployed in open, 
unattended areas that anyone can access. The wireless nature of 
communication between the sensor nodes makes it easy to 

eavesdrop, intercept and inject bogus information into an 
unprotected network. The security problem becomes even more 
crucial when we allow wireless sensors   not only to gather data 
about people and the environment, but also to actuate on their 
own, based on their sensor readings. It is obvious that such a 
revolution in computing puts security solutions to a great test. 
Wireless sensor networks are clearly a very challenging 
environment for applying security services. They differ in many 
aspects from traditional fixed, networks and standard 
cryptographic solutions cannot be used in this application space. 
Looking at existing security mechanisms for WSNs, we can see 
that they are still in their early stages and the level of security 
provided is not satisfactory for many applications. Despite many 
research efforts, the problems of key distribution and 
authentication are still open and require new cryptographic 
solutions. These new security frameworks have to take advantage 
of specific sensor network features and to meet the strict 
limitations of WSN hardware platforms. 
         Another key challenge in WSN is to deal with is energy 
efficiency because most sensor nodes may be battery-powered. 
In most cases, it may not be possible to change or recharge 
batteries, either due to the low-cost hardware being used or due 
to an inaccessible area the nodes are deployed in. To prolong the 
overall network operational lifetime, the energy consumption of 
a sensor node should thus be minimized as far as possible. Most 
of the nodes components will therefore be turned off most of the 
time and will only be used if they are required. Thus, 
communication in a WSN is one of the main energy consumers 
and deserves particular consideration. In order to fulfill these 
requirements, the protocols and algorithms used should be 
energy-efficient 
         A recent technology review indicates that sensor 
technology is one of the ten emerging technologies that will 
change the world [1].Wireless Sensor networks which usually 
consist of a large number of ultra-small autonomous devices. 
Each device called sensor node, is a battery powered and 
equipped with integrated sensors, a data processing unit, and a 
short range radio communication unit, as in Figure: 1.1. Wireless 
Sensor Networks(WSN) are being widely used in many 
applications such as sensing and tracking the battle field in 
military, industry measurement and control, environmental 
monitoring etc In this network there are generally two kinds of 
devices: sensor nodes and base station. As soon as nodes are 
deployed in a field ,    
 
                              

T



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      302 
ISSN 2250-3153  

www.ijsrp.org 

 
Figure: 1 components of sensor network 

 the event and transmit sensing data to the base station 
[1],[2].Resources on sensor network nodes are very low , it 
causes a hard key management for wireless sensor networks. 
         Since sensor nodes are scattered in rough environment, it is 
difficult to know where sensor nodes can be easily exposed to an 
adversary. It makes a sensor node unable to trust any nodes 
easily. Finally, Wireless sensor networks are considered so large 
that key management must support node addition without any 
centralized controller. The most important thing in security is to 
share the keys among the nodes of wireless sensor networks 
because an adversary can overhear communication among the 
nodes and there is no centralized controller responsible for secure 
communication. Many key schemes have been studied in 
[9],[10],[11]. When designing a key management scheme for 
WSN designers should take the following five major resource 
constraints of sensor nodes into consideration (1) limited energy 
(2) limited memory (3) limited power (4) limited communication 
bandwidth (5) limited communication range. 
         The proposed framework presents an energy efficient key 
establishment scheme in sensor networks. The existence of key 
materials allows sensor networks to be able to add new nodes for 
replacement later. In this method a single Key is used 
(symmetric) and all computation are done in the cluster head and 
base station. The base station will create a NAT table which 
shows all nodes ID and weight of nodes based on the energy used 
in the nodes which in turn a Cluster Head can be selected. 
Addition of node is easy which answers scalability. An efficient 
key management based on Eschenauer and Gligor’s method is 
applied to reduce memory requirements and increase the security 
level. The cell size is optimal to increase network connectivity 
and reduce the number of transmission hops. Sensor nodes in 
each cell negotiate among each other so that only one node, 
called coordinator, stays awake and the others fall into sleeping 
mode for the sake of energy. 
 

II. NETWORK ENTITIES 

         We assume that the functionality of various nodes in the 
network 
         Sensor Nodes: Each sensor node is assigned a unique ID 
number by the base station and a main key before it is deployed. 
Sensor nodes communicate with the base station using the key 
encrypted data. Node ID number is saved in the base station. A 
base station in the network is allocated with an initial key (Ks) 
when the sensor nodes are first clustered. The key is erased from 
memory after the clustering is completed. The sensor node has 
the key 
         Cluster Head: A cluster head is a sensor node with better 
resources and may be used to collect and merge local traffic and 

send it to the base station. During the network operation, the 
cluster head is responsible for the integration of all cluster node 
data and transmitting the data to the base station. The 
communication between the cluster head and cluster members 
uses authentication key Kc for encryption.  
         Clusters: A cluster is composed of a cluster head and node 
members. Each cluster has a unique cluster ID number and a 
cluster key Kc.  
         Base Stations: A base station is typically a gateway to 
another network, a powerful data processing/storage center, or an 
access point for human interface. Base stations collect sensor 
readings, perform costly operations .On behalf of sensor nodes, it 
manages the network. In some applications, base stations are 
assumed to be trusted and tamper-resistant. Thus, they are used 
as key distribution centers. 
The objective is defined in four aspects 
         1. Defining a good architecture-proposed a Cluster      
architecture 
         2. Defining cluster Head selection- proposed a good 
algorithm in which the Ch is elected and the response time is 
defined as T=1000ms and energy consumed is calculated. 
         3. Defining a secure mechanism   in key management– by 
comparing three schemes, a good key establishment scheme is 
defined. 
         4.  Defining a good protocol –Mutipath broadcast protocol 
in which the communication overhead  and storage overhead is 
reduced and throughput for this protocol is calculate d. 
Henceforth a new secure mechanism is defined in our work.  
 

III. ARCHITECTURE 

         Two models defined, they are layered architecture and 
clustered architecture. As in the figure: 2, in layered architecture 
the nodes are arranged and deployed in layers 
 (a)  Layered architecture 
          It consists of a single powerful base station (BS).all the 
sensor nodes are arranged in layers around the base station. The 
nodes i-hop away from BS. 
 

 
Figure: 2 Layered Architecture 

 
(b)  Clustered architecture 
         It organizes the sensor nodes into clusters. Each cluster is 
governed by a cluster-head. Only heads send messages to a BS. 
The architecture is self organizing 
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The framework includes 
         Level: 1 The proposed framework works in clustered 
architecture and the nodes deployed are clustered by neighbor 
discovery process. 
         Level: 2 after the nodes are clustered; a NAT table is 
generated by the base station which used for cluster head 
selection procedure. The cluster head selection procedure selects 
the node which has less weight by using the NAT table generated 
by the base station. Hence the CH is elected after a time interval 
“T” seconds. 
         Level: 3   A symmetric key establishment frameworks is 
designed and compared with two other schemes for its 
performance. 
         Level: 4 A new protocol is framed, henceforth the 
framework works in energy efficient way. In this framework no 
routing table is used and all messages are broadcasted in multiple 
active path with sequence number and received in the either side. 
 
 
 

 
Figure: 3 clustered Architecture 

 

IV. CLUSTERING & CLUSTER HEAD SELECTION 

         Two major types of cluster-based key management 
protocols are widely used protocol, introduced byJolly et at.[8] 
The other is the lightweight key management protocol, proposed 
by Eltoweissy, et al. [3][4] However, these two protocols suffer 
the following security issues:  
         1. Key information is exchanged mainly through the 
communication between cluster heads. The weakness of this 

approach is that once a cluster head is compromised, the entire 
cluster will be broken by simple DOS attack. 
         2. All assume fixed cluster heads in a WSN, and require 
cluster heads to possess big storage capacity and high computing 
power. The cluster heads will not change during the operation. 
Being energy efficient, because if the network cannot 
dynamically select cluster heads to balance energy consumption, 
the nodes that are far away from the cluster heads will exhaust 
their energy first and the network will contain "blind spots". 
         The sensor nodes are deployed in the field. with a unique 
ID and each cluster head is also deployed with a unique  ID.  In 
the initial stage the cluster Head has an ID and each CH 
broadcast a Hello message .The nodes in that radio range will be 
clustered to that Cluster Head by giving acknowledgement. Thus 
the cluster is formed. An NAT (Node Allocation Table) structure 
is created by the Base station. It includes the nodes ID and 
weight of each node.  
 
4.1   Node Allocation Table (NAT) 
         Typical protocols include the logic level binary tree (LKH) 
protocol, introduced by Waller et  al. This protocol is simple and 
flexible in management, and each group member node only 
needs to keep log2 (N) (N: number of members nodes in the 
group) keys to update key group, but the group needs to keep 
2log2 N−1 keys. When a group has a large number of members, 
the required storage space is very big. The NAT group key 
algorithm is introduced to address this issue. Node allocation 
table (NAT) provides a framework for scalable and efficient key 
management. With this new key management scheme,[25] the 
storage efficiency is nearly doubled compared with LKH. In this 
protocol the base station will generate a NAT structure. 
According to the cluster head selection algorithm a node 
broadcast the Hello packets and the neighbors acknowledge it 
which one is included into   that cluster .using the information 
the base station generate the structure which  is scalable .In the 
table T1,T2… are cluster heads and M1,M2,.. are sensor.T1 has  
received the acknowledgement   from M2,M3,M4,M5,M6,.T2 
has received the  acknowledgement from 
M2,M3,M4,M5,M6,.Thus the information are gathered in the   
table by the base station .NAT structure has a Key. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table: 4 Node Allocation Table 
 
 
        

 
 

After t1  M1 M2 M3 M4 M5 M6(CH) M7 

T1 0(W) 1(W) 1(W) 1(W) 1(W) 1(W) 0(W) 

T2 0(W) 1(W) 1(W) 1(W) 1(W) 1(W) 0(W) 

T3  0(0)  1(4)  0(0)  0(0)  0(0)  1(3)  1(4)  

T4 0(W) 0(W) 1(W) 1(W) 1(W) 1(W) 1(W) 

T5 1(W) 0(W) 1(W) 1(W) 1(W) 0(W) 0(W) 

T6 1(W) 1(W) 0(W) 0(W) 0(W) 0(W) 1(W) 
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          In each Cluster Head the node is assigned with a weight 
(W1) depending upon the request /receive message to/ from the 
nodes. For a message the energy needed is   calculated   and 
which in turn calculate the energy consumed by the node. 
According to the energy spend the weight will be incremented in 
each node. The energy spend   can be calculated by number of 
messages  send and received. The Node which has the lowest 
weight will be selected as CH after  a time interval.  The old CH 
broadcast all the details to the New CH. The base station updates 
the NAT table .Thus the energy are saved in the node. 
 

V. PROPOSED METHODS 

 5.1 Key Management 
         Key agreement in wireless sensor networks is nontrivial. To 
achieve security in wireless sensor networks, it is important to be 
able to perform various cryptographic operations, including 
encryption, authentication, and so on. Keys for these 
cryptographic operations must be set up by communicating nodes 
before they can exchange information securely.  Key 
management schemes are mechanisms   used to establish and 
distribute various kinds of    cryptographic keys in the network, 
such as   individual keys, pair wise keys, and   group keys. Key 
management is an essential cryptographic primitive upon which 
other security   primitives are built. Most security requirements, 
such as privacy, authenticity, and integrity, can be addressed by 
building on a solid key management framework. In fact, a secure 
key management scheme is the prerequisite for the security of 
these networks, and thus essential to achieve secure 
infrastructure in Sensor Networks. The challenge of designing 
key management protocols for sensor networks lies in 
establishing a secure communication infrastructure; some 
cryptographic information (e.g., a key) is normally preloaded in 
sensor nodes before deployment, and allows sensor nodes to 
perform secure communications with each other using 
algorithms. 
         Most schemes do not assume prior knowledge of the 
network deployment topology and allow nodes to be added to the 
network after deployment. The schemes must have low 
computational and low storage requirements. There are four 
types of key management schemes: trusted server, self-enforcing, 
key predistribution and public key cryptography. When 
designing a key management scheme for WSNs, designers 
should take the following five major resource constraints of 
sensor nodes into consideration:  (1) limited energy, (2) limited 
memory, (3) Limited computing power,(4) limited 
communication bandwidth,  (5) limited communication range. 
The key management includes key generation, key distribution, 
and key storage. The enhanced key management in this version 
can perfectly eliminate the impacts of node compromise attacks 
on links between non-compromised nodes which most existing 
key management schemes have faced. In this paper we surveyed 
various key establishment and distribution schemes and 
compared scheme-I and scheme-II with scheme –III. 
 
5.2 Scheme-I 
         The establishment of keys consists of four phases including 
initialization, pair wise key establishment, cluster key 
establishment and key renewing. 

• Initialization: Before deployment the node receives a 
master key K,a Node identifier ID and a random vector 
a 

• Pair wise key establishment:  The node sends 
broadcasting and receives broadcasting from its 
neighbors. The pair wise keys are established by 
combining   the master key with its neighbor vectors. 

• Cluster key Establishment: Each node establishes the 
cluster key by combining the master key and cluster 
head’s identifier. 

• Renewing of keys: The keys are renewed to ensure the 
network security including the pair wise key and cluster 
key. The nodes in the network delete all the keys except 
the cluster keys and generate   a new random number. 

 
         If any node in the cluster is captured the cluster head will 
inform all other nodes that nj    was captured. The cluster head 
broadcast to the uncaptured node in unicast mode. If any cluster 
head is captured, the members would delete all the information 
related to it and join into another cluster through its neighbors. 
 
Advantage: 
1. Communication overhead is low. 
2. Increased Resilience. 
(as a compromised node does not reveal 
         Information about other nodes that are not directly 
communicating with the captured node.) 
 
Disadvantage: 
             1. Memory overhead s high [a distinct pair 
                Wise key for every other node in the 
                 Network]   
            2 .Not scalable for large networks.  
               [Each node has a pool]  
 
 5.3   Scheme-II 
         The establishment of keys consists of four phases   which 
includes key pre-distribution phase, a shared key discovery 
phase, a path key establishment phase and key ring reduction 
phase. 

• Key Pre-distribution Phase:  P keys of the key pool are 
selected randomly from the key space. The key ring of 
each node, a random subset of m keys from the key pool 
is stored on the memory of each node before 
deployment. 

• Shared –Key Discovery Phase: After the nodes are 
deployed ,a shared key discovery phase is performed, 
where two neighbor nodes find out their common key in 
their key rings and use it as a shared key. Each node 
broadcast key identities   in its key to discover a 
common key with neighbor nodes. 

• Path key establishment phase: After a shared key 
discovery phase, if two nodes do not have a common 
key, then a path key establishment phase is performed 
between the two nodes .[9]. 

• Key ring reduction phase: The keys in a key ring are 
used to establish pair wise key with neighbors. The 
attacker can easily   extract the keys of a key ring in a 
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captured node. To improve the security ,after key setup, 
each node erases m-m’  keys selected .Therefore the 
total number of keys in the key ring comes to m’. 

 
Advantage: 
        1. No of key used is low so memory   overhead 
            is low. 
        2. Scalable. [Each node has a set of keys  
                             a common pool] 
Disadvantage: 
         1. As pre distribution has three phases for distribution 
hence communication overhead is high.    
 
 5.4   Scheme-III (Proposed method) 
         The network has entities like sensor nodes, base station, 
cluster head which are deployed  in the field, The establishment 
of key consists of  
 
Initialization:  
         Each node receives a master key ‘K’, a node identifier ID, 
cluster key Kc which is formed by combining the master key and 
ID of the node. The cluster key   Kc is generated by the cluster 
head and shared by the nodes in that particular cluster, the nodes 
from that cluster use the key to decrypt the data. Nodes will only 
use this key when they are serving as a cluster leader. Each node 
has a key Ks which is generated by the base station and pre 
deployed to all sensor nodes. . The network key Kn is generated 
by the base station, pre-deployed in each cluster node, and shared 
by the entire sensor network. 
         Cluster key: Clustering algorithm clusters the nodes and a 
node will act as a cluster head.. If the cluster head is captured by 
the attacker the cluster head will automatically disconnect with 
their nodes and if a node is captured it will disconnect with the 
neighbor. By this node capture attack is reduced. If the same 
node is acting as a cluster head it has a risk of resource 
constraints. So we modify the discovery process . 
         Authentication: For the communication between the nodes 
the nodes will authenticate the neighbor by the nonce which is 
generated by the base station. 
         Path declaration: After the path is declared, using the 
session key (Ks) the message is encrypted and send. After the 
transmission is over the session key is erased in order to reduce 
the node capture attack. 

• . In our proposed scheme a session key is generated and 
using the key the message is encrypted and sends. Using 
the routing protocol the path is declared and all the 
nodes in the path involved in communication are kept 
active whereas all the other nodes are kept sleeping in 
order to lessen the Energy consumption.  

• Sensor nodes within a cell periodically negotiate among 
each other to elect the coordinator in every round. For 
each round, only one node stays active to be a 
coordinator, while the others fall into sleeping mode. 
Doing this significantly reduces the energy consumption 
because nodes in the idle state spend much more energy 
as compared with the sleeping state. Analysis in [31] 
has shown that energy consumption ratio for Sleep: idle: 
receive: transmit is 0.13:0.83:1:1.4. It also reduces the 
network congestion because the number of nodes 

participating in transmission/reception is decreased. On 
the other hand, frequent change of coordinator role 
helps the particular nodes not running out of its energy 
quickly. Therefore, it can prolong nodes as well as the 
network lifetime. In order to control nodes in different 
states and transition, we employ Geographical Adaptive 

Fidelity. It also reduces the network congestion because 
the number of nodes participating in 
transmission/reception is decreased. 

Advantage: 
               1. Communication overhead low 
               2. Storage overhead low 
               3. Resilience low 
Disadvantage: 

1. Energy consumption is low   
 

 
Fig: 4   single key   in Node 

 
         The energy consumption in this  method for cluster head 
CH4 can be calculated as 
 
                         Econsume = (ER× Data Packet × number of 
member nodes) + ET 

                                     = (ER× Data Packet × number of member 
nodes)+ (ET× Data Packet × number of      
                                         member nodes)/2 
                         

Mess
age 
Size 
(KB) 

                Power consumed (µJ /mS) 
 
N=25 
 

N=1 
 

N=35 
 

N=1 
 

N=40 
 

N=1 
 

10 16.5 0.66 19.8 0.57 26.4 0.66 
20 32.0 1.28 39.6 1.13 62.8 1.57 
30 61.5 2.46 59.4 1.69 79.2 1.98 
40 66.0 2.64 79.2 2.26 95.6 2.39 
50 82.5 3.30 99.0 2.82 133 3.30 

                     
Table: 8   Power  Consumed in µJ /mS 

 
         From this the energy consumption in receiving and 
transmitting data increases as the number of node increases in the 
cluster. Hence it is defined that clustering algorithm should 
cluster the “N” no of nodes. If N>T  limit then new Ch is 
assigned and send “Hello Message” and cluster the nodes. 
 

N not greater than T limit 
& 

N<= T limit. 
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         By this method energy consumed by the node relates to the 
life of the network. In our work the message is transmitted in one 
way order and hence energy consumed will be low which in turn 
increase the battery life. The energy consumed in each node will 
be updated in the NAT table by the base station which in turn 
select the node which has high energy and assigns a weight and 
elect those nodes as CH after ‘T’ time interval. 
                
5.5   MULTIPATH Broadcast Routing protocol 
         There are three types of routing protocols: Proactive 
Protocols, Reactive Protocols and Hybrid Protocols. Proactive 
protocols are table-driven that constantly update lists of 
destinations and routes. Reactive protocols respond on demand. 
Hybrid protocols combine the features of reactive and proactive 
protocols. The main goal of routing protocols is to minimize 
delay, maximize network throughput, maximize network lifetime 
and maximize energy efficiency. In this paper we propose a new 
protocol which is Reactive protocol, respond on demand. 
         All the existing protocols take the minimum energy path. 
Whereas the multi-path routing schemes distribute traffic among 
multiple paths instead of routing all the traffic along a single 
path. In multi-path routing it is necessary to know number of 
paths that are needed and choosing the appropriate paths in the 
total number of available paths [4]. Clearly, the number and the 
quality of the paths selected dictate the performance of a 
multipath routing scheme. The proposed work is intended to 
provide a reliable transmission of data for data synchronization at 
the destination on environment with low energy consumption. 
This is done by efficiently utilizing the energy availability and 
the received signal strength of the nodes to identify multiple 
routes to the destination. The proposed protocol spreads the 
traffic over the nodes lying on different possible paths between 
the source and the destination. The rationale behind traffic 
spreading is by considering the energy so that the overall lifetime 
of the network will be increased. The sequence number is 
assigned   to each packet of data for data synchronization at the 
destination. The objective is to assign more loads to under-
utilized paths and less load to over-committed paths so that 
uniform resource utilization of all available paths can be ensured. 
          This protocol is intended to provide a reliable transmission 
environment with low energy consumption, by efficiently 
utilizing the energy availability and the received signal strength 
of the nodes to identify multiple routes to the destination. 
Simulation results show that the energy efficient adaptive 
multipath routing scheme achieves much higher performance 
than the classical routing protocols, even in the presence of high 
node density and overcomes simultaneous packet forwarding. In 
the proposed routing protocol the traffic is spread over the nodes 
lying on different possible paths between the source and the sink, 
in proportion to their residual energy and received signal 
strength. The rationale behind traffic spreading is that for a given 
total energy consumption in the network, at each moment, every 
node should have spent the same amount of energy. The 
objective is to assign more loads to under-utilized paths and less 
load to over-committed paths so that uniform resource utilization 
of all available paths can be ensured. Multipath Broadcasting is 
cost effective for heavy load scenario, while a single path routing 
scheme with a lower complexity may otherwise be more 
desirable. 

         Consider two clusters with 20 nodes. In cluster 1, the 
source node A wants to send data to the destination node B in 
cluster 2.Source node A send the data to the cluster Head in 
cluster1.The CH1 forwards the data to the base station. The base 
station find the destination node B location using the NAS 
structure and send the data to the destination cluster. The cluster 
Head 2 receives the data and floods the data to all the nodes in 
the cluster. A multipath is formed and the data is divided and 
assigned a sequence number The destination node receives the 
data  from all path and arrange the data according to the sequence 
number and decrypt the data and  get the correct message. The 
difference between the time after construction of packets before 
sends and time after reception of all packets is called latency. 
The ratio of total no of packets transmitted to the total latency for 
those packets transmitted under current cluster head is called 
throughput. 
 
Latency    =    Time after construction of packets    -    Time after 
reception of packets 
Throughput=Total no of packets transmitted 
                                   Total latency 
 
         Thus our proposed model raises the throughput upto 30%. 
         The Encryption algorithm used for encryption is DES (Data 
Encryption Standard).The energy consumed for encryption is 
tabulated for varying message size. The proposed scheme-III 
consumes less energy   for encryption. Total Energy consumed is 
also calculated with the energy spent for   receive and transmit of 
message. 
 

VI. EVALUATION METRICS 

6.1   Secure Connectivity: 
         We measured the secure connectivity rate of the network 
size of 50 nodes without path key establishment phase and 
present the results in fig 5. As seen from fig 5, in scheme-III has 
a single key in the network each node can communicate with any 
node that falls into its communication range making the secure 
connectivity rate 100% In the pair wise key establishment 
scheme the connectivity is also 100% since each node carries (N-
1) keys for every other node in the network. In random key 
redistribution scheme each node connects to other nodes with the 
probability of P .Simulation results also show that the secure 
connectivity rate of the network is 70% which is determined by 
the value of P 
 

 
Fig: 5 Secure connectivity 
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6.2 Communication Overhead 
         Figure: 6 illustrates the communication overhead of each 
key management scheme. In scheme III there is no 
communication overhead because we assign a single key to all 
nodes in the network before network deployment. In scheme I 
&II have more communication overhead than Scheme-III. As in 
pair wise key establishment scheme each node has single key 
while in the random key predistribution schemes each node has 
number of keys equal to the ring size of the node. For example in 
the case of 50 nodes in basic random key distribution, scheme-II 
communication overhead due to key establishment is 1800 bytes 
whereas in pair wise key establishment scheme-I this overhead is 
equal to only 270 bytes.  

 
Fig: 6 Communication overhead in bytes 

 
6.3 Memory Overhead 
         Figure: 7 represents the memory overhead of each key 
management scheme for different network sizes. The result 
shows that scheme-III uses only 8 bytes of memory which it is 
the size of two key.  In pair wise key establishment scheme, since 
each sensor node is loaded with a distinct key for every other 
node in the network, this scheme’s memory overhead (N-1) X4 
bytes per node is bytes. For example, a sensor node in a WSN 
consisting of 40-node incurs 36-byte memory overhead. In our 
simulation, scheme-I &II employ more than 4 keys per sensor 
node resulting in 16-byte memory overhead. As seen from  

 
Fig: 7 Memory overhead 

 
6.4 Resilience Against Node Capture 
         Figure: 8 present the resiliency against node capture.  
Resilience is measured in terms of the number of secret keys a 
compromised node reveals. If a sensor node’s secret keys are 
revealed we assume that sensor node is also captured. From 
Chart- 4, we can see that pair wise establishment scheme is the 
most efficient and resistant.(Scheme–I )while in scheme-III the 
key it is enough to capture one node to gain control to the entire 
network. The simulation results also show that scheme-I &II has 
better resilience compared to scheme-III 
                                                                                

 
Fig: 8 Resiliency against node capture 

 

 s-1 s-2 s-3 

Scalability Large Large Large 

Secure connectivity 80%        70% 100% 

Memory overhead 
(N-1)keys are used in a 
node(storage high)  

>3 keys randomly 
selected(com high)  

Only 3 keys are used in a 
node  

Communication 
overhead 

>7 messages, Low > 7 messages ,high 7 messages, Low 

Resilience High Low Low 

Energy 
Consumption GAF not used, High GAF not used, High GAF used, Low 

Table: 5   Evaluation metrics (Scheme-I,II,III) 
 

VII. POSSIBLE ATTACKS 

         7.1. Spoofed, altered, or replayed routing Information 

         This is the most common direct attack against a routing 
protocol. This attack targets the routing information exchanged 
between the nodes. Adversaries may be able to create routing 
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loops, attract or repel network traffic, extend or shorten source 
routes, generate false error messages, partition the network, and 
increase end-to-end latency. The standard solution for this attack 
is authentication. i.e., routers will only accept routing 
information from valid routers. 
 
7.2. Selective forwarding attack 
         Multi-hop mode of communication is commonly preferred 
in wireless sensor network data gathering protocols. Multi-hop 
networks assume that participating nodes will faithfully forward 
and receive messages. However a malicious node may refuse to 
forward certain messages and simply drop them, ensuring that 
they are not propagated any further. This attack can be detected if 
packet sequence numbers are checked properly and continuously 
in a conjunction free network. Addition of data packet sequence 
number in packet header can reduce this attack. 
 
7.3 Sinkhole attack 
         By sinkhole attack, the adversary tries to attract early all the 
traffic from a particular area through a compromised node. A 
compromised node which is placed at the centre of some area 
creates a large “sphere of influence”, attracting all traffic 
destined for a base station from the sensor nodes. The attacker 
targets a place to create  a sinkhole where it can attract the most 

traffic, possibly Base User Station. Several sensor network 
routing algorithms rely on implicit or explicit link layer 
acknowledgements. Due to the inherent broadcast medium, an 
adversary can spoof link layer acknowledgments for “overheard” 
packets addressed to neighbouring nodes. Protocols that choose 
the next hop based on reliability issues are susceptible to 
acknowledgments spoofing. This   results in packets being lost 
when travelling along such links. The goal includes convincing 
the sender that a weak link is strong or that a dead or disabled 
node is alive. Since packets sent along weak or dead links are 
lost, an adversary can effectively mount a selective forwarding 
attack using acknowledgement spoofing by encouraging the 
target node to transmit packets on those links communication. 
 
7.4 Sybil attack 
         In a Sybil attack, an attacker can appear to be in multiple 
places at the same time. This can be convinced by reading fake 
identities of nodes located at the edge communication range. 
Multiple identities can be occupied within the sensor network 
either by fabricating or stealing the identities of legitimate nodes. 
Sybil attacks can pose a significant threat to geographic routing 
protocols. Proper authentication can defend it. 
 
 

Attacks 

/scheme 

Spoofed attack  Selective 
forwarding attack 

Sinkhole attack  Sybil attack 
 

s-I high high high Low 

s-II high high high Low 

s-III 

 

Reason 

low low low Low 

Good Auth 

enti 

cation(Nonce) 

The packets are 

Sequ 

Ence num 

bered 

Path 

Decl 

ared 

Good Auth 

enti 

cation(Nonce) 

Table :6   attacks verses schemes 
 
 

VIII. PERFORMANCE ANALYSIS 

         In an attempt to thoroughly investigate and profile the 
energy consumption in a WSN, we performed a wide set of 
simulation scenarios. Every node in a WSN consumes energy 
mainly for transmission and reception purposes. It transmits 
routing and data messages and thus the energy consumption 
depends on the node location and the data messages it generates 
or forwards. To quantify these dependencies, we have run a 
scenario set with no malicious nodes in the network,100 nodes 
are placed in a 10x10 grid. Ten nodes transmit data to the base 
station. The simulated application issues one packet of 10K bytes 
every two seconds while the Beacon interval is 0,5 seconds . We 
have measured the energy consumption of nodes A, B, E, F,G   . 
Based on the   obtained results, we have calculated the energy 
consumption for the case where both data and routing messages 
circulate in the network and the energy consumption when only 
routing messages are exchanged. 
         In this analysis, we consider two parameters that decide the 
outcome of our model. They are  
                                1. Throughput  
                                2. Latency. 

 
         The difference between the time after construction of 
packets before sends and time after reception of all packets is 
called latency. The ratio of total no of packets transmitted to the 
total latency for those packets transmitted under current cluster 
head is called throughput. 
Latency    =    Time after construction of packets    -    Time after 
reception of packets 
 
Throughput = Total no of packets transmitted 
                                   Total latency 
Packets transmitted (session 1) = 100000  
Latency = 3000ms 
Packets transmitted (session 1) = 109583 
Latency = 4000ms 
 
Throughput  =      100000+109583 
                               3000+4000 
                     =29.940% 
         Thus our proposed model raises the throughput up to 30%. 
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Fig: 8  Node Registration With Cluster Head 

 
         The Encryption algorithm used for encryption is DES (Data 
Encryption Standard).The energy consumed for encryption is 
tabulated for varying message size. The proposed scheme-III 
consumes less energy   for encryption. Total Energy consumed is 
also calculated with the energy spent for   receive and transmit of 
message. 

 
Fig: 9  Energy consumed for Encryption for   three schemes. 

 
         The Decryption algorithm used for Decryption is DES 
(Data Encryption Standard).The energy consumed for 
Decryption is tabulated for varying message size. The proposed 
scheme-III consumes less energy   for Decryption. Total Energy 
consumed is also calculated with the energy spent for   receive 
and transmit of message 
 

 
Fig   10  Energy consumed for Decryption   for  three 

schemes 

 
Fig 11 Total Energy consumed   for three schemes 

 

IX. CONCLUSION AND FUTURE WORK 

         In this paper the three schemes were compared and their 
efficiency through various metrics were tabulated in table .This 
paper investigates and evaluates the most   important key 
management schemes in wireless sensor networks. Namely, 
scheme-III, Scheme-I, scheme-II are explained and evaluated   
against metrics and attacks using JAVA simulator. Our future 
research directions involve comparing more key management 
schemes using different metrics and larger network sizes. 
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Abstract- The objective of the research is reveal the concepts and 
the items of architectural prototype. So, this research involves a 
review of several studies which tackled the type in architecture in 
general, and through the four stages of development of the 
concept  in the theory and history of architecture according to the 
study of Historical Evolution of Type in Architecture (Abdul 
Aziz : 2007). This is done to provide the cognitive background 
related to congruent structures of the type or the roots which 
constitute the architectural prototype, and identifying what stands 
behind the formation of those roots. 
 
Index Terms- architectural prototype, architectural type, roots of 
architectural types, architectural styles. 
 

I. INTRODUCTION 

tudying the root of type as a concept requires an analytical 
perspective that rests on familiarity with the historical, social, 

and the religious facts as well as the other circumstances related 
to the cultural background of the society during the meant period 
of time under discussion. 
        This also includes their reflections on the intellectual 
structure of the society and on the cultural architectural products.  
Heinrich Wolfflin described in his presentations about the 
expressive content of the type as a sort of Formal and Spatial 
Patterns. It is believed that the culture product has an Expressive 
Content having a relationship with the perceptible physical form 
and by that he is considered the first who introduced this concept 
(Rykwert:1981:11). 
        Wolfflin called for finding out the Tectonic values in art and 
architecture, those who value a relationship with the aesthetic of 
the origin and its expressive values. This style of thinking has 
come synchronously with the appearance of the idea of the 
abstract art. Wolfflin’s important addition in his new language on 
the concept of space and propagated to perceive or see this form 
in that space. The effect of this concept has remained until today 
and lately has a significant effect on architecture. The adoption 
of the formal and spatial order as a base for describing the type is 
considered a real reflection of his presentations (Curtis:1996:29). 
   

II. THE ROOT OF TYPE 

2.1. The Root of Type in Language 
        The plural of type is types , and is referred to a group of 
people having agreed on the same doctrine, thought or the same 
method , and is also referred to things that are alike in class. The 
verb is typify, that is a denotative for typifying or having the 
meaning of leading or showing the 
way(MukhtarAlSihah:1950:750)(MuheetAlMuheet:Second 
Volume:2131).  

        According to Longman Dictionary: Pro.to.type / n [(of)] the 
first form of something, which all later forms develop (Longman 
Dictionary of English Language and Culture:1998:1075).  
        Oxford English Dictionary states the following: Prototype 
/n.(earlier) in Greek form typon [French, or late Latin prototypus 
from Greek prototupos] The first or prototype of something; the 
original of which a copy, imitation, representation, derivative, or 
improved from exists or is made; a pattern, a model, an 
archetype. That of which a model is a copy on a reduced scale. 
Clark, they look at flowers and trees not only as delightful 
objects, but also as prototypes of the divine (Oxford English 
Dictionary: 2002:2380). 
        Boyer Dictionary in 1727 defines type as a symbolic form 
figure, shadow, and representation. The concept of type in its 
literal meaning used by Greek means impression. The Greek 
definition of the concept formed the base for the 17th century 
common definition, represented by the following: That by which 
something is symbolized or figured 
(Mann:1991:127)(Vidler:1977:95:99). 
        Type means Order which is the language that links patterns 
together for clarification and understanding 
(Salingaros:1998:Intro.).  
        As for its first root, it means searching for a mental 
relationship and a rational approximation for things, structures or 
principles compared to inherited or acquired events or 
phenomena. Or it is an attempt to find a language of dialogue 
with repetitions to discover its secrets in order to obtain a kind of 
mastery, understanding, interpretation and prediction (Al 
Guesbi:2005:8). 
        The type is something necessary for scholars, chroniclers, 
artists, musicians, industrialists and economists. So, type could 
be functional or digital such as the digital progressions, the 
quadratic relationship 2, 4, 16, 256, which can be geometrically 
represented formally or imagery  in a curve shape by applying 
the Descartes' coordinates for instance, or might be geometrical 
formally or imagery. Thus; the type of the straight line would be 
as an infinite sequence easily understood of equal straight - line 
segments; as the base of the type is a kind of minor equal 
differences or form standardization. To find the type in a curve 
line; we need to know the starting point, the differences and 
common  dominant variations -the average-  and the base of the 
type here is minor and equal differences too. Therefore; type 
could be determined in curves or any other geometrical shapes by 
observing those differences and variations. Type can also be 
observed in random too (Al Guesbi:2005:8). 
        Whatever the case might be; there must be a type. 
Therefore, the idea of Disorder is meaningless , and even what is 
referred to in reality as random events, they occur in an 
understandable and describable sequence such that could be 
distinguished from other random events and seem - in their 
primitive - prototypes -state simple and abstractive. Typology in 
language, art, music, games, architecture, and religious rituals is 

S
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little and minor, as these fields of knowledge are affected by the 
surrounding environment. Consequently, the seeker for prototype 
should be familiar with all the details, the observations and the 
meaning. Prototype is found in nature, in physical systems and 
non-living objects minor but infinite (Al Guesbi:2005:8). 
 
2.2. The Root of Type Philosophically  
        As for philosophy, the type defined as bearing the 
intellectual dimensions of a thing which is obscure, general, 
having symbolic dimensions hidden in mind and physically 
embodied in what is called the Model which represents a special 
case of the type that is clear and of definite features. The birth of 
type depends on the emergence of a series of cultural products 
which possess common Conceptual Forms and have the solutions 
for thought, functional, religious, cultural and ideological 
requirements. Consequently the type is considered one of the 
most important means of object origination. Also , Antoine-
Chrysostome Quatremère de Quincy maintains that a type 
doesn’t present - largely - an image of something that can be 
copied, simulated or imitated very accurately as much as what it 
represents as an idea for the element which in turn acts as a base 
for the pattern or the model. A type doesn’t represent a constant 
formal value but represents an intellectual relationship and a 
basic value without presenting certain limited values or the 
relationship that gives the building special character or identity 
(Merza:2000:125)(Argan:1996:240) (Abdul Aziz : 2007).   
 
2.2. a. The Roots of Type in the Worldly Philosophies of the 
Platonic and the Aristotelian  
        The concept of Type particularly appeared in the Platonic 
and in the Aristotelian presentations where a study by William 
John Mitchell (1944 - 2010) the Australian architect and urban 
designer stated that the concept of type is correlated with both 
the Platonic ideals and the Aristotelian forms through explaining 
that the concept of type has a very long and complex history, in 
which ideas drawn from several different fields become 
interwoven. In philosophy, it may be traced back to Plato’s ideals 
and Aristotle’s form (Mitchell:1992:246). 
        The Platonic idealism and the Aristotelian realism are 
correlated with the essence of nature owing to the fact that it is 
the origin of artistic works (Al Bustani:1996:60). 
        The platonic point of view considers that an artist simulates 
a general idea found in his mind seeking the right and complete 
form of something or  Ideal forms; whereas the Aristotelian point 
of view considers that the Greek have realized the under essence 
of things optically. So, the Greeks regard the world of things like 
a sequence of typical forms demonstrated and embodied in 
unique patterns (Mitchell: 1992:89) (Abdul Aziz : 2007).    
 
2.2. b. The Roots of Type in the Theological Religious 
Philosophies 
        The concept of type particularly appeared in the theological 
religious Philosophy presentations of the Middle Ages referred to 
as Torah or The Book’s interpretations that focus on interpreting 
the Holly Book to preach for the old types achieved by new ones 
(Mann:1991:127) (Abdul Aziz : 2007).   
        The typological interpretation of the Torah represents an 
interpretive method or principle employed for establishing the 
close connection between the early Torah text and the modern 

text via confirming the substantial resemblance from none, that is 
based on types and its root or the  prototype (The New 
Encyclopedia Britannica:1982: 221). 
        Theological presentations on the concept have included a 
number of related aspects. So, the definition of type according to 
theology represents An Event in the New Testament or The Bible 
is symbolized in the Old Testament or The Torah and the most 
prominent definitions of type that are close to the Torah’s 
interpretation is the  definition for the concept of typology as a 
form of symbolic interpretation and the connection between two 
events or persons, the first of which signifies not only itself but 
the second, while the second encompasses or fulfills the first 
(Mann:1991:127). 
        Theological presentations indicate that the typical 
relationship is primarily asserted to determine the identity of the 
prototype, taking into account that discovering types neither 
represent the issue of historical principle nor a random method 
like the metaphoric interpretation because the typical 
interpretation entails a relationship that could be proved between 
the type and the prototype (The New Encyclopedia 
Britannica:1982:221). 
        Theological typology in its interpretations relies on the 
concepts of repetition and similarity (Mann:1991: 128:129). 
        Torah typology is related to continuous history as a context 
for it. So the typical interpretation focuses on the continual and 
persistent relationship where the type is seen as a beginning and 
the prototype as a subsequent inspiration (The New Encyclopedia 
Britannica:1982:221)  
        Religious typology focuses on the historical development of 
the type. So it gives the past a presence as a kind of history 
interpretation or as a creative method to grant newness along 
with the seed of oldness entailing constant reaching to perfection 
through prototype visualization. It maintains that the prototype 
reiterates or repeats the original type, but it also consummates 
and sums up, perfects and completes the original 
(Mann:1991:129). 
        Anthony Vidler, the critic, asserted its dominant use in 
describing symbolic actions and for symbolizing Christianity, 
since the French Academy Dictionary 1773 states that the ideas 
of God represent the types of all creative things where the 
meaning of the origin is found to be related the unified principle 
or law (Vidler:1977:95) (Abdul Aziz : 2007).    
 

III. THE ROOT OF TYPE IN ARCHITECTURAL PRESENTATIONS 

AT THE PRE ENLIGHTENMENT AGE BEFORE 1750  

        Architectural presentations in this period were characterized 
by their insufficiency and scarcity in discussing the architectural 
theoretical issues in general and the theory of type in particular. 
Where the concept of type appeared in the presentations of 
Marcus Vitruvius Pollio in his interpretations about the origins of 
buildings via his definition of the prototypes adopted in 
architecture(Abdul Aziz : 2007).    
        His presentations, for instance, confirms that the dimensions 
of the human body represent a prototype of the Greek columns 
measurements and indicate as well to the Roman myths as a 
prototype of the Roman architecture system (Gomez:1984:31). 
        The presentations have also confirmed on the spreading of 
the concept of Prototype as an idea during this period, Alberto 
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Pérez-Gómez (1949) the  architectural historian and theorist 
mentioned that one should realize that Prototype can be 
subsumed by more general and appropriate notions such as idea, 
as in the architectural idea used by Vitruvius in this etymological 
sense of image (Gomez: 1991:12). 
        Luciano Semerani, who is a critic also, pointed out to the 
intellectual nature of prototype in this period and explained that it 
may be true that the idea of prototype as an imaginative model 
assumed clarity with Antoine-Chrysostome Quatremère de 
Quincy and lost it with Jean-Nicolas-Louis Durand (1760 - 1834) 
the French author, teacher and architect but the proposal of 
image as idea is as old as the world (Semerani:1985:11). 
The basic role of prototype in the reviving and continuation of 
architectural history , norms and traditions had come into view 
too often an imitation of the architectural chef d'oeuvres 
prevailed in those periods , in order to achieve continuity with 
those masterpieces at which Julia Robinson’s presentations 
called it the cultural prototype that focused on materialistic 
embodiment as an iconic model stating that in ancient cultures 
the nominal denotation for type is generally related to a certain 
icon simultaneously embodies several concepts of building from 
the function to the prototype of construction to the rules of 
design (Robinson:1991:159). 
        Broadbent’s presentations have mentioned this role within 
his classification of the designing methods that generate the 
architectural form, stating that the typical design is based on the 
participation of a certain culture members in a constant mental 
image for that the design should be similar to, and considering it 
as representing a continuous tradition since the ancient cultures 
including local and primitive forms (Broadbent:1980:139). 
        David Bell’s presentations have discussed the relationship 
of prototype with tradition in consideration: the prototype 
represents a method of rational order which earlier was implicit 
in the cultural norms, so the prototype in this sense replaced the 
norms (Bell:1991:20). 
        Paul Tesar’s presentations indicated that the idea of 
prototype via generalization and classification represent the norm 
and the myth which exemplify the perpetual theme in all worlds 
of thinking involved in assimilating the cultural and social 
meaning (Tesar:1991:165).  
 

IV. THE ROOT OF TYPE IN ARCHITECTURAL PRESENTATIONS 

AT THE ENLIGHTENMENT AGE 1750 – 1830 

        The middle of the 18th century witnessed the emergence of 
the philosophical enlightenment movement, a knowledge 
revolution against ignorance, whose supreme ideal was 
crystallized from two parts: the nature and the mind(Abdul Aziz : 
2007). The concept of type appeared in the presentations of a 
number of its theorists at which the development and maturity of 
typology concepts during this period have come to light in 
response for the following factors: 

� First: The development of rational philosophical 
concepts at the hands of René Descartes.  

� Second: The development of scientific concepts, 
physical sciences in particular. 

� Third: The beginning of the industrial renaissance that 
witnessed a diversity in buildings’ functions 

(Broadbent:1977:60)(Vidler:1977:106)(Abdul Aziz : 
2007).   

4. a. The Root of Type in the Presentations of Marc-Antoine 
Laugier     
        The abbé Marc-Antoine Laugier (1713 - 1769) was a Jesuit 
priest and architectural theorist. Laugier is best known for his 
Essay on Architecture published in 1753. 
        The Enlightenment age was distinguished by a division of 
its theorists between the materialists who support getting 
architecture origins back to the primitive cottage - Adam’s house 
- and the symbolists who back it up getting it back to the 
religious structure - the house of God - (Vidler: 1977:97) (Abdul 
Aziz : 2007).    
        This period witnessed the emergence of the first 
architectural typical theory in which the concept of type as a 
principle was associated with the idea of primitive origins in an 
attempt to deriving the architecture basic elements, and the bases 
that made their composition, in 1753 at the hands of  Marc-
Antoine Laugier. Laugier is regarded one of the early theorists 
who transferred the principles of rational philosophy into design, 
demanding  like René Descartes the adoption of natural sciences 
methodology, Newton’s idea in particular (Broadbent:1990:87). 
Marc-Antoine Laugier believed that the real principles of 
architecture can be inferred from one of the patterns that Marcus 
Vitruvius Pollio mentions as potential origins for architecture 
represented by a primitive cottage constructed from props, beams 
and bow - shaped roof. Consequently, Marc-Antoine Laugier 
deduced that the essence of architecture consists of props, beams 
and bow-shaped roof, by which he presents a general 
architectural prototype (Broadbent:1990:88)(Mitchell:1992:90). 
 
4. b. The Root of Type in the Presentations of De Chamout 
        De Chamout raised the slogan of :We must return to the 
source, to the principles, and to the type (Viddler: 1977:95) 
(Abdul Aziz : 2007).    
        Treading in the steps of  Marc-Antoine Laugier’s ideas in 
establishing the primitive cottage as a type for all successful 
architectures, De Chamout supports the natural origin of 
architecture forms and defining type as standing for, “the first 
attempts of man to master the nature, adapted it in accordance 
with his needs, usage and desires”. He, as well, defined prototype  
as exemplifying , the things that are chosen by the artist from the 
nature, to help enlighten and trigger his imagination, So the trees 
are rendered original types  - prototypes -  of columns’ type in 
the capacity of being one of the architecture basic elements 
(Viddler:1977: 97:99). 
 
4. c. The Root of Type in the Presentations of Jacques-
François Blondel  
        Jacques-François Blondel (1705 - 1774) was a French 
architect. He was the grandson of François Blondel, whose 
course of architecture had appeared in four volumes in 1683. 
        The academic typical classification appeared at the end of 
the 18th century at the hands of Jacques-François Blondel in an 
attempt to convey the developed ideas of natural sciences to the 
architectural theory, when he included --in his compilations - 
various classes of buildings that existed in the architect’s reserve, 
identifying their general types such as theaters and hospitals…, 
confirming the presence of the general prototype for each type by 
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which any individual building is constituted. Each basic type or 
prototype  in the architectural practice was described, its 
programs were set forth in detail and its special characteristics 
were accurately depicted. Anthony Viddler asserts that the idea 
of peculiarity was then confined to buildings’ outward 
appearance (Viddler:1977:99:101) (Abdul Aziz : 2007).    
 
4.d. The Root of Type in the Presentations of Antoine 
Chrysostome Quatremère de Quincy 
        Antoine-Chrysostome Quatremère de Quincy’s 
presentations are considered one of the most remarkable 
architectural literatures that have dealt with the concept of type. 
They were adopted by post-modernism theorists and critics in 
building up their theories and criticism about the concept. de 
Quincy wrote the article of Type in the 3rd section of his 
encyclopedia late in 1825 in an attempt to establish the original 
and the abstractive meaning of prototype - the germ, the rote - at 
which he represents the architectural prototype from his point of 
view, the architectural prototype was at once pre existent germ, 
origin and primitive cause (Viddler:1977:104) (Abdul Aziz : 
2007).    
        He also pointed out that  thousands of things of each type, 
come down to us via norm and that one of the basic tasks of 
science or philosophy is represented by searching for its primary 
origins and causes so that we can realize its objectives, and this is 
called prototype in architecture (Bell:1991:27). 
        He, as well, advocated Marc-Antoine Laugier’s point of 
view in returning to the classic origins represented by the 
primitive cottage, de Quincy explained his visions on type 
considering that, ” the organized building art is generated from a 
pre-existent source and this source stand for the idea of 
prototype. He explains his concept on the ideal type as follows: 
the word  prototype presents less the image of a thing to copy or 
imitate completely than the idea of an element which ought  
itself to serve as a rule for the model (Rowe:1988: 
191)(Broadbent:1990:90)  (Viddler:1977:191).  
        De Quincy, in his presentations distinguishes between the 
prototype and the model stating that, a model stands for a thing 
that can be repeated as it is, as an antithesis of prototype by 
which we can realize works dislike each other. He also confirms 
that, the whole could be accurate and hypothesized in the model, 
whereas, in prototype, the whole is more or less ambiguous 
(Broadbent: 1990:91). 
        David Bell’s presentations have pointed out to the symbolic 
implications of the concept of the ideal type in de Quincy’s 
definition, demonstrating that de Quincy’s definition of prototype 
proves that it is something shining with meaning, embodies and 
even expresses basic and significant architectural essentials 
throughout history (Bell: 1991:23). 
 
4.e. The Root of Type in the Presentations of Jean-Nicolas-
Louis Durand 
        Jean-Nicolas-Louis Durand adopted a new point of view on 
type. His presentations have confirmed that classic orders don’t 
simulate the natural primitive cottage or the human body. 
Ttherefore it cannot be considered an essence for architecture, 
and would be in contradiction with the former architectural 
theory and on the contrary, adopting the Positivism view which 
for the first time called for the autonomous and self - sufficient 

architectural theory, and the one that is specialized and 
constituted exclusively from rational evident facts and pragmatic 
values (Gomez:1984: 299:300) (Abdul Aziz : 2007).    
        Accordingly, Jean-Nicolas-Louis Durand started the 19th 
century project of type formation based upon the rule of internal 
structure and the programmed functional aspect of things as a 
logical outcome of rational classification of the Enlightenment 
movement, establishing distinguished shapes for each type and 
assembling the architecture’s basic elements that couldn’t be 
reduced like walls, columns and openings…, in accordance with 
inferred rules for each type to yield the authentic origin of the 
abstractive typical schemes. This art of assembling and 
organizing of each type was directed by a program derived from 
a study of all previous similar programs and is subdued to the 
dominant law of economy (Viddler:1977:108). 
        Jean-Nicolas-Louis Durand was also interested in typical 
classifications, distinguishing the type nature that is related to its 
formation and structure and disregarding the architectural 
model’s outward properties, so that the preliminary step 
represented assembling and comparing classes via assembling 
and matching architectural models of each type, the old and the 
modern ones (Viddler:1977:107). 
        Some of the effects of Jean-Nicolas-Louis Durand’s order is 
his unintentional definition of the historical idea in architecture 
historicity. So his simple idea about progress sought to 
superiority for each type, via the internal understanding of the 
laws that constructing types and the dynamic changes of such 
laws under the effect of the outward change or the internal 
requirements which were able to pave the way towards realizing 
a sort of development in architecture (Viddler:1977:108). 
 

V. THE ROOT OF TYPE IN ARCHITECTURAL PRESENTATIONS 

AT THE MODERNISM AGE 1900 - 1960 

        Following the new classicism of the Enlightenment age, the 
idea of type revived again after forty years to be in the interest of 
the second industrial revolution Its pragmatic positivism 
contributed in fusing the concept of type in two major crucibles 
as follows: functionalism and standardization(Abdul Aziz : 
2007).    
 
5.a. The Root of Type in Peter Reyner Banham’s Study   

        Peter Reyner Banham (1922 - 1988) the  prolific 
architectural critic and writer discussed in his book  Theory And 
Design In The First Machine Age  the intellectual base of the 
evolution and the development of the concept of type in 
modernism architecture, indicating to the establishment of the 
fundamentals of theory of type by some members of the Cubism 
movement in France  affected by common inclination towards 
Plato’s vague notions, and confirming on the similarity between 
art and machine influenced by the call to return to order ,and to 
the literal meaning of returning back from Cubism to Classicism 
to centrally visible things and those of standardized construction 
(Banham:1976:220). 
        His presentations confirmed that, the idea of simple 
geometrical designs which are easily produced as a whole 
represented a common property by the end of 1920s’, and that 
the reason behind its widespread is integration with the theory of 
types as well as with the notion of Purists on object - object , at 
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which their discussions led to the idea of object - type or object - 
standard that stood for live integration of future notions, Cubism 
and Classicism (Banham:1976:225). 
        Likewise, Banham pointed out to the role of function and 
economy in crystallizing modern types, explaining that Purism 
brought into view the mechanical law of choosing which 
establishes things of specified types emerging between the 
idealism of utmost benefit and correspondence with economical 
manufacturing requisites (Banham:1976:229). 
 
5.b. The Root of Type in Sherban Cantacuzino’s Study  
        The study of Sherban Cantacuzino discussed some of the 
peculiarity in the aspects of the concept of type in the period of 
modernism, pointing out to the main engagement of the modern 
movement,  related to exploring and developing architectural 
models  types. It means that the architectural models types have 
not been discovered before. However, in the 1920’s, search had 
become more organized and related to the principle to serve the 
needs of the society that had been greatly affected by WWI The 
critic also confirmed that the concept of type is related to the 
concepts of standardization and production as a whole 
considering that, since the architects of Modernism focus on the 
inclusive re-testing of the society’s new needs, design will 
become a kind of prototype which can be repeated in large 
quantities via manufactured production (Cantacuzino:1977: 
337:338). 
 
5.c. The Root of Type in Juan Pablo Bonta’s Study  
        Juan Pablo Bonta’s study pointed out to certain aspects of 
the concept of type peculiarity in the presentations of modernism, 
explaining that the adapted typical intellectual orientation 
towards functional typologies in the early twentieth century was 
of a pragmatic base that aims at helping men of the selfsame craft 
solving their designing problems via the organizational patterns 
and dimensional matters represented by graphic standards, 
technical and dimensional information. He also points out to the 
widespread of literatures on the  classes of functional 
architectural models’ types (residential, commercial and 
industrial) in books and articles that focus on the modern patterns 
among them (Bonta: 1979:126). 
 
5.d .The Root of Type in Freserick A. Jules’s Study  

        Freserick A. Jules’s study defines this type from Modernism 
point of view, which indicates the architectural model type, and 
considering that buildings can be assembled in classes like 
schools, houses and hospitals…, each type stands for a symbol of 
its function in the society and having a traditional place in the 
context of that society. The study also points out that, the type of 
the architectural model has antecedents represented by the mental 
images which symbolize the function of that architectural model 
in the society (Jules:1979:245). 
        Jules’ presentations define the concept of prototype as 
representing  specific patterns based on careful research into the 
optimum form for their specific use. These patterns are called 
prototypes. Architects are continually looking for these optimum 
ordering patterns, both in the architectural model they visit and in 
the preliminary research they do for a particular object. Jules 
indicates the importance of the prototypes for the designer, 
considering that the starting point in many designing efforts 

includes the identification of prototypes that are applicable for 
the special situation (Jules: 1979:161:162).  
 

VI. THE ROOT OF TYPE IN ARCHITECTURAL PRESENTATIONS 

AT THE POST MODERNISM AGE AFTER 1960 

        The concept of type emerged in the presentations of this 
period, as its theorists were interested in searching for hypothesis 
and design methodologies to be as an alternative for the 
preceding modernism architecture. In their presentations, the 
theorists of this period confirm the role of typology in generating 
a symbolic continual architecture(Abdul Aziz : 2007).    
 
6.a .The Root of Type in Carlo Aymonino’s Study 
        Carlo Aymonino (1926 - 2010) an Italian architect and 
urban planner best known for the Gallaretese housing complex in 
Milan ,defined the architectural model type as the study of the 
potential associations of elements to obtain a classification for 
the architectural orders via types. He defined the element as 
representing a part of a whole that can be separated by analysis. 
He hypothesized that an element can be only be the right relative 
to the whole (Aymonino:1985:49). 
        He further identifies two kinds of typologies according to 
two kinds of elements that define them as follows: firstly, 
stylistic and formal elements, and secondly the structural and 
organizational elements. 
        Types of stylistic and formal elements in which 
classification is achieved by means of formal or independent 
types  attempt to introduce a method for analyzing and 
comparing artistic phenomena. This is also disregarding the 
individual artistic evaluation and the historical presentation of the 
classified works. So it aims at searching for the architecture as an 
autonomous phenomenon through organized classification of 
formal fundamentals (Aymonino: 1985:50). 
        Types of structural and organizational elements in which 
classification is achieved by means of functional or applied types 
aim at analyzing the phenomenon away from the judgment of the 
aesthetic value, taking into consideration the historical 
presentation of works. These types are applicable on architecture 
as an urban phenomenon via organized classification of the 
structural fundamentals (Aymonino:1985:49).  
        Aymonino points out that the architectural model type in 
this case stands for the study of structural elements which are 
industrially organized - not only architectural models, but also 
walls, afforested roads, gardens…the whole structure of the 
constructed city - along with the aim of classifying them with the 
concern of the urban form for a specific historical period or a 
specific urban form. He considers that the classification within 
them stands for an organized tool of the phenomenon that 
establish the relationship among different entities components 
via a comparison in terms of its relationship with the urban form. 
Therefore, typology represents a tool, not a class, and it is one of 
the essential tools having the ability to carry out studies on the 
urban phenomenon (Aymonino:1985:50). 
 
6.b. The Root of Type in Christian Norberg-Schulz’s Studies 
        Christian Norberg-Schulz (1926 - 2000) the Norwegian 
architect, architectural historian and theorist states that his 
presentations were a reaction for Modernism disregarding the 
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typical terms in its formal language. He considers that, modern 
architecture abolished the symbolic types of the past and 
replacing them by the functional dogma, which believes that 
forms are generated by functions. Thus its architecture had 
inclined toward simple competence. It, for instance, reduces the 
city hall into a managerial building and the Cathedral into a 
meeting hall. Therefore there had been a need for the emergence 
of new archetype and prototype  forms in new assemblies and 
interpretations that introduce symbolic and original  architecture 
(Schulz:1986:14).  
        He also considers that classes of architectural works are 
usually known as being architectural models types. He confirms 
that the type becomes apparent in the unique work as an mental 
image or a figure (Schulz:1985 :26:29).  
        Schulz further explains his point of view towards the 
relationship of type with language by saying the types is the 
essences of architecture, corresponding to the names of spoken 
language. Names belong to things, and thus designate the content 
of our everyday life world (Schulz: 1985:29). 
        He then defines the typical terms as tangible realism, 
indicating to the things that constitute our man - made 
environment and its meaning is expressed by its symbolic formal 
quality like a tower, a column, a house, a temple and a 
street…He classified these terms into:  

� General terms: represented by prototypes that are 
distinguished by being, representing no single special 
thing but a large number of phenomena that have a 
common essence like a tower. 

� Functional terms: represented by the functional types 
that are distinguished by being, representing a sub group 
of general phenomena , and which can be easily 
recognized in certain place and time like a tower of a 
German Gothic cathedral (Schulz: 1986: 18).  

 
        Schulz maintains that functional types are based on the 
prototypes and that prototypes are distinguished by being 
constant over history and having a general credibility. They 
disappear and come out again and are - in any time - subdued to 
new interpretations. These interpretations don’t completely 
change from a state into another, as local and temporal situations 
have certain invariability containing special memories added to 
the symbolic prototype figure (Schulz:1985:129). 
Schulz considers that the meanings borne by the symbolic figures 
as typical outputs that invest the mental image in denoting 
prototype. He affirms that they include an additional meaning 
and decries the semiological point of view which regards the 
figures as representing signs or symbols (Schulz:1986:19). 
 
6.c. The Root of Type in Andrea  Kahn’s Study 
        Andrea  Kahn , in his presentations, affirms two basic 
hypotheses on the concept of type, which are:  

� First: The idea of type is submitted to transformations 
according to changes in the epistemological cultural 
climate. 

� Second: These changes lead to a point of view confined 
to a specific category, which is not in harmonious 
contemporary critical orientations regarding meaning 
and representation in architecture (Kahn:1991:107). 

 Andrea  Kahn admits the double nature of the concept 
of type are as follows: 

� First: The type is an analyzing tool for classifying 
architectural works via form or function by which the 
type becomes a formal and functional denotation.  

� Second: The type is a principle more platonic and less 
realistic. It is a basic but not a determinant factor for the 
constructed form. It stands for the actual idea of 
architecture (Kahn:1991:109) (Abdul Aziz : 2007).    

 
        Kahn criticizes the wrong interpretations of Quatremère de 
Quincy’s definitions  which includes  type as a principle that 
allows for invention. Type emerged from needs and nature and 
generating similar forms for similar usage carrying the meaning 
of norm, tradition and history on the concept of type, which has 
been understood as a kind of dualism leading to adopt one of the 
interpretations at the expense of the other. He considers that the 
one-sided nature of the previous interpretations of type from 
Jean-Nicolas-Louis Durand to Giulio Carlo Argan is 
questionable. Affirming that dualism in the concept of type with 
one supports originality and novelty, whereas the other supports 
norm , tradition and history, it can be associated with a 
relationship identical to the one found in the literal and the 
figural meanings accompanying figurative literary statements 
(Kahn:1991:109:110).  
        Kahn calls for composing both cases of type where norm 
and novelty integrate in a dual relationship, instead of being a 
replacement. He aims at a new reading for the type related to 
yielding meanings in architecture, as well as investing the 
relationship - is like / is not - a model set up by the theory of 
metaphor such that can be in agreement with the dual 
composition of Quatremère de Quincy’s definition 
(Kahn:1991:110).  
        Kahn makes clear the nature of his new vision on type by 
comparing it with the concept of imagination defined by Paul 
Ricœur (1913 - 2005) the French philosopher and which 
represents, the ability to produce new classes by means of 
comprehension, producing and investing in spite of differences. 
Imagination is marked by being able to yield new classes and 
new meaning similar to the figurative structure of the concept of 
type - is like / is not - which invests strain between similarity and 
dissimilarity and allow for yielding new meaning and new forms 
(Kahn: 1991:111:112). 
        He further criticizes the contemporary architectural climate, 
which reduces type and makes it confined on the meaning only, 
notwithstanding whether this meaning was the inherited or the 
acquired one borne by the form. He also confirms that his 
presentations are consistent with the current epistemological 
point of view according to which the contemporary theory and 
criticism fields are characterized by the deterioration of its 
conceptual structures that are confined to specific interpretations 
in their attempt to address post-Modernism state. 
        Kahn explains the importance of his concept of type in 
considering the dual concept of type guarantees the critical 
applicability from the one hand and keeping it away from 
oversimplification from the other. Hypothesizing the base for 
developing a point of view on type in the capacity of being a 
designing tool not confined on a given category can be utilized as 
being a critical structure closely related to the treatment of 
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contemporary issues on meaning, representation in architecture 
as well as in other definite issues on authenticity and repetition 
that is associated with the past role within the present 
architectural production (Kahn:1991:112:113).  
 
6.d. The Root of Type in David Bell’s Study 
        David Bell defines the concept of prototype as being a kind 
of vague inspirer that activates enhancements in formal 
technology in the course of antecedents’ analysis. He explains 
the nature of the typological thought in post-modernism 
architecture, considering that the rise of the typological thought 
within the last thirty years that preceded his study, resulted from 
the declared concerns to establish architecture as an autonomous 
effective principle and the generated principles that can be 
adopted, and which consider the city as a complex abstract of the 
materialistic culture and thus confirming the self autonomy of 
architecture (Bell: 1991:19) (Abdul Aziz : 2007).    
        Bell explores into the symbolic nature of prototype, stating 
that the definition of Quatremère de Quincy of the concept of 
prototype as proven as the thing that shines with meaning. Giulio 
Carlo Argan’s definition on the other hand refer to the prototype 
as the guard to the cultural principles and values and the boat that 
carries them over history, such that giving legitimacy to the 
collective human knowledge in certain architectural formations 
(Bell:1991:23). 
        Bell postulates that conventional or the cultural common 
tendency and even the geometric rules in itself are originated in 
prototypes and in fact are supposed to shine out as significant 
components of their meaning. So the output in this case 
expresses the interpretable type by the architectural culture and 
this prototype declares the legitimacy of architectural cultural 
product as a canal that conveys and perpetuates the basic type. 
He also points out that Quatremère de Quincy’s definition of 
prototype as a group of principles, or as something without a 
definite form affirms the criterion of the originated vagueness in 
the prototype as something meaningful and pushing it towards 
possible interpretation of the prototype (Bell:1991:24:25). 
        Bell in his presentations shows the variation in different 
points of view on prototype interpretations, stating that these 
interpretations vary in identifying the relationship of prototype 
with history while discussing Giulio Carlo Argan’s point of view 
that demands the issue of typology apart from historical 
interpretation and that accepting the type entails the postponing 
of the historical judgment. On the other hand, Bell points out to 
Quatremère de Quincy’s point of view which calls for adopting 
type as a kind of critical practice designs to yielding history as a 
an issue in architecture (Bell:1991:25). 
        Bell in turn inferred that, issues of interpretations on type or 
prototype and its objectivity in architecture displays at the end, 
many concerns about things and its relationship with meaning. 
This is because had we realized that meaning is necessarily 
originated in things, or being an interpretive action by means of 
several human institutions, then we will find that the 
conventional ideas about things and meanings as presented by 
typology, are varied (Bell: 1991:26).  
        He continues to review the relationship of prototype with 
the origin, considering that the primary natural result of our 
assertion on prototype as something that shines with meaning is 
represented by being original too, taking for granted that the 

principles constructing the type have their foundations in a 
previous event. So the origin represents the interim fulcrum 
which is referred to as the typological moment, when these 
principles come to existence as an accumulation of eternal 
solutions to perpetual architectural model problems. Thus, 
prototype is seen later as being the original cause that is 
concealed behind the architectural form , and each form 
continues to have such  an original cause. David Bell cites 
Quatremère de Quincy’s point of view on the relationship of 
prototype with the origin, according to which the typological 
thought represents this original quality of type which gives the 
legitimacy and which cannot be separated from Quatremère de 
Quincy’s definition of type as a an incentive to the thing that 
shines with meaning (Bell:1991:27). 
        Bell affirms that, the original thinking is the prototype 
thinking, which searches to establish the meaning once for the 
whole and to centralize it at this origin. He also goes into 
different class of origins, explaining that they result from proving 
divinity, romantic nature or legendary heroes. Bell states that the 
third kind stands for the point of view of contemporary 
typological architects who consider the origin of types, results 
from the collective and innovative action of culture and history 
embodied in a form ,through the materialistic means 
(Bell:1991:28) (Abdul Aziz : 2007).   
        Bell concludes that prototype represents the unifier and the 
guarantor of the architectural consensus, since the typological 
thinking is a sort of conceptual tool for establishing and 
expanding norms in the architectural practice (Bell:1991:29). 
 
6.e. The Root of Type in Dennis Alan Mann’s Study 
        Comparing between the concept of nature for the prototype 
in each of the architectural presentations as well as the 
theological religious presentations determines the basic 
difference between them, where the concept in the architectural 
presentations focuses its search on the beginning or the origins, 
unlike the concept nature in the theological presentations where 
the idea of perfection is focused upon. For architects, perfection 
is uncovered in the beginning in a form of shadowy images 
unlike the religious typology where perfection is found in the 
future, in the form of symbolic figures more than could be found 
in origins (Mann:1991:125) (Abdul Aziz : 2007).   
        Dennis Alan Mann in his presentations covers the most 
remarkable characteristics of the religious typology that are 
convenient to the architectural typological thought and which can 
be briefed in the following aspects: 

� First: Religious typology is characterized by being 
intellectually oriented towards history through the 
concept of repetition, which means reappearing in a new 
form. It doesn’t represent historicism, revivalism  or 
even eclecticism, but it represents a form of 
millennialism which states that the future will be more 
perfect by means of investing the available potentials by 
the past. So, the idea of the new beginning of the 
prototype seeks perfection and represents one of the 
strongest features of typology at which perfection 
entails reinterpretation in its own time and place along 
with its own technology and for the sake of its special 
cultural state (Mann:1991:133). 
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� Second: Religious typology meets with architectural 
typology in its interest in invented apparent orders by 
means of prototype in one hand, and by the meaning of 
the cultural unit from the other as being central 
principles for maintaining the stable and well-
established society. Thus, religious typology excludes 
vagueness, secret forms or meanings as long as it aims 
at continuation and at the unification of typological 
relationship parts. This is because that it adapts with the 
dominant typology in the architectural theory 
represented by the following typological classes: 

� Architectural models types, which represent distinctive 
imaginable institutional forms. 

� Syntactical types, which represent formal perceivable 
and repeatable models. 

� Technological types, which represent common 
construction models. 

�  

        These typological classes are characterized by being 
identifiable in accordance with local and regional situations. 
They represent architectural typological classes that promote 
behavior and traditional cultural values. So, typology is user - 
oriented not a creator - oriented (Mann: 1991:134) (Abdul Aziz : 
2007).    

� Third: Religious typology represents a structural 
phenomenon. This means the type in the theological 
perspective represents a main repeated idea of a 
historical continuity and the prototype allows for many 
interpretations, relying in the interpretation of the 
typical code on rational prediction as a kind of symbolic 
forms or symbolic figures, iconography and other sign 
orders. Thus, typology accordingly represents a method 
for constructing sign orders that are perceivable by the 
intellectual audience. It possess a technique, which aims 
at conveying an intended message at which owning 
historical similarities that are known to the audience is a 
condition (Mann:1991:130). 

� Fourth: Both religious and architectural typologies are 
based on real things. Subsequently, type and prototype 
represent current realistic things found in the 
relationship between the dependent / independent. So, 
being dependent in historical correlation and 
independent in having their own lives, we inherit types, 
and we make prototypes (Mann:1991:134). 

 
6.f. The Root of Type in William John Mitchell’s Study 
        William John Mitchell defines the concept of tokens as type 
outputs by deeming that they represent individual physical 
entities placed in certain time and place. This happens where 
each token acts in accordance with the type it represents, and 
tokens are referred to the type itself by virtue of having 
something common to form for an instance (Mitchell:1992:86) 
(Abdul Aziz : 2007).    
        Mitchell explains his concept of type through differentiating 
between the Essential properties and the Accidental properties of 
a thing, at which he defines the Essential properties of a thing as 
representing the common properties between the tokens in a 
single type. While he defines the Accidental properties of a thing 
as representing the properties that change from token to another 

within the type, he considers that the Essential properties 
represent the fundamentals that are referred to as the essence of 
type or prototype. Thereby Mitchell defines prototype as 
resulting from the abstraction of the essential properties that are 
similar among the members of a things’ certain class 
(Mitchell:1992:87). 
 
        Furthermore in his presentations, he differentiates between 
types of absolute essence, types of relative essence and types of 
nominal essence, by describing them as: 

� Absolute essence: It is a constant and unchangeable 
essence according to which the demonstration of the 
essence of something is close to the demonstration of a 
mathematical or a scientific fact. So, the absolute 
essence is more concerned with generalities in 
comparison to peculiarities. He argues that the types in 
Modernism and Classicism have absolute essences , and 
in turn archetypes and  prototypes are also considered of 
absolute essences (Mitchell: 1992 :88:90). 

� Relative essence: It is on the contrary of the absolute 
essence where the essential and the accidental 
differences are inferred by various techniques. So the 
relative essence of something simply depends on our 
concern in a given moment, and types by its virtue are 
deemed a private case more than being a general one. 
Mitchell states that the history of architecture introduces 
the relative attitude to reveal a wide range of diversity in 
essences’ definitions, even within the Classical tradition 
(Mitchell:1992:91:92). 

� Nominal essence: A sort of definitions identifying 
things that are called by names where the difference 
between the essential and the accidental properties is 
inferred with reference to the alphabetic being used 
(Mitchell:1992:94). 

 
        He then continues to point out the importance of types as 
being the vocabularies of the architectural language used by the 
designer in solving the designing problem by emphasizing its 
role in realizing the form and then interpreting it. Mitchell deems 
that, organizing knowledge within a framework to an order of 
types enables us reading the architectural drawings, standard 
models and other descriptions constructed within the worlds of 
designing.” He also argues that, type definitions establish the 
meanings of the general names and give the structure of 
knowledge a useful technique (Mitchell:1992:100:180) (Abdul 
Aziz : 2007).   
 

VII. RESULTS  

        In brief we could say that the root of type - Prototype - 
existed as a concept in the linguistic and philosophical fields and 
has a special meaning that can be defined and distinguished 
through these fields indicating to (Table:1.0): 
        Language: We can say that the root of type - Prototype -  is 
expressed as a concept, idea, symbol, principle and a law and has 
two overlapping levels from a single structure, appearing to be 
source-essence, language-grammar which gives the idea of the 
root of type  - Prototype - the traits of the concept which seeks to 
diagnose the originality of a certain cultural product. 
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        Philosophy: We can say that the root of type - Prototype - 
has a very long and complex history, in which ideas drawn from 
several different fields become interwoven. In philosophy it may 
be traced back to Plato’s Ideals and Aristotle’s Forms, and it has 
been continually under discussion since the Platonic and the 
Aristotelian Philosophies and the religious philosophies or 
theology.  
        In The Worldly Philosophies we find the root of type - 
Prototype - related with their major structures source - essence, 
language - grammar though the philosophical visions differ in 
defining these structures. For instance, we find that essence 
varies between the ideal and the real world. And in The 
Theological Religious Philosophies we find the root of type - 
Prototype - expresses itself as a symbol and as a base for thinking 
as theses presentations emphasized that learning by type is 
considered the natural form of human thinking. They have also 
presented these two overlapped levels of the type root 
considering that the Torah's texts are rendered - initial types - 
that produce successive types expressed by the texts of 
interpretation and explanation and adopting similarity, repetition, 
and finding the constantly evolved relationships throughout 
history (Table:1.1). 
        Furthermore, after presenting the architectural studies 
together and throughout the four development periods of the 
concept,  it is ascertained that it has two overlapped levels 
descending from a single structure equal to its two levels in terms 
of language and philosophy which is the idea of the prototype 
that represents the root of type. Moreover, these levels correlate 
in architecture in the same way language regards the main 
structures which represent the essence or source, which is 
grammars where:  
1. Essence-Source: The commons among the presentations 

during the four periods related to the historical evolution of 
the type concept (Tables: 1.2,1.3,1.4, and 1.5). 

        From what can be seen in the structure Essence-Source of 
prototype, the concept is associated with ideas like: The 
collective memory, The mental desire, The supreme cultural 
ideal and The spirit of the age. 
2. Language-Grammars: presentations varied on how they 

focus on this structure during the four periods related to the 
historical evolution of the type concept (Tables: 1.6,1.7,1.8, 
and 1.9). 

        From what can be seen in Essence-Source of prototype, the 
concept is associated with ideas like: The cultural species and the 
Main Regulating Lines or lineaments. 
 

VIII. CONCLUSION  

        After presenting all these studies which have discussed the 
root of type as a whole and as defined linguistically, 
philosophically and architecturally it can be said that the 
prototype is the concept through which it can be diagnosed the 
originality of the cultural and architectural product. This means 
that the identification in its levels and structures in language and 
philosophy on the one hand, and the architecture on the other, 
makes it the concept that can be considered a link between the 
mental expression structures, which can lead to the emergence of 
any cultural product in its current form, and the architectural 
expressions structure represented by the cultural product itself. 
Hence, we could say that the idea of the prototype and its main 
structures - the essence - source, the language - grammar - 
enables us to regard it as a concept which is able to diagnose the 
originality of the and cultural and architectural product in general 
through its main structures or its root.  
 

 
Identify the constructs of a Journal – Essentially a journal consists of five major sections. The number of pages may vary depending 
upon the topic of research work but generally comprises up to 5 to 7 pages. These are: 
 
 

Table:1.0:  The Most Prominent Aspects Related to - Prototype - the Root of  Type  in Language. 
 

 Essence - Source of Prototype     Language - Grammar of Prototype 

Linguistically 
� An idea, Symbol, Law, 

Principle and Divine 
origin. 

� Stands for a symbol or a 
figure. 

Terminologically 
� Searching for a mental 

relationship. 
� A language of dialogue. 

(Source: The Authors & (Abdul Aziz:2007).    
 

Table:1.1:  The Most Prominent Aspects Related to - Prototype - the Root of Type  in Philosophy. 
 

 Essence - Source of Prototype    Language - Grammar of Prototype 

Worldly 
Philosophies 

� An ideological and ideal 
essence 

� Materialistic and real 
essence. 

� Natural origin. 

 

Religious  
Philosophies 

� Torah thought. 
� The divine authority 

� Is a style of interpretation and 
explanation that employs the 
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represented by the Torah 
texts. 

religious meaning as an ideal. 
� Typical classification is the 

key to understanding and 
interpretation the historical 
process. 

� Represents the constant and 
interrelated relations 
throughout history. 

 

(Source: The Authors & (Abdul Aziz:2007).    
 

Table:1.2:  The Most Prominent Aspects Related to the Root of Type Essence - Source of Architectural Prototype - in 
Architectural Presentations at the Pre Enlightenment Age Before 1750. 

 
  Essence - Source of Architectural Prototype   

Pre 
Enlightenment 

� An idea. 
� Mental conception of a materialistic icon. 
� Original archetypes like; human and legends. 
� Origins represented by architecture. 

(Source: The Authors & (Abdul Aziz:2007).    
 

Table:1.3:  The Most Prominent Aspects Related to the Root of Type Essence - Source of Architectural Prototype - in 
Architectural Presentations at the Enlightenment Age 1750 - 1830. 

 
 Essence - Source of Architectural Prototype   

Laugier's  
Presentations 

� A principle that defines architecture essence by means of the basic 
elements. 

� Nature system embodied in the primitive rural cottage. 
De Chamout's 
Presentations 

� Natural origins of archetypes such as primitive cottage and tree.   

Blondel's 
Presentations 

� The basic characteristics related to appearance. 
� The architectural origin.  

 

De Quincy's 
Presentations 

� Ideal type of an intellectual nature. 
� Relative type of a materialistic. 
� Primary origins and reasons such as the nature represented by a 

primitive cottage. 

Durand's 
Presentations 

� Structural system for formation of basic abstract architectural 
elements.  

� Pragmatic facts related to architecture.    
 (Source: The Authors & (Abdul Aziz:2007).    

 
Table:1.4:  The Most Prominent Aspects Related to the Root of Type Essence - Source of Architectural Prototype - in 

Architectural Presentations at the Modernism Age 1900 - 1960. 
 

 Essence - Source of Architectural Prototype   

Banham's 
Study 

� System. 
� The origin of the object. 
� The machine is the origin from which modernization derives its 

principle. 

Cantacuzino's 
Study 

� A principle that meets the destructive needs of the society via wars. 
� An architectural prototype constructed according to the society needs.  
� The design is according to the prototype, which is repeated in big 

quantities by the means of machines. 

Bonta's Study 
� Basic, Regulative and abstract models. 
� Intellectual and pragmatic bases. 

Jules's Study 
� Systematic model. 
� Thinking processes and search for the optimum system. 
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� A symbol in the society. 
(Source: The Authors & (Abdul Aziz:2007).    

 
Table:1.5:  The Most Prominent Aspects Related to the Root of Type - Essence - Source of Architectural Prototype - in 

Architectural Presentations at the Post  Modernism Age After 1960. 
 

 Essence - Source of Architectural Prototype   
Aymonino's 

Study 
� The correlation amongst structural, regulative and abstract elements. 
� The origin is connected to the architecture. 

Schulz's Study 

� Real and tangible i.e. expresses its symbolic value.  
� The original archetypes like a tower or a house. 
� Appears in works in a shape of a figure. 
� Using original archetypes originating in symbolic architecture.   

Kahn's Study 

� Dual natures that combines both materialistic and intellectual natures. 
� The origin is connected with previous cultural products. 
� Merging the tradition with the invention and reviving the symbolic 

meaning. 

Bell's Study 

� Effective principle 
� Essential value for the architectural model.  
� Conceptual tool. 
� Origins represented by historical and cultural products 
� Represents the object, which reflects the symbolic meaning. 

Mann's Study 
 

� Basic formal perceptions. 
� Structural formal perceptible model 
� The origin is related to popular local and regional architecture models. 
� Represents a system of understandable, interpretable and perceptible 

relationship. 

Mitchell's 
Study 

� A common basic properties between a set of models representing root 
of  type.  

� The essence is either an absolute constant or a relative variable. 
� Related to the vocabularies of architectural language ranging between 

the whole architectural model and its parts. 
� Represent a critical language that helps perceiving and then 

interpreting the shape. 
(Source: The Authors & (Abdul Aziz:2007).    

                   

Table:1.6:  The Most Prominent Aspects Related to the Root of Type - Grammars of Architectural Prototype - in 
Architectural Presentations at the Pre Enlightenment Age Before 1750. 

 
 Language - Grammars of Architectural Prototype 

Pre 
Enlightenment 

� Connected to the repetition process of the previous traditional shapes 
of the buildings. 

� The connection of the type’s roots with the architectural categories 
known on the civilizations levels. 

� Asserting the role of type's roots in the continuity of architectural 
traditions throughout history. 

(Source: The Authors & (Abdul Aziz:2007).    
 

Table:1.7:  The Most Prominent Aspects Related to the Root of Type - Grammars of Architectural Prototype - in 
Architectural Presentations at the Enlightenment Age 1750 - 1830. 

 
 Language - Grammars of Architectural Prototype 

Laugier's  
Presentations 

� Represents a principle for architecture construction. 

De Chamout's 
Presentations 

� Non. 

Blondel's � Related to the academic classifications in accordance with the formal 
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Presentations external appearance of buildings. 
De Quincy's 

Presentations 
� Related to meaning and the ideal. 
� Represents a base for model construction. 

Durand's 
Presentations 

� Related to the shape formation based on the programmed function of 
the internal constructs. 

� Related to the academic classifications according to the formational 
and structural characteristics. 

� Asserting the existence of typological changes throughout history.     
(Source: The Authors & (Abdul Aziz:2007).                                                                      

 
Table:1.8:  The Most Prominent Aspects Related to the Root of Type   - Grammars of Architectural Prototype - in 

Architectural  Presentations at the Modernism Age 1900 - 1960. 
  

Language - Grammars of Architectural Prototype 
Banham's 

Study 
� The root of type is a mean to construct the geometrical shapes in a 

standard way and which is produced as aggregate. 

Cantacuzino's 
Study 

� Non. 

Bonta's Study � The functional root of type help the craftsmen in the design process. 

Jules's Study � The prototype represents the optimum shape of the different uses. 

(Source: The Authors & (Abdul Aziz:2007).    
 

Table:1.9:  The Most Prominent Aspects Related to the Root of Type - Grammars of Architectural Prototype - in 
Architectural Presentations at the Post  Modernism Age After 1960. 

 
 Language - Grammars of Architectural Prototype 

Aymonino's 
Study 

� Aims at classifying the architectural systems into formal and style 
types or regulative and structural types. 

� The independent prototype is isolated from the historical definition 
temporally and spatially. 

� The applied prototype is defined historically, temporally and spatially. 

Schulz's Study 

� Its design is a process that invests the basic principles of the shape and 
the organized space. 

� The original types or prototype remains constant throughout history. 
� The functional root of type is realized in specific time and place. 

Kahn's Study 
� It is a major factor but it is specific in form construction. 
� It is an analytical tool, which classifies the architectural works by 

means of form or function. 

Bell's Study 

� It represents an ambiguous motive that activates improvements in the 
formal technology through the analyzing antecedents. 

� It is a tool for establishing and expanding architectural traditions. 
� Aims at reproducing history. 

Mann's Study 
 

� Using architectural models that result in the total formation of the 
shape.  

� Using technical and structural root types in the partial formation of the 
shape. 

� Aims at reinterpreting history in a new form in accordance with space 
and time. 

Mitchell's 
Study 

� Used in the field of design due to the fact that they are the vocabularies 
of the architectural language. 

� Results from the abstraction of similar characteristics amongst 
members of the same class. 

� It is related to models established in specific time and place. 
(Source: The Authors & (Abdul Aziz:2007).    
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    Abstract- A huge amount of information on the World Wide 
Web has a structured HTML form as they are generated 
dynamically from databases and have the same template. This 
paper proposes a page-level web data extraction system that 
extracts schema and templates from these template-based web 
pages automatically. The proposed system uses visual clues for 
comparing web pages for fixed/variant template detection. From 
fixed template pages, we construct pattern tree which is used to 
detect schema & extract data. It detects schema by applying tree 
merging, tree alignment and mining techniques. The experiments 
show a good result for the web pages used in many web data 
extraction. 
 
   Index Terms- Information Retrieval, Multiple trees merging, 
Web data extraction, Wrapper Induction 
 

I. INTRODUCTION 

he explosive growth and the popularity of the World Wide 
Web make it the repository of information for all people 

around the world. Thus, information retrieval from web pages is 
useful in many applications like comparative shopping. Web 
pages in the Deep Web are generated dynamically from 
databases and often present in some template showing consistent 
view of their search result. Since these web pages are not meant 
to be processed by programs, developing a wrapper is useful for 
value-added services and other information integration systems. 
    There are extensive studies of information extraction (IE) from 
World Wide Web. Chang et al. [2] surveyed these works and 
classifed them based on the automation degree into four different 
classes: manually constructed, supervised [11], semi-supervised 
and unsupervised systems  Manually constructed systems require 
programmers to deduct the extraction rules but are costly and 
difficult to scale up. Supervised systems require less user skills to 
label sample pages for these systems to induce the extraction 
rules. Semi-supervised Systems do not require users to label any 
sample pages but require post-processing from the users to 
choose the pattern and indicate the data to be extracted, while 
unsupervised systems automatically generate the wrappers 
without any user interventions and receive a lot of attention. 
      In the last few years, web data extraction has been a hot 
topic. A   number of approaches have been reported in literature 
for extracting information from web pages. We review the 
previous work based on visual structure & DOM tree structure. 
IEPAD [2] is one of the first automatic record extraction 
systems. It identifies substrings that appear multiple times in a 
document encoded as a token string and discovers the repetitive 
patterns from a PAT tree (a binary suffix tree). ViDE extracts 
data records and data items from deep web pages by using visual 
information primarily. ViDE obtains the visual representation 

and transform it into a visual block tree. Its main visual features 
include Position Features, Layout Features, Appearance Features, 
and Content Features. Basically it gets the visual information 
from web page layout (location, size, and font). ROADRUNNER 
is page-level data extraction task that starts off with first input 
page as its initial template. Then for each subsequent page it 
checks if page can be generated by current template. EXLAG [1] 
extracts data by analyzing equivalence classes. Large and 
frequently equivalence classes are extracted for template 
generation. Some approaches uses visual information to extract 
web data. ViPER [4] uses visual information for multiple 
sequence alignment. 
       The proposed system is unsupervised data extraction system, 
which uses tree template to model the generation of dynamic web 
pages. It uses VIsion-based Page Segmentation Algorithm 
(VIPS) [10] that builds visual block tree for each page. By 
comparing visual blocks in two trees it detects pages  belongs to 
fixed or variant templates .In order to deduce the schema and 
templates for each individual Deep Web site  ,it  applies tree 
matching for peer node recognition, tree alignment for missing 
and optional nodes recognition, and mining techniques for 
repetitive pattern detection. It detects the schema by making use 
of peer node recognition, matrix alignment, pattern mining, and 
optional node detection. In the peer node recognition step, it 
compares the same tag in the same level and denotes them with 
the same symbol if they are peer subtrees. In the matrix 
alignment step, it tries to align nodes in the peer matrix to get a 
list of aligned nodes. In the pattern mining step, it detects 
repetitive patterns of different lengths in the aligned list starting 
from length 1. In the optional node detection step, it recognizes 
optional nodes and groups them if a node disappears in some 
columns of the matrix. After finding pattern tree, data extraction 
is done by matching pattern tree & html tree at each level. 

II. PROPOSED  SYSTEM 

   Detecting the schema of a web site has been a key step for 
value-added services like comparative shopping and information 
integration systems. Our proposed work is aimed to filter schema 
of website & extract data. 

A. Problem Definitions 

   All data instances of a web site shall conform to a common 
schema which can be defned as follows. 
Definition 1: (Structured data) 
A data schema can be of following types. 

• A basic type β represents a string of tokens, where a 
token   is some basic units of text. 
• If T1, T2,  . . . , Tk are types, then their ordered list < T1, 
T2, ….,Tk > also forms a type T. We say that the type T is 
constructed from the types   T1,   T2,  .. , Tk  using a type 

T
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constructor of order k. An instance of the k order T is of the 
form <x1,  x2, . . . , xk>, where x1,x2, . . . , xk  are instances 
of types T1, T2,  . . . , Tk , respectively. The type T is called 

1. A tuple, denoted by <k >T, if the 
cardinality   (the number of instances) is 1 
for every        instantiation. 

2. An option, denoted by (k )?T , if the 
cardinality is either 0 or 1 for every 
instantiation. 

3. A set, denoted by {k}T , if the cardinality is 
greater than 1 for some instantiation. 

4. A disjunction, denoted by (T1| T2|  . . . | Tk) 

T,    if all Ti (i=1,…..k) are options and the                
cardinality sum of the k options((T1-Tk ) 
equals 1 for every instantiation 
 

             

 

Figure 1 : (a) A web page (b),(c) It’s two different schemas 

Definition 2: (Wrapper Induction) 
Given a set of n DOM trees, created from some unknown 
template T & values, deduce Template, schema & values from 
set of DOM trees alone. 

B. Methodology 

      Proposed approach detects schema of web pages by 
constructing pattern tree. The process flow of system is as given 
in figure below. 

                                       

 
                       Figure 2 : Process flow of System 
Proposed system consists of following steps :  
Step 1:  Take two web pages as input. 
Step 2: For each page, we apply VIsion-based Page  
Segmentation (VIPS) algorithm to  segment  Web page & to 
build visual block tree. 
Step 3: Blocks in visual trees of two web pages are compared to 
detect fixed/variant template  pages. 
Step 4: For fixed template pages, we apply multiple tree merging 
algorithm ,which consists  of following steps.    

• Peer Node Recognition :  

• Matrix Alignment : 

• Pattern Mining : 

• Optional Node Merging : 

Step 5 : We create pattern tree & schema is detected. 

Step 6 : Data extraction is done by matching pattern tree & html 

tree. 

Step 7 : From variant template pages ,data is extracted. 

 

C. Algorithms Used 

1) VIPS Algorithm  
     For each input page, we apply VIPS [10]  i.e. VIsion-based 
Page Segmentation algorithm which is used to segment page into 
block structure & then these visual block trees are compared to 
check pages belong to fixed or variant template. 
     In VIsion-based Page Segmentation algorithm, the vision-
based content structure of a page is obtained by combining the 
DOM structure and visual cues. For each page, we apply VIPS 
[10] algorithm and visual block tree is constructed. Visual block 
trees are compared, and on basis of position, size, color, font we 
determine whether pages belong to fixed/variant template.    
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(a) 

 
                                                      (b)                                                            

Figure 3: (a)A Web Page   (b) Page’s visual layout 
2)  Tree Merging Algorithm 
      This module merges all input DOM trees at the same time 
into structure called fixed/variant pattern tree which can be used 
to detect template and schema of Website. We conduct four 
steps: peer node recognition, matrix alignment, pattern mining 
and optional node detection. 

- In peer node recognition step, two nodes with the same 
tag name are compared to check if they are peer 
subtrees. 

- In the matrix alignment step, the system tries to align 
nodes in the peer matrix to get list of aligned nodes 
childList. 

- In pattern mining step, the system takes the aligned 
childList as input to detect repetitive pattern. 

- In the last step, the system recognizes optional nodes. 
 

Algorithm MultipleTreeMerge (T, P) 
// T is set of DOM trees of same type; 
// P is the tag for the roots of T. 
 

1. Initialize M; i=0; 
2. For each tree t in  T 
3.        j=0; 
4.        For each child c in t 
5.                M[j++][i]=c; 
6.        EndFor 
7.        i++; 
8. EndFor 
9. recognizePeerNode(M); 
10. childList=matrixAlignment(M); 
11. childList=repeatMining(childList,1); 
12. mergeOptional(childList); 
13. for each node c in childList 
14.        if( c is a tree) then 
15.        C=multipleTreeMerge(peerNode(c,M),tag(C)); 
16.        Else 
17.        C=c; 
18.        Endif 
19.        Insert C as a child of P; 
20. Endfor 
21. Return pattern tree P; 

• Peer Node Recognition 
                Peer Node Recognition is the problem of recognizing 
whether two nodes at a level are alike or not. This is the first step 
towards template recognition, as during peer node recognition 
the algorithm marks two children at the same level in two 
different trees as the same. In peer node recognition, 2-tree 
matching algorithm is used to find maximum matching between 
two trees. 
Algorithm TreeMatchScore (A, B) 
// A   and B are two trees. 
  1. If  A. text! = B.text  
  2. Return 0; 
  3. If ((A or B is leaf) or size (A) ==size (B)) then 
  4       Return 2* TreeMatching (A, B)/ size (A) + size (B); 
  5. Score=0.0; m=no of children of A 
  6. For each child a in A do 
  7.      nodeScore=0.0; matchNo=0; 
  8.       For each child b in B do 
  9.               Temp=2*TreeMatching (a, b)/size (a) + size (b); 
10.              If (Temp>θ)\ 
11.                 nodeScore+=temp; matchNo++; 
12.             Endif 
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13.            Endfor 
14.  If (matchNo>0) nodeScore=matchScore/matchNo;   
15.     Score+=nodeScore;                                                                                                                                                              
16.   Endfor 
17.  Return (score/m+2)/(size(a)+size(b)) ; 
 
TreeMatching (A, B) returns the number of matching nodes 
between A and B. The algorithm returns a matching score which 
is normalized ratio between the number of pairs in the mapping 
over the maximum size of the two trees .If the score is higher 
than a threshold(0.4),the two trees are considered peer trees. 

• Matrix Alignment 
I 
       In Matrix Alignment, all child nodes will fill up a matrix 
such that all peer child nodes are taken the same symbol. The 
algorithm traverses the matrix row by row and tries to align 
every row until an aligned peer matrix is constructed. This step 
tries to detect optional data. 
Procedure matrixAlignment (M) 

1. Spans=computespans(M) 
2. row=0; 
3. shiftLength=0; 
4. while (M is not aligned) do 
5.      while (! AlignedRow(row,M)) do 
6.            shiftColumn=getShiftColumn( 
                                           row, shiftLength, M); 
7.     makeshift 

(row,shiftColumn,shiftLength,M); 
8.       End while 
9.       row++; 
10.   End while 
11. childList=alignmentResult(M);   

 The node to be shifted if M is not aligned depends on 
span value of node. Span value of node is defined as 
the maximum number of different nodes between any 
two consecutive occurrences of node in each column 
plus one. 
The function getShiftedColumn selects a column to be 
shifted from current row r (shiftColumn) and 
identifies the required shifted distance (shiftLength) 
by applying following rules in order: 

1. (R1) Select, from left to right, a column c such 
that expected appearance of node n is not 
reached i.e. there exists a node with same 
symbol at upper row rup where M[rup][c’]=n for 
some c’ and r-rup < span(n).Then shiftColumn 
equal to c and shiftLength equal to 1. 

2. (R2) If R1 fails, then we select a column c 
with nearest row rdown from r such that 
M[rdown][c’]=M[r][c] for some c≠c’. In such 
case,shiftLength=rdown-r 

3. (R3) If both rules R1 and R2 fail, we then 
check if r contains all data (text/image) nodes. 
In this, no shifting is done. 

4. If all of R1, R2 and R3 fail, we select the 
symbol that occurs the maximum number of 
times on this row. Keeping all columns with 
that symbol in r unchanged, 
We shift all other columns down by one. 

 
Figure 4: An Example of Matrix Alignment 

Fig 4 shows an example that describes how the 
algorithm proceeds. The first three rows of M1 are 
aligned, so the algorithm does not make any changes 
on them. The fourth row in M1 is not aligned, so the 
algorithm tries to align this row by making suitable 
shift for some columns according to three previous 
mentioned rules. According rule R1, column 3 is 
selected since there is a node b at row 2 such that 4-2< 
span (b)=3.Hence, matrix M2 is obtained. Since 4th 
row in M2 is aligned, next we have to align next row 
(row 5 in M2) which is not aligned. According to rule 
R2, column 2 is selected since node e has nearest 
occurrence at the 8th  row at column 
1.Therefore,shiftColumn=2 and shiftLength=8-
5=3.Similarly,we can follow the selection rule at each 
row & get matrices M4-M5,and the final aligned peer 
matrix M6.Here,dashes mean null nodes. The 
alignment results in childList is shown at rightmost of 
figure. 
 

• Pattern Mining 
              The pattern step is designed to handle set-typed data, 
where multiple values occur. There can be many repetitive 
patterns discovered and a pattern can be embedded in another 
pattern.In pattern mining step, the algorithm tries to discover 
repetitive patterns and merge them to deduce the aligned list. If a 
repetitive pattern is detected, a virtual node will be added to 
pattern tree. 
Procedure PatternMining (List, extent) 
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1. K=compLvalue(List,extend); 
2. For(i=0;i<=K;i++) 
3.        st=1; 
4.        While((st=Next(List,i,st))>=0) 
5.            newRep=0; 
6.            for(j=st+I;j+i-1<=|List|;j+=i) 
7.               If(!match(List[st..st+i-1],List[j..j+i-1]))then    

             break;              
8.              newRep++; 
9.            Endfor 
10.            if(newRep) then 
11.              modifyList(List,st,newRep+1,i); 
12.              K=compLvalue( List,extend); 
13.              st+=i;  
14.              Endif 
15.              else st++; 
16.              Endif 
17.          Endwhile 
18. Endfor 
19. If(patternCanExtend(List))then 
20.     patternMining(List,extend+1); 
21. Endif 

 

  
Figure 5: (a) Pattern Mining example (b) Virtual Nodes added 

• Optional Node Merging 
               After mining step, we are able to detect optional nodes 
based on the occurrence vectors. The occurrence vector of a node 
c is defined as the vector (b1, b2,…,bu), where bi is 1 if c occurs 
in the ith occurrence, or 0 otherwise. If c is not part of a set type 
,u will be number of input pages. If c is part of set type, u will be 
summation of repeats in all pages. 

-If set of adjacent optional nodes vectors, we group them as a 
disjunction. 

-If set of adjacent optional nodes have complement occurrence  

  have same occurrence vector, we group them as optional. 

For example, the childList “abcdbcdbcde” will become “abcede” 
after mining step, where three nodes b, c, and d will be 
considered as set-typed data. For two nodes a and e, the 
occurrence vector is (1,1,1).The occurrence vectors of three 
nodes b, c and d are (1,1,1,1,1,1),(1,1,1,1,1) and 
(1,0,1,1,0,1),respectively. So we shall detect node d as optional. 
 

3 )Schema Detection 
   In this phase, we try to detect the structure of the web site 
which includes identifying the schema and defining the template 
for each type constructor of this schema. By the end of previous 

phase, basic type, set type and optional type are already 
identified. The remaining task for schema detection in this phase 
is to recognize tuple types as well as order of set type and  
optional data. We traverse pattern tree from root downward & 
mark nodes as k-order or k-tuple.With the fixed/variant pattern 
tree, the schema of the input pages should be easily deduced by 
simply removing nodes having single child and without     types 
and preserving all basic leaf nodes. We then mark the order of a 
node with k children as k. If an internal node is not a virtual node 
and not labeled as set type, it is marked as a tuple. 

III. EXPERIMENTAL RESULTS 

    We have taken web pages from web sites like Amazon & also 
created web pages manually for experiment .We are still working 
.Some of experimental results as follows: 

1) We select two web pages. 
 

 
Figure 6 : Home Page 

 
2) We apply VIPS algorithm on each page & comparing 

visual block trees we determine whether pages belong to 
fixed/variant template pages. 
 

 
Figure 7 : Applying VIPS algorithm 

 
3) On each page, we use Tidy tool & remove 

scripts,comments from each page and DOM trees are 
shown. 
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Figure 8: DOM trees 

 
 

4) Tree Matching 
Two trees are considered peer subtrees if matching score 
is higher than 0.4. 

 
Figure 9 : Tree Matching 

5 ) Matrix Alignment  
After peer node recognition, we align matrix to find set 
type data. 

 
Figure 10 :Matrix Alignment 

 
6)  Optional Node Merging 
 In next step,we find occurrence vectors of each node to 
detect optional nodes. 

 
Figure 11 : Optional Node Finding 

IV.  CONCLUSION 

     The ultimate goal of our proposed work is to provide new 

Web data extraction approach to problem of page-level data 

extraction. This approach uses visual information & DOM tree to 

extract template automatically from web pages .We use VIPS 

algorithm which is used to determine fixed/variant template 

pages. Proposed Approach consists of three phases. In phase 1, 

VIPS algorithm is applied on each page to determine 

fixed/variant template & data region is filtered out by removing 

noise blocks. In phase 2, tree merging is done to construct 

fixed/variant pattern tree and in phase 3, Schema & template is 

detected based on the pattern tree. Here multiple string 

alignment algorithm is used which takes optional- and set-type 

data into consideration. Pattern tree is constructed with which 

we can easily deduce template & schema for input web pages. 

Although many unsupervised approaches have been proposed 

for Web data extraction, very few works (RoadRunner and 

EXALG) solve this problem at a page level. Merged pattern tree 

gives very good result for schema and template detection 
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   Abstract- The polycrystalline Sn added Ni-Zn ferrites were prepared using the conventional sintering method. The monophasic 
nature of the samples was characterized using X-rays. The elastic behavior has been measured in the temperature range 80-410ºC 
using the composite oscillator method. The values of Young’s and shear modulus are corrected to theoretical density using the method 
of Mackenzie method.  The variation of Young’s and rigidity modulus with temperature follows Watchman’s equation and a linear 
equation respectively. 
     
Index Terms- ferrites, XRD, composite oscillator method, elastic properties 
 

I. INTRODUCTION 

i-Zn ferrites are well known materials used for applications in the megahertz frequency range [1, 2]. Efforts are being made to 
develop low power loss Ni-Zn ferrites operating at higher frequencies in conformity with the demands arising from 

miniaturization of electronic devices. The performance ferrites are improved through better mechanical properties. In order to increase 
usage of Ni-Zn ferrites at high frequency, the properties may be optimized by the addition of Sn.  
 An extensive study of the composition, magnetic field and temperature dependence of the elastic behaviour of Cobalt- Zinc 
[1], Nickel-Zinc[2] and Magnesium-Manganese [3] ferrites has yielded very interesting results. In continuation, it was thought 
desirable to undertake a study of the dependence of the elastic properties of the Sn doped NiZn ferrites on composition and 
temperature.  The obtained results of such a study are presented in this communication. 

 
II. EXPERIMENTAL 

Sn doped Ni-Zn ferrites having the composition Ni0.4Zn0.6SnxFe2-xO4 (x = 0.02, 0.04, 0.06, 0.08 and 0.1) were prepared by 
double sintering method, starting with highly pure (98.5%) chemicals. The powder were mixed in a ball mill for 6h and then pressed 
into toroidal and disks forms at 190 Mpa pressure. The pressed samples were calcinated at 720ºC/2h. The final sintering was carried 
out at 930o C/4h followed by slow cooling in the furnace with about 10ºC/min.  

 
III.RESULTS AND DISCUSSIONS 

The sintered samples were characterized using X-ray diffraction and it was found that the samples were monophasic. The 
bulk density of the samples was determined from volume weight measurements in air at room temperature. The values of densities 
were found to increase with an addition of Sn to Ni-Zn ferrites. With the help of X-ray and bulk densities of the samples, the 
percentage of porosity was estimated and is found to be in between 10-20%.  Using the XRD data, lattice constant (a) of all the 
samples under investigation was estimated and it is found that the lattice constant varies linearly with an increase of Sn content in Ni-
Zn ferrites (Fig.1).  

 
 
 
 
 
 
 
 
 
 
 
 

 

N
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                                                  Fig.1. Lattice constant versus Sn content   

The elastic behaviour of Sn doped NiZn ferrites have been measured using a piezoelectric composite oscillator method [4].  The 
appropriate quartz crystal transducer was cemented to the specimen with phenyl salicylate and two parts of sodium silcofluoride 
mixed with one part of barium sulphate in one drop of water glass for room and high temperature measurements, respectively. For the 
Young’s modulus (E) measurements, the piezoelectric crystals were cut to oscillate at a resonance frequency of 120. 455 ± 0.002 kHz 
in longitudinal mode. Shear modulus (G) was measured on the same specimen sections, using shear crystals oscillating at 
approximately 165.215 ± 0.006 kHz. The Young’s and shear moduli were then determined in the usual way using the expressions:  
 

Table 1:  Room temperature elastic moduli data. 
Sample      Sintering          Lattice         Bulk          X-ray          E           G       κ               σ 
  No.      Temp /Time constant   density   density       -------------------- 
                  (oC)/ (hr)   a (nm)                                         1011 dy/cm2

 

------------------------------------------------------------------------------------------------------------------------------------- 
0.00             930/4            0.8388          4.35        5.48           18.02    6.43       30.41        0.4 
0.02             930/4            0.8390          4.64        5.57           19.47    7.01      33.04        0.4  
0.04             930/4            0.8392          4.97        5.66           19.69    7.04      27.05        0.38    
0.06             930/4            0.8395          5.1          5.75           20.79    7.67      23.77        0.35  
0.08             930/4            0.8398          5.21        5.84            22.5     8.33      25.75        0.35  
---------------------------------------------------------------------------------------------------------------- 
E= (λl f1)

2 ρ,  G =( λS fs)2 ρ, where ρ density, λ the wavelength, f the resonant frequency and subscripts l and s refer to longitudinal and 
shear waves, respectively. The fundamental resonant frequency of every specimen was adjusted within 0.2% of that of the composite-
bar resonator by careful polishing of the end faces of the specimen. The composite resonator was mounted in a metal chamber 
evacuated at 10-4 torr. The accuracy of measurement of E and G are 0.1%.  
The elastic constants such as Young’s (E) and shear modulus (G) were measured at room temperature for all samples and obtained 
results presented in the Table 1. The other constants, such as bulk modulus (k) and Poisson’s ratio (σ) were computed using the 
general relationships: K = E/ 3(3G – E),   σ = E/ 2G – 1 and results are given in the table. It can be seen from the table that the values 
of Young’s and shear modulus are found to increase with an increase in an addition of Sn to NiZn ferrites.  This shows that the atomic 
binding strength has been decreased with an increase of addition of Sn to NiZn ferrites. The value of Poisson’s ratio is found to be 
same for all the samples under investigation. The average value of Poisson’s ratio is 0.31. 
       The elastic behaviour of the samples has been determined over the temperature range of 300 – 450°C. Fractional variation in 
frequency was measured and related to fractional modulus variations through the expansion coefficient by    
                     E T   or GT/ E RT or G RT = (1 + α ∆T) -1     (f ST/ f S) 2       ……  (1)  
Where E RT, GRT and fS are Young’s, shear modulus and resonant of the specimen at the reference temperature (room temperature or 
300K), ET or GT and fST are the same quantities at any other temperature, T is the difference between the measured and reference 
temperature, and α is the coefficient of linear expansion over the measured temperature range. The temperature of the sample was 
measured with the help of Cr-Al thermocouple with an accuracy of ± 0.1 K.         
       The values of the coefficient of thermal expansion (α) for the present specimens are measured using the dial gauge method. It is 
found that the variation of coefficient of thermal expansion (α) with temperature is found to be same for all samples showing a peak at 
the Curie temperature of the sample. The value of Curie temperature of the present samples is 380ºC. The following equation is 
formed using the least square method and the same was used in the Eq. 1.    
  α  = 6.412 x10 -6 + 0.64 x10-8 (T) + 0. 382 x 10-11 (T2)                          (2) 
 

 
 

100 150 200 250 300 350 400 450

5450

5500

5550

5600

5650

5700

5750

5800

5850

5900

5950

6000

6050

6100

6150

 B

 F

 D

V
(l
)m

/s

Temparature
0
C



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      333 
ISSN 2250-3153  

www.ijsrp.org 

Fig 2: Temperature variation of Vl for Sn doped NiZn ferrites 
 

Figs. 2 and 3 show the temperature dependence of longitudinal velocity (Vl) and shear velocity (Vs) for three ferrites under 
investigation. The values of Vl and Vs are obtained with the help of elastic constants data.  It can be seen from the figure that the 
values of Vl and Vs decreases continuously with an increase of temperature (T) and reach a minimum temperature, called T1. Then the 
value of Vl and Vs increases with temperature and attaining a maximum value at temperature T2.  Thereafter Vl and Vs decreases with 
further increase of temperature up to 430ºC.  No hysteresis has been observed in these samples during cooling. More or less similar 
behaviour has been observed for all other samples. Murthy et.al [5, 6] observed a similar anomalous behavior in elastic properties of 
polycrystalline Ni-Zn and Co-Zn ferrites in the vicinity of the Curie temperature. A similar variation of Young’s modulus with 
temperature also has been observed by Noikov et.al [7] in the case of NiCaMn ferrites. Kawai et.al [8] have made an extensive study 
of the temperature variation of Young’s modulus in the case of single crystal Mn0.53Zn0.35Fe2O4 and observed an anomalous behavior 
near the Curie temperature.       
       The anomalous behaviour of elastic modulus with temperature observed in the vicinity of Curie temperature (TC) for 
polycrystalline ferrites qualitatively can be explained by considering the temperature variation of magnetic crystalline anisotropy 
energy. The temperature variation of the magneto-crystalline anisotropy (k1) for Sn doped NiZn ferrites, has been measured by 
Vasudev [9] and concluded that k1 becomes zero at 370ºC, i.e., at a few degrees below the Curie temperature (380ºC). It can be seen 
from Fig.2 that the Vl for the ferrites attains minimum and maximum values at 370ºC (T1) and 380ºC (T2), respectively. Thus, the 
temperatures T1 and T2 coincide with the temperatures at which the magneto-crystalline anisotropy constant becomes zero and at the 
Curie temperature of the presently investigated ferrites. The magneto crystalline anisotropy (k1) can be considered as a measure of the 
magnetic energy barrier to the movement of domains in magnetic materials. The domains will be free to move at a temperature where 
k1 = 0, the substance undergoes a minimum strain for a given stress and Young’s modulus/or shear modulus approaches a minimum 
value due to the modulus effect as a result of domain wall motion. As the temperature of the sample is increased beyond this 
temperature, for a given stress, the strain increases upto Curie point. In other words, the ultrasonic velocity increases and attains a 
maximum at Curie temperature. Beyond this temperature the value of Vl and Vs decreases with an increase of T, since at Curie 
temperature the ferrite loses its spontaneous magnetization and becomes paramagnetic. 
       In order to get the complete information about anomalous behavior, a study of the variation of Vl and Vs with temperature in a 
saturation magnetic field (380 mT) has been carried out by us [10]. It was found that the anomalous behavior observed in the vicinity 
of Curie temperature disappears and the values of Vl and Vs decreases continuously with an increase of temperature. This is because 
the domain wall movement is ‘frozen’ completely by the application of the   saturation magnetic field. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3. Temperature variation of Vs 
 
 
 
 
 
 
 
 

IV.CONCLUSIONS 
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The Young’s and shear modulus were increasing with an increase of Sn addition to Ni-Zn ferrites. The longitudinal (Vl) and shear 
velocity (Vs) were found to be decreasing continuously with an increase of temperature (T) for the present samples. The longitudinal 
waves for the Sn added Ni-Zn ferrites attains maximum and minimum values around 370°C for T1 and 380°C for T2. The magneto 
crystalline anisotropy(k1) also becomes zero at 370°C for present ferrites. 
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Abstract- Callus cultures were established from hypocotyl and 
cotyledon explants of 8-10 days old seedlings obtained from non-
irradiated and irradiated seeds of Brassica carinata variety 
‘Jayanti’ on MS medium supplemented with various 
combinations and concentrations of growth hormones. Shoot 
formation from the cotyledon explants was observed on MS 
medium supplemented with BAP (2.0 mg l-1) and NAA (0.1 mg 
l-1) obtained from non-irradiated seeds. Multiple shoots appeared 
at the base of cotyledon explants of non-irradiated seeds within 3 
weeks. AgNO3 in callus induction medium resulted in greening 
of callus. However, no significant effect of adding organic 
additive in shooting medium was observed. The hypocotyl 
explants showed good callusing but, no shooting response was 
observed. The callusing potential increased with increase in 
radiation dose up to 80 kR and afterwards started decreasing with 
increase in dose.  The percentage of shoot formation decreased 
gradually with the increase in radiation dose up to 100 kR 
(except 60 kR) and the shoots developed were small, less 
vigorous with retarded growth and yellowish in color. Total 
suppression of shoot formation was observed in cultures derived 
from seeds treated with 110 kR dose. 
 
Index Terms- Ethiopian mustard - Brassica carinata - Gamma 
radiations- Hypocotyl - Cotyledon - Explant - Growth regulators 
- Callus induction 
 

I. INTRODUCTION 

thiopian mustard (Brassica carinata A. Braun) or karanrai 
(BBCC, 2n=4x=34) is a natural alloploid from Brassica 

oleracea L. (CC, 2n=2x=18) and Brassica nigra L. (BB, 
2n=2x=16) which has several agronomical important traits such 
as non dehiscent siliquae and a much more developed and 
aggressive root system than Brassica napus. The crop is a new 
introduction to north-west Himalayan regions. The variety 
‘Jayanti’ of this species has higher seed yield and oil yield in 
comparison to other brassica species. This variety possesses 
tolerance to drought, shattering as well as bird attack due to its 
thick and hard siliquae covering. In general, all Brassica crops 
are attacked by a variety of pathogens culminating in huge losses 
in seed yield. About 10 to 70 percent yield loss due to Alternaria 
blight has been reported by Gupta et al. (2003) in rapeseed- 
mustard. The yield losses due to various biotic stresses such as 
pathogens and insect-pests are less in karanrai compared to other 
brassica crops.  
Mutation Breeding has been considered to be a reliable approach 
to impart resistance/ tolerance against various diseases for which 

the resistance sources are not available. Tissue and cell culture 
techniques have been utilized to induce variability in many crop 
plants including Brassica crops (Kharb et al. 2002, Larkin & 
Scowcroft 1981, Jain et al. 1990&Katiyar, 1997). Tissue culture 
is one of the best methods to investigate direct effect of 
mutations on anyspecies and get mutants in short period of time. 
In vitro culture and shoot regeneration are key factors in 
developing an efficient transformation method in the genus 
Brassica. However, the studies on genotype variability for in 

vitro culture and shoot regeneration in Brassica carinata are 
confined to only a few genotypes (Javier et al. 2011). This 
genotype dependence of in vitro culture is a limiting factor for 
the application of genetic engineering to a wide number of 
genotypes. 
In view of this, the aim of present investigation was to initiate in 

vitro culture of karanrai variety ‘Jayanti’ using seeds with and 
without γ-radiations and optimize conditions for efficient callus 
induction and plant regeneration.  
 

II. MATERIALS AND METHODS 

For radiobiological studies, the dry and uniform sized seeds of 
variety ‘Jayanti’were exposed to 50, 60, 70, 80, 90, 100 and110 
kR of gamma - radiations to induce resistance / tolerance to 
Alternaria blight, at Bhabha Atomic Research Centre, Mumbai. 
For the establishment of callus cultures and plant regeneration, 
the seeds (non-irradiated and irradiated with all doses) were 
surface sterilized for 5 minutes with aqueous solution of 0.1% 
HgCl2 and few drops of Tween-20 for 10 minutes and rinsed 
repeatedly (3-4 times) with sterile distilled water. Seeds were 
dried on blotting paper and germinated on MS medium. Small 
segments of cotyledons and hypocotyls were excised from 10-12 
days and 8-10 days old seedlings and cultured on MS basal 
medium (Murashige&Skoog, 1962) containing sucrose (3 %), 
NAA (0.2 mg/l), BAP (0.2 mg/l) and agar (0.8 %) for callus 
initiation. The pH of the medium was adjusted to 5.8 before 
adding agar and autoclaving. All cultures were incubated under 
16 hours light (1500 lx) and 8 hours dark cycles at a temperature 
of 25+1°C. For each treatment, 50 explants were utilized and all 
experiments were repeated at least twice. Both cotyledon and 
hypocotyl segments were utilized for establishment of callus and 
plantlet regeneration. Half of the calli were excised from 
undifferentiated explants, subcultured after every three weeks 
and maintained on the same medium for three months and half 
were simultaneously transferred onto MS medium supplemented 
with various concentrations of cytokinins and auxins for 
visualizing morphogenetic response. 

E
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III. RESULTS AND DISCUSSION 

Non irradiated seeds: 
In order to evaluate callus induction ability, cotyledons and 
hypocotyl segments were cultured on MS medium supplemented 
with different plant growth regulator combinations (Table 1). 
The cultured cotyledons and hypocotyls derived from 8-10 days 
old seedlings formed callus at the cut ends within a week and 
simultaneously started differentiating into nodular structures 
from the base of cotyledons along with profuse root hair 
formation in callus zone after 2 weeks (Plate 1A). The cultured 
cotyledons and hypocotyls derived from 10-12 days old seedlings 
formed callus at the cut ends after 15 days and the callus turned 
brown with increase in dose (Table 2).Therefore, 8-10 days old 
seedlings derived callus were used for further investigation. 

Shoot regeneration was observed on MS medium combination 
BAP (2.0 mg l-1) + NAA (0.1 mg l-1). Multiple shoots appeared 
at the base of cotyledon explants within 3 weeks. Yang et al. 
(1991) while establishing efficient tissue culture system for 
hypocotyl segments in Brassica carinata observed that the 
hypocotylar segments showed higher regeneration capacity at the 
distal end than proximal end and upper segment of hypocotyl 
was more regenerative than lower segment. Hypocotylar explants 
produced more shoots than cotyledon explants but, fewer roots in 
different cultivars of Brassica oleracea var. tronchuda 
(Msikita&Skirvin, 1989).  However, earlier studies had observed 
the failure of hypocotylar segments to differentiate shoots 
(George&Rao, 1980, Jain et al. 1989).   
 

 
Table 1:  Effect of various hormonal combinations on shoot regeneration 

 
 
 
 
 
 
 
 

 
*Greening of callus, #Fibrous roots  
Shoots appeared from the base of cotyledon explants  
 
MS basal medium with varying concentrations of kinetin (2.0mg 
l-1 and 4.0mg l-1) and 2, 4-D (0.01 mg l-1 and 0.2 mg l-1) induced 
callus both from hypocotyl and cotyledon segments. However, 
MS basal medium with BAP (2.0 mg l-1) + NAA (0.1 mg l-1) 
induced callus and fibrous roots from hypocotyl while callus, 

fibrous roots as well as shoots were also induced from the base of 
cotyledon segments. BAP in combination with NAA had yielded 
no or reduced number of shoots in different Brassica species 
earlier (Jain et al.1989). Shoots were also regenerated on callus 
using NAA (0.1 mg l-1) with BAP (2.0 mg l-1) and AgNO3 (4.0 
mg l-1) in MS medium. AgNO3 in callus induction medium 
resulted in greening of callus.  
 

 
Table 2: Effect of aging of young seedlings on callus induction from hypocotyl and cotyledon explants of B. carinata (control 

and irradiated)* 
 
      Doses                    0 kR                50 kR                 60 kR                  70 kR                80 kR              90 kR                100 kR                110 kR 
 
                                                                                      10-12 days old seedlings 
Type of explant       H        C            H        C              H        C            H        C            H        C              H        C           H        C             H         C 
 
Callus (%)             65.9     28.4       64.3      27.5         60.7    21.2        62.5     21.7         66       20.8        63.4      20.4       45.2     19.7       39.5    15.5 
 
Weight (grams)     1.04     0.61       0.92      0.59         0.90    0.49        0.92      0.51        0.99    0.44         0.84      0.46       0.78     0.35      0.68     0.19 
 
Color                     W        W             W            W        L Br     L Br      L Br      L Br       L Br     L Br          Br       Br          Br        Br         Br        Br 
                                                                                         
                                                                                    8-10 days old seedlings 
Type of explant       H        C            H        C              H        C            H        C            H        C              H        C           H        C             H         C 
 
Callus (%)              90.3      50          85      48.2        81.9    47.9        88.5       49          93       48.8         84        45          82.6    44.7        77.1      40.2 
 
Weight (grams)     1.9       0.86       1.62    0.83        1.75    0.77        2.8       0.78         3.4       0.80        2.3        0.59       2.1       0.58        2.0       0.60 
 
Color                    L Gr     L Gr       W       W           L Br      W      Off W      W          Off W      W        L Br       L Br       L Br      Br        L Br       Br 
_______________________________________________________________________________________________________________________ 
 
Color: W-White, L Br-Light Brown, Br-brown, L Gr- Light Green, Off W- Off White   H-Hypocotyl, C-Cotyledon                                                                                     
* Data scored after 25 days of culture 

MS          
media 

Hormonal combinations Nature of response 
     Hypocotyl                    Cotyledon 

MS0 Kinetin(2.0mg/l) + 2,4-D (0.2mg/l)          callus                            callus 
MS1 Kinetin (4.0mg/l) + 2,4-D (0.01mg/l)          callus                            callus 
MS2 BAP (2.0mg/l) + NAA (0.1mg/ l) callus* + roots#    callus* + roots# + shoots 
MS3  BAP (2.0mg/l) + NAA (0.1mg/l+ AgNO3 

(4.0mg/l)  
callus* + roots#    callus* + roots# + shoots 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      337 
ISSN 2250-3153  

www.ijsrp.org 

 
However, no superior effect of adding AgNO3 as organic additive 
was observed in shooting medium. The results are in 
confirmation with earlier findings (Ali et al. 2007). On the other 
hand, Lim et al. (1998) observed the optimum level of AgNO3 for 
shoot regeneration from 0.5 to 1.0 mg l-1. Addition of AgNO3  at 
higher than 1.0 mg l-1 caused a high rate of vitrification of 
regenerated shoots. On MS2 medium viz., MS + BAP (2.0 mg l-1) 
+ NAA (0.1 mg l-1), 80 % of explants from the base of 
cotyledons developed shoots. Generally 8-9 shoots originated per 
explant within 4 weeks after culture (Plate 1B) but, growth was 
slow. Almost similar results were observed in both MS2 and MS3 

media. Since a combination of BAP (2.0mg l-1) and NAA (0.1mg 
l-1) proved effective for shoot regeneration, further experiments 
were conducted using the same for inducing shoot regeneration 
from the cotyledon and hypocotyl explants of irradiated seeds.   
 

Irradiated seeds:   
To explore the morphogenetic potential of the cotyledon as well 
as hypocotyl explants excised from the seedlings, seeds from all 
doses were germinated in half-strength MS medium. Percent 
germination was not affected by γ-irradiations but, the 
germination was delayed by 2-3 days above 90 kR doses and 
seedlings exhibited slightly stunted growth. The seeds of all 
doses showed germination indicating a high radio resistance of 
Ethiopian mustard to gamma radiations. The morphogenetic 
response of the cotyledon and hypocotyl explants of mutants was 
similar to that of untreated seeds to some extent but, the degree 
of response and rate of growth varied with dose. 50 kR and 70 
kR dose- derived explants showed less number of shoots per 
plant (Table 3) and fast growth rate as compared to untreated 
ones (Plate1C & D).  
 

Table 3: Morphogenetic responses of callus in different cultures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                               *Explants were cultured on MS2 (BAP (2.0mg/l) + NAA (0.1mg/l) 
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Fig.1. Comparison of callusing and shooting response with increase in dose of radiations 

 
 

Treatment Nature of cultures response* Shooting 
response (%) 

0 kR Good callus growth, fibrous roots and multiple shoot buds appear  80 
50 kR Moderate callus growth, shoot buds (2-3 buds per explant) appear  36 
60 kR Moderate callus growth, shoot initiation occurs but, very slow 

growth rate  
6 

70 kR Better callus growth, fibrous roots and shoot buds (2 buds per 
explant) appear  

20 

80 kR Excellent callus growth, shoot buds appear but, slower than lower 
doses (1bud  per explant) 

13.3 

90 kR Good callus growth, shoot initiation occurs with retarded growth  8 
100 kR Moderate callus growth, shoot initiation occurs with much 

retarded growth  
4 

110 kR Limited callus growth, no shoot buds appear  0 
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Fig.2. Effect of gamma radiations on shoot formation from cotyledon explants of Ethiopian 

mustard (Brassica carinata A. Braun). Each bar represents the mean of two separate 
experiments, scored after 4 weeks. 

 
The callusing potential increased with increase in radiation dose 
up to 80 kR and afterwards started decreasing with increase in 
dose (except 60 kR).  The percent shoot formation decreased 
gradually with the increase in radiation dose up to 100 kR 
(except 60 kR) and the shoots developed were small, less 
vigorous with retarded growth (Plate 1E & F, Figures 1& 2). 
Total suppression of shoot formation was observed in cultures 
derived from seeds treated with 110 kR dose. Earlier workers in 
mustard had demonstrated that the callus growth stimulated as 
the dose rate increased in cotyledon cultures obtained from seeds 
treated with higher doses and maximum growth was observed at 
25 kR dose (George &Rao1980). Inhibition of shoot 
development following high doses of gamma radiation has been 

demonstrated earlier in mustard by George &Rao (1980). The 
highest inhibitory effect on shootregeneration was also observed 
by Singh et al. (2007) in all doses of gamma radiations (5 kR, 10 
kR, 20 kR, 30 kR, 40 kR& 100 kR) except 54 kR along with total 
suppression of morphogenetic response by 100 kR. 
Therefore, in addition to develop an efficient transformation 
method and generate material for somaclonal variation, these 
studies could also be used for screening somatic mutants tolerant 
to various stress conditions, where the stress can be created in 
culture vessels e.g. sodium sulfate stress (Chandler & Thorpe 
1987) as well as in vitro selections of disease resistant varieties / 
mutants (Willmot et al.1989).  

 

                 
 

B A 
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        Plate 1: Morphogenetic response of non-irradiated and irradiated seeds explants 
        A   Callusing from the hypocotyl and cotyledon explants of non-irradiated seeds with profuse rooting  
        B   *Multiple shoots emerging from non-irradiated seed explants 
        C, D & E* Shooting response in 50 kR, 70 kR& 100 kR radiated seed explants, respectively 
        F  Shooting response in100 kR radiated seed explants after 3 months 
        * Response was observed after 4 weeks                   
 
 

IV. CONCLUSION 

The gamma radiations had showed almost nil effect on in vitro 
germination up to 90 kR dose. For the doses above 90 kR, the 
germination was delayed by 2-3 days exhibiting slightly stunted 
growth with increase in dose indicating a high radio-resistance of 
Ethiopian mustard variety ‘Jayanti’ to gamma-radiations. The 
morphogenetic response varied with varying doses as the 
regenerative potential was highly influenced by the gamma-
radiations. The callusing potential with increase in radiation dose 
increased up to 80 kR and afterwards started decreasing with 
increase in dose. The percentage of shoot formation decreased 

gradually with the increase in radiation dose up to 100 kR 
(except 60 kR) and the shoots developed were small, less 
vigorous with retarded growth and yellowish in color. Total 
suppression of shoot formation was observed in cultures derived 
from seeds treated with 110 kR dose. 
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ABSTRACT 

Background: Retro patellar pain resulting from physical & biomechanical changes in patellofemoral joint is described as 
Patellofemoral Pain Syndrome (PFPS). Incidence for PFPS in India was 22/1000 person in 2010. Females were 2.23 times more likely 
to develop PFPS compared with males. There have been many studies done using foot orthosis in PFPS for various time intervals in 
the runners. However there is hardly any study using foot orthosis in PFPS that has shown the effectiveness over a period of 6 weeks 
in the class 4 workers whose maximum work is in prolong sitting, standing, ascending & descending stairs, bending, walking on a flat 
surface. Hence, there is a need to study the effectiveness of semi rigid shoe wedge in PFPS in the class 4 workers at Pravara Medical 
College. Further semirigid shoe wedge can be means of ergonomic aid for treatment of PFPS 
Objectives: Primary objective of this study is to find out the effectiveness of Semirigid Shoe Wedge in Class IV Workers with 
Patellofemoral Pain Syndrome. Secondary objective of the study is to compare shoe wedge and Conventional Physiotherapy with 
Conventional Physiotherapy in reducing pain, Q Angle & improving physical function. 
Methods: A randomized controlled study was conducted between 2012 and 2013. Ten Class IV Workers with clinical diagnosis of 
patellofemoral pain syndrome were assigned to two groups where Conventional Physiotherapy was common treatment for each group, 
while medial full length semirigid shoe wedge was given to experimental group except control one, for the duration of six weeks. 
Outcome measures used were visual analogue scale (VAS), Q Angle (Q Angle), Western Ontario Mac Master Questionnaire 
(WOMAC) (Physical Function subscale). 
Results: The findings of this study showed that all interventions in the form of Semirigid shoe wedge and Conventional Physiotherapy 
Group (Group A), Conventional Physiotherapy Group (Group B) were effective in reducing pain, Q Angle and improving physical 
performance in class IV workers (Security Guards) over a period of six weeks according to the score on VAS, Q Angle, WOMAC. 
But overall improvement was greater in combination group i.e. Semirigid shoe wedge and Conventional Physiotherapy Group (Group 
A) as compared to Conventional Physiotherapy group (Group B). 
Conclusion: The results of this study concluded that combined Medial full length Semirigid Shoe Wedge and Conventional 
Physiotherapy over a period of six weeks reduce pain intensity, Q Angle, improves Physical Performance of Class IV Workers 
diagnosed with PFPS.   
Index Terms: Class IV Workers, Patellofemoral Pain Syndrome (PFPS), VAS, Q Angle, WOMAC (Physical Function), Semirigid 
Shoe Wedges, Conventional Physiotherapy.  

I. INTRODUCTION 

nee pain accounts for approximately one third of musculoskeletal problems seen in India. This complaint is most prevalent in 
physically active persons, with as many as 54% of athletes and non-athletes having some degree of knee pain each year. Knee 

pain can be a source of significant disability, restricting the ability to work or perform activities of daily living1. Patellofemoral pain 
syndrome can be a debilitating problem that is associated with complex etiology and intervention strategies. Foot orthoses (shoe 
wedge) are commonly used in treating patients with patellofemoral pain syndrome. However, available literature providing direct 
evidence of the effectiveness of semirigid shoe wedge for Class IV workers on patellofemoral joint position for pain, Q Angle, 
physical function is scarce. A few authors have studied the effects of foot orthoses on clinical outcomes of pain and function for 
patients with patellofemoral pain in runners. Because foot orthoses entail a mechanical intervention at the foot, the theoretical support 
for their use involves establishing a model between abnormal foot mechanics and abnormal patellofemoral mechanics that may 
explain the clinical entity of patellofemoral pain syndrome. Semirigid shoe wedge i.e. foot orthosis is a piece of material thick at one 
edge and tapered to a thin edge at the other end. Semi rigid shoe wedge is high density ethylene vinyl acetate foam which will affect a 
change in lower extremity mechanical function and specific patellofemoral joint mechanics.2,3.  It is an inexpensive way to determine 
if changing foot function will have positive effects on PFPS. The effect of orthotics is that it reduces vertical loading rate and ankle 
inversion moment and increased maximum foot inversion and maximum knee external rotation movement.4A combined effect of shoe 
wedge & Conventional Physiotherapy program will contribute greatly to reduce patellofemoral pain syndrome in workers. The 
purpose of this study is to find out the effectiveness of semirigid shoe wedge in class IV workers with PFPS and to find out 

K
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effectiveness of semi rigid shoe wedge compared with Conventional Physiotherapy programme on Visual Analogue Scale (VAS), 
Quadriceps Angle (Q Angle), and physical function in workers with PFPS at PIMS, Loni in 6weeks. 

II. METHODS 

Ten male security guards i.e. Class IV Workers, 20-35 years of age, diagnosed with unilateral PFPS were chosen to serve as subjects 

in this study.  

 

                                
 

Figure1: Provides demographic characteristics of the workers 
 
All the workers were referred to community Physiotherapy Department. Reassessment for diagnosis of PFPS was done by 

investigator. The following criteria were used for inclusion in this study: workers with age 20 to 35years.5,6,7,8Anterior knee pain of 

non-traumatic origin since 4 weeks9:2 of the following activities aggravating the symptom, prolonged sitting or kneeling, squatting, or 

pain on descending stairs;4,10 and 3 of clinical diagnostic test for PFPS positive;10pronated feet as per plantar foot arch 

index(PFAI)(unilateral);11workers who were able to attend pre and post interventional assessment sessions; Q angle  >100. 12 Excluded 

from this study were WORKERS WITH ASSOCIATED PAST HISTORY OF TRAUMA, FRACTURE OR SURGERY AT OR 

AROUND KNEE;10PRIOR TREATMENTS WITH FOOT ORTHOSIS WAS ALSO PRECLUDED;10 PFJES SCORE 

NORMAL, PARTICIPANTS WITH PFAI SCORE <6MM.11Subjects were randomly assigned to either an experimental group 

(n=5) or a control group (n=5). 

III. PROCEDURE 

The study received approval from the Institutional Ethical Committee of Pravara Institute of Medical Sciences (Deemed University), 

Loni. Participants were screened as per Screening Form. Following the session, eligible participants were told about the study 

intervention and duration in the language best understood by them and written informed consent was taken from those who were 

willing to participate in the study. Measurements such as VAS, Q Angle, WOMAC (physical function) was taken. Then they were 

randomized into two groups i.e. group A (Interventional group) and group B (Control group). For group A intervention such as medial 

full length Semirigid shoe wedge (made by Prosthetic and Orthotic Department) was added in their shoe which they had to wear 

during their working hours and home exercises in the form of static quadriceps, straight leg raises, double leg squat, unilateral step 

down, hamstring stretch, calf stretch were given for 2 sessions /day for four days/week as home exercise program and 2 sessions/day 

for two day/week at community physiotherapy department. Session lasted for lasting for 20-60 minutes.10,13 Total interventional period 
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was of six weeks. For group B home exercises were given for six weeks same as given for group A. After 3 weeks follow up was done 

and reassessment was taken after 6 weeks of intervention and baseline data was compared of both groups. 

 

Figure 2: Semirigid shoe wedge 

In this study, semirigid shoe wedge was chosen because they are inexpensive and easily adjustable, which is important for workers 

especially security guards who spend their time duty by standing for prolong period of time and walking. They can’t take 

physiotherapy regularly due to time constrain and duty commitments and Semi rigid shoe wedge can be used as a ergonomic aid. Semi 

rigid shoe wedge is high density ethylene vinyl acetate foam which will affect a change in lower extremity mechanical function and 

specific patellofemoral joint mechanics.2,3  It is an cost effective way to determine if changing foot function will have positive effects 

on PFPS. The effect of orthotics is that it reduces vertical loading rate and ankle inversion moment and increased maximum foot 

inversion and maximum knee external rotation movement. 

IV. DATA ANALYSIS 

Means and standard deviations were calculated for the descriptive characteristics. Independent t tests were used to compare these 

variables between the two groups. Significance was accepted at the .05 level. As all subjects experienced unilateral knee pain, reduced 

physical function as per WOMAC and increase Q Angle. Paired t test was used to compare pre and post interventional score of 

outcome measures of both groups whereas unpaired t test was use to compare post interventional scores of outcome measures of both 

groups. It was found that there is significant change in both groups but change was more in experimental group as compared to control 

group. The level of significance was accepted at .05. (Table 2) 

 

Medial raise 
full length Semi 

rigid shoe 
wedge 
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Figure 3: Pre and post score for outcome measure 

V. RESULTS 

For 1st outcome measure, VAS score for experimental group reduced almost 50% and for control group less than 35%., 2nd outcome 

measure, WOMAC score for experimental group reduced approximately 50% and for control group less than 35% and the 3rd  

outcome measure, Q Angle score showed 10-20 of difference in experimental group whereas few workers showed only 10 of reduction 

which was not a significant change. 

VI. DISCUSSION 

The finding of the study showed that intervention in both the groups were effective in reducing pain intensity, Q Angle and improving 

physical functions in Class IV Workers over a period of six weeks according to the score on VAS, Q Angle, WOMAC. But overall 

improvement was greater in experimental group i.e. workers provided with semirigid shoe wedge and conventional physiotherapy as 

compared to conventional physiotherapy alone. Worker with patellofemoral pain for whom medial full length semirigid shoe wedge 

most commonly demonstrate the lower-extremity alignment profile.  The workers typically reveals internal rotation of the entire lower 

extremity, increased knee valgus, and increased Q angle compared with the unloaded lower-extremity alignment. The workers usually 

is able to use hip external rotators and foot supinator muscles to move lower extremity alignment out of the weight-bearing alignment. 

In doing so, they move toward an alignment exhibiting reduced foot pronation, less-excessive internal rotation of the lower extremity, 

and less  pronounced knee valgus and Q angle. The intent of foot orthosis intervention is to enable the patient to maintain this latter 

structural alignment profile during functional weight bearing activities, without over taxing muscles that ordinarily might not be 

capable of meeting this demand. This may be due to semirigid medial full length shoe wedge which produces compensatory changes 

in the Patellofemoral Joint mechanics by altering the weight bearing force line.12 

VII. CLINICAL IMPLICATION FOR PRACTICE 

Six weeks of Semirigid Shoe Wedge and Conventional Physiotherapy in combination provides reduction of pain and Q Angle and 

improvement in Physical Performance of Class IV Workers diagnosed with PFPS. It is likely that Class IV workers works  in prolong 

standing, ascending & descending stairs, bending, walking will benefit from combination of Semirigid Shoe Wedge along with 
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Conventional Physiotherapy. Medial full length Semirigid Shoe Wedge of 4-5mm which was placed in worker’s shoe and by wearing 

during their working hours along with 20-60 min of Conventional Physiotherapy twice per day which was used in this study were easy 

to perform and the monetary and temporal cost of performing these exercises into a home exercise program is cost- effective. This 

type of treatment protocol in Class IV Workers with diagnosed PFPS i.e. Semirigid shoe Wedge with Conventional Physiotherapy 

helps in reducing pain intensity, Q Angle and improve Physical Performance. 

VIII. LIMITATIONS OF STUDY 

Limitations of present study includes small sample size, long duration intervention and present study has focused only on Class IV 

Workers Security Guards, there was no female security guards workers, other Class IV workers were also not included, so the findings 

are applicable to male Class IV Workers diagnosed with PFPS. 

IX. SUGGESTIONS FOR FUTURE RESEARCH 

Further study with shorter duration i.e. 3 weeks, regular follow up is suggested. As this study was focusing on Class IV workers 

(Security Guard) with Patellofemoral Pain Syndrome, effectiveness of Semirigid Shoe Wedge in other Class IV workers is still 

unclear. Also in this study there was no female security guards, a future research can be done on female security guard workers with 

Patellofemoral Pain Syndrome. 

X. CONCLUSION 

On the basis of this study it can be concluded that combined Medial full length Semirigid Shoe Wedge and Conventional 

Physiotherapy over a period of six weeks reduce pain intensity, Q Angle, improves Physical Performance of Class IV Workers 

diagnosed with PFPS.  
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    Abstract—This paper proposes two data hiding approaches using compressed MPEG video. In the first approach, the quantization 
scale of a Constant Bit Rate (CBR) video is either incremented or decremented according to the underlying message bit. A second-
order multivariate regression is used to associate macroblock-level features with the hidden message bit. The decoder makes use of 
this regression model to predict the message bits. However, the message payload is restricted to one bit per macroblock. The second 
approach of our work for both CBR and variable bit rate (VBR) coding and achieves a message payload of 3 bits per macroblock. The 
Flexible Macroblock Ordering (FMO) was used to allocate macroblocks to slice groups according to the content of the message. In 
existing network delivery of compressed video, packets may be lost if the channel is unreliable. Such losses tend to occur in burst. We 
can enhance our work to robustness of the existing work against packet losses in video steganalysis methods. We propose a robust 
error resilient approach for MPEG video transmission over internet. In this work, we develop an error resilient video encoding 
approach to help error concealment at the decoder. We introduce a new block shuffling scheme to isolate erroneous blocks caused by 
packet losses. And we apply data hiding to add additional protection for motion vectors. The existing solutions are superior in terms of 
message payload while causing less distortion and compression overhead and the proposed solution reduces the packet loss during 
transmission. 
 
    Index Terms - Data hiding, flexible macroblock ordering, MPEG coding, multivariate regression, steganography, Error spreading 
shuffling 
 

I. INTRODUCTION 

ata hiding techniques can be used to embed a secret message into a compressed video bit stream for copyright protection, access 
control, content annotation and transaction tracking. Such data hiding techniques can also be used for other purposes. For 

instance, [1] used data hiding techniques to assess the quality of compressed video in the absence of the original reference. The quality 
is estimated based on computing the degradations of the extracted hidden message. The authors of [2] used data hiding to enable real 
time scene change detection in compressed video. The information is hidden using the motion compensation block sizes of an 
H.264/AVC video. Data hiding is also used for error detection and concealment in applications of video transmission. 

Examples of data hiding using DCT coefficients include the use the parity of the quantized coefficients to hide a message [3]. 
Additionally, [4] utilized zero-length codes to insert a dummy value at certain locations to indicate message bits. 

Examples of using MVs for data hiding include, where phase angles of MVs are used to hide messages. The work in [5] and [6], 
on the other hand, proposed solutions for using the magnitude of MVs for data hiding. More specifically, [6] uses the least significant 
bit of both components of candidate motion vectors to embed a secret message. The candidate motion vectors are selected based on 
the prediction error of the underlying macroblock. MVs associated with high prediction errors are chosen. A prediction error threshold 
is computed per frame and transmitted in the video bit stream to guide the decoder in recognizing the MVs that carry bits of the secret 
message. 

The quantization scale is also used for data hiding; a recent publication in [7] proposed to divide the quantization scale of a 
macroblock by a certain factor. The factor is multiplied by all ac coefficients in the corresponding macroblock. The procedure is 
referred to as promoting and exiting a macroblock. If a message bit to hide is equal to zero, then such a procedure is followed, 
otherwise no action is taken. 

 From a syntax viewpoint, since a relatively large number of prediction modes and block sizes are available in H.264/AVC, it has 
been proposed to use these variants to hide message bits. Likewise, the work in [8] proposed the use of intra prediction modes to hide 

D
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message bits. It was shown that 1 bit can be hidden in each candidate 4X4 intrablock. Additionally, the work in utilized the block 
types and modes of intracoded blocks of H.264/AVC to hide message bits. 

Data hiding can also be applied prior to compression. For example, [9] introduced a method that is robust to heavy JPEG 
compression. It is also possible to hide data in the wavelet domain as reported in [10]. In such an approach, significant wavelet 
coefficients are identified and used for embedding a message payload. Lastly, hiding of data can also be applied in the compressed 
domain. For example, the work in [11] proposed hiding messages in the compressed H.264/AVC I-frames without the introduction of 
drift distortion. 

Steganalysis, on the other hand, is the process of detecting the presence of hidden messages in multimedia. Steganalysis can be 
applied to digital images and to digital video as reported in [12] and [13], respectively. Existing work on video-based steganography 
takes such analysis into account and tries to maintain the statistics of carrier before and after message hiding. For example, the work in 
proposed a sub histogram preserving approach for quantization modulation using matrix encoding. 

This paper is organized as follows. Section II introduces message hiding using quantization scale modulation and multivariate 
regression. 

II. MESSAGE HIDING USING QUANTIZATION SCALE MODULATION 

To hide a message using quantization scale modulation, the message is first converted into a binary stream of bits. During the 
MPEG encoding of individual macroblocks, the message bits are read one at a time. For each coded macroblock, the quantization 
scale is either incremented or decremented based on the corresponding message bit. Clearly, if the original quantization scale was 
either the lowest or largest allowable values then no modification is applied. This simple process of hiding a message bit in a 
macroblock is illustrated. Although the message hiding procedure is straightforward, nonetheless, the question that remains is how to 
extract the message from the bitstream. This problem can be solved by extracting macroblock-level feature variables during the 
encoding process. Once the whole message is hidden, we end up with a feature matrix and a message vector. We will then treat the 
feature matrix as predictors and the message bits as a response variable and use multivariate regression to compute a prediction model. 
Once computed, the prediction model can be used to predict the message bit hidden in a given macroblock based on its feature 
variables. We elaborate on the extraction of macroblock features from an MPEG-2 video, consequently, we formulate the message 
extraction as a regression problem. 

In the existing system the two novel solutions for data hiding are obtained. In the first solution, the message bits are hidden by 
modifying the quantization scale of MPEG video coded with constant bit rates. Features are extracted from individual macroblocks 
and a second-order regression model is computed. The decoder uses the regression model to predict the content of the hidden message 
based on macroblock-level feature variables. In the second solution, both constant and variable bit rate coding are supported. The 
solution utilizes the flexible macroblock ordering (FMO) feature of H.264/AVC video for message hiding and extraction. It is shown 
that both solutions can hide messages at an average payload of around 10 and 30 kb/s, respectively. Therefore, the applications of such 
solutions are not restricted to copyright protection where few bits are hidden per frame. Rather, the existing solutions can be used for 
other applications such as content annotation, transaction tracking, error detection and error concealment. 

A. Macroblock Level Features Variables 

The following feature variables are extracted or computed from a MPEG-2 video stream for each coded macroblock. 

• The first feature is the virtual buffer discrepancy from uniform distribution model. This discrepancy is computed 

 

Where the subscript j indicates a macroblock index, #MB sindicates the total number of macroblocks in a video frame and indicates 
the frame type; I, P, or B. 

• The second feature is the spatial activity of the underlying macroblock. This activity is computed from the four original (i.e., 
noncoded) luminance blocks of the current macroblock. It is computed using 

 

Where the subscript indicates a macroblock index. The variables  indicate the spatial variance of each luminance 
block in a frame-based coding. 

• The third feature is the actual quantization scale of the current macroblock. This scale is available from the macroblock header 
in the video bit stream. 

B. Message Prediction 
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The message prediction problem is formulated using a second-order multivariate regression. The response variable in this case is 
the message binary bits denoted by the vector. As mentioned previously, each macroblock has three feature variables, consequently, 
the predictors or the feature vectors of macroblocks are arranged into one matrix which is referred to as the feature matrix. This matrix 
is denoted by X as shown in 

 

 

 

The subscripts of the matrix elements  indicate the index of feature variables and the number of 
macroblocks, respectively. 

C. Message Extraction 

To extract the hidden message from a coded video, the feature variables of each macroblock are computed and/or extracted from 
the bitstream. The feature vectors are consequently arranged into a feature matrix and expanded to the second order, resulting in 
matrix P. The feature matrix is multiplied by the model weights  to generate the predicted hidden message  as follows: 

 

 

The process of message hiding and prediction is summarized. Notice that the feature extraction and polynomial expansion steps 
are repeated at both stages of message hiding and prediction. As such, the feature vector need not be transmitted with the bit stream. 

III. MESSAGE HIDING USING FLEXIBLE MACROBLOCK ORDERING(FMO) 

One of the limitations of the quantization scale modulation solution of the previous section is related to the message payload where 
only one message bit can be hidden per macroblock. This section introduces a second solution that benefits from a higher message 
bitrate through the use of FMO of the H.264/AVC video coding standard. 

In this work we make use of the explicit assignment of macroblocks to slice groups to hide messages in the video stream. Since 
macroblocks can be arbitrary assigned to slice groups, we propose to use the slice group ID of individual macroblocks as an indication 
of message bits. Assume for instance that two slice groups are used, the allocation of a macroblock to slice group 0 indicates a 
message bit of 0 and the allocation of macroblock to slice group 1 indicates a message bit of 1. Hence, one message bit per 
macroblock can be carried. Furthermore, since the H.264/AVC standard allows for a maximum of eight slice groups per picture then 
two or three message bits can be carried per macroblock as elaborated in Table. 

TABLE I BLOCK SIZE 
 

Number of 
slice groups 

Potential 
message bits/MB 

Message 
bits/MB 

2 0,1 1 
4 00,01,10,11 2 
8 000,001,010,011, 

100,101,110,111 
3 

 

In general, to hide a message into the H.264/AVC bit stream, the message is first read into chunks of bits, where is 1, 2, or 3 
according to the values in Table. If macroblocks are coded per picture, then message bits can be used to allocate the macroblocks to 
slice groups. The process of message hiding is illustrated in above figure. 

To hide a message into the H.264/AVC bit stream, the message is first read into chunks of bits, where is 1, 2, or 3 according to the 
values in Table. If m macroblocks are coded per picture, 
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Figure 1. The process of message hiding. 

Then m×n message bits can be used to allocate the macroblocks to slice groups. The process of message hiding is illustrated in above 
figure. 

Message extraction 

To extract the message bits, each time a picture is decoded, the macroblock to slice group mapping syntax structure is used to read 
message bits and append them to the extracted message. The process of message extracting is illustrated. 

Block Shuffling in source coding can be analogue to bit (block) interleaving in channel coding, which aims to break burst error 
into random bit errors. The difference lies at decoder: source decoder makes use of the remaining natural. Several shuffling patterns 
redundancy to recover random block error, while channel decoder uses explicit Forward Error Correction (FEC) code to recover the 
random bit error. Because the structure of MPEG video usually leads bit error to block error, and there is always some redundancy left 
in the coded video, source block shuffling can be more effective than channel interleaving in dealing with burst error. 

The new shuffling pattern proposed in this paper disperses the errors over a wide area of the image, thus lowering the probability 
that the connected important blocks are lost at the same time. We shall call this shuffling pattern \ Error Spreading Shuffling (ESS)", 
which can more spread errors and minimize the overhead in compression. The basic idea is that each transmitted packet will include 
blocks running through all the columns and rows of blocks, and that every column and row of blocks will have the same probability to 
be lost. One such pattern is shown in Figure. 

1 8 3 5 2 7 4 6 

6 1 8 3 5 2 7 4 

4 6 1 8 3 5 2 7 

7 4 6 1 8 3 5 2 

 

Figure 1. Error spreading shuffling (ESS) 

This pattern can be generated as follows. Suppose the image has N rows and M columns of Blocks/macroblocks, and assume M > 
N. We label the (i; i) blocks as \1" starting with the top left corner. After the N \1" blocks, we label as \2" all the (i, i + N) blocks, 
starting from the (1; N+1) block. When the labeling reaches the right extreme of the image, it wraps around to the left side. When the 
label \k" reaches the bottom row, say the (N; j) block, a new label \k +1" begins with the (1; j +1) block. 

 If the (1; j +1) block has already labeled then \k + 1" is assigned to the (1; j0) block, where j0 is the median of j + 1 and the 
column index of its greater nearest labeled neighbor. If it also has been labeled, then assign \k + 1" to the (1; j"), where j00 is the 
median of j + 2 and the column index of its greater nearest labeled neighbor. Continue with this manner until all the blocks have been 
labeled. This kind of shuffling can isolate error blocks under packet loss. We have noticed that fixed shuffling pattern can cause 
artifacts in fixed pattern, which can be annoyed for long video streams. In practice, mixing shuffling pattern of different direction can 
be employed to reduce the artifacts. 

First, it is observed that the bit rate increases for Sim2 over Sim1 by 0.35% and for Sim3 by 1.02%. It is thus clear that our 
algorithm decreases the compression ratio negligibly. 
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Second, we show in Figure 5 the average PSNR as a function of Pl from simulations using 5 different channel conditions. We 
simulate a random loss case and a burst case where average burst length is 2, which is typical for the internet transmission. 

IV. CONCLUSION 

In this paper, can enhance our work to robustness of the existing work against packet losses in video steganalysis methods. A 
robust error resilient approach for MPEG video transmission over internet. In this work, we develop an error resilient video encoding 
approach to help error concealment at the decoder. It introduce a new block shuffling scheme to isolate erroneous blocks caused by 
packet losses. And we apply data hiding to add additional protection for motion vectors. The existing solutions are superior in terms of 
message payload while causing less distortion and compression overhead and the proposed solution reduces the packet loss during 
transmission. In this approach can achieve a reasonable quality for packet loss efficiently. In proposed takes use of the structure and 
syntax of the video, and it is useful in combating packet losses. 

 

 
Figure 1. Average PSNR of five channel realizations using 3 different methods (Sim1, Sim2, Sim3) 

 
 

Figure 2. Comparison of various methods. For (a)and (b): upper left - Original frame; upper right - Sim1; lower left - Sim2; lower right - Sim3 
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A comparative study of the concept of God in Hinduism 
and Islam 
Abid Mushtaq Wani 

 
Abstract: In this research paper we will discuss the concept of God in Hinduism and Islam, the two major world religions. The theme 
of this paper is to show that monotheism is at the core of both these great religions. Islam is strictly monotheistic but Hinduism has 
pantheistic and henotheistic tendencies as well. While monotheism means the oneness and transcendence of God pantheism means 
that the Supreme Being is immanent in His creation and is present everywhere and in everything. Henotheism is the belief in one 
Supreme Divinity with the belief in other lesser deities.        

I. INTRODUCTION 

he concept of God is the basic tenet of almost all religions. I said almost because renowned religions like Buddhism and Jainism 
do not hold the belief in an Absolute Creator of the world. Theologians usually define God as all-powerful, all-knowing, 

transcendent, eternal and infinite. My research paper is about the concept of God in one of the two major world religions of the world; 
Hinduism and Islam. We shall hypothesize that the unity of God is the central part of both these great religions. While Hinduism is 
pantheistic when Vedanta is taken into consideration, Islam is purely monotheistic. Most of the Hindus worship many gods and 
goddesses but they believe that they are the manifestations of One Absolute Being. 
I have consulted the basic sources of both these religions. In Hinduism the Upanishads are the basic philosophical treatises describing 
the nature of the God and soul. Quran is the main source of theology believed to be revealed from God to Prophet Muhammad. Quran 
stresses the oneness of God and how people should relate to Him. 

II. CONCEPT OF GOD IN HINDUISM 

    The concept of God in Hinduism is found in the Upanishads or Vedanta. Although the Vedas precede Upanishads they contain 
hymns to various gods and goddesses which are regarded as the entities ruling nature. But these deities are not divine in the strict 
sense of the word, rather they are considered as a host of natural powers and symbols of the laws embedded in the visible universe. 
The four Vedas at their ends contain philosophical books known as Upanishads and these are the treatises which contain the 
description of the Supreme Divinity. 
Upanishads are usually in the form of dialogues between masters and disciples. Furthermore Bhagavad Gita,18th chapter of 
Mahabharata, is also viewed as an Upanishad because of its resemblance to the philosophy of Upanishads and its being a dialogue 
between Arjun as a seeker and Krishna as a teacher. 
The importance of Upanishads over Vedas is clearly described in Chandogya Upanishad where Narada comes Sanatkumar to grasp the 
meaning of soul and Supreme Divinity. Narada tells him that he has learnt all the Vedas including all other subjects prevailing at that 
time. Narada comes to know that this knowledge of Vedas, legend, mathematics, logic, astrology, science of gods or devavidya etc is 
not enough until one grasps and realizes the Self and the Supreme Soul.1 Furthermore in Gita Krishna tells Arjuna, ‘’He is free from 
Karmic involvement who is contented with whatever comes to him uninvited; who is even minded and untouched by duality; who is 
without envy, jealousy and animosity; and who finally views success and failure with equanimity. All the effects of karma (action) are 
nullified, and one achieves liberation, when ego attachment ceases, when one becomes centered in wisdom, and when one’s actions 
are offered up to the Infinite in sacrifice. For such a person, both the act of self offering and the offering itself are, equally, aspects of 
the One Spirit. The fire (of wisdom) and the person making the offering are both Spirit. In this realization, the Yogi, freed from ego-
identification, goes straight to Brahman (Spirit).”2 These verses depict the deep spiritualistic ethos of Hinduism without ritualistic 
emphasis. This also shows the importance of philosophical Upanishads over ritualistic Vedas. 
      About the philosophy of Upanishads and the deep meaningful myths contained in the puranas, professor Radhakrishnan writes, 
“The Gita and the Upanishads are not remote from popular belief. They are the great literature of the country, and at the same time 
vehicles of the great systems of thought. The puranas contain the truth dressed up in myths and stories, to suit the weak understanding 
of the majority. The hard task of interesting the multitude in metaphysics is achieved in India”3. This implies the deep philosophical 
and metaphysical aspects embedded in Upanishads which the laymen understand through analogies and relevant myths of puranas. 
Upanishadic concept of God, unlike Judeo-Christian and Islamic belief is though monist or pantheistic but still many scholars have 
understood it in panentheistic paradigm. This interpretation of God’s existence as panentheistic means that God is beyond time and 
space as well as His omnipresence. The incarnation of God in human form and other anthropomorphic archetypes of the Supreme 
Being is a later development in the puranic period. As we quoted Prof.Radhakrishnan earlier it was to suit the weak understanding of 
the multitude. 
The Absolute Being in Vedantic terminology is called Brahman, not to be confused with the Brahmin of the caste system. Brahman is 
Absolute, Eternal, Bliss, Consciousness, without a second and without beginning or end. That (Tat) is not to be worshipped or invoked 
but to be known and experienced everywhere and within one’s own self. Creation out of nothing (ex nihilo) is alien to Vedanta. It is 

T
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the Brahman itself out of which everything evolves and into which everything dissolves in endless cycles. Hence, creation is cyclic 
and not linear like Semitic belief.       
 A symbolic name to denote Brahman in Chandogya Upanishad is Aakaasha or space. In Gita it is stated, “I, the Unmanifested, 
pervade the entire universe. All creatures abide in me, though I abide not in them”4. “That which is invisible, ungraspable, without 
family, without caste, without sight or hearing and or foot. Eternal, all-pervading, omnipresent, exceedingly subtle. That is the 
imperishable, which the wise perceive as the source of beings”5. Vedantic God is close to an impersonal existence that can be 
described in symbols, negation and paradoxes.  As a spider emits and draws in[its thread], as herbs arise on the earth, as the hairs of 
the head and the body from a living person, so from the Imperishable arises everything here.6 
There are six systems of Indian philosophy out of which only sankhya is silent about the existence of Supreme Being. Dvaita school 
opines that Brahman is the Absolute Being but that which is other than Brahman has its own existence but dependent on Brahman. It 
is the Advaita School of the Indian philosophy which clearly states the Oneness of Being. The greatest profounder of Advaita or non-
dual school was Adi Shankaracharya. In my opinion it is the Advaita branch of Indian philosophy that is closer to the Vedantic aspect 
of Reality as depicted in the Upanishads. Says Adi Shankaracharya; “Brahman is other than the universe. There exists nothing that is 
not Brahman. If any other object than Brahman appears to exist, it is unreal like a mirage.7 
All these descriptions stated earlier is of Nirgun Brahman which in related to creation is called Sagun Brahman. Guna means 
attributes. While nirgun is the name of Brahman alone sagun is that aspect which manifests itself through or cosmic illusion. This is 
the reason that numerous puranas were written wherein various forms and symbols were given to Sagun Ishwar depicting that as a 
personal god or ishta devata. Shrimad Bhagvatam, Vishnu puran, Shiva puran, Devi puran, etc, has descriptions of these extra Vedic 
gods and goddesses. Any person can concentrate on an ishta devata as a ladder to reach a higher consciousness of the Supreme 
Divinity.  
Most of the humans cannot remain satisfied with an impersonal aspect of God. This is the reason that Bhakti tradition took its roots on 
Indian soil which reached its epitome in medieval period. Worship of Shiva, Vishnu and his incarnations and the manifestations of 
goddess Shakti flourished during that time. In Gita it is attributed to Krishna that he speaks as an incarnation of God. This can be put 
in these words that Krishna as Parbrahm indwelling in a special manner of Mystery speaks about himself. ‘The Blessed Lord said, 
many have been my births, and many also yours. I remember all of mine, though you remember yours not. Though I am the Lord of 
whole creation, and I am in my true self and abiding in my cosmic nature, forever unborn, yet I, by my yoga-maya, assume an outward 
form”.8                        
Vaishnavism, Shaivism and Shaktism emerged as three main Bhakti movements believing in Vishnu, Shiva and Shakti as the aspects 
of Divinity. But one thing is important to mention that bhakti movement was highly monotheistic also apart from above mentioned 
traditions. Almost all Hindus have the omnipresent aspect of God in their minds combined with His non-dual Oneness. They see the 
same Brahman in various incarnations and idols. Once Yogananda Paramhansa went to a place where numerous common laymen used 
to worship and prostate before a small round stone. As a learned man he considered it a little superstitious. After that he went to meet 
a saint and saw that saint coming towards him in anger questioning him about the residing place of God. Yogananda answered that 
God is everywhere. Then sadhu asked him that was God not present in that stone towards which Yogananda hesitated to prostate9. 
This anecdote clearly shows the Hindu mentality of the Unity of God in a unique way, the God who can be worshipped in any form. In 
is written Gita, “He who beholds me everywhere and who beholds everything in me, never loses sight of me nor do I lose sight of 
him10.      
It is written in Gita, “In whatever way I am approached, in that way do I respond. All men, by whatever path come to me”11. This 
verse shows the inclusive character of Hinduism in approaching God through various ways and means. Hence we found a heterodox 
character of Hinduism in describing God and the paths to reach Him. 
We will end the first part of the chapter concerning the concept of God in Hinduism in the words of the renowned authority on 
Hinduism and Indian philosophy Prof. Radhakrishnan. He says, “The Primordial Being, the primary datum, can be elucidated and not 
described. To indicate that it is not an object of knowledge many of the seers refuse to characterize the nature of the Supreme. They 
declare Supreme to be a Mystery, a hidden secret. The more it is experienced as the inexpressible, the more it is felt to be indubitable. 
This knowledge does not spring from belief or a process of reasoning. It goes beyond both of them without contradicting them. We 
can have wordless communication, a transcendental consciousness which exceeds all images and concepts, “a flight of the alone to the 
Alone.’’   

III. CONCEPT OF GOD IN ISLAM 

    In the Islamic belief system concept of God is peculiarly clear and uncompromising. The Holy Name of God in Arabic is Allah 
which has no plural or opposite gender as in the English word of god which can become gods or goddess. Allah is unique in His 
essence and attributes with which nothing can be associated. He is beyond time and space as He is the Creator of everything including 
time and space. He is Omnipotent, Omniscient and is present everywhere through His knowledge. But He is not present everywhere in 
a literal sense as His essence is not mingled with His creation. He is eternal and was present from all eternity without any partner and 
is changeless. He is the Absolute Being and is not dependent on anything. Everything is destructible without His essence. 
Holy Prophet Muhammad (SAW) was asked by his contemporaries about the attributes of God and these verses were revealed by 
Allah Almighty: “ In the name of Allah, the Merciful, the compassionate. Say , He is God, the One God, the Everlasting Refuge, who 
has not begotten, nor has been begotten, and there is no one equal to Him’’12. 
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Salafi scholars within Islam have classified Tawhid or Islamic monotheism into three parts which is inferred from the clear and simple 
verses of Qur’an.  Classifying Tawhid into three categories is based on induction after scholars studied the relevant texts in the Qur’an 
and Sunnah. Let us discuss the classification below. 
Defining the three terms: 
1. Tawhid ur Rububiyyah: It is the belief that Allah is the only Cherisher and Sovereign of the whole Universe or Existence. It is 
evident by the following verse of the Holy Qur’an; “All the praise is due to Allah, the Lord of all that exists’’.13Allah is the Rabb of all 
the worlds i.e, the only Owner and Controller of the Universe. 
2. Tawhid ul Asmaa was Sifaat: (Allah is) the Bestower of Mercy, the All-Merciful, the Owner of the Day of Judgement.14 In this 
verse Allah gives Himself names and attributes as Ar Rahmaan, Ar Raheem and Al Malik. 
3. Tawhid ul Uloohiyyah: “(O Allah) You alone we worship and only from You we seek help”.15 This verse demonstrates that Allah is 
the only God and He alone is worthy of worship and we should only seek His help in all affairs. 
Tawhid or Islamic monotheism is not an innovation of the prophet Muhammad but a primal and basic concept common to all the 
prophets and messengers sent by God for the guidance of humanity. This view is clearly expressed in the following verse of Quran;  
“And we never sent a messenger before thee save that We revealed to him, saying, ‘ There is no god but I, so worship Me’”.16  
The word for God in Islam is Allah which is not among the pantheon of pagan gods like Zeus or Vishnu but the name for the one true 
God and Absolute worshipped by Jews and Christians and realized by the seers of Upanishads as Brahman. According to basic Islamic 
tenets it is not for people to decide what the attributes of God are but God Himself sends prophets to describe Himself. Hence the 
essence and attributes of God are not a matter of speculations for philosophers but a subject of Truth revealed to prophets by God 
Himself. To nullify the right of mental introspection by men who are not guided by revelation Quran categorically proclaims: 
               ‘Have you seen him who has taken his own caprice to be his god’?17 

      Who is more misguided than he who follows his own caprice without the guidance from God?
18 

Allah is the only Absolute Being who does not depend on anything or anybody for His existence. All except God are contingent 
beings dependent on Him for their existence. First sentence of the Islamic Shahaadah is; there is no god but God. It means that there is 
only a single true and worthy object of worship, God. All other objects of worship, adoration and servitude are false. To worship 
anything else other than the one true God is considered the sin of highest order which is Shirk or polytheism.  
Polytheism or Shirk in the Islamic context means to associate something or someone with God in worship or Divine servitude. It also 
means to share, to be a partner, to make someone share in and to give someone a partner. Hence in pure Islamic theological sense it 
means to give God partners and, by implication, to worship them along with God or exclusive of God. Some Quranic verses nullifying 
polytheism or shirk are as follows; 
      Worship God, and do not associate any others with Him.19 
       Do not associate others with God; to associate others is a mighty wrong.20 
      Say [O Muhammad!]: Surely God is one god. Surely I am free of the others you associate.21 
      Say: I have only been commanded to worship God, and not to associate anything with Him.22 
The grave falsity of shirk is clearly depicted in Koran as it is the only unpardonable sin: 
      God forgives not that any others should be associated with Him, but less than that, He forgives to whomsoever He will.

23 

      If someone associates any others with God, God will prohibit paradise to him.24 

In Islamic theology the sense of Tawhid is considered innate in human nature and the signs of God are clearly visible and perceivable 
throughout the cosmos which further gets a strong impetus by the guidance of prophets and messengers sent by God Almighty. One 
has to be fully aware consciously about the importance of the oneness of God and the nature of associating partners with Him in order 
to be guilty of shirk. Moreover caprice and reliance on self instead of the precepts of God is also considered a kind of worship of other 
than God as seen in the verse stated earlier. 
In Islamic theology God’s essence is considered unknowable but Koranic verses depict many attributes of God as Praiseworthy; 
“Praise belongs to God who is the sustainer of the worlds”25.He is Merciful and omnibenevolent. He is Merciful, Benevolent”26. God 
is All-powerful. “The strength, all of it, belongs to God”27. He is the Creator of all that is. “Is there any creator apart from God?”28. 
Everything changes and gets annihilated except the One Permanent God. “Everything is perishing except His Face”29. 
There are many beautiful names of God apart from these which taken together are considered as Al Asmaa ul Husnaa or The Beautiful 
Names. Though there are attributes of God which we share like sight or hearing but God’s sight and hearing is not like creatures but 
unique and eternal while we depend on His physical laws and do not share eternity. That is the reason that in Islam prefix Abd or Slave 
has to be used before the names of God to keep them as names. For example God is All-seeing or Al Baseer, a Muslim cannot keep 
this as a name but only after prefixing Abd before it as Abd al Baseer, the servant of All-seeing God. 
God in Islamic theology is not imminent in creation but He is Transcendent and beyond Time and Space because He created 
everything ex-nihilo, out of nothing. There is nothing like the Essence of God. This is known as Tanzih. There is a simple expression 
of Tanzih or the transcendence of God in the following Koranic verse. “Nothing is like Him”30. How can God be mingled in creation 
when He Himself created Time and Space. 

 Islamic monotheism is a way to free human beings from every kind of slavery except the submission to the one true God. It is in the 
remembrance of God only that hearts feel bliss and tranquility. “Surely hearts feel tranquil whenever God is mentioned”31. It is the 
oneness of God which brings order in creation. Like the concept of singularity in theoretical physics, metaphysical singularity of the 
oneness of God is the Ground of existence in Islam. 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      356 
ISSN 2250-3153  

www.ijsrp.org 

IV. CONCLUSION 

    So far we have seen the concept of God in Hinduism and Islam from original sources. The gist of the paper is that monotheism is at 
the core of the two religions. When talking of a Unitarian concept of Godhead there is only one Supreme Deity in both the 
metaphysical world views. Be it the Brahman of Vedanta or Allah of Islam, it is one and the same thing. People related to both the 
religions should realize this which should bring them close. 
It is true that there are pantheistic tendencies in Hinduism but a large number of Sufis or Muslim mystics in Islam also believed in 
some form of pantheism which is known as Wahdat ul Wujood. Henotheism is also a part of Hinduism which means revering or 
worshipping in lower deities with the belief in a Absolute Divinity. But most of the Hindus recognize that these lesser gods and 
goddesses are manifestations of the One Divine Being. And I hope my proposal will bring both the adherents close.  
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Abstract- Ethnobotany is a distinct branch of natural science 
dealing with various aspects such as medicine, religious, cultural, 
agriculture instruments, household implements and several other 
disciplines. The present paper reviews plants used 
ethnobotanicaly by the tribal of R.D.F.Poshina forest range of 
Sabarkantha district, North Gujarat, India.Sabarkantha District 
having hilly and forest area near the range of Arvalli 
hills.Sabarkantha district take it name from the river 
Sabarmatiwhich flows through it. The Sabarkantha district is 
located in the southern part of Gujarat. This district had a 
population of 2,082,531 according to the 2001 census. It covers 
an area of 7,390sq. Km. The Poshina forest range is a tribal area 
located in Khedbrahmataluka of Sabarkantha district of North 
Gujarat, India. Poshina range is divided into two sub-ranges, 
Poshina forest range and R.D.F. (Rehabilitation of degraded 
forest range) Poshina forest ranges.About 35 plant species 
belonging to 24 families were observed during the year 2010-
2011 of my research work. Plant species of these forest areas are 
documented here with their botanical names, local names, family 
and their ethnobotanical uses. The species were arranged family 
vise according to the flora of Gujarat state. 
 
Index Terms- Ethnobotanical, the tribes, 
R.D.F.Poshina,Sabarkantha district. 
 

I. INTRODUCTION 

he term “Ethnobotany” was coined by J. W. Harshberger in 
1895 to indicate plants used by the aboriginals: From 

“ethno”-study of people and “botany” study of the plants. 
Ethnobotany is considered as a branch of ethnobiology. It deals 
with the study and evaluation of plant-human relations in all 
phases and the effect of plant environment on human society. 
Ethnobotany is the study of how people of a particular culture 
and region make of use of indigenous plants. Ethnobotanists 
explore how plants are used for such things as food, shelter, 
medicine, clothing, hunting, and religious ceremonies. The 
administrative headquarters of the district is Himmatnagar, about 
80 km from Ahmadabad. Sabarkantha District has a population 
of 2,427,346 of which 2,064,318 (85.04 %) of rural and 363,028 
(14.96 %) of urban as of 2011 census. It covers an area of 7,390 
km².Sabarkantha District is bounded by Rajasthan state to the 
northeast, Banaskantha and Mehsanadistricts to the 
west, Gandhinagar and Kheda districts to the south 
and Panchmahal District to the east.Sabarkantha district take it 
name from the river Sabarmati which flows through 

it.Sabarkantha district is located in the southern part of 
Gujarat.Ninety percent of the population is rural. The main 
occupations of these people are dairy farming and 
agriculture.  Himmatnagar is the district headquarters and the 
famous Sabar dairy is situated here. The major crop of this area 
is cotton and groundnut. Several taxonomists and ethno-botanists 
continued to survey many areas of North Gujarat in length and 
breadth such as, plants of North Gujarat (Saxton and Sedgwick, 
1918), Addition to Gujarat Flora (Ahuja and Pataskar, 1970), 
North Gujarat Flora and Ethnobotany (Yogi 1970; Patel 1971 & 
Reddy1987; Patel, 2002). 
            Earlier the works were carried out an ethnobotanical ,  
medicinal and floristic aspects of plants by a good number of 
workers namely Thaker (1910), Saxton and Sedgwick (1918),  
Santapau ( 1954), Patel (1971), Shah (1978), Reddy, A. S. 
(1987),  Jain (1991), Shashtri (1996),  Punjani (1997), Patel 
(2001), Bhatt, et.al. (2003) and Jangid (2003). 
            The ethnobotanical and floristic work, were carried out 
by Saxton, W. T. and Sedgwick, L. J. (1918), Yogi, D. V. (1970), 
Punjani (1997),  Patel, N. K. (2001), Patel, R.S. (2002), Patel, 
K.C. (2003) in the North Gujarat region. 
 

II. ABOUT THE STUDY AREA 

            SabarkanthaDistrict having hilly and forest area near the 
range of Arvalli hills. The district Sabarkantha is situated in the 
north eastern part of Gujarat state between 23°03’ and 24°30’ 
north latitudes and 72°43’ and 73°39’ east longitudes.  The total 
population according to 2001 census is 1027 million. The rural 
population is 15, 75,918 (86.48%) and tribal population is 
18.41%. The rural commonly are Brahmin, Patel, Vania, Rajput 
and Muslims etc. The adivasi commonly are Bhils, Parmar, 
Pardhi, Sarar, Dabhi, Angari, Kher, Kapedia, Rohisa, Bangadia, 
Lakhumada, chunara, Damors and many more. Their principal 
means of livelihood is agriculture and live stalk. The main crops 
raised are maize, whete, chana, peddy, tuvar, bajra, and rajko.  
Poshina range is divided into two ranges, Poshina forests range 
(Poshina Patti) and R.D.F. (Rehabilitation of degraded forest) 
Poshina forest range (Lambadia Range). The R.D.F. Poshina 
forest range is a tribal area located in Khedbrahmataluka of 
Sabarkantha district of North Gujarat, India.  The R.D.F. Poshina 
forest range belongs to Sabarkantha forest division of Gujarat 
state. The total area of R.D.F. Poshina forest range is 8156.03 
H.A., of which reserve forest under section-20 is 921.43 H.A. 
and un-classed forest under section-4 is 7234.60 H.A. The total 
25 villages in the study area.  

T
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Map of the R. D. F. Poshina Range forest Area 
 
 
 

III. MATERIALS AND METHODS 

            Extensive field trips were organized during the year 
2010-2011 in R.D.F. Poshina Forest range area of Sabarkantha 
district in North Gujarat. Forest areas and villages of such 
regions were frequently visited, to collect the information about 
the forest wealth and uses of plant species were noted. Village 
wise men, experienced informants, elderly people, head man of 
the hamlets, tribal medicine men, ‘vaidya’, ‘bhagat’, ‘bhuwa’, 
etc. were contact and by repeat queries data was gathered. These 
people are the only source of information about the local plant 
names and their ethnobotanical uses. This is the original and 
ancient knowledge, which was not documented systematically 
earlier but from last few decades several ethnobotanical workers 
have been worked on this subject. The collected plant specimens 
were identified and arranged according to Bentham and Hooker’s 
system of angiospermic classification described in the Gujarat 
flora by Shah (1978).Valid scientific name, Local name, Family 
and ethnomedicinaly uses are described. 
 

IV. RESULT AND DISCUSSION 

(A) Ethnomedicinal plants: 
(1) Cassia fistula L.(Caesalpiniaceae family- Leguminosae) 

GARMALO 

Uses: 
� Diluted gum in two tea spoonful water, given it 

to a child above 5 years of age for getting 
relief from diarrhea. 

� Fruits (pods) are boiled in water and taken as 
vegetable for three days in evening time to 
cure hysteria and fever. (Vastabhai – 42 
years,Ganva village) 

(2) Emblica officinalisGaertn. Fruct.(Euphorbiaceae) 
AMLA 

Uses: 
� Fruits are used as pickles. 
� A twigs of this plant is used as toothache to 

strong the teeth and gum. (Minabhai – 69 
years, Ganva village) 

� The juice is extracted after crushing the piece 
of fruit with water apply on hair in the 
morning time  to remove dandruff, makes the 
hair dark  and also clean the dirt of the 
body.(Anubhai-42 years, Tebda village) 

� Fruit juice is taken to relief from sunstroke to 
the body.(Maniben- 36years, tebda village) 

(3) Ailanthus excelsa Roxb. (Simaroubaceae) MOTO 
ARDUSO 

Uses: 
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� Leaves are heated on charcoal tied on painful 
parts of the body with cotton Gossypium 

herbaceumauct. non L. cloth to relief the pain 
of body. 

� Stem bark is drown in water in whole night 
boiled in morning, taken half cup without 
breakfast to cure fever and cough.(Kantibhai - 
49 years, Kharaniya village.) 

� Stem bark is crushed with goat milk is taken 
two tea spoonfuls twice in a day to relief from 
diarrhea. (Kimabhai – 33 years, Kharaniya 
village) 

� Leaves are crushed in water and making juice 
is taken two tea spoonful twice in a day to cure 
mouth ulcer.(Maniben- 36years, tebda village)  

(4) Syzygium cumini (L.) Skeels (Myrtaceae) JAMBU 
Uses: 

� Stem bark is crush in water given 
approximately 500 ml. to animal thrice in a  

� day to cure animaldiarrhea. 
� Seeds are crush on stone surface and making 

pest to apply on body, increase the sweet and 
relief from skin disease. 

� Stem bark is crushed with goat milk is taken 
two tea spoonful thrice in a day to cure 
diarrhea. (Kimabhai – 33 years, Kharaniya 
village) 

� Leaves are crushed on stone surface and 
making pest to apply on scorpion bite 3-4 
times in a day. 

� Ash of dried stem bark with honey is given a 
tea spoonful twice in a day to relief from 
vomiting. 

� A twig of this plant is used as toothache to cure 
mouth ulcer.(Keshabhai – 57 years, Demti- 
Eran village) 

(5) Moringa concanensis Nimmo (Moringaceae) JANGLI 
SARAGAVO  

Uses: 
� Half tea cup of juice obtained from the fresh 

leaves is to be taken for a week in the early 
morning in an empty stomach to reduce 

cholesterol and body weight. 
� Leaves were collected, washed and cooked as a 

vegetable and taken internally twice in a week 
will produce cooling effect of eyes. 

� Approximately 30 gm. of juice of fresh leaves 
is to be taken internally on empty stomach to 
fertility in women. (Vastabhai – 42 
years,Ganva village) 

� Leaf is mixed with sugar and taken in the early 
morning in an empty stomach for a week to 
cure tiredness. 

� Half tea spoonful paste is prepared from the 
leaves and applied over the surface of body for 
a week to relief from the disease jaundice. 

� Seeds were collected, dried and make powder 
and then half tea spoonful of this powder taken 

to cure intestinal worms. (Keshrisingh – 42 
years, Ganva village) 

(6) Echinops echinatus Roxb. (Asteraceae) UTKANTO 
Uses:  

� Root is digging from soil on Saturday or 
Sunday and tide with thread on the     neck of 
the child to cure UNTATIYU. 

� Root is tide on the combed hair of the pregnant 
lady to free delivery, after delivery immediately 
remove it.   

� Root is crushed on stone surface with water 
and given a tea spoonful thrice in a day to 
relief from cough. (Kimabhai – 33 years, 
Kharaniya village) 

 
(B)Agriculture implements: 
(1) Sickle and axe: 
            Handle of the sickle and axe is it is made up of Vans 
(Dendrocalamus strictus (Nees.)- Poaceae. 
(2) Hute: 
            The vertical support is made up of the stem of Bordi 
(Zizyphus nummularia (Burm.f.) W.&A.)-Rhamnaceae, Baval 
(Acacia  nilotica (L.) Del.)-Mimosae the horizontal support is 
made up of the stem of Dhao (Anogeissus pendula (Edgew.))-
Combretaceae, covered by leaves of Khajuri (Phoenix sylvestris 
(L.))-Palmae and Butea monosperma (Lam.) Taub. (Palmae) and 
horizontal supports are tided by the fibers of Shan-Jute 
(Corchorus capsularis) – Tiliaceae. 
 (3) Yak: 
            The vertical part is made up of the stem of the Sandesro 
(Delonix elata (L.) Gamble.)- Caesalpiniaceae and Dhao 
(Anogeissus pendula (Edgew.))-Combretaceae. The horizontal 
part is made up of the stem of the Runchalo Dudhalo- Wrightia   

tinctoria (R.Br.) Apocynaceae (Ladubhai-Kharania Village). 
(4) Well:  
            The main support of the wheel is made up of the wood of 
Charal (Holoptelea integrifolia (Roxb.) Planch.)-Ulmaceae, 
Baval (Acacia nilotica (L.) Del.) – Mimosae and the horizontal 
support is made up of Bordi (Zizyphus nummularia 

(Burm.f.)W.&A.)-Rhamnaceae (Kimabhai-Golvada Village). 
            The ground roller support is made up of the stem of 
Mahudo-Madhuca indica J.F.Gmel.- Sapotaceae and Bordi 
(Zizyphus nummularia (Burm.f.) W.&A.)-Rhamnaceae. 
The rope is made up of the fibers of Shan-Jute (Corchorus 

capsularis L.) – Tiliaceae. 
(5) Mask for bullock: 
            The trips are made from the stem of Vans 
(Dendrocalamus strictus (Nees.)- Poaceae the thread is made 
from the fibers of Shan-Jute (Corchorus capsularis L.) – 
Tiliaceae. 
(6) Fork: 
            Fork is made from the stem of Baval (Acacia nilotica (L.) 
Del.) – Mimosae and Dhao- Anogeissus pendula (Edgew.) -
Combretaceae 
(C) Sacred groves: 
(1) Polagadawalimata sacred grove: 
            Polagadawalimata sacred grove is situated near the 
entrance of the village Polapan. The grove is approximately more 
than 70 years old and Shankarbhai Parghi is a worshipper.  
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            According to the local prayer, the tribal of the village 
coming daily for good worship and the deity is represented by 
milk and coconut fruit. The folk believes that after fulfillment of 
the wish the deity represented by flag which is made up of 
Narvans-Dendrocalamus strictus Nees (Poaceae), coconut fruit 
Cocos nucifera L. (Palmae) and the cloth of cotton Gossypium 

herbaceum L. (Malvaceae). 
            The grove is mainly surrounded by few trees of Khakhro 
- Butea monosperma (Lam.) Taub.( Fabeceae), Garmalo - Cassia 

fistula L.(Caesalpiniaceae,  family- Leguminosae), Dhao- 
Anogeissus latifolia (Roxb) Wall.ex Bedd.(Combretaceae), Bordi 
Zizyphus mauritiana Lam.(Rhmnaceae), Baval- Acacia 

nilotica(L.) Del. (Mimosaceae, family- Leguminosae), Sag- 
Tectona grandis L.f. (Verbenaceae), Dudhlo- Wrightia 

tomentosa R.& S. (Apocynaceae). 
            After marriage of the son of deity, they come for good 
wishes from the God in the month of Gujarati “Vaishakh” and 
represented flag which is made up of Narvans-Dendrocalamus 

strictus Nees (Poaceae) and the cloth of cotton Gossypium 

herbaceum L. (Malvaceae). 
(2) Devrabavaji sacred grove: 
            Devrabavaji sacred grove is situated in Dedka village of 
R. D. F. Poshina forest. The grove is more than 55 years old. The 
idols are in sequence like Thakor bapji, Ganpat dada, Kunvarka 

mata, Sundevi mata, Bhairav dada, Khokhar devi, Nagfuni mata, 

Dashama and Pakhawali mata. 

            Villagers are prey with the flowers of Kesudo-Butea 

monosperma (Lam.) Taub. (Fabeceae), grains of Makai- Zea 

mays L., Triticum aestivum L. and other cereals on the gujarati 
month of Vaishakh. They strong belief that the forest is protected 
due to presence of deity. 
            The grove is surrounded by Rayana- Manilkara hexandra 
(Roxb.) Dub (Sapotaceae), Mendhi- Lawsonia inermis L. 
(Verbenaceae), Kesudo-Butea monosperma (Lam.) Taub. 
(Fabeceae),  Bordi Zizyphus mauritiana Lam. (Rhmnaceae). 
(3) Chamunda mata sacred grove: 
            Chamunda mata sacred grove is situated in Ganer village 
and Babubhai (45 years old) is an idolatrous. This grove is more 
than 100 years old. Tribal fair is held on the first new year day of 
gujarati month Kartak. On that day tribal praying to god for 
protect against ghost. 
            Plants around the groves are Vad- Ficus benghalensis L. 
(Moraceae), Pipli- Ficus rumphii Bl. Bijdr. (Moraceae), 
Goradiyo baval- Acacia senegal Willd. (Mimosaceae), Kerdo-
Capparis decidua (Forsk) Edgew. (Capparaceae), Ram tulsi-
Ocimum gratissimum L. (Lamiaceae) and Khajuri -Phoenix 

sylvestris (L.)-Palmae. 
(4) Gogabapji maharaj Mahadev sacred grove: 
            Gogabapji maharaj Mahadev sacred grove is present in 
Demti village. Jamkuben Fagnabhai (30 years old) is an 
idolatrous. The grove is established by their ancestors. Tribal are 
praying to god with the leaves of Bili- Aegle marmelos (L.) Corr. 
(Rutaceae) and milk of goat on day of Maha Shivratri (a hindu 
festival) in winter season. Local people vow for the good health 
and for the birth of the child.  
            The grove is surrounded by Bordi Zizyphus mauritiana 
Lam. (Rhmnaceae), Goradio baval- Acacia senegal (Willd.) Del. 
(Mimosaceae, family- Leguminosae), Gorasamli- Pithecellobium 

dulce (Roxb.) Bth. (Mimosaceae, family- Leguminosae), Vad- 

Ficus benghalensis L. (Moraceae), Limdo- Azadirachta indica A. 
Juss.(Meliaceae), Pipli- Ficus rumphii Bl.Bijdr. (Moraceae), 
Sandsro- Delonix elata (L.) Gamble (Caesalpiniaceae), Nilgiri- 
Eucalyptus globulus Labill. (Myrtaceae). 
(5) Khedawali mata sacred grove: 
            Khedawali mata sacred grove is situated in Cholia 
Village. Bhulabhai Ramabhai Gamar (60 years old) is an 
idolatrous. The grove is established by their ancestors. 
            Annually, the deity is represented by the flag Narvans- 
Dendrocalamus strictus Nees (Poaceae), coconut fruit Cocos 

nucifera L. (Palmae) and the cloth of cotton Gossypium 

herbaceum L. (Malvaceae). Local people believe that, if 
somebody not represent anything to deity after the completion 
the wish, he will be definitely face some unseen trouble. 
            The grove is occupied by the following plant species 
Bordi - Zizyphus mauritiana Lam. (Rhmnaceae), Kher- Acacia 

chundra (Roxb. ex Rottl.)Willd. Mimosaceae, family- 
Leguminosae), Mor dhundhiyu- Dichrostachys cinerea (L.) W. 
& A.(Mimosaceae, family- Leguminosae), Behda- Terminalia 

bellirica (Gaertn.) Roxb. (Combretaceae). 
(6) Jata matajinu mandir sacred grove: 
            Jata matajinu mandir sacred grove is situated in Kotda -
Gadhi village near the border of Rajasthan. Ladubhai is an 
idolatrous. The grove is established by their ancestors. 
            Peoples of the village pray to god for good health of their 
child and fair is held on “Diwali”. The deity is revered for well-
being of cattle, mainly for buffalo and goat. Local people take 
vow for the good health of their domestic animals. On 
completion of the wish, the deity is represented by the milk of 
buffalo and goat. 
            The grove is occupied by the following plant species 
Kher- Acacia chundra (Roxb. ex Rottl.)Willd. Mimosaceae, 
family- Leguminosae), Kesudo- Butea monosperma (Lam.) 
Taub. (Fabeceae), Vad- Ficus benghalensis L. (Moraceae), 
Karanj- Pongamia pinnata (L.) Pierre. 
(Fabeceae), Kanjo- Holoptelea integrifolia (Roxb.) Planch. 
(Ulmaceae)  Piplo- Ficus religiosa L. ( Moraceae) and Narvans- 
Dendrocalamus strictus Nees (Poaceae). 
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Plate: 1 Ethnomedicinal plants of R. D. F. Poshina Range Forest 

 

 

  

Echinops echinatus Roxb. 
grove 

Ailanthus excelsa Roxb.  

Syzygium cumini (L.) Skeels 
grove 

Moringa concanensis Nimmo 
grove 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      363 
ISSN 2250-3153  

www.ijsrp.org 

  

     

Plate: 2 Agriculture implements of R. D. F. Poshina Range Forest 
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 Plate: 3 Sacred groves of R. D. F. Poshina Range Forest 
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    Abstract- The capability of multicasting is an important feature in data networking and is emerging in to a highly demanded service 
being offered by all major ISPs (Internet Service Providers). The benefits of multicast include reducing the overhead in transmission 
on the network and sender and reducing data delivery delay for all destinations. Multicast (Point-to-multipoint) refers a 
communication pattern in which a source node sends a message to a group of destination nodes. The major advantage of multicasting 
is to decrease the network load. On another hand, multicasting can be very useful in resource discovery. Quality of Services (QoS) is 
required for most of the multicast application and thus, the constraints for QoS provisioning should be also considered. In this paper 
we present the analysis and simulation of the performance of existing Dense mode and CBT mode multicast routing algorithms. 
Therefore, the performance comparison of existing multicast routing protocols over wired mesh networks are essential in order to 
analyze their behavior effectiveness. 
 
Index Terms- QoS, DVMRP, Multicast 

I. INTRODUCTION 

uppose a scenario in which a professor wants to conduct a class with 70 students participating through the network. If the 
multimedia application for that conference used unicasting, the professor’s computer repeatedly sends 70 audio streams to the 

students computer. The wastage of bandwidth has occur in unicasting because in unicasting sends 70 duplicate copies over the 
network and due to this reason a significant delay before the last student hears the professor’s voice. The audio stream could also flood 
on every node of the network and possibly bring the network down. Multicasting comes to the rescue by allowing the multicast host to 
send only a single copy of the information and these information received by those hosts that are part of that group. In this class 
example, the computer of professor sends only single audio stream for the network and only the targeted group of 70 students receive 
that stream. The minimum required network bandwidth are utilized by that information and arrives at every computer of student 
without any noticeable delay.[1]   
The above example is the practical use of multicasting in everyday life. Some applications, like Internet television, Internet gaming 
and IP teleconferencing applications require data to be delivered from one or multiple receivers. As illustrated in figure: 1, it is clear 
that if there are only five receivers of a multimedia application, the utilization of bandwidth between routers can be reduced up to one-
fifth if we use multicasting. 
The discovery of routes between nodes is done by multicast routing protocols. Multicast has huge impact since it overcomes the 
overheads of the unicast routing protocol. 
 

II. TAXONOMY OF MULTICAST ROUTING PROTOCOLS 

    The concept of multicasting was launched by Steve Deering [2] in 1980’s, early efforts in the 1980’s to define a multicast capable 
Internet resulted in a RFC 966,”Host Groups: A Multicast Extension to the Internet Protocol”(1985). IP multicast concepts evolved 
through additional RFCs (988 and 1054), resulting in the multicast standard, in RFC 1112, ”Host Extension for IP 
Multicasting”(1989).Additional work in the early 90s led to the creation of Virtual Internet Backbone for Multicast IP or MBone, 
which was an experimental test bed system for multicast application and protocol development. Mbone was first deployed in 1992 as a 
virtual network, with application-layer packet replication: one packet in, one or more packets out. From Mbone's flat, virtual set of 
networks in 1992, all under the same Autonomous System (AS) or domain, multicast routing has evolved from an intra-domain 
routing emphasis to a broader scope of inter-domain routing in the late 1990's, supporting a hierarchical set of domains. 
There are many different types of issues in which the multicast routing protocols are classified into different categories. They can be 
classified on the basis of how multicast connectivity is established and maintained, whose named is, source-imitated and receiver 
imitated. In source-imitated approach, the formation of the multicast group is initiated by the source and a tree or mesh is constructed 
per sender. The source polls the network periodically with join-request packets, the receivers willing to join the multicast group 
respond with reply packets after receiving the requests. In a receiver imitated approach, a receiver floods a join request packet to 
search for a path to a multicast group. One important technique used in this approach is to assign a node, known as the Rendezvous 
Point (RP) or the core, to accept join requests from members. Finally, multicast routing protocols are classified into tree-based and 

S 
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mesh based protocols based on the topology [3] in tree-based protocols, there exists only one possible path between a source-
destination pair, whereas in mesh-based protocols, there may exist more than one path. [4] 
The classification of existing multicast routing protocols both in wired and wireless networks have been classified based on the 
topology into source-based tree, shared-based tree and mesh-based protocols. The source-based trees uses     
 
 
 
                                Incoming Traffic                                                                                          
 
 
                                   Router 
      
                                             Unicast links 
                                             For receiver 
 
                            Router 
 
 
 
 
 
 

                          R1             R2           R3           R4        R5  
                                          (a) 
 

 
                                         Incoming Traffic 
 
 
 
                            Multicast 
                     Router                 One link for 
                                          all receiver 
 
                               Multicast 
                        Router 
 
 
 
 
 

                          R1             R2           R3          R4        R5 
                                     (b) 
 

Figure 1: Delivery of information using multiple unicasting and multicasting. 
 
The shortest path for minimum delay, these structures are appropriate for regions where group members are densely distributed. On 
the other hand, shared-based trees have better resource utilization than source-based trees, where increases the traffic concentration. 
The tree based protocols are more efficient in terms of resource usage and mesh-based protocols are more robust to the changes in the 
network. The classifications of multicasting routing protocols [4] are described in figure 2: 
 

III. .MULTICASTING IN WIRED NETWORK 

The wired multicast routing protocols are defined in two categories: Source-based and Core-based. 
Source-Based Multicast Routing Protocol: 
A rooted tree is constructing in which root working as a source node and connected to every member in the multicast group. In this 
protocol data packets are originating from source node and send to all destination nodes through communication link of a multicast 
tree. The Distance Vector Multicast Routing Protocol (DVMRP)[5], Multicast Extension To Open Shortest Path First Protocol 
(MOSPF)[6], Protocol Independent Multicast- Dense Mode (PIM-DM)[7], and very recently Explicitly Requested Single-Source 
Multicast (EXPRESS)[8] comes in the category of source-based trees. 
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Figure 2: Classification of Multicast Routing Protocols 

 
Distance Vector Multicast Routing Protocol (DVMRP): 
DVMRP is a source-based multicast routing protocol which uses the Reverse-Path Multicast (RPM) algorithm. DVMRP was first 
defined in RFC-1075. The original specification was derived from the Routing Information Protocol (RIP) and employed the 
Truncated Reverse Path Broadcasting (TRPB) algorithm. The major difference between RIP and DVMRP is that RIP is concerned 
with calculating the next hop to a destination, while DVMRP is concerned with computing the previous hop back to source. 
As illustrated in figure: 3, the first packet of multicast message send from a source to a particular multicast group is flooded leaf to the 
source over the network. Then, prune message send by router are used to truncate the branches which do not lead to a group member. 
Furthermore, a new type of message is quickly used called “graft”. The “graft” message send by the new receiver to the source, which 
is currently joins that multicast group. Similar to prune message which are forwarded hop by hop, graft message are send back on hop 
at a time until they reach a node which is on the multicast delivery tree.   
Multicast Open Shortest Path First Protocol (MOSPF): 
The Multicast extension to OSPF (MOSPF) defined in RFC 1584are built on the top of Open Shortest Path First (OSPF) Version 2 
(RFC 1583). MOSPF uses the group membership information obtained through IGMP [9] and with the help of OSPF database builds 
multicast delivery trees. These trees are Shortest-Path Trees constructed (on demand) for each (source, group) pair. MOSPF supports 
hierarchical routing. All hosts in the Internet are partitioned in to some “Autonomous System” (AS). Each AS is further divided in to 
subgroups called “areas”. 
In OSPF, each router with in a routing domain keeps state and topological information of this domain, this is achieved 
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Figure 3: Message flowing in DVMRP 
 

by link-state advertisement (LSA) flooding. A shortest path tree rooted at the source using Dijkstra’s algorithm has builded by 
MOSPF router. After the building of tree, group membership information is used for pruning for those branches that do not lead to sub 
networks with group members. Resulting, a pruned Shortest-path tree in which source as a route. The MOSPF router creates a 
forwarding table and then determines its position in the shortest-path tree. The forwarding table is not changing after a fixed interval 
but when the network topology or group membership have changed the forwarding table has also changed.  
Protocol Independent Multicasting-Dense Mode (PIM-DM): 
PIM contains two protocols: PIM-Dense Mode(PIM-DM) which performs better in cases where the group members are densely 
distributed  and PIM-Sparse Mode(PIM-SM) which is more efficient when the group members are distributed over many regions of 
the network. PIM-DM is very similar to the DVMRP in that it requires the presence of unicast routing protocol for finding routes back 
to the source node. The other difference between PIM-DM and DVMRP is that PIM-DM forwards multicast message to all 
downstream hosts until it received a prune message, while DVMRP forwards multicast traffic to child nodes in the delivery tree. PIM-
DM Different from DVMRP and MOSPF Protocols; DVMRP uses RIP like exchange message to build its unicast routing table, and 
MOSPF relies on OSPF link state database.  
EXPRESS: Holbrook etc al [10] proposed an extension of IP multicasting to support large-scale single-source applications. The 
writer described a realization of channel model called Explicitly Requested Single-Source Multicast (EXPRESS) on the top of 
multicast [10]. It uses an EXPRESS Count Management Protocol (ECMP) for both maintaining the multicast tree and supporting the 
source-directed counting. ECMP generalizes the join/leave function by using to count the number of subscribers in a sub tree. In this, a 
new subscriber sends a subscriber ID Count message to the next hop through the shortest-path to channel source. The subscriber ID 

Count  message moves from hop to hop until it reaches to the source. A host unsubscribed by sending a zero count message upstream. 
Count values are kept by routers and updated when a subscriber joins/leaves. When the network topology changes then the router 
select a different upstream router for a channel, and it sends a current count message to the new upstream router and a zero count 
message to the old upstream router unsubscribed it there [10]. 
 
Core-Based Multicast Routing Protocol: 
One node is selected for each group called core or rendezvous point (RP) [11,12]. A root of the tree defined as a core is then 
constructed to span all the group members. The Core-Based Tree (CBT) Protocol [13], PIM-Sparse Mode (PIM-SM)1 [14] and very 
recently Simple Multicast (SM) [15] are comes in the core-based multicasting routing protocols. 
Protocol Independent Multicasting-Sparse Mode (PIM-SM): 
PIM-SM which is defined in RFC 2117, has two major differences with dense mode protocols (DVMRP,MOSPF, and PIM-DM). In 
PIM-SM protocol the routers need to explicitly announce their will for receiving multicast message of multicast group [16], while in 
dense mode protocols suppose that, all routers have needed to receive multicast message unless explicitly prune message has send. 
The other difference is the concept of “Rendezvous Point” (RP) or “Core” which has been used in PIM-SM protocol. 
In PIM-SM assigning a set of RPs for each group, where one RP is working as a Primary RP and it is responsible for forwarding all 
the packets. If any routers want to receive multicast message from another group then it needs to send a join message to RP of that 
group. Each Of the multicast host has a designated router (DR), which manages the multicast group membership messages in its 
group. If any host in its group wants to join another group it sends a join message to the DR, when DR receives an IGMP messages, 
which indicates the membership of a host to a certain group then DR finds the RP of that group with the help of performing a 
deterministic hash function on the sparse-mode region’s RP-sets and unicast-PIM join message forwarding to the RP. The entry is 
created in the multicast forwarding table of the DR and intermediate routes for the (source, group) pair, such that they can know how 
to forward multicast message coming from RP of that multicast group to the DR and group members [16]. If the source node wants to 
send a message to a certain group, then it has to first register itself with the RP sending through a PIM-SM-Register message. The DR 
of that source encapsulates this message and sends it towards the RP of that group as a unicast message. After that the RP sending 
back a PIM-Join message to the DR of the source. 
Although, PIM-SM is based on the shared tree , it provides a method for shortest-path trees on the behalf of receivers. After joining a 
shared tree, if a receiver finds another optimal route to the source, it sends a join message towards the active source [2]. After 
constructing the source-based shortest path tree, the router can sends a prune message to the RP and hence disassociates itself from the 
shared tree. 
Core-Based Tree (CBT) Mode: The latest algorithm developed for constructing multicast deliver tree called core-based tree (CBT) 
algorithm. A single delivery tree is created by multicast CBT for each group. The “Core” router for a delivery tree is chosen by single 
or a set of routers. All messages are forwarded as unicast messages towards the core router until they reached a router which belongs 
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to the corresponding delivery tree. After that the message is forwarded to all ongoing interfaces except the incoming interfaces. This 
has been described in fig: 3. 
The multicast routers have required to keep less information as compared to the requirement of other routing algorithms. CBT 
preserves more network bandwidth because it has not required flooding for any multicast packet. Although, using a single tree for 
each group may lead to traffic concentration around the core routers. 
Simple Multicast (SM): Perlman et al [15] proposed a multicast routing protocol called Simple Multicast, which extends CBT and 
works both within and between domains. SM [15] appears CBT in terms of member join/leave, tree maintenance and data transfer. 
The main difference between CBT and SM is that how they resolve the multicast address allocation problems. SM identifies a group 
by the 8-byte combination of a core node and the multicast addresses [16].  
 

IV. EXPERIMENTAL RESULTS 

    The snapshots of my experiment of both multicasting routing algorithm i.e. Dense mode and Core-based tree mode multicasting 
routing protocol are shown in below figure: 4 and figure: 5 and the results of my experiment are shown in figure: 6, figure: 7 and 
figure: 8.     
 

  
 

Figure 4 : Data transmission using Dense Mode 
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Figure 5: Data transmission using CBT Mode 
 

 
 

Figure 6: Graph For Quality Of Services 
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Figure 7: Performance Of Dense Mode Showing time-interval on x-axis and number of packets on y-axis 
    

    
Figure 8: Performance Of CBT Mode Showing time-interval on x-axis and number of packets on y-axis 

 
         

V. CONCLUSION 

     In this paper I have implemented the dense mode and Core-Based Tree Multicast routing protocols, in tool command language and 
integrated the module in the ns-2 Simulator. The performance of the protocols were measured with respect to metrics like Packet 
delivery ratio, end – end delay etc. I have made the performance and quality of services (QoS) comparison of the protocols. 
Simulations were carried out with identical networks and running different protocols on the mobile node. The results of the simulation 
indicate that performance and QoS of the Core-based tree mode multicasting routing protocol is better than the Dense mode 
multicasting routing protocol. 
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     Abstract- The buccal fat pad (BFP) originally described as an anatomic structure without any obvious function. For a long period 
it was considered to be a surgical nuisance. However during the past three decades, the BFP has become a well-established tool in oral 
and maxillofacial surgery for reconstruction of small to medium sized acquired or congenital soft tissue and bone defects in the oral 
cavity.  
The aim of present article is to review the database available regarding BFP, including its anatomy, clinical usage, success and 
complications and to ascertain the reason for its preference over other modalities in various applications in oral surgery. 
      
     Index Terms- oral and maxillofacial surgery, buccal fat pad, acquired or congenital defects 
 

I. INTRODUCTION 

he buccal fat pad (BFP) was first mentioned in 1732 by Heister1 and better described by Bichat2 in 1802. Egyedi3 was the first to 
report use of buccal fat pad (BFP) in oral reconstruction for the closure of oroantral and oronasal communications and Tiedman4 

et al showed there was no need to cover BFP by a skin graft when used for defects of oral cavity. 
Literature reports have illustrated that the BFP can be used as a pedicled graft for the closure of maxillary defects5, 6. It has more 
recently achieved great importance in the field of aesthetic facial surgery with special regard to the modification of facial contours and 
the malar prominence. During the past 3 decades, the BFP has become a well-established tool in oral and maxillofacial surgery for 
reconstruction of the intra-oral surgical defects. 
Anatomical considerations: 
The BFP is a simple lobulated mass described as consisting of a central body and 4 extensions : buccal , pterygoid , pterygopalatine 
and temporal. The body is centrally positioned and is located above the parotid duct and extends along the anterior border of masseter 
muscle. It courses medially to rest on the periosteum of the posterior maxilla and overlies the uppermost fibres of buccinator muscle. 
Posteriorly it travels through the pterygoid maxillary fissure in contact with the maxillary artery7. 
The BFP derives its blood supply from the buccal and deep temporal branches of the maxillary artery, transverse facial branches of the 
superficial temporal artery and branches of the facial artery. Owing to its rich blood supply, it can be considered as a pedicled graft 
with an axial pattern7, 8. 

II. FUNCTIONS 

Possible functions of the BFP are: 
To fill the masticatory spaces, acting as cushion for the masticatory muscles, to counteract negative pressure during suction in a 
newborn, and as a rich venous net, with valve like structures, possibly involved in the exo-endocranial blood flow through the 
pterygoid plexus8. 
   

Average weight – 9.3g (8-11.5g) 
Average volume – 9.6ml  (8.3-11.9ml) 
When properly dissected and mobilised, the BFP provides a 6x5x3 cm pedicled graft 
Buccal extension –largest 30-40% 
Body -25-30% 
Pterygoid and temporal extension inconsistent. 

 
Surgical approaches to harvest BPF 
1st approach- An incision through the mucosa on the buccal aspect of the vestibule in the molar region. 
2nd Approach- A vertical mucosal incision slightly lateral to the anterior margin of the ascending ramus (fig 4). 
3rd Approach – elevate mucoperiosteal flap in the molar region on the lateral aspect of the maxillary alveolar process and incision of 
the periosteum at the level of buccal sulcus (fig5) suggesting a high success rate of BFP in the closure of Oro Antral Communication 
(OAC). However a few complications, such as mild obliteration of vestibule and recurrence of OAC, in up to 7.5% were reported in 

T
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one study. The vestibular depth became normal in due course of time resulting in no postoperative prosthodontics complications. 
Recurrent OAC needed a second operation to achieve closure. 

 
Figure 1) Mucoperiosteal Flap Design 

                                                                              
    BFP IN CLOSURE OF MUCOSAL DEFECTS: the BFP has also been used to cover the mucosal defects after excision of the 
mucosal pathologies. The epithelisation of the flap has been found to be satisfactory at 4-6 weeks (fig 11-15) showed reconstruction of 
the cheek mucosa with BFP after excision of the leukoplakia. 
The Other Uses of the BFP 
Beside the above mentioned procedures the BFP can also be used  

a) In treatment of oral submucous fibrosis 
b) In repair of primary cleft palate 
c) In temporomandibular joint reconstruction 
d) As membrane in sinus floor augmentation                    

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Leukoplakia in Cheek    Figure 3: Buccal pad of fat 

 
 
 
 
 

 Figure 4: Suturing of BFP 
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Figure 5:10days Post-Operative   Figure 6: 3 months post operative 
 
 

III. DISCUSSION 

     Intra -oral defects may be obturated with prosthesis or closed with local flaps such as a buccal advancement flap, a palatal pedicled 
flap, or double layered closure flaps using buccal and palatal tissues9,10,11,12. However the aforementioned procedures produce large 
denuded areas ; result in decrease of vestibular sulcus and cannot be used to close large defects13. Regional flaps (tongue, temporalis 
muscle or nasolabial flaps etc.)have also been successfully used for intraoral reconstruction but , they nare generally preferred for 
defects of much larger dimensions. In recent years, the use of BFP has gained popularity in the closure of oro-antral communications 
reconstruction of secondary to maxillary cyst defects and intra-oral tumor resections9-11. 
A retrospective study of 100 patients compared the BFP with nasolabial flap, tongue flap, and split skin graft for the coverage of 
postfibrotic band incision in oral submucous fibrosis with 25 patients in each group14. The authors concluded that the BFP serves as 
the best substitute, providing excellent function without deteriorating esthetics. It offered ease of surgery, little postoperative 
morbidity, and good patient acceptance. Levi et al. has innovated the use of pedicle BFP in conjunction with the Furlow repair and the 
hard palatal 2 -flap procedure for closure of primary cleft palate, citing less dissection and reduced donor site morbidity of this 
material for their choice15. Pappachan and Vasant pedicled the BFP in conjunction with pedicled mucosal flaps and reported that the 
BFP helps to lengthen the soft palate without generating tension on the nasal side16. Rattan used the BFP as a useful adjunct to 
autogenous or alloplastic temperomandibular joint (TMJ) reconstruction after TMJ ankylosis release and multiple operate joints17. The 
rationale for placing fat around the joint is to obliterate dead space around the joint, thus preventing the formation and organization of 
hematoma. Hassani et al. used the BFP and performed sinus augmentation with a mixture of autogenous bone and natural bone 
mineral, covering the lateral sinus wall with the BFP18. 
Size limitations of BFP must be known in order to provide successful outcome. Rapidis et al19. have stated that in maxillary defects 
measuring more than 4x4x3cm , the possibility of partial dehiscence of the flap is high due to the impaired vascularity of the stretched 
ends of the flap. In buccal or retromandibular defects up to 6x5x3 cm , reconstruction is accomplished due to the underlying rich 
vascular bed. Baumann and Ewers20 have stated that it is very important to preserve the thin capsule of the BFP in order not to damage 
the small blood vessels. To date, reported complications with the use of the BFP flap are hematoma, partial necrosis, excessive 
scarring, infection or facial nerve injury21. The use of the BFP in patients with rior local radiotherapy, malar hypoplasia, thin cheeks or 
Down’s syndrome is contraindicated6,13,19. 

IV. CONCLUSION 

     The success rate of BFP in the reconstruction of oral defects is quite high9,10,13-16. The technique is so simple that it has been 
performed by different surgeons in a very highly successful way. However, factors such as careful manipulation of the flap, 
knowledge of its size limitations, and correct incision and sutures used must be taken into consideration. The rich blood supply of the 
BFP and its easy mobilisation and fewer complications make it an ideal flap. Furthermore, the BFP is located closely to the defect to 
be covered diminishing the risk of infection. Its sole disadvantage is that it can only be used once6. However, if properly applied in 
selected cases, it results in complete success.     
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 Abstract – The Hard Core Processor (Power PC) can 
be replaced by Sot Core Processor (Micro Blaze) to develop 
SoC based applications on FPGA and this also reduces the 
cost o IP Cores. But the existing problem with Micro Blaze 
Soft Core Processor is that it does not have capability to read 
data from high speed sensors. Due to this the usage of Micro 
Blaze is limited to low frequency I/O applications. By 
introducing a high speed serial communication protocol this 
problem can be eliminated without increasing the hardware 
resources. This high speed serial communication protocol 
based on FPGA or SoC applications is proposed in this paper. 
The design is adopted Spartran 3E FPGA chip and simulation 
results indicate that it satisfies protocol requirements. 
 
 Index Terms – Micro Blaze, FPGA, Serial 
Communication, Serial to Parallel Conversion, Parallel to 
Serial Conversion 
 

I. INTRODUCTION 

s in SoC applications if IP core is soft core processor 
such as Micro blaze, it does not have capability to 

interface with high speed I/O devices due to which the usage 
is limited to low frequency applications even though the clock 
of Micro blaze is of high frequency. Sometimes the Micro 
blaze has to cross link with the devices which are on-chip for 
data acquisition and data processing. By introducing a 
standard serial communication protocol the data rate can be 
greatly increased and Micro blaze can access data from high 
speed I/O devices.  

Micro blaze is a soft core processor, the part of the FPGA 
will acts as a Micro blaze processor by implementing the 
hardware description language. In Hard core processor such as 
Power PC, the memory cannot be varied depending on 
requirement, which is possible in the case of Micro blaze soft 
core processor. Another advantage is no need of any external 
usage of hardware resources to develop IP core which reduces 
the cost of IP core. 

The implementation of standard module using FPGA 
increases the stability, reliability of the system greatly and 
reduces the development cycle. The implementation of high 
speed serial communication protocol is discussed in this paper 
without increasing any hardware resources. A part of FPGA 

acts as Micro blaze and the remaining part of FPGA is used to 
develop protocol. 

II. FPGA & HDL 

FPGA is a general purpose user programmable device. 
FPGA demonstrates good performance and logic capacity by 
exploiting parallelism. At present single FPGA platform can 
play multi-functions, including control, filter and system. 
FPGA design flow is a three-step process consisting of design 
entry, implementation, and verification stages. The full design 
flow is an iterative process of entering, implementing, and 
verifying the design until it is correct and complete. The key 
advantage of HDL when used for systems design is that it 
allows the behavior of the required system to be described 
(modeled) and verified (simulated) before Synthesis tools 
translate the design into real hardware (gates and wires). HDL 
describes hardware behavior. There are main differences 
between traditional programming languages and HDL. 
Traditional languages are a sequential process whereas HDL is 
a parallel process. HDL runs forever whereas traditional 
programming language will only run if directed.  

FPGA consists of Programmable logic unit, the wiring 
resources and I/O unit which are programmable. FPGA is 
suitable mainly for complex designs. The design of FPGA is 
flexible. The logic blocks, routing resources and I/O unit can 
be programmed by the user to realize any logic function and to 
meet various requirements. 

 

III. DESIGN STRUCTURE 

A) Serial Communication Protocol 

  

A
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Figure 1: Whole Protocol 
 

  The CLK signal is main clock signal coming 
from the Micro Blaze soft core processor with 50 MHz 
frequency or with 20ns period. This CLK is treated as serial 
clock signal. This CLK is divided by 128 to produce 
CLK_DIV signal which is treated as parallel clock. The 
parallel clock period is 2560ns. DI and TX are the data 
signals, parallel and serial data respectively. STB is the strobe 
signal which goes low when parallel data is converted into 
serial data. After completion of parallel to serial conversion, 
STB signal goes high. The STB signal goes low for a period of 
640ns. This STB signal indicates data sending is finished. 
 This interface control logic is located on data 
processing module, FPGA communicates with Micro Blaze 
processor by internal bus. FPGA adopts the Xilinx Company’s 
Spartan3e series, the input signal includes 50MHz clock, 
data/address multiplexing bus and write enabling signals.  The 
output signal is CLK, STB, DI which are the signal the 
protocol requires. 
 The Micro Blaze processor sends 8 bits of data in the 
form of cmds through RS232 cable. In this paper, 4 cmds are 
combined to give 32 bit of data. This data is processed and 
will be converted into serial data based on this communication 
protocol. 

 
B) Block Diagram 

 

 
 

Figure 2: Block Diagram 
 
 The Micro Blaze sends data in parallel form and that 
data will be written in data buffer unit. The data buffer unit is 
nothing but RAM which can store 32 bit of data. Whenever 
required the data can be read from the data buffer unit and is 
given to the parallel to serial converter. The parallel to serial 
converter consists of PISO shift register. The total protocol is 
based on the clock signals which are generated by the clock 
generating unit. To view the output in PC serial to parallel 
converter is used which converts serial data to parallel data. 

IV. MICRO BLAZE SOFT CORE PROCESSOR 

  Micro blaze is a soft core processor. A part 
of the FPGA will acts as a Micro blaze processor by 
implementing IP core in hardware description language. In 
Hard core processor such as Power PC the memory cannot be 
varied depending on requirement, which is possible in the case 
of Micro blaze soft core processor. Another advantage is no 
need of any external usage of hardware resources to develop 
IP core which reduces the cost of IP core. 
 The Micro blaze embedded processor soft core is a 
reduced instruction set computer (RISC) optimized for 
implementation in Xilinx FPGAs. It is highly configurable, 
allowing users to select a specific set of functionality required 
by designs to build their own hardware platform. Fast Simplex 
Link (FSL) bus is a uni-directional point-to-point channel bus 
used to perform fast communication between any two design 
elements on the FPGA when implementing an interface to the 
FSL bus. 
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Figure 3: Micro Blaze Soft Core Processor 
  
  In Xilinx, Embedded Development Kit 
(EDK) is used to develop embedded processor by using Base 
System Builder. The memory type and size can be defined by 
the user depending on the requirement and the netlist can be 
generated. Then System Development Kit (SDK) can be used 
to program the processor using C/C++.  

V. REALIZATION OF MODULES 

 The interface logic mainly includes four function 
modules: 
 
1. Data Buffer Unit:  

  
 The data buffer unit is the functional unit that is 
mainly responsible for the storage control of parallel data; at 
the same time it receives upper software order; if there are 
sending requirements, it sends the parallel data in buffer to 
parallel to serial conversion unit to process.   
 

 
 

Figure 4: Data Buffer Unit 
 This module’s input signal includes write enabling 
(WR_EN), read enabling (RD_EN), write clock (WR_CLK), 

read clock (RD_CLK), write address (WR_ADDR), read 
address (RD_ADDR) and write data (WR_DATA), Output 
port uses synchronized output RD_DATA.  
 After the power  is reset, if WR_EN is effective, then 
data is wrote to  WR_ADDR corresponding data unit under 
the action of the  WR_CLK clock edge; if WR_EN is 
ineffective, then write  port is closed. When RD_EN is 
effective, the data in RD_ADDR address space is read under 
the action of the RD_CLK clock edge as the initial data in the 
parallel to serial conversion unit.  
 
2. Clock Generating Unit:  

  
 The clock generating unit is the functional unit that is 
mainly responsible for generating various required clock 
signal according to protocol requirements; input is the interval 
bus clock signal which Micro blaze output; frequency is 
50MHz; at the same time it provides sampling basic clock for 
parallel to serial conversion unit and generates sending finish 
signal STB (serial_en signal).   
 

 
Figure 5: Clock Generating Unit 

 
 The Clock Generating Unit is responsible for 
generating required clock pulses which will satisfy the 
protocol. The Frequency Divider can be developed by using a 
7 – bit counter. This counter produces CLK_DIV whose cycle 
period is equal to the 128 cycle’s period of CLK. As CLK 
signal frequency is 50 MHz and period is 20ns. This is the 
main clock signal coming from Micro Blaze. This acts as 
clock signal to the 7 – bit counter. The counter counts this 
clock signal and produces its output. Based on the proper HDL 
code the clock signal will be divided into CLK_DIV signal 
whose frequency is approximately 3.9 KHz and period is 
2560ns. This CLK_DIV along with CLK signal acts as clock 
signal to Parallel to Serial Conversion Unit. The realization of 
code is as follows: 
 
process(rst,clk) 
variable temp:std_logic_vector(6 downto 0); 
begin 
 if rst='1' then 
 temp:="0000000"; 
 elsif clk'event and clk='1' then 
 temp:=temp+1; 
end if; 
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 clk_div1<=temp(temp'high); 
end process; 
 
clk_div<=clk_div1; 
3. Parallel to Serial Conversion Unit:  

  
 The parallel to serial conversion unit is the functional 
unit that is mainly responsible for the conversion of parallel 
data is to serial data; the data is output on the CLK clock edge 
according to protocol requirements.  After the module are 
electrified, firstly the data which  will be sent is wrote in data 
buffer unit; then the module  receives upper software order to 
send data; the data buffer  unit sends the data to parallel to 
serial conversion unit to  data transform and produces serial 
DI data; After waiting  serial data ready, clock generating unit 
produces CLK signal  according to protocol requirements and 
produces STB signal  after data sending has been finished for 
some time , this data  sending has been finished.  
 
4. Serial to Parallel Conversion Unit:  

  
 This unit is used to convert the serial input into the 
form of parallel. This final parallel data will be again sent to 
the Micro blaze to see the output in terminal in pc through 
RS232 cable. 
 Serial to Parallel Conversion can be carried out based 
on CLK signal. A SIPO Shift Register can be used to develop 
Serial to Parallel Converter. SIPO register receives data in 
serial form and outputs data to Micro Blaze in parallel form. 
This parallel data is given to Micro Blaze to view output using 
Terminal Software. The realization of code is as follows: 
 
process(sclk,serial_en) 
begin 
 
 if sclk'event and sclk='0' and serial_en='0' then 
 parallel_data_sig <= serial data & 
parallel_data_sig(31      
   downto 1); 

end if; 
end process; 
 
process(serial_en) 
begin 
  --if count="00000" and serial_en /='0' then 

 if serial_en ='1' then 
parallel_data <= parallel_data_sig; 
 else  
 parallel_data<=(others=>'0'); 
end if; 
end process; 
 

VI. EMULATION RESULTS 

 The emulation result shows that the serial clock’s 
frequency is higher than the parallel clock’s frequency. During 

the parallel to serial conversion, the strobe signal goes low. 
After the conversion, the strobe signal goes high. It will retain 
in high state until another data is given for conversion. 
 The given input is 92345673 and its binary 
equivalent is “10010010001101000101011001110011”. The 
MSB indicates the start of the data and it should be kept at 
high to convert data into serial form.  
 

 

 
Figure 6: Emulation Results 

 

VII. CONCLUSION 

 As the Micro blaze processor is limited to low 
frequency applications, introduction of private serial 
communication protocol increases data transmission rate 
without increasing the hardware resources. In this paper the 
serial communication protocol for FPGA based SoC 
applications is shown, which reduces the development cycle, 
reduces the man power investment and increases reliability. 
The same FPGA can be used for developing Micro blaze and 
the protocol, this design reduces the cost and this design is 
worth promoting in future scope. 
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     Abstract- Wireless Sensor Networks has turn out 
to be an explorative area of research since last few 
years, due to energy constraints of sensors. 
Reduction of energy is a vital part of the research in 
this field. Congestion control is a key problem in 
mobile ad-hoc and sensor networks. In case of 
congestion system require more power to deliver 
data. In the standard Transmission Control Protocol 
congestion control method is not able to handle the 
special properties of a shared wireless multi-hop 
channel. In particular the frequent changes of the 
network topology and the shared nature of the 
wireless channel pose significant challenges. Many 
approaches have been proposed to overcome these 
difficulties. In this paper, we present an overview 
over Congestion Aware Routing and propose a new 
protocol to avoid loss of low priority packets which 
is a bottleneck of Congestion Aware Routing. 
 
     Index Terms- Enhanced Congestion Aware 
Routing, Wireless Sensor Networks and routing 
optimization 
 

I. INTRODUCTION 

here is an electrifying new wave in sensor 
applications wireless sensor networking which 

enables numerous sensors and actuators to be 
deployed independent of the costs and physical 
constraints of wiring, opening up a new world of 
sensing application possibilities. The ad hoc nature 
of wireless mesh networks enables the sensor nodes 
form a network automatically with minimal human 
interference. However, energy possessed by sensor 
nodes is limited, which becomes the most 
challenging issue in designing sensor networks [3]. 
The main power consumptions in sensor networks 
are computation and communication between sensor 
nodes [4, 1, 2]. In particular, the ratio of energy 

consumption for communication and computation is 
typically in the range of 400. Therefore it is critical 
to enable mutual information processing and data 
aggregation to prolong the lifetime of sensor 
networks. Minimizing the communication costs 
between sensor nodes is critical to lengthen the 
lifetime of sensor networks. In other words, we 
should carefully select sensor nodes to contribute in 
the task. 

II. MOTIVATION  

    Let us consider the scenario of a battlefield in 
which an army battalion is deployed. An attack is 
focused on one portion of the field that we call the 
battlefront or critical area. The commanders and the 
data processing centers are in a safe place on the 
other side of the battlefield. Before the battle starts, 
sensors are deployed throughout the battlefield and 
fill the area between the data processing centers and 
any possible critical area. 
In such a scenario, there might be several data 
processing centers to collect different types of 
information like: one for temperature, one to 
measure the presence of any lethal chemical gases, 
one to process a video feed and so on. There might 
also be one data processing center dedicated for 
collecting sensitive data from the sensors that would 
help the commanders to lead their troops. Such data 
is assigned a higher priority than other data such as 
periodic temperature reports. Similarly, different 
levels of officers (platoon, company, battalion level) 
at different parts of the network may rely on the 
sensor network to collect data. At one particular 
moment, if a platoon is in danger, all sensor data 
distend to the commanding officer (sink) in that 
platoon may be assigned higher priority than data 
distend to other parts of the network [8]. 
Such applications require prioritization of data. The 
high priority data should serve better, such as higher 

T
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delivery ratios and minimal delays. It should also 
experience low jitter, especially for real-time data. 
The low priority data, such as periodic temperature 
readings or measurements of environmental 
conditions away from the critical area, do not 
require any special service. In fact, some low 
priority messages may be significantly delayed 
without severe consequences.  

III. PROBLEM DESCRIPTION 

Congestion control is a key problem in mobile ad-
hoc networks. The standard TCP congestion control 
method is not able to handle the unusual properties 
of a shared wireless multi-hop channel well [9, 5]. 
In particular the frequent changes of the network 
topology and the shared nature of the wireless 
channel pose significant challenges. Many 
approaches have been proposed to overcome these 
difficulties. All data generated in a wireless sensor 
network may not be alike; some data may be more 
important than others and hence delivery 
requirements may have different. As deployment 
sizes and data rates grow, congestion arises as a 
major problem in these networks. This congestion 
leads to indiscriminate dropping of data, i.e. data of 
high importance might be dropped while others of 
less importance are delivered. 
The existing schemes detect congestion while 
considering all the data to be equally important. It is 
very much important to examine the data delivery 
issues in the presence of congestion [8]. The data 
packets can be prioritized as High-Priority(HP) 
packets and Low-Priority packets. To achieve better 
delivery of the high priority packets in highly 
congested environment, Congestion-Aware Routing 
(CAR) [8] is introduced. CAR discovers the 
congested zone of the network that exists between 
high-priority data sources and data sink and, using 
simple forwarding rules, dedicates this portion of 
the network to forwarding primarily high priority 
traffic. But CAR drops all low priority data. Low-
priority data also contains data that may not be 
useful at that instance but helpful in future. In this 
case low priority packets are also to be transmitted. 
The main objective is to derive a new congestion 
aware routing protocol for sensor networks to avoid 
loss of packets.  

IV. EXISTING TECHNIQUES 

4.1 Congestion Aware Routing (CAR) 
CAR is a network-layer solution to provide 
differentiated service in congested sensor networks. 

CAR also prevents severe degradation of service to 
LP(Low priority) data by utilizing uncongested 
parts of the network. 
Here we connect the independent Nodes and assign 
the depth to all nodes and assign all the nodes as Off 
Conzone (congestion zone discovery) [8, 9]. In this 
Nodes discover if they are on the Conzone by using 
the Conzone discovery mechanism. A Conzone 
must be then discovered from that neighborhood to 
the sink for the delivery of HP data. To do this, 
critical area nodes broadcast “discover Conzone to 
sink” (To Sink) messages [9, 7]. This message 
includes the ID of the source and its depth and is 
overheard by all neighbors. When a node hears 
more than Sink messages coming from its children, 
it marks itself as on Conzone and propagates a 
signal to Sink message. Once the Conzone is 
discovered, HP data is routed in the conzone, and 
LP data is routed off the Conzone. LP data 
generated inside the conzone is routed out of the 
Congested Zone. 
Advantages: 

• High priority data delivery is assured without loss 
Limitations: 

• Conzone (congestion zone discovery) is an overhead. 
• Low priority data is often dropped 

 
4.2 MAC-Enhanced Congestion Aware 
Routing(MCAR) 
MCAR is primarily a MAC-layer mechanism used 
in congestion with routing to provide mobile and 
lightweight conzone to address sensor networks 
with mobile HP data sources and/or bursts HP 
traffic [8]. Compared to CAR, MCAR has a smaller 
overhead but degrades the performance of LP data 
more aggressively [3]. 
We compare CAR and MCAR to an AODV [8] 
scheme enhanced with priority queues 
(AODV+PQ). Both CAR and MCAR lead to a 
significant increase in the successful packet delivery 
ratio of HP data and a clear decrease in the average 
delivery delay compared to AODV+PQ [9]. CAR 
and MCAR also provide low jitter. Moreover, they 
use energy more uniformly in the deployment and 
reduce the energy consumed in the nodes that lie on 
the Conzone, which leads to an increase in 
connectivity lifetime. In the presence of sufficient 
congestion, CAR also allows an appreciable amount 
of LP data to be delivered. We further show that, in 
the presence of mobile HP data sources, MCAR [3, 
10] provides mobile Conzone, which follow the HP 
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traffic. Here we connect the independent Nodes and 
assign the depth to all nodes. 
Setting Modes 

1. LP mode: In this mode, nodes forward LP data. All 
nodes in the network are initially in the LP mode. 
Upon receiving or overhearing an LP packet, nodes 
remain in the LP mode and, if appropriate, forward 
any data 

2. HP mode: Nodes in the path of HP data are in the HP 
mode. 

3. Shadow mode: If Hp Mode doesn’t receive any HP 
data for certain period it would be transferred as 
Shadow Mode. 
 

Advantages: 

• Low priority data delivery is also assured along with 
high priority data. 
 

Limitations: 

• The channel is virtually divided for both priorities. 
• Still low priority data is often dropped 

 

V. PROPOSED SYSTEM 
5.1 Introduction to Enhanced Congestion Aware Routing 
(E-CAR) 

In the proposed system, the data is differentiated as High 
Priority and Low Priority to make the delivery of the High 
Priority data delivery fast. In presence of congestion the High 
Priority data is forwarded through the congested nodes and the 
Low Priority data is routed in a less congested long route by a 
Route_Change message intimated to source by the neighbor of 
congested node. Discovery of Conzone (congested zone) is 
very easy in this method. 

Advantages: 

• Low Priority data delivery is assured to maximum 
extent. 

• The burden on intermediate nodes is decreased for 
discovering Conzone which is overhead in existing 
system. 

• The request and acknowledgements traffic is reduced 
in this method. 

Limitations: 

• The Low Priority data has to travel in long path 
which has less congestion, but in the long path all the 
sensor nodes has to be in active position which 
increases battery consumption. 
 

5.2 System Description 

1. If the intermediate node finds the route congested for 
a long time, it sends a Route_Change message to the 
source  

2. Route_Change message contains the alternate route to 
the destination from the intermediate node.  

3. The source after receiving the Route_Change 
message saves the route and the next onwards it 
forwards the LP packets through the alternate route. 

 

Fig 5.1: Functional Flow of E-CAR. 
 

5.3 Routing in E-CAR 

Whenever a node has to transmit a packet to the destination, it 
prioritizes the packet. It sends a route request RREQ to find 
the best route to the destination. The intermediate nodes 
maintain a record of source-id, packet seqno, received time of 
the visiting packets . 

When an intermediate node receives a RREQ, it calculates the 
approximate congestion in the network surrounding it. The 
congestion is calculated as the density of the packets passing 
through the node. The previous ten packets are taken and the 
first received packet time is considered. The number of 
packets to the time difference gives the density of the traffic 
through the node. Each intermediate node calculates the 
density of traffic through it. 

  traffic_density=10/(now_time-firstpktRecv_time)     

 It compares the value to the value recorded in the RREQ. If its 
value is greater than the value in the RREQ, it replaces the 
value. Otherwise it keeps the same value and forwards the 
RREQ. Thus to the destination, RREQs with the maximum 
value of the traffic density in particular routes reaches. The 
destination compares all the values in the all the RREQs and 
selects a value according to the priority of the data from the 
source. If the data is HP packet, the destination selects a route 
with an average of the best route arrived and the less 
congestion route. For the LP packets, the destination selects 
the route with less congestion and long route. Thus both the 
HP and LP packets are delivered to the destination without the 
effect of congestion on them. This will not affect the QoS of 
the network.The best route is selected by the source given as 
follows 

RouteSelected=Fn(BestRouteLen, LessCongestedRoot) 

Where Fn = function that calculates the average.  
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To achieve better results, the procedure can be followed in 
RREP. The traffic density values are noted in the RREP and 
the selection of the route is done by the source node. This 
gives the updated traffic information to the source and avoids 
the congestion problem through the network layer itself. 

 

Fig 5.2: Routing in E-CAR. 

VI. E-CAR IMPLEMENTATION 
The present routing algorithm is implemented using NS2. The 
proposed routing approach is implemented with changes in the 
scripts as follows: 

6.1 Routing Table 

Every node has its own routing table which stores the 
information about the various routes. For each destination in 
the table the corresponding next hop, total hops, and the expiry 
time are specified. As the expiry time elapses the route gets 
deleted or updated. In ns2 the routing table can be accessed at 
any time from the tcl script and the routing updating can be 
studied.  

6.2 Priority 

A new parameter called “priority” has been added to the 
routing table to specify the priority to critical nodes. The 
critical nodes are assigned a priority of 1 while the other nodes 
are assigned 0. 

6.3 Conzone Formation 

The conzone is built using the RREQ. The critical node ids are 
checked and the function to build conzone is called. When the 
RREQ appears the intermediate node calculates its traffic 
density and compares it with the value in the RREQ. If the 
value is greater than the value in the packet, it replaces. 
Otherwise it keeps the same and forwards the RREQ. 

6.4 Conzone Routing 

The high priority packets are routed through the route 
calculated as the average of the best route and the route with 
less congestion. The low priority packets are routed through 
the less congested route. 

VII. SIMULATION AND RESULTS 
    For the simulation, we create a square flat platform of finite 
dimensions for simulation. Various parameters are kept 
permanent while others are varied to help us analyze the 
performance of the three protocols. The simulation is done in 
the random waypoint model in a rectangular field. The field 
configurations used is: 400 m x 400 m field with 8, 111, 21, 
811 and 48 nodes. Here, each packet starts its journey from a 
random location to a random destination with a randomly 
chosen speed (uniformly distributed between 0–20 m/s). Once 
the destination is reached, another random destination is 
targeted after a pause. The pause time, which affects the 
relative speeds of the mobiles, is varied. Simulations are run 
for 14 simulated seconds. We do the simulation work with 
taking different no. of nodes. In this paper we have tested our 
work for 8, 111, 21, 811 and 48 nodes. If we compare the 
results of CAR and E-CAR then we will found that E-CAR 
works fine even when CAR starts dropping data packets. After 
the simulation and analyzing the trace files, it has been 
obtained the graphs as presented.  

 

Fig 3: Dropping of packets in CAR for congestion control. 
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Fig 4: Number of high and low priority data packets 
delivered in CAR. 
 

 

Fig 5:  Number of high and low priority data 
packets delivered in E-CAR. 
 

For the simulation, we create a square flat platform of finite 
dimensions for simulation. The graphs obtained show that the 
Packet delivery for the LP packets is much higher for E-CAR 
compared to CAR. The graphs also show that there is a little 
increase in Packet Delivery for HP packets for E-CAR 
compared to CAR. This may be because of routing the LP 
through other route than best route.  Hence E-CAR achieves 
the best Packet Delivery compared to CAR both for HP and 
LP packets. E-CAR not only achieves LP packet delivery but 
also helps to reduce congestion in the best route from source to 
destination. 

 

 

Fig 6: Performance comparison graph for HP data 
packets. 
 

 

Fig 7: Performance comparison graph for LP data 
packets. 

 

 

Fig 8: Packet Delivery Ratio comparison graph. 
 

Hence without the loss of QoS and the effect of the 
congestion, the packet delivery of both the HP packets and the 
LP packets is to be achieved. The prediction of the congestion 
avoids the effect of congestion in the network and dropping of 
the LP packets. So the packet delivery is achieved without any 
conciliation in QoS. 

VIII. CONCLUSIONS  
    Designing a sensor network congestion algorithm is a 
challenging task due to the application specific nature of these 
networks. The frequency of event sensing is a deciding factor 
in the occurrence of congestion. Numerous sensors, 
simultaneously transmitting data, increase the probability of 
packet drops due to congestion close to the base station(s). 

In this the importance of the consideration of the congestion in 
the sensor network followed by the previous works done to 
reduce its effect on routing. Along with HP packets, LP 
packets also contain information that may not be useful at the 
instance of time but may be helpful in future. Hence without 
the loss of QoS and the effect of the congestion, the packet 
delivery of both the HP packets and the LP packets is to be 
achieved. We proposed a new mechanism that achieves the 
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packet delivery of the HP and LP packets by predicting the 
congestion in the network. The prediction of the congestion 
avoids the effect of congestion in the network and dropping of 
the LP packets. Thus the packet delivery is achieved without 
any compromise in QoS. 
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Abstract- The present paper deals with the mycological 
investigation of fungal infection in diabetic patients special 
reference to opportunistic fungal infection.  The clinical 
symptoms, age, sex, occupation, diagnosed disease, sugar level, 
past history, etc. were recorded in case history of the patients. 
During the survey period (March 2011 – February 2012) a total 
of 14 cases (73.68%) out of 19 (100%) were clinically diagnosed 
as secondary fungal infections. Out of these 05 were male and 09 
were female. Different fungi isolated from investigation like 
Scopulariopsis, Candida, Alternaria, Aspergillus, type were 
recorded. Frequency of infection was higher in females (47.37%) 
than in males (26.31%). Out of 14 isolates recorded, 52.63% of 
Candida infection and 10.52% of Scopulariopsis, 5.26% of 
Alternaria and Aspergillus were 5.26%. While 5 cases sample 
(26.31%) were recorded as negative for infection. 
 
Index Terms- Diabetes, Opportunistic fungal infection, 
Secondary fungal infection. 
 

I. INTRODUCTION 

ycosis is a condition in which fungi pass the resistance 
barriers of the human or animal body and establish 

infection. From the physician point of view, these human 
mycotic infections can be divided into superficial, cutaneous, 
subcutaneous, and deep mycoses [1]. Such fungi which usually 
do not induce a disease, may do so in many persons having an 
altered host defense  mechanism, termed as “opportunistic fungi” 
and may infect any or all organs of the body or may cause 
superficial infection also. Opportunistic fungal pathogens may 
originate as human commensals (e.g. Candida albicans) or have 
an environmental reservoir.  Alarming increase in the frequency 
of secondary fungal infection due to opportunistic fungi is 
occurring in areas of the world where the number of 
immunocompromised patients has increased [2].  
          India has become the diabetic capital of the world. 
Diabetic patients are known to be infected by these opportunistic 
fungi [3, 4, 5]. Infections in diabetic individuals are generally 
recognized to be frequent causes of morbidity and mortality. 
Whether or not infection occurs with increased frequency in 
diabetes remains controversial.  Diabetic patients are very often 
prone to fungal infections (Candida, Alternaria, Scopulariopsis, 
Aspergillus), because of higher blood glucose levels which help 
for the growth of fungi. Common types of fungi are yeasts, 
moulds, mushrooms and all are not harmful. Most of the fungal 
infections can be treated and cured if diagnosed early [6, 7].  

           In women with diabetes, vaginal secretions contain more 
glucose or sugar, due to higher amounts of glucose in the blood. 
Yeast cells are nourished by this excess glucose, causing them to 
multiply and become a fungal infection [8]. Urinary tract 
infection (UTI) is more common in subjects with diabetes 
mellitus in women due to the short urethra readily accessible to 
organisms from the vegina and rectum [9, 10].  
          The objective of this study was to assess the prevalence of 
fungal infection in clinical specimen submitted in pathological 
laboratory at Betul (M. P.). 
 

II. MATERIALS AND METHODS 

          For the purpose of isolation of secondary infecting fungi, 
19 samples of Blood and Urine (clinical specimen) submitted by 
patients in a pathological laboratory [From Rathi hospital (RH) 
and Distt. Hospital (DH)] at Betul (M. P.) were collected. 
 
a:- Isolation of fungal pathogens from clinical samples  
           Collected blood samples were immediately transported 
into 4 ml of sterilized glucose broth was mixed in 2 ml of each 
sample. Urine sample was applied for centrifugation for 20 
minutes at 2000 rpm, sediments were used for slide preparation 
and for the isolation of fungi. A loopful of blood sample and 
sediment urine sample were streaked on slants and petriplates 
containing SDA media. Slants and petriplates were examined 
after 3 weeks for the growth. The samples were incubated at 
280C for 24 hours. 
  
          b:- Identification of fungi 
           (1) Direct examination of clinical samples- Specimens or 
clinical samples were directly examined in 20% KOH under 
microscope for the presence of fungal elements. 
           (2) Culture technique- Fungi isolated from patients were 
identified on the basis of cultural and morphological 
characteristics. Slides were prepared and stained with methylene 
blue and observed under microscope. 
        c:- Statistical analysis  
Analysis of variance (ANOVA) was used to compare the data 
during the experiments.  
 

III. RESULT AND DISCUSSION 

          Diagnostic study played an important role to bring out the 
fungal prevalence among diabetic patients at Betul area. The 

M
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clinical impact of secondary fungal infection in these individuals 
will likely increase with debilitating diseases such as diabetes or 
in persons having an altered host defense mechanism by the use 
of immunosuppressive drugs, steroids or broad spectrum 
antibiotics. During the study period (March 2011 – February 
2012), 19 cases with diabetes were selected for detailed 

mycological investigation. The present evaluation has brought 
out the involvement of a variety of fungal pathogens in samples 
study. The results of investigation (case history and identification 
of isolated fungal colony) are given in the table no.1 and 2.  
 

 
Table: - 1 Case History 

 
Case 
no 
 

 
Lab 
 

Sex 
  
M/F 
   
     
 

 
Age 
 

          
       Disease  diagnosed 
  

Sugar 
level 
Fasting - 
Delayed  
(mg/dl)     

 
Past history 
 

 
   1 
 
   2 
   
   3 
 
   4 
 
   5 
 
   6 
 
   7 
 
   8 
  
   9 
  
10 
 
11 
 
12 
 
13 
 
14 
 
15 
 
16 
 
17 
 
18 
 
19 

 
DH  
 
DH 
 
RH 
 
RH 
 
RH 
 
DH 
 
RH 
 
RH 
 
RH 
 
RH 
 
DH 
      
DH 
 
RH 
                                 
RH   
 
RH  
 
RH    
 
RH 
 
RH 
 
RH 
 

 
 F 
 
F 
 
F 
 
F 
 
F 
 
F 
 
F 
 
F 
              
F 
 
F 
                
M 
 
M 
 
M 
 
M    
              
M 
 
M 
 
M 
 
M 
 
M 
        

 
56 Y 
 
45 Y 
 
40 Y 
 
30 Y 
 
45 Y 
 
50 Y 
 
70 Y 
 
50 Y 
 
45 y 
 
72 Y 
 
49 Y 
 
52 Y 
 
50 Y 
 
55 Y 
 
56 Y 
 
48 Y 
 
49 Y 
 
51 Y 
 
54 Y 

 
UTI,  pyrexia by Sickle cell anemia  
 
Viral fever and diabetes mellitus 
 
TSH and UTI reason of irregular fever 
 
Fever pain in urination complication with 
deflation. 
Viral fever                                                                  
 
UTI and kidney function damage 
 
Pneumonia and Diabetes   
 
Malaria and Diabetes  
  
Thyroid and Diabetes  
 
UTI and Diabetes 
 
Penis Urethra Bleeding and Diabetes 
 
Acute osteosarcoma with multiplediomatosis 
and secondary lungs disease and Diabetes   
Rheumatoid Arthritis with Diabetes  
 
Pneumonia, superficial infection in penis 
skin with diabetes. 
Sinusitis, Fever by Asthmatic Patient and 
Diabetes   
Typhoid positive and Diabetes 
 
Malaria and Diabetes.   
 
Typhoid Positive and Diabetes. 
 
Viral fever and Diabetes 
 

 
190-280 
 
160-210- 
 
180-230 
 
230- 340  
                
120- 180 
 
290- 370 
         
240-320 
 
210- 290 
 
210-330 
        
220-340 
 
210-280 
 
180-290 
 
140-240 
 
130-245 
 
180-260 
 
110-210 
 
140-250 
 
110-220 
 
160-280 
 

 
Diabetes mellitus from 2 yr 
              
Not  present 
 
Autoimmune disease and 
diabetes  from 16 month  
UTI and Diabetes.  
 
Diabetes 7 month  
 
Diabetes from 2 yr 
                                             
Diabetes from 1 yr 
 
Diabetes from 2 yr 
 
Diabetes from 18m 
 
UTI and Diabetes from 3 yr 
 
Heart Diseases and 
Diabetes 
Diabetes from 2yr 
 
Diabetes from 13 m 
 
Asthma, prolapus anus with 
diabetes from 18 m 
Diabetes from 7 m 
 
Diabetes from 4 m 
 
Diabetes from 1 yr 
 
Diabetes from 7 m 
 
Diabetes from 1 yr 
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TABLE:-2 IDENTIFICATION OF FUNGAL COLONY WITH DIRECT AND CULTURE 

TECHNIQUE 
 

 S. 
No 
 
 

Result of Direct Microscope of (Staining by 
Methylene Blue) 
 

Result of Culture of Clinical-                           Sample 
(Sabouraud’s Dextrose Agar medium)  
 

     
Urine 

 
  Blood 

 
Urine 

     
Blood        

   1     2       1 
 

      2 
 

    
A 
 
B 
 
C 
 
D 
 
E 
F 
 
G 
 
H 
 
 I 
 
 J 
 
 K 
 
 L 
 
 M 
 
 N 
 
 O 
 
 P 
 
 Q 
 
 R 
 
 S 
 

     
 Candida 
         
-(ve) 
 
-(ve) 
   

Candida 
 
 -(ve) 
 

Candida 
 
Scopulariopsis 

 
Candida 
 
-(ve) 
 
Candida 
 
Candida 
 
-(ve) 
 
-(ve) 
 
Candida 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 

 
 Candida 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
Candida 
 
Candida 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 

 
 Candida 
 
Candida 
 
 -(ve) 
 
Candida 
 
-(ve) 
 
Candida 
 
Scopulariopsis 

 
Candida 
 
Candida 
 
Candida 
 
Candida 
 
Scopulariopsis 
 
-(ve) 
 
Candida 
 
Aspergillus 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 

 
 Candida 
 
-(ve) 
 
Alternaria  
 
-(ve) 
 
-(ve) 
 
Candida 
  
Scopulariopsis 

 
Candida 
 
-(ve) 
 
Candida 
 
Candida 
 
Scopulariopsis 
 
-(ve) 
 
Candida 
 
Aspergillus 
 
-(ve) 
 
-(ve) 
 
-(ve) 
 
-(ve) 

 
          We observed 14 samples (73.68%) out of 19 (100%) were 
infected with fungal colonies. Out of these 05 were male and 09 
were female. Different fungi like Scopulariopsis, Candida, 
Alternaria, Aspergillus were isolated from investigation, 52.63% 

of Candida infection and 10.52% of Scopulariopsis, 5.26% of 
Alternaria and Aspergillus were 5.26%. While 5 cases sample 
(26.31%) were recorded as negative for infection. Total 
frequencies of secondary fungal infection have given in fig. 1. 
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Fig-1:- Frequency of fungal infection in diabetes patients at Betul area. 

 

 
Fig-2:- Comparing frequency of fungal infection in women and men 

                 
                  
          Sharma, et al., 2012 [11], described that women have great 
chance of Secondary Fungal Infection in type 2 diabetes. We 
have found that Out of 14 isolates recorded frequency of 
infection was higher in females (47.37%) than in males (26.31%) 
(Fig. 2). 
          Marks, et al., 1970 [13]; Wise, et al., 1976 [14], said 
diabetes appears to be more common in individuals with fungal 
UTI (urinary tract infection). It is present up to 90% of patients 
with Candida give rise to a wide verity of infections of the renal 
tract [12]. Although many are asymptomatic, they may lead to 
cystitis, pyeloneptritis, renal abscesses, and fungal ball 
formation. We have evaluated fungal infection in case no. 1, 2, 3, 
4, 6, 8, 9, 10, 11, had Urinary tract infection with Diabetes along 
with several diseases like Sickle cell anemia, Thyroid disease, 
Pneumonia, Penis Urethra Bleeding was diagnosed. In these 
cases involved sample evaluate fungal infection by Candida, in 
which 7 samples (36.84%) from female and 3 samples (15.78%) 
from male were positive for secondary fungal infection, in which 
26.31% candidal colony isolated from blood, 52.62% colony 
isolated only from urine sample which indicate to sepsis 
infection or subcutaneous infection.  
           Ghahri,  

et al., 2012 [15], described that Candida are part 
of the normal flora of the human mouth, gastrointestinal tract, 

vagina, lungs and skin, they can cause skin, nail and mucosal 
opportunistic  infections and in the case that patients natural 
immune system is seriously damaged, these yeasts can cause 
deep and systemic infections. Case no. 14 indicates the Candida 
isolated from blood and urine sample where patient skin was 
infected by Candida and suffered from asthma indicate 
opportunistic fungal infection. Sonck  et al., 1963 [16], said 
sometimes the infection spreads to the upper tract (the urethras 
and kidneys), called pyelonephritis, or more commonly, a kidney 
infection. We observed in case no 7 where a woman was suffered 
from kidney damage indicate pyelonephritis symptoms. 
          Pérez-Arellano, 2001 [17], said that patients with diabetics 
are more vulnerable to infection by Aspergillus species. They are 
one of the causative agents of sinusitis, ulcerated cutaneous 
infections, peritonitis, osteomyelitis and keratitis. Godec et al., 
1989 [18]; Smaldone et al., 2006 [19], evaluate 11 cases of renal 
Aspergillus infection in diabetic patients have been reported that 
majority (63%) was found in male. In our study we found that 
Aspergillus recovered from one male patient’s blood and urine 
sample (case no 15); in this case patient were suffering from 
Asthma attack and Sinusitis which indicate opportunistic fungal 
infection. 
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Fig-3:- Different isolated fungal frequency from male 

 

 
Fig-4:- Different isolated fungal frequency from female 

 
           Vicki, 1993 [20], reported that six cases of invasive 
sinonasal disease caused by Alternaria species that occur in bone 
marrow transplant patient (immunosuppressive patient). We had 
isolated Alternaria fungus (5.26% in female) from blood sample 
(case no.3), had emerged as opportunistic pathogens particularly 
in patients with immunosuppression with debilitating diseases.  
           Satyavani et al. [21], said that Scopulariopsis involved in 
pulmonary infections have been reported, especially in 
immunocompromised patients, a rare instance of Scopulariopsis 
in the lung of an immunocompetent tobacco smoker evaluated by 
him. 10.52% Scopulariopsis (In one female and male) colony 
isolated in our investigation from both blood and urine sample 
(case no.7 and 12) indicate the sepsis infection in which female 
patient had low grade Pyrexia and Fungal Pneumonia and in 
male patient showed acute osteosarcoma associated with multiple 
lipomatosis and secondary in the lungs, indication probable 
secondary fungal infection.   
           Such opportunistic fungi are a frequent cause of morbidity 
and even death in immunocompromised and immunocompetent 
patients if remain undiagnosed and hence are challenges to both 
the physicians and mycologist. 

IV. CONCLUSION  

           In India, since last four years Diabetic patients registering 
a staggering rise with a variety of local and systemic microbial 
infections. Appropriate treatment of diabetes and optimal 
metabolic control are key goals in the prevention of 
complications in diabetes. Thus it is essential that the patients 
after prolong treatment with corticosteroids, immunosuppressive 
drugs or antibiotics should be regularly examined for secondary 
fungal infection and clinicians must be aware of opportunistic 
fungal infection while dealing with such cases.  
  

ACKNOWLEDGEMENTS 

           We acknowledge the consent of the patient  and  Dr. Alka 
Pandey , Asst. Prof. Govt. J. H. College, Betul (M. P.) for 
publication of the case report and research work. 
 

REFERENCES 
[1] Jeorge, A. E., Claudine, P. F. and Gerald, P.E., 1996. Onchomycosis and 

keratomycosis caused by  Alternaria sp:- Abipolar opportunisticinfection in 
a wood pulp worker on chronic steroid therapy. Amj dermatol., 18: 611-
613.  



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      393 
ISSN 2250-3153  

 

www.ijsrp.org 
 

[2] Vartivarian, S. E., Anaissie, E. J. and Bodey, G. P., 1993. Emerging fungal 
pathogen in immunocompromised patients: classification, diagnosis and 
management. Clin Infect Dis., 487-91. 

[3] Bake, R. D. and Durham, N. C., 1957. Mucormycosis-a new disease. 
Journal of the American Medical Association., 163: 805. 

[4] Bansal, E. A., Garg, S., Bhatia, A., Attri, K. and Chander, J., 2008. 
Spectrum of microbial flora in   diabetic foot ulcers. Indian J Pathol 
Microbiol.,51:204-208. 

[5] Emmons, C. W. Binford, C. H, Utz  J. P. and  Kwon Chung  K. J., 1977. 
Lea & Febiger  Philadelphia. Medical Mycology., 3: 112-113. 

[6] Grover, S. and Naidisinu, et al., 1966.  Rhinocerebral phycomycosis. Ind 
jour path & beat., 9:214-215. 

[7] Santhosh, Y. L., Ramanath, K. V., Naveen, M. R. and Nagra, B. G., 2011. 
Fungal infection in Diabetes Mellitus an overview. International Journal of 
Pharmaceutical Sciences Review and Research., 7; 2: 221.  

[8] Chandler, P. T. and Chandler, S. D., 1977. Pathogenic carrier rate in 
diabetes mellitus. Am. J. Med. Sci., 273: 259-65. 

[9] Cortan, R. S., Kumar, V. and Robbins, S. L., 1989. Robbin’s Pathologic 
basis of disease. Philadelphia: WB Saunders., 4. 

[10] Glascock, R. J. and Brenner, B. M., 1991.  The UTI and inflammation. 
Harrison’s Principles of interal medicine. New York : McGraw-Hill., 12.  

[11] Warren, J. W.,  1997. Catheter associated UTI. Infect Dis Clin NorthAm., 
11: 609-622 

[12] Sharma, S., Paresh, M., Kabra, M. P.  and Singh, S., 2012.  An overview on 
fungal infection in diabetes. International Journal of Deccan Pharma and 
Life Sciences., 3; 2. 

[13] Marks , M. I.,  Langston , C., and Eickhoff , T. C., 1970. Torulopsis 
glubrata- an opportunistic pathogen in man. N Engl J Med., 283: 1131-
1135. 

[14] Wise, G. J., Gold berg, P. and Kozinn, P. I., 1976. Genitourinary 
Candidiasis : diagnosis and treatment. J Urol., 116: 778-780. 

[15] Ghahri, F.  M., Mirhendi,  H. and Beiraghi,S., 2012. Morphological and 
Molecular Characteristics of Candida pulcherrima, an Opportunistic Yeast, 
Isolated from Nail Lesions in Iran Alireza. Advanced Studies in Biology., 4; 
6: 297 – 306 

[16] Sonck,  C. E and, Somersalo, O., 1963.  The yeast flora of the anogenital 
region in diabetic girls. Arch Dermatol., 88: 846-852. 

[17] Pérez-Arellano, J. L., Angel-Moreno, A., Belón, E., Francès, A., Santana, 
O. E. and Martín-Sánchez, A. M., 2001. Isolated renoureteric aspergilloma 
due to Aspergillus flavus case report and review of the literature. J 
Infection.,  42; 2: 163-165. 

[18] Godec, C. J., Mielnick, A. and, Hilfer, J. Primary renal aspergillosis., 1989. 
Urology.,  34:152-154. 

[19] Smaldone,  M. C.and Cannon, G. M., 2006. Bilateral ureteral obstruction 
secondary to Aspergillus bezoar. J Endourology., 20:318-320. 

[20] Vicky, A., 1993. Asinonasal pathogen of immunocompromissed host 
clinical infections diseases. morrision and Daniel J., 16: 265-70. 

[21] Satyavani, M., Viswanathan, R., Harun, N. S. and Mathew, L., 2010. 
Pulmonary Scopulariopsis in a chronic tobacco smoker. Singapore Med J.,  
51; 8: 137                                                             

 

AUTHORS 

First Author – Ruchita Tripathi* (Research Scholar), PhD 
Biotechnology, Department of Biological Sciences, Mahatma 
Gandhi Chitrakoot Vishwavidhyal, Chitrakoot, Dist. Satna ( M. 
P.), Mo.No- 09424764869, E. Mail: - 
ruchitatripathi23@gmail.com 
Second Author – I. P. Tripathi ( Professor), Department of 
Chemistry, MGCGV, Chitrkoot, Dis- Satna (M. P.), Mo.No- 
09425884286 
Third Author – Sanchita Singh (Guest Teacher), Department of 
Biotechnology, Govt. T. R. S. College, Rewa (M. P.), Mo. No.- 
09479646573, E. Mail: - Sanchitasingh.int@gmail.com 
 

Correspondence Author – ruchitatripathi23@gmail.com 
 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      394 
ISSN 2250-3153  

 

www.ijsrp.org 
 

  

Youth among the Disadvantaged Classes 
Dinesh Kumar Bhatnagar*, Dr. Manish Dwivedi** 

 
*Research Scholar, Department of Sociology, Nehru Gram Bharti University, Allahabad 

**Research Faculty, Department of Social Work, Nehru Gram Bharti University, Allahabad 

The youth population of India presents a heterogeneous age-group that is divided within on many grounds. The 
division marked by social, economic and educational inequalities has necessitated special policies and 
programmes to correct the distortions that plague the social order. It has ruled out identification of anyone or set 
of problems as the youth problem. A vast section of the youth population is in need of special assistance to 
combat its backwardness and catch up with the rest of the population. 

This section of disadvantaged youth consists of two groups - The scheduled castes and the scheduled tribes 

listed as such in the Constitution. Together, they constitute about 24.4 percent of the population. Apart from the 

two, the government has recognised certain castes as Other Backward Classes (OBC) on the basis of social and 

educational backwardness and has been granting them certain concessions and privileges. Besides these three 

groups, there are people below the poverty line determined on certain economic criteria who cut across caste 

and communal divisions 

Structure and Distribution of SC and ST Population 

The term "Scheduled Castes" has not been-defined in the Constitution. It has been adopted in the place of the 

term "Depressed Classes" used by the British Government to a social category consisting of castes then 

considered untouchables, aboriginal and hill tribes, and "criminal tribes". Presently, the scheduled castes are 

identified as such by the President of India and put under a schedule under Article 341. They are specific castes, 

races, or tribes, or parts of, or groups within castes, races or tribes in a state or union territoiy. Nor is the term 

"Scheduled Tribes" defined in the Constitution. They are declared as such by the President through a 

notification initially and scheduled in the Constitution. Any amendment can be done by an Act of Parliament. 

The list of scheduled tribes is state specific and the tribes have been identified on the basis of certain 

characteristics like primitive traits, distinctive culture, geographical isolation, social and economic 

backwardness and shyness of contact with others. There are about 709 tribes in India and some of them are 

found in more than one state and some have sub-tribes known by different names. 

There are 166.6 million scheduled caste (SC) population and 84.3 million scheduled tribe (ST) population. 

Their growth has been slightly higher than that of the total population of India (Table 10.1). 

SC and ST Child and Youth Population 
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By age-group and sex, the population of scheduled caste children and youth enumerated in the census of 

2001 comprises less female than male in the total and up to 20-24 age-group (Table 10.2). Similar is the age-

structure of the scheduled tribes with less difference between male and female. However, the age given by the 

people 

 Table 10.1: Population of SC and ST-2001 
    SC ST Total Population of India 

Total population 166635700 84326240 1028610328 

% of Total population of India 16.20 8.20 
  

Sex Ratio 
  

978 977 933 

Child Sex Ratio 
  

938 972 919 
Source: Census of India. 2001.     
  

Tabie10.2:  SC and ST Children and Youth Population by Age-group and Sex 
Scheduled Castes 

Age-group Total   Males Females 

0-4 19446272 
  

9977298 9468974 

5-9 22662508 
  

11778026 10884482 

10-14 21332322 
  

11314211 10018111 
  

16120667 
  

8851508 7269159 

20-24 13957965 
  

7109731 6848234 

25-29 13140261 
  

6502353 66379J8 

30-35 16909402 
  

8758098 31 5.1304 
Scheduled Tribes 

0-4 10535555 
  

5324400 5211156 

5-9 11990558 
  

6128221 5862337 

10-14 10721378 
  

5587180 5134198 

15-19 7857411 
  

4073351 3784060 
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20-24 6745721 
  

3260929 3484792 

25-29 6641651 
  

3235544 3406107 

30-35 8525665 
  

4369068 4156597 

Source: Census of India 2001, C2 

 cannot be accepted as accurate in the absence of total registration of births. Single year age returns show 
incredible inconsistencies. For example, STs of 18 years number 217447. of I9 years 926226 and of age 26 
again increasing to 2233860. There can be no valid reason for such jumps. The age returned by the people can 
be taken as only approximate. 

Youth population (13-35 years) constitutes about 40.29 percent of the total scheduled caste population and a 

little less than that in the tribal population. Tables 10.3 and 10.4 show the size of the youth population of these 

two communities and its proportion to total youth population of these communities. Males among children and 

youth population of both scheduled castes and the scheduled tribes outnumber females (Table 10.3 and 10.4). 

The proportion of SC and ST youth population to the total population of the age-group is furnished in Table 

10.5. 

Table 10.3: Scheduled Caste Children and Youth Population (0-35 years) – 2001 

 Age-group Persons Males Females 

0-14 (children) 63441102(38.07) 33069535 (38.41) 30371567 (37.70) 

10_ 19 (adolescents) 37452989(22.48) 20165719(23.42) 17287270 (21.46) 

13-35 (youth) 67130426 (40.29) 34889285 (40.5) 32241141 (40.03) 

Note: Figures in brackets are percentages to total SC population.   

Source: Calculated from Census of India 2001, Table C.   

Table 10.4: Scheduled Tribe Children and Youth Population (0-35 years) - 2001 

Age-group Persons Males Females 

0-14 (children) 33247492(39.42) 17039801 (39.96) 16207691 (38.88) 

10-19 (adolescents) 18578789 (22.03) 9660531 (22.66) 8918258 (21.39) 

13-35 (youth) 33264771 (39.45) 16754035 (39.29) 16510736 (39.61) 

Note: Figures in brackets are percentages to total ST population.   
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Source: Same as for Table 10.3.     

  

Table10.5: Percentage of SC and ST Youth to Total Population of the Age-group 
Age-group Percentage to Total Population of Age-group 
  SC   ST 

13 - 14 16.48 
  

8.22 

15-19 16.09 
  

7.84 

20-24 15.55 
  

7.51 

25-35 15.83 
  

7.99 

Source: Based on 2001 Census. 

  

The fact that the SC and ST population are largely rural people is a factor to be taken into account in 

planning. Scheduled caste children (0-14 years) in rural areas number more than four times the size of urban 

children. But among SC youth the trend is towards rural-urban migration as rural SC youth (15-34 years) form 

just 3 ½ times the size of urban SC youth population. In the case of scheduled tribes, the size of rural child 

population is over twelve times the size of urban child population. 

The size of the rural SC youth population (13-35 years) is 52048585 (27036634 males and 25011951 

females) that is 77.53 per cent of the total SC youth. The size of the urban SC youth is 15081841 (7852651 

males and 7229190 females), that is, 22.47 percent of total SC youth. The size of rural ST youth population (13-

35 years) 30082398 (15128621 males and 14953777 females), that is, 90.43 percent of total ST population. 

Urban ST youth population (13-35 years) number 3182373 (1625414 males and 1556959 females) which is 

9.57 percent of total ST population. 

The distribution of SC and ST population in the country is very uneven. Nearly 20 percent of the SC 

population reside in Uttar Pradesh, but Maharashtra and Madhya Pradesh among the major states have less than 

8 percent of them. In the state population, SCs form over 20 percent in Himachal Pradesh, Punjab, Uttar 

Pradesh and West Bengal, between 15 and 20 percent in Andhra Pradesh, Bihar, Chandigarh, Delhi, Haryana, 

Karnataka, Madhya Pradesh, Orissa, Rajasthan, Tamil Nadu, Tripura, and Uttaranchal. In the north-eastern 

states including Assam, SC proportion in the population is very small. 

While SC population is distributed throughout India, there is noticeable concentration of ST population in the 

north-eastern states, Dadra and Nagar Haveli, Lakshadweep, and Andaman and Nicobar Islands. In 
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Chhattisgarh, and Jharkhand, STs constitute over V4 of the population of the state. There are, tribal pocket areas 

in Andhra-Pradesh, Bihar, Gujarat, Himachal Pradesh, Madhya Pradesh, Maharashtra, Orissa, and Rajasthan put 

in the Fifth Schedule of the Constitution for which certain special administrative arrangements are made. In the 

states of the north-eastern region, tribals form an overwhelming majority within their states though smaller in 

number compared to some states in the central India. The number and percentage of SC and ST population in 

the census of 2001 shown in Table 10.6 may illustrate the point. 

In terms of geographical location, the distribution of tribal population is classified in seven zones as given 

below. 

1. North-F.astern Region: Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland, 

Tripura. 

2. Eastern Region: Bihar, Orissa, Sikkim, West Bengal. 

3. Northern Region: Himachal Pradesh, and Uttar Pradesh 

Table 10.6: State-wise SC and ST Population 2001 (in thousand)   
  SC   ST   
States Number % Number % 
Andaman & Nicobar Islands     29 8.3 
Andhra Pradesh 12339 16.2 5024 6.6 
Arunachal Pradesh 6 0.6 705 64.2 
Assam 1826 6.9 3308 12.4 
Bihar 13049 15.7 758 0.9 
Chandigarh 158 17.5 - - 
Chhattisgarh 2419 11.6 6616 31.8 
Dadra & Nagar Haveli 4 1.9 137 62.2 
Daman & Diu 5 3.1 11.4 8.8 
Delhi 2343 16.9 - - 
Goa 24 1.8 6 0.0 
Gujarat 3593 7.1 7481 14.8 
Haryana 4091 19.4   - 
Himachal Pradesh 1502 24.7 244 4.0 
Jammu & Kashmir - 770 7.6 1 105 10.9 
Jharkhand 3189 11.8 7087 26.3 
Karnataka 8564 16.2 3464 6.6 
Kerala 3124 9.8 364 1.1 
Lakshadweep -   57 94.5 
Madhya Pradesh 9155 15.2 12233 20.3 
Maharashtra 9882 10.2 8577 8.9 
Manipur 60 2.8 741 34.2 
Meghalaya 11 0.5 1993 85.9 
Mizoram 3 0.03 839 94.5 
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Nagaland -   1774 89.1 
Orissa 6082 16.5 8145 22.1 
Pondicherry 158 16.2 -   
Punjab 7029 28.9   0.0 
Rajasthan 9694 1 7.2 7100 12.6 
Sikkim 27 5.0 111 20.6 
Tamil Nadu 11858 19.0 651 1.0 
Tripura 556 17.4 993 31.1 
Uttaranchal 1517 17.9 256 3.0 
Uttar Pradesh 35148 21.2 108 0.1 
West Bengal 18452 23.0 4407 5.5 
INDIA 166636 16.2 84326 8.2 

  

4. Central Region: Madhya Pradesh. 

5. Western Region: Dadra and Nagar Haveli, Gujarat, Goa, Daman and Diu, Maharashtra, and 

Rajasthan. 

6. Southern Region: Andhra Pradesh, Karnataka, Kerala, and Tamil Nadu. 

7. Island Region : Andaman and Nicobar, and Lakshadweep 

A scholar has pointed out that there is a difficulty in generalising the trend of tribal fertility in terms of 

geographical location due to socio-cultural diversities. (Maharatna, 2005:137-42). This difficulty in 

generalisation is true of many aspects of tribal life. Generally, studies concentrate on specific tribes in particular 

areas like Onges in Andaman and Nicobar, Nag in Ranchi district, Irulas in the Nilgiris and so on and do not 

attempt a wholesale approach. 

Between 1992-93 and 1998-99, fertility rate for scheduled castes and scheduled tribes slightly reduced and 

definitely declined for non-SC&ST population in the country as a whole and in all the major states. The 

performance in different states varies for all of them (Table 10.7). 

The TFR for scheduled tribes in 1998-99 is lower than that for scheduled castes and others in a number of 

states. The high rates in Madhya Pradesh, Rajasthan and 

Table 10.7: Fertility Rate (TFR) of SC, ST and Non-SC, ST 

 States SC ST Non- 

SC/ST 

SC ST Non-
SGST 

INDIA 3.9 3.6 3.3 3.2 3.1 2.7 

Andhra Pradesh 2.6 3.7 2 5 2.5 2.8 2.0 
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Assam 2.8 3.7 3.5 2.6 2.1 2.4 

Bihar 4.0 3.4 4.1 3.9 2.5 3.1 

Gujarat 3.0 3.3 2.9 3.0 3.0 2.5 

Himachal Pradesh 3.1 4.2 2.9 2.2 NA 2.1 

Karnataka 3.2 2.2 2.9 2.5 2.4 2.2 

Kerala 1.4 1.3 2.9 1.5 NA 1.9 

Madhya Pradesh 4.7 4.1 3.8 3.9 3.7 2.5 

Maharashtra 3 3.2 2.8 2.4 2.9 2.6 

Orissa 3.7 2.9 2.8 2.9 2.7 2.1 

Rajasthan 4.3 3.9 3.4 4.3 4.3 3.4 

Sikkim - - - 3.4 2.7 2.7 

Tamil Nadu 2.8 NA 2.4 2.3 2.4 1.7 

Uttar Pradesh 5.6 5.9 4.7 4 4 4.8 3.8 

West Bengal 3.5 3.0 2.9 2.3 2.3 2.2 

Source: Select columns from Maharatna (20051, Table 4.2. 

Uttar Pradesh are reflection of the general situation in the state. Tribal studies at micro-level point to differential 

perceptions and varied fertility among different tribes. Though no generalisation seems possible, studies have 

pointed out the practice of traditional fertility control methods among tribals. 

Sex ratio has been declining even among the tribal population as recorded in the census. This seems to be a 

result of non-tribal influence on tribals in India, as historically all over the world, sex ratio among tribal 

population is said to be rather balanced. Between 1951 and 2001, in six census operations, sex ratio of tribal 

population has declined from 1021 in 1951, 982 in 1971 to 977 in 2001. 

Literacy and Education of SCs and STs 

Literacy rates for general and SC and ST population (Table 10.8), a leading indicator for educational status 

clearly show that the weaker sections have a long way to go even to catch up with the general population which 

itself has to go a long way to improve its human development index. The gap between scheduled tribes and 

scheduled castes is large and that between the tribes and non-scheduled population does not merit any 

comparison. The proportion of households without any adult literate member is much higher among scheduled 

caste and scheduled tribe households compared to Other Backward Classes (OBC) in both rural and urban 

India, according to the 7lh Quinquennial Survey report of the NSSO released in October 2006. 

State-wise, literacy rates for scheduled castes and scheduled tribes reveal some encouraging and some 

discouraging features as mentioned below. 
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1. Rural-Urban divide is significant for both SC and ST. 

2. In the case of scheduled castes, on the whole, rural male literacy rate is higher than that of 

urban female, but in the case of scheduled tribes, urban female has recorded higher literacy than rural 

male. There are, however, some exceptions to this like Mizoram for SCs and Chhattisgarh or Madhya 

Pradesh for STs among major states. 

3. In many north-eastern states, rural-urban difference is small. 

Table 10.8: Literacy Rates of General, SC and ST Population 

     General     SC     ST   
  1981 1991 2001 1981 1991 2001 1981 1991 2001 

Total 36.23 52.21 65.38 21.38 30.06 54.69 16.35 23.63 47.10 

Males 46.89 64.13 75.96 31.12 40.24 66.64 24.52 32.50 59.17 

Females 24.82 39.29 54.28 10.93 19.03 41.90 8.04 14.50 34.76 

Source: Primary Census Abstract, General Population, Scheduled Castes and Scheduled Tribes, 1981, 1991, 

2001. 

4. In Bihar, Madhya Pradesh, Jharkhand and Rajasthan, male-female difference in literacy shows a wide 

gap in rural as well as in urban areas. 

All these and many other conclusions can be drawn from Tables 10.9 and 10.10. 

Expansion of tribal education over the years has been noteworthy despite several constraints. In 1961, tribal 

literacy was just 8.53 percent. This has risen to nearly 30 percent in 1991 and 47.10 percent in 2001. Male-

female difference and rural-urban divide with regard to literacy are present and more than that tribal converts to 

Christianity have had the benefits of some amount of education. Many tribes in the north-east region have 

achieved higher levels of literacy than in other regions. On the whole, gains in literacy between 1991 and 2001 

show that the scheduled castes and scheduled tribes are not behind non-scheduled people and the problem is to 

get over the inherited backwardness. Table 10.11 may illustrate the situation. 

School education is not available to majority of school-age population belonging to scheduled castes and 

scheduled tribes. Schooling is availed mostly between seven and 14 years of age; thereafter the percentage of 

those attending an educational institution drastically comes down for both boys and girls (Table 10.12). 

According to census reports of 2001, nearly one-third of SC literates have not completed primary level of 

education. One among ten SC literates has completed matric. Only 3.1 percent of the literates among scheduled 

castes have reported their educational level as "graduates and above" with 2.1 percent reporting this level in 

rural areas and 5.8 percent in urban areas. Sex-wise differentials are significant among the educational levels 

"Matriculation/Secondary" and "Higher Secondary" - males being higher both in urban and rural areas. 
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The dropout in school stage gives quite a gloomy picture but the one on the general population (chapter IV) 

is not any bright. In Table 10.13 and 10.14 the rates given in "the Annual Report of the HRD for 2004-2005 

are reproduced. On the whole, the state of SCs is better than that of STs. Bihar, Orissa and Rajasthan among 

major states leaving out the North-East Region have high dropout rates even in classes I-V for both SC and 

ST. Kerala has recorded no dropout of SCs in classes I-VIII. On the whole, 71.25 percent of SCs and 78.97 

percent of STs who join schools do not cross class X. The situation is really grave and demands concentrated 

efforts. 

In the age-group between 15 and 34 years, few are joining colleges for higher education (Table 10.15). 

This is reflected in the NSSO finding in 1999-2000 regarding very small percentage of graduates in various 

castes/communities particularly in rural areas. The state of higher education among the SC, ST and OBC was 

found much behind that of non-backward classes. An interesting finding is the relative progress made by 

scheduled tribes in urban areas ranking higher than scheduled castes, Muslims and 

Table 10.9: State-wise Literacy Rates of Scheduled Castes – 2001 

  Rural Urban 
States persons Male Females persons Male Females 
Andaman & Nicobar Islands - - - - - - 
Andhra Pradesh 50.32 60.63 39.79 68.66 77.25 60.05 
Arunachal Pradesh 65.87 73.83 54.37 69.28 78.59 55.57 
Assam 64.92 74.21 54.94 76.86 84.08 69.08 
Bihar 26.93 38.66 14.13 49.11 60.63 35.70 
Chandigarh 65.82 73.63 55.25 67.85 76.47 57.41 
Chhattisgarh 62.47 77.81 47.27 69.28 81.81 56.31 
Dadra & Nagar Haveli 75.73 86.68 63.80 83.90 92.06 74.55 
Daman & Diu 86.11 94.26 77.28 83.65 93.66 73.70 
Delhi 70.82 82.40 57.18 70.85 80.63 59.24 
Goa 70.77 81.27 60.34 72.88 81.79 63.53 
Gujarat 65.59 79.16 51.17 77.90 87.62 67.33 
Haryana 54.13 65.88 40.64 60.19 70.67 48.11 
Himachal Pradesh 69.54 79.45 59.44 81.06 87.28 73.83 
Jammu & Kashmir 57.10 68.02 45.26 67.90 76.52 57.96 
Jharkhand 32.52 46.57 17.73 58.14 71.24 43.11 
Karnataka 47.25 58.71 35.56 69.27 78.32 59.88 
Kerala 81.65 87.22 76.39 87.12 91.83 82.70 
Madhya Pradesh 55.39 69.73 39.44 68.02 80.06 54.69 
Maharashtra 67.88 80.56 54.71 78.27 87.58 68.41 
Manipur 70.76 79.79 61.38 73.14 82.86 63.77 
Meghalaya 51.91 61.75 40.55 63.57 72.72 52.99 
Mizoram 88.89 88.33 100.00 89.30 88.49 91.67 
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Nagaland - 
- 

- - - - 

Orissa 54.23 69.51 38.76 65.31 77.56 52.38 
Pondicherry 64.29 74.11 54.61 75.20 83.87 66.82 
Punjab 54.35 61.63 46.27 61.93 68.72 54.33 
Rajasthan 49.86 66.93 31.18 61.35 76.83 44.22 
Sikkim 60.23 67.56 52.63 81.99 87.92 76.05 
Tamil Nadu 59.61 70.48 48.79 71.45 80.17 62.77 
Tripura 73.59 80.98 65.88 79.51 85.78 73.15 
Uttar Pradesh 44.52 59.03 28.33 58.17 69.08 45.51 
Uttaranchal 61.53 76.34 46.11 72.01 81.29 61.42 
West Bengal 57.09 69.10 44.46 68.99 '77.76 59.51 
INDIA 51.16 63.66 37.84 68.12 77.93 57.49 

 Note: Excluding Mao-Maram, Paomata and Purul sub-divisions of Senapati district of Manipur. 

Source:Censt/5 of India 2001, Primary Census Abstract. Selected Educational Statistics 2003-04. 

Table 10.10: State-wise Literacy Rates of Scheduled Tribes - 2001 

              
  Rural Urban 

States persons Male Females persons Male Females 

Andaman & Nicobar Islands 65.82 72.68 58.62 93.71 97.01 89.49 

Andhra Pradesh 35.43 46.09 24.48 56.39 66.16 45.99 

Arunachal Pradesh 45.04 54.33 35.83 77.39 85.92 69.05 

Assam 61.29 71.29 51.04 86.75 92.43 80.62 

Bihar 25.91 37.57 13.30 65.67 74.18 55.28 

Chhattisgarh 50.95 63.96 38.21 71.71 82.87 59.77 

Dadra & Nagar Haveli 38.94 53.82 24.60 69.18 81.54 56.73 

Daman & Diu 62.83 73.95 51.05 65.72 75.34 55.40 

Goa 44.59 55.17 31.43 61.44 67.88 54.55 

Gujarat 46.45 58.06 34.60 61.76 71.01 51.78 

Himachal Pradesh 64.78 77.18 52.50 87.19 92.03 81.15 

Jammu & Kashmir 35.74 46.44 23.88 70.37 79.01 59.34 

Jharkhand 38.08 51.67 24.38 67.80 77.83 57.38 

Karnataka 45.26 56.92 33.32 64.57 74.39 54.34 

Kerala 63.65 70.20 57.28 81.21 84.96 77.70 

Lakshadweep 84.71 91.26 78.18 87.90 93.29 82.64 
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Madhya Pradesh 40.01 52.51 27.24 57.23 67.47 45.89 

Maharashtra 52.31 64.52 39.88 74.18 82.98 64.70 

Manipur 65.09 72.44 57.58 80.94 87.94 74.28 

Meghalaya 56.36 58.72 53.97 86.67 88.95 84.58 

Mizoram 82.00 86.11 77.71 96.77 97.55 96.01 

Nagaland 62.55 67.09 57.72 88.70 91.63 85.60 

Orissa 36.13 50.35 22.07 58.12 69.80 45.77 

Rajasthan 43.70 61.23 25.22 60.79 75.74 42.97 

Sikkim 65.37 72.32 58.03 84.89 89.32 80.59 

Tamil Nadu 38.41 47.19 29.48 58.60 66.56 50.68 

Tripura 55.46 67.19 43.35 91.97 94.45 89.26 

Uttar Pradesh 32.99 46.71 18.34 51.10 60.61 39.54 

Uttaranchal 61.65 75.29 47.36 85.91 91.55 79.48 

West Bengal 42.35 56.60 27.88 58.67 68.57 48.20 

INDIA 45.02 57.39 32.44 69.09 77.77 59.87 

Note and Source: Same as for Table 10.9. 

  

other backward classes (Table 10.16). Residence in rural areas seems to be a greater hindrance to education than 

the social backwardness of a caste. 

The educational status of the different tribes within the scheduled tribe population is not equal. The Mizos of 

Mizoram, for instance, form one of the highest literate group. Gender difference is also minimal where 

Christianity has opened schooling for tribals. 

Table 10.11: Literacy Gains for Various Categories - 1991 – 2001 

 Category 2001 1991 Gain 

Rural Female ST 32.4 16.0 16.4 

Rural Female SC 37.6 19.5 18.1 

Rural Female Non-SC &ST 50.2 35.4 14.8 

Rural Male SC 53.7 46.0 7.8 

Rural Male ST 57.4 38.5 19.0 

Rural Male Non SC&ST 74.3 63.4 10.9 

Urban Female SC 57.5 42.3 15.2 
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Urban Female ST 59.9 45.7 14.2 

Urban Female Non SC & ST 75.2 67.5 7.7 

Urban Male ST 77.8 66.6 11.2 

Urban Male SC 77.9 66.5 11.4 

Urban Male Non SC&ST 87.6 83.4 4.2 

Note:     There may be some slight discrepancy with Table 10.9 and 10.10 because of rounding at 
different points at the source. 

Calculated from Census 2001, Primary Census Abstracts. 

Selected Educational Statistics 1999-2000, Ministry of HRD. 

Source: National Focus Group on Problems of Scheduled Caste and Scheduled Tribe Children. 

Table 10.12: SC and ST Children and Youth Attending Educational Institution (in percentage) 

Scheduled Castes Scheduled Tribes 
Age  person Males Females Age Persons Males Females 

5 16.31 16.84 15.73 5 13.85 14.67 12.99 
6 37.26 38.86 35.54 6 35.16 37.55 32.70 
7 68.40 71.10 65.53 7 60.94 64.97 56.76 
8 70.50 73.85 -66.35 8 62.47 67:31 57.37 
9 80.57 83.68 77.24 9 71.82 76.73 66.67 

10 72.96 77.17 68.13 10 63.50 69.56 56.9S 
11 81.21 85.28 76.64 11 73.58 79.39 67.12 
12 69.74 75.41 63.17 12 59.07 66.36 51.11 
13 70.73 77.24 63.75 13 61.88 69.85 53.35 
14 62.05 69.08 54.13 14 53.82 61.84 45.07 

15-19 36.87 42.95 29.47 15-19 33.41 40.18 26.13 
20-24 10.10 14.15 5.90 20-24 11.31 15.14 7.74 

Note: Percentage is to SC/ST population in the age-group. 

Source: Calculated from Census of India, 2001, Table C-10SCandC-WST. 

  

  

Marital Status of SCs and STs 

The marital status of Scheduled Castes and Scheduled Tribes as recorded in the census of 2001 does not show 

any great difference from that of non-scheduled population 
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Table 10.13: Dropout Rates of SC Students in Classes l-V, l-VIII and l-X 2004-2005 

  

States /UTs Classes1-V Classes1l-VIII Classes 1-X 
  Boys Girls total Boys Girls total Boys Girls total  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)  
Andhra Pradesh 32.77 34.40 33.58 62.22 67.53 64.83 68.42 72.59 70.39  
Arunachal 
Pradesh 

17.50 26.67 20.00 34.29 45.00 38.18 17.86 15.38 17.07  

Assam 55.85 49.86 53.15 70.15 70.49 70.30 72.65 68.98 71.01  
Bihar 44.02 74.10 54.83 81.88 81.76 81.84 89.83 92.10 90.61  
Chhattisgarh* -   - - - ~ - - -  
Goa 53.68 58.66 56.10 62.50 69.25 65.72 79.69 77.69 78.71  
Gujarat 23.3 25.6 24.4 39.23 56.59 47.34 57.88 70.72 63.90  
Haryana 15.73 13.41 14.63 39.04 45.52 42.13 60.87 69.94 65.11  
Himachal Pradesh' 16.12 16.96 16.53 31.42 35.08 33.24 47.62 48.60 48.09  
J&K 33.30 16.60 26.25 25.24 21.31 23.56 60.67 59.84 60.29  
Jharkhand* - - - - - - - - -  
Karnataka 24.22 14.90 19.95 42.82 51.93 47.32 64.46 65.70 65.04  
Kerala 0.00 0.00 0.00 0.00 0.00 0.00 23.24 14.04 18.74  
Madhya Pradesh 18.41 11.57 15.39 39.62 41.57 40.45 61.81 72.25 66.23  
Maharashtra 6.66 8.71 7.65 25.44 34.38 29.76 54.71 58.21 56.38  
Manipur 37.14 25.68 31.62 0.00 0.00 0.00 1.17 1.15 1.16  
Meghalaya 52.04 46.25 49.41 63.38 61.32 62.37 76.08 74.85 75.48  
Mizoram - - - --       - --  
Nagaland - - - - - -- - - -  
Orissa 48.10 39.42 44.58 65.86 66.17 66.00 70.61 71.94 71.20  
Punjab 32.05 25.87 29.20 53.67 51.12 52.46 65.32 66.10 65.69  
Rajasthan 54.49 57.59 55.83 67.55 78.05 71.97 77.14 86.72 80.74  
Sikkim 51.82 45.19 48.55 79.83 70.09 75.49 86.13 84.11 85.23  
Tamil Nadu 15.77 10.10— - .13.66 28.37 25.42 26.98 62,66 61.76 62.23  
Tripura 35.20 35.33 35.26 62.29 70.22 66.20 66.77 73.55 70.02  
Uttar Pradesh 25.81 38.41 30.60 51.03 67.35 57.17 64.51 86.95 72.92  
Uttaranchal*   - - - -     - --  
West Bengal 51.77 58.33 54.93 70.22 75.31 72.55 79.72 81.07 80.25  
A&N Islands   - -   -       -  
Chandigarh 9.65 10.82 10.20 60.41 54.31 57.53 85.93 80.78 83.83  
D & N Haveli 15.15 8.22 11.51 18.46 25.42 21.77 20.37 44.68 31.68  
Daman & Diu 0.00 0.00 0.00 4.62 1.52 3.05 2.25 4.17 3.11  
Delhi 4.67 5.28 4.95 0.00 0.00 0.00 70.36 67.72 69.15  
Lakshadweep -     --   -     -  
Pondicherry 1.01 2.89 1.95 0.00 0.00 0.00 21.56 24.23 22.89  
INDIA 32.73 36.14 34.21 55.20 59.95 57.26 69.11 74.17 71.25  
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* Dropout rates are shown combined with the respective parent state. 

Source: Ministry of HRD, Annual Report 2006-2007. 

  

  

Table 10.14: Dropout Rates of ST Students in Classes l-V, l-VIII and l-X 2004-2005  

States /UTs Classes1-V Classes1l-VIII Classes 1-X 
  Boys Girls total Boys Girls total Boys Girls total  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)  

Andhra Pradesh 51.27 56.94 54.04 76.57 81.46 78.81 81.16 85.11 82.87  
Arunachal 
Pradesh 

47.91 47.74 47.83 68.03 66.58 67.37 73.38 74.89 74.05  

Assam 58.65 50.15 54.98 74.17 77.41 75.53 78.15 75.89 77.18  
Bihar 59.16 62.99 60.82 76.27 76.10 76.20 88.02 90.29 88.96  
Chhattisgarh" - -   - --   - -- -  
Goa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  
Gujarat 50.00 47.30 48.80 64.47 70.19 67.08 72.45 76.61 74.36  
Haryana - - - - - - - - -  
Himachal Pradesh 0.11 6.67 3.40 11.55 22.48 17.01 37.84 43.07 40.35  
J&K 0.00 0.00 0.00 0.00 0.00 0.00 66.00 79.49 71.79  
Jharkhand* - - - - - - - - -  
Karnataka 9.42 6.36 7.97 44.39 51.28 47.56 62.38 64.09 63.17  
Kerala 4.43 4.25 4.34 21.11 23.51 22.26 55.40 50.18 52.87  
Madhya Pradesh 17.36 7.35 13.07 45.37 51.44 48.04 74.57 80.22 76.92  
Maharashtra 28.24 36.98 32.35 54.86 62.43 58.42 73.57 83.64 78.26  
Manipur 46.12 56.27 51.00 57.69 56.53 57.16 72.27 72.07 72.18  
Meghalaya 54.17 47.36 50.80 70.68 68.40 69.55 82.00 82.87 82.43  
Mizoram 50.77 48.68 49.79 68.39 63.85 66.28 69.21 63.80 66.64  
Nagaland 39.71 37.71 38.78 44.78 40.81 42.93 68.66 68.86 68.75  
Orissa 58.67 58.54 58.62 80.18 79.88 S0.06 83.00 83.61 83.24  
Punjab - - - - - - - - -  
Rajasthan 53.72 59.51 56.22 66.27 73.74 69.14 70.24 83.80 75.30  
Sikkim 30.51 18.27 24.47 52.14 36.05 44.49 73.02 61.74 67.72  
Tamil Nadu 12.41 10.00 11.67 44.12 23.74 35.31 65.00 53.13 59.68  
Tripura 57.27 60.59 58.84 79.83 83.11 81.40 85.09 87.06 85.99  
Uttar Pradesh 27.13 16.29 22.70 23.14 23.50 23.29 50.42 57.41 53.32  
Uttaranchal* - - - - - - - - -  
West Bengal 48.93 47.71 48.40 81.06 73.01 7S.47 89.55 83.41 87.90  
A&N Islands 7.34 7.94 7.62 24.76 20.67 22.87 55.92 47.09 51.85  
Chandigarh - - - - - - - - -  
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D&N Haveli 25.35 42.31 33.34 50.82 69.10 59.01 70.10 79.13 74.11  
Daman & Diu 1.69 .0.80 1.28 38.20 38.42 38.30 76.51 81.34 78.94  
Delhi 0.00 0.00 0.00 0.00 0.00 0.00 13.72 33.61 23.37  
Lakshadweep 1.03 8.24 4.5 0 0 0 19.05 19.08 19.07  
Pondicherry - - - - - - - - -  
INDIA 42.55 42.04 42.32 64.97 67.09 65.87 77.75 80.66 78.97  

  

Source: Ministry of HRD, Annual Report, 2006-2007 

 Table 10.15: Percentage of Scheduled Caste and Scheduled Tribe Youth Attending College 

  

Age-group SC ST 

15-19 2.93 2.25 

20-24 5.35 4.81 

25-29 0.91 1.08 

30-34 0.19 0.24 

Note: Percentages are to the total SC/ST population in the age-group. 

 Table 10.16: Percentage of Graduates in Population Aged 20 and above 

Caste/ Community Rural                      Urban 

Scheduled Tribe 1.1 10.9 

Scheduled Caste 1.2 4.7 

Muslim 1.3 6.1 

Hindu OBC 2.1 8.6 

Sikh 2.8 25.0 

Christian 4.7 23.7 

Hindu Upper Caste 5.3 25.3 

Other Religions 5.4 31.5 

All India Average 2.6 15.5 

Source: Based on NSSO Survey. 55th Round, 1999-2000. 

 Table 10.17: Marital Status of Scheduled Castes by Age-group, and Sex 
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Age-
group 

Never Married 
  

Married 
    

Widowed 
  

Divorced/Separated 

  
P M F P M F P M F P M F 

 

10-14 98.04 98.89 97.07 1.83 1.02 2.74 0.06 0.05 0.13 0.04 0.04 0.04 
 

15-19 82.45 93.45 69.10 17.25 6.45 30.40 0.15 0.7 0.23 0.15 0.06 0.26 
 

20-24 37.21 57.83 15.81 61.73 41.57 82.65 0.55 0.34 0.76 0.50 0.25 0.77 
 

25-29 12.48 21.44 3.71 85.66 77.37 93.79 1.15 0.76 1.53 0.70 0.42 0.97 
 

30-34 3.99 6.57 1.43 93.15 91.71 94.57 2.07 1.23 2.90 0.79 0.43 1.10 
 

 P - Persons, M - Males, F - Females 

Note: Percentages are to the total population of the age-group.  

Source: Calculated from Census of India, 2001, Statement C2-SC. 

 Early marriage is the rule; divorce is an exception. However, some significant differences between the two can 
be deduced. In the age-group 15-19 years, 30.40 percent of scheduled caste girls are married. Among scheduled 
tribe girls in this age-group, only 25.64 percent are married. Occurrence of child marriage even below 14 years 
is more frequent among scheduled castes than among scheduled tribes (Tables 10.17 and 10.18). These are 
some results of continuing traditional cultural practices. 

Table 10.18: Marital Status of Scheduled Tribes by Age-group, and Sex 

  

Age-
group 

Never Married 
  

Married 
    

Widowed 
  

Divorced/Separated 

  
P M F P M F P M F P M F 

 

10-14 98.67 99.27 98.02 1.23 0.67 1.84 0.06 0.03 0.10 0.03 0.03 0.04 
 

15-19 84.04 93.60 73.74 15.57 6.21 25.64 0.15 0.08 0.22 0.24 0.10 0.39 
 

20-24 36.24 53.33 20.26 62.21 45.71 77.66 0.65 0.43 0.86 0.88 0.52 1.21 
 

25-29 12.83 19.41 6.59 84.77 78.94 90.30 1.35 0.92 1.76 1.04 0.72 1.35 
 

30-34 4.76 6.61 2.97 91.84 91.21 92.43 2.33 1.42 3.22 1.07 0.75 1.38 
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Note: Percentages are to the total population of the age-group.  

Source: Calculated from Census of India, 2001, Statement C2-ST. 

  

Sex ratio for both scheduled castes and scheduled tribes has been declining as in the general population. 

But the ratio has been better among tribals compared to the scheduled castes as well as general population. The 

sex ratio during 1961 and 1991 has declined from 957 to 922 for scheduled castes from 987 to 922 for 

scheduled tribes and from 941 to 927 for the total population. The mean age at marriage for the scheduled castes 

and tribes has been lower than that for the total population 

Employment Status 

The census of 2001 has enumerated a large number of children and teen-aged youth of the scheduled castes and 

scheduled tribes as workers as well as students. A total of 276734 children and youth are enumerated as main 

workers and 696173 as marginal workers among scheduled castes in the age-group 5-19 years attending some 

educational institution. Among them 199910 males and 76284 females are main workers and 444364 males and 

251809 females are marginal workers enumerated in the census of 2001. Of these working student population, 

84 percent of the main workers and 95 percent of the marginal workers are rural residents. This condition is at 

the back of many problems like heavy dropout and difficulty in coping with the demands of the educational 

system. 

So also, among scheduled tribe children and teen-aged in the age-group 5-19 years, 174495 main 

workers and 643007 marginal workers are attending some educational institution. Of these 110323 males and 

64172 females are main workers and 367868 males and 275139 females are marginal workers. 

Of the main workers among scheduled tribe youth of this age-group, 164784 (94 percent) are rural 

residents attending educational institutions and 9711 (6 percent) urban residents. Among the marginal workers 

attending some educational institution, 623192 (97 percent) are rural residents and 19815 (3 percent) urban. 

Combining work and education is common among both rural and urban scheduled tribe children and more so in 

villages 

These tables cannot be interpreted as evidence of SC and ST young workers Attending educational 

institutions. The situation is not so simple. For, a large proportion of scheduled tribe children and youth come 

under the category of marginal workers. An interesting analysis of this group by their main non-economic 

function as students, household activities, dependent, and others shows a very small percentage as students and 
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about three- fourths in the age-group 15-34 as engaged in household activities. Marginal work holds an 

important place in the household economy of the poorer sections (Table 10.19). 

The scheduled castes depend on wage labour and casual labour much more than others. Less than 40 

percent get regular wages or salaries. Indeed, the salaried people among "others" also form a minority. The 

situation in the late 1.980s and the early 1990s does not show any big change 

The economic backwardness of the scheduled castes and scheduled tribes is mainly due to their 

employment mostly in the primary sector. In the 1990s the NSSO surveys have found that among scheduled 

castes 77.11 percent were employed in the primary sector, 9.83 percent in the secondary sector, and 13.06 

percent in the tertiary sector. Among the scheduled tribes, the respective percentages were 90.03, 3.85, and 6.12 

in the three sectors. The average status of scheduled caste cultivators was recorded by the NSSO as "marginal”; 

and 60 percent were said to be bonded labourers in some form. Rural wage labour and that too predominantly in 

agriculture has been the mainstay of the scheduled castes without any substantial change. Even in urban areas, 

causal labour provides the means of living for more than one-quarter of the population of these classes. The 

Annual Report of the Ministry of Social Justice and 

Table 10.19: Proportion of SC and ST Marginal Workers by Main Non-Economic Activity by — Broad Age-

group 

Scheduled Castes 

Age-group Student Household activities Dependent Others 
  

P M F P M F P M F P M F 
 

Total 4.49 7.14 2.59 50.27 13.83 76.38 2.99 4.09 2.20 41.81 74.33 18.51 
 

5-14 32.63 40.67 25.39 37.27 19.52 53.28 1 8.98 23.39 15.01 10.99 16.26 6.23 
 

15-34 4.11 7.01 1.85 48.14 12.10 76.22 1.53 2.08 1.10 46.09 78.65 20.73 
 

Scheduled Tribes 
 

Total 5.60 10.36 3.35 58.51 23.17 75.20 2.76 4.24 2.06 32.82 61.73 19.17 
 

5-14 27.82 36.70 21.23 47.66 31.67 59.53 3.68 16.16 11.84 10.80 15.41 7.37 
 

15-34 4.69 9.03 2.54 56.09 20.20 73.79 1.18 1.80 0.88 37.97 68.86 22.73 
 

 P - Persons, M = Males, F - Females. 

Source: Census of India - Dora Highlights - Statements B11 to B14. 
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 Empowerment of 2006-07 has given a comparative picture of occupational category of total population and 
SCs in four groups, namely, cultivators, agricultural labourers, household industry and other workers. The 
percentage of population engaged in each category is shown respectively as 33.11, 20.29,3-90, and 42.70 for the 
total population, and 22.08, 39.16, 3.71 and 35.05 for the scheduled castes. 

The Report states that occupational diversification is taking place among the SCs. As per 2001 census, 

the dependence of SCs on agriculture has declined from 74.50 percent in 1991 to 61.24 percent in 2001. The 

share of agricultural labourers came down from 49.06 percent to 39.16 percent. 

Other Backward Classes 

Besides scheduled castes and scheduled tribes there are other socially and educationally backward classes 

eligible for special treatment under the Indian Constitution. Identification of these classes has not been an easy 

job and the states, Andhra Pradesh, Karnataka, Kerala, and Tamil Nadu, where special privileges for the other 

backward classes has a history going back to pre- independence days, have been making their own lists, the 

central feature of which is identification by caste. 

The Mandal Commission, the Second Backward Classes Commission appointed by the Government of 

India, recommended adoption of the reservation policy in central services and evolved eleven indicators for 

determining backwardness in social, educational and economic areas. Among the criteria are included 

dependence mainly on manual labour for livelihood, marriage below the legal minimum age, out-of-school 

children and high dropout rates, lack of basic amenities, and indebtedness for consumption purposes. 

The Commission estimated the size of the 0BC population by subtracting from the total population of 

Hindus, the population of scheduled castes, scheduled tribes and that of forward Hindu castes and 

communities and it worked out to 52 percent. It was assumed that among non-Hindus also, the same 

percentage was backward. The number of 0BC listed by the Commission comprised 292 in Andhra Pradesh, 

135 in Assam, 108 in Bihar, 105 in Gujarat, 76 in Haryana, 57 in Himachal Pradesh, 63 in Jammu and 

Kashmir, 333 in Karnataka, 208 in Kerala, 279 in Madhya Pradesh, 272 in Maharashtra, 49 in Manipur, 37 in 

Meghalaya, 5 in Mizoram, 224 in Orissa, 83 in Punjab, 140 in Rajasthan, 10 in Sikkim, 288 in Tamil Nadu, 

136 in Tripura, 116 in Uttar Pradesh, 177 in West Bengal, 17 in Andaman and Nicobar, 10 in Arunachal 

Pradesh, 93 in Chandigarh, 10 in Dadra and Nagar Haveli, 82 in Delhi, 18 in Goa, Daman and Diu, and 260 in 

Pondicherry. A sample survey of the NSSO has put the percentage of the OBC as 41.2  

However, for implementing the recommendations of the Mandal Commission, the states have been 

asked to prepare the lists of eligible castes. The percentage of the OBC calculated state-wise 15 presented In 

Table 10.20. 

Economically Poorer Sections 
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A total of about 42.6 million population is reported as slum dwellers in the census of 2001, consisting of about 

15 percent of the urban population of the country. Of these 11.2 million were in Maharashtra, 5.2 million in 

Andhra Pradesh, 4.4 million in Uttar Pradesh, and 4.1 million in West Bengal. Greater Mumbai Municipal 

Corporation has returned the largest number of 6.5 million slum population. 

  Table 10.20: State-wise Percentage of Other Backward Classes – 2001 

 Scares Percentage Other 
Backward Classes 

INDIA 36 
Andhra Pradesh 45 
Arunachal Pradesh 3 
Assam 19 
Bihar 51 
Goa 4 
Gujarat 28 
Haryana 27 
Himachal Pradesh 11 
Jammu & Kashmir 10 
Karnataka 36 
Kerala 52 
Madhya Pradesh (combined) 40 
Maharashtra 25 
Manipur 28 
Meghalaya 1 
Mizoram 1 
Nagaland 3 
Orissa 29 
Punjab 14 
Rajasthan 32 
Sikkim 37 
Tamil Nadu 66 
Tripura 23 
Uttar Pradesh (combined) 42 
West Bengal 6 

Note: This is an estimate only as there has been no enumeration of the population by caste after 1931.  

Source: Wikipedia on the basis of government sources. 

 A total of 6 million in the age-group 0-6 years has been enumerated in slums in India. Maharashtra houses 1.6 
million children in slums. 
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The census of 2001 has also returned 7.4 million of the slum population. (17.47 percent) as belonging to the 

scheduled castes, and one million (2.35 percent) as belonging to the scheduled tribes. Child sex ratio in the age-

group 0-6 years is calculated as 919 in the slum population which is higher than 904 for the non-slum urban 

population. Literacy rates in slums were also found lower than over-all non-slum literacy rates3. For many 

slums, many basic facilities are not available within one kilometer, according to a sample survey by the NSSO.4  

Housing shortage is growing as a serious problem and it affects the youth migrants moving for employment. 

Houseless households numbered over 448 thousand with about 2 million population in the beginning of the 

decade. 

Estimates of poverty for the country as a whole shows the rural situation in a bad shape which also means 

comparatively higher poverty ratios among scheduled castes in the total. However, substantial reduction in 

poverty ratio has taken place in the last quarter of the last century as also the size of the poor (Table 10.21). 

The proportion of population below poverty line (BPL) differs widely between states from 6.35 in Punjab to 

44.30 in Bihar in 1999-2000. (Table 10.23). By 2004-05, poverty ratio in the country has declined to about 22 

percent. 

The Reports of the Commissioner for Scheduled Castes and Scheduled Tribes indicate that the bulk of 

these communities are located among the poorest of the population. As in the total population, the percentage of 

BPL people among SCs and STs is also decreasing. Between 1993-94 and 1999-2000, the difference in the 

poverty ratio of scheduled castes and the general population reduced from 10.84 percent to 9.25 percent. 

Estimates of BPL population by different agencies vary a great deal. In the case of rural ST population, the 

difference between the average poverty figure and that for ST population which was 15 percentage points in 

1993-94 is estimated to have risen to 19 percentage points in 1999-2000. In urban areas, the difference was 

estimated to have reduced by nearly 3 percentage points for scheduled castes 

 Table 10.21: Poverty Estimates 

 Poverty Ratio 

Year Total Poor Rural Poor Urban Poor Ratio of Rural Poor to Urban Poor 

1987-88 38.9 39.1 38.0 75.5 

1993-94 36.0 37.3 32.4 76.2 

1999-2000 26.1 27.1 23.6 74.2 

 Note: Poverty ratios are to respective population.  
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Source: Economic Survey 2001-02. 

 Table 10.22: State-wise Percentage of Population below Poverty Line 

States 1993-94 1999-

00 
Andaman & Nicobar Islands 32 48 20.55 
Andhra Pradesh 15.92 11.05 
Arunachal Pradesh 45.01 40.04 
Assam 45.01 40.04 
Bihar 58.21 44.30 
Chandigarh 11.35 5.75 
Dadra & Nagar Haveli 51.95 17.57 
Daman & Diu 5.34 1.35 
Delhi 1.90 0.40 
Goa 5.34 1.34 
Gujarat 22.18 13.17 
Haryana 28.02 8.27 
Himachal Pradesh 30.34 7.34 
Jammu & Kashmir 30.34 3.97 
Karnataka 29.88 17.38 
Kerala 25.76 9.38 
Lakshadweep 25.76 9.38 
Madhya Pradesh 40.64 37.06 
Maharashtra 37.93 23.72 
Manipur 45.01 40.04 
Meghalaya 45.01 40.04 
Mizoram 45.01 40.04 
Nagaland 45.01 40.04 
Orissa 49.72 48.01 
Pondicherry 32.48 20.55 
Punjab 11.95 6.35 
Rajasthan 26.46 13.74 
Sikkim 45.01 40.04 
Tamil Nadu 12.48 20.55 
Tripura 15.01 40.04 
Uttar Pradesh 42.28 31.22 
West Bengal 40.80 31.85 
INDIA 37.27 27.09 

Note: States in the North-East Region are taken together. Source: 

Government of India, Economic Survey 2001 -2002. 
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Almost 60 percent of Bihar's rural ST population, 56 percent of this section in Madhya Pradesh and 50 

percent in West Bengal were below poverty line in 1999-2000. In the cyclone-hit Orissa, a drastic increase to 

push 74 percent of rural ST population below poverty line and a sudden increase in urban ST poverty ratio in 

West Bengal give a miserable picture of the economic status of these communities.5 This status also is not 

stagnant 

Disabled among SC and ST Children and Youth 

Social disabilities apart, certain physiological disabilities that affect anybody, affect these communities also. 

The number affected in rural and urban areas is shown in Table 10.23. 

As in the general population, nearly one-half of the disabled suffer disability in "seeing" among both scheduled 

castes and scheduled tribes. The number of male disabled is much higher than the female in both communities. 

This factor needs probe to find out whether it is the reality or suppression of physical/ mental disability of the 

female. 

Table 10.23: SC and ST Disabled Children and Youth by Residence-2001 Scheduled Castes 

  

    Rural     Urban   

Age-group Persons Males Females Persons Males Females 

Total 3036356 1738176 1298180 674754 389701 285053 

0-4 179862 96015 83847 35795 19395 16400 

5-9 317643 178172 139471 61889 34521 27368 

10-19 636728 378979 257749 158952 92250 66702 

20-29 421961 250143 171818 116574 69446 47128 

30-39 372294 220940 151354 91451 54075 37376 

0-39 1928488 1124249 804239 464661 269687 194974 

Scheduled Tribes 
  Rural       Urban   

Age-group Persons Males Females Persons Males Females 

Total 1500725 835854 664871 117441 68045 49396 

0-4 92089 48612 43477 6294 3373 2921 

5-9 153298 84189 69109 11050 6078 4972 

10-19 293828 165318 128510 27941 15919 12022 

20-29 196327 112283 84044 19599 11692 7907 
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30-39 188187 112633 75554 16307 10008 6299 

0-39 923729 523035 400694 81191 47070 34121 

Source: Census of India 2001, Table C- 207. 

 Constitutional and Legal Provisions 

The Constitution, while guaranteeing freedom and equality to all, has made certain special provisions for the 

scheduled castes, scheduled tribes and for other socially and educationally backward classes of citizens to help 

them overcome their disabilities and realise equality. The main provisions which are vitally significant to the 

youth population of these classes are presented in Table 10.24. 

Table 10.24: Constitutional Provisions for Youth of the Weaker Sections 

Article Provision 
15(4)—
Fundamental 
Rights 

Prohibition of discrimination on grounds of religion, race, caste, sex or 
place of birth with the proviso—"Nothing in this article or in clause (2) 
of Article 29 shall prevent the state from making any special provision 
for the advancement of any socially or educationally backward classes of 
citizens or for the scheduled castes and scheduled tribes". 

16(4)—
Fundamental 
Rights 

Equality of opportunity in matters of employment and provides: 
"Nothing in this article shall prevent the state from making any provision 
for the reservation of appointments or posts in favour of any backward 
class of citizens which, in the opinion of the state, is not adequately 
represented in the services under the state". 

16 (4-A) Extends provision to non-aided institutions 
17 "Untouchability" is abolished and its practice in any form is forbidden. 

The enforcement of any disability arising out of "untouchability" shall be 
an offence punishable in accordance with law. 

23(1) Traffic in human beings and begars and other similar forms of forced 
labour are prohibited and any contravention of this provision shall be an 
offence punishable in accordance with law. 

320 (4) - 
Services 

Defining the functions of the Public Service Commission provides: 
"Nothing in clause (3) shall require a Public Service Commission to be 
consulted as respects the manner in which any provision referred to in 
clause (4) of Article 16 may be made or as respects the manner in which 
effect may be given to the provisions of Article 335". 

335 The claims of the members of the scheduled castes and scheduled tribes 
shall be taken into consideration, consistently with the maintenance of 
efficiency of administration, in the making of appointments to services 
and posts in connection with the affairs of the Union or of a State. 

330,332,334 Reservation of seats for scheduled castes and scheduled tribes in Lok 
Sabha. Legislative Assembly of the states in proportion to their 
population. 
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Table 10.24: Constitutional Provisions for Youth of the Weaker Sections (contd.) 

Article Provision 
Part IX - 
Panchayats -

243(D) 

(1) Seats shall be reserved for  

(a) The scheduled castes; and 

(b) The scheduled tribes 

in every panchayatand the number of seats so reserved shall bear, as nearly 
as may be, the same proportion to the total number of seats to be filled by 
direct election in that panchayat as the population of the scheduled castes in 
that panchayat area and of the scheduled tribes in that panchayat area bears 
to the total population of that area and such seats may be allotted by rotation 
to different constituencies in a panchayat. 

(2). Not less than one-third of the total number of seats reserved under 
clause (1) shall be reserved for women belonging to the scheduled castes or, 
as the case may be, the scheduled tribes. 

(3). Not less than one-third (including the number of seats reserved for 
women belonging to the scheduled castes and the scheduled tribes) of the 
total number of seats to be filled by direct election in every panchayat shall 
be reserved for women and such seats may be allotted by rotation to 
different constituencies in a panchayat. 

(4). The offices of the chairpersons in the panchayats at the village or any 
other level shall be reserved for the scheduled castes, the scheduled tribes 
and women in such manner as the legislature of a state, may, by law, 
provide: 

Provided that the number of offices of chairpersons reserved for the 
scheduled castes and the scheduled tribes in the panchayats at each level in 
any state shall bear, as nearly as may be, the same proportion to the total 
number of such offices in the panchayats at each level, the population of the 
scheduled castes and of the scheduled tribes in the state bears to the total 
population of the state:  

Provided further that not less than one- third of the total number of offices of 
chairpersons in the panchayats at each level shall be reserved for women; 

Provided also that the number of offices reserved under this clause shall be 
allotted by rotation to different panchayats at each level. 

(5). The reservation of seats under clauses (1) and (2) and the reservation of 
offices of chairpersons (other than the reservation for women) under clause 
(4) shall cease to have effect on the expiration of the period specified in 
Article 334. 
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(6). Nothing in this part shall prevent the legislature of a state from making 
any provision for reservation of seats in any panchayat or offices of 
chairpersons in the panchayats at any level in favour of backward class of 
citizens. 

Table 10.24: Constitutional Provisions for Youth of the Weaker Sections (contd.) 

Article Provision 
Part IX—A, 
Municipalities -
243(T) 

Similar provisions for election to municipalities as for panchayats. 

46—Directive 
Principles of State 
Policy 

The state shall promote with special care the educational and economic 
interests of the weaker sections of the people, and in particular, the 
scheduled castes and the scheduled tribes, and shall protect them from 
social injustice and all forms of exploitation. 

338 - Special 
Provisions Relating 
to Certain Classes 

There shall be a Special Officer to investigate all matters relating to the 
safeguards provided for the scheduled castes and scheduled tribes 
under the Constitution and report to the president upon the working of 
these safeguards at such intervals as the president may direct, and the 
president shall cause all such reports to be laid before each House of 
Parliament. 

  

To supplement the functioning of the Commissioner for Scheduled Castes and Scheduled Tribes, the 

Government of India has set up a high level commission consisting of persons of eminence and status in public 

life in 1978. It was vested with four functions—all of which are significant to the youth of these sections, 

namely, (i) to investigate all matters relating to safeguards provided for the scheduled castes and scheduled 

tribes in the Constitution including review of the manner in which reservations stipulated in public services for 

scheduled castes and scheduled tribes are implemented; (ii) to study the implementation of protection of Civil 

Rights Act, 1976 which is the amended version of the Untouchability Offences Act 1955, with particular 

reference to the objective of removal of untouchability within a period of five years; (iii) to ascertain the socio-

economic and other relevant circumstances accounting for the commission of offences against persons 

belonging to the scheduled castes or scheduled tribes in order to ensure the removal of impediments and 

recommend remedial measures for implementation of the laws; and (iv) to enquire into individual complaints 

regarding denial of any safeguards provided. The reports of the commission provide a rich source material 

pertaining to the all-round development and the impact of various schemes for these communities. 

The Scheduled Castes and The Scheduled Tribes (Prevention of Atrocities) Act, 1989 is intended to prevent 

commission of atrocities against these classes, to provide special courts for the trial of such offences and to 

provide for the relief and rehabilitation of the victims of such offences. This Act provides protection against 

social disabilities, personal atrocities, sexual exploitation, atrocities affecting properties, malicious persecution, 

political disabilities, and economic exploitation. The Act provides punishment for violations. Social status of 
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these classes has improved a great deal in urban areas, but in villages, instances of ill-treatment of these classes 

are frequently 

Reference has already been made to the abolition of the Bonded Labour System in chapter II. The Act is not 

exclusively for SCs and STs but benefit them most as they are more vulnerable to labour exploitation. The 

object of this Act is to prevent the economic and physical exploitation of the weaker sections of the people. 

Various forms of forced labour under social custom and known by different names such as Adiyamar, Bhagela, 

Pannaiyal, Sewak, Vert, etc., stand abolished under the Act, and every bonded labourer is freed and discharged 

from any obligation to render any bonded labour. The Act also provides for constitution of Vigilance 

Committees in each district by the state governments to ensure implementation of the Act, provide for economic 

and social rehabilitation of the freed labourers, to keep a watch over offences under the Act and to defend any 

suit against freed labourer for recovery of debt. Offences under the Act are cognisable and punishable. 

The constitutional post of the Commissioner for Scheduled Castes and Scheduled Tribes was abolished and a 

multi-member National Commission for SCs and STs was created in 1992 by an amendment of the Constitution 

and later this was bifurcated. A National Safai Karmachari Commission was also established in 1992. The 

National Commission for Backward Classes was constituted as a permanent body in 1993. The Ministry of 

Social Justice and Empowerment was bifurcated in October 1999 with a view to providing more attention to the 

scheduled tribes and a separate Ministry of Tribal Affairs was constituted. A separate National Commission was 

also established under an amendment of the Constitution in 2003-04. 

Social Defence 

The Ministry of Social Justice and Empowerment is to ensure equitable treatment to such sections of society 

which have suffered social inequalities, exploitation, discrimination and injustice. The Social Defence Bureau 

of the Ministry caters to the requirement of the following categories: 

1. Neglected and marginalised people 

2. Abandoned destitute 

3. Neglected and delinquent juveniles who need care and protection for want of support or are in 

conflict with the society or the law 

4. Children of the sex workers 

5. Street children 

6. Drug addicts and offenders 

7. The aged and a host of others who need special care, protection and support. 

The programmes and policies of the Bureau aim at equipping these groups to sustain a life of respect and 

honour and to become useful citizens. The Bureau has promoted voluntary action. State governments, 

autonomous bodies, NGOs and even the corporate world are involved in formulating and implementing the 
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policies. All the programmes are meant to prevent neglect, abuse, and exploitation and provide assistance to 

those deprived and bring them in the mainstream.6  

Special Schemes for SC and ST Youth 

Major central schemes for SC and ST are provision of post-matric scholarships, book banks, and hostels. Pre-

matric assistance is mostly provided by state governments which extend other facilities also like free textbooks 

and note-books, uniforms, etc. With the introduction of centrally assisted midday meals programme and intense 

drive through Sarva Shiksha Abhiyan, there is some progress in school education among the scheduled castes 

and the scheduled tribes. Residential schools for SC and ST are set up and bridge courses for children in slums 

and on streets are organised. 

Of these, the post-matric scholarship is considered as the one that has effectively lifted SC and ST students to 

enter higher education; the value of the scholarship includes maintenance allowance, compulsory fees, study 

tour charges, and such essential items of expenditure. 

To upgrade the merit of the scheduled caste and scheduled tribe students, full central assistance is extended 

to state governments to arrange remedial and special coaching classes for classes IX to XII. Special coaching is 

also given to equip them to compete for admission to professional courses and competitive examinations. 

National Merit Scholarships at school level, National Overseas Scholarship Scheme for study abroad 

exclusively meant for these classes are offered. Assistance to students in public schools, residential schools and 

bridge courses for SC and ST students have been taken up. 

A central sector scheme of Special Education Development Programme for SC girls belonging to very low 

literacy level districts is being implemented by the Ministry of Social Justice and Empowerment to provide a 

package of educational inputs through residential schools for classes I to V where "tradition and environment" 

are said to be "not conducive to their learning". SC girls from families of first generation learners living below 

poverty line constitute the target group. The scheme is implemented in particular districts mostly in Bihar, 

Madhya Pradesh, Rajasthan and Uttar Pradesh through the zilla parishads. A small cash incentive is provided to 

parents like monthly allowance of Rs.50 as incentive to send their girls to these educational residences. 

Mahila Samakhya is a programme aimed at empowerment of women through education. The focus is on 

village women particularly the SC and ST women. It is operated in selected districts in Andhra Pradesh, 

Gujarat, Karnataka, and Uttar Pradesh. Under this, women's groups called "sanghas" are formed to deal with 

common issues like supply of water and health care and promote economic activities. 

Vocational Training in Tribal areas, started in 1992-93 is one of the most important schemes meant for tribal 

youth to make them fit to take up gainful employment or engage in self-employment activities. The scheme is 

implemented through state governments/union territory administration, local bodies, autonomous institutions, 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      422 
ISSN 2250-3153  

 

www.ijsrp.org 
 

cooperatives or NGOs. Each centre offers five vocational courses in traditional skills relevant to the area and 

every student gets training in two courses for a duration of 6 months. At the end, the trained boys and girls are 

attached to a Master Craftsman for a period of 6 months to learn practical skills. The scheme also provides a 

monthly stipend and required raw material for work for the trainees. 

For providing quality education to the tribal students to enable them to avail of the facility of reservation in 

higher education and professional courses, and in higher level jobs, Model Residential Schools having classes 

VI to XII are being established. The project Eklavya Model Residential School in Dhangera in Orissa, for 

instance, has been taken up to provide better infrastructure facilities for tribal students of the area. The Rajiv 

Gandhi National Fellowships are awarded to ST students to pursue higher studies. 

Out of the allotted budgets of the Departments of Elementary Education and Literacy, and Secondary and 

Higher Education, 16.33 percent and 8.01 percent respectively are allocated under the Special Component Plan 

and the Tribal Sub-Plan. Most of the states have abolished tuition fees for SC and ST students up to the senior 

secondary level. Incentives like free textbooks, school uniforms and school bags are offered. In educational 

programmes like Sarva Shiksha Abhiyan, and National Programme of Nutritional Support to Primary 

Education, SC and ST Students are given priority. Reservation Policy is applicable in central government 

institutions of higher education, and is being extended to private institutions. SC/ST cells are established by the 

University Grants Commission in many universities to ensure implementation of the Reservation Policy. 

Special coaching is arranged for SC/ST students. Even in some scholarships like those for talented children 

from rural areas, and National Talent Search Scheme Scholarships, there is provision for reservation for SC and 

ST students and some concession in qualifying marks. 

In 1992 two educational schemes were launched for the education of minorities -one is the Scheme of Area 

Intensive Programme for Educationally Backward Minorities intended for areas of concentration of 

educationally backward minorities, and the other is the Scheme of Financial Assistance for modernisation of 

Madarsa education. 

The National Scheduled Castes Finance and Development Corporation (NSFDC) has been established to 
provide credit facilities to people living below the poverty line to start some income-generating activities. It has 
been providing educational loan to SC/ST Gtudento for pursuing higher education. The loan is given for post 
graduate studies abroad also. 

Similar state level corporations (SCDCs) have been set up with the main objective of uplifting the social and 

economic status of SC population. They have a number of regional offices also for implementing various 

income-generating schemes. Their main function is to identify eligible SC families and motivate them to 

undertake economic development schemes. 

SCDCs finance employment-oriented schemes in agriculture and allied fields, small-scale industry, transport 

and trade and service sector. Under Skill Development Training Programmes, NSFDC is providing training in 
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high technology areas such as Apparel Technology and Computer Technology to the educated unemployed 

youth from the target group through professional and reputed government institutions. Those selected receive a 

stipend and are given placement assistance after training, and entrepreneurial guidance. 

The National Scheme for Liberation and Rehabilitation of Scavengers employed in sanitation work and for 

their dependents has been launched. No income limit is prescribed for availing assistance, but priority is given 

to those whose income is below double poverty line, women and the disabled from the groups. Two new 

schemes for empowerment of scavengers were announced in 2003 - one is micro-finance scheme, and the other 

Interest Free Loan Scheme through non-governmental organisation.7 It is reported that there are over 300000 

Scavengers in the country." 

The Ministry of Tribal Welfare is granting several welfare projects through voluntary organisations since 

1953-54. The projects include conducting residential schools, hostels, computer units, balwadies/creches, 

libraries, etc, Generally, the grant covers 90 percent of the project cost, the balance being borne by the 

voluntary organisations. Many state governments have formulated their own schemes to cover SC/ST youth 

in a special way in common programmes. Schemes like Swarnajayanti Gram Swarozghar Yojana already 

discussed in chapter VI are specially meant for SCs and STs. 

Reservation Policy 

The Government of India has provided reservation in jobs to the extent of 15 percent for scheduled castes and 

7.5 percent for scheduled tribes. These figures roughly correspond to their population percentage. 

Constitutional guarantees, executive orders, and departmental instructions issued from time to time by the 

Department of Personnel and Training form the basis for reservation. In the case of the other backward 

classes, the states in southern India - Andhra Pradesh, Karnataka, Kerala, Pondicherry, and 

 Table 10.25: SCs and STs in Central Government 

   % of SCs % of STs 

(excluding sweepers) 1961 1998 1961 1998 

Group A 1.44 10.38 0.21 3 21 

Group B 2.45 11.73 0.67 2.68 

Group C 7.49 15.99 0.92 5.95 

Group D 17.19 21.45 3.13 6.85 

Source: National Commission for Scheduled Castes and Scheduled Tribes - Fourth Report 1996-97 & 1997-98, 

Vol. I, quoted in National Commission to Review the Working of the Constitution, Consultation Paper. 
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 Tamil Nadu - have adopted many decades back a policy of reservation in educational institutions and in 
government jobs. This has been approved as a national policy since the 1990s but has created certain 
operational issues like elimination of the forward within the backward. 

The Reservation Policy in the case of SCs and STs has been working slow but has picked up as shown in 

Table 10.25. 

The situation is fast improving and the shortfall in the appointment of SCs, STs and OBCs is lessening. Other 

backward class candidates are getting selected against unreserved posts also. Tables 10.26 and 10.27 may 

provide an idea about the progress but the problem is to find out the percentage of households of these 

communities benefiting from the Reservation Policy to facilitate steps to ensure that the benefits are widely 

utilized. 

After acceptance of the Mandal Commission recommendation regarding reservation of 27 percent of vacancies 

in civil posts and services under the Government of India, a new model rosters providing maximum of 50 

percent reservation was prepared. The model is shown in Table 10.28. 

Table 10.26: Number of Posts Reserved for SC/ST and OBC and the Number Recommended 

 Recruitment 2005-06 2004-05   
Dir. Rec by Int.* % Dir. Rec. by Int.* % 

Reserved Posts 356   211     

SC/ST/OBC Recommended for Reserved Posts 304 85.4 171 81.0   

Shortfall 52 14.6 40 19.0   

SC/ST/OBC Recommended for Unreserved Posts 57   30     

Total SC/ST/OBC Recommended* 361 101.4 201 95.3   

*Direct Recruitment by Interview. 

+ Includes unreserved Posts. 

 Table 10.27: Recruitment Finalised for Posts Reserved for SC/ST/OBC 2005-06 

  

Recruitment  SC ST OBC Total 

Reserved Posts 85 54 217 356 

Applications for Reserved Posts 38129 12899 61542 112570 

Candidates called for Interview 514 198 1170 1882 

Candidates appeared in Interview 404 161 928 1493 
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Candidates recommended 79 41 184 304 

Shortfall 6 13 33 52 

No application received* - 4 4 8 

No suitable candidate 6 9 29 44 

* Gives number of posts 

 Table 10.28: Model Roster 

Method Percentage   Roster Fixed 
SC ST SEBC Roster SC ST SEBC 

A. Direct Recruitment               

i. Recruitment on all-India basis               
a. Open competition 15 7.50 27 200 points 30 15 54 
b. Other than open competition 16 7.50 25.50 120 points 20 9 31 

2. Recruitment to Group C According to 

population of 

SC/ST in 

respective 

States/UTs 

except 

Delhi* 

  27% 

or 

less" 

 100 point Point 

earmarked 

for SC ST 

and 

OBC 

according to 

prescribed 

percentages 

 

B. Promotions 15 7.50 Nil 40 Points 6 3   
 
Note: This is a model only. 
SEBC - Socially and Educational Backward Classes 
+ for Delhi, all-India percentages are applicable 
* Depending on the total percentage for SC/ST 
Source: Goswami (2003 :148). 

 PESA Act 

Special mention must be made of the Panchayati Raj (Extension to the Scheduled Areas) Act, 1996 known as 

PESA, which has extended PR system in a modified form to the Fifth Schedule Areas in Andhra Pradesh, 

Chhattisgarh, Gujarat, Himachal Pradesh, Jharkhand, Madhya Pradesh, Maharashtra, Orissa and Rajasthan. This 

Act has accorded more powers to gram sabha in matters relating to protection of tribal customs and 

development work. All seats of chairpersons of panchayats at all levels and at least 50 percent of the seats of 

members are reserved for the tribals. Provision is made for nomination of certain scheduled tribes which have 

no representatives at intermediate or district level panchayats. Specific provisions are made for development 
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and regulation of mining, water bodies, prohibition, minor forest produce, land alienation, money lending, etc. 

The panchayat bodies at the appropriate levels and the gram sabhas are endowed Hirer alia with the power to 

enforce prohibition, regulate ownership of minor forest produce, manage village markets, control money-

lending to tribals, and to prevent alienation of tribal land, etc. 

PESA is expected to generate awareness among tribals. NGOs and tribal leaders are working to help tribals 

reap maximum benefit out of the Act. It is an effective step towards empowerment of tribal communities in 

their areas. 

All- round efforts are going on and with the vast changes taking place in all spheres, there is every chance of 

awakening the disadvantaged population to get their proper share in national life. It is not enough to fill the 

reserved posts in the legislative bodies and panchayats. In all areas necessary for progress, the notion of 

"disadvantaged groups" should vanish. 
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Abstract- Positive ageing is a part of life that gamut that 
comprises of many aspects including physical environment, 
personal safety, physical and mental health, individuality, 
community attitudes, self-fulfillment. 
 
         In order for women to age positively we should 
1. It is important to recognize wide range of capacities among 
aged  
2. It is important to understand the needs of older women. 
3. Valuing the decisions and regime choices of older women. 
4. Safeguarding the interest of defenseless older people. 
 
          When the human body reaches middle age, a number of 
problems and conditions that are the result of advancing years 
begin. These include wrinkling of the skin, varicose veins, 
menopause and the body's decreased ability to deal with nicotine, 
caffeine, alcohol, and excess calories.  
A number of programs and resources have to be introduced to 
support positive ageing like   
■ Women workforce retaining project  
■ Special projects involving older as well as young generation.  
■ Planning ahead kit to encourage people in planning their 
financial, health and lifestyle decisions  
■ Information centers of older women to disseminate 
information. 
■ Protocols to check older women abuse. 
 

I. POSITIVE AGEING WITH SPECIAL FOCUS ON WOMEN: 
CONCERNS AND ENCOUNTERS 

ositive ageing is closely aligned with the ability to "age in 
place"; that is, to be able to make choices in later life about 

where to live, and receive the support needed to do so.  For older 
people to maintain their independence and age in place 
successfully, it is important that they have adequate and 
affordable housing that meets their needs.  Older people do not 
require support services to live at home, but people aged 80 and 
over are more likely to require assistance.  Concerns about safety 
and security are also greatest among older people who are 
vulnerable because of frailty, lack of resources, or isolation. 
           It is in everyone's interest that older people are 
encouraged and supported to remain self-reliant, and that they 
continue to participate and contribute to the well-being of 
themselves, their families. Factors influencing their ability to 
access services and participate in their community include not 
only health status and income but also access to and availability 
of transport. 
 

           While six major areas of aging were addressed, the most 
pressing and significant of them were healthcare services and the 
health status of the aging population. As is becoming 
increasingly clear, healthcare is becoming the "third rail" of 
politics and is looming as the single most critical issue in aging. 
 
Encapsulating its core values: 
• Fostering a positive view of ageing; 
• Promoting attitudes which respect and value older people; 
• Recognizing and supporting older people’s participation and 
contribution; 
• Valuing self-reliance, independence, individual responsibility; 
• Acknowledging diversity among the older population. 
 
           The ‘positive ageing discourse’ challenges assumptions 
about older age as a period of inevitable decline and focuses on 
the modifiable effects of lifestyle, attitude, skills and 
technologies. The approach aligns with the rejection of the 
‘disengagement’ theory of ageing, which suggests that 
adjustment to old age is best achieved through a mutual 
withdrawal between the individual and society. Instead, the 
strategies support the alternative ‘activity’ theory of ageing. This 
emphasizes the need to remain actively engaged in society in 
order to adapt successfully to older age. Underlying the 
strategies’ positive view of ageing are concepts of ‘healthy’, 
‘successful’, ‘positive’, ‘active’ and ‘productive ageing’, which 
have emerged in recent decades.  
           In the ultimate analysis, improving health of older women 
is not just a medical concern. It is also a truism that unless one 
improves the status of women in a society, wholesome 
development of women would be impossible. Health is not 
isolated from social status, power and prestige person enjoys and 
the privileges a role bestows on an individual. If women suffer 
from chronic ill health and disability, it is a reflection of their 
lower status in society. Hence, not only should our measures 
have a life cycle perspective; they should also have a gender 
perspective. An egalitarian society will provide an aging woman 
better health information, improved access to health care and a 
chance to age with grace die with dignity. 
 
A critical view of strategies on ageing now and in the future 
           All strategies promote active and productive ageing and 
support the concept of positive ageing, with an emphasis on 
improving wellbeing and promoting positive attitudes to ageing. 
The strategies promote the value of older people’s contributions 
and seek increased participation, promoting the benefits for both 
individuals and society. The healthy/active/positive ageing 
discourse promoted in all Positive Ageing strategies has been 
criticized for failing to acknowledge the range of realities of later 

P 
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life. By placing a high value on independence and activity, the 
strategies tend to underplay the experience of people who suffer 
frailty and dependence in later life. Critics argue that the positive 
ageing discourse fails to acknowledge the significance of later 
life, thereby allowing society to avoid thinking about and 
creating a respected place for the oldest in society. Furthermore, 
the positive ageing discourse portrays older people as able to 
counteract the effects of ageing through personal effort, thus 
identifying individuals as being responsible for their fate.  
 

II. LITERATURE REVIEW 

           The first formal studies of ageing appear to be those 
of Muhammad ibn Yusuf al-Harawi (1582) in his book “Ainul 
Hayat”, published by Ibn Sina Academy of Medieval Medicine 
and Sciences. 
           There is no greater certainty in life, than death. The 
biological process of ageing is steady and unidirectional. 
           Ageing is the accumulation of changes in an organism or 
object over time. Ageing in humans refers to a multidimensional 
process of physical, psychological, and social change. Some 
dimensions of ageing grow and expand over time, while others 
decline. Reaction time, for example, may slow with age, while 
knowledge of world events and wisdom may expand. Research 
shows that even late in life, potential exists for physical, mental, 
and social growth and development. Ageing is an important part 
of all human societies reflecting the biological changes that 
occur, but also reflecting cultural and societal conventions. 
Roughly 100,000 people worldwide die each day of age-related 
causes. 
           Age is measured chronologically, and a person's birthday 
is often an important event. However the term "ageing" is 
somewhat ambiguous. Distinctions may be made between 
"universal ageing" (age changes that all people share) and 
"probabilistic ageing" (age changes that may happen to some, but 
not all people as they grow older including diseases such as type 
two diabetes). Chronological ageing may also be distinguished 
from "social ageing" (cultural age-expectations of how people 
should act as they grow older) and "biological ageing" (an 
organism's physical state as it ages).There is also a distinction 
between "proximal ageing" (age-based effects that come about 
because of factors in the recent past) and "distal ageing" (age-
based differences that can be traced back to a cause early in 
person's life, such as childhood). 

           Differences are sometimes made between populations of 
elderly people. Divisions are sometimes made between the young 
old (65–74), the middle old (75–84) and the oldest old (85+). 
However, problematic in this is that chronological age does not 
correlate perfectly with functional age, i.e. two people may be of 
the same age, but differ in their mental and physical capacities. 
Each nation, government and non-government organization has 
different ways of classifying age. 
           Population ageing is the increase in the number and 
proportion of older people in society. Population ageing has three 
possible causes: migration, longer life expectancy (decreased 
death rate), and decreased birth rate. Ageing has a significant 
impact on society. Young people tend to commit most crimes; 
they are more likely to push for political and social change, to 
develop and adopt new technologies, and to need education. 
Older people have different requirements from society and 
government as opposed to young people, and frequently differing 
values as well. Older people are also far more likely to vote, and 
in many countries the young are forbidden from voting. Thus, the 
aged have comparatively more political influence. 
 

III. METHODOLOGY 

Research Site 
           In 2012 April, the research positive ageing and its impact 
had begun. The objective of the research is to study to study the 
need and impact of positive ageing on older people especially 
women. The sample size selected for the study was 50 
respondents of the age group of 55 and above. The study was 
conducted for six weeks between June and July 2012. 
 
Data Collection and Analyses 
           The data was collected through two sources – Primary and 
secondary. 
           The primary data was collected from aged people above 
the age group of 55 by structured questionnaire method 
specifically designed for the purpose of study after pretesting. A 
4-point (1 = Strongly Agree, 4 = Strongly Disagree) Likert’s 
Scale format designed is used to indicate subject’s responses to 
the questionnaire.  
           Secondary data collection was from previous research 
reports, magazines, articles, websites, journals and related books. 
 

 

IV. DATA ANALYSIS AND INTERPRETATION 

Table 1 
1. I have so much in life to be thankful for. 

 

Strongly Agree 39 78% 

Agree 11 22% 

Disagree 00 0% 

Strongly Disagree 00 0% 

Total Respondents 50 100% 
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Table 1 depicts that 78% of the respondents strongly agree and 22% of the respondents agree that they have much in life to be 

thankful for. 
 
 

 
Table 2 

 
2. Everybody in my family treats me with respect and care. 

 
Strongly Agree 05 10% 

Agree 25 50% 

Disagree 20 40% 

Strongly Disagree 00 0% 

Total Respondents 50 100% 

  
 

 
 

Table 2 depicts that 50% of the respondents agree and 10% of the respondents strongly agree that everybody in the family treats me 

with care and respect. 
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Table 3 
 

3. I energetically pursue my goals. 

              
Strongly Agree 39 78% 

Agree 11 22% 

Disagree 00 0% 

Strongly Disagree 00 0% 

Total Respondents 50 100% 

   

 
 

 
 

Table 4 depicts that 78% of the respondents strongly agree and 22% of the respondents agree that they can energetically pursue 

their goals. 
 

Table 4 
4. I have never faced an incident where I was made to feel unimportant because I was a woman. 

 

Strongly Agree 11 22% 

Agree 00 0% 

Disagree 39 78% 

Strongly Disagree 00 0% 

Total Respondents 50 100% 
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Table 5 depicts that 22% of the respondents agree and 78% of the respondents disagree that there had been no incidences where 

they were made to feel unimportant because they are women. 
 

 

Table 5 
5. My past experiences have prepared me well for my future. (Tick one) 

 

Strongly Agree 10 20% 

Agree 37 75% 

Disagree 00 0% 

Strongly Disagree 03 5% 

Total Respondents 50 100% 

   

 

 
 
 

Table 5 depicts that 20% of the respondents strongly agree and 75% of the respondents agree and 5%of them strongly disagree that 

their past experiences have prepared them well for their future. 
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Table 6 
 

6.     I have discovered a satisfying life purpose. 
 
 

Strongly Agree 05 10% 

Agree 45 90% 

Disagree 00 0% 

Strongly Disagree 00 0% 

Total Respondents 50 100% 

   

 

 

 
 

 

Table 7 depicts that 10% of the respondents strongly agree and 90% of the respondents agree that they have discovered a satisfying 

life purpose. 
 

 

Table 7 
7.     If I could live my life over, I would change almost nothing. 

 
  

Strongly Agree 05 10% 

Agree 07 15% 

Disagree 00 0% 

Strongly Disagree 37 75% 

Total Respondents 50 100% 
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Table 8 depicts that 10% of the respondents strongly agree, 15% of the respondents agree and 75% of them strongly disagree that if 

they could live their life over, they would change  almost nothing. 

 

 
Table 8 

 

8.    My family, especially the male members were very supportive. 
 

   
Strongly Agree 10 20% 

Agree 15 30% 

Disagree 23 46% 

Strongly Disagree 03 5% 

Total Respondents 50 100% 
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Table 8 depicts that 20% of the respondents strongly agree, 30% of the respondents agree, 46% of the respondents disagree and 5% 

of them strongly disagree that their family, especially the male members were very supportive. 
 

 
Table 9 

 

9. If yes for Q8. please tick the age group of the male members who were supportive to you. 
 

 
0-20 15 

20-40 00 

40-60 05 

60 and above 10 

Total Respondents 25 

 

 
 

Table 9 depicts that, most of the respondents feel that male members from the age group of 0-20 years and 60 and above are more 

supportive. 
 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      435 
ISSN 2250-3153  

 

www.ijsrp.org 
 

Table10 
10.  The conditions of my life are excellent. 

 

Strongly Agree 10 20% 

Agree 30 60% 

Disagree 00 0% 

Strongly Disagree 10 20% 

Total Respondents 50 100% 

 
 
 

 
 

 
Table 10 depicts that 20% of the respondents strongly agree, 60% of the respondents agree and  20% of them strongly disagree that 

the conditions of their life are excellent. 
 
 

Table 11 
 

11.   I understand my life’s meaning. 
 

Strongly Agree 37 75% 

Agree 13 25% 

Disagree 00 0% 

Strongly Disagree 00 0% 

Total Respondents 50 100% 

   

 
 

Table 11 depicts that 75% of the respondents strongly agree, 25% of the respondents agree and  that they understand their life’s 

meaning. 
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Table 12 

 
12.  As I get older I find myself more able to appreciate the people, events and situations that 

have been part of my life history. 
 

   
Strongly Agree 37 75% 

Agree 13 25% 

Disagree 00 0% 

Strongly Disagree 00 0% 

Total Respondents 50 100% 

 

 
 

Table 12 depicts that 75% of the respondents strongly agree, 25% of the respondents agree and  that as they get older they find 

themselves more able to appreciate the people, events and  situations that have been part of their life history. 
 

Table 14 
14.  I have never felt at the mercy of my family member 

 
Strongly Agree 15 30% 

Agree 15 30% 

Disagree 20 40% 

Strongly Disagree 00 0% 

Total Respondents 50 100% 

 

 
 

Table 14 depicts that 30% of the respondents strongly agree, 30% of the respondents agree and  and 40% of them disagree that 

they never felt at the mercy of their family members 
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Table 15 
15.  I know what my unique contribution to the world might be. 

 
Strongly Agree 00 0% 

Agree 45 90% 

Disagree 05 10% 

Strongly Disagree 00 0% 

Total Respondents 50 100% 

   

 

 
 

Table 15 depicts that 90% of the respondents agree, 15% of the respondents agree and 10 % of them disagree that they know about 

unique contribution that they have towards the world. 
 

V. FINDINGS, SUGGESTIONS AND CONCLUSION 

Findings 
            Older people in our society are always looked upon as 
liability for the family as well as the society. However it is very 
important for the society to understand what they feel in order to 
help them age positively and also contribute to the society in 
better way. 
           1) Most of the respondents feel that they are thankful for 
most of the things they got in their life. 
           2)50% of the respondents feel that they are treated with 
respect and care in the family however 40% of the respondents 
feel that they are taken for granted  and family members do not 
show respect. 
           3) After the age of 55 as well respondents are enthusiastic 
and energetic enough to pursue goals. 
           4) Most of the respondents who are female feel that they 
felt unimportant in their family because they are a woman. 
           5) Most of the respondents think that they are satisfied 
with their life and feel that they are prepared for any situation in 
life. 
           6) Most women respondents feel that men in the age 
group of 0-20 and 60 and above are more supportive than other 
age groups. 
           7) Most of the respondents feel that they have led a good 
life. 
           8) Some of the respondents feel that they are at the mercy 
of their family to fulfill their basic needs. 
 

VI. SUGGESTIONS 

           Recognizing and supporting older people’s participation 
and contribution 
           The ‘vision’ calls for opportunities for older people to 
participate and contribute ‘in the ways that they choose’. 
However, the goals link such opportunities to paid work 
(economic activity) or community contribution (volunteering), 
with the emphasis on the former. The economic tone of Positive 
Ageing continues, as older people are described as a ‘valuable 
resource’. However, full participation may be prevented by lack 
of access to resources and facilities (indicating a need to 
scrutinize policy) or by ageist attitudes (requiring a change in 
society). Limitations based on ill health or frailty is the main 
backlogs. The emphasis on continuing economic contribution in 
the form of paid work links to calls for ‘productive ageing’. It is 
developed much more explicitly in the UK and Australian 
documents, both of which devote whole chapters to increasing 
workforce participation in mid and later life. All Positive Ageing 
strategies discourage early retirement. Compared to the UK and 
Australia, India has few incentives to early retirement like the 
VRS (Voluntary Retirement Scheme) have been introduced. 
Accesses to training and educational opportunities are closely 
linked with efforts to prolong workforce opportunities. In 
contrast to the strategies of other countries, educational 
opportunities for older people do not figure prominently in India. 
Increasing opportunities for personal growth and community 
participation – the specified action is a somewhat vague call to 
‘improve opportunities for education for all’. The many 
government statements advocate ‘sticks’ in the form of fiscal 
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disincentives to retirement and reductions in pension benefits. 
More positive approaches include phased retirement and flexible 
working conditions. Such initiatives are not highly prominent in 
any of the strategies, even though– Elimination of ageism and 
promotion of flexible work options. The action advocated relates 
to the implementation of human resource policies that support 
employment of older workers, but refers only to the public 
sector. 
           A number of programs and resources have to be 
introduced to support positive ageing like   
■ Women workforce retaining project  
■ Special projects involving older as well as young generation.  
■ Planning ahead kit to encourage people in planning their 
financial, health and lifestyle decisions  
■ Information centers of older women to disseminate 
information. 
■ Protocols to check older women abuse. 
 

VII. CONCLUSION 

           Older people can be resourceful and can be assets for the 
country. They should be treated with love and care and should try 
to utilize their experience for a better cause. 
           Women in the society have suffered a lot at every stage of 
their life. Therefore they also should be given a chance to prove 
themselves as asset for their family and nation. 
           Policy strategies that over-emphasize independence, self-
reliance and individual responsibility may do so to the detriment 
of cooperation, reciprocity and interdependence. The underlying 
activity theory emphasizes the benefits of maintaining the level 
and pattern of activity of middle age for as long as possible, but 
has been accused of assuming a simplistic relationship between 
activity and life satisfaction. For activity to enhance life 
satisfaction, certain conditions need to be met, including that 
activities are freely chosen and matched to capabilities. Policy 
and planning will need to ensure opportunities for involvement in 

a wide range of activities. Critics seek an increased emphasis on 
gender, ethnic and socioeconomic constraints and a greater 
examination of the meaning and the role of old age. 
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Abstract- Khammam Schist Belt in Andhra Pradesh is considered 
as a northern extension of the Nellore Schist Belt (NSB). Both 
KSB and NSB are referred to a single unit of 600 km long west-
vergent Nellore-Khammam Schist Belt (NKSB) occurring as a 
paleo - proterozoic/late archaean greenstone belt on the basis of 
similar geological and structural setup in the Precambrian terrain 
of South India. The Nellore Khammam Schist Belt (NKSB) is 
considered to be the equivalent of Sargur Schist Belt (3.3 Ga, 
Peucat, et al; 1995).  
            The Khammam Schist Belt (KSB) forms a curvilinear 
belt in parts of Khammam and Krishna districts of Andhra 
Pradesh. The KSB is inferred to be a tectonised belt sandwiched 
between the Dharwar Craton in the West and the Eastern Ghat 
Mobile Belt (EGMB) in the East. (Leelanandam, C and 
Narasimha Reddy, M, 1988). The KSB mainly consists of 
metamorphosed felsic and mafic volcanic, now preserved as 
quartzo-felspathic gneisses, hornblende schists and schistose 
amphibolites, with or without garnet. The pelitic meta-sediments 
such as sillimanite-kyanite schists, sillimanite- cordierite-
orthopyroxene-corundum bearing rocks, pegmatites and banded 
iron formations (quart-magnetites). Garnet bearing quartzites are 
rare and insignificant in volume in the KSB. The present study 
area is bounded by 17o 10’: 17o 20’: 80o 15’: 80o 25’.  Mafic and 
Felsic rocks are exposed in the area.  
            The dominant lithology comprises amphibolites, which 
may be described as banded, foliated, garnetiferous or massive 
based on its field appearance. The lithological formations of KSB 
form a basement for the proterozoic pakhals and phanerozoic 
gondwana sediments. The KSB is endowed with economically 
viable corundum (ruby variety) and podiform chromite 
occurrences; however, they are significantly controlled by both 
lithology and structure. 
 

I. GEOLOGICAL SETTING 

he area is a part of KSB which mainly consists of 
metamorphosed felsic and mafic volcanic, now preserved as 

quartzo-felspathic gneisses, hornblende schists and schistose 
amphibolites, with or without garnet. Lithological variations 
include the pelitic meta-sediments manifested in sillimanite-
kyanite schists, sillimanite- cordierite-orthopyroxene-corundum 
bearing rocks , pegmatites and banded iron formations (quart-
magnetites). Garnet bearing quartzites are rare and insignificant 
in the KSB. The dominant lithology comprises amphibolites, 
which may be described as banded, foliated, garnetiferous or 
massive based on its field appearance and form a basement for 
the proterozoic pakhals and phanerozoic gondwana sediments. 
(Fig.1) 
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Fig. 1 Geological Map of Study Area 

 
            In the area, corundum is found enclosed in tonalitic 
gneisses within which, sillimanite schists and cordierite- 
corundum rock form small lenticular bodies, pyroxene granulites 
and biotite gneisses .The host rocks for corundum are pegmatite 
veins which have cut through the archaean suite of rocks. 
(Pavanaguru, R and Narayan Sangam, 2005).  
            The study area is occupied by different rock groups of 
biotite-granite-gneisses, schists of various types, amphibolites, 
tonalites, quartzo-felspathic intrusives (quartz veins and 
pegmatites) and gabbroic anorthosites. 
  

II. LITHOLOGY 

            The main rock formations include amphibolites, schists, 
and gneisses of various compositions and also include 
anorthosites, pegmatites and quartz veins, magnesium-aluminium 
rich pelitic granulites (corundum bearing) and hornblende 
pyroxene granulites. Careful observation of the gneissic tract 
reveals the continuity of the Nellore Schist belt into the KSB, 
across the districts of Guntur and Krishna, making the 
Khammam Nellore belt, a single transcratonic, continuous 

T
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supracrustal belt (Babu, V.R.R.M, 1972). The lithology of the 
KSB is almost identical to that of the lower part of the NSB.  
            Metamorphosed pelitic, psammitic and calcareous 
sediments are represented by garnetiferous biotite muscovite 
kyanite - chlorite schists, kyanite and sillimanite bearing meta - 
pelitic schists, calc-silicate rocks, quartzites, fuchsites, and 
magnetite quartzite. The meta-sedimentary unit is tectonically 
emplaced below a metavolcanic unit made up of quartz-chlorite 
schists, hornblende schists and tonalitic gneisses. The KSB rocks 
are intensely migmatized with the development of streaky biotite 
gneiss and hornblende gneisses. amphibolites, meta - ultramafics 
and meta-gabbros, meta-anorthosite gabbro complex as well as 
pink granite are the intrusive phases into the KSB assemblage                  
 
The area represents the following stratigraphic sequences 
 
Stratigraphic Succession of the area around Gobbagurti, 
Khammam District 
 

Era Lithology 

Recent Soil cover  
 
 
 
 
Precambrian 

Quartzites 
Amphibolites 
Anorthosites 
Mafic granulites 
Sillimanite-Cordierite-Opx-Corundum 
rocks 
Schistose amphibolites 
Hbl-Plag gneisses 
Quartzo-felspathic gneisses 
(Tonalites) 

 

III. GEOLOGY OF CORUNDUM OCCURRENCES 

            Occurrence of semi-precious corundum of abrasive 
variety and rare occurrences of gem variety are observed in the 
exploration pits at Lakshmipuram where the host rock is 
sillimanite-corundum schistose rock. At Gobbagurti and 
Singaraipalem corundum occurs in association with kyanite 
schists.  However, at Lallurgudem corundum is occurring locally 
in the soil cover accounting for placer concentrations.  The 
contact zones of altered basic rocks and pelitic schists host 
corundum at Salebanjar. The Donabanda area exhibits similar 
occurrence along the contact zones of pegmatitic veins and 
schists. The Tummalapalle occurrence is associated with 
pyroxene granulites and gneisses. In the Mekalkunta area, 

sillimanite schists and gneisses host corundum. At Wyra, 
corundum occurs with cordierite-sillimanite schists and gneisses.  
Majority of the occurrences are observed in the silica deficient 
geogenic system and account for its concentration. 
            Both the megascopic and microscopic characters support 
the lithological controls of the host rocks for mineralization of 
corundum in Khammam Schist Belt. 
 
 

 
 

Fig.1.1 Section showing Corundum associated with 
Cordierite 

 

 
Fig.1.2 Section showing Corundum in Cordierite-Sillimanite 

Gneiss 
 
 
 
 
 
 
 
 

 
Fig.1.3 Section showing Corundum in Cordierite and the 

altered mineral fibrolite 
 

Fig. 1.4 Corundum occurrence along contact zone of 
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cordierite gneiss and tonolite 
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Abstract-Seasonally waterlogged grasslands are colloquially called vayals. These  vayals  in  addition  to  providing   various  
ecological  services  are  valuable  habitat  and  food  source  for  many  insects, amphibians , reptiles , aves  and  herbivore  mammals. 
Due  to  high  soil  fertility  this  habitat  is  much  sought after for  agriculture . Most  of  the  natural  vayals  have   been  converted  
into  farmland  resulting  in  loss  of not  only  the  valuable  ecological   services  but  also  the  invaluable  biodiversity.  What  little 
of  this  habitat   is  left  undisturbed  is  only  in  the  wildlife protected  areas.  The  status  of  the  vayals  inside  Mudumalai  Tiger  
reserve  was  evaluated  by  mapping  the  vayal  area,  documenting  the  area  occupied  by invasive  and  tracing  the  hydrological  
path. The  study  revealed   that  invasion  of  exotic  species  like  Lantana  camara  and  Chromolaena  odorata  into  these  vayals  
are  a   threat   to   the very  existence of  this  ecosystem. Without  proper  conservation  and  management  these  wetlands  would  be  
lost  for  ever. A  closer  look  at  the  complexity  of  these  vayals  may  help  us  put    proper  management  tools  in  place  to  
ensure  the  conservation  of  these  fragile  ecosystems,  before  it  is  too late. 
    Index terms- Vayals,  Mudumalai Tiger Reserve,  wetlands,  biodiversity. 

I. INTRODUCTION 

 

ayal  is  a  colloquial  word  in  Tamil  and   Malayalam   for  seasonally   waterlogged  meadows  or  wet  meadows. These  

meadows  or  grasslands  are  classifiable   as  “wetlands”  under  article  1.1   of  the  Ramsar  convention  which  states  that  “ 

wetlands  are  areas  of  marsh ,  fen,  peat  land   or  water , whether  natural  or  artificial  ,  permanent  or  temporary  with  

water  that  is  static  or   flowing ,  fresh ,  brackish  or  salt,  including  areas  of  marine  water  the  depth  of  which  at  low  tide  

does  not  exceed  six  meters”. This  ecosystem   falls  under  the  category  “Ts”  i.e  seasonal/intermittent freshwater marshes/pools  

on   inorganic   soils  of  Ramsar’s  Classification System for Wetland Type.   Vayals  for  us is  the   never  ending  lush  green  paddy  

fields  which  is   our  food source . All the  natural  swampy  meadows  which  are    valuable   habitats   for  wetland plant, numerous 

invertebrate, amphibians , reptiles , aves   and  small mammals  have  been  converted  into  farmlands. Inspite  of   providing  

important  ecological  services  and  covering  all  the  strata   of  a  food web  this  ecosystem  has  not  received  the  deserved  

attention. This  study  was  carried  out  to  evaluate    the  extend  of  existence   of  this  ecosystem  and  to  assess  their  status  inside   

protected  boundaries  of    Mudumalai  Tiger  Reserve. 

 

II. STUDY AREA 
 
 

    Mudumalai  Tiger Reserve  is  located  in the  state  of   Tamilnadu  and  is  a  part  of  the    Nilgiri Biosphere Reserve .  It  lies  

between  110 32’ & 110 43’ N and  76 0 22’ & 76 0 45’ E  at  the  tri-junction  of   Kerala, Karnataka  and  Tamilnadu. Mudumalai 

Tiger Reserve is contiguous with Wayanad wildlife Sanctuary on the west, Bandipur Tiger Reserve on the north, Singara Reserved 

Forests in the south and Sigur Reserved Forests in the east. Spread   over  an  area  of  321 Km²  with   an  altitude  of  1000 m  and   a  

rainfall  gradient  of  50 to 200 cm per  annum from  east to  west  has   resulted  in  different  forest  types.   These forest types  have 

in turn contributed to Mudumalai’s rich diversity of vegetation.   Champion and Seth (1968) classified the vegetation type in 

Mudumalai as Southern Tropical dry thorn forest (6A/C) ,Southern Tropical dry deciduous forest (5A/C1B and /C3), Southern 

V 
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Tropical moist deciduous forest (3B/C1C and C2) ,Southern Tropical semi evergreen (2A/C2 , Moist Bamboo brakes (2E3) , Moist 

Bamboo brakes (2E3), Riparian forest (4E/RS1). 

 

 

            

 Mudumalai  plays an important role  in biodiversity conservation of especially large mammals, by  offering  habitat  contiguity  of  

about 3300 km²  with  three   other  protected areas  in  the  region, namely  Nagarahole  and  Bandipur National  Park  and Wynaad 

Wildlife  Sanctuary  through  forest corridors  between the Western Ghats   and Eastern Ghats. Mudumalai  has a part  of the  single 

largest  tiger  population  in India   and  acting as source  population for the Northern and Eastern  parts of the Western  Ghat 

landscape complex  and  has  the highest  potential  for  long-term tiger conservation  (Jhala et al., 2008). 
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Mudumalai’s   high tiger density can be attributed to its healthy prey-base. Tiger’s  preferred  preys – Chital , Sambar  and  the Indian  

gaur  need  enough  forage   to  maintain  their  population especially  during  the  dry  season  especially  in  a  deciduous  forest  

where  the  vayals  have  a   critical    role  to  play. 

III.   METHODOLOGY 

 The  data  of  the  vayal  area which  comes  under administrative  boundary  of  Gudalur  taluk  of  Nilgiri  District  of  Tamilnadu 

State  was  collected  from  the   Revenue  department  to  arrive  at  the total  area  classified  as   vayal  . The  records  categorize   the   

vayals  as   patta  and   assigned  waste ( assigned  as  waste  land). The  ground  truth  was  studied  by  perambulating  every  

individual  vayal  within  the  reserve   on  foot  with a   GPS  and   the  data stored was  downloaded  and  mapped  using  QGIS  

software. The  extend  of  area  invaded  by  woody  and  shrubby invasive  in  the  vayal  was  calculated  by  demarcating    the  

invaded  area  using  a  GPS  and  downloading   and  mapping  the  data  using  QGIS  software. While  mapping , the invaded  vayal  

area  were   coloured  differently  to  categorise  the  area   occupied  by  woody  species, dense  Lantana , spares  Lantana and  

Chromolaena spp. The   woody   species were marked as   a way point using GPS.  The total  area  of  the  vayals  under  cultivation  

was also  arrived  at  by  mapping  the  cultivated  area    using  a GPS  &  QGIS  software. In the  cultivated vayals  inside the  

reserve, in addition to  the  agricultural  crop, the    forest  dwellers  have  planted  a  number  of   trees , shrubs  and  herbs  for  their  

economical and  medicinal needs. These    cultivated  plants   grown  in  the vayals  were    listed  with  their  ethno botanical  uses. 

   The  water  source  to   these  vayals  was  identified  by  tracing the  hydrological  path   throughout  the  Tiger  Reserve  

with  a  GPS  and  downloading  &  mapping  the  data   using  QGIS  software. 

IV.   RESULTS 

   Analysis  of  data  collected  from  the  Gudalur taluk Revenue  office  revealed  that    4.72 %  of  the   total  land  area  in  

Gudalur  taluk  is  classifiable  as  vayals  and   24%  of  these  vayals  lie  within  the   boundaries  of  Mudumalai  Tiger Reserve.  

Only  66%  of  the  vayals  in  Mudumalai  Tiger  Reserve  are  undisturbed .  Thus   in  the  whole  of   Gudalur  taluk  of  Nilgiris  

district   less  than  0.81%  of  vayal  is  in  its  natural  state  without   any  kind  of  anthropogenic   pressure  which  seems  to  be  

proportionately  low. 
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 The study concluded that Mudumalai Tiger Reserve  has  vayals  spreading  over  an   area of  571.14 ha.  . The vayals in 

Mudumalai   are  now  much fragmented   due to invasion of exotic invasive.   

 

 

The total area of “islands of   invasive”   accounts for less than 3% of the natural vayals. As  the  invasion progresses  radially  

more  area  will  be  invaded in  a  short  time.  The   exotic invasive  that  have  colonised  the  vayal  are  suppressing  the  growth  

and  existence of  its  native  biodiversity.  The area invaded by  Lantana camara  dominated followed by Chromolaena odorata. 

Other  invasive  like  Mimosa  pudica  , Ageratum conizoides , etc.,  have  naturalised  and  is  not  a  threat  to  the  vayal  ecosystem. 

 

  

11 species of  trees  have  been  seen  to  commonly   invade  the  vayals.   Anogeisus  latifolia   which  generally  avoids  swampy and  

badly  drained  soil  are  seen  in  reasonable  numbers . Bischofia javanica grows where the water table are high and   in swamps. 

Butea monosperma can tolerate water-logged   situations and  swampy badly drained soils.  Salix  tetrasperma, Syzygium  cuminii  and  

Glochidion  zeylanicum  are  found  growing  in wet  swampy  places  and  along  the  rivers  and  stream. Terminalia  crenulata and 

Mitragyna  parviflora favours  stiff , clayey  soil , where  it  often  becomes  gregarious  in  depressions  and  round  the  edges  of  

swamps. Phyllanthus emblica, Persea macrantha  and  Randia tamilnadensis  thrives best in a damp climate and requires deep moist 

soil. Thus  except  for  Anogeisus  latifolia  which  are  found  only  in the  vayals  of  dry  deciduous  forest,  all other  woody  
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invasive  have  only  found  a suitable  habitat  in  the  vayals  due  to  the  lack  of  optimal  waterlogging  to  deter  the   germination  

of these  woody  species. 

 

 

The cultivated vayals  account for 33% of the vayal area. Oryza sativa and  Zingiber zerumbet is chiefly cultivated in these 

vayals. The  study of  the  floristic  composition  of  the  cultivated  area  revealed  that  141  species  belonging  to 124 genera  and   

52  families  are  present  in  these  cultivated  vayals.  All  the  species  are  either  of  economic, medicinal  or  of  ornamental  value  

and  exotic  to  the  vayal  ecosystem. Many  of  these  escapes  like Ocimum  tenuifolorum, Plectranthes  amboinicus, Curcuma  

aromatica, Zingiber  officinale, Canna indica   have  colonized  the neighbouring vayals. 

Hydrology  of  the  entire  tiger  reserve  was  traced  to  derive   the  water  source to  these  vayals. The  study  revealed  that  

all  the   vayals  lie  on  the  bank  of  seasonal   or  permanent  streams.  Some  of  the  vayals  are  sources  of  alluvial ground  water  

discharge  and  remain  wet  throughout  the  year. During periods of high rainfall, these vayals collect runoff, reducing the  likelihood 

of seasonal flooding  to downstream  low-lying  areas  thus  acting   as flood-plains.   
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V.  CONCLUSION 

Left  with   very  little  area , the   vayal  ecosystem  is   reeling  under  acute  pressure  due  to  invasion of  exotic  species.  The  

vayals  are   presently  fragmented   badly.  Continued   inaction   would   further  degrade  their  status  and   gradual    loss   of  entire  

vayal  ecosystem   is  eminent  unless   proper  conservation  measures  are  put  in  place  in  time.  The  vayals    like  the  prairies  of  

South America  will  have  to  be  reconstructed  after  man  realises  his  blunders  long  after  these  wetlands are lost. 

As  a   timely  move can  save  this  ecosystem, the  following  prescriptions  have  been  put  forward   for  rehabilitation  of  these  

vayals: 

• Uprooting  the  exotic  invasive  from  the  vayals   on  a  war  footing. Removal of invasive plants should be 

followed by active restoration of native  vegetation in the removal sites, as weedy species often take advantage of 

disturbed soil and become more easily re-established in the absence of competition. 

• A critical feature of any restoration or rehabilitation effort must involve restoring the hydrologic processes that 

allow the existence and persistence of a shallow water table throughout the growing season.  Bunds  will  prove 

effective  in raising the water table and discouraging re-establishment  of  non-vayal vegetation.  During the  

monsoon  when  the  in-flow  is  high  a  bund   at  the  mouth  of  the  vayal  would  ensure that  rainwater  does  

not  run-off  and  is  evenly  distributed   giving enough  time  for  water  to  percolate. 

 

• A  bund    constructed  at  the  out-flow  end  will  ensure   that  only  excess  water  leaves  the  vayal. 

• Monitoring  by  removing  invasive  shrubs  and  regular   maintenance  of bunds  and check-dams  is  essential  for  

long  term  results. 
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Abstract: Photo electrochemical electrodes of lithium based mixed molybdate of Sr (II) was prepared from solution phase. Its 
chemical composition was determined by estimating the metal contents in it. The material was characterized by X-ray diffraction 
(XRD), electrical conductivity and diffuses reflectance spectroscopy. Lithium based mixed molybdate of Sr (II) seems to be a good 
choice as photoanode in a PEC cell because of its 2.36 eV band gap. The flat-band potential is located at - 0.16 V vs saturated calomel 
electrode. The power conversion efficiency was found to be 0.19 %. 
 
Index Terms: Semiconductor; Electrolyte; Molybdate; Solar cell; PEC Study 
 

I. INTRODUCTION 

he photo electrochemical cells (PEC) are attracting a good deal of attention for conversion of solar energy [1-4]. However, the 

developments of these cells have been hindered by the relatively low conversion efficiency and poor solubility offered by 

semiconductor electrodes. Efforts are being made [5-8] in the direction of developing an efficient PEC cell with stable semiconductor 

electrode. The important problem is to select suitable photosensitive electrodes. For effective solar energy conversion, one of the 

desirable properties of the semiconducting electrode is an appropriate energy band gap. In search of a photoanode material, n type 

semiconducting materials have been investigated. Lithium based mixed molybdate of Sr (II) is an attractive material because of its 

2.36 eV band gap. 

II. EXPERIMENTAL 

Synthesis of Li2Sr(MoO4)2 

 Lithium based mixed molybdate of Sr(II) was prepared by ceramic technique. appropriate molar ratio mixture of fine powder 

of Li2CO3, SrCO3 and MoO3 of A.R. grade was mixed and ground in an agate mortar using 5% solution of polyvinyl acetate in A.R. 

grade acetone.[9] for homogeneity with appropriate particles size. About 2 gm of powder found to be fairly satisfactory. Pellets of 1.2 

cm diameter with flat parallel faces were prepared from the powder using a hydraulic press at 2 tones/inch2 pressure. The pellets were 

fired at 650oC for 30 hours [10]. After the firing was over, the furnace was allowed to cool slowly to room temperature at the rate of 

1oC/minute. 

 

Characterization 

 The chemical composition of lithium based mixed molybdate of Sr(II) was determined by estimating its metal content [11]. 

Its formation was further confirmed by an X-ray diffraction (XRD) study using Philips model – PW 1700 diffractometer with CuKα 

radiation. To characterize the material, its electrical resistivity in the range of 298K to 555K was measured with BPL-India Million 

Mega-ohmmeter Model RM 160 MK III. A thin layer of colloidal graphite was applied on the clean face of the pellet for providing 

good electrical contact. Diffuse reflectance spectra were scanned on Shimadzu UV 260 spectrophotometer from 200 to 860 nm. 

 Pellets of Lithium based mixed molybdate of Sr (II) showed a high resistivity (4.8 × 108 ohm.cm).  These pellets were 

sintered in hydrogen atmosphere at 773 K for two hours to enhance electrical conductivity. The resistance of pellets was brought down 

to nearer about 900 ohm.cm. the surface of the pellets were polished. The silver paste was applied on the surface of the pellet and fired 

at 300oC for one hour. Good ohmic contact between copper wire and silver coated surface was made and this surface was covered with 

epoxy. This electrode acted as a photoanode. 

 The platinum cathode was fabricated by soft-welding a platinum wire to a platinum plate (1 cm × 1 cm). Three electrode PEC 

cell was designed as a counter electrode. The light source was 150 W tungsten – halogen lamp. The light was illuminated through a 

T
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Quartz plate. In all PEC measurements, 0.1 M Fe3+/Fe2+ was used as redox couple. Ammonium ferrous sulphate and Ammonium ferric 

sulphate were used for the redox couple. The capacitance-voltage and current – voltage characteristics of the cell have been studied, 

measurement procedure s are described elsewhere [12].     

III. RESULTS AND DISCUSSION 

Chemical Analysis and XRD studies: 

 The percentage of Sr (II) present in Li2Sr(MoO4)2 was measured to be 20.79 % against a calculated value of 20.68 %. The 

XRD pattern is presented in Fig. 1. The d values, the corresponding intensities of the diffracted lines and calculated hkl values of 

Li2Sr(MoO4)2 data shown in table 1 confirmed the formation of crystalline Li2Sr(MoO4)2. Lithium based mixed molybdates of Sr (II) 

crystallizes into tetragonal system and exists in a single phase. 

 

Electrical conductivity 

 Temperature dependence of the electrical conductivity is shown in figure 2. The variation of logσ against 1/T showing that 

well known exponential law σ = σo exp(∆E/KT) is obeyed in the temperature range covered. The activation energy ∆E (eV) as 

calculated from the graph has been found to be 2.09 eV. The graph also indicates that lithium based mixed molybdate of Sr (II) is 

semiconducting nature. 

 

Reflectance Spectra: 

 Reflectance spectra is an important tool for the determination of band gap of semiconductor [13]. The diffused reflectance 

spectra was scanned from 200 to 260 nm (Figure 3). The band gap has been calculated to be 2.36 eV by this technique. The difference 

in the values of band gap and activation energy determined from reflectance spectra and electrical conductivity measurement 

respectively is attributed to different experimental conditions and the source of electron excitation. 

 

Differential capacitance: 

 The semiconductor-electrolyte interface capacitance was measured as a function of applied voltage at a frequency of 1 KHz. 

Assuming that the major contribution of the capacitance arises from space charge layer; the data is plotted on the Mott-Schottky 

relations. 
   1                         2 

       −−−−−−− = −−−−−−−−   [(V-VFb) – (KT/9)] 
   C2                 qεεoNe 
 

Where q is charge, T is energy, Ne is the charge carrier density, ε is the dielectric constant of the material, εo is the 

permittivity of the vacuum, VFb is the flat-band potential and V is the applied electrode potential. A linear curve between (1/C2) and 

applied potential (Figure 4) gave on extrapolation the value of flat-band potential to be -0.16 V vs SCE. 

 

Conversion Efficiency and Fill Factor: 

 The maximum conversion efficiency and the fill factor were calculated from the I – V characteristics of the PEC cell (Fig.5). 

The photocurrent and photovoltage of the semiconductor electrode were measured at different bias potentials. The fill factor and 

conversion efficiency were calculated to be 0.42 and 0.19 % respectively. The low power efficiency is attributed to comparatively 

high band gap of semiconductor [2 ] and surface recombination of photogenerated minority carriers presumably mediated by 

electronic state in the semiconducting material [14]. 

IV. CONCLUSION 

 It is concluded from above studies that solar to electrical conversion efficiency is quite low. However, attempts are being 

made to increase the conversion efficiency of lithium based molybdate of Sr (II) by using it in the form of thin film or single crystal 

photoanode in place of polycrystalline material.  
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Figure 1 : X-Ray diffraction pattern of Li2Sr(MoO4)2 
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Figure 2 : Temperature Dependence of The Electrical Conductivity. 
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Figure 3 :  Reflectance spectra of Li2Sr(MoO4)2. 
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Figure 4 : Mott-Schottky plot of Li2Sr(MoO4)2. 
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Figure 5: I-V Characteristics of Photoanode. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 

X ray diffraction results of Li2Sr(MoO4)2 

Symmetry : Tetragonal 

Lattice parameter:  ao = 16.3329 Å, co = 27.5839 Å 
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Abstract- Idioms are part and parcel of mastering any language. 
They are a prominent natural part of our everyday discourse 
since they reflect cultural and linguistic boundaries enabling 
communication between different cultures. This paper, therefore, 
attempts to explore the different types of idiom, shed lights on 
some Arabic and English idioms and focus on the difficulties 
faced by learners and translators. Bearing in mind these aims, 
some Arabic and English idioms were selected and then 
explained. The overall results showed that idioms can never be 
translated literally; context, equivalence and semantic relativism 
should be considered when dealing with idioms. To be 
communicatively and linguistically competent,  translators as 
well as learners should find the equivalence in the same language 
first and then in the target language. As a result, it is strongly 
recommended that translators as well as learners should be fully 
aware of some translation techniques and the context of the 
discourse s/he is dealing with. 
 

I. INTRODUCTION 

ichards and Schmidt (2002: 246) defines an idiom as: '' an 
expression which functions as a single unit and whose 

meaning cannot be worked out from its separate parts.'' For 
example, the meaning of the idiom to “run oneself out” is “to be 
completely exhausted''. This meaning has nothing to do with the 
meanings of the separate words of which the idiom is composed. 
However, it is to be noted that an idiom has usually started as a 
phrase having a literal meaning and then starts to be used in a 
figurative way. Al-Haddad (1994) argues that there must be some 
relationship between the meaning of most idioms and the 
meanings of their constituents at some time in the past, and, if 
not, they would not have been expressed by them. Translating 
idioms is not an easy task. Pedersen (in Trosborg, 1997: 109) 
argues that: '' The translation of idioms is as difficult as it is 
central''. Whereas Larson (1984), argues that idioms should be 
translated with great care:’’ The translator must first be sure of 
the meaning of the idiom and then look for the natural equivalent 
way to express the meaning of the idiom as a whole’’. 
           Despite recent developments in the field of translation 
theory and application, idiomatic expressions are still considered 
as a serious challenge for translators as well as foreign 
teachers/learners . Many scholars like Newmark (1988), Larson 
(1984) confirmed that idioms can never be translated literally; 
word for word translation should be avoided. 
. 

II. PURPOSE OF THE STUDY 

           The current paper is to analyze some Arabic and English 
idioms taking into consideration their bound culture, equivalence 
and context, to explore the types of idioms, and to focus on using 
one of the techniques of dealing with idioms that is equivalence.  
 

III. OBSERVATIONS  

           In this section, Arabic idioms will be translated literally; 
word for word translation will be conducted in order to obviously 
show the research problem and to be a basis for the results and 
discussion in the following section. 
 

 Arabic idioms  Word for word translation 

into English 

1 beddak elhaq walla ibin 
ammoh? 

DO YOU WANT THE 
TRUTH OR ITS COUSIN? 

2 ilak or walla lil theeb? FOR YOU OR FOR THE 
WOLF? 

3 bagool toar begool ihliboh I TELL HIM IT’S A BULL, 
HE SAYS MILK IT.  

4 abaad min nijoom elsama FARTHER THAN THE 
STARS IN THE SKY 

5 arkhasu mina al fijl CHEAPER THAN 
RUDDISH 

6 gassdak itha ajat elmalaeka, 
alshayyateen raht 

DO YOU MEAN WHEN 
ANGELS COME, DEVILS 
RUN AWAY? 

7 hal mustaed an taddaa rasak 
bain elroos wetgool ya gattaa 
elroos 

ARE YOU READY TO 
PUT YOUR HEAD 
AMONG THESE HEADS 
AND SHOUT CUT OUR 
HEADS OFF? 

8 hal elain bi teala an elhajeb?! CAN THE EYE BECOME 
HGHER THAN THE 
EYEBROW?! 

 

Table A 
 
           As shown in Table A, the translation of the selected 
idioms seems to be meaningless though idioms are very 
meaningful in Arabic. For more specific illustration, let’s 
consider the eighth example tackled in Table A. on the one hand 
when a speaker of Arabic uses such idiom “ Can the eye become 

R
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higher than the eyebrow?”, s/he intends to refers to a  noble 
person to show that s/he has the most sublime status.  
           A hearer of another culture may get this message wrongly; 
s/he may understand that the speaker is looking for illogical 
scientific information? 
 

IV.  ANALYSIS AND DISCUSSION 

           Though, idioms are used interchangeably in both speaking 
and writing, we should consider that spoken Arabic generally 
uses idioms more often than written. Moreover, there are regular 
idioms and there are special idioms in terms of structure or 
meaning. Those of special structure are the dialogue expressions, 
the narrative expressions and the rhetorical questions. 
 

4.1 Dialogue expressions: 
           As regards the dialogue expressions, formulaic responses 
are required. This can be clearly shown in the following 
examples: first, as shown in Table A in the first example, when a 
speaker of Arabic intends to confirm s/he is telling the truth, s/he 
sometimes starts the conversation with the following question: ( 
beddak elhaq walla ibin ammoh?) a word for word translation for 
this question is ( do you want the truth or its cousin?). the listener 
should reply ( I want the truth of course). Second as shown in 
table A in the second example, when a speaker of Arabic asks a 
friend to do him/her a favor, he uses a provocative expression 
like ( ilak or walla lil theeb?) which means in English . “FOR 
YOU OR FOR THE WOLF?”. As a result, the listener should 
reply saying (khasa eltheeb) which means in English  “WOE TO 
THE WOLF”. This reply shows that the listener is willing to 
help. Third, when a speaker 
 
4.2 Narrative expressions 
           Concerning the narrative expressions, it is worth notably 
that a narrative expression consists of two to four sentences to 
make a certain point. This can be clearly shown in the following 
examples; first as shown in table A, the third example, a speaker 
of Arabic usually says (bagool toar begool ihliboh) a word for 
word translation for this sentence is (I tell him it’s a bull, he says 
milk it). The speaker indeed intends to confirm that the listener 
doesn’t understand what the speaker means. To enhance this 
idea, a further example can be discussed:  In a badly 
frustrating situation, especially when a speaker of Arabic intends 
to argue that s/he is telling the truth and that s/he is not a liar, 
s/he you starts his/her argument wishing to disappear from 
existence if s/he was a liar!.( inshallah I will be vanished from 
the surface of earth). After hearing such type of a sentence, the 
listener is expected to believe what the speaker argues about. 
           Third as shown in table A, the fourth example, a phrase 
like (abaad min nijoom elsama) which means “FARTHER 
THAN THE STARS IN THE SKY”. This phrase can be used to 
describe something that is absolutely impossible. To enhance this 
idea, a similar example can be discussed: a phrase like (ath-haru 
mina alshamsi) which means ( as clear as the sun), can be used to 
show that a speaker’s point of view is completely clear and 
obvious. A similar example on narrative expressions is shown in 
table A, 5: when a speaker of Arabic intends to convey that 
something is much more cheaper that you think. He says 

“arkhasu mina al fijl” which means in English ( CHEAPER 
THAN RUDDISH). 
           To support this idea, another example of narrative 
expressions is to be discussed: when a speaker of Arabic wants to 
convey that nothing is impossible for him/her, s/he can say ( itha 
betotlob laban elasfoor, hajeeboh) which means in English ( even 
if you ask me for the milk of a bird, I’ll bring it). Similarly, if a 
speaker of Arabic intends to praise someone showing that s/he is 
of good origin, or that s/he a respectable person, the speaker says 
(ibin “or bint” ajaweed) which means in English  “SON OF 
ADAM (A HUMAN BEING)”. 
 
 
4.3 Rhetorical Questions 
           This type of idiomatic questions indeed needs no answer. 
As shown in table A, 6, a speaker of Arabic can use a funny 
expression when someone on the way out meets someone else 
coming in. a speaker of Arabic says (gassdak itha ajat elmalaeka, 
alshayyateen raht) which means in English "DO YOU MEAN 
WHEN ANGELS COME, DEVILS RUN AWAY?". In such a 
funny situations, only smiles are expected from the addressees. 
Similarly, if a person is complaining about a certain matter, a 
speaker of Arabic may ask, as a means of calming down that 
addressee (hal mustaed an taddaa rasak bain elroos wetgool ya 
gattaa elroos) a word for word translation, this question can be 
translated in English to (are you ready to put your head between 
these heads and shout cut our heads off. Meaning "Would you do 
whatever anyone else is doing even if it means your life?" (like 
the English proverb if your friend jumped from a bridge would 
you?). 
           As a means of pointing out this idea, let’s discuss the 
following example shown in table A, 8: When a person of a 
noble origin is insulted by a trivial or bad person , a speaker of 
Arabic may ask (hal elain bi teala an elhajeb?!) which can be 
translated into English as (can the eye become higher than the 
eyebrow?!). the eye here refers to that noble person to show that 
he has the most sublime status. 
 
4.4  How can translators or learners overcome this problem 
           Idioms have been formed as a result of cultural and social 
backgrounds, and therefore come into use on certain occasions. 
Translators as well as learners should take into their account the 
idioms equivalence and the context those idioms have been used 
in the same language and then later on in English translation and 
vice versa. The following table shows some Arabic idioms and 
their equivalences in English.  
 
 Arabic idioms  English 

equivalences  
 min tagtag laمن طقطق لس�مو عليكم  1

salmu alaikom. (from the 
beginning to saying bye)  

from A to Z 

 yomalli alain (to fill the يملى العين 2
eye ) 

To fill the bill  

 itlaa min nafookhiاطلع من نافوخي   3
“get out my brain” 

get off my back 

يشم الخبر  4 yashommo alkhabar “to 
smell the news” 

get wind of 
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طلع عينه  5 tallaa ainoh (to get his eye 
out) 

give someone a hard 
time 

أقطع ذراعي  6 diraay agtaa (I will cut 
my arm if) 

I will eat my hat if 

حيطة مايلة   7 haita mayla  “a falling 
wall” 

a broken reed 

 asham ibleess fiعشم ابليس في الجنة 8
aljannah (it’s the devil’s wish to 
join the paradise) 

A pie in the sky 

 mayya min that tibin مية من تحت تبن 9
(water under dried grass) 

a snake in the grass 

فولة وانقسمت نصين    10 foola wi 
itgasamet nossain. (one pea 
divided into two parts) 

two peas in a pod 

Table B 
English idioms equivalence in arabic 
He is a black sheep (used to 
mean someone is ill-mannered 

 He is ill-mannered شخص سيء

it's a apiece of cake ( used to 
show it is an easy matter) 

 (it’s water) الموضوع مية

It rains dogs and cats. (used to 
show that it rains heavily) 

 (it is pressing much) الدنيا بتكبس

This is a hot air (used to mean 
those words are valueless).  

 did you hear ھل سمعتم شي ؟
anything? 

She is in the clouds. (referes to 
a person who is absent-
minded). 

انامع  she isn’t with us مش 

Break the ice is used to 
mean “pave the way” 

 open a field افتح مجال

I will go banana is used to 
mea (I will go mad ). 

 (my brain will fly) مخي حيطير

He looks blue is used to 
mean (he is sad). 

 (it’s closed to him) مسكرة معه

Table C 
 

V. CONCLUSION 

           Idioms are culture-bound; the majority of idioms have 
cultural associations, which make them peculiar. Accordingly, 
translators as well as learners should adopt a strategy when 
dealing with idioms; both form and meaning should be 
considered. Regarding idioms translation, idioms can never be 
literally translated. Accordingly,  translators as well as learners 
should pay attention to the context and the equivalence of a 
certain idiom. 
           Compared to idioms, simple words like “open”, “lion”, 
“teacher” etc can be easily translated. When dealing with idioms, 
a translator as well as a learner should find the equivalence in the 
same language first and then in the target language. As a result, it 
is strongly recommended that should be fully aware of the 
translation techniques and the context of the discourse s/he is 
dealing with. 
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Abstract- With increasing growth in wireless multimedia image 
communication, the topics related to be handled are resource 
consumption and quality of the image being transmitted without 
noise.  In  this  paper  we  propose  a  novel  method  to compress 
the image using improved wavelet based polyomino’s lossless 
compression technique which increases the quality of image at 
receiving end. The compressed image is transmitted  by  Energy  
Efficient  High  Quality  Image  Transmission  scheme 
(EEHQIT)  to  achieve  energy  efficient  image  transmissions  
in  Wireless  Sensor Networks (WSNs). However the existence 
of  noise makes the imaging system is a complicated task.  In  
this  scenario  reducing  noise  using  filter  technique  for 
achieving high quality compression image transmission is 
desired. To avoid noise in the compressed image, a scheme of 
spatial averaging filter is presented and tested on the transmitted 
compressed image.  This approach removes the noise from the 
transmitted image by way of rebuilding the image to obtain the 
original image without loss of information. Experiments were 
conducted using the natural and real images collected by our-
selves shows that our approach, spatial averaging filter improves 
the image quality of the compressed image at the receiver side. 
Simulation results show up to 85% reduction in the total power 
consumption and higher PSNR value is achieved using the 
proposed noise filtering strategy. In this approach, the wireless 
image transmission is efficiently implemented from the source to 
designation via the router.  
 
Index Terms- Wireless communication, Image compression, 
Image quality, Interactive transmission  

I. INTRODUCTION 

fficient  Spatial  Averaging  Filter  for  High  Quality  
Compressed  Image Transmission  facilitates  many  useful  

applications  such  as  surveillance  which reduces  the  
occurrence  of  noise  in  the  images  and  analyzing  health  and  
environmental data  in  wireless  multimedia  image 
communication.  The current specification of image transmission 
lacks a mechanism to determine energy efficient protocols and 
filtering techniques to reduce the noise involved in images. When 
people transmit image they usually face the problem of noise 
included in images. In order to transmit high quality images the 
work focus on using novel spatial average filtering technique to 
alleviate the above problems. In this technique, the image 
transmission from the sending side to the receiving side is done 
with the router.  
    Researchers have introduced several mechanisms to provide 
solutions by way of transmitting the data via forward error 
correction. Subsequently the price aid for lossless transmission 
over  a  lossy    medium is extremely lengthy in  terms of  
transmission  time  which  occurs  due  to  retransmissions  of  
lost  packets. Henceforth redundancy increases the amount of 
information to be transmitted. Figure 1 shows some examples of  
image collected for performing high quality compressed image 
transmission. The images are collected from various natural and 
real data sets. In this work we employ EEHQIT scheme. 
 

 

 
 

Figure 1 Some examples of collected image 

E
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The basic idea behind the scheme is to use energy efficient 
considerations in order to be suitable for wireless multimedia 
image communication. Here the images are divided into packets 
and the source sensor transmits the packet with the highest 
priority and continues the process with the next highest priority 
and so on. While transmitting  images  (in  terms  of  packets)   

noise  is  included in   the transmitted  images.  To  remove  the  
noise  from  the  transmitted  images  in  the receiving side 
spatial average filtering technique is proposed. Experimental 
results also show the improvement in the quality of image being 
compressed at receiver side.  
 

 
 

Figure 2 Overview of our method 
 
An overview of the method is shown in figure 2. The main task 
of removing  noise  from  images  is  decomposed  into  wavelet  
based  image compression, energy  efficient high quality  image 
transmission and finally  in to spatial average filtering for 
producing high quality compressed image transmission at the 
receiver side. Moreover the wavelet based image compression is 
formulated using improved Polyomino Lossless Compression 
Techniques (PLCT)  on  the lossless compressed image format. 
This improved PLCT is used to compress and decompress an 
image any number of times by retaining and without lowering the  
image’s quality.  
    The  compressed  image  is  proven  to  be  energy  efficient  
using  enhanced open-loop scheme (based on the work of 
Vincent Lecuire et al.). Many researchers have derived energy-
efficient data transmission schemes. In this work we present 

energy efficient image transmission in the receiving side using 
enhanced open-loop  scheme      model , which  is  implemented  
by  way  of       2D  DWIT  scheme. Additionally the transmitted 
images are proven to be energy efficient by adopting priority-
based packet technique in which the packets of subsequent 
priorities are forwarded  having  the  highest  priority  and  next  
the  second  highest  prioritized packet and so on. Finally noise 
produced in the images at the receiving end is removed using the 
filtering techniques and results in high quality images.  
The structure  of  the  paper  is  as  follows.  In  Section  2  
related  work  is discussed. In Section 3 the details of the wavelet 
based image compression for WSNs are provided. Section 4 
describes the Energy Efficient High Quality Image Transmission 
(EEHQIT) in WSNs. Section 5 discusses about the removal of 
noise in receiving side using Spatial Box Filter technique. The 
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experimental results are discussed in Section 6 and finally in 
Section 7 we present our conclusions. 

II. RELATED WORK 

    Many methods related to image transmission using filtering 
techniques of multimedia  applications  over  wireless  sensor  
network  have  been  proposed  by researchers.  Pinar Sarisaray 
Boluk et al. [1] presented two techniques for robust image  
transmission  over  wireless  sensor  networks.  The  first  
technique  uses watermarking whereas the second technique is 
based on the Reed Solomon (RS) coding which considers the 
distortion  rate on the image while transmission for wireless 
sensor networks.  
    Renu Singh et al. [8] proposed wavelet based image 
compression using BPNN  and  Lifting  based  variant  wherein  
optimized  compression  percentage  is arrived  using  these  two  
adaptive techniques. Pinar Sarisaray Boluk, et al. [2]  studied  
image  quality  distortions  occurred  due  to  packet  losses using 
two  scenarios, considering watermarked and raw images to 
improve the Peak-Signal-to-Noise-Ratio (PSNR) rate. 
    In digital image processing Zhang Xiao-hong and Liu Gang 
[5] proposed SPIHT (Set Partitioning In Hierarchical Tree) 
coding scheme to  reduce  the  distortion  in  images.  In [6]    the  
authors Wenbing  Fan    and Jing Chen, Jina Zhen proposed an 
improved SPIHT algorithm to gain high compression ratio. 
    The recent development in image processing is the application 
of geometric wavelet.  Garima Chopra and A. K.  Pal [15] 
presented binary space partition scheme which is compared with 
Embedded Zero Tree Wavelet (EZTW), Set Partitioning  in  
Hierarchical  Trees  (SPIHT)  and  Embedded  Block  Coding  
with Optimized  Truncation  (EBCOT). Experiments conducted 
shows outperforming results using binary space partition scheme. 
    Weeks. M.and Bayoumi. M.A. [4] made comparison study on 
3D and 2D DWT. Two architectures has been designed which 
has a central control on the low pass and high pass filters. 
Reichel, J et al. [3] proposed integer wavelet transform (IWT) for 
lossy image compression instead of discrete wavelet transform 
(DWT) where rounding operations are modeled as additive noise. 
    One of the main factors  to be analyzed in Wireless Sensor 
Networks (WSNs) is to reduce the transmission energy  
consumption.  Rajani  Muraleedharan et  al.  [7]  modeled  
energy  efficient protocols  for  wireless  sensor  networks  using  
meta-heuristic  combinatorial algorithm. 
    Once the image being transmitted, any noise embedded in the 
images have to be removed using filtering techniques. K. 
Vishwanath et al. [9] presented image filtering  techniques  on  
larger  DCT  block  which  speed  ups  the  operation  by 
eliminating  certain  elements.  Bert  Geelen  et  al.  [10]  
presented  an  analysis  of spatial  trade-offs  under  various  
resource  requirements   by  obtaining  optimality while 
localization. James R. Carr [11] applied spatial filter theory to 
kriging for remotely  sensed  digital  images.  The  method  
proposed  improved  image  clarity. Syed Muhammad Monir and  
Mohammed Yakoob Siyal [12] presented an iterative scheme by 
applying spatial filtering for noise suppression using novel 
similarity measure.  In  addition  to  the  above  iterative  scheme  
the  author  used  functional similarity of voxels to preserve the 
shapes. 

    Wavelet transforms are used to analyze signals and images. 
Yansun  Xu et al. [13]  proposed  selective  noise  filtration  
technique  based  on  the  spatial correlation  method.  The  
filtration  technique  used  in  this  work  reduces  noise contents  
in  signals  and  images.  Giacomo    Boracchi      and  
Alessandro  Foi [14] considered  the  restoration  of  images  by  
using two techniques called uniform   motion blur and Poissonian 
noise. An analysis is also presented with variation of root mean 
squared error with respect to time which results in optimal 
exposure time. 

III. WAVELET BASED IMAGE COMPRESSION FOR WSN 

    The two types of image compression for producing high 
quality images are lossless  and  lossy  techniques.  After  
decompression  the  original  image  is recovered.  Compressing 
an image is entirely different process than compressing raw  
binary  data.  Lossless  compression  involves  the  process  
wherein  after compression in the post-processing when 
decompressed the image obtained will be an exact replica of the 
original image. As illustrated in figure 2, given with 
image(natural or real data set) energy efficient image 
transmission proceeds with the decomposition of the process in 
to three  models.  Initially  the  image  is  compressed  using  
wavelet  based  improved polyomino  compression  technique.  
The  image  being  sent  should  be  energy efficient  in  order  to  
be  suitable  for  wireless  sensor network  which  is  achieved 
using priority-based packet technique. Finally the images while 
performing post-processing is proven to be noise-free using 
spatial filtering technique. 
    3.1. Wavelet-based Improved Polyomino Compression 

Technique 

    The image transmission principle for wireless communication 
is based on 2D  discrete  wavelet  image  transform  and  
improved  polyominos  lossless compression technique to 
achieve energy conservation. S. Mallat et al. employed 2D 
Discrete Wavelet-based Image Transform which decomposes the 
signal into series of samples which are again passed through two 
filters called as low-pass filters and high-pass filters with impulse 
response r0 and r1. 
    Wavelet based lossy compression using adaptive techniques 
were proposed by  Renu Sigh et al[8]. As  mentioned  above,  the  
aforementioned  techniques  are  limited  to Certain images  
Compared with the above two techniques, our scheme is more 
robust and accurate. 
    3.1.1. 2D Discrete Wavelet-based Image Transform (DWIT)  

    The image transmission principle to produce high quality 
images is based on 2D Discrete Wavelet-based Image Transform. 
At every iteration of DWIT the lines  of input  image  are  low-
pass  filtered  or high-pass  filtered  having  impulse response r0 
and r1 respectively. The lines of two images achieved at the 
output of two filters are decimated based on the factor of 2.  The 
columns are low pass filtered and high pass filtered with r0 and 
r1 respectively. The columns of four images are decimated based 
on the factor of 2. In this way four new sub-images are 
generated. The first sub-image retrieved is named as 
approximated sub-image or LL image. The other three sub-
images are called as detail sub-images or LH, HL and HH. The 
LL image obtained act as the input for the next iteration. The 
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process is repeated for the remaining sub-images. The coefficient 
of 2D DWIT is represented by the following equation 1. 
 
iDindri [a,b] = [ i (A1,A2) Ψ indri,a,b (A1,A2)]        (1) 
 
Where  ‘i’  denotes  the  image  whose  DWIT  is  to  be  
computed,‘ind’ represents the iteration index level and ‘ri’ 
denotes the resultant images (four sub- images) obtained as 
shown in table 1 and ‘Ψ’ denotes the wavelet form. 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Resultant and Sub-Images 
 

 
 
The factorization of wavelets is given below in the equation 2.  
 
Ψ indri,a,b (A1,A2)  = ρ indri,a,b (A1)  * τ indri,a,b (A2)     (2)  
 
The factors (two) are computed using the scale function α (A) 
and β (A) given by the following equations 3 and 4.  
 

 

                 (3) 
 
 
 
 

        (4) 
 
 

 
     

    3.1.2. Improved Polyominos Lossless Compression Technique 

(IPLCT)  

    The two types of image compression techniques in wireless 
communication are  lossless  and  lossy  techniques.  The  
original  image  is  of  recovered  after decompression.   

    Figure  3  shows  the  conceptual  framework  typical  wavelet 
based image compression. The work takes any color JPEG image 
as primary input. The width and height of image is provided by 
the user. The wavelet transform model for wireless 
communication consists of both forward and inverse wavelet  
transform where ‘1’ represents forward wavelet transform and ‘-
1’ represents the inverse wavelet transform. Based on the type of 
wavelet transform the image is assigned to be in ‘RGB’ space or 
‘YUV’ space. If the input selected is in the form of forward 
wavelet transform image, input is assumed to be in RGB space 
and if the input selected  is in the form of inversed direction 
image, input is stored in YUV space. 
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Figure 3 Conceptual Framework of Wavelet-based Image Compression 
 
 
In  order  to  implement  the  forward  and  inverse  wavelet  
transforms, Quadrature Mirror Filter model (QMF) is used. The 
QMF model filters comprises of low-pass filter (LP) and high-
pass filter (HP). The relationship between filters LP and HP is 
given in equation 5.  
 
HP (n) = (-1) ^ m * (LP) (1 - m)                      (5) 
 
 
The implementation of forward wavelet transform is done using 
LP_b and HP_b. The implementation of inverse wavelet 
transform is done using LP and HP. The  relationship  between 
LP_b  and  LP and HP_b  and HP is derived from the equation 6 
and 7. 
HP (n) = HP_b * (-n)    (6) 
LP (n) = LP_b * (-n)    (7) 
 
    3.2. Energy Efficient High Quality Image Transmission  

    Provided  with  an  input  image  the  image  being  sent  
should  be  energy efficient  in  order  to  be  suitable  for  

wireless  sensor  network.  This  principle  is achieved using 
priority-based packet technique which is based on energy 
efficient image  transmission  principle,  suitable  for  wireless  
sensor  networks.  Energy efficient  high  quality  image  
transmission  is  attained  through  the  use  of  2D Wavelet  
Image  Transform  as  discussed  in  3.1.1.  The  2D  DWIT  
provides  data disintegration in terms of multiple levels of 
resolution. In this way the image is further segmented into 
packets having different priorities. Results show up to 90% 
reduction  in  the  energy-efficient  image  transmission  
compared  to  non  energy efficient image transmission. 
    3.2.1. Priority-based Packet Technique (PPT)  

    Once  the  raw  images  are  divided  into  packets  consisting  
of  different priorities  the  packets  are  ready  to  be  sent  to  the  
other  side  in  wireless  sensor network.  The source transmits 
the packet with the highest priority and then the next highest 
priority and so on as shown in figure 4. The image transmitted 
from the  source  node  in  wireless  sensor  network  selects  and  
sends  the  first  highest prioritized packet, next the second 
highest prioritized packet and so on to the sink node. 

 

 
 

Figure 4 Path representations in Enhanced open-loop scheme 
 
 
PPT uses hop-by-hop transmission which is conceded to be 
reliable since the data packet sent is based on the hand-shaken 
model. This model utilizes the acknowledgement scheme 
wherein the packets are retransmitted if lost by using the 
enhanced open-loop scheme which is discussed in the following 
section.  

3.2.2. Enhanced Open-loop scheme  

The working of enhanced open-loop scheme is discussed below. 
As soon as the packet arrives at a node, two types of information 
are needed for the process to continue in precise manner. They 
are priority mode assigned to the packet and maximum amount 
of priority levels which is provided by source node. Enhanced  
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open-loop scheme for reliable transmission uses a 3-byte-long 
packet header as illustrated in figure 5. It consists of the image 
tag to identify the image, data to be sent, ‘AP’  represents  the  
amount  of  priority  mode  assigned  totally  and  ‘PL’ represents 
the priority level of the corresponding packet. We refer to the 
source node as ‘source’ and destination node as ‘sink’. The first 
and second fields of the packets are used by the sink. In case of 
missing data the sink node replaces the packets with ‘0’ due to 
loss of packets. 

 
 

Figure 3-byte-long packet headers 
 
The enhanced open-loop scheme is based on hand-shaken model 
where the images  are  sent  to  one-hop  neighbor  and  the  
acknowledgement  is  provided immediately which is the basis 
for reliable scheme.  
    3.2.3. Energy model for enhanced open-loop scheme  

    In  order  to  evaluate  the  benefits  of  enhanced  open-loop  
scheme  energy utilization  is  analyzed.  The  energy  model  for  
EEHQIT  is  tested  using  two scenarios where the images are 
either transmitted or dropped. Let us consider the first scenario 
where the images are transmitted using enhanced open-loop 
scheme. Let Prob (PL,m) be the probability that packets with 
priority PL are transmitted from the source node to the sink node, 
henceforth (m+1) hops are implemented which is performed by 
the following equation 8. 
Prob ( PL,m) = (1 - β PL) m    (8) 
With 0 < PL < AP -1  
Let us consider the second scenario where the images are 
dropped. Let Prob (PL,i) denote the probability where the 
packets are dropped before reaching the sink node denoted by the 
equation 9. 
Prob (PL,i) = β PL  * ( 1 - β PL  )   (9) 
With 1 ≤ i ≤ m and 1 < PL < AP -1   
    From equations 5 and 6 the energy utilized by packets of 
priority ‘PL’ is given in equation 7. Let ‘nl’ denote the number of 
packets which transmits all data with priority ‘p’ and ‘al’ denote 
the average size. The average number of hops completed by 
packets of priority level is denoted by ‘i’ if they are dropped at 
node ‘i’; otherwise it is (m + 1) in case of image being 
transmitted and is denoted by equation 10 and 11 respectively for 
the node being blocked and the node being transmitted. 

(10) 

 
       (11) 

From equations 10 and 11 the total energy required to transmit 
the entire image is given below.  
ET = Σ [nl * E(al) * Prob ( PL,m) * (m + 1) +  
Σ Prob (PL, i ) * i ]    (12) 
 
Where Prob (PL,m) and Prob (PL, i ) is already given in equation 
8 and 9 respectively. 
 
    3.3. Spatial Average Filtering for  High  Quality  Compressed  

Image Transmission  

    While transmitting images we focus on spatial average 
filtering scheme, to produce high quality images by removing the 
noise present in the images. In order to remove the noise from 
the transmitted image by EEHQIT scheme box filtering 
techniques are used. The idea behind smoothing filters is straight 
forward. The value of the pixels in an image is replaced by the 
average of the levels in the neighborhood of the filter mask. The 
results of the filter mask produces image with sharp transitions. 
    3.3.1. Box Filtering for High Quality Compressed Image 

Transmission  

    The process for producing  high  quality  compressed  image  
transmission comprises of proceedings of the filter mask from 
one point to another for a given image. At each point (a,b) the 
filter mask at that corresponding point is calculated. For 
producing high quality compressed image transmission in the 
receiving side we concentrated on 3 * 3 masks (where ‘mask’ 
represents the sub image in main image). The result of 3*3 masks 
is given in following equation 13. 
Res =     W(-1,-1) f(a-1,b-1) + W(-1,0) f(a-1,b) +    ………    + 
W (1,1,) f(a+1,b+1)                                 (13) 
 
Equation 10 shows the sum of products for 3 * 3 mask where f 
refers to linear filtering of size 3 * 3. 

IV. EXPERIMENTAL RESULTS 

The  experimental  evaluation  on  image  transmission  is  
carried  out  with JPEG images comparing the noise level with 
and without using filtering technique and  comparing  energy  
performance  of  image  transmission  schemes  in  various 
scenarios.  

A monochrome image  of 128 X 128  pixels  is  used  as a  test 
image. Numerical values adopted for the input parameters of 
energy models are described below. Then, we present the results 
of numerical application. To get a reference, we evaluated the 
consumed energy by transmitting the whole image (37249 bytes)  
reliably without applying WT or compression algorithms. In the 
following, we call that the "the original scenario". The amount of 
energy dissipated to transmit the original image is 15J per hop. 
Afterwards, we applied WT once and then twice without 
compression. When WT is applied once, we obtained a 
resolution 0 of 4106 bytes and a resolution 1 of 12288 bytes. 
Similarly, when WT was applied twice,  we  obtained 1034,  
3072  and  12288  bytes  for  resolutions  1, 2 and 3 respectively. 
Figure 1 shows some examples of collected images.  

In the following,  energy  consumption,  efficiency,  system  
lifetime  are discussed, as well as the comparisons with other 
methods are performed. At the start, we verify the efficiency of 
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image compression technique applied.   
4.1. Results of Wavelet based Image Compression  
In our implementation, simulations are made with lossless 

compression and lossy compression.  Results  show  that  
although  the  size  of  the  bytes  has  been reduced considerably 
the resultant image obtained after the compression algorithm 
have not  been  changed.  The  image  is  same  as  to  the  
original  image.   In  our experiment as the value of the quality 
increases in lossless compression we obtain 117331  bytes  in  

lossy  compression  we  attained  97744  bytes  and  in  wavelet 
compression we gained 105422 bytes. The result of the 
comparison shows that from the three compression techniques as 
shown in figure 6 wavelet compression results with the reduction 
of bytes without changing the original image. As though we 
compress the image and then transmit, considerable amount of 
energy is utilized. This energy consumption is also reduced to the 
maximum possible and then the image after being compressed is 
transmitted. 

 

 
 

Figure  6  Three  Compression  techniques 

 

(a) Original image 
(b) Lossless Compression(Quality rate 50%) 
(c) Lossy Compression (Quality rate 50%)  
(d) Wavelet Compression (Quality rate 50%)  

4.2. Energy efficiency in WSNs  

In this section, we apply the energy consumption models to 
evaluate and compare energy performance of \image 

transmission schemes in various scenarios. Figure 7 show the 
average consumed energy per node as a function of the number 
of  intermediate  nodes.  When  2D  DWIT  is  applied  we  see  
that  the  consumed energy is clearly lower compared to the case 
without 2D DWIT. 
 
 

 

 
 

Figure 7 Energy Consumption using Priority-based Packet Technique 
 

Figure  7  shows  the  comparison  of  our  proposed  priority  
based  packet technique with existing approach. For simulation 
the image size is taken as bytes and  for  experimentation  
purpose  five  images  are  taken  (24249,  53753,  75173, 
115331). An increase in the image size causes the energy level to 
get increased. When  compared  to  existing  approach  enhanced  
open  loop  scheme  consumed lower energy.  

4.3. Image Transmission in Receiver Side  

As a performance measure, the Peak Signal-to-Noise Ratio 
(PSNR) is calculated for the reconstructed images at the receiver 
side. PSNR metric is used to compare two images, the more pixel 
difference between the images, the less the PSNR value. 
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Figure 8 Image size Vs PSNR 
 

Figure 8 depicts the performance comparison graph showing 
the result of PSNR  value  at  sender  side  and  receiver  side  
which  is  measured  in  terms  of decibel.  In  order  to  
reconstruct  the  image  at  the  receiving  side  DC  and  AC 
components are used. By using spatial average filtering 
technique the PSNR value at receiver side is nearly equal to the 
sender side.  

 

CONCLUSION 

In this work, a novel method spatial filtering techniques and 
2D DWIT is proposed  to  remove  the  noise  present  in  the  
images  in  the  receiving  side  via enhanced open loop scheme. 
An enhanced wavelet based inductive methods using 2D  DWIT  
for  lossless  image  compression,  lossy  image  compression  
and  the wavelet image compression is developed by us while 
transmitting images via the router  in wireless  communication .  
Our main objective is  to  show  better  quality  of  image  on 
decompression. With  our  extension  of  priority  based  packet  
technique  and enhanced  open  loop  scheme  the  image  
produces  energy  efficient  high  quality image  transmission  in  
wireless  sensor  networks.  We simulated the  proposed 
approach using Java. The simulation results shows 85% 
reduction in total energy consumption achieved by adopting 
packet prioritized enhanced open loop scheme. More 
importantly, to reduce the noise involved in the images in the 
receiving side we designed an efficient spatial average filtering 
using box filter technique which significantly  reduces  the  noise  
in  receiving  side.  Experiments show that the proposed 
approach produces high quality compressed image transmission 
in the receiving side using 3 * 3 mask.  
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Abstract- Induction motors are widely used AC motors in 
industrial area. Advanced semiconductor technology & use of 
microcontroller have made the speed control of induction motor 
easier. The proposed paper represents variable speed control 
application of induction motor using v/f method. In this system, 
the speed of the induction motor can be adjusted to user defined 
speed. The actual speed & reference speed is compared & the 
difference is adjusted by changing the firing angles of IGBTs. 
The system is tested & experimental results are recorded for 
variable speed under various load conditions. 
 
Index Terms- Inverter, rectifier, microcontroller, squirrel cage 
induction motor. 
 

I. INTRODUCTION 

n industrial drive system basically consists of a mechanical 
working equipment, or load, which can be kept in motion to 

turn out mechanical work with the help of prime mover. To 
transfer energy from prime mover to mechanical load gearing or 
belt may be used. The transmission may also be required to 
convert rotary to linear motion and vice versa. Thus a 
combination of prime mover, transmission equipment, and 

mechanical working load is called a DRIVE. An electric drive 
can be defined as a drive, using an electric motor as a prime 
mover. The electric motors used may require some types of 
control equipment to achieve speed control and torque control. 
These controls make the motor work on a specific speed torque 
curve and may be operated using open loop or closed loop 
control.     
 

II. PROPOSED WORK AND ANALYSIS 

          The present work makes use of DSPIC30F2010 
microcontroller, in order to operate induction motor using V/F 
method. The various factors which make the microcontroller 
based system attractive are,  
1. Improved reliability and increased flexibility. 
2. Simplicity of implementation in variable speed drives 
3. Low cost and high accuracy 
4. Possible to change torque speed characteristics of drive by 
software modification. 
          The simplicity of this project is that it can be operate by 
any person who need not know microcontroller programming. 
 

 
     

Block Diagram: 

 

 

 

           

 

 

 

                                                                           Fig. 1 Block diagram of system 

 
          Fig.1 shows the block diagram of closed loop control of 
induction motor using microcontroller DSPIC30F2010. The 
hardware includes squirrel cage induction motor, rectifier, bridge 
inverter, microcontroller, speed sensor, and switches for user 
interface. As shown in the figure single phase A.C. supply is 
given to the rectifier, rectifier DC output is given to inverter  & 
three phase squirrel cage induction  motor is connected to the 
three phase supply, which is the output of the inverter. Speed of 

the motor is sensed by sensor and feedback is given to 
microcontroller, microcontroller generates error signal send it to 
inverter. Three phase supply generated by the inverter drives the 
motor at user defined speed.    
          Design specification for each block are given below, 
 
Design Specifications:- 
1. Rectifier Block: - A bridge of Diodes 

A

Rectifier 
Unit 

Bridge 
Inverter 

   1ph.  AC 
Supply 

Micro 
Controller 

Speed Sensor 

Speed 
Display 

3 ph. 
  I. M. 
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                               Diode Rating: - 3Amp/1000V 
                                                                                      375Watt 
    Current passing through diodes = ------------- = 0.8 Amp. 
                                                                                        440 V  
      
          Output Voltage of bridge rectifier = 440V A.C. x 1.414 = 
622 V D.C  
          Diode PIV should be greater than 622V (with +/- 10% 
tolerance) 
 
2. Capacitor Bank:-  
          Selected Rating :- 470µF/450V 2series, 2parallel 
                                                      375Watt 
     D.C. Current = ----------- = 0.5 Amp. 
                                                         622V                              
      for 1Amp 1000µF is used by thumb rule 
      so for 0.5 Amp 500µF is used.  
 
3. IGBT:- 
                               Selected Rating: - 60A/900V 
                               IGBT voltage > 622V 
                               IGBT current > 0.5Amp. 
 
4. Three Phase Squirrel Cage Induction Motor with 
mechanical load arrangement 
                     0.5 H.P.(375 watt), 3 Phase, 1Amp, 440V, 1440 
rpm 
 

III. IMPLEMENTATION 

          In this project we have selected uncontrolled bridge 
rectifier, voltage control inverter, and squirrel cage induction 
motor, DSpic2010 microcontroller.  

          Initially user select the speed range from three modes 
s1=1440 r.p.m. s2=1200 r.p.m, s3=500r.p.m with the help of start 
key. After selection of the speed range, with increase in the 
supply voltage motor reaches to reference speed at no-load. With 
increase in the load gradually the motor speed start to drop, this 
speed is sensed by speed sensor & converted to voltage in 
feedback circuit. The actual speed is compared with set speed in 
controller & if the speed is less than set speed, controller 
decrease the  total time period (T) of  PWM so ∆t/T increases 
and the output voltage of PWM i.e. Vout =  [(∆t/T) x Vin] 
increases. In this way the PWM waveform generated by inverter 
drives the induction motor at set speed by keeping v/f ratio 
constant. 
              
Fig.2 shows total period of the PWM pulse. 
                                                           ∆t 
 
 
 
                                                                           T 
                                                            Fig.2 
                             
                                                           ∆t 
                             PWM Output Voltage =------- * Vin 
                                                                        T 
                                 Where, 
                                              ∆t = ON time (which is constant) 
                                      T = Total time period 
                                   Vin = Supply Voltage    
      
           The speed of the motor, terminal voltage of the motor, 
supply frequency & also v/f ratio has been displayed.   
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Flowchart:- 

Main Circuit: 
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Feedback Circuit: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                 Fig.4 
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IV. RESULTS  

         The complete hardware system has been developed and tested. The motor with ratings of 1440 RPM, 230V, 

1Amp, 0.5 H.P. has been tested on no load to full load at user defined speed. The results are tabulated below.  

 

Motor Speed 

range 

Selection 

Load (gms) Line voltage at 

motor terminal 

(Volts) 

Inverter 

frequency 

(Hz) 

v/f Ratio Motor 

Speed 

(R.P.M) 

Motor without load 

S3(500r.p.m) 0 94 17 5 505 

S2(1200rpm) 0 144 35 4 1217 

S1(1440rpm) 0 184 35 4 1428 

Motor with load 

S3(500r.p.m) 500 132 36 3 504 

S2(1200rpm) 500 162 44 3 1128 

S1(1440rpm) 500 164 45 3 1156 

 

 

Fig. 5 
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Fig. 6 

V. CONCLUSION 

         When induction motor is connected to the supply directly it 
runs at rated speed at no load. If the motor is loaded then speed 
of the motor starts to drop. So to run the motor below rated speed 
constantly with load and without load v/f method is used. For 
that to generate PWM waveform and to measure speed of the 
motor PIC microcontroller is used. The paper represents two 
algorithms one for measurement of motor speed and other to 
generate error signal from set speed and actual speed and to 
adjust the voltage and frequency of the PWM waveform.  
         From the observation it is concluded that by maintaining 
constant v/f ratio motor runs at variable speed with load and 
without load below rated speed.  Appendix 
Appendixes, if needed, appear before the acknowledgment. 
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Abstract- Columnar cell variant of papillary thyroid carcinoma 
(CCV-PTC) is a rare and aggressive tumor composed of tumor 
cells that form papillae, glands and solid structures. Fine needle 
aspiration on a young female patient who presented with a 
solitary thyroid nodule. Cytology revealed cellular smears with 
three dimensional clusters and papillary fragments composed of 
tall columnar cells. These columnar cells closely resembled 
respiratory epithelium. Few acini, glandular, solid, syncytial 
pattern and singly dispersed cells were seen. Nuclei showed 
pseudostratification. Nuclear grooves were seen occasionally, 
while intranuclear inclusions and psammoma bodies and colloid 
were absent. With no obvious clinical history suggesting any 
visceral malignancies, a diagnosis of CCV-PTC/TCV-PTC was 
considered. Throidectomy was done. Sections showed well 
circumscribed tumor with features of CCV-PTC. Here in we 
wish to document the Cytomorphology of this variant, features to 
distinguish it from its close mimickers. 
 
Index Terms- Columnar cell variant, Tall cell variant, papillary 
carcinoma thyroid, Fine needle aspiration cytology. 
 

I. INTRODUCTION 

apillary carcinoma is the most common primary malignancy 
(80%) of the thyroid gland. Known for its disguise in 

morphology it’s still recognized based on its architecture, growth 
pattern, cellular and stromal features. FNAC is highly accurate in 
diagnosing papillary carcinoma. 1,6. Most cases of papillary 
carcinoma are associated with good prognosis, but few variants 
are aggressive. Columnar cell variant of papillary thyroid 
carcinoma (CCV-PC) is known for its aggressive behavior and  
poses diagnostic problems specially to differentiate it with tall 
cell variant and  rare metastatic malignancies of colon and 
endometrioid adenocarcinoma.1-4 Evans first described this entity 
and suggested that it should be considered as a separate variant 
of thyroid carcinoma.1,2,4-6  
 

II. CASE REPORT  

        A twenty year old female presented with solitary thyroid 
nodule. Her thyroid profile was within normal limits. Ultrasound 
showed a solid circumscribed nodule measuring 3 cm in 
diameter. Fine needle aspiration cytology was done. Smears were 
stained by Papanicolaou, Leishman and MGG stains. Pateint 
underwent thyroidectomy. Post-operative period was uneventful. 

Pathologic findings. 
         Cytology: Cellular smears. Smears were composed of 
columnar cells arranged in three dimensional clusters, 
monolayered sheets, and acinar pattern and in parallel rows. 
Cells had moderate amount of eosinophilic cytoplasm with oval 
to elongated nuclei. Nuclear pseudostratification resembling that 
of respiratory epithelium was seen. Few nuclei showed grooves 
while inclusions, psammoma bodies and colloid were absent. 
Normal follicular cells were absent.  
 
Gross Pathology:       
         Thyroidectomy specimen and pretracheal lymph node 
received. Right lobe measured 8x4x3.5 cm with a bulge on the 
outer aspect. C/S showed a circumscribed nodule, solid, fleshy 
and dark brown measuring 3 cm in diameter. Edge of the nodule 
was 2 mm away from the right border of the thyroid. One small 
lymph node and separately sent pretracheal lymph node were 
unremarkable. The resected surface was painted and sectioned. 
 
Microscopy:  
         Sections from the nodule showed an encapsulated tumor 
with tumor cells arranged in papillary, elongated ribbons, 
cribriform, acinar and solid pattern. Cells showed stratified, 
hyperchromatic nuclei, with inconspicuous nuclear grooves and 
single prominent nucleoli. There were focal areas of 
calcification. Psammoma bodies were absent. Mitotic figures 
were scanty <2/HPF. Focal capsular and vascular invasion were 
seen. Small rim of adjacent thyroid showed lymphocytic 
infiltrate. Both the lymph nodes showed reactive hyperplasia. 
Based on morphology a diagnosis of CCV-PTC was made. 
 

III. DISCUSSION 

         CCV-PTC is one of the variants described by Evans in 
1986 and closely mimics TCV-PTC, which was described by 
Hawk and Hazard. 1  Other close differentials include metastatic 
colonic adenocarcinoma and endometrioid carcinoma which 
requires clinical assessment for exclusion. Metastatic nodules are 
usually multiple and presents with relevant clinical history 
suggestive of a primary malignancy elsewhere.  
         TCV-PTC, more seen in elderly (old type) as compared to 
CCV, shows follicular cells with the height of the epithelium 
atleast twice its width. Nuclei are basally located and cytoplasm 
is abundant and paucioncocytic. In the present case, tumor 
showed mixed pattern of papillary, follicular, acinar, elongated 

P 
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ribbon like, and solid pattern (Fig-1a). Cells were tall to spindle 
and resembled respiratory epithelium without cilia (Fig-1b). 
Cytoplasm was moderate eosinophilic and tapering. Nuclei were 
stratified and were round to oval, elongated with hyperchromatic 
to vesicular chromatin. Nuclear grooves and occasional 
intranuclear inclusions were seen. There was absence of 
psammoma bodies/multinucleate cells. Scanty malignant colloid 
was seen. Our case did not show Hurthle cell changes although 
they can be seen in this variant. There were no areas of necrosis 
in the present case while some have noticed necrosis in CCV-
PTC.  
         Histopathology showed features of columnar cell variant of 
papillary thyroid carcinoma. Pseudostratification was clearly 
seen in both cytology and hisotpathologic preparations. (Fig-2) 
In addition we found mitosis was rare and less than 2 per 10 HPF 
although increased mitotic activity is usually seen. It was evident 
that present tumor showed capsular and vascular invasion. 
Adjacent thyroid showed lymphocytic infiltration. Both the 
lymph nodes were free of metastasis .Resected margins were free 
from infiltration. 
         Few authors have observed columnar and tall cell variant in 
the same case with transition within the same follicle 3,    while 
some have even reported composite tumors.They appear to have 
similar origin and bad prognosis. While some authors beleive 
that behaviour depends on the presence of extrathyroidal 
extension rather than the morphology, while some have 
categorized both the variants as poorly differentiated carcinoma 
of the thyroid. 6 

         To conclude careful clinical assessment and awareness is 
required to identify this entity. The lack of typical nuclear 
features of papillary carcinoma may lead to diagnostic 
difficulties and may be misstyped as medullary carcinoma or as 
contamination by respiratory epithelium due to the presence of 
these columnar cells. [4] Cytokeratin, thyroglobulin and CEA 
immunostaining may be done if required. Identification of this 
variant preoperatively may alter the course of surgery in this 
aggressive variant.  
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Figure legend. 

[11] Fig-1. Cellular smears composed of tumor cells arranged in monolayered 
sheets, three dimensional papillaroid fragments  and dispersed singly. Cells 
are columnar to spindle and have vesicular to hyperchromatic nuclei. (PAP, 
MGG)  

[12] Fig-1a. Columnar and elongated to spindle cells with hyperchromatic to 
vesicular stratified nuclei. Few show prominent nucleoli and nuclear 
grooves. (PAP) 

[13] Fig-2. H P sections showing tumor cells in solid, cribriform, papillary, 
elongated ribbon-like and acinar pattern. Cells have vesicular to 
hyperchromatic nuclei. Occasional grooves were seen.(H&E)  
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Abstract- Background: Conjugate typhoid vaccine can prevent 
increasing cases of typhoid in younger children. Commercially 
available conjugate vaccine has limited studies to support its use. 
Aims: To study the safety and immunogenicity of Vi conjugate 
typhoid vaccine (PedaTyphTM). Materials and Methods: Four 
hundred children with age <5 years were randomised to  
receive either one dose (Group A) or two doses (Group B) of 
vaccine. Adverse effects were monitored and paired blood 
samples were collected for immunogenicity. Due to inadequate 
funding analyses of group B could not be done. Results: Adverse 
events occurred in 17% and 21% of children after first and 
second doses respectively. These events were not severe and 
recovered within 48 hours. Single dose of vaccine increased 
mean antibody titers by nine fold and seroconversion was seen in 
83% of children.  An 11-fold rise in mean antibody titers and 
seroconversion rate of 89% were noted in children below two 
years while six fold rise in titers and 73% seroconversion rate 
were recorded in children above two years. Conclusions: Vi 
conjugate typhoid vaccine is safe and immunogenic. 
Immunogenicity is better in children below two years. Single 
dose is not enough for seroconversion in all individuals. 
 
Index Terms- Typhoid vaccine, Seroconversion, Peda TyphTM, 
Antibody titers 
  

I. INTRODUCTION 

yphoid fever remains a serious public health problem in 
several Asian regions. According to a prospective disease-

surveillance study,  rates of blood culture confirmed typhoid 
fever, among children five to fifteen years of age ranged from 
180 to 494 cases per 100,000 [1]. Kalkaji study in India 
documented that, 25% of  salmonella enterica serovar Typhi 
culture positive cases occurred in children less than three years of 
age [2].  Also treating them is becoming difficult with emergence 
of multiresistant strains of S.Typhi [3]. Vaccination can be highly 
beneficial in reducing the disease burden. Currently available Vi 
polysaccharide typhoid vaccine like other polysaccharide 
vaccines is poorly immunogenic in infants and cannot be used in 
children less than two years of age. They require adhoc 
immunization visits, which may cause low vaccination coverage 
and increased delivery costs. Hence, Vi conjugate vaccine is 
required to address this increasing incidence of typhoid fever in 
younger children. Field trials with the US National Institutes of 
Health (NIH) Vi conjugate vaccine provide strong experimental 

evidence of safety and immunogenicity in children less than two 
years of age [4]. The only conjugate typhoid vaccine available 
commercially in India (Peda TyphTM  manufactured by BIO MED 
pvt ltd, India) is biochemically not the same as NIH prototype 
vaccine. Its safety and immunogenicity data is limited to a single 
trial sponsored by the manufacturer and published in their 
website [5]. We conducted this trial to add more evidence 
regarding the safety, immunogenicity of this Vi-conjugate 
typhoid vaccine. 

II. SUBJECTS AND METHODS 

    The study was approved by SRM medical college institutional 
ethical committee and was registered in Clinical Trials Registry 
of India (CTRI/2010/091/003031). This prospective study 
was conducted at our immunization clinic in the department of 
paediatrics from January 2011 to November 2011. The study was 
conducted in compliance with Good Clinical Practice Guidelines 
of International Conference on Harmonization (ICH-GCP). 
Signed informed consent was obtained from parents before 
enrolling their children.   

III. STUDY PROTOCOL 

     The study was a randomized comparative trial with blinding 
done at the level of analyses of serum samples. Healthy children 
between three months to five years of age were randomly 
allocated to two groups. The following were excluded, children 
with past history of documented typhoid fever (blood culture 
positive/Widal test titre>1:160), those vaccinated with typhoid 
vaccine, those who received blood products/immunoglobulin 
(less than four weeks duration) and those on prolonged steroid 
therapy (greater than four weeks). Two hundred children in 
group A received one dose and two hundred children in group B 
received two doses (eight weeks apart) of Vi conjugate typhoid 
vaccine (Peda TyphTM). The vaccine (0.5ml) was given 
intramuscularly with preferred site being anterolateral aspect of 
thigh. After vaccination, children were observed for at least 30 
minutes. Parents maintained dairy recording systemic reactions 
(fever with temperature >37.5 ˚C, lethargy, inconsolable crying, 
poor appetite) and local reactions (erythema/ swelling) during the 
first seven days after vaccination. Serious adverse events were 
monitored throughout the study period. Serum samples were 
collected before and after eight weeks of final vaccination for 
estimation of antibody titers. 

T
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IV. VACCINE 

    Vaccine used for the study was PedatyphTM manufactured by 
Bio-Med private limited, India. Each 0.5ml of the vaccine 
contains five microgram Vi polysaccharide of S.typhi conjugated 
to five microgram of tetanus toxoid protein in isotonic saline. 
The vaccine has been licensed by Drugs Controller General of 
India (DCGI) for marketing and currently post marketing studies 
are being undertaken for optimal use. NIH prototype vaccine 
used in Vietnam field trials was different from PedatyphTM  as it 
contained 25microgram of Vi polysaccharide conjugated to 
recombinant exoprotein A of Pseudomonas aeruginosa (Vi-
rEPA)[4]. 

V. SEROLOGIC TESTING 

    Vi antibody titers were measured by ELISA (Enzyme Linked 
Immunosorbent Assay) modified from ELISA technique of NIH 
(USA) [6].Each well was coated with 0.4µg/well of Vi 
polysaccharide covalently conjugated to bovine serum albumin. 
Dilutions of serum to be tested (1:100 for pre-immune serum and 
1:100, 1:400 for post-immune serum) were made and added to 
the wells. NIH standard reference anti Vi polysaccharide human 
serum with assigned unitage 118 ELISA unit (One ELISA unit is 
approximately equivalent to 0.1 µg of IgG anti Vi/ml) was used 
as reference. Anti human IgG-HRP conjugate and substrate for 
peroxidase were added sequentially. The optical density was 
measured in ELISA reader at 492 nm wavelength. A standard 
curve was generated using a four parameter fit. Antibody titers in 
test sera were calculated from this curve. 

VI. STATISTICAL ANALYSIS 

     Sample size was based on Acharya et al[7] study in Nepal. 
Taking power of study 80%, β=0.08, α=0.05 sample size came to 
149. Assuming 30% drop out rate we decided to include 200 
children in each group for the study.  Anti-Vi antibody levels 
were expressed as Geometric Mean Titers (GMT) with two sided 
95% confidence intervals (CI). Pre-immunization and post-
immunization titers were compared using paired Student’s t-test 
and p values <0.05 were considered statistically significant. 
Greater than fourfold rise in antibody titers over pre-
immunization levels was taken as seroconversion.  
 

VII. PROTOCOL MODIFICATIONS 

    We were able to vaccinate both groups (A & B) and analyse 
samples from group A with available funding. Due to inadequate 
funding, analyses of samples from group B could not be done. 
We have modified the study to follow up both groups after a 
period of one year (2013) and persistence of antibody titers will 
be compared then. Safety results of both groups and 
immunogenicity results of Group A are being presented here. 
 

VIII. RESULTS 

A. Safety of  conjugate  typhoid  vaccine 

     A total of four hundred children (group A & B) were 
monitored for adverse events. Out of two hundred children in 
group B 168 children came for second dose of vaccine. Systemic 

reactions (fever, lethargy, loss of appetite, unconsolable crying) 
and local reactions (erythema or swelling) were monitored. No 
serious adverse effects were noted. No adverse effects were not 
noted in 83% of children after first dose and 79% of children 
after second dose. Most commonly reported adverse reaction was 
fever and was noted in 13%, 18% of children after first and 
second doses respectively. Other adverse effects occurred in less 
than 2% of children. All the adverse reactions recovered within 
48 hours. Adverse effect results are summarized in Table1. 

B. Immunogenicity 

     Out of 200 children who received one dose of conjugate 
vaccine 163 children came for follow up after 8weeks. 101 
children were less than two years and 24 children were less than 
one year. The ratio of girls to boys was 1.1:1. The Geometric 
mean titres of anti-Vi antibodies before and eight weeks after 
receiving Vi conjugate typhoid vaccine was 0.22 µg/ml and 
2.08µg/ml respectively (P<0.001 compared to previous 
immunization level). Children showed a nine fold rise in serum 
anti-Vi antibody titers. Seroconversion rates (≥4fold increase 
over pre-immunization anti-Vi antibody level) following one 
dose of conjugate typhoid vaccine was 83%. Either two fold or 
three fold rise in antibody titers were seen in 94% of children.  
     GMT of anti-Vi antibodies after eight weeks of vaccination 
for children ≤2 years of vaccination was 2.72µg/ml. In contrast, 
GMT for children >2years was 1.35 µg/ml. This corresponds to 
11 fold rise in antibody titers for ≤2years as compared to six fold 
rise for >2years. Seroconversion rates for children ≤2years was 
89% and 73% for children >2years.Children <1year documented 
even better seroconversion rate of 96% (n=24).Thus children 
<2years recorded higher antibody titers and seroconversion rates 
than others. 

IX. DISCUSSION 

    Enteric fever is a serious health problem with a global burden 
estimated to be 21 million new cases and 200,000 deaths every 
year [8]. Clean water and adequate sanitation has decreased 
incidence in developed countries but still remains impractical in 
developing countries. Drugs are available for treating typhoid 
fever but antibiotic resistant strains are on the rise [9]. Resistance 
to fluoroquinolones was present in 44% to 57% of cases in 
Karachi, Kolkata and Vietnam [1]. Vaccination against typhoid 
remains the only practical solution to this health problem. 
    Typhoid fever is no longer a disease of school children and 
adolescents. Study conducted in Kalkaji, India showed that 25% 
of culture positive cases were from children under three years 
and 44% from children under five years [3]. Prospective disease 
surveillance studies conducted by diseases of most impoverished 
program (DOMI) showed that incidence of typhoid among 
children aged two to five years was similar to older children and 
adolescents [1]. Study recommends vaccine that can be given in 
the Expanded Programme on Immunization (EPI) schedule for 
infants. 
    But currently available Vi polysaccharide vaccine cannot be 
used in less than two years as it does not induce immunological 
memory and repeated vaccination cannot boost immunogenicity 
[10]. Newer Vi conjugate vaccines can overcome this limitation of 
Vi polysaccharide vaccines [11]. Prototype Vi conjugate vaccine 
developed by National Institutes of Health (NIH) is highly 
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efficacious but not available commercially [4, 6, 12, 13]. Results from 
Phase I and Phase II clinical trials with Vi-CRM197  developed by 
Novartis Vaccines Institute for Global Health (NVGH) are 
promising[14]. 
    Biomed Pvt. Ltd., Ghaziabad, India has developed Vi 
conjugate typhoid vaccine (PedaTyphTM) and is commercially 
available in Indian market. However safety and immunogenicity 
data is limited to a single clinical trial (Phase III) sponsored by 
the company and published in their website [5]. We conducted 
this trial to study safety and immunogenicity of this Vi-conjugate 
typhoid vaccine. 
    Vi conjugate typhoid vaccine was observed to be safe. 83% of 
children receiving first dose and 79%  of children receving 
second dose didn’t experience any adverse effects. Adverse 
events which occurred in remaining children were not severe and 
recovered within 48 hrs. This incidence was comparable with 
results recorded by phase III clinical trial (13%) of PedatyphTM[5]. 
Fever was the most commonly observed adverse reaction. Fever 
occurred more frequently in children less than two years (Table 
1). 
    Regarding immunogenicity, single dose of PedaTyphTM 

increased mean antibody titers by nine fold and seroconversion 
was seen in 83% of children. This was in contrast to 100% 
seroconversion and more than 25 fold rise in titers claimed by the 
manufacturer in their phase III clinical trial results. Considering 

the fact that either three or two fold rise in titers were seen in 
94% of the vaccinated children and additional doses may 
increase seroconversion rate, 83% for a single dose is acceptable.   
    Variability in immunogenicity of this vaccine with age is 
worth mentioning. Eleven fold rise in mean antibody titers and 
seroconversion rate of 89% were noted in children less than two 
years while six fold rise in titers and 73% seroconversion were 
recorded in greater than two years. Seroconversion was even 
better for less than one year old children (96%). Phase III clinical 
trial of PedaTyphTM[5] has demonstrated similar inverse 
correlation of immunogenicity with age. 
    Since available results are for single dose, PedaTyphTMcannot 
be compared with Vi-rEPA vaccine whose results are based on 
two doses [4,6,12,13]. Follow up study for persistence of 
immunogenicity in both groups (single dose & two doses) will 
answer whether protective efficacy reaches close to 89% of Vi-
rEPA or not [15]. 
    Study findings suggest that PedaTyphTM is safe and 
immunogenic. However, single dose is not enough for 
seroconversion in all individuals. Immunogenicity is inversely 
correlating with age and children less than two years are 
mounting better immune response compared to older ones. 
 
 
 

 

X. TABLES 

Table 1. Number (%) of children reporting with Local and Systemic reactions* 

  First dose typhoid vaccine Second dose typhoid vaccine 

  All Children <2 years >2 years All 

Children 

<2 years >2 years 

  n= 400 n= 228 n= 172 n= 168 n= 99 n=69 

Local reactions Severity       

Erythema Any 6 (1.5)† 2(1) 4(2) 3(2) 1(1) 2(3) 

 >5cm 0 0 0 0 0 0 

Induration Any 4(1) 1(0.5) 3(2) 1(0.5) 0 1(1.5) 

 >5cm 0 0 0 0 0 0 

Systemic reactions Severity       

Fever >38.0˚C 51(13) 36(16) 15(9) 30(18) 22(22) 8(12) 

 >39.5˚C 0 0 0 0 0 0 
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Inconsolable crying < 4hrs 2(0.5) 2(1) 0 1(0.5) 1(1) 0 

 >4hrs 0 0 0 0 0 0 

Lethargy Any 5(1.5) 3(1.5) 2(1) 2(1) 2(2) 0 

Poor Appetite Any 2(0.5) 1(0.5) 1(0.5) 0 0 0 

*Adverse events recorded by parents during first seven days after vaccination 
† Number in parantheses represent percentage values 
 
 
Table 2. Geometric Mean Titers (GMT) of anti Vi antibodies and seroconversion rates after one dose of Vi-conjugate vaccine 
 

Group n                    GMT of anti-Vi antibody (µg/ml) 

Pre-immunization                                       8 weeks 

Magnitude of 

increase 

All Children 163 0.22(0.20-0.25) * 2.08† (1.76-2.48) 

83%
** 

9-fold 

<2yrs 101 0.24(0.20-0.27) 2.72† (2.22-3.31) 

89% 

11-fold 

2-5yrs   62 0.21(0.18-0.24) 1.35† (1.02-1.79) 

73% 

6-fold 

* Figures in parentheses are 95% confidence intervals. 
** Figures in italics represent percent seroconversion (> 4-fold increase in antibody titer) 
†Significantly different from pre-immunization level (p<0.001) by Student’s t-test 
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    Abstract- The thermal protection system used in the study is               
an active type structure (withstand both thermal as well as 
structural loads) in the form of metallic corrugated sandwich. In 
GPP like ANSYS and NASTRAN (using 2-D heat transfer 
equation) have ability to do thermal analysis in component level  
but the customized special software(using 3-D heat transfer 
equation) have capability to do thermal analysis of assembled 
structures by giving basic properties (ρ,c,k) of each component. 
But the main intricacy is the variation of Thermal Contact 
Conductance (TCC) at metal to metal contact portions of the 
brazed components. In this work contains transient thermal 
analysis of a unit cell of MTPS and a parametric study by 
changing TCC value and finally reach an appropriate value and 
validated with available experimental value and Compared it 
with a casting model (no TCC) and collected the thermal data 
and transfer to ANSYS model. Finally carry out both thermo-
structural analysis  in ANSYS and bring out the capability of 
thermo-structural analysis of ANSYS with the support of existing 
customized software for evaluation of thermal field. 
 
Index Terms- Metallic Thermal protection systems (MTPS), 
Transient thermal analysis, Thermal Contact Conductance(TCC) 
 

I. INTRODUCTION 

pace vehicles that enter a planetary atmosphere like the 
Space Shuttle Orbiter require the use of a thermal protection 

system (TPS) to protect them from intense aerodynamic heating. 
The aerodynamic heating is generated at the surface of an 
entering object due to the combination of compression and 
surface friction of the atmospheric gas.  The thermal protection 
systems used on the Space Shuttles are reinforced carbon/carbon 
(RCC) at the nose and wing leading edges, high and low 
temperature reusable surface insulation (HRSI, LRSI) used to 
cover the major portion of the Shuttle windward side, advanced 
flexible reusable surface insulation (AFRSI) and coated nomex 
felt reusable surface insulation (FRSI) for the leeward side. 
While not much can be done with respect to replacing RCC other 
than develop new materials, there is good scope for developing 
new structures to replace the LRSI tiles,AFRSI, and FRSI which 
occupy the major portion on the Shuttle as shown in Figure (1). 
For commercial viability, the TPS must contribute to minimizing 
life cycle costs to enable delivery of commercial payloads at 
reasonable cost. For military applications, the TPS must enable 
high performance, rapid response, and rapid turnaround under 
adverse conditions. The most extensive experience with reusable 
TPS is with the ceramic tile and blanket TPS on the Space 

Shuttle orbiter. Although the orbiter TPS does an excellent job of 
protecting the vehicle from aerodynamic heating, more than 
40,000 work hours are typically expended to refurbish and 
inspect the TPS between flights.   
 
 

          
 

Fig (1).TPS distribution 
 
The launch cost for the space shuttle increases by about $10,000 
[1] for every pound of launch weight. So to keep space expedition 
economically viable in 21st century we need to decrease the cost 
of launching a space craft. One of the most expensive systems of 
a space vehicle is the Thermal Protection System (TPS), which 
protects the vehicle from the high thermal loads during re-entry; 
therefore it deserves some special attention. TPS are designed to 
protect the structure of atmospheric space vehicles from the 
extreme temperatures arising due during atmospheric re-entry. 
   A variety of reusable TPS concepts are being developed to 
address the requirements of future Reusable Launch Vehicle 
(RLV).The TPS used in the present study was corrugated core 
sandwich Metallic Thermal Protection Systems (MTPS). The 
corrugated core sandwich structure has more damage tolerant 
properties and load bearing capacities [2]. It is an Integrated 
Metallic Thermal Protection System (IMTPS), means withstand 
both thermal as well as structural loads. 
 

II .GEOMETRY OF CORRUGATED SANDWICH MTPS 
 
The Corrugated sandwich MTPS used for the present study 
consists of: (i) top face sheet, (ii) bottom face sandwich, (iii) 
truss-core and (iv) thermal insulation. Metallic sheets are used for 
the first three items. Ceramic insulation in the form of fibers is 
filled inside the truss core space and the sandwich core to block 
the heat flow from top to bottom face sheet as shown in the 
figure(2) the MTPS is of one storied construction. The main 

S 
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design constraint of MTPS is back wall temperature of Sandwich 
structure should be less than 375K for all re-entry space vehicles 
at a required duration of 1000s of the flight during the re-entry 
phase and this can be achieved by filling “SAFFIL” like 
insulation material inside the truss core.   
                                                                                                                          

            
Fig (2). Geometry of MTPS 

The structure is symmetric with respect to vertical plane (Z-plane 
).So one unit cell of 37.5 x 37.5 x 20 mm is considered to obtain 
the thermal field data. The one unit cell of corrugated sandwich 
MTPS is shown in Figure (3). 
 

 
Fig (3) Unit cell of MTPS 

 
The panel is constructed of three materials (i) PM2000 for top 
face sheet (1.0 mm thick), truss Core (0.1mm thick) and bottom 
face of top sandwich (1.0mm thick). This model is made by 
fixing corrugated web to the top and bottom face sheet by the 
process of brazing. 

 
Fig (4).Casting Model 

The figure (4) shows a casting model. In this model the web 
portion is made by casting with TFS and BFS as single volume. In 
casting model Back wall temperature is very high. 

 
 

III .FINITE ELEMENT MODELING OF MTPS 
 

This paper presents a three dimensional finite element method 
based thermal modeling of a metallic thermal protection system 
(MTPS).Analytical solutions are not possible with this type of 
heterogeneous construction since it is a non-linear transient 
problem. The formulation uses three types of element: (i) shell 
element for metallic parts, (ii) 3-D solid element for insulation 
and (iii) interface element for heat flow between metallic skins 
and insulation. Then conducted transient thermal analysis and 
collected thermal field data at each time step. Polynomial 
approximation is used to represent the through thickness 
temperature profile in shell elements and transfer these 
temperature values to ANSYS model to conduct thermo-structural 
analysis because stresses are considered equally important as the 
temperatures. Any structural failure due to high stresses may call 
for replacement of failed ones, before the next launch. Three types 
of elements: (i) 8-node shell element, (ii) 20-node solid element 
and (iii) 8-node interface element are employed. Shell elements 
are used in the metallic parts (top face sheet, truss core, top and 
bottom face sheets of sandwich). Solid elements are used for the 
insulation parts, both in truss core space and core of bottom 
sandwich. Interface elements are used in: 
(i) Between face sheets and truss core sheets  
      (metal-metal contact) and  
(ii) Between face sheets and Saffil insulation 

 
Fig (5).Finite element Modeling 

 
 

The modes of heat transfer are: (i) conduction through places of 
direct contact, (ii) conduction through the medium filling the 
interstitial space,(iii)re- radiative heat transfer across the 
interface. The heat flow through a common surface between two 
contacting surfaces is modeled using the concept of interface 
element. The aerodynamic heating ceased after 640s is shown in 
heat flux trajectory (Appendix) but the heat transfer was not 
ceased .After 640S radiative heat transfer would be take place so 
give additional time up to 5640 S for heat transfer ceasing. The 
emissivity value used in the analysis is 1.The element exists at (i) 
metal to metal contact (ii) metal to saffil contact. 
 

                    Parametric study for arriving at an optimum 
configuration can be achieved by using this Software by varying 
the thickness, heat flux, material without actually conducting the 
test.In the present study concept of Thermal Contact 
Conductance (TCC) have been included in the modeling for 
making it close to reality. Thermal Contact Conductance exists 
between bodies in contact whether they are of similar or 
dissimilar materials. The contacting surfaces correspond to the 
sides of two adjacent elements. Three combinations are possible 
in MTPS. (i) shell-solid (ii) solid-shell (iii) shell-shell. Since high 
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temperatures are involved material properties becomes function 
of temperature that is also considered in the analysis. Figure (6) 
Shows typical temperature profiles on either side of interface 

with a temperature drop ( T∆ ) across the interface. 

 

Fig (6) .Typical temperature profile 

 
The heat flux passing through the interface is expressed as [4]. 
              

                  1 2( )q tcc T T= −       (1)  

Where 1T  - temperature on the bottom surface of medium – I and 

2T - temperature on the top surface of medium- II , tcc - thermal 

contact conductance, the value of which is difficult to specify. 
An experimentally evaluated one is more appropriate. But 
experiments have to be conducted for the specific combinations 
and statistical values have to be obtained. Alternately reasonable 
values may be obtained from existing literature (TCC=5 x 10-4 
W/ mm2K).In the study conduct transient thermal analysis by 
four TCC value(5 x 104 ,3x 10-4 ,1 x 10-4 ,0.5 x 10-4 W/ mm2K) 
and find thermal datas up to 1000 seconds. 
                  The thermal load is applied on the top surface. It is 
uniformly applied on the surface, the intensity varies with time. In 
addition to thermal load mentioned above, re-radiation heat loss 
condition is applied on the top surface. Also convective heat loss 
is applied on the top surface, after aerodynamic heating is ceased. 
The convective heat transfer is hc= 6.5 x 10-6W/mm2 [5].The time 
varying heat flux load (MACH12 trajectory) and thermal 
properties are shown in (Appendix). 

 

 

                  IV .RESULTS AND DISCUSSION 

 
The figure (7) shows positions for Temperature measurement. 
The transient thermal is carried out for four Thermal contact 
conductance (TCC) value and find temperature at top and bottom 
face sheet. 
 

 
Fig (7) Positions for Temperature 

Measurement 
 

Table 1 Selected location across MTPS 
Position Details 
          1 Outer surface of top PM 

2000 skin, z = 20 mm 
         2 Bottom of PM2000  sheet 

(back wall), z =0.0 mm 
 
 

A. Transient Thermal Analysis Results 
 

The 4 TCC values are    1) A= 5 x 10-4 W/ mm2K 2) B=3 x 10-4 
W/ mm2K 3) C=1x 10-4 W/ mm2K 4) D=0.5 x 10-4 W/ mm2K 
 

 
 

Fig (8) Top face sheet temperature for 
Different TCC 

 
 

The variation of   TFS and BFS temperature for different values 
of TCC are shown in Fig (8&9). For a MACH12 heat flux history 
(Appendix) the heat transfer through  thickness  from TFS to BFS 
was affected by TCC value .So the TFS temperature shows not 
much difference but BFS temperature shows much difference as 
shown in Fig(8 &9). This transient thermal analysis for different 
TCC value shows the maximum temperature value which is most 
close to experimental value is for TCC= 0.5 x 10-4 W/ mm2K .For 
this TCC value   the maximum temperature at top face sheet is 
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1312K (at 370 seconds) and maximum temperature at bottom face 
sheet is 601K (840 seconds) and conducted transient thermal 
analysis of a casting model (NO TCC) to find the importance of 
thermal contact conductance.  
 

 
 

Fig (9).Bottom face sheet temperature for 
Different TCC 

 
 

Table 2 Comparison of Temperatures 

 Maximum 
Temperature(K) 

Maximum 
Temperature(K) 

 

  
Experimental 

Special 
software(TCC=0.5
E-04) 

Difference
(K) 

TFS 1295 1312 17 
BFS 575 601 26 

 

In this model there is no need for giving thermal contact 
conductance at metal-metal contact part because corrugated web 
is made as a single volume with top and bottom face sheet. The 
Variation of top face sheet and bottom face sheet temperatures of 
brazing model and casting model (TCC=1) is shown in Fig (10) 
and Fig (11) respectively.  
 

 
Fig (10) Variation of TFS temperature 

 
 

 
Fig. (11) Variation of BFS temperature 

The maximum TFS temperature for casting model is 1260K 
(t=370 seconds) and for brazing model is 1304K (t=370 
seconds), i.e. temperature difference of 44K. The maximum BFS 
temperature for casting model is 976K (t=575 seconds) and 
brazing model is 667K (t=620 seconds). 

                    B. Thermo-Structural Analysis 

Stresses are considered equally important as the temperatures any 
structural failure due to high stresses may call for replacement of 
failed ones, before the next launch. The  shell element used in the 
special purpose software give  top and bottom temperature of each 
node other than mid surface temperature because of interpolation 
function used in the software. So it is easily to use solid element 
for modeling of TFS and BFS in ANSYS and give proper thermal 
gradient by giving top bottom node temperature. Transfer the 
nodal temperature in the special software to ANSYS model. The 
elements used in ANSYS are SHELL93 (web) and SOLID45 
(TFS and BFS).The saffil insulation is not considered in the 
structural modeling because Saffil cannot take structural loads 
and the structural properties are not taken into consideration. 
Transfer the nodal temperatures at t=376 seconds (TCC=1) from 
special software to ANSYS with reference to the material 
property data (Appendix).The Figure (12) shows thermal 
distribution at t=376s in ANSYS. 

 

Fig (12).Temperature distribution at 376s (TCC=1) 

The maximum temperature in TFS is at 376seconds (1034K) and 
temperature in BFS is 425K.Then constrained displacements for 
all nodes in the four sides of BFS and conducted the static type 
analysis give stresses due to temperature. 
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Fig (13) Von-Mises Stress 

Figure (13 &14) shows the Von-Mises Stress distribution. The 
Figure (13) shows the stresses at position1 and position2 are 
352.492MPa and at position3 is 604 MPa. The stress values 
exceed the  safe  limit according to allowable stress value at the 
corresponding temperature (Appendix).Figure(14) shows the 
stresses at position 4,5,6 is 772.131MPa which exceed the 
allowable stress limit. 

 

Fig (14). Von-Mises Stresses 

V. CONCLUSIONS 

    A transient heat transfer analysis of MTPS followed by 
structural analyses has been carried out to bring out intricacies of 
associated with TCC. Thermal contact conductance which is a 
parameter that determines the heat transfer across the two 
different surfaces that are brazed together is varied from 0.5E-4 
to 5 E-4 W/mm²K and thermal profile across MTPS. It is 
interesting to note that for a heat flux history with maximum 
value of 0.18W/mm² and for TCC= 0.5E-4 W/mm²K the 
maximum back wall temperature of the MTPS is predicted as 
601K at 840s as against maximum respective value of 575K at 
704s. As TCC value increases the back wall temperature 
increases and for TCC = 5 E-4 W/mm²K, it is obtained as 835K 
at 590s. When compared to the limit case of an integral MTPS 
(casted), the back wall temperature becomes 976K at 575s as 
expected.  
Structural analysis results on MTPS indicated that for 100kPa 
load corresponding to a thermal profile for TCC=1E-4 W/mm²K, 
the critical buckling load as 0.356kPa with web of the truss core 
in bending mode. Based on the von -misses stress the truss core 

has a maximum stress 772MPa (476K) as against the strength of 
520MPa. It is concluded that a locally the stresses are exceeding 
the limit. However, for a distance of 5mm away from the 
maximum stress zone, the value becomes 510MPa (501K) with a 
positive margin.  
Present study indicated that the junction where truss core meets 
the skin needs additional reinforcement in the form of beading 
and recommended for using C- type channel section at the 
junction for supporting the truss core.      
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                               Table 4. Thermal properties of PM 2000  

 

 

 

 

 

 

 

 

 

 

Table 5: Thermal properties of Saffil insulation        

                              

        

 

 

 

 

Table 6.Structuralproperties of PM 2000 

 

 

     

 

 

 

 

    

      Table 7.Allowable Stress of PM2000 

 

 

 

 

 

 

Temperature 

      (K) 

Thermal 
conductivity, 
W/mm K 

Density,  
kg/mm

3
 

Specifi
c Heat,  
J/kg/K 

300 0.0109   

 7.18e-06 

480 

473 0.016   480 

773 0.021   610 

1023 0.022   680 

1273 0.0255 740 

1473 0.028   800 

Temperature, 
K 

Thermal 
conductivity, 
W/mm K 

Density,  
kg/mm

3
 

Specific 
Heat, 
J/kg/K 

300 1.1e-05  

9.61e-08 

 

900 
372 1.21e-05 950 
572 1.97e-05 1092 
772 3.36e-05 1172 
972 5.48e-05 1222 
1272 1.02e-04 1260 

Temperature 

    (K) 

Elastic 
modulus,  
MPa 

Poisson’s 
ratio 

Coeff. of 
Thermal 
Expansion, 
/0C 

300 21.5e04   

 0.3 

10.7e-06 
373 21.0e04 12.0e-06 
523 19.9e04 12.2e-06 
773 17.9e04 12.5e-06 
1273 13.5e04 15.1e-06 
1450 12.0e04 15.45e-06 

Temperature(k) Allowable Stress(MPa) 

300 850 

600 425 

1200 255 
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    Abstract- The main objective of this study is to explore weight 
and cost reduction opportunities in the design and production of a 
connecting rod. This can be achieved by performing a detailed 
load analysis. A study is performed on a steel connecting rod. 
Reduction in machining operations, achieved by change in 
material, is a significant factor in manufacturing cost reduction. 
This paper deals with the study of weight reduction performed 
under two cyclic loads comprising dynamic tensile and static 
compressive as the two extreme loads. The fatigue strength is the 
most significant factor in the process. The study analysis includes 
the determination of loads acting on the connecting rod as a 
function of time for finding out the minimum stress area to 
remove the material. The connecting rod can be designed and 
analysis under a load ranging from tensile load, corresponding to 
various degree crank angle at the maximum engine speed as one 
extreme load, and compressive load corresponding to the peak 
gas pressure as the other extreme load. Furthermore, the existing 
connecting rod material can be replaced with a new composite 
material, the fracture crack ability feature, facilitates separation 
of cap from rod without additional machining of the mating 
surfaces. Also the same performance can be expected in terms of 
component durability. 
 
    Index Terms- Connecting rod, Weight reduction, Fatigue 
strength, Better machinability 
 

I. INTRODUCTION 

he connecting rod is the connection between the piston and 
the crankshaft. It joins the piston pin with the crankpin; 

small end of the connecting rod is connected to the piston and big 
end to the crank pin. The function of the connecting rod is to 
convert linear motion of the piston into rotary motion of the 
crankshaft. 
 The lighter connecting rod and the piston greater than 
resulting power and less the vibration because of the 
reciprocating weight is less. The connecting rod carries the 
power thrust from piston to the crank pin and hence it must be 
very strong, rigid and also as light as possible. There are two 
types of small end and big end bearings. Connecting rods are 
subjected to fatigue due to alternating loads.  
 In the case of four stroke engines, during compression and 
power strokes the connecting rod is subjected to compressive 
loads and during the last part of the exhaust and the beginning of 
the suction strokes, to tensile loads. In double acting steam 
engines, during the forward stroke the connecting rod is 
subjected to compressive load and during the return stroke, to 

tensile load. Connecting rod materials must have good fatigue 
and shock resistances.  

 
Fig.1 Connecting rod nomenclature 

 
 Connecting rods for automotive applications are typically 
manufactured by forging from either wrought steel or powdered 
metal. They could also be cast. However, castings could have 
blow-holes which are detrimental from durability and fatigue 
points of view. The fact that forgings produce blow-hole-free and 
better rods gives them an advantage over cast rods. Between the 
forging processes, powder forged or drop forged, each process 
has its own pros and cons. Powder metal manufactured blanks 
have the advantage of being near net shape, reducing material 
waste. However, the cost of the blank is high due to the high 
material cost and sophisticated manufacturing techniques. With 
steel forging, the material is inexpensive and the rough part 

T
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manufacturing process is cost effective. Bringing the part to final 
dimensions under the tight tolerance results in high expenditure 
for machining, as the blank usually contains more excess 
material. 
 
 Due to its large volume production, it is only logical that 
optimization of the connecting rod for its weight or volume will 
result in large-scale savings. It can also achieve the objective of 
reducing the weight of the engine component, thus reducing 
inertia loads, reducing engine weight and improving engine 
performance and fuel economy. 
  

II. LITERATURE SURVEY 

  The connecting rod is subjected to a complex state of 
loading. It undergoes high cyclic loads, which range from high 
compressive loads due to combustion, to high tensile loads due to 
inertia. Therefore, durability of this component is of critical 
importance. Due to these factors, the connecting rod has been the 
topic of research on various aspects such as production 
technology, materials, performance simulation, fatigue, etc. For 
the current study, it is necessary to investigate finite element 
modelling techniques, optimization techniques, developments in 
production technology, new materials, fatigue modelling, and 
manufacturing cost analysis. This brief literature survey reviews 
some of these aspects. 
  For their optimization study, Serag et al. (1989) 
developed approximate mathematical formulae to define 
connecting rod weight and cost as objective functions and also 
the constraints. The optimization was achieved using a 
Geometric Programming technique. Constraints were imposed on 
the compression stress, the bearing pressure at the crank and the 
piston pin ends. Fatigue was not addressed. The cost function 
was expressed in some exponential form with the geometric 
parameters. 
 Webster et al. (1983) performed three dimensional finite 
element analysis of a high-speed diesel engine connecting rod. 
For this analysis they used the maximum compressive load 
which was measured experimentally, and the maximum tensile 
load which is essentially the inertia load of the piston assembly 
mass. The load distributions on the piston pin end and crank end 
were determined experimentally. They modelled the connecting 
rod cap separately, and also modelled the bolt pretension using 
beam elements and multi point constraint equations. 
   While investigating a connecting rod failure that led to a 
disastrous failure of an engine, Rabb (1996) performed a detailed 
FEA of the connecting rod. He modelled the threads of the 
connecting rod, the threads of connecting rod screws, the 
prestress in the screws, the diametric interference between the 
bearing sleeve and the crank end of the connecting rod, the 
diametric clearance between the crank and the crank bearing, the 
inertia load acting on the connecting rod, and the combustion 
pressure. The analysis clearly indicated the failure location at the 
thread root of the connecting rod, caused by improper screw 
thread profile. The connecting rod failed at the location indicated 
by the FEA. An axis symmetric model was initially used to 
obtain the stress concentration factors at the thread root. These 
were used to obtain nominal mean and alternating stresses in the 

screw. A detailed FEA including all the factors mentioned above 
performed, also including a plasticity model and strain 
hardening. Based on the comparison of the mean stress and stress 
amplitude at the threads obtained from this analysis with the 
endurance limits obtained from specimen fatigue tests, the 
adequacy of a new design was checked. Load cycling was also 
used in inelastic FEA to obtain steady state situation. 
 Hippoliti (1993) reported design methodology in use at 
Piaggio for connecting rod design, which incorporates an 
optimization session. However, neither the details of 
optimization nor the load under which optimization was 
performed were discussed. Two parametric FE procedures using 
2D plane stress and 3D approach developed by the author were 
compared with experimental results and shown to have good 
agreements. The optimization procedure they developed was 
based on the 2D approach. 
 Park et al. (2003) investigated micro structural behavior at 
various forging conditions and recommend fast cooling for finer 
grain size and lower network ferrite content. From their research 
they concluded that laser notching exhibited best fracture 
splitting results, when compared with broached and wire cut 
notches. They optimized the fracture splitting parameters such as, 
applied hydraulic pressure, jig set up and geometry of cracking 
cylinder based on delay time, difference in cracking forces and 
roundness. They compared fracture splitting high carbon micro-
alloyed steel (0.7% C) with carbon steel (0.48% C) using rotary 
bending fatigue test and concluded that the former has the same 
or better fatigue strength than the later. From a comparison of the 
fracture splitting high carbon micro-alloyed steel and powder 
metal, based on tension-compression fatigue test they noticed 
that fatigue strength of the former was 18% higher than the later. 
 Sarihan and Song (1990), for the optimization of the wrist 
pin end, used a fatigue load cycle consisting of compressive gas 
load corresponding to maximum torque and tensile load 
corresponding to maximum inertia load. Evidently, they used the 
maximum loads in the whole operating range of the engine. To 
design for fatigue, modified Goodman equation with alternating 
octahedral shear stress and mean octahedral shear stress was 
used. For optimization, they generated an approximate design 
surface, and performed optimization of this design surface. The 
objective and constraint functions were updated to obtain precise 
values. This process was repeated till convergence was achieved. 
They also included constraints to avoid fretting fatigue. The 
mean and the alternating components of the stress were 
calculated using maximum and minimum values of octahedral 
shear stress. Their exercise reduced the connecting rod weight by 
nearly 27%. 
 Athavale and Sajanpawar (1991) modeled the inertia load 
in their finite element model. An interface software was 
developed to apply the acceleration load to elements on the 
connecting rod depending upon their location, since acceleration 
varies in magnitude and direction with location on the connecting 
rod. They fixed the ends of the connecting rod, to determine the 
deflection and stresses. This, however, may not be representative 
of the pin joints that exist in the connecting rod. The results of 
the detailed analysis were not discussed, rather, only the 
modeling technique was discussed. The connecting rod was 
separately analyzed for the tensile load due to the piston 
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assembly mass (piston inertia), and for the compressive load due 
to the gas pressure. The effect of inertia load due to the 
connecting rod, mentioned above, was analyzed separately. 
 Pai (1996) presented an approach to optimize shape of 
connecting rod subjected to a load cycle, consisting of the inertia 
load deducted from gas load as one extreme and peak inertia load 
exerted by the piston assembly mass as the other extreme, with 
fatigue life constraint. Fatigue life defined as the sum of the 
crack initiation and crack growth lives, was obtained using 
fracture mechanics principles. The approach used finite element 
routine to first calculate the displacements and stresses in the rod; 
these were then used in a separate routine to calculate the total 
life. The stresses and the life were used in an optimization 
routine to evaluate the objective function and constraints. The 
new search direction was determined using finite difference 
approximation with design sensitivity analysis. The author was 
able to reduce the weight by 28%, when compared with the 
original component. 
 Yoo et al. (1984) used variational equations of elasticity, 
material derivative idea of continuum mechanics and an adjoint 
variable technique to calculate shape design sensitivities of 
stress. The results were used in an iterative optimization 
algorithm, steepest descent algorithm, to numerically solve an 
optimal design problem. The focus was on shape design 
sensitivity analysis with application to the example of a 
connecting rod. The stress constraints were imposed on principal 
stresses of inertia and firing loads. But fatigue strength was not 
addressed. The other constraint was the one on thickness to 
bound it away from zero. They could obtain 20% weight 
reduction in the neck region of the connecting rod. 
 In a published SAE case study (1997), a     replacement 
connecting rod with 14% weight savings was designed by 
removing material from areas that showed high factor of safety. 
Factor of safety with respect to fatigue strength was obtained by 
performing FEA with applied loads including bolt tightening 
load, piston pin interference load, compressive gas load and 
tensile inertia load. The study lays down certain guidelines 
regarding the use of the fatigue limit of the material and its 
reduction by a certain factor to account for the as-forged surface. 
The study also indicates that buckling and bending stiffness are 
important design factors that must be taken into account during 
the design process. On the basis of the stress and strain 
measurements performed on the connecting rod, close agreement 
was found with loads predicted by inertia theory. The study also 
concludes that stresses due to bending loads are substantial and 
should always be taken into account during any design exercise. 
 

III. METHOD AND DISCUSSIONS 

  As today’s engines, required to have higher speed and 
power, their connecting rods have higher strength and stiffness, 
but must be lighter in weight and size. In developing power 
output engine, importance is placed on the weight of the 
reciprocating and oscillating parts such as piston, connecting rod, 
valve trains etc. The overall performance of the internal 
combustion engine is affected by higher inertia forces, generated 
by the moving parts of the engine. Therefore, it should always be 
investigated to avoid any failure of the engine in the long run. 

  
As the speed increases, the maximum tensile load (at 360° 

of crank revolution) increases where as the maximum 
compressive load decreases at the crank end. Quasi-dynamic 
finite element analysis rather than static finite element analysis is 
used in this process, which can capture the actual structural 
behaviour of a connecting rod. During quasi-dynamic finite 
element analysis process, external calculated loads were also 
taken into interest to perform the elemental calculations. The 
inertia and dynamic loads were calculated and applied internally 
based on these inputs.  

 

 
Of the 15 locations as shown in the Fig., at  point 9, the 

maximum stress occurs at 360° crank angle, but the maximum 
stress (i.e. Due to influence of bending stress) occurs at 348° 
crank angle at location 13 respectively.  

A. Model of Connecting Rod 

Solid modelling tool is available to develop the concepts and 
initial design of any mechanical components and systems that 
can be analysed by using Finite Element Technique is discussed 
in literatures. Occurring of unnoticed mistakes can be avoided till 
the phase of prototype stage by the use of above citied technique. 

 

 
Since the connecting rod involves several merging radii and 
surfaces, a classical study into this complicated problem has 
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limitations and hence a finite element analysis is more 
appropriate to study the effect of combined loads due to gas 
pressure and inertia of reciprocating and oscillating parts of an 
engine. 

B. Finite Element Model of the Connecting Rod - Meshed View 

 
 

 

 

C. Optimization Procedure 

 

 
 

IV. CONCLUSIONS 

A connecting rod forms a basic element of an internal 
combustion (IC) engine, which performs the function of 
converting the reciprocating motion of the piston into angular 
effort of the crank.     The objective of this study is to optimize 
connecting rod for its weight and manufacturing costs, taking 
into account the recent developments. 

An optimized solution is the minimum or the maximum value 
that an objective function can take under a given set of 
constraints. The optimization carried out here is not true in 
mathematical sense, since while reducing the mass, 
manufacturing feasibility and cost reduction forms an integral 
part of markets. 
           The load cycle that is used here consists of compressive 
gas load corresponding to maximum torque and dynamic tensile 
load corresponding to maximum inertia load. A finite element 
routine is first used to calculate the displacements and the 
stresses in the connecting rod, which is further used in another 
routine to calculate the total life. For this optimization problem, 
high priority is given to the  weight of the connecting rod. 
Change in the material, there by resulting in significant reduction 
in the machining cost is the key factor in the optimization 
process. During optimization, weight and cost are dealt 
separately. 

 

APPENDIX 

SAE  - Society of Automotive Engineers 
FEA  - Finite Element Analysis 
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Abstract- Spray drying is one of the effective post harvest 
technology used for making powders from fruits and vegetables. 
Natural tomato powder from freshly harvested tomatoes procured 
from the Dindigul Farmers Association was tried to study the 
essential parameters for spray drying. The Spray drying behavior 
of PKM1, CO-3 and Ruchi tomato juices at different inlet and 
outlet temperature levels using the ACMEFIL Spray dryer, 
located at Gandhigram Trust was studied. The observation 
parameter includes different inlet and outlet temperature settings 
and the feed flow rate of juice in to the atomizer. With the 
addition of malt dextrin 8% and feed rate of 80ml per minute 
controlled by the peristaltic pump, having inlet air temperature as 
160oC,164oC and 162oC with constant outlet temp of 90oC was 
observed as the optimum conditions for the maximum recovery 
of tomato powder from the above three varieties. 
 
Index Terms- spray drying; tomato powder; atomizer; optimum 
temperature 
 

I. INTRODUCTION 

omato (Solanum lycopersicum L.) is widely used in Indian 
kitchens and is rich in Vitamin C, Potassium and antioxidant 

lycopene. Tomato is being grown in all the blocks of Dindigul 
district of Tamilnadu and it is quite unfortunate that most of the 
farmers getting lower prices especially during the months 
between February to June, due to higher production with the low 
price range of Rs.2 to Rs.5 per kg. Among several processing 
methods spray drying is the efficient mode of preservation of 
tomato powder. Tomato powder is readily marketable due to ease 
in packaging, transportation and utilization in different ready to 
eat food preparations with extended storage life. Tomato and 
tomato products are the major sources of lycopene and are 
considered to be important contributors of carotenoids in human 
diet (Tapiero et al. 2004; Goula and Adamopoulos 2005). 
Though very few tomato processing units are available in India,  
tomato powders are widely used in soups, Instant sauce 
premixes, ketchups, Sambar and Rasam mix, Puddings, Bakery 
Products, Health Foods, Sweets, Biscuits, Baby foods, 
Confectioneries, Snacks etc.  
           Spray-drying is defined as the transformation of liquid 
state feed into a dried particulate form. This is achieved by 
atomizing the fluid into a drying chamber, where the liquid 
droplets are passed through a hot-air stream (Masters, 1991). It 
also provides the advantage of weight and volume reduction. 

Parameters like concentration of juice, addends, feed flow rate 
and also the inlet / outlet air temperatures have a significant role 
in the yield of Fruit powders. Fruit powder is hygroscopic and 
requires drying agents such as starch, Arabic gum and malt 
dextrin for making spray dried powders (Jaya and Das, 2004). 
Gupta used liquid glucose as addend to produce free flow orange 
fruit powder. Bhandari et al. found that wettability of fruit 
powder with lower inlet air temperature was better than higher 
inlet air temperature. The optimum conditions like feed flow rate 
of 15ml/minute; inlet air temperature of 1300C and outlet air 
temperature of 850C have been obtained using liquid glucose as 
addend for recovery of Orange fruit Juice powder (Chegini and 
Ghobadian, 2007). Fruit powder is hygroscopic and requires 
drying agents such as starch, Arabic gum and malt dextrin for 
making spray dried powders (Jaya and Das, 2004). 
 

II. MATERIALS AND METHODS 

           Materials: Freshly picked PKM1, Co3 and Ruchi tomato 
varieties which are ripe and clean obtained from oddanchatram 
and Athikombai Farmers club with TSS values of 6, 5.6 and 
5.27, pH values of 4.1,4.9, 4.5, acidity range of 0.4, 0.38 and 
0.33. Tomatoes were exposed to hot water kept at 500C before 
extracting the juice using a fruit pulper. The aqueous extract was 
then filtered and utilized as sample. Dextrin (Commercial grade) 
supplied by Udhayam Scientific Company @Rs.30/kg was used 
@ 80gm/ litre used. Filter cloth of 100mesh, clean water were 
used. 
           Spray Equipment: The drying was carried out in an 
ACMEFIL make spray drier available with Gandhigram Trust, 
Gandhigram, Dindigul.  

 
 

T
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           The main components of the drier were the feed system, 
air compressor with blower, rotary disk atomizer and peristaltic 
pump. The feed system of drying air constituted of a blower and 
an air filter. The inlet and outlet air temperature was controlled 
and the product was collected by a cyclone. 
 

III. METHODOLOGY 

The process steps comprise:  
(a) Pre treatment of the fruit juice 
(b) Addition of water soluble drying aid – Malt dextrin. 
(c) Controlled flow of juice in to the atomizer.  
(d) Controlled inlet and outlet air temperature of the spray dryer. 
(e) Collection of powder from the cyclone and bottom outlet 
(f)   Aluminium Foil Packing 
. 

  

  
 
A.  Fresh Tomato Juice extract from the pulper 
B. Spray drier (Acmefil make) –DST Gandhigram.  
C. Malt dextrin was added slowly and stirred well 
D. Tomato paste obtained with inlet temp 1700C  
 
Process Flow Diagram 
        Washing  

   

          Pulping 

       

 

       Filtering fibre  

         

 

      Fresh Juice 

   

 

      Adding Malt dextrin (8%) 

 

Feed Rate (80ml/min) Peristaltic pump 

 

Inlet temp (160
 oC) and Outlet (90oC) 

 

Atomization and Spray 

 

 Powder collected from the cyclone 

 

IV. RESULTS AND DISCUSSIONS 

           The outlet air temperature was stabilized to 900C and the 
inlet air temperature was maintained at required levels by 
adjusting the compressed air pressure till maximum recovery of 
tomato powder made. Batch size of 5 litres of tomato juice was 
used for all the trials. 
 
Tomato powder recovery @different inlet temp. 
 

Var TSS pH Aci
dity 

Inle
t 
Te
mp 
0C 

Outlet 
Temp 
0C 

Feed 
flow 
rate 
(ml/min) 

PK
M1 6 4.1 0.4 160 90 80 

Co-3 5.6 4.9 0.38 164 90 80 
Ruch
i 5.27 4.5 0.33 162 90 80 

Yield: 
           10 litres of fresh juice yield 1kg of tomato powder. 
Reconstitution:  
           Clean tangy tomato powder which can be reconstituted by 
addition of 5 parts of water obtained. 
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Abstract- Background-Various prognostic factors in assisted 
reproduction procedures have been described and analysed, 
including woman’s age, the cause of infertility, the ovarian 
response and uterine receptivity, the semen quality, and the BMI. 
Optimal BMI is required for an optimal response.There is 
controversy among various reports, which is partly caused by the 
varying focus of investigators and differences in study designs, 
led us to examine the relationship between BMI and IVF/ICS1 
outcome in our unit. 
          OBJECTIVE: To study impact of BMI on IVF outcome 
prospectively. 
          MATERIAL/METHODS: It Prospective study over a 
period of 1 year in the age group 25-35 years attending the IVF 
clinic  was conducted at a tertiary infertility centre in Bangalore, 
India between November 2010-October 2011. 
          RESULTS: There was  close association of increased BMl 
in particular when BMl is > 30 kg/m2 and the reduced outcomes 
of IVF/ICSI treatment in the form of less clinical pregnancy and 
higher early pregnancy loss. Furthermore, increased BMl was 
related to an increased FSH requirement, longer days of 
stimulation, higher dosage of gonadotropins, increased risk of 
cancellation and fewer collected oocytes. 
          CONCLUSIONS: Obesity is associated with an increased 
risk of early pregnancy loss. 
          Also need of high dose of gonadotropin ,less number of 
collected oocytes is observed. Implantation rate ,pregnancy rate 
and miscarriage rate was comparable but live births are high in 
normal weight and overweight as compared to extremes of BMI 
due to high number of miscarriages in extremes of BMI though 
not statistically significant.So will  be appropriate to recommend 
weight loss prior to IVF. 
 
Index Terms- BMI/gonadotropin/IVF/pregnancy 
 

I. INTRODUCTION 

nitiation and maintenance of reproductive functions are related 
to an optimal body weight in women. Underweight [body mass 

index (BMI) <18.5 kg/m2], as well as overweight (BMI ≥25 
kg/m2) and obesity (BMI ≥30 kg/m2) are associated with an 
increased risk of anovulatory infertility1,2,3 
         Reduced fecundity of underweight and overweight women 
is probably related to multiple endocrine and metabolic 
alterations, which include—but are not limited to—effects on 
steroid metabolism and altered secretion and action of insulin 
and other hormones, such as leptin, resistin, ghrelin or 
adiponectin.  

         These alterations can affect follicle growth, embryo 
development and implantation4,5,6 , and it is therefore of concern 
that being underweight or overweight may interfere with 
treatment of infertility with IVF and ICSI. . Recently, a debate is 
started in literature whether or not restricting the access to 
fertility treatment on the ground of female body mass index7,8,9,10. 
         In assisted reproduction, however, there are conflicting 
reports on the effect of obesity on oocyte quality, embryo 
development, lower number of mature oocytes, lower 
implantation and pregnancy rates .Endometrium also seems to 
have a negative impact on reproductive outcome in studies based 
on oocyte donation model. 
         Clinical observations on the effects of body weight during 
IVF and ICSI are conflicting Changes in body mass index (BMI) 
has serious impact on the various aspects of health in particular 
the reproductive function of women. There is controversy among 
various reports, which is partly caused by the varying focus of 
investigators and differences in study designs, led us to examine 
the relationship between BMI and IVF/ICS1 outcome in our unit.  
 

II. MATERIAL AND METHODS 

Study design – 
         It is a Prospective study over a period of 1 year in the age 
group 25-35 years(with 500 females subjects ) attending the IVF 
clinic  was conducted at a tertiary infertility centre in Bangalore, 
India between November 2010-October 2011.Approval was 
obtained from the Institutional Ethics Committee(IEC) .An 
informed consent was taken from all patients. 
         Various inclusion and exclusion criterias were taken so as 
to avoid confounding variables as much as possible so as to get 
comparable results.  
         The patients had their BMI recorded at the initial 
consultation before starting the treatment cycle. Patients were 
divided into four groups: Group A (BMI <19 kg/m2); Group B 
(BMI between 19 and 24.9 kg/m2); Group C (BMI 25 to 29.9 
kg/m2) and Group D (BMI> 30 kg/m2). 
         Group A is underweight which comprised of 2%(10) 
patients, 41.6% (208) in group B 
 ( Normal BMI), 42.6%(213) in group C (overweight) and 
13.8%(69) in group D (obese). 
         The primary end-point assessed was- clinical pregnancy 
rate.  
         The secondary end-points included- cycle cancellation 
rate, the number of oocytes retrieved, mature oocytes, 
implantation rate and live birth rate. 
 

I 
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         INCLUSION CRITERIA:Fresh IVF/ICSI cycles,Non 
donor cycles,,Age group 25-35 years 
         EXCLUSION CRITERIA: >35 years age,Frozen embryo 
transfer,Donor oocyte,Gestational surrogacy,Patients with an 
accompanying medical problem which may lead to abnormal 
BMI such as diabetes mellitus, hyper or hypothyroidism 
         Variables taken are  -Clinical and Embryological 
parameters 
         Stimulation protocol was decided based upon baseline 
endocrine profile, age and response in previous cycle if any, 
baseline hormonal levels , baseline vaginal ultrasound scan (for 
antral follicle count using 6.5 MHz vaginal probe and Prosound 
4, Medison  India Ltd. Ultrasound Machine) on Day 3, Anti 
Mullerian Hormone (AMH) values using DSL-ELISA kit and 
response in previous IUI/IVF cycles. Patients with good ovarian 
reserves were stimulated by long agonist down-regulation 
protocol for ovarian stimulation while women with poor ovarian 
reserves were stimulated by antagonist protocol. (Details of both 
the protocols is given vide infra).  
         Ovarian stimulation was achieved by human menopausal 
gonadotropin (Menopur, Ferring). As a rule, the starting daily 
FSH dose was 150 IU, Gonal F (Serono, Italy) or Recagon 
(Organon)  with exception of women older than 35 years who 

received 225 IU and women with polycystic ovaries who 
received 75-150 IU.   
         The history and investigation reports were entered in a 
specially prepared performa. All patients undergoing 
conventional IVF-ET or Intra-cytoplasmic Sperm Injection 
(ICSI) were stimulated in accordance with the appropriate 
protocol decided for them and the treatment cycle was monitored 
using transvaginal ultrasound scans (TVS) and serum Estradiol 
(E2), progesterone (P) & Luteinising Hormone (LH) levels, 
wherever required. Inj uhCG, 5000IU IM (Ovutrig HP, VHB 
Life Sciences, Mumbai, India, Profasi, Serono or Pregnyl, 
Organon) or  recombinant hCG 250 mcg  (Ovidrel, Serono, Inc.) 
used in some cases( poor responders ,those at high risk of OHSS)  
was administered when the average diameter of lead follicle 
becomes more than 18mm and at least 2 follicles become more 
than 16mm in diameter. Oocytes were retrieved 34 to 36 hours 
after u hCG injection, by trans-vaginal ultrasound guided 
aspiration  
         Standard laboratory protocols were followed, including  
intracytoplasmic sperm injection(ICSI) , Laser assisted 
hatching(LAH) for cleavage stage embryos and extended culture 
for blastocyst transfer, as clinically appropriate 
 

III. RESULTS 

Figure 1 - BMI distribution 
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Table 1: Clinical characteristics of women according to BMI (kg/m2) 
 

Clinical variables 
BMI (kg/m2) 

P value <19.0 
(n=10) 

19.0-24.9 
(n=208) 

25.0-29.9 
(n=213) 

30& above 
(n=69) 

Age in years 29.80±2.20 29.98±3.39 30.92±3.19 32.36±2.74 <0.001** 

Duration of infertility 5.40±2.67 5.27±2.49 5.63±2.54 6.21±2.73 0.073+ 

Main causes of infertility      
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• Mixed causes 0(0%) 1(0.5%) 1(0.5%) 0(0%) 0.946 

• Tubal factor 1(10%) 49(23.6%) 47(22.1%) 16(23.2%) 0.786 

• Anovulatory 1(10%) 3(1.4%) 2(0.9%) 0(0%) 0.055+ 

• Unexplained 2(20%) 33(15.9%) 29(13.6%) 8(11.6%) 0.762 

• Male factor 6(60%) 122(58.7%) 134(62.9%) 45(65.2%) 0.676 

Type of Infertility      

• Primary 5(50%) 148(71.2%) 152(71.4%) 42(60.9%) 
0.205 

• Secondary 5(50%) 60(28.8%) 61(28.6%) 27(39.1%) 

 
 
 

Table 2: Clinical characteristics of women according to BMI (kg/m2) 
 

Clinical variables 
BMI (kg/m2) 

P value <19.0 
(n=10) 

19.0-24.9 
(n=208) 

25.0-29.9 
(n=213) 

30& above 
(n=69) 

Baseline FSH(Day2/3)mIU/ml      
• <10 8(80%) 184(88.5%) 197(92.5%) 67(97.1%) 

0.180 
• 10-20 2(20%) 21(10.1%) 15(7%) 1(1.4%) 
• >20 0(0%) 3(1.4%) 1(0.5%) 1(1.4%) 
• Mean ±SD 7.52±2.95 7.52±3.66 6.94±2.75 7.08±4.37 

Number of frozen embryos      

• Nil 8(80%) 172(82.7%) 175(82.2%) 56(81.2%) 

0.849 
• 1-5 1(10%) 27(13%) 28(13.1%) 10(14.5%) 
• >5 1(10%) 5(2.4%) 6(2.8%) 1(1.4%) 
• Mean ±SD 7.00±2.82 4.39±2.16 4.16±1.92 3.46±2.02 

Endometrial thickness(mm)      
• 6-8 1(10%) 18(8.7%) 17(8%) 5(7.2%) 

0.988 
• 8-10 4(40%) 98(47.1%) 106(49.8%) 32(46.4%) 
• >10 2(20%) 82(39.4%) 81(38%) 23(33.3%) 
• Mean ±SD 9.61±1.33 10.28±1.48 10.22±1.32 10.09±1.52 

Day of Embryo transfer      
• Day 2 0(0%) 21(10.1%) 34(16%) 19(27.5%) 

0.008** • Day 3 5(50%) 109(52.4%) 94(44.1%) 28(40.6%) 
• Day 5 3(30%) 71(34.1%) 75(35.2%) 16(23.2%) 

Protocol followed      
• Long 2(20%) 44(21.2%) 44(20.7%) 14(20.3%) 

0.786 • Antagonist 7(70%) 142(68.3%) 152(71.4%) 46(66.7%) 
• Others 1(10%) 21(10.1%) 14(6.6%) 9(13%) 

Complications      
• No 10(100%) 208(100%) 213(100%) 69(100%) 

1.000 
• Yes 0 0 0 0 

Age in years      
• <25 years 1(10%) 17(8.2%) 8(3.8%) 0(0%) 

0.005** 
• 25-30 years 5(50%) 95(45.7%) 84(39.4%) 17(24.6%) 
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• 30-35 years 4(40%) 93(44.7%) 116(54.5%) 50(72.5%) 
• 35-40 years 0(0%) 3(1.4%) 5(2.3%) 2(2.9%) 

no of ampules of Gns      
• <20 0(0%) 27(13%) 17(8%) 6(8.7%) 

0.012* 
• 21-40 8(80%) 147(70.7%) 143(67.1%) 43(62.3%) 
• 41-60 1(10%) 31(14.9%) 49(23%) 14(20.3%) 

• >60 1(10%) 3(1.4%) 4(1.9%) 6(8.7%) 

 
 

Table 3: Outcome of IVF/ICSI  of women according to BMI (kg/m2) 
 

Outcome 
BMI (kg/m2) 

P value <19.0 
(n=10) 

19.0-24.9 
(n=208) 

25.0-29.9 
(n=213) 

30& above 
(n=69) 

Days of stimulation 10.30±0.67 11.32±1.35 11.43±1.49 11.67±1.79 0.037* 

Number of ampules of Gn 28.20±13.92 30.75±10.94 33.63±11.37 43.97±14.89 0.003** 

Follicles>14mm 12.30±6.15 11.32±7.17 10.79±6.73 10.24±6.94 0.626 

No of M2 oocytes 5.10±5.63 8.98±4.81 7.62±4.34 6.53±4.96 0.654 

Grade of embryo      

• A 6(60%) 188(90.4%) 201(94.4%) 60(87%) 
0.593 

• B 0(0%) 12(5.8%) 7(3.3%) 3(4.3%) 

No of embryos transferred 2.37±0.52 2.46±0.68 2.49±0.68 2.30±0.66 0.284 

ET(Embryo transfer)      

• Easy 8(80%) 198(95.2%) 187(94.4%) 56(81%) 

0.045* 
• Difficult 0(0%) 3(1.4%) 17(8%) 9(13%) 

• ET cancelled 0(0%) 5(2.3%) 9(4.2%) 4(5.8%) 

CYCLE OUTCOME      

• Cancelled 2(20%) 10(4.8%) 6(2.8%) 6(8.7%) 0.027* 

• Negative 5(50%) 123(59.1%) 127(59.6%) 41(59.4%) 0.947 

• Positive 3(30%) 75(36.1%) 80(37.6%) 22(31.9%) 0.828 

Oocyte retrieval rate 89.29±43.52 91.57±17.55 106.29±17.89 86.19±17.02 0.012* 

Fertilization rate 91.11±26.67 91.67±15.82 91.44±15.61 93.41±14.02 0.854 

Cleavage rate 88.88±33.33 97.22±9.36 96.41±10.42 98.90±5.08 0.040* 

Implantation rate 15.00±33.74 13.26±24.36 16.35±27.35 16.87±28.17 0.621 

Outcome      

• Biochemical 
pregnancy 

0(0%) 16(7.7%) 15(7%) 2(2.9%) 0.438 

• Ectopic 0(0%) 2(1%) 1(0.5%) 0(0%) 0.817 

• Missed abortion 0(0%) 6(2.9%) 9(4.2%) 4(5.8%) 0.630 

• Single 1(10%) 42(20.2%) 44(20.7%) 14(20.3%) 0.879 
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• Twins 1(10%) 7(3.4%) 8(3.8%) 3(4.3%) 0.749 

• Triplets 0(0%) 1(0.5%) 4(1.9%) 0(0%) 0.388 

• Quadruplets 0(0%) 0(0%) 0(0%) 1(1.4%) 0.100 

 
 
 
 

Figure 2- 

0

10

20

30

40

50

60

70

80

90

100

P
e
rc

e
n

ta
g

e
s

<19.0 19.0-24.9 25.0-29.9 30 & above

Cancelled

Negative

Positive

BMI (kg/m2)

CYCLE OUTCOME

 
Figure 3- 

 

0

5

10

15

20

25

30

35

40

45

50

P
e
rc

e
n

ta
g

e
s

Bioche Ectopic Missed

abortion

Single Twins Triplets Quadruplets

<19.0
19.0-24.9
25.0-29.9
30 & above

BMI (kg/m2)

OUTCOME

 
 
 

Table 4: Outcome of IVF/ICSI  of women according to BMI (kg/m2) 
 

Outcome 
BMI (kg/m2) 

P value <19.0 
(n=10) 

19.0-24.9 
(n=208) 

25.0-29.9 
(n=213) 

30& above 
(n=69) 

CPR 2(20.0%) 58(27.9%) 66(30.9%) 12(17.4%) 0.163 

LBR 2(20.0%) 50(24.1%) 56(26.3%) 18(26.1%) 0.929 
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IV. DISCUSSION 

           In our study, as per age distribution, 54.6%(273/500) were 
in age group>30years and 45.4%(227/500) were <30years age. 
Group A is underweight which comprised of 2%(10) patients, 
41.6% (208) in group B ( Normal BMI), 42.6%(213) in group C 
(overweight) and 13.8%(69) in group D (obese).Mean duration 
of infertility was 5.27±2.49 years in group B and in group C it 
was 5.63±2.54 years .Among the causes of infertility in all 
patients, most common was male factor in form of oligospermia, 
severe oligoasthenozoospermia, necrospermia, 
asthenozoospermia, azoospermia or sexual dysfunction in 
60%(6) in group A,58.7%(122) in group B,62.9%(134) in group 
C and 65.2%(45) in group D followed by the  tubal 
factor(20%),unexplained infertility(15%),ovulatory dysfunction 
and mixed causes in remaining patients(Table 1).  
            Number of frozen embryos were more in group B and C 
as compared to  A and D though not statistically 
significant(p=0.849).Endometrial thickness was 8-10mm in 
98(47.1%) in group B,106(49.8%) in group C as compared to 
4(40%) and 32(46.4%) in groups A and D with 
p=0.988(statistically non significant). Day 2/3 embryo transfer 
was done in 62% of patients and in remaining blastocysts were 
transferred in our clinic(p=0.008). 
           Dosage of gonadotropins was high in overweight and 
obese group such that 41-60 ampules were used in 23% in group 
C compared to 14% in group B(Table 2). 
           The   primary and secondary outcomes of our study are 
depicted in Table 3. 
           Days of stimulation were more in group C( 11.43±1.49 
and group D(11.67±1.79) with p=0.037. 
           Dosage of gonadotropins was more in overweight and 
obese patients(p=0.003) compared to normal BMI and 
underweight groups. 
           Number of dominant follicles, number of mature 
(M2,Metaphase 2) oocytes,number of  grade A(good quality) 
embryos formed and frozen were more in normal weight and 

overweight patients(groups  B and C) as compared to  extremes 
of BMI variations(underweight and obese) though not 
statistically significant.Mean number(2.46±0.68 )of embryos 
transferred were comparable in four groups with p=0.289. 
           90% of embryo transfers done were easy. Difficult 
embryos transfers were more in group  C(8%) and group D(13%) 
compared to group A(none,0%) and group B(1.4%).  
           Embryo transfer was cancelled in 9(4.2%) patients in 
group and 4(5.8%) in group D as compared  to 2.3% in group B 
and none in group A(p=0.045)(Figure 2). 
           Ooocyte retrieval rate was high in group B(91.57±17.55) 
and group C(106.29±17.89) as compared to group A and D. 
Fertilization rate was comparable. Cleavage rate was high in 
groups B,C and D as compared to group A 
(p=0.040).Implantation rate was almost similar in all four 
groups(16-17%) with p=0.621.Pregnancy rate was 38% in group 
C(maximum) followed by 36% in group B,31% in group Dand 
30% in group A(p=0.828) so it was comparable statistically(non 
significant). 
           Number of miscarriages were maximum in overweight 
and obese patients but comparable to normal BMI group with 
p=0.630(Figure 3). 
           In our study out of 500 patients recruited, 171 were 
pregnant so overall pregnancy rate was 34%(171/500) with 
clinical pregnancy rate of 31% and 28% in overweight and 
normal BMI patients as compared to 17% and 20% in obese and 
underweight patients in comparable age group(p=0.163)(Table 
4,Figure 4). 
           While live birth rate was upto  26% in group C and D as 
compared to 20% and 24% in groups A and B(p=0.929). 
           So concluding that in terms of primary outcomes, 
pregnancy rate was comparable with comparable rates of 
biochemical pregnancies, missed abortions, ectopic pregnancies, 
singletons and multiple pregnancies but on further analysis we 
found that there was  difference in clinical pregnancy rate and 
live birth rate in all four groups such that these rates fall 
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drastically on either side of extremes of variation in BMI though 
not statistically significant(p>0.05).  
           In summary, this study suggests that obesity is associated 
with lower clinical pregnancy and live birth rate and the need for 
higher and longer period of FSH stimulation due to impaired 
ovarian response but underweight was not related to an impaired 
outcome. 
           The study has some significant strength. First of all, the 
major strength was its prospective nature. In the literature, most 
of the data about this topic has been based on retrospective 
studies or pooled data, thus allowing potential for observer bias.  
           Another advantage was, this study included only first 
ART cycle. There are many studies including more than one 
cycle of the same participants. In this situation, undiagnosed bad 
prognostic factors of an individual may cumulatively effect on 
results.  
           Lastly, we calculated BMI of the participants at the 
beginning of ovarian stimulation. In the Literature, some studies 
encompassed patients with BMI assessed within the last one year 
or last six months. However, there is no doubt that significant 
weight changes may have occurred in this time interval. 
           In conclusion, our results indicate that obesity and 
overweight is associated with reduced pregnancy rates and 
increased requirement gonadotropin for ovulation induction. This 
information is valuable for counselling couples before initiation 
of ART. Obese and overweight patients should be strongly 
encouraged to loose weight before starting ART. Actually 
optimal BMI should be a pre-requisite before recruiting the 
patients for the controlled ovarian stimulation(COS). 
                         

V. CONCLUSIONS 

           Clinical observations on the effects of body weight during 
IVF and ICSI are conflicting. In overweight/obese compared 
with normal weight women, increased FSH requirement during 
ovarian stimulation, fewer collected oocytes, decreased serum 
estradiol concentrations, frequent cycle cancellations and low 
pregnancy rate have been observed 
           Obesity is associated with an increased risk of early 
pregnancy loss occurring before 6 weeks gestation. Positive 
correlation between BMI and gonadotropin requirement during 
stimulation and negative correlation between BMI and number of 
collected oocytes is observed. 
           Dosage of gonadotropins is high with more days of 
stimulation  in overweight and obese group.  
            Number of dominant follicles,number of mature 
(M2,Metaphase 2) oocytes,number of  grade A(good quality) 
embryos formed and frozen are more in normal weight and 
overweight patients  as compared to  extremes of BMI 
variations(underweight and obese) though not statistically 
significant. 
           Difficult embryos transfers with more of embryo transfers 
cancelled   in  obese and overweight such that the visibility on 
ultrasound guided embryo transfer is poor in case of overweight 
and obese patients as compared to normal weight and 
underweight patients.  
           Implantation rate ,pregnancy rate and miscarriage 
rate was comparable but live births are high in normal 

weight and overweight as compared to extremes of BMI due 
to high number of miscarriages in extremes of BMI though not 
statistically significant. 
           It appears that it may be appropriate to recommend weight 
loss prior to IVF in patients especially in young patients  whereas 
in older patients, a more immediate and aggressive approach to 
ART may be warranted. 
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     Abstract: Lip print: The science under which lip prints study referred as Cheiloscopy. Establishing a person’s identity is a very 
important process in civil and criminal cases. . Lip prints help in personal identification and criminal investigation is very much 
important as his evidence would be very much useful in law and justice. Dental identification, fingerprint and DNA comparisons are 
probably the most common techniques used in this context, allowing fast and secure identification processes. However, since they 
cannot always be used, sometimes it is necessary to apply different and less known techniques. The pattern of wrinkles on the lips has 
individual characteristics as fingerprints. Although Lip Print identification may appear in the field literature there is very little science 
or research to support the theory that Lip Prints are individual, or to support a methodology, for the collection and comparison of Lip 
Prints, which has become accepted within the forensic community. 
Lip prints are unique and do not change during the life of a person. The external surface of lip has numerous elevations and 
depressions that form a characteristic pattern, referred to as lip prints, lip prints can be obtained at the crime scene from clothing, cups, 
glasses, cigarettes, windows and doors. 
Where identification is concerned, the mucosal area of the lip holds the most interest. This area, also called Klein’s zone, is covered 
with wrinkles and grooves that forms a characteristic pattern the lip print. The importance of Cheiloscopy is linked to the fact that lip 
prints are unique to one person, except in monozygotic twins. Like fingerprints and palatal rugae, lip grooves are permanent and 
unchangeable. It is possible to identify lip patterns as early as the sixth week of intra uterine life 
 The research paper comprises study of 100 female lip prints and 100males lip prints of Marathi community.  Prints are divided into 6 
types such as branched, rectangular, long vertical, short vertical and diamond and prints of a person studies by dividing lips into four 
quadrant (A, B, C, and D).  This study shows that lip prints are unique to an individual and behold the potential for recognition of the 
sex of an individual and shows   percentage variation of different types of lip prints in male and female lip prints samples. This 
technique is helpful in sexual dimorphism on the basis of presence of different types of pattern.  
    Index Terms: Cheiloscopy, Marathi community, Branched pattern 

I. INTRODUCTION 

ip prints are normal lines and fissures in the form of wrinkles and grooves present in the zone of transition of human lip, between 
the inner labial mucosa and outer skin, examination of which is known as Cheiloscopy. This is unique for individuals, as finger 

prints. Research studies and information regarding the use of lip prints as evidence in personal identification and criminal 
investigation in dentistry, although age old, are scanty. However, studying in depth and establishing further facts and truth in lip prints 
will certainly help as useful evidence in forensic identification of person. Lip prints are uniform throughout life and shows presence or 
absence of person at crime scene. 
Fischer in 1902 was the first anthropologist to describe the furrows on the red part of the human lips.  However, it was only in 1932 
that Edmond Locard, one of France's greatest criminologists, recommended the use of lip prints in personal identification and 
criminalization.  In 1950, Synder reported in his book Homicide Investigation that the characteristics of the lips formed by lip grooves 
are as individually distinctive as the ridge characteristics of finger prints.  Suzuki, in 1967, made detailed investigations of the 
measurement of the lips, the use and color of rouge, and the method for its extraction to obtain useful data for practical forensic 
application. Later in 1970, Suzuki and Tsuchihashi, conducted a study on 107 Japanese families and named the grooves on labiorum 
rurorum as sulci labiorum and the lip prints consisting of these grooves as ' Figura linearum labiorum rubrorum '. Mc Donell in 1972 
conducted a study on lip prints between two identical twins and reported that two identical twins seemed to be indistinguishable by 
every other means but their lip prints were different .Cottone, in 1981, reported in his book Outline of Forensic Dentistry, that 
Cheiloscopy is one of the special techniques used for personal identification. In 1990, Kasprzak conducted a research for period of five 
years on 1500 persons to elaborate the practical use of Cheiloscopy.  Recently, Vahanwala in 2000 conducted a study of lip patterns to 
promote the importance of Cheiloscopy in forensic science identification.  

Suzuki’s and Tsuchihashi considered five different types of grooves: 

• Type I:Long vertical grooves 
• Type I’ :Short vertical grooves 

L
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• Type II: Branching groove. 
• Type III :Diamond grooves 
• Type IV :Rectangular grooves 

In this study on the basis of Suzuki’s and Tsuchihashi classification of lip prints  and research on 200 samples (100 male lip prints and 
100 female lip prints) lip prints are classified into 6 categories. 

• Type 1:Long vertical  
• Type 2:Short vertical  
• Type 3: Branched 
• Type 4:Mixed( quadrant having more than one combination of prints considered as Mixed prints) 
• Type 5: .Rectangular 
• Type  6:Diamond 

 
 

   
 

  
 

II.    METHODOLOGY 

MATERIAL REQUIRED: Glass plate, black powder, and digital camera. 

 PROCEDURE: The subject should ask to open mouth and press firmly their lips on glass plate, this invisible prints known as latent 
prints. After taken prints developed it by using black powder used to developed fingerprints, when prints developed then photograph 
by digital camera. After that prints divided into four quadrant (A, B, C, D) starting clockwise from upper to lower lip of male and 
female. This same procedure repeats with 100 samples of male and female of Marathi community, and then observed different type of 
lip prints present at different quadrant. This technique help in sexual dimorphism on basis of presence of different 
types of lip prints on different quadrant of lips. 

III.     RESULT 
Table: 1(Quadrent wise distribution of different types of lip prints in male) 

SNO QUADRENT -A QUADRENT- B QUADRENT-C QUADRENT-D 
 

1   BRANCHED MIXED BRANCHED DIAMOND 
2  DIAMOND DIAMOND DIAMOND DIAMOND 
3   MIXED LONG VERTICAL RECTANGULAR DIAMOND 
4   DIAMOND BRANCHED SHORT VERTICAL  SHORT VERTICAL 
5   DIAMOND DIAMOND MIXED MIXED 
6  DIAMOND DIAMOND BRANCHED BRANCHED 
7  DIAMOND DIAMOND MIXED MIXED 
8  BRANCHED BRANCHED BRANCHED BRANCHED 
9  DIAMOND DIAMOND DIAMOND DIAMOND 
10  DIAMOND DIAMOND LONG VERTICAL LONG VERTICAL 
11  BRANCHED BRANCHED MIXED MIXED 
12   DIAMOND DIAMOND DIAMOND DIAMOND 
13  DIAMOND DIAMOND MIXED MIXED 
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14  LONG VERTICAL BRANCHED LONG VERTICLE BRANCHED 
15 MIXED MIXED MIXED DIAMOND 
16  BRANCHED BRANCHED BRANCHED BRANCHED 
17  DIAMOND DIAMOND DIAMOND DIAMOND 
18  BRANCHED DIAMOND MIXED DIAMOND 
19  BRANCHED BRANCHED LONG VERTICLE LONG VERTICLE 
20  DIAMOND DIAMOND DIAMOND MIXED 
21  DIAMOND DIAMOND DIAMOND DIAMOND 
22  DIAMOND DIAMOND BRANCHED BRANCHED 
23  BRANCHED BRANCHED BRANCHED BRANCHED 
24  DIAMOND MIXED BRANCHED RECTANGULAR 
25 BRANCHED BRANCHED LONG VERTICAL LONG VERTICAL 
26  BRANCHED BRANCHED LONG VERTICAL LONG VERTICAL 
27  DIAMOND DIAMOND MIXED MIXED 
28  MIXED MIXED SMALL VERTICAL SMALL VERTICLE 
29  DIAMOND DIAMOND DIAMOND DIAMOND 
30  DIAMOND DIAMOND DIAMOND DIAMOND 
31  BRANCHED BRANCHED BRANCHED RECTANGULAR 
32  BRANCHED BRANCHED BRANCHED MIXED 
33  DIAMOND DIAMOND BRANCHED LONG VERTICAL 
34  DIAMOND DIAMOND BRANCHED BRANCHED 
35  DIAMOND DIAMOND DIAMOND DIAMOND 
36  DIAMOND DIAMOND DIAMOND DIAMOND 
37   BRANCHED DIAMOND BRANCHED BRANCHED 
38   DIAMOND DIAMOND DIAMOND RECTANGULAR 
39  DIAMOND DIAMOND DIAMOND RECTANGULAR 
40  DIAMOND DIAMOND BRANCHED BRANCHED 
41  DIAMOND DIAMOND SHORT VERTICLE SHORT VERTICLE 
42  DIAMOND DIAMOND MIXED MIXED 
43  DIAMOND DIAMOND LONG VERTICLE LONG VERTICLE 
44  BRANCHED BRANCHED MIXED MIXED 
45  DIAMOND DIAMOND MIXED MIXED 
46  RECTANGULAR RECTANGULAR RECTANGULAR RECTANGULAR 
47  DIAMOND DIAMOND DIAMOND BRANCHED 
48  DIAMOND DIAMOND SHORT VERTICLE SHORT VERTICLE 
49   BRANCHED BRANCHED BRANCHED BRANCHED 

50  DIAMOND DIAMOND RECTANGULAR RECTANGULAR 

51  DIAMOND DIAMOND RECTANGULAR RECTANGULAR 

52  DIAMOND DIAMOND RECTANGULAR RECTANGULAR 

53  DIAMOND DIAMOND DIAMOND DIAMOND 

54  DIAMOND DIAMOND BRANCHED BRANCHED 

55  LONG VERTICLE LONG VERTICLE BRANCHED BRANCHED 

56 BRANCHED BRANCHED BRANCHED BRANCHED 
57 RECTANGULAR DIAMOND BRANCHED BRANCHED 
58 RECTANGULAR RECTANGULAR RECTANGULAR RECTANGULAR 
59  BRANCHED BRANCHED LONG VERTICLE LONG VERTICLE 
60 MIXED MIXED LONG VERTICLE LONG VERTICLE 
61 BRANCHED BRANCHED BRANCHED BRANCHED 
62 BRANCHED BRANCHED LONG VERTICLE LONG VERTICLE 
63 BRANCHED BRANCHED SHORT VERTICLE SHORT VERTICLE 
64 BRANCHED BRANCHED BRANCHED BRANCHED 
65 BRANCHED BRANCHED BRANCHED BRANCHED 
66 BRANCHED BRANCHED LONG VERTICLE LONG VERTICLE 
67 DIAMOND DIAMOND DIAMOND DIAMOND 
68 BRANCHED BRANCHED BRANCHED BRANCHED 
69 BRANCHED BRANCHED LONG VERTICLE LONG VERTICLE 
70 DIAMOND DIAMOND RECTANGULAR RECTANGULAR 
71 BRANCHED BRANCHED MIXED MIXED 
72 RECTANGULAR RECTANGULAR SHORT VERTICLE SHORT VERTICLE 
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Table: 2(different type of lip prints present in different quadrents in male)) 

SNO  
 

QUADRENT-A QUADRENT-B QUADRENT-C QUADRENT-D 

LONG- 
VERTICAL(TYPE: 
1) 
 

3 3 13 14 

SHORT-
VERTICAL(TYPE: 
2) 
 

0 0 9 8 

BRANCHED 
(TYPE: 3) 
 

49 47 37 32 

MIXED(TYPE: 4) 
 

6 7 13 13 

RECTANGULAR 
(TYPE: 5) 
 

3 3 11 14 

DIAMOND(TYPE:6) 
 

39 40 17 19 

 
 
 
 
 

73 LONG VERTICLE LONG VERTICLE BRANCHED BRANCHED 
74 BRANCHED BRANCHED BRANCHED BRANCHED 
75 BRANCHED BRANCHED BRANCHED BRANCHED 
76 BRANCHED BRANCHED BRANCHED BRANCHED 
77 BRANCHED BRANCHED LONG VERTICLE LONG VERTICLE 

78 BRANCHED BRANCHED BRANCHED BRANCHED 
79 BRANCHED BRANCHED BRANCHED BRANCHED 
80 MIXED MIXED SHORT VERTICLE SHORT VERTICLE 
81 BRANCHED BRANCHED SHORT VERTICLE SHORT VERTICLE 
82 BRANCHED BRANCHED BRANCHED BRANCHED 
83 BRANCHED BRANCHED SHORT VERTICLE SHORT VERTICLE 
84 BRANCHED BRANCHED LONG VERTICLE LONG VERTICLE 
85 BRANCHED BRANCHED BRANCHED BRANCHED 
86 BRANCHED BRANCHED MIXED MIXED 
87 DIAMOND DIAMOND DIAMOND DIAMOND 
88 MIXED MIXED RECTANGULAR RECTANGULAR 
89 BRANCHED BRANCHED RECTANGULAR RECTANGULAR 
90 BRANCHED BRANCHED BRANCHED BRANCHED 
91 BRANCHED BRANCHED BRANCHED BRANCHED 
92 BRANCHED BRANCHED BRANCHED BRANCHED 
93 BRANCHED BRANCHED BRANCHED LONG VERTICLE 
94 BRANCHED BRANCHED MIXED MIXED 
95 DIAMOND DIAMOND DIAMOND DIAMOND 
96 BRANCHED BRANCHED LONG VERTICLE LONG VERTICLE 
97  BRANCHED BRANCHED BRANCHED BRANCHED 
98 BRANCHED BRANCHED RECTANGULAR RECTANGULAR 
99 BRANCHED BRANCHED RECTANGULAR RECTANGULAR 
100 BRANCHED BRANCHED BRANCHED BRANCHED 
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Bar diagram of different type of lip patterns in male quadrents wise 

Table: 3 (Quadrent wise distribution of different types of lip prints in female) 
SNO QUADRENT-A QUADRENT-B QUADRENT-C QUADRENT-D 
1  MIXED BRANCHED BRANCHED BRANCHED 
2  DIAMOND DIAMOND MIXED RECTANGULAR 
3  RECTANGULAR RECTANGULAR LONG VERTICAL LONG VERTICAL 
4  DIAMOND DIAMOND DIAMOND DIAMOND 
5  MIXED MIXED LONG VERTICAL LONG VERTICAL 
6   MIXED LONG VERTICAL LONG VERTICAL LONG VERTICAL 
7  MIXED MIXED LONG VERTICAL LONG VERTICAL 
8  BRANCHED BRANCHED LONG VERTICAL LONG VERTICAL 
9  BRANCHED BRANCHED MIXED MIXED 
10  BRANCHED MIXED MIXED MIXED 
11  DIAMOND DIAMOND MIXED MIXED 
12  BRANCHED BRANCHED RECTANGULAR RECTANGULAR 
13  DIAMOND DIAMOND DIAMOND DIAMOND 
14  BRANCHED BRANCHED BRANCHED LONG VERTICLE 
15  DIAMOND DIAMOND DIAMOND DIAMOND 
16   LONG VERTICAL LONG VERTICAL LONG VERTICAL LONG VERTICAL 
17  BRANCHED BRANCHED LONG VERTICAL LONG VERTICAL 
18  MIXED DIAMOND MIXED MIXED 
19  RECTANGULAR RECTANGULAR  LONG VERTICAL MIXED 
20  BRANCHED BRANCHED RECTANGULAR RECTANGULAR 
21  BRANCHED BRANCHED MIXED MIXED 
22  BRANCHED BRANCHED BRANCHED BRANCHED 
23  DIAMOND DIAMOND DIAMOND DIAMOND 
24  MIXED MIXED RECTANGULAR RECTANGULAR 
25  RECTANGULAR RECTANGULAR LONG VERTICAL LONG VERTICAL 
26  DIAMOND DIAMOND LONG VERTICAL LONG VERTICAL 
27  DIAMOND DIAMOND MIXED MIXED 
28  DIAMOND DIAMOND DIAMOND DIAMOND 
29  DIAMOND DIAMOND MIXED MIXED 
30  RECTANGULAR RECTANGULAR LONG VERTICAL LONG VERTICAL 
31  BRANCHED BRANCHED BRANCHED BRANCHED 
32  MIXED MIXED BRANCHED BRANCHED 
33  MIXED MIXED MIXED MIXED 
34  DIAMOND DIAMOND DIAMOND DIAMOND 
35  BRANCHED BRANCHED LONG VERTICAL LONG VERTICAL 
36  MIXED MIXED MIXED MIXED 
37  BRANCHED BRANCHED SHORT VERTICAL SHORT VERTICAL 

38  MIXED MIXED MIXED MIXED 
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39  MIXED MIXED RECTANGULAR RECTANGULAR 
40  BRANCHED MIXED BRANCHED MIXED 
41  BRANCHED BRANCHED BRANCHED BRANCHED 
42  BRANCHED BRANCHED BRANCHED BRANCHED 
43 BRANCHED BRANCHED BRANCHED BRANCHED 
44 MIXED MIXED MIXED MIXED 
45  BRANCHED BRANCHED MIXED MIXED 
46  BRANCHED BRANCHED BRANCHED BRANCHED 
47  BRANCHED BRANCHED BRANCHED BRANCHED 
48  MIXED MIXED BRANCHED BRANCHED 
49  DIAMOND DIAMOND SHORT VERTICAL SHORT VERTICAL 
50  BRANCHED BRANCHED LONG VERTICAL LONG VERTICAL 
51  BRANCHED BRANCHED BRANCHED BRANCHED 
52  BRANCHED BRANCHED BRANCHED BRANCHED 
53  MIXED MIXED MIXED MIXED 
54  BRANCHED BRANCHED LONG VERTICAL LONG VERTICAL 
55  BRANCHED BRANCHED BRANCHED BRANCHED 
56 DIAMOND DIAMOND DIAMOND DIAMOND 

57  DIAMOND DIAMOND RECTANGULAR RECTANGULAR 
58  BRANCHED BRANCHED MIXED MIXED 
59  BRANCHED BRANCHED SHORT VERTICAL SHORT VERTICAL 
60  RECTANGULAR RECTANGULAR RECTANGULAR RECTANGULAR 
61  DIAMOND DIAMOND BRANCHED BRANCHED 
62  BRANCHED BRANCHED BRANCHED BRANCHED 
63  RECTANGULAR RECTANGULAR LONG VERTICAL LONG VERTICAL 
64  RECTANGULAR RECTANGULAR RECTANGULAR RECTANGULAR 
65  BRANCHED BRANCHED MIXED BRANCHED 
66  RECTANGULAR RECTANGULAR RECTANGULAR RECTANGULAR 
67  MIXED MIXED RECTANGULAR RECTANGULAR 
68  BRANCHED BRANCHED RECTANGULAR RECTANGULAR 
69  BRANCHED BRANCHED SHORT VERTICAL SHORT VERTICAL 
70 RECTANGULAR RECTANGULAR BRANCHED BRANCHED 
71  MIXED  MIXED LONG VERTICAL LONG VERTICLE 
72  RECTANGULAR RECTANGULAR LONG VERTICAL LONG VERTICAL 
73   RECTANGULAR RECTANGULAR RECTANGULAR RECTANGULAR 
74   RECTANGULAR RECTANGULAR RECTANGULAR RECTANGULAR 
75  DIAMOND DIAMOND LONG VERTICAL LONG VERTICAL 
76  DIAMOND DIAMOND DIAMOND DIAMOND 
77  RECTANGULAR RECTANGULAR BRANCHED BRANCHED 
78  BRANCHED BRANCHED LONG VERTICAL LONG VERTICAL 
79  MIXED MIXED DIAMOND DIAMOND 
80   BRANCHED BRANCHED LONG VERTICAL LONG VERTICAL 
81  BRANCHED BRANCHED LONG VERTICAL LONG VERTICAL 
82 LONG VERTICAL LONG VERTICAL LONG VERTICAL LONG VERTICAL 
83  BRANCHED BRANCHED BRANCHED BRANCHED 
84 RECTANGULAR RECTANGULAR BRANCHED BRANCHED 
85 BRANCHED  BRANCHED LON VERTICAL  LONG VERTICAL 
86 BRANCHED  BRANCHED  BRANCHED  BRANCHED  
87 BRANCHED  BRANCHED  BRANCHED  BRANCHED  
89 RECTANGULAR RECTANGULAR RECTANGULAR RECTANGULAR 
90 BRANCHED BRANCHED SHORT VERTICAL  SHORT VERTICLE 
91 MIXED MIXED MIXED MIXED 
92 BRANCHED BRANCHED BRANCHED BRANCHED 
93 DIAMOND DIAMOND DIAMOND DIAMOND 
94 BRANCHED BRANCHED SHORT VERTICLE SHORT VERTICLE 
95 BRANCHED BRANCHED BRANCHED BRANCHED 
96 MIXED MIXED MIXED MIXED 
97 BRANCHED BRANCHED LONG VERTICAL LONG VETICLE 
98 MIXED MIXED MIXED MIXED 
99 RECTANGULAR RECTANGULAR RECTANGULAR RECTANGULAR 
100 BRANCHED BRANCHED BRANCHED BRANCHED 
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Table -4(different type of lip prints present in different quadrents in female) 
SNO 
 

QUADRENT-A QUADRENT-B QUADRENT-C QUADRENT-D 

LONG- VERTICAL 
(TYPE: 1) 
 

2 3 22 24 

SHORT-VERTICAL 
(TYPE: 2) 
 

0 0 3 2 

BRANCHED 
(TYPE:3) 

38 36 25 25 

MIXED 
(TYPE: 4) 

19 19 19 17 

RECTANGULAR 
(TYPE: 5) 
 

15 16 13 14 

DIAMOND 
(TYPE:6) 
 

16 19 9 9 

 
Bar diagram of female lip prints quadent wise. 

IV.    DISCUSSION 
    In present  study of lip prints of Marathi community shows that type 3 (branched) pattern is frequently present in both sexes in  all 
quadrants .In female 8.25% of long vertical 4.25%0f short vertical,41.25%of branched, 9.75% of mixed, 7.25%of rectangular and 
28.75%of diamond in all four quadrants. 
In female 12.75%of long vertical, 1.25%of short vertical, 31%of branched, 18.5%of of mixed, 14.5%of rectangular, 13.25%of 
diamond in all four quadrants. 

V.    CONCLUSION 

    Lip print identification is generally acceptable within the forensic science community as a means of positive identification because 
it appears in the literature the importance of Cheiloscopy is linked to the fact that lip prints are unique to one person, except in 
monozygotic twins. Like fingerprints and palatal rugae, lip grooves are permanent and unchangeable there is a need for Lip prints 
identification to be acceptable in the court as scientifically based evidence. This research involves the study of 200 lip prints in 
Marathi community (100 lip prints of male and 100of female shows branched (type 3) pattern present most in both the sexes. 
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Abstract- GISTs   account for approximately 80%  of  
gastrointestinal  mesenchymal tumours. The literature about 
GIST  remains confusing because tumour classification and 
terminology  are  continually  refined. Furthermore, the  exact  
definition of  GIST  varies among authors. 
    Mostly occur in the stomach  and small intestine  with rare 
occurrence in the rectum (5%), colon (1%), oesophagus  and 
appendix. The diagnosis of GIST is currently based on 
morphologic features and immunohistochemical demonstration 
of KIT (CD 117). Early resection is treatment of choice. STI-571 
(Imatinib), a KIT tyrosine kinase inhibitor has recently shown 
promise in the treatment of metastatic GISTs.  The three key 
prognostic factors have been mitotic rate, tumour size and site. 
The five year survival rate declines and prognosis becomes poor 
with increase in the size and mitotic activity. 
    This article deals with the study of GIST  at different sites with 
varied clinical, radiodiagnostic and histopathological findings, 
and treatment approach.   We  have  analysed 10  different  cases 
of  GIST and  have  drawn possible conclusions.   
 
 
Index Terms- GIST- mesenchymal tumours- clinical 
presentation- radiodiagnostic and histopathological findings- 
treatment 

I. INTRODUCTION 

astrointestinal stromal tumours (GISTs) initially presumed 
to be of  “true” smooth muscle origin, encompass a 

heterogenous, and as yet incompletely understood, group of 
mesenchymal tumours with respect to their origin, cellular 
differentiation, and prognosis (1). GISTs include most tumours 
previously designated as leiomyoma, cellular leiomyoma, 
leiomyoblastoma and leiomyosarcoma (2). 
    GISTs are believed to originate from a mesenchymal stem cell 
that differentiates towards an Interstitial Cell of  Cajal(ICC) 
phenotype . 
    GISTs are characterized with diverse clinical presentations, 
including acute and chronic gastrointestinal bleeding, abdominal 
pain, presence of an abdominal mass, anorexia and intestinal  
obstruction (3). 
    The diagnosis of GIST is currently based on morphologic 
features and immunohistochemical demonstration of KIT (CD 
117). However, some tumours (approximately 4%) have 
clinicopathologic features of GIST but do not express KIT (4). 
Complete surgical resection is the most important means of cure 
for GISTs (5). The advent of STI-571 (Imatinib) has markedly 
altered the clinical approach to GIST. It has proven to be 

effective in metastatic GIST and is also under investigation as a 
neoadjuvant and adjuvant therapy (6). 
    This study is a comparative analysis of 10 patients with GIST, 
managed over a period of last 8 years in our department. The 
presenting signs and symptoms, radiologic features, 
histopathological findings and treatment were evaluated. 
 

II. MATERIAL AND METHODS 

    Ten patients having GIST were treated over a period of last 8 
years in the Department of Surgery at Krishna Institute of 
Medical Sciences University, Karad. Age of the patients ranged 
from 35 to 72 years. Out of  these ten  patients, seven were men 
and three women. The authors analysed the clinical presentation, 
method of diagnosis, locations of the tumours, surgical treatment, 
histopathological findings, and postoperative outcomes. 

III. RESULTS 

    Diagnosis was made with a combination of clinical findings, 
ultrasonography(USG), CT scan of abdomen, intraoperative 
findings, postoperative histopathological study and 
immunohistochemistry. Pain in abdomen was a common 
complaint accompanied with other complaints of either lump in 
abdomen or generalized weakness. Clinical presentation varied 
according to the site of GIST. For  example, difficulty in 
defecation and per rectal bleeding for rectal GIST, where as lump 
in epigastrium for gastric GIST.  One Patient presented with 
peritonitis due to perforation of rectosigmoid mass.    
    USG abdomen and pelvis in 5 patient’s  revealed rounded, 
heteroechoic, well defined, vascular, pedunculated mass with 
calcification in the body of stomach in case of gastric GIST. The 
one with GIST in the jejunum revealed heteroechoic mass from 
the small bowel in the hypogastrium likely to be malignant. 
Another one with GIST in the jejunum revealed similar findings 
with a mass of 8x5x4 cm arising from the small bowel with 
increased vascularity. The one with GIST in the rectum revealed 
bowel wall thickening involving sigmoid colon and rectum, 
suggestive of malignancy. And the one with proximal ileal GIST 
revealed a mass arising from proximal ileum about 10x8x5 cm 
located on the pelvic brim with heteroechogenecity. 
    CT scan of abdomen in 4 patient’s  revealed exophytic, 
cavitatory, mild to moderately enhancing growth communicating 
with the stomach posteriorly and involving left lobe of liver with 
jejunal loops, likely to be lymphoma of jejunum with secondary 
involvement of the stomach and left lobe of liver, in case of 
gastric GIST. 

G
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    There was no lymphadenopathy or free fluid in the peritoneal 
cavity.Another CT scan in a patient with hepatic extra GIST 
revealed features suggestive of abscess of left lobe of liver 
rupturing through the inferior surface with a large extrahepatic 
component. CT scan was done in both the cases of 
retroperitoneal GIST. One of it revealed a solid tumour 
measuring 4x3.5x3 cm in the retroperitoneum between the 
abdominal aorta and inferior vena cava. It was compressing the 

pancreas but no definite invasion was seen. The another one 
revealed a 6.5x4.5x3 cm mass behind the right lobe of liver in the 
retroperitoneum, apart from the right adrenal gland. 
    UGI scopy and barium study was done in both the patients 
with gastric GIST and the findings correlated with those of either 
USG or CT scan of abdomen. Sigmoidoscopy with biopsy was 
carried out in case of rectal GIST. 

 
Table 1: Comparison of clinical and radiodiagnostic findings of GIST at different sites: 

 
Site Clinical features Radiodiagnostic findings   
Sigmoid colon -pain in abdomen 

-acute distension of abdomen 
-per abdomen= guarding, rigidity,        
liver dullness obliterated.    

Emergency exploratory laparotomy 
was done with clinical diagnosis of 
hollow viscus perforation; erect 
chest Xray showing 
pneumoperitoneum. 

Rectum  -bleeding per rectum 
-tenesmus 
-hard mass on PR examination 

USG- bowel wall thickening 
involving sigmoid and rectum, 8cm 
long and 3.9cm thick, likely 
malignant. 

Retroperitoneum,  
between the aorta and IVC  

-pain in abdomen, intermittent, dull 
aching 
-per abdomen= mild tenderness in 
epigastrium  

CT scan- solid tumour measuring 
4x3.5x3 cm in the retroperitoneum 
between the abdominal aorta and 
IVC, compressing the pancreas 

Jejunum  -pain in abdomen 
-loss of appetite 
-per abdomen= tenderness in 
epigastrium, umbilical region 

USG- heteroechoic mass arising 
from the small bowel in hypogastric 
region, likely malignant. 

Fundus, body of stomach -generalised weakness 
-loss of appetite 
-bilateral pedal oedema 

USG- rounded, heteroechoic, well 
defined, pedunculated, vascular 
mass 
 with calcification, noted in the body 
of stomach 

Jejunum -umbilical discomfirt with pain in 
periumbilical region 
-per abdomen= tenderness at the 
umbilical region 

USG- heteroechoic mass arising 
from the small bowel in the 
infraumbilical region, 8x5x4 cm, 
with increased vascularity. 

Lesser curvature of stomach -pain in abdomen 
-loss of appetite 
-generalised weakness 
-per abdomen= epigastric rounded, 
fixed, tender mass 

CT scan- exophytic, cavitatory, 
moderately enhancing growth 
communicating with stomach 
posteriorly, involving left lobe of 
liver with thickened jejunal loops. 

Retroperitoneum, behind the right 
lobe of liver 

-pain in right upper abdomen, dull 
aching 
-per abdomen= tenderness in right 
hypochondrium 

CT scan- a 6.5x4.5x3 cm mass 
behind the right lobe of liver in the 
retroperitoneum, apart from the right 
adrenal gland. 

Proximal ileum -pain in lower abdomen, 
intermittent, colicky 
-per abdomen= tenderness in 
hypogastrium 

USG- mass arising from proximal 
ileum, 10x8x5 cm, located on the 
pelvic brim with 
heteroechogenecity. 

Liver  -pain in abdomen 
-lump in abdomen 
-per abdomen= tender                            
hepatomegaly 

CT scan- hepatic abscess of left lobe 
rupturing through inferior surface 
with large extrahepatic component. 

 
All 10 patients underwent exploratory laparotomy and lesion was 
primarily dealt with. Total excision of the tumour was possible in 

all cases except one which had GIST located in the lesser 
curvature of stomach with perforation into the lesser sac through 
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posterior gastric wall. The tumour was extending upto abdominal 
aorta posteriorly making it nonresectable. Debulking of the 
tumour was done with closure of perforation and feeding 
jejunostomy.  

 
 

 
Table 2: Operative procedures performed for GIST at different sites: 

 
Site                        Exploratory laparotomy proceeds 
Sigmoid colon Wide excision of ruptured sigmoid colon diverticulum 

with primary end to end anastomosis with transverse 
loop colostomy. 

Rectum  Abdomino-perineal resection with appendicectomy. 
Retroperitoneum, between the aorta and IVC Excision of the tumour 
Jejunum  Excision of affected jejunal segment with end to end 

jejuno-jejunal anastomosis with appendicectomy with 
mesenteric lymph node biopsy. 

Fundus, body of  stomach  Left abdominothoracotomy with anterior gastrotomy 
with submucosal excision of polypoidal mass. 

Jejunum Excision of affected jejunal segment with end to end 
jejuno-jejunal anastomosis with appendicectomy with 
mesenteric lymph node biopsy. 

Retroperitoneum, behind right lobe of liver Excision of the tumour 
Proximal ileum Excision of affected ileal segment with end to end ileo-

ileal anastomosis with appendicectomy with mesenteric 
lymph node biopsy. 

Liver  Excision of the mass in the left lobe of liver. 
 
Surprisingly, all tumours in 10 patient’s were malignant GISTs 
including gastric GISTs in 2 patient, which are usually known to 
be benign, and hepatic extra GIST in one patient.  
    One of the gastric GIST was intramural and the other was 
extramural in 2 patient. There was increased cellularity, mixed 
cell type, with mitotic activity ≥ 5/50 high power fields (hpf), 
and presence of myxoid background. KIT (CD 117) and Smooth 
Muscle Actin (SMA) was detected in both the cases.  
    Small bowel GISTs in 3 patient’s is grossly measured 5 to 8 
cm in their largest dimensions. Two of them i.e. one jejunal and 
one ileal were intramural, while another jejunal was extramural. 
The tumours were relatively monotypic with spindle cells in 
majority; and epitheloid cells and mixed pattern at places. They 
had intermediate risk mitotic activity. KIT was detected in all 3 
cases and SMA in both the cases of jejunal GISTs. Desmin was 
positive in ileal GIST. 

    The GISTs in retroperitoneum in 2 patient had a size of around 
5 cm and more. Both were hypocellular, composed of spindle 
cells that were immunoreactive for vimentin and KIT. Sigmoid 
colon GIST was a mass measuring 15x10x5 cm forming a 
diverticulum with perforation in its wall. It was a cellular 
mesenchymal tumour composed of spindle cells with moderately 
pleomorphic nuclei and prominent nucleoli. Mitotic activity was 
5-6/hpf. The cells expressed KIT and SMA strongly and 
diffusely. 
    Rectal GIST was an intramural highly cellular mass composed 
of spindle cell. They coexpressed CD34 and KIT. Hepatic 
extraGIST was a tumour measuring 8x6x4 cm in size with mixed 
cellularity of spindle and epitheloid cells. They coexpressed KIT 
and SMA.  
 

 
Table 3:Comparison of site of occurrence, histopathology and immunohistochemistry: 

 
Site Histop[athology Immunohistochemistry 
Stomach Increased cellularity, mixed cell 

type, mitotic activity ≥5/50 hpf, with 
myxoid background 

KIT, SMA 

Small bowel Spindle cells in majority, with 
epitheloid cells and mixed pattern at 
places; low mitotic activity 

KIT, SMA, 
Desmin 

Retroperitoneum Hypocellular tumours composed of 
spindle cells 

KIT, Vimentin 

Sigmoid colon Composed of spindle cells with 
pleomorphic nuclei and prominent 
nucleoli, mitotic activity 5-6/50 hpf 

KIT, SMA 
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Rectum Highly cellular mass composed of 
spindle cells 

KIT, CD34 

Liver Mixed cellularity of spindle cells 
and epitheloid cells 

KIT, SMA 

 
All the patients had a favourable postoperative period with 
primary healing of operative wounds except  the one with GIST 
in the lesser curvature of stomach. Owing to her poor general 
condition and intraoperative findings of gastric perforation with 
extension of GIST to retroperitoneum, she succumbed on second 
postoperative day and expired. Rest of the patients were on 
complete parenteral regimen for the initial postoperative period. 
Gradually they were converted to solid diet and discharged. 
    Rehabilitation and appropriate dietary regimen were 
recommended. At regular check ups at our department and in the 
last 5years of follow up, 6 of these patients did not present with 
any signs of either disease recurrence or its dissemination. The 
one with hepatic extraGIST came with recurrence and multiple 
peritoneal deposits within 2 years of surgery. He is presently on 
Imatinib drug therapy and responding. 
    Thus till date, the patient with sigmoid GIST has a well 
functioning transverse loop colostomy and has been planned for 
its closure. Even the one with rectal GIST has a sigmoid end 
colostomy functioning optimally. Those with jejunal, ileal, 
gastric and retroperitoneal GISTs are all asymptomatic till date. 
All patients are receiving Imatinib with good compliance. 

IV. CONCLUSION 

    This study shows a male preponderance in occurrence of 
GISTs. They have a peak incidence in persons aged 35 to 70 
years, but have a broad distribution. 
    Clinically, these tumours have a wide spectrum at 
presentation. They range from incidentally detected, 
asymptomatic GISTs, to large malignant tumours, which 
frequently cause the patient to seek medical attention. The 
symptoms are as a result of their size or tendency to ulcerate and 
bleed. The most common presenting signs and symptoms include 
abdominal pain, gastrointestinal bleeding manifested by 
haematemesis or malena, and a palpable mass. Although these 
tumours rarely cause obstruction, they can perforate. 
    GISTs can exhibit one of the two growth patterns. In the 
endoenteric growth pattern, tumours tend to be submucosal or 
intramural; these are more likely to ulcerate early on, and 
bleeding typically leads to a relatively early diagnosis. An 
exophytic pattern is much slower, and the tumour is not found 
until a palpable mass or bleeding from excavation into the bowel 
lumen is noted. 
    The aim of radiodiagnostic examination is to locate GIST 
lesions, evaluate local invasion and detect distant metastases. The 
radiographic characteristics of GISTs mirror the gross 
appearance of these tumours. Unfortunately, these radiographic 
findings are nonspecific and represent several entities. Also, the 
distinction between benign and malignant GISTs cannot be made 
with radiologic examinations unless metastatic disease or tumour 
invasion of adjacent structures is depicted. 
    CT scan performed with both oral and intravenous contrast 
materials is ideal in defining endoluminal and exophytic extent 
of the tumour. Larger GISTs with necrosis appear as 

heterogenous masses with enhancing borders of variable 
thickness, and irregular central areas of fluid, air or oral contrast 
attenuation that reflect necrosis. The diagnosis can be suggested 
in the presence of a large, complex intestinal mass with liver 
lesions but without significant lymphadenopathy.  
    On sonograms, larger GISTs appear as complex masses with 
cystic and solid components. It is ideal for guided needle biopsy 
of known lesions.  
    Regardless of the location of GIST, barium enhanced images 
demonstrate predominantly intramural masses with potential 
exophytic components. The tumour margins usually are smooth, 
but with ulceration, some surface irregularity is present. As with 
other intramural masses, the tumour borders form right or obtuse 
angles with the adjacent visceral wall. 
    Histologically, these are spindle cells with varying cellularity, 
either spindled or epitheloid. The cells are arranged in whorled, 
fascicular, and palisaded patterns. In general, tumours invading 
the mucosa, tumour size, and mitotic rate are the most useful 
prognostic indicators. However, there is considerable variation 
and tumours arising in different sites of GI tract may behave 
differently despite similar histologies. Immunostains for CD117, 
CD34, desmins, actins, vimentin should be performed on these 
tumours. Immunohistochemical studies detect expression of 
these markers by tumour cells.    
    Surgical intervention aims at complete resection of the tumour. 
Even if the tumour is large and has spread into other organs, this 
may improve long term survival. Imatinib has led to a 
remarkable improvement in the treatment of GIST and may 
promise a longer lifespan as compared to those not taking the 
drug. 

V. DISCUSSION 

    Recent breakthroughs regarding GISTs and their pathogenesis 
have redefined diagnostic criteria and have led to the 
development of molecularly targeted drug therapy. New 
treatment options mandate more accurate information regarding 
the incidence, prevalence, clinical behaviour and prognostic 
factors of GIST (7). 
    GISTs occur in the entire gastrointestinal(GI) tract and are the 
most common mesenchymal tumours of the GI tract 9-10. They 
range from small benign tumours to sarcomas at all sites of 
occurrence (8). A great majority of them occur in the stomach 
(60% to 70%) and small intestine (25% to 35%), with rare 
occurrence in the colon and rectum (5%), oesophagus (<2%) and 
appendix. Some GISTs are primary in the omentum, mesentry or 
retroperitoneum and are unrelated to the tubular GI tract (9). 
    GISTs are characterized with diverse clinical presentations, 
including acute and chronic GI bleeding, abdominal pain, 
presence of an intra-abdominal mass, anorexia and intestinal 
obstruction (3). 
GISTs can be histologically identified as highly cellular spindle 
cell or epitheloid mesenchymal tumours and morphology is 
somewhat site dependent. However, common to all these 
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tumours is expression of KIT (CD 117 antigen), which is a major 
diagnostic criterion (9). 
    Endoscopic ultrasound guided fine needle aspiration biopsy 
(EUS-FNA) is considered to be a reliable and accurate method 
for the evaluation of submucosal lesions in the GI tract. When 
combined with cytologic and immunocytochemical studies, 
EUS-FNA is accurate and efficient in the diagnosis of GIST (10). 
    Although the prediction of malignancy in this group is 
notoriously difficult, tumours that have mitotic activity counts 
exceeding 5 per 50 high power fields (hpf) or those larger than 
5cm have a high frequency of intra-abdominal recurrence and 
liver metastasis. In contrast, tumours smaller than 2cm and those 
with mitotic activity counts < 5 per 50 hpf are likely to be 
benign10. However, a small proportion of tumours apparently 
lacking mitotic activity do metastasize. Traditionally the 3 key 
prognostic factors have been mitotic rate, tumour size and site 
(8). 
    Accordingly, tumour size < 2cm and mitotic activity < 5/50 
hpf are very low risk; tumour size 2-5 cm and mitotic activity < 
5/50 hpf are low risk; tumour size < 5cm or 5-10 cm and mitotic 
activity 6-10/50 hpf or < 5/50 hpf respectively are intermediate 
risk; and tumour size > 5cm or of any size and mitotic activity > 
5/50 hpf or > 10/50 hpf respectively are high risk (11). Benign 
GISTs outnumber malignant GISTs in the stomach, where as 
malignant GISTs are common in the intestines (8). 
    Complete surgical resection is the most important means of 
cure for GISTs (5). Aggressive surgical resection, achieving 
complete resection, can lead to prolongation of life and may be a 
potential cure for patients with GISTs (12). 
    A KIT tyrosine kinase inhibitor, STI-571 (Imatinib) has 
recently shown promise in the treatment of metastatic GISTs 9. It 
has proven to be effective in metastatic GISTs and is also under 
investigation as a neoadjuvant and adjuvant therapy (6).  
    5 year survival following surgical resection varies between 
35% to 65%  (13). For GISTs in oesophagus and stomach it is 
70-75%, in small intestine it is 55% and in colon and rectum it is 
60% (14). 
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Abstract: Under the changing agricultural scenario, it has been realized that the horticulture sector plays a vital role in providing 
livelihood security to the farmers globally. Area, production, productivity and export of horticultural produces are vital for increasing 
farm income and overall employment in the agricultural sector. In this paper an attempt has been made to explore potential and 
strength of Jammu and Kashmir with regard to its production and export of fresh and dry fruits. Jammu and Kashmir is the major 
producer of apple and walnuts in India, 77 percent of apple and 90 percent of walnut production in India belongs to Jammu and 
Kashmir and percentage share of state in India’s total production is showing an increasing trend and the state has been declared as the 
“ Agri. Export zone for Apples and Walnuts”. Given the declining share of traditional agricultural commodities in production, 
consumption and trade horticulture represent an important industry to improve income growth and employment in rural areas of 
Jammu and Kashmir. Agribusiness including export of fresh and dry fruits is the foundation of economy. The industry contributes 
nearly 60 percent of the states revenue and 22 percent of gross state domestic product (GSDP). It is also estimated that 80 percent of 
population is engaged in agriculture and its allied sectors including horticulture sector in the state.  
 
Index Terms: Horticultural production, export growth, export earnings, agricultural sector 

I. INTRODUCTION 

he performance of agriculture sector in the Indian economy in the recent years has not been quite satisfactory because of the 
decrease in the growth rate of agricultural output (Chand, 2005). Not surprisingly, most farmers have made their intentions clear 

about disliking the agricultural sector and hence, given an option, want to quit agriculture and shift from agriculture to horticulture 
(Joshi, 2005). During the past few years, demand for high value crops has been showing much faster growth than demand for food 
grains (Kumar and Mruthyunjaya, 2002). With this backdrop, diversification towards horticultural crops has been suggested as a 
viable option to stabilize and raise farm income, enhance agricultural growth and increase employment opportunities (Vyas, 1996; 
Joshi, 2005; Birthal et al., 2007). Horticulture has emerged as an indispensible part of agriculture, offering a wide range of choices to 
the farmers for crop diversification. It also provides ample opportunities for sustaining large number of agro based industries which 
generate substantial employment opportunities. The horticulture sector contributes around 28 percent of the GDP from about 13.08 
percent of the area and 37 percent of the total exports of the agricultural commodities. Under the changing agricultural scenario, it has 
been realized that horticultural sector plays a vital role in providing livelihood security to the farmers globally. The diversification in 
agriculture for improving sustainability, profitability and productivity will help in not only improving the farm income but also will 
generate gainful employment. India is the world’s second largest producer of fruits (57.73 million tonnes) with its projected value 
touching (98 million tonnes) by the year 2020-2021 (Banarjee, 2009) largest producer of banana, mango, sapotas and acid limes and 
enjoys reputation for highest productivity in grapes. India occupies prime position in the production of cauliflower and pea, second in 
onions, cabbage, tomato and brinjall, and third in cabbage in the world (Singh et al., 2004). 
Jammu and Kashmir is home to some world famous varieties of fresh and dry fruits, honey and saffron. Horticulture is one of the most 
vibrant sectors of the state economy which provides direct as well as indirect employment to the state population. Apples are the major 
produces of Jammu and Kashmir during the last five years production of apple has increased from 1151.7 thousand metric tonnes in 
fiscal year 2006 to 1373 thousand metric tonnes in the fiscal year 2010 and this figure has been reached to 1410 thousand metric 
tonnes during 2011. The production of apples in the state is growing every year as a result   the  percentage share of Jammu and 
Kashmir in the national production has also been increasing steadily; it has increased from, 63.5 percent in fiscal year 2006 to 77.2 
percent in fiscal year 2010 (Report, National Horticulture Board 2010). 
Horticulture industry in Jammu and Kashmir is considered as bulwark of the rural economy in the state. Nearly 75 percent of 
temperate fruits in India are grown in the state. The cultivated orchards yield fine quality of pears, apples, peaches, cherries, walnut, 
almond, saffron, apricot, strawberry, plums etc. The horticulture industry earns Indian national rupee (INR) 500 million yearly and 
provides job facilities to thousands of people involved in the agricultural sector. The agro climatic conditions prove highly suitable for 
growth and development of fruits and various wild herbs. Local soil is deep and rich in organic matter and access to human resources 
for farm labour is abundant. The horticulture industry also serves as a great advantage to the state due to its monopoly on walnuts, 
almonds, pears, cherries, hazelnuts, pecan nuts, strawberries and kiwi fruits. However, Kashmir horticulturists have limited their 
industry to merely supplying primary products rather than diversifying their market through value addition. 

T
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Relationship between horticultural production and socioeconomic development 
There is a relationship between horticultural production and overall socioeconomic development. Horticulture encourages agricultural 
business development in the rural economy and generates income and employment. Growers learn to manage multiple cropping 
systems and deliver quality outputs on time by fulfilling contractual arrangements and dealing with sophisticated marketing systems. 
The management skills need for successful horticulture is the very skills required for socioeconomic development to take off. These 
skills enable farmers to run other kind of businesses. Horticulture production improves availability of micro-nutrient rich foods and 
consumption of micro nutrient rich foods improves health, learning capacity and working capacity of the population. All these factors 
collectively enhance working efficiency, thus facilitate and stimulate socioeconomic development of economy. 
The positive economic benefits of horticulture sector in Jammu and Kashmir are listed below. 

• Contribution to states income generations 

• Expansion of employment opportunities 

• Raising tax revenues 

• Generation of foreign exchange 

• Transformation of regional economy 

• Social effects 

• Cultural effects 

• Impact on environment 

II. METHODOLOGY AND DATA 

     Keeping in view the present status of research work the data has been obtained from both primary and secondary sources. 
Secondary data has been obtained from government official records, valid records of state government, department of horticulture, 
magazines, journals and other active related agencies of the department of horticulture in the state. The equation mentioned below was 
used to find out the trend value of production of fresh and dry fruits in Jammu and Kashmir. 

 

Y = Dependent variable 

x = Independent variable 

 a = Intercept coefficient 

b = Slope coefficient 

The value of a, b has been found by two normal equations 

                                  (a)    

                                  

                                  (b)    

 

 

 

To work out growth rate of total export and production in respective years the above formula has been used. 

Table- 1: Production of fresh and dry fruits in thousand metric tonnes during 2004-05 to 2010-11 in Jammu and Kashmir 
                           Fresh fruits                               Dry fruits 
Year Apple Pear Other Total 

fresh 
fruits 

Walnuts Almonds Other Total 
dry 

fruits 

Production 
of total 
fruits 

(Actual 
value) 

2004-
05 

994.22 40.25 84.02 1118.49 100.60 13.47 0.19 114.26 1232.75 

2005- 1093.3 42.36 86.73 1222.42 108.27 14.33 0.20 122.80 1345.22 
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06 
2006-

07 
1151.7 43.09 108.41 1303.2 114.93 15.18 0.22 130.33 1433.53 

2007-
08 

1222.2 45.86 120.31 1388.37 146.78 11.26 0.24 158.28 1546.65 

2008-
09 

1268.5 47.38 150.74 1466.62 147.64 12.17 0.25 160.06 1626.68 

2009-
10 

1332.8 47.98 113.73 1494.51 165.02 12.52 0.19 177.73 1672.24 

2010-
11 

1373 50.50 140.65 1564.15 163.74 12.51 0.22 176.47 1740.62 

2011-
12 

1410 49.8 134.7 1594.5 172.24 13.24 0.19 185.67 1780.17 

Source: Digest of Statistics 2010, Directorate of Economics and Statistical Planning, Government of Jammu and Kashmir. 
During the survey of research work data was obtained which shows the production of fruits (fresh and dry) in Jammu and Kashmir 
from 2004-05 to 2010-11 given in the above mentioned table 1. 

Table- 2:  Production and Export of fruit outside the state in lakh metric tonnes during 2003-2010 
         Production in lakh metric tonnes         Export in lakh metric tonnes 
Year Fresh Dry Total Fresh Dry Total 
2003-04 11.65 1.08 12.74 7.63(98.32) 0.139(1.68) 7.76(60.83) 
2004-05 12.18 1.14 13.32 8.20(98.3) 0.14(1.68) 8.34(62.61) 
2005-06 12.80 1.23 14.03 8.58(98.62) 0.12(1.38) 8.70(62.01) 
2006-07 13.74 1.30 15.04 7.35(98.00) 0.15(2.0) 7.50(49.87) 
2007-08 14.78 1.58 16.36 7.34(97.86) 0.16(2.13) 7.50(45.84) 
2008-09 15.26 1.65 16.91 11.0(98.56) 0.16(1.43) 11.17(66.06) 
2009-10 15.35 1.76 17.12 9.34(60.84) 0.23(12.99) 9.57(55.90) 
2010-11 20.46 1.76 22.22 8.51(42.59) 0.51(8.52) 8.66(38.97) 

Source: Digest of Statistics 2010, Directorate of Economics and Statistical Planning, Government of Jammu and Kashmir 
During the tenture of research work data was obtained which shows the export of fresh and dry fruits in Jammu and Kashmir given in 
the above mentioned table 2. 
The overall production of fruits in Jammu and Kashmir has shown an increasing trend, especially the production of apple and walnut. 
Total fruit production in the state is dominated by production of apple and walnut. 

Table-3: Growth rate, trend value of production and export of fresh and dry fruits in Jammu and Kashmir 
Year Growth rate 

of 
production 

of total 
fruits 

Trend value of 
total production of 

fruits (Y = 
1193.4+78.632X) 

Trend value of 
production of fresh 

fruits 
(Y=1089.1+67.773X) 

Trend value of 
production of dry 

fruits 
(Y=104.33+10.86X) 

Growth 
rate of 

export of 
total 
fruits 

2004-05 - 1272.03 1156.83 115.19 7.47 
2005-06 9.12 1350.66 1224.56 126.05 4.31 
2006-07 6.56 1429.296 1292.29 139.91 -13.79 
2007-08 7.89 1507.92 1360.03 147.77 0 
2008-09 5.17 1586.56 1427.76 158.63 48.93 
2009-10 2.80 1665.19 1495.49 169.49 -14.32 
2010-11 4.09 1743.82 1563.23 180.35 -9.50 
2011-12 2.27 1822.45 1630.96 191.21 - 

Source: Digest of Statistics 2010, Directorate of Economics and Statistical Planning, Government of Jammu and Kashmir 

III. RESULTS AND DISCUSSIONS 

     In Jammu and Kashmir state export of fruits outside has occupied a prominent place in the trade matters. Export of fruits has shown 
considerable progress. The total quantity exported during 2009-10, was 9.57 lakh metric tonnes which is 55.9 percent of the 
production figure of the same year and during 2010-11, total quantity exported was 8.66 lakh metric tonnes which is 38.97 percent of 
the production figure of the same year. The total production of fruits under horticulture is increasing every year particularly production 
of apple and walnut however, there is no significant growth in the export of outside the state. The decline in the export of fruits outside 
the state is due to the introduction of market intervention scheme (MIS). In Jammu and Kashmir fruits especially dry fruits, go also to 
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other countries and earn substantial foreign exchange. The export of dry fruit viz, almond and walnut during 2007-08, was 688.11 
metric tonnes comprising of 197.11 metric tonnes of almond, 6692 metric tonnes of walnuts.  

Figure- 1:  Total export of fruit outside the state of Jammu and Kashmir in lakh metric tonnes 2003-10 

 
Source: Digest of Statistics 2010, Directorate of Economics and Statistical Planning, Government of Jammu and Kashmir. 

  The figure mentioned above shows that during 2003-04, the total export of fresh and dry fruits outside the state was 7.76 lakh metric 
tonnes in which the relative share of fresh fruits was 7.63 lakh metric tonnes and relative share of dry fruit was 0.13 lakh metric tonnes 
however, this figure has been reached to 8.66 lakh metric tonnes during 2010-11, in which the relative share of fresh fruit was 8.51 
lakh metric tonnes while, as relative share of dry fruit was 0.51 lakh metric tonnes. In absolute terms the share of fresh fruits in total 
export of state has shown a considerable progress as compared to export of dry fruits. 

Figure -2: Growth rate of export of total fruits in Jammu and Kashmir 

 
Source: Digest of Statistics 2010, Directorate of Economics and Statistical Planning, Government of Jammu and Kashmir 

The above mentioned figure evidicts that the growth rate of export of total fruits has been showing upward and downward movement 
during the overall period. During 2004-05, the growth rate of export was 7.47 percent and during 2010-11, the growth rate of export 
was negative (-9.50 percent) which has marginally decreased and it is significantly very low as compared to earlier period (2004-05). 
However, during the overall period the average growth rate of total exports was 2.88 percent. 

Figure -3: Production trend of total fruits in Jammu and Kashmir 
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Source: Digest of Statistics 2010, Directorate of Economics and Statistical Planning, Government of Jammu and Kashmir. 
 The figure mentioned above  shows the  actual value of  production of total fruits and its trend value calculated from the regression 
equation (1193.4+78.632X) as it is clear from the figure that actual value has not shown much deviation from the trend value. Upward 
increasing trend of production clearly indicates that in absolute terms the production of fruits has increased and there is a positive 
relation between total fruit production and number of years. The coefficient of determination R2=0.9754, indicates that fruit 
production in Jammu and Kashmir has shown significant increase during the study period.  
 
 
 
 

Figure- 4: Production of total fruits in Jammu and Kashmir (thousand metric tonnes) 

 
Source: Digest of Statistics 2010, Directorate of Economics and Statistical Planning, Government of Jammu and Kashmir. 

The figure mentioned above shows that during the overall period from 2004-05 to 2010-11, production of total fruits in Jammu and 
Kashmir has shown an absolute increasing trend with a growth rate of 9.12 percent during 2005-06 and 2.17 percent of growth rate 
during 2010-11 however, the average growth rate of total fruit production was 4.73 percent during the period of study. The total fruit 
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production during 2004-05, was 1232.75 thousand metric tonnes in which the relative share of fresh fruit was 1118.49 thousand metric 
tonnes and relative share of dry fruits was 114.26 thousand metric tonnes however, this production figure has been reached to 1740.62 
thousand metric tonnes during 2010-11, in which the relative share of fresh fruits was 1564.15 thousand metric tonnes and relative 
share of dry fruits was 176.47 thousand metric tonnes.  

IV. CONCLUSION 

     Horticulture sector serves as a highly contributing industry to the state’s economy. Out of the total area of horticulture in the state, 
90 percent is concentrated in the valley due to its suitable climate with annual turnover of 75 million US$, this sector is the biggest 
source of income in the state’s economy next to agriculture. Contribution of horticulture sector to states GDP is 7-8 percent and 45 
percent of economic returns in the agricultural sector are accounted for by horticulture. Due to continuous increasing trend in the 
production and export of fresh and dry fruits the agricultural land gets diversified into horticultural land and increasing production of 
horticultural produces directly influences the income, employment and living standard in the rural areas of state. The unique climatic 
conditions of the state facilitate the growth of diverse vegetation including horticulture. About 20 percent of total cultivated area is 
under horticulture crop in physical terms the area under fruit cultivation is about 3.03 lakh hectares. However, the sector is adversely 
affected due to lack of marketing strategy. Considering the growth prospects of this sector, the state government needs to plan for 
higher and more quality production. The state should shift its agriculture development strategy from food security mode to that of 
value addition by growing certain products like high value fruits, vegetables and cash crops like saffron that can give high returns. The 
aggregate production and export of fresh and dry fruits has shown increasing trend the overall production of fresh and dry fruits during 
2004-05 was 1232.75 thousand metric tonnes and it reached to 1740.62 thousand metric tonnes during 2010-11 and the overall export 
of fresh and dry fruits was 7.6 lakh metric tonnes in 2003-04 and it reached to 8.66 lakh metric tonnes in 2010-11. 
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Abstract- Background: Hearing loss and deafness is a disability 
affecting millions of people. Hearing aids and cochlear implants 
are the only available solutions to overcome this disability. They 
are at best sophisticated amplifiers of sound and nothing beyond 
it. 
Objective: The objective was to test if massaging pressure 
therapy in addition to nerve enhancing Homeopathic medicines 
had could positively benefit those suffering from sensorynueral 
hearing loss. 
Design: Randomized clinical trials were conducted with 
diagnosis based on pre audiometry tests which determined the 
hearing thresholds. The therapy involved massaging the 
temperoparietal region with a small steel sick to activate the 
nerve cells in the cochlea. Post audiometry tests were carried out 
to measure hearing levels after the therapy was carried out which 
was to be followed up with nerve enhancing Homeopathic 
medicines. 
Settings: Dr. Hon’s clinics at various centers all over India. 
Patients: Those suffering from mild to profound hearing losses 
due to various congenital and acquired impairments in the middle 
& inner ear and diagnosed as sensory neural hearing loss. The 
patients were from a large cross section with varied ages, 
symptoms and causes of hearing loss.. 
Limitations: Those with congenital hearing deficiency showed 
lesser improvement than to those with recently acquired hearing 
loss. Limitations of Massage pressure therapy include otitis 
media, tinnitus, and most congenital cases of deafness. It was 
also observed that healthy individuals with a positive frame of 
mind gained more benefits than those with weak immune 
systems. 
Interventions(s): Those with complications in the outer ear 
diagnosed as Conductive hearing loss were first treated for the 
same and then hearing loss rectified through massage pressure 
therapy. 
Main Outcome Measures: measured in decibel levels denoting 
hearing thresholds. Pre audiometry and post audiometry reports 
were compared to arrive at the result. An average was calculated 
for 2142 patients for each major cause reviewed and a 
consolidated report was also arrived at. 
Results: Of the 2412 patients the therapy was carried out on, a 
28% reduction in hearing threshold was observed. 
Conclusions: Hearing aids which are cumbersome can be 
replaced with this therapy. Massaging Pressure therapy in 
addition to nerve enhancing homeopathic medicines comes 
across as a viable solution requiring no external aids and showing 
considerable improvement in the hearing. 

  
 
Index Terms- Sensory neural deafness/hearing loss S N H L, 
Deafness and homeopathy, Hearing Impairment, One 
sided/bilateral hearing loss treatment in homeopathy, Alternative 
Ayurvedic Treatment for hearing/deafness, Homeopathic 
treatment for sudden Deafness/Hearing loss 
  

I. INTRODUCTION 

eafness accounts to one of the major disabilities that hamper 
the day to day running of a life. About 6.3 million1 people 

are affected by some kind of hearing disorder in India. With a 
lack of interpreters and proper medical care the deaf are often left 
to fend for themselves. This inability to understand and 
communicate results in very little social activity which may lead 
to depression and other related issues. The use of hearing aids 
can be cumbersome and expensive and only a few living in the 
urban areas have access to it. Eighty percent (80%) of current 
owners wear two hearing aids and it is estimated that ninety-five 
percent (95%) of those with a hearing loss may need a binaural 
fitting.2 In this context providing an alternative cure for deafness 
that eliminates the need for a hearing aid and significantly 
improves hearing was much sought for. Added to the 
conventional causes for Hearing loss, various lifestyle related 
disorders such as diabetes3, hypertension, passive smoking4 sleep 
Apnea5 and stress may also lead to hearing loss. And as there is a 
rise in these diseases there is also an increase in cases of 
deafness. High levels of cotinine, the chemical that indicates 
exposure to tobacco smoke and second-hand smoke has been 
directly linked to higher risks of some types of hearing loss. The 
excessive use of mobile phones was also observed as one of the 
rising causes of deafness6 
Often patients with mild to moderate hearing loss avoid going to 
the doctor for the stigma attached to it. In this scenario 
identifying hearing loss can be the first step towards correcting it. 
The following are some general queries that can identify whether 
one suffers from mild to severe deafness7 

 

Hon*1 Post. Darde Chandawad,   Tal. Kopargaon. 

Dist. Ahmednagar, Maharashtra, Pin. 423601 

India. Phone: +91- 9970210947 Email:    nanahon1973@gmail.com 

• Do you have difficulty understanding people when they 
speak to you? Do you find yourself asking people to 
repeat what they just said? 

• Do you feel that people talk too low or “mumble”? 

D
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• Do you have to ask friends or family members what 
others are saying? 

• Do you tune out in social situations due to not being 
able to follow conversations? 

• Do you have the television or radio volume much higher 
than others feel is necessary? Do you not hear the 
doorbell or telephone ring? 

• Do you find that when people speak directly to you, it is 
easier to understand? Do family members tell you that 
you may have a hearing loss? 

The practice of using touch as a healing method derives from 
customs and techniques rooted in ancient history. Civilizations in 
the East and West found that natural healing and  massage could 
heal injuries, relieve pain, and prevent and cure illnesses. It 
helped reduce stress and produce deep relaxation. Massage 
therapy began as a sacred system of natural healing. However, 
cultural shifts rendered it a disreputable form of indulgence for 
extensive periods of history. Enduring these turns, massage has 
experienced resurgence in modern times. Today,  massage 
therapy stands as a highly respected  holistic healing method 
practiced across the world8 .Carrying on from the idea first 
suggested by Dr. Samuel Hahneman9, Hon1* has found that 
massaging pressure therapy shows considerable help to those 
suffering from Sensory Neural hearing disorders. Massaging 
Pressure Therapy (MPT) a relatively new development in 
medical treatment enables deaf people to once again receive the 
sensation of sound (unlike hearing aids) which make sound 
louder. MPT stimulates the auditory nerve, hair cells and there by 
produce a sensation of sound in different ways. To further 
understand the concept of massaging pressure therapy let us 
study the human ear. The human ear is a complex organ divided 
into three main parts viz. the outer ear, the middle ear and the 
inner ear. Sound waves collected by the outer ear are channeled 
along the ear canal to the eardrum. When sound waves hit the 
eardrum, the impact creates vibration, which in turn causes three 
bones in the middle ear to move. The smallest of these bones, the 
stapes, fits into the oval window between the middle and the 
inner ear. When the oval window vibrates, fluid in the inner ear 
transmits these vibrations to a delicate snail shape structure 
called the cochlea. The bending of hair cells in the cochlea sets 
off nerve impulses, which pass through the auditory nerve to the 
hearing center of the brain. Here it is translated into signals the 
brain can recognize. Any anomaly in this process can cause 
complete or partial hearing loss. 
Depending on the cause, hearing loss can be broadly classified 
into two types 
    1, CONDUCTIVE HEARING LOSS (CHL) 

This is caused due to injury or problems with the bones, eardrum 
or membranes which transmit sound from the external and 
middle ear to the inner ear. This type of loss can be usually 
overcome by medication or surgery. Specific causes of 
Conductive hearing loss10 are- Obstruction of ear canal due to 
wax, foreign bodies etc., Perforation of Tympanic membrane due 
to hair pins, match stick etc. Ossicular interruption with intact 
eardrum Ossicular interruption with perforation, Closure of oval 
window, Sudden change in ear pressure due to a slap etc. 
Fracture in temporal bone. Even after the root cause is identified 

and treated, the inner ear may be affected indirectly by the 
trauma to the outer ear which may result in decreased hearing. 
    2. SENSORY NEURAL HEARING LOSS (SNHL)  

SNHL is one of the most commonly occurring hearing disorders 
which requires the need of a hearing aid. People afflicted with 
SNHL have reduced sensitivity to sound and will need other 
people to speak louder to understand what is being said. TV and 
music systems will also be tuned to a higher volume. Other 
symptoms may include high pitched voices like that of women 
and children being lost and difficulty in hearing at public 
gatherings, theatres where the source of sound is distant. 
Sensorineural hearing loss can be mild, moderate, or severe, 
including total deafness. The chief causes of Sensory neural 
hearing loss are exposure to constant noise, Trauma/Injury, 
Genetic Causes, Natural Ageing Process, Tumors, Congenital 
defects, Illness, Middle Ear Infection, ototoxic drugs, overuse of 
antibiotics, Meniear’s disease, sudden hearing loss,systemic 
disorder like hepatitis, migraine,brain tumour etc. Diabetes, 
Hypertension, Stress, recurring rhinitis, etc. Most of the cases 
received for treatment of Sensorineural hearing loss are lifestyle 
related. Working in places with high decibels of noise and 
constant exposure to mobile phones along with the growing noise 
pollution also results in decreased hearing. Stress related 
conditions such as diabetes and hypertension also aggravate 
hearing issues. The majority of human sensoryneural hearing 
loss11 is caused by abnormalities in the  hair cells of the  organ of  
Corti in the cochlea. There are also very unusual sensorineural 
hearing impairments that involve the eighth  cranial nerve (the  
vestibulocochlear nerve) or the auditory portions of  the brain. In 
the rarest of these sorts of hearing loss, only the auditory centers 
of the brain are affected. In this situation,  Cortical deafness, 
sounds may be heard at normal thresholds, but the quality of the 
sound perceived is so poor that speech cannot be understood. 
Most sensory hearing loss as mentioned above is due to poor hair 
cell function. The hair cells may be abnormal at birth, or 
damaged during the lifetime of an individual. There are both 
external causes of damage, like noise trauma and infection, and 
intrinsic abnormalities, like deafness genes. Sensory hearing loss 
that results from abnormalities of the central auditory system in 
the brain is called central hearing impairment. Since the auditory 
pathways cross back and forth on both sides of the brain, 
deafness from a central cause is unusual. 
    Massage Pressure Therapy (MPT) as the name suggests is a 
therapy involving the massage of the outer ear to stimulate the 
inner ear resulting in enhanced hearing. Nerve cells in the 
cochlea are responsible for converting the vibrations received 
from the middle ear into impulses that are then sent to the brain. 
MPT rejuvenates these nerve cells and restores hearing. Contrary 
to the belief that dead cells of cochlea and auditory nerve cannot 
be restored, it was found that MPT considerably brings back the 
cells to function properly and depending on the psychology and 
general body health, varying degrees of improvement in hearing 
are noticed. It was also observed in some cases that despite the 
proper function of nerve cells the electrical impulses were not 
being generated to the optimum. In such cases too MPT was seen 
to improve capacity of electrical impulses. Massage pressure 
therapy was followed up with nerve enhancing Homeopathic 
medicines. The chief therapeutic principle in massage therapy is -
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Promoting the flow of life force (qi) and blood circulation 
relaxing muscles and tendons and removing obstruction from the 
channel. 

II. MATERIALS AND METHODS 

    This research was carried on over a period of 7 years and 
involved about 2142 patients most of who responded positively. 
These patients were from five different cities of India and 
suffered from varying degrees of deafness showing varied 
symptoms and with different causes for hearing loss. The 
objective was to test if massaging pressure therapy in addition to 
nerve enhancing Homeopathic medicines had could positively 
benefit those suffering from sensorynueral hearing loss. All kinds 
of hearing impairment were reviewed and the ages of the patients 
ranged from 6yrs to over 90 yrs. The setting for the research 
were Dr Hon’s*1 clinics at various centres across India. Consent 
forms for Massaging pressure Therapy were signed by every 
patient before the treatment. 
    The diagnosis was based on the history of the patient, a 
severity test to judge the hearing loss as mild, moderate and 
moderate to profound and site of lesion(Cochlea, retro cochlea or 
central). Audiology Bera & Ecocha, ASSR, X- ray, trauma, 
malignancy, diabetes, hyperthyroidism and kidney function tests 
were carried out before therapy. Apart from the physiology tests, 
factors such as general body health, a positive frame of mind and 
emotional stability played a vital role in the selection of the 
patients. 
    Those suffering from SNHL were identified and a pre 
audiometry test was carried out on an audiometry machine and 
line graphs depicting the hearing thresholds in right and left ear 
were marked. Patients suffering from conductive hearing loss 
were first treated for problems in the outer ear. 
   After the pre audiometry test is carried out the first step is 
identifying the precise spot on the skull(temperoparietal region) 
where the blockage is suspected and then by using a jimmy (steel 
stick) controlled pressure is applied on these points which results 
in the flow of energy and blood circulation in audio pathways 
and channels is restored and revived. The method involves 
massaging the Temperoparietal region with a jimmy (steel stick). 
After three days of these sessions of 5-10 mins each depending 
on the patient’s response and post audiometry test results, 
therapy was either extended for a longer time or stopped with 
follow up visits and medicines given  for  sustained  hearing.  
Post  Audiometry  test  results  were  once  again  marked  on  the  
graph and hearing thresholds were compared independently for 
both ears. 
Statistical measures: Average threshold levels of 2142 patients 
were considered from preaudiometry and post audiometry test 
results (hearing thresholds) of individual patients separately for 
left and right ears which were marked in decibels (dB) from 
120dB to -30dB on the Y axis and frequency in Hertz (hz) on the 
X axis ranging from 120-6000hz where 20-30dB being the 
normal range and upto 120dB being the highest possible hearing 
threshold. Hearing thresholds beyond 30dB were identified as 
mild hearing loss and so on. 
    Massaging pressure therapy was tested on both pre-lingual 
(congenital or long term deafness) and post-lingual(recently 
acquired deafness) patients. 

Massage Pressure Therapy was then followed by nerve 
enhancing homeopathic medicines such as 

1.  Kalimur -200 
2. Kaliphos -200  
3. Belladona -200  
4. Elaps -200  
5. Chona Podium -200  
6. Silecia -200  

Listening to  music at  least  an hour a day, regular meditation  
and not  putting any sharp object  or nonprescription  medicine  
in  the  ear  were  advised  to  sustain  the  effects  of  Massage  
pressure therapy. 

III. RESULTS 

    Pre audiometry tests taken before Massaging pressure therapy 
and post audiometry tests showed an average 28% improvement 
in hearing thresholds. 
    A growing and rather worrying pattern of lifestyle induced 
deafness such as deafness induced by Hypertension and diabetes 
and enhanced levels of noise pollution was observed though it 
was easiest to manage and showed better improvement than 
congenital and age related hearing issues. 
Effects of MPT on pre-lingual and post lingual hearing loss:- 
It was observed that the duration from onset of deafness to 
beginning of the treatment played a vital role in the results. 
Patients afflicted with pre-lingual hearing loss and those 
suffering from deafness for more than six years showed lesser 
improvement than those having Post lingual or recently acquired 
deafness. 
    Patients with post lingual deafness showed remarkable 
improvement in just three days while those with pre lingual 
deafness showed slow improvement and needed therapy for a 
longer period of time. 
    Limitations of Massage pressure therapy include otitis media, 
and most congenital cases of deafness (though some cases 
showed marked improvement). 
    It was also observed that healthy individuals with a positive 
frame of mind gained more benefits than those with weak 
immune systems. 
The medicines mentioned above were prescribes for a period of 
one month with daily doses. 
  

IV. DISCUSSIONS 

The conventional method of treating SNHL has always been 
either a hearing aid (with limited success or of no use in severe 
cases of SNHL) or a cochlear implant which requires major and 
expensive surgery where a hearing aid is implanted inside the 
cochlea and powered by batteries and magnets fixed outside the 
skull behind the ear followed by a long process of rehabilitation( 
speech therapy and relearning of hearing which may take a 
couple of months) and most of the patients we received were 
advised the same by ENT specialists. Through Massaging 
Pressure therapy blockages (Ethalic Patches) are removed and 
the patient’s energy is positively channelized. As indicated by the 
result Massage pressure therapy regenerates the hair cells in the 
cochlea and renews hearing in cases of sensory neural hearing 
loss. Hearing aids thought to be the only solution for SNHL work 
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only if the nerves have some reserved power to carry 
electromagnetic signals to the brain, therefore in extreme cases of 
SNHL even the best Hearing aid will be of little or no use. 
    Inner ear cell regeneration has the potential to be the newest 
advancement for curing hearing loss12. There are two challenges 
with inner ear cell regeneration: rebuilding the damaged ear cells 
and reconnecting the cells to the nerve fiber, which will allow for 
sound information to be sent to the brain13. The challenges 
mentioned above still remain challenges and there is widespread 
research going on in this field. One such research is into Sound 
therapy14, which once again proves that regeneration of inner ear 
cells can offer an alternative and permanent solution for SNHL. 
Variable frequencies of sounds are used to stimulate the inner ear 
cells resulting in reduced hearing thresholds. Further research 
and use of Massaging pressure therapy can lead to a long term, 
comprehensive and a viable solution for Sensoryneural hearing 
Loss. 
  

V. CONCLUSION 

    It can be positively concluded that Massage pressure therapy 
for management of Sensoryneural hearing loss can prove to be an 
alternative to hearing aids and can provide long term relief to 
patients. 
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FIGURES AND TABLE LEGENDS 

1. Graphical representation of causes of deafness reviewed 
in 2142 patients.  

2. Graph showing the level of hearing thresholds before 
and after therapy for all the major causes reviewed 

3. Graph showing the levels of hearing thresholds before 
and after the therapy  

 
 
 
 

Table 1: Table showing percentage difference in Hearing 
thresholds before and after Massage Pressure Therapy 
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The graph shows the various causes of deafness reviewed for the study in no.s 

 

 
 
 
 
The graph shows an effective decrease in the hearing threshold 
with the Y axis representing the average decibel levels in each 
category 
 
 

 
 
 
 
Table 1 

 

No. of patients Pre audiometry Post audiometry % difference in 
 hearing threshold hearing threshold hearing threshold 
 in dB  in dB    
       

2142 Lt ear Rt ear Lt ear Rt ear Lt ear Rt ear 
 69.9 70.9 49.8 51.6 28.75% 27.22% 
       
Average preaudiometry & post audiometry results given in dB 

 
Percentage value taken up to two decimal pts. 
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Abstract- In recent years, power converters are used to get high power factor. This paper presents an integrated converter topology for 
driving HB LEDs which provides high power factor. The integrated buck flyback converter (IBFC) is a single stage, low cost, high 
power factor AC-DC converter with fast output regulation. The converter is used to provide power factor correction in streetlight 
application. To obtain high power factor, the buck stage and flyback stage are operated in discontinuous mode. Dimming operation of 
HB LED is also described. A closed loop is used for enabling the PWM dimming. The simulation studies using MATLAB/Simulink is 
also presented. Hardware setup of open loop is described. 
 
Index Terms- HB LEDs, IBFC topology, ac/dc converter, DCM, power factor correction, single-stage, driver, PIC. 
 

I. INTRODUCTION 

ith the development of high brightness light emitting diode (HB LED) technology, the output light efficiency of power LEDs 
has increased over 100 lumens/W [1]. The HB LED can be used as a solid state light source in general lighting applications. In 

addition to high efficiency, it has no mercury content and has a longer life. In the future, the power LED is likely to replace the 
existing lighting sources like the incandescent lamp and fluorescent lamp. 
     In this paper, the main purpose is to present a topology for driving LED streetlight from an AC source. The important advantages 
of LEDs are reduced maintenance costs and high colour rendering index. Hence, colour reproduction is much better with LEDs than 
with LPSV lamps, since the latter emit only in the yellow wavelength. In addition, HB-LEDs do not exhibit either warm-up or restart 
periods, thus avoiding the need for extra control circuitry. 
    Since streetlights are powered from an AC source, they must comply with the International Electro technical Commission (IEC) 
61000-3-2:2005 mandatory regulations in terms of harmonic content and power-factor correction (PFC) [2]. Additional requirements 
are that the electronic ballast must achieve high energy efficiency and be dimmable by pulse width modulation (PWM) technique. 
In general lighting applications, high power factor can be achieved using either a passive circuit or an active circuit [3], [4]. The 
passive circuit consist of inductors and capacitors together with uncontrolled rectifier. This is a good solution to achieve high power 
factor and does not generate electromagnetic interferences (EMI). However, it is difficult to achieve a higher power factor and lower 
THD with a passive PFC which uses only capacitors and inductors. Due to the presence of inductors and capacitors the size of the 
passive power correction circuit is large. So it is only suitable for  low power applications.  
In active power factor correction circuit, switch mode power supplies are used to achieve high power factor , low THD, and good 
output voltage regulation. Active power factor correction circuit is divided in to two categories, the two stage and single stage 
approaches. Single stage is the simplest active PFC circuit. 
    The most common single stage topologies used are the boost converter, the buck-boost, or buck-boost derived topologies. Block 
diagram representation of single stage power factor correction circuit is shown in Fig. 1.  The single stage converter with PFC 
increases the stress on the switch in the converter due to input current and PFC voltage, and there is a power balance problem. 
Moreover, dimming of LEDs must be carried out at frequencies above 125Hz [5]. Therefore when dimming operation is required, 
these single stage solutions are not feasible. 
     Due to the above reasons, a two-stage converter is needed in order to perform PFC properly and to obtain a fast enough output 
dynamics. Block diagram of two stage power factor correction circuit is shown in Fig. 2. This system implementation consists of a 
PFC preregulator followed by a dc–dc converter in cascade. This scheme is usually implemented by means of a boost converter for the 
first stage and forward buck-boost-derived topologies or flyback converters for the output converter. In addition, even buck converters 
may be used for the former. These topologies are a very good solution, reaching unity power factor and providing fast output 
dynamics. The disadvantage of        two stage converters are high cost and size and the efficiency of the conversion is penalized 
because the output power is processed twice.  
 
 

W
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Figure 1. Block diagram of single-stage power factor correction circuit 

 
Figure 2. Block diagram of two stage power factor correction circuit 

 
A good solution is to implement the so-called integrated single-stage (ISS) converters, which leads to the integration of the PFC stage 
together with the dc–dc converter [5]. This is achieved by eliminating one transistor and sharing the remaining transistor between the 
two stages. Block diagram of integrated single stage converter is shown in Fig. 3. These topologies are not only a good solution when 
HPF is needed but also can provide a fast output dynamics equivalent to that of two-stage PFC converters. In addition, the size of the 
whole converter is reduced, and therefore, the costs are reduced too. Moreover, the efficiency is usually very high in case of operation 
under narrow input-voltage-range conditions because part of the power is processed only once, or just a small part is processed twice 
within a single switching period. 

 
Figure 3. Integrated single stage converter. 

     The integrated converter presented in this paper is composed of a buck converter working in DCM integrated with a DCM flyback 
dc–dc converter. The former is the PFC stage, whereas the latter supplies the power to the LED  
lamp. Block diagram of IBFC is shown in fig. 4. The converter must be operated in DCM so that HPF can be achieved at the input, 
while the converter behaves as a current source at the output. The advantages of this topology over boost-based power factor pre-
regulators lie in several main aspects. First, the bus voltage is much lower than that of boost or buck–boost based converters. 
Moreover, this dc bus voltage is not affected by duty cycle or input voltage variations. The bus voltage is depends only on the ratio 
between the buck and flyback inductances. Second, a lower dc bus voltage requires a lower voltage rating for the bulk capacitor, 
featuring a lower series equivalent resistance (ESR) device and longer life. Additionally, the buck converter features a natural 
protection against no-load or short-circuit operation. Another advantage of the IBFC against boost and buck–boost based topologies is 
that in the proposed ballast, the switch only handles the highest of the buck or flyback current and not the addition of both currents, as 
what happens in other ISS converters. 
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Figure 4. Integrated single stage IBFC. 

 

II. IDEA PRINCIPLE OF OPERATION 

A. Circuit Description 

The integrated buck flyback converter is shown in Fig. 5. It consists of a buck converter and a flyback converter connected in series. 
The circuit contains a buck inductor (LB), a bulk capacitor (CB), a switch (M1), flyback inductance (LF), output capacitor (C0), and 
diodes (D1, D2, D3 and D4).  

 
Figure 5. Integrated buck flyback converter. 

B. Circuit Operation 

The operation of the IBFC is equivalent to two converters in cascade. The simplest way of operating the IBFC is maintaining the 
DCM in both buck and flyback inductors. In this way, it will be demonstrated that the bulk capacitor voltage (VB) is independent of 
load, duty cycle and switching frequency, and it only depends on the ac input voltage and the ratio of the two buck and flyback 
inductances (LB and LF respectively). This is an important feature of integrated converters operating in DCM, which allows them to 
provide fast output voltage regulation.  
The operation of IBFC during a line half period has two modes.  
Mode 1 (0 to t1): In the time intervals where the instantaneous line voltage is lower than the bulk capacitor voltage (vg<VB), the 
rectifier bridge diodes are reverse biased and remain open. Thus, the buck inductance is not energized and diodes D1 and D3 are also 
open during these time intervals. The equivalent circuit is shown in Fig. 6. In  
this mode, only the flyback converter is operating through switch M1 and diodes D2 and D4. The operation is exactly equivalent to a 
flyback converter, where the energy is taken from the bulk capacitor and delivered to the load.  

 
Figure 6. Equivalent circuit of mode 1: vg< VB 

 
Mode 2 (t1 to (T/2-t1)): In this mode, vg>VB. 
In this interval, both buck and flyback inductors are energized when the control switch M1 is activated. Diodes D3 and D4 will remain 
open and the currents through the buck and flyback inductors are handled by the integrated switch formed by M1, D1, and D4. Fig. 7 
shows the equivalent circuit of IBFC when M1 is ON and vg>VB.  
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Figure 7. Equivalent circuit of mode 2: vg>VB and M1 is ON 
To understand how the currents are distributed among the three switches when M1 is ON, an equivalent circuit is shown in Fig. 8. In 
this circuit, the switch M1 will handle the higher of the two currents iB and iF (buck and flyback currents, respectively). The diode in 
parallel with the higher current will be open, whereas the diode in parallel with the lower current will be closed. Since the operation is 
in DCM, the two buck and flyback currents are ramp waveforms starting at the same instant. Therefore, the conclusion is that the 
current through switch M1 will be either iB or iF, whichever is higher, but not the addition of the two currents. This is an advantage of 
this converter compared to other integrated topologies, where the currents of the two stages circulate simultaneously through the 
control switch. 
   In summary, the current distribution is as follows. When    iB > iF, current iB will circulate through M1, D1 will handle the current iB− 

iF, with D2 being off. When iB < iF, current iF will circulate through M1, D2will handle the current iF− iB, with D1 being off. 

 
Figure 8. Equivalent circuit during the conduction of  M1 

 

 
 

Figure 9. Equivalent circuit of mode 2: vg>VB and M1 is OFF 
      Fig. 9 shows the equivalent circuit of IBFC when M1 is OFF. During this interval, both buck and flyback inductors are being de-
energized and the energy is supplied to the bulk capacitor and load, respectively. In this stage, only diodes D3 and D4 will be 
conducting as long as energy remains in the magnetic field of the buck and flyback inductors, respectively. The highest voltage across 
the switch M1 (VM1) appears during this interval, can easily be calculated by using the equation (1) 
 
                 VM1= Vg+ VB + VO/n.                                                 (1) 
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Figure 10. Input voltage and current waveform of IBFC 

III. DESIGN EXAMPLE AND SIMULATION STUDIES 

A. HB LEDs and Load Design 

     HB-LEDs are usually low-power devices, ranging from 1W to 5W at currents from 350 up to 2000 mA. At the present time, their 
luminous efficiency is around100 lm/W at 350 mA in the latest devices. The fact that they are low-power devices means that a large 
number of emitters will be necessary for wide-area-lighting applications such as streetlights. 
      The nominal power requirement for most LED streetlights 
ranges from 60 to 150 W. The load finally chosen is made of ten Dragon Tapes running at 350 mA [6-9]. This gives a total of 60 
LEDs emitting 1500 lm at 72 W. In order to properly design the power converter, the LED load has to be modeled. 

B.  Converter Design 

     The converter was designed to provide a total output power of 72 W, with a rated lamp current of 350 mA. In order to minimize the 
passive components, a 100-kHz switching frequency was selected. 
             C. Regulation and Dimming 

     Taking into account that HB-LEDs are current-controlled devices, a current control is preferable rather than a voltage control. 
Otherwise, slight changes in the string forward voltage would lead to great changes in the forward current. The flyback converter 
operating in DCM behaves as a current source, and therefore, an average current control can easily be performed. 
     PWM dimming can be carried out in three basic ways. The first, called “Series Dimming,” employs a series switch to interrupt the 
lamp current as commanded by the dimming signal. The main drawback of this solution is the high electrical stresses generated in the 
series switch. The second one, called “Shunt Dimming,” makes use of a switch in parallel to the load to divert the lamp current as 
commanded by the dimming signal. The main drawback of this solution is the dissipation of the energy stored in the output capacitor, 
which is sent to the parallel transistor, reducing the converter efficiency. The last, called “Enable Dimming,” is based on turning on 
and off the whole converter by means of an Enable/Disable input.  

D. Simulation Results 

Simulation studies of IBFC which is used for streetlight application is carried out in MATLAB/Simulink. Open loop and closed loop 
simulation is done. The simulation block diagram of open loop system is shown in Fig. 11 and Fig. 18 shows the closed loop system 
simulation diagram. Input voltage and current waveforms are shown in Fig. 12 and Fig. 13 respectively. Fig. 14 represents the bulk 
capacitor voltage and Fig. 15 shows output current. From Fig. 16 it is clear that the input voltage and currents are in phase. Thus we 
get a high power factor. The THD spectrum of input current is shown in Fig. 17. From this it is clear that the THD is within the limit. 
     The closed loop simulation is also carried out. A closed loop is designed for enabling dimming operation of LEDs. Fig. 19 
represents the input voltage and current. Output voltage is shown in Fig. 20.  
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Figure 11. Simulink model of open loop IBFC used for streetlight application 
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Figure 12. Input voltage vg 
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Figure 13. Input current ig 
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Figure 14. Bulk capacitor voltage VB 
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Figure 15. Output voltage VO 
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Figure 16. Input voltage and current waveform 
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Figure 17. THD spectrum of input current 

 
Figure 18. Simulink model of closed loop IBFC used for streetlight application 
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Figure 19. Input voltage and current of IBFC with closed loop 
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Figure 20. Output current of IBFC with closed loop 

 
 

The circuit setup of open loop IBFC is shown in Fig. 21. It consists of controller unit, isolation and driver unit and power circuit 
module. 
 

 
Figure 21: Circuit setup of open loop IBFC 

 
The power circuit is fabricated in general PCB. Control circuit and power supply modules are setup in the bread board. Input voltage 
is 12 V, 50 Hz AC and the output is 17 V DC. The switching pulse of 100 kHz is generated using PIC microcontroller. 
 

IV. CONCLUSION 

    The integrated buck flyback converter used to drive a string of LED is presented in this paper. The IBFC provides high power factor 
and fast output voltage regulation. It is proposed as a low cost solution for performing power factor correction in LED street lighting 
applications. A closed loop system for enabling dimming of LED is also discussed. 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      537 
ISSN 2250-3153  

 

www.ijsrp.org 

 

REFERENCES 
[1] B. Weir and F. Cathell, “LED streetlight demands smart power supply,” Power Electron. Technol., vol. 34, no. 2, pp.    34–39, Feb. 2008. 

[2] J. M. Alonso, M. A. Dalla Costa, and C. Ordiz, “Integrated buck–flyback converter as a high-power-factor off-line power  supply,” IEEE Trans. Ind. Electron., 
vol. 55, no. 3, pp. 1090–1100, Mar. 2008. 

[3] K. Zhou, J. G. Zhang, S. Yuvarajan, and D. F. Weng, “Quasi-active                                                                                                                                                                                                                                                      
power factor correction circuit for HB LED driver,” IEEE Trans. Power Electron., vol. 23, no. 3, pp. 1410–1415, May 2008. 

[4] O. García, J. A. Cobos, R. Prieto, P. Alou, and J. Uceda, “Single phase                                                                                                                                                                                                     
power factor correction: A Survey”, IEEE Trans.  Power Electron., vol. 18, no. 3, pp 749-755, may 2003. 

[5] D. Gacio, J. M. Alonso, A. J. Calleja, J. García, and M. R. Secades, ”A                                                                                                                                                                                                           
universal input single stage high power factor power supply for HB  LEDs based on integrated buck flyback converter”, IEEE   Trans. Ind. Electron., vol. 58, 
no.2, pp 589-599, Feb. 2011. 

[6] Luxeon K2 With TFFC, datasheet DS60, Jun. 2008. 

[7]  “Diamond Dragon,” Datasheet LW W5AP (2008-05-15). 

[8]  “Dragon Tape,” Datasheet OS-DT6 (2005-03-01). 
[9] “Golden Dragon,” Datasheet LW W5SG. 

 

AUTHORS 

Elizabeth Paul has completed her B. Tech in Electrical and Electronics Engineering from Sree Narayana College of Engineering, 
kadayiruppu and M. Tech in Industrial Drives and Control from Rajiv Gandhi Institute of Technology, Kottayam.  She currently holds  
the post of Assistant Professor in the Department of Electrical and Electronics, M. A. College of Engineering. Her email id is 
elizpaul@gmail.com. 
 
Prof. Aleyas M. V. currently holds  the post of Professor in the Department of Electrical and Electronics, M. A. College of 
Engineering. His email id is aleyasmv@mace.ac.in. 
 
Prof. Annie P. Oommen currently holds  the post of Professor in the Department of Electrical and Electronics, M. A. College of 
Engineering. Her email id is anniepoommen@yahoo.com. 
 
 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      538 
ISSN 2250-3153  

www.ijsrp.org 

Time-Frequency Filtering with the S-Transform of ECG 
Signals 

J.P.Agrawal*, Ritu Vijay** 
 

* Department of Electronics and Communication Engineering, VIT (East),   Jaipur-302022 INDIA e-mail: jay5644@gmail.com 
** AIM & ACT, Banasthali University, Banasthali Vidyapith-304022 INDIA 

 

Abstract- A key feature of the S-transform is that it uniquely combines a frequency dependent resolution of the time-frequency 
space and absolutely referenced local phase information. The S-transform is a time-frequency representation known for its local 
spectral phase properties. In this paper, a method to process non-stationary signal, such as electrocardiograms (ECG) based on S-
transform, in which a filter is applied to a time frequency distribution instead of the Fourier spectrum. Such distribution is the S-
transform, a modified short-time Fourier transform whose window scales with frequency, as in wavelets. 
 
Index Terms- S-transform, Electrocardiograms, Time frequency filter, Wavelet 
 

I. INTRODUCTION 

he limitations of frequency domain filtering techniques have motivated the development of alternative techniques, such as 
time frequency distribution instead of the Fourier spectrum. S-transform is modified short time Fourier transforms whose 

window scales with frequency, as in wavelets. There is need for filters with time-varying pass-bands and reject-bands that can be 
applied to an invertible time frequency representation of the signal that is similar to Fourier-domain filtering except need to be 
two dimensional to accommodate the extra time dimension [1-4].  
 
To derive the S transform [5-8] as the “phase correction” of the CWT. The CWT W (τ, d) of a function h (t) is defined by 
 

                    (1) 
  
Where w (t, d) is a scaled replica of the fundamental mother wavelet. The dilation d determines the “width” of the wavelet w (t, 

d) and thus controls the resolution. 
 
The S transform of a function h (t) is defined as a CWT with a specific mother wavelet multiplied by the phase factor, 
 

                                (2) 
               
where the mother wavelet is defined as 
 

                   (3) 

 
 
 
Note that the dilation factor d is the inverse of the frequency f. 
 

The wavelet in (3) does not satisfy the condition of zero mean for an admissible wavelet; therefore, (2) is not strictly a CWT. The 
continuous S-transform of a function h (t) is 
 

                   (4) 

 
It is easy to show that 
 

)                               (5) 
 

T
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 (Where H (f) is the Fourier transform of h (t)). It follows that h (t) is exactly recoverable from S (τ, f). 
  

                   
 (6) 
 
Thus this is clearly distinct from the concepts of the CWT. 
 
In the discrete S-transform, there are computational advantages to using the equivalent frequency domain definition of the S-
transform. 
 
Let h [kT], k = 0, 1 . . . N - 1 denote a discrete time series corresponding to h (t) with a time sampling interval of T. The discrete 
Fourier transform is given by [5] 
 

                         (7) 

 
where n = 0, l, . . . . . N - 1. In the discrete S- transform, the projection of the vector defined by the time series h [kT] onto a 
spanning set of vectors. Each basis vector (of the Fourier transform) is divided into N localized vectors by an element-by-
element product with the N shifted Gaussians such that the sum of these N localized vectors is the original basis vector. 
 

                            (8) 

 
For n=0, it equal to the constant as  
 

                                  (9) 

 
Where j, m, and n=0, 1… N-1. The sampling of the S-transform is such that S [ jT, n/NT ] has a point at each time sample and at 
each Fourier frequency sample. The discrete inverse of the S-transform is found by averaging over time to get the Fourier 
transform spectrum, and inverting to the time domain 
 

                            (10) 

 
The existence of an inverse S-transform [9-10] makes time-frequency filtering. In standard Fourier domain filtering, S can be 
multiplied with a user defined time frequency filter F. The product of S×F in place of S in (10) then gives hF[kT],  
 

                     (11) 

 
Electrocardiogram (ECG) is widely used for diagnosing many cardiac diseases, which are one of the prime causes of mortality 
all over the world. ECG is a graphical representation of electrical impulses due to ionic activity in the cardiac muscles of human 
heart. The electrical pulses generated due to this electrical activation are propagated along the cell fiber and transmitted to 
adjoining cells. The result is generation of electrical impulses, which travels through the cardiac surface. These electrical 
impulses can be detected by surface electrodes, amplified and displayed as the ECG. It is an important physiological signal, 
which is exploited to diagnose heart diseases because every arrhythmia in ECG signals can be relevant to a heart disease [11-13]. 
Figure 1(a) shows the original ECG replicate signals, Fig. 1(b) shows the S-transform of the original ECG signal, Fig. 1(c) shows 
the reconstructed ECG signal without filter. 
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(a) 

 
(b) 

 
(c) 

Figure 1:  (a) Original ECG signals. (b) S-transform of ECG signals. (c) Reconstructed time series signals without filter. 
 

II. TIME FREQUENCY FILTERING WITH S-TRANSFORM 

Figure 2(a) shows two simple time–frequency filters. The first filter is a two-dimensional filter, designed to set part of the S-
transform equal to zero; the second filter progressively reduces the amplitudes of selected frequencies of the S-transform at 
selected times. To ensure that hF

 is real when h is real, F must satisfy  
 
F [τ, f] = F [τ, −f]*                                       (12) 
 
Figure 2(b) shows the SF-transform from Fig. 1(b) after the application of these two filters. The time–frequency signatures of the 
high and low-frequency signal components are muted partly, and have abrupt edges where they have been multiplied with the 
boxcar filter. The reconstructed time series ECG signals appears in Fig. 2(c). Comparison of Fig. 3(c) with Fig. 2(c) shows that 
the filtering is indeed time-dependent, but also shows that it has affected parts of the time series whose corresponding columns of 
S

F
 were not changed by the filter. The start and end times of the first boxcar filter is most evident immediately before τ = 74, and 

immediately after τ = 129, but the start and end time of the second boxcar filter is most evident before τ = 144, and after τ = 224. 
Comparison of Fig. 3(c) with Fig. 2(c) shows that the second filter progressively reduce the amplitude of selected frequencies of 
the S-transform at selected time. 
 
 

 
 
 

 
 
 
 
 

(a) 
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(b) 
 

 
(c) 

 
Figure 2:   (a) Time frequency filter. (b) Filtered SF-transform produced time frequency filtering of the S-transform of Fig. 1(b). 

(c) Filtered hF[t] time series ECG signal. 
 

III. CONCLSION 

     Through use of the S-transform I have introduced time frequency filtering of ECG signals. First filter between 129 ˃ τ ˃ 74 
set the S-transform equal to zero. The second filter between 224 ˃ τ ˃ 144 progressively reduces the amplitude of selected 
frequency of the S-transform as shown in figure 3(b). Figure 3(c) shown the reconstructed output of ECG beat after filtering of 
all frequencies, the first filter is used set zero of S-transform between the two ECG beat. Second filter is between second ECG 
beat that, time smearing occurs.   
 

APPENDIX 

The following Matlab program produces the data plotted in Fig. 2: 
 
h1 = ecg(128); 
h = repmat(h1,1,2); 
N = length(h); 
H = [fft(h) fft(h) fft(h)]; 
al = [0:floor(N/2)-1,  

-floor(N/2):-1]; 
for f=1:floor(N/2-1) 
W=exp(-2*pi^2*al.^2./ 

((f-(N/2)-1).^2)); 
S(f,:) = ifft(H(f+(N/2): 

f+(N/2)+N-1) .* W); 
end 
S(N/2+1,:) = ifft(H(N+1:2*N)  

.* [1 zeros(1,N-1)]); 
F = ones(N,N); 
F(N/2+1+[-101:0 0:101], 75:130) = 0; 
F(N/2+1+[-30:30], 144:224) = ones(61,1)*[80:-1:0]/80; 
S_F = S.*F; 
h_f= sum(ifft(fftshift(S_F,1),[],1),2); 
  
Here F, S_F and h_f are equivalent to F, SF and hF. The S- transform produced by the program includes both 
negative and positive frequencies, with the DC frequency occurring at the (N/2 + 1) row of S. This definition of F 

includes a “mirror image” of the filter shown in Fig. 2. 
 
 

REFERENCES 

[1] C.R. Pinnegar and L. Mansinha “Time-local Fourier analysis with a scalable, phase-modulated analyzing function: the S-
transform with a complex window” Signal Processing, vol. 84, 2004, pp. 1167 – 1176. 

[2] C.R. Pinnegar “Time –Frequency and time-time filtering with the S- transform and TT- transform”  Digital Signal Processing, 
vol. 15, 2005, pp. 604-620. 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      542 
ISSN 2250-3153  

www.ijsrp.org 

[3] C.R. Pinnegar and L. Manisinha “Time–Frequency localization with the Hartley S- transform” Signal Processing, vol. 84, 2004, 
pp. 2437-2442. 

[4] M.D. Adams, F. Kossentini and R. K. Ward “Generalized S Transform” IEEE trans. on signal processing, vol. 50, NO. 11, Nov. 
2002, pp. 2831-2842. 

[5] C. R.  Pinnegar and D. Eaton “Application of the S transform to prestack noise attenuation filtering” Journal of Geophysical 

Research, vol. 108, No. B9, 2422. 
[6] Soo-Chang Pei, Pai-Wei Wang, Jian-Jiun Ding and  Chia-Chang Wen “Elimination of the discretization side-effect in the S 

transform using folded windows” Signal Processing, vol. 91, 2011, pp. 1466–1475. 
[7] R. G. Stockwell, L. Mansinha, and R. P. Lowe “Localization of the Complex Spectrum: The S Transform” IEEE trans. on signal 

processing, vol. 44, NO. 4, APRIL 1996, pp.  998-1001. 
[8] M. Weishi and G. Jinghuai “Statistical denoising of signals in the S-transform domain”  Computers & Geosciences, vol. 35, 

2009, pp. 1079–1086. 
[9] M. Schimmel and J. Gallart “The Inverse S-Transform in Filters with Time-Frequency Localization” IEEE trans. on signal 

processing, vol. 53, NO. 11, Nov. 2005, pp. 4417-4422. 
[10] C.R. Pinnegar “Generalizing the TT-transform” Digital Signal Processing, vol. 19, 2009, pp. 144-152. 
[11] S. Banerjee, R. Gupta and M. Mitra “Delineation of ECG characteristic features using multiresolution wavelet analysis method” 

Measurement, vol. 45, 2012, pp. 474–487. 
[12] Yakup Kutlu, and Damla Kuntalp “Feature extraction for ECG heartbeats using higher order statistics of WPD coefficients” 

Computer methods and programs in biomedicine, vol. 105, 2012, pp. 257-267. 
[13] Md. Ashfanoor Kabir and Celia Shahnaz  “Denoising of ECG signals based on noise reduction algorithms in EMD and wavelet 

domains” Biomedical Signal Processing and Control, Vol. 7, 2012, pp. 481-489.  

AUTHORS 

J.P.  Agrawal- is born in Rajasthan, India on September 15, 1975. He has completed his B.E. (Electronics) from 
Nagpur University, Nagpur, Maharashtra and M.Tech. (Electronics and Communication Engineering) from MNIT, 
Jaipur, Rajasthan, India in year 1999 and 2005 respectively. He is pursuing Ph.D from Bansthali Vidhyapeeth, 
Bansthali, Rajasthan.  He has contributed in publication of 2 technical papers in journals and 6 books. His current 
areas of research are signal processing and Medical image compression using wavelet transform and S-transform. 

E-mail: jay5644@gmail.com 

 
Ritu Vijay  received her B.Sc ( Electronics), M.Sc.(Electronics) and Ph.D degree from university Banasthali 
Vidyapith, Banasthali, India. She has 15 year teaching experience. She has contributed 30 technical papers in various 
national ans international journals and conferences and 2 books. She is also Principal investigator of project funded 
by department of electronics, Govt. of India, New Delhi. Her research interests include signal processing, image 
compression. 
 
E-mail:vritu@banasthali.ac.in 

 
Correspondence Author – J.P.Agrawal, jay5644@gmail.com, +919414248951. 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      543 
ISSN 2250-3153  

www.ijsrp.org 

 

Endodontic Management of Geminated Tooth:  A Case 
Report 

Dr. Paromita Mazumdar*, Dr. Utpal K. Das**, Dr. Sk. Mahboob Rahaman** 
 

* Associate Professor, Department of Conservative Dentistry & Endodontics, Guru Nanak Institute of Dental Science & research, Kolkata 
** Professor & Head of The Dept., Department of Conservative Dentistry & Endodontics, Guru Nanak Institute of Dental Science & research, 

Kolkata 
*** Post Graduate Trainee, Department of Conservative Dentistry & Endodontics, Guru Nanak Institute of Dental Science & research, Kolkata. 

 
Abstract- Developmental dental anomalies are marked deviations 
from the normal color, contour, size, number, and degree of 
development of teeth. Local and systemic factors may be 
responsible for these developmental disturbances. Such 
influences may begin before or after birth, hence primary or 
permanent teeth may be affected. Gemination refers to the 
incomplete attempt of one tooth germ to divide into two. 
Geminated teeth have two crowns or one large, partially 
separated crown sharing a single root or root canal, the maxillary 
permanent incisors and the mandibular primary incisors are most 
frequently affected.  
           A case of a geminated maxillary right central incisor is 
reported. Root canal therapy on that tooth was performed as it 
was detected to be nonvital. Clinical significance lies in 
identifying a case of geminated tooth and treating the anomaly in 
the most conservative way. 
 
Index Terms- Developmental anomaly, gemination, fusion, 
endodontic treatment. 

I. INTRODUCTION 

nomalies of shape of teeth include microdontia (teeth that 
are physically smaller in size than usual) and macrodontia 

(teeth that are physically larger in size than normal). The 
prevalence of microdontia and macrodontia ranges from 0.8% to 
8.4% in various populations. Anomalies of shape also include 
dens invaginatus, talon cusp, dens evaginatus, gemination, 
fusion, root dilacerations, taurodontism, and concrescence. A 
double tooth is a congenital anomaly in which two adjacent teeth 
are joined at the crown level (enamel and dentin), forming a 
single tooth with an enlarged crown. Although the cause is 
unknown, genetic factors may be involved. The prevalence of the 
defect is approximately 0.1% in the permanent dentition and 
0.5% in the primary dentition, with no predominance of males vs 
females. The union of a supernumerary tooth and a normal tooth 
is referred to as diphyodontic gemination. Twinning means 
complete cleavage of the tooth bud, resulting in the formation of 
an extra tooth that is usually a mirror image of its partner. 
          A malformed tooth often is a challenge to the dentist. 
Pindborg defined fusion as the union between dentin and/or 
enamel of two or more separate developing teeth [1]. Fusion, an 
uncommon anomaly of the hard dental tissues, may cause clinical 
problems related to appearance, spacing, and periodontal 
conditions. The incidence of fusion is < 1% in the Caucasian 

population [2] .Clinically, it is often difficult to differentiate 
between fusion and gemination. 
Pindborg describes gemination as the malformation of a single 
tooth bud, resulting in an anomalous tooth within the normal 
complement of teeth [1].  It is recognized as an attempt by a single 
tooth germ to divide, with a resultant large single tooth with a 
bifid crown and usually a common root and root canal. These 
anomalies may be unilateral or bilateral and may affect either 
dentition, although the deciduous teeth are more commonly 
affected. The etiology of fusion remains unknown. Shafer and 
colleagues have stated, “It has been thought that some physical 
force or pressure produces contact of the developing teeth and 
their subsequent fusion” [3]. Spouge suggests that it is likely that 
the majority of such conditions (fusion and gemination) arise 
purely by chance [4].  Lowell and Solomon believe that fused 
teeth result from physical action that causes the young tooth 
germs to come in contact, thus producing a necrosis of the 
intervening tissues [5].  In addition, several authors also suggest 
that heredity is one of the etiologic factors [3-5].  Fused teeth may 
contain separate pulp canals or share a common pulp canal. 
Fusion may occur between two normal teeth or between a normal 
tooth and a supernumerary tooth: in the latter case, differentiation 
from gemination may be difficult, if not impossible. 
 

II. CASE REPORT 

          A 16-year-old female reported to the department of 
Conservative dentistry & Endodontics of Guru Nanak Institute of 
Dental Science & Research with pain in the maxillary anterior 
region in the month of September 2012. 
          A clinical examination revealed a geminated maxillary 
right central incisor having a large crown and groove between 
nonseparated crown on labial surface (Fig-1, 2). 
Medical and dental histories were noncontributory. There was no 
previous history of trauma or any hereditary conditions. There 
was tenderness on percussion for right maxillary central incisor 
without any mobility. 
          Radiographic examination showed large pulp chamber and 
pulp canal but the pulp chamber was observed to be blocked by 
pulp stone and there was mild periapical radiolucency (Fig-3, 4). 
The tooth was nonvital, tested by an electric pulp tester (Parkell 
Electronics, Farmingdale, NY, USA).  Non surgical endodontic 
treatment of that tooth was performed. Rubber dam (Hygenic, 
Coltene whaledent) application was done. Endodontic access 
cavity was done on the palatal surface using a no. 2 round bur 

A
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and a straight fissure diamond point (no. G835- 010 DIATEC 
AG, Dubendorf, Switzerland). There was pulp stone in pulp 
chamber blocking the canal (Fig-5). Initially pulp stone was 
removed by round diamond bur then taper fissure diamond bur 
was used peripherally in pulp chamber and coronal region of root 
canal. Pulp extirpation was performed using a barbed broach 
(Dentsply-Maillefer, Ballaigues, Switzerland) and K files (Mani, 
Inc., Tochigi-Ken, JAPAN). The canal was thoroughly irrigated 
copiously with sodium hypochlorite (2.5%) and saline (0.9%). 
Coronal flaring of the root canal was done using Gates Glidden 
drills nos. 1 to 4 (Mani, Inc.). The working length was 
determined using Ingle’s method (Fig-6), and mesial and distal 
angulation radiographs were taken to confirm the presence of 
additional canals. Formocresol was used as the intracanal 
medicament. The access cavity was temporarily sealed using zinc 
oxide–eugenol cement. The patient was recalled after 2 days for 
cleaning and shaping of the root canal system. At the second 
visit, canal preparation was completed using a step-back 
technique (apical enlargement was done up to International 
Standards Organization, no. 40 K file and the coronal flaring up 
to no. 70 K file). Canals were copiously irrigated with sodium 
hypochlorite and saline. Then access cavity was temporized with 
zinc oxide eugenol cement. The patient was recalled after 1 week 
for obturation. At the third visit, there was no tenderness on 
percussion of that tooth and the root canal was obturated using 
gutta-percha cones (Master cone- ISO 040 sizes, Maillefer, 
Dentsply) by combination of lateral and vertical condensation 
techniques (Fig-8). Zinc oxide– eugenol (DPI) was used as a 
sealer; then the access cavity was sealed with light cure 
composite resin (3M, ESPE,Valux plus) restoration (Fig-10). 
 

III. DISCUSSION 

          Geminated/fused teeth afford a striking clinical 
manifestation of the differentiable and morphogenetic processes 
of tooth development. The challenge is to define the origin of the 
teeth and restore them to acceptable function and appearance. 
Indra et al. [16] emphasized that the anomaly of these teeth is 
unusual, but Tsesis et al. [8] reported that fused teeth are 
asymptomatic and do not require treatment unless they interfere 
with the patient’s occlusion or esthetic appearance. Kim and Jou 
[6] reported that surgical division and orthodontic replacement of 
these teeth may be necessary and emphasized the importance of 
and need for multidisciplinary treatment. 
          Clinically, it may be difficult to differentiate between 
fusion and gemination when a supernumerary tooth is fused with 
a permanent tooth. A full complement of teeth indicates 
gemination, whilst one tooth less than normal indicates fusion 
(Milazzo & Alexander 1982, Camm & Wood 1989). This rule is 
compromised if a normal tooth fuses with a supernumerary tooth 
(Croll et al. 1981, Peyrano & Zmener 1995, Kayalibay et al. 
1996). In this case, there was normal complement of teeth and 
differentiation from gemination is difficult or impossible. 
Concerning treatment, an exact differentiation between fusion 
and gemination may not be critically important (Kim & Jou 
2000). Fusion between supernumerary and permanent teeth 
occurs less frequently than fusion between other types of teeth. 
Yuzawa and colleagues reported that the frequency of the fusion 
between supernumerary and permanent teeth is 0.1% [7]. The 

probability of the reported case shows fusion took place between 
a supernumerary tooth and the maxillary right central incisor or 
gemination of maxillary right central incisor. Case history and 
clinical and radiographic examinations can provide the 
information required for the diagnosis of such abnormalities. 
After a judicious evaluation of all information we can report that 
this case represents gemination of permanent maxillary right 
central incisor. 
 
The differential diagnosis of this case included the following: 
          • Gemination- In gemination, the resultant structure would 
have two completely or incompletely separated crowns with a 
single root or root canal. The incidence of this in deciduous 
dentition is 0.1 to 3.7%, and it is very rare in permanent dentition 
(0.8%). Although in this case gemination is a possible diagnosis, 
the occurrence of gemination labiolingually appears very likely.  
          • Facial talon’s cusp- Talon’s cusp generally occurs on 
the lingual surfaces of maxillary or mandibular lateral incisors. 
However, few cases have been reported in which talon’s cusp 
occurred on the facial aspect. Talon’s cusp consists of enamel, 
dentin, and a horn of pulpal tissue. Considering the fact that the 
suspected labial supernumerary tooth was not very well 
differentiated and that the removal of the carious tooth structure 
exposed the pulpal horn, facial talon’s cusp may be a differential 
diagnosis for this case. 
          • Dens evaginatus- This developmental anomaly appears 
clinically as an accessory cusp or globule, which generally 
occurs on the premolars and is very rare on the incisors. 
          • Localized enamel disturbance- This case could also 
represent a localized enamel disturbance as the lesion is localized 
to the tooth. Trauma is one of the most common causes for such 
localized disturbance, but in this case the patient did not give any 
history of trauma. Since there was pain, so root canal treatment 
was considered to prevent future complications. The incisal edge 
of the maxillary right central incisor was intact and not 
discolored.  
 

IV. CONCLUSION 

          Developmental anomalies of teeth are clinically evident 
abnormalities. They may be the cause of various dental problems 
(color, contour, size, number, and degree of development of 
teeth). Careful observation and appropriate investigations are 
required to diagnose the condition. Even in a tooth with 
extremely complex root canal morphology, a conventional 
endodontic treatment without surgical intervention can result in 
adequate healing and esthetic correction if required without any 
complications or the need for extraction. 
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Fig-1 pre-operative 

 

 
 

Fig-2 pre-operative view 
 
 

 
 

Fig-3 standard occlusal radiograph of maxilla 
 
 

 
 

Fig-4 IOPA radiograph showing the geminated tooth (11) 
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Fig-5 pulp stone in pulp chamber 
 

 
 

Fig-6 working length determination 
 
 

 
 

Fig-7 master cone 
 
 

 
 

Fig-8 post obturation 
 
 

 
 

Fig-9 post operative buccal view 
 
 

 
 

Fig-10 post operative lingual view 
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 Abstract- A series of 4-Thiazolidinone derivatives were synthesized by reaction of 3-formyl-2-arylindole derivatives, 2-
aminonaphthaline and mercaptoacetic acid. The structures of the new compounds were assigned on the basis of their analytical and 
spectral data. 
Index terms- Heterocycles, 3-formylindole, 4-Thiazolidinone, 2-Aminonaphthaline, One pot synthesis 

I. INTRODUCTION 

ulfur containing heterocycles have been under investigation for a long time because of their  important  medicinal  properties[1]. 
Among  these  type  of  molecules, 4-thiazolidinones  have  been  shown  to  have  various  important  biological  activities  such  

as antimicrobial[2], antifungal[3], antiviral[4], antituberculostatic[5], anti-HIV[6], cardioprotective[7], anticancer[8], 
anticonvulsant[9], anti-inflammatory[10] and analgesic properties[11]. In the same way, Indole is an another nitrogen containing 
bicyclic heterocyclic compound and belongs to the privileged structure in modern medicinal chemistry[12]. Indole 
derivatives represent many important classes of therapeutical agents in medicinal chemistry such as anticancer[13], antioxidant[14], 
antiinflammatory[15], anticonvulsant[16], antimalarial[17], antipyratic[18], antimicrobial[19], antifungal[20], analgesis[21], 
antitubercular[22] and so on. Furthermore, some indole derivatives, such as melatonin and serotonin, influence many important 
biochemical processes. They act as antioxidant and play an important role in the immune system [23]. The   aforementioned 
compounds have inspired us to attach substituted indole to  the 4-thiazolidinone scafford, and the combination of 
two privileged structures in  one molecule leads to drug-like molecules. Therefor, in continuation of our research 
program on indole derivatives[24-25],  a series of novel 4-thiazolidinone derivatives have been designed and 
synthesized  by simple and practical approach, In this study we report the  rapid and efficient method for the synthesis of novel 
3-Naphthalen-2-yl-2-(2-phenyl-1H-indol-3-yl)-thiazolidin-4-one derivative via one-pot three-component condensation with 
quantitative yield.                                              

II.   MATERIALS AND METHOD 

General procedure for the synthesis of 3-Naphthalen-2-yl-2-(2-phenyl-1H-indol-3-yl)-thiazolidin-4-one (4a-g) 
The starting compound 3-formyl-2-aryl-indole derivatives (1a-g) were prepared by literature method[26-27] 
and thus obtained final compound was recrystalized with acetone. A mixture of corresponding 3-formyl-2-arylindole 
(1a-g) (1 mmol), 2-aminonaphthaline ( 2 )  (1 mmol), and acetic acid (10drops) in toluene (30 mL) was heated at 110 0C 
with a Dean–Stark trap for 3h. Afterward, the mercaptoacetic acid (3)  (2 mmol) was added and the mixture was 
heated until the reaction was   complete, as shown by TLC. The organic layer was washed with a saturated solution 
of  NaHCO3 (3 x 30 mL), dried with MgSO4 and concentrated to give  the products. When necessary, the 
compounds were washed with a hot solution of hexane:ethyl acetate (9:1) to  furnished the pure products. The 
purity of the compounds were checked by TLC using silica gel-G as adsorbent, UV light or iodine to accomplish visualization. IR 
spectra were recorded on a Shimadzu FT IR– 8400S spectrophotometer as KBr pellets. The 1H NMR and 13C spectra were obtained in 
DMSO-d6 using TMS as an internal standard on a Bruker spectrophotometer at 300 MHz and 75MHz respectively. The Mass spectra 
of compounds were determined on a Waters Xevo Q-Tof spectrometer at 70 eV. All the Melting points were determined using the 
open-ended capillary tube method and are uncorrected. 
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     (1)                       (2)                        (3)                                                               (4a-g)            
                                                                              Figure 1 

III. RESULTS AND DISCUSION 

    The chemistry using amine, aldehyde and mercaptoacetic acid proceeded uneventfully and the product was isolated in quantitative 
yield after work up.  In a typical experiment, 3-formyl-2-phenylindole derivatives and 2-aminonaphthalamine were heated in toluene 
for 3 h, followed by addition of mercaptoacetic acid. We have observed that presence of electron withdrawing group gives better 
yields as compared with electron donating group Table 1. Our mechanistic investigations using spectral studies gave proof of cyclized 
products. The IR spectra of compounds 4a-g showed two absorption band in the region 1660-1690 cm-1 this can be attributed to the 
cyclic C=O vibration. The N-H is observed at 3320-3350 cm-1. The compounds was further assigned by NMR spectra of compounds 
4a-g the aromatic signals were observed as a multiplet in the region δ 6.48-7.77. A singlet due to –NH was observed at δ10.34-1126. 
The methyl group in compound 4f and 4e were observed as a singlet at δ2.34 and 3.64 respectively. 

Table 1 Physical data of compounds 4a-g. 
S. No. compound Ph M.P. (0C) Yield (%) Molecular 

Formula 
1 4a. C6H5 188-190 56 C27H20N2OS 

2 4b. 4-ClC6H4 240-242 63 C27H19ClN2OS 

3 4c. 4-FC6H4 185-187 68 C27H19FN2OS 

4 4d. 4-BrC6H4 210-212 60 C27H19BrN2OS 

5 4e. 4-
OCH3C6H4 

192-195 65 C28H22N2O2S 

6 4f. 4-
CH3C6H4 

234-236 59 C28H22N2OS 

7 4g. 3-
NO2C6H4 

216-218 60 C27H19N3O3S 

 
Spectral data:  
3-Naphthalen-2-yl-2-(2-phenyl-1H-indol-3-yl)-thiazolidin-4-one (4a): C27H20N2OS, Mol. Wt 420.53 ; IR  (KBr) vmax in cm-1 3340, 

3030,1685 ; 1H NMR (DMSO-d6) δ in ppm 10.34(s, 1H, NH), 6.75-7.61(m, 16H, Ar-H), 5.91(s, 1H, CH), 3.38(s, 2H, CH2) ; 
13C 

NMR  (DMSO-d6) 167.21, 145.35, 139.64, 138.37, 135.63, 134.23, 131.24, 129.27, 128.42, 125.41, 124.67, 122.68, 121.43, 120.36, 
119.13, 113.28, 108.25, 51.53, 37.41 ; Anal. Calcd. C: 77.12, H: 4.79, N: 6.66. Found: C: 77.16, H: 4.81, N: 6.62 ; MS: m/z 421.53 
2-[2-(4-Chloro-phenyl)-1H-indol-3-yl]-3-naphthalen-2-yl-thiazolidin-4-one (4b) C27H19ClN2OS, Mol. Wt 454.97 ; IR  (KBr) vmax in 

cm-1 3345, 3037,1660 ; 1H NMR (DMSO-d6) δ in ppm 10.54(s, 1H, NH), 6.52-7.63(m, 15H, Ar-H), 5.94(s, 1H, CH), 3.41(s, 2H, 
CH2) ; 13C NMR  (DMSO-d6) 167.43, 143.97, 138.53, 136.65, 135.21, 134.23, 132.61, 131.93, 129.73, 128.68, 126.84, 125.23, 
124.43, 122.32, 121.20, 120.11, 114.19, 113.48, 109.98, 51.33,  37.38 ;  Anal. Calcd. C: 71.28, H: 4.21, N: 6.16 . Found: C: 71.30, 
H: 4.23, N: 6.14 ; MS: m/z 455.97 
2-[2-(4-Fluoro-phenyl)-1H-indol-3-yl]-3-naphthalen-2-yl-thiazolidin-4-one (4c) C27H19FN2OS, Mol. Wt 438.52 ; IR  (KBr) vmax in cm-

1 3350, 3025,1665 ; 1H NMR (DMSO-d6) δ in ppm 10.44(s, 1H, NH), 6.48-7.77(m, 15H, Ar-H), 5.95(s, 1H, CH), 3.36(s, 2H, CH2) ; 
13C NMR  (DMSO-d6) 167.49, 163.19,  143.17, 138.43, 136.65, 134.33, 132.11, 129.93, 127.68, 126.84, 125.73, 124.48, 122.32, 
121.56, 120.61, 117.39, 114.29, 113.76, 109.18, 51.23,  37.88 ;  Anal. Calcd. C: 73.95, H: 4.37, N: 6.39. Found: C: 73.93, H: 4.39, 
N: 6.37 ; MS: m/z 439.52 
2-[2-(4-Bromo-phenyl)-1H-indol-3-yl]-3-naphthalen-2-yl-thiazolidin-4-one (4d) C27H19BrN2OS, Mol. Wt 499.42 ; IR  (KBr) vmax in 

cm-1 3340, 3030,1670 ; 1H NMR (DMSO-d6) δ in ppm 11.26(s, 1H, NH), 6.75-7.67(m, 15H, Ar-H), 5.98(s, 1H, CH), 3.43(s, 2H, 
CH2) ; 13C NMR (DMSO-d6) 166.49, 145.37, 138.13, 136.15, 134.33, 133.31, 132.11, 130.93, 128.18, 126.64, 125.73, 124.48, 
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123.10, 122.82, 121.26, 120.42, 114.49, 113.46, 109.28, 50.13,  38.88 ; Anal. Calcd. C: 64.93, H: 3.83, N: 5.61. Found: C: 64.91, H: 
3.85, N: 5.59 ; MS: m/z 500.42 
2-[2-(4-Methoxy-phenyl)-1H-indol-3-yl]-3-naphthalen-2-yl-thiazolidin-4-one (4e) C28H22N2O2S, Mol. Wt 450.55 ; IR  (KBr) vmax in 

cm-1 3325, 3010,1690 ; 1H NMR (DMSO-d6) δ in ppm 10.85(s, 1H, NH), 6.55-7.68(m, 15H, Ar-H), 5.73(s, 1H, CH), 3.64(s, 3H, 
CH3) 3.33(s, 2H, CH2) ; 13C NMR  (DMSO-d6) 167.59, 161.73, 145.77, 138.43, 134.94, 133.11, 130.61, 129.93, 128.67, 126.24, 
125.60, 124.45, 123.44, 122.12, 121.16, 120.44, 116.08, 114.49, 113.22, 109.28, 51.53,  38.21 ;  Anal. Calcd. C: 74.64, H: 4.92, N: 
6.22. Found: C: 74.62, H: 4.94, N: 6.20 ; MS: m/z 451.55 
2-[2-(4-Methyl-phenyl)-1H-indol-3-yl]-3-naphthalen-2-yl-thiazolidin-4-one (4f) C28H22N2OS, Mol. Wt 434.55 ; IR  (KBr) vmax in cm-1 

3320, 3030,1680 ; 1H NMR (DMSO-d6) δ in ppm 10.57(s, 1H, NH), 6.80-7.61(m, 15H, Ar-H), 5.91(s, 1H, CH), 3.38(s, 
2H, CH2), 2.34(s, 3H, CH3) ; 

13C NMR  (DMSO-d6) 166.81, 142.42, 139.33, 138.11, 136.62, 135.51, 134.55, 
132.11, 131.60, 129.53, 128.18, 126.34, 125.24, 124.68, 122.43, 121.91, 120.19, 114.55, 111.96, 107.64, 50.88, 
37.96, 21.19 ; Anal. Calcd. C: 77.39, H: 5.10, N: 6.45. Found: C: 77.37, H: 5.12, N: 6.43 ; MS: m/z 435.55 
2-[2-(3-Nitro-phenyl)-1H-indol-3-yl]-3-naphthalen-2-yl-thiazolidin-4-one (4g) C27H19N3O3S, Mol. Wt 465.52 ; 
IR  (KBr) vmax in cm-1 3330, 3035,1670 ; 1H NMR (DMSO-d6) δ in ppm 10.34(s, 1H, NH), 6.85-7.71(m, 15H, 
Ar-H), 5.95(s, 1H, CH), 3.32(s, 2H, CH2) ; 

13C NMR  (DMSO-d6) 166.92, 151.28, 143.43, 139.21, 138.37, 134.62, 133.22, 
132.47, 131.55, 128.51, 126.29, 125,65, 124.32, 122.74, 121.91, 120.30, 114.87, 113.39, 106.67, 51.59, 37.60 ;  Anal. Calcd. C: 
69.66, H: 4.11, N: 9.03. Found: C: 69.64, H: 4.13, N: 9.01 ; MS: m/z 466.52 

IV. CONCLUSION 

We applied one pot methodology to promote the synthesis of 4-Thiazolidinone derivatives by the reaction of 3-formyl-2-arylindole, 2-
aminonaphthylamine and  mercaptoacetic acid in good yield and good purities. Synthesized compounds were characterized by IR, 1H 
NMR, 13C NMR, and Mass spectra.  
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    Abstract- A series of inorganic―organic hybrid compounds 
were analyzed by using X-ray crystallographic techniques to 
study the secondary interactions in cadmium bromide based 
hybrid materials. The phenomenon of metallophilic interactions 
with minimum Cd…Cd distance [3.962(1), 3.389(3) and 
3.924(1) Å] has been observed in Cd2, Cd7 and Cd11 
compounds whereas the metallophilicity is missing in other 
compounds of the selected series. The novel entanglements of Cd 
motifs illustrate 1D and 2D chain pattern of metallophilic and 
Br…Br interactions. The Cd―Br bond distances experiential in 
the range of 2.505(1) to 2.924(1)Å and Br―Cd―Br bond angles 
in the range of 83.45(3) to 180⁰. The minimum value of Torsion 
angle is  -3.647(3)⁰ for the compound Cd10, when Cd atoms are 
taken in the centre while its minimum value is calculated as 
28.211(1)⁰ for the compound Cd1, when Br atoms are taken in 
the centre.     
 
    Index Terms- Metallophilic interactions, inorganic-organic 
hybrid materials, Br...Br interactions, Cd motifs, 1D and 2D 
chain pattern. 
 

I. INTRODUCTION 

tudents beginning their studies of structural science today are 
typically introduced to bonding partitioned between covalent 

and ionic extremes, supplemented by weaker intermolecular 
forces. Subsequently, they will learn about metallic bonding, the 
“sea of electrons” present in delocalized systems and perhaps 
read a little about cluster bonding. Yet to be incorporated into 
standard textbooks is the phenomenon of metallophilicity, a 
name that indicates the affinity of two metal centers for one 
another. The metallophilic attraction is an almost new form of 
chemical bonding and consists of dispersion. First described in 
detail based on the close Au…Au contacts in several Au(I) 
derivatives,[1] the phenomenon of two closed shell metal centers 
approaching closer than the sum of their van der Waals radii was 
termed aurophilicity,[2] and now the word metallophilicity is 
used in a general sense for many metals. These interactions are 
understood to be a type of dispersion interaction between 
electron densities on larger and relatively reduced metal centers 
[3, 4]. The energy of such bonding is on the order of hydrogen-
bonding and can therefore exert a significant influence on solid-
state structures [3]. One of the most interesting aspects of 
metallophilic bonding is that it can overcome electrostatic 
repulsion between cations or anions and bring together groups of 
like charge. 
In recent years, the design and synthesis of metal-organic 
frameworks (MOF) based on the assembly of suitable and rigid 

building blocks have attracted great attention [5-10]. The design 
of polymeric coinage d10 metal complexes with fascinating 
structures has also received much attention [11-15], indicating in 
some studies that direct metal-metal interactions are among the 
most important factors for the manifestation of such structures. 
Between closed-shell species, no strong attractions are expected 
and, in fact, two closed-shell metal cations will normally repel 
each other. However, in the case of some coordination 
compounds, metal-metal attractions are present. Metallophilic 
interactions can lead to the generation of dimeric or polymeric 
structures, such as coinage metals with short M-M distances [16-
20]. The most promising criteria in defining metallophilic 
interactions are bond length between two metal centres. This 
criteria must be modeled free of method error and remain 
systematic independent of system size to show strength is from 
metallophilic interactions. As a part of our research on secondary 
interactions in inorganic-organic hybrid materials [21-23], a 
series of eighteen compounds (Cd1 to Cd18) whose crystal 
structures were reported [24-41] have been selected based on 
[CdBr]- anion for study of metallophilic interactions through 
crystallography data. 

 
 

II. EXPERIMENTAL DATA 

 

    The experimental data for Cadmium Bromide based 
compounds [Cd1-Cd18] have been collected from Cambridge 
Structural Data Centre, U.K. and recycled by using WINGX 
software [42] for different types of secondary interactions. The 
recycled crystal structure data for all the compounds is presented 
in Table 1. The Cd1 crystal structure was refined upto 0.0420 for 
1934 observed reflections. The value of R- factor for Cd2 and 
Cd3 has been observed to be 0.036 and 0.058 with 887 and 1401 
reflections respectively. The reliability index of 0.034 has been 
achieved with 2673 reflections in Cd4 whereas its value is 
0.0177 for 1127 reflections in Cd5. The value of R- index is 
0.0610 for 2427 reflections in Cd6 and in Cd7 it is 0.0389 for 
1137 observed reflections. The well refined crystal structure of 
Cd8 with refined parameter of 0.0290 and 0.0199 for Cd9 shows 
the structure solution results with 1494 and 1535 reflections, 
respectively. Cd10 and Cd11 derivatives of the selected series 
were refined upto 0.0407 and 0.0168 values for 3769 and 330 
reflections. The cell measurements reflection value of 961 and 
3328 has been used to obtain the refine parameter of 0.0286 and 
0.0353 for the compounds of Cd12 and Cd13, respectively. The 
MoKα type of radiations having wavelength 0.71073 have been 
used to obtain the refine parameter for all the compounds of the 
selected series (Cd1-Cd18). By the use of such radiations the 

S 
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value of R-index is 0.0212 for 2114 reflections in Cd14 and in 
Cd15 it is 0.0488 for 2877 independent reflections. Similarly 
Cd16 crystal structure has been refined upto 0.0235 with 2098 
reflections and Cd17 has the R-factor of 0.0333 for 2348 
independent reflections. The cell measurement reflections of 25 
are used to refine the crystal structure of Cd18 upto 0.0628 with 

2986 reflections. The crystallographic data for Cd―Centered 
bond distances and range of bond angles is given in Table 2.  
 
 

 
TABLE-1: Crystal Structure Data for [CdBr]- based inorganic-organic hybrid compounds. 

 
Molecul
ar Code 

IUPAC Name Chemical Formula Cell Parameters Space 
Group 

Crystal System Ref. 

Cd1 Catena-[Cd{m-
S(CH2)3NHMe2}Br2] 

C5H13Br2CdNS a = 9.993(2)Å 
b = 6.824(1)Å 
c = 16.398(2)Å     
β = 96.0(1)⁰ 

P21/n Monoclinic [24] 

Cd2 Catena-Poly[Bis(3-methyl-
4-nitropyridine N-oxide-O) 
cadmium-µ-bromo] 

C12H12Br2Cd 
N4O6 

a = 15.743(5)Å 
b = 57.010(3)Å 
c = 3.962(1)Å 

Fdd  Orthorhombic [25] 

Cd3 Bis(tetraethylammonium) 
tetrabromocadmate 

C16H40Br4CdN2 a = 13.453(1)Å 
b = 13.453(1)Å 
c = 14.395(1)Å 
α = β = γ = 90.0⁰ 

P-421m Tetragonal [26] 

Cd4 Tetrabromocadmate(II)Daf
one (4,5-Diazafluoren-9-
one)  

C22H18Br4CdN4O
4 

a = 9.776(2)Å 
b = 10.740(2)Å 
c = 15.135(3)Å 
α = 71.69(2)⁰ 
β = 87.93(2)⁰ 
γ = 63.48(2)⁰ 

P-1 Triclinic [27] 

Cd5 Bis(thiourea)cadmium 
bromide 

C2H8CdBr2N4S2 a = 13.052(2)Å 
b = 5.989(2)Å 
c = 13.542(3)Å 
α = β = γ = 90.0⁰ 

Pnam Orthorhombic [28] 

Cd6 Bis-(4-amino-2(1H)-
pyridinone)dibromocadmiu
m(II) 

C8H10Br2CdN6O2 a = 7.874(2)Å 
b = 12.624(3)Å 
c = 7.117(3)Å 
α = 105.87(4)⁰ 
β = 92.67(3)⁰ 
γ = 87.93(3)⁰ 

P-1 Triclinic [29] 

Cd7 Diethylammonium 
heptabromidedicadmium(II
) 

C12H36Br7Cd2N3 a = 15.567(1)Å 
b = 15.567(1)Å 
c = 6.778(1)Å 
γ = 120.0⁰ 

P-3 Trigonal [30] 

Cd8 Strontium 
hexabromodicadmate(II)oc
tahydrate 

SrCd2Br6 8H2O a = 25.247(2)Å 
b = 4.083(1)Å 
c = 8.764(2)Å 
α = β = γ = 90.0⁰ 

P21212 Orthorhombic [31] 

Cd9 Dibromobis(pyridinium-2-
thiolato-kS)cadmium(II) 

[CdBr2(C5 
H5NS)2] 

a = 13.050(3)Å 
b = 28.521(1)Å 
c = 8.065(2)Å 
α = β = γ = 90.0⁰ 

Fdd2 Orthorhombic [32] 

Cd10 Bis(tetra-n-
butylammonium) 
tetrabromocadmate(II) 
toluene disolvate 

(C16H36N)2[CdBr4
]2C7H8 

a = 15.154(1)Å 
b = 15.154(1)Å 
c = 23.382(2)Å 
α = β = γ = 90.0⁰ 

I-42d Tetragonal [33] 

Cd11 Poly[di-m2-bromido-m2-
4,4'-bipyridine-
cadmium(II)] 

[CdBr2(C10H8N2)] a = 11.787(3)Å 
b = 12.554(3)Å 
c = 3.924(1)Å 

Cmmm Orthorhombic [34] 
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α = β = γ = 90.0⁰ 
Cd12 Catena-Poly[[(1,10-

phenanthroline-
k2N,N')cadmate(II)]-di-m-
bromido] 

[CdBr2(C12H8N2)] a = 16.778(1)Å 
b = 10.759(1)Å 
c = 7.421(3)Å 
β = 108.66(4)⁰ 

C2/c Monoclinic [35] 

Cd13 Diaquadibromidobis[3-
dimethylamino-1-(4-
pyridyl-kN)prop-2-en-1- 
one]cadmium(II) 

[CdBr2(C10H12 
N2O)2(H2 O)2] 

a = 21.362(3)Å 
b = 8.436(1)Å 
c = 14.637(2)Å 
β = 114.46(3)⁰ 

C2/c Monoclinic [36] 

Cd14 Dibromidobis(N,N,N',N'-
tetramethylthiourea- 
kS)cadmium(II) 

[CdBr2(C5H12N2S)
2] 

a = 18.613(2)Å 
b = 10.069(1)Å 
c = 13.460(1)Å 
β = 130.834(1)⁰ 

C2/c Monoclinic [37] 

Cd15 Di-m-bromido-
bis[bromido(1-
carboxymethyl-4-aza-1-
azoniabicyclo[2.2.2]octane
- 
kN4)(nitrito-
k2O,O')cadmium(II)] 
dehydrate 

[Cd2Br4(C8H15N2
O2)2(NO2)2]2H2O 

a = 8.779(2)Å 
b = 13.374(3)Å 
c = 13.113(3)Å 
β = 101.99(3)⁰ 

P21/n Monoclinic [38] 

Cd16 Poly[dibromidobis[m-1-
(pyridin-4-ylmethyl)-1H-
1,2,4-triazole- 
k2N:N']cadmium] 

[CdBr2(C8H8N4)2] a = 7.780(1)Å 
b = 16.730(2)Å 
c = 8.468(1)Å 
β = 114.41(5)⁰ 

P21/c Monoclinic [39] 

Cd17 Dibromido[(1R,2R,N1S)-
N-(pyridin-2- 
ylmethyl)cyclohexane-1,2-
diamine-
k3N,N',N'']cadmium 

[CdBr2(C12H19N3)
] 

a = 8.715(2)Å 
b = 9.198(2)Å 
c = 19.759(4)Å 
α = β = γ = 90.0⁰ 

P212121 Orthorhombic [40] 

Cd18 Dibromido(2,9-dimethyl-
1,10-phenanthroline-
k2N,N')cadmium 

[CdBr2(C14H12N2)
] 

a = 7.889(4)Å 
b = 10.519(3)Å 
c = 18.712(2)Å 
β = 97.69(3)⁰ 

P21/c Monoclinic [41] 

III. RESULTS AND DISCUSSION 

    The Br―Cd―Br bond angles have wide range from minimum 
value of 108.83(2) to 109.79(1)⁰ for Cd8 and maximum range of 
86.79(2) to 180.0⁰ for the derivatives Cd7 [Table 2]. The bond 
lengths of Cd―Br bond lies in an average range of 2.509Å to 
2.791Å [22-39]. The Cd…Cd distance in Compound Cd2 is 
calculated as 3.962(1)Å which shows that the structure is 
stabilized by metallophilic interactions apart from X―H…A and 
Br…Br secondary interactions [43,17] and it is seen in this 
compound [Cd2] that the minimum value of Br…Br bond 
distances comes out to be 3.810(2)Å and 3.962(3)Å as shown in 
Figure 1.  
 
    In Cd7 derivative of the selected series, one of the Cd atom 
having symmetry position (x, y, 1+z) establishes a close contact 
of 3.389(3)Å with another Cd atom. The pictorial presentation is 
plotted along ac-plane and 1D chain pattern of Cd…Cd contacts 
supported through Br…Br interactions [Br…Br = 3.827(1)Å] as 
shown in Figure 3. The inorganic part (i.e. 
heptabromidedicadmium) of the hybrid materials [Cd7] 
stabilized through zig-zag pattern of secondary interactions and 

the organic part (i.e. Diethylammonium) are sandwiched 
between inorganic layers along ac-plane. The Scattering plot of 
Cd―Br bond distance is shown in Figure 2 in which the highest 
value of 2.785Å is shown by the Compound Cd11. 

 
FIGURE-1: Cd…Cd Interactions in Catena-Poly [Bis(3-
methyl-4-nitropyridine N-oxide-O) cadmium-µ-bromo]. 
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FIGURE-2: Scatter plot of Cd―Br bond distances (Å). 
 

TABLE-2: Crystallographic data for Cd-centered bond 
distances (Å) and range of bond angles (o). 

 

 
 
 
 

Code Cd―Br bond 
distance(Å) 

Br―Cd―Br Angle 
range(⁰) 

Cd1 Cd—Br1 = 2.583(2) 
Cd—Br2 = 2.640(1) 

105.86(1)―105.86(1) 

Cd2 Cd—Br = 2.708(1) 
Cd—Br = 2.790(1) 

86.14(5)—178.35(1) 

Cd3 Cd—Br2 = 2.576(3) 
Cd—Br1 = 2.582(3) 
Cd—Br3 = 2.587(4) 

108.00(1)—112.10(1) 

Cd4 Cd—Br3 = 2.581(1) 
Cd—Br1 = 2.584(1)  

103.70(1)—117.20(1) 

Cd5 Cd—Br2 = 2.636(2) 
Cd—Br1 = 2.674(4)  

102.48(1)―102.48(1) 

Cd6 Cd—Br3 = 2.582(2) 
Cd—Br2 = 2.592(1)  

104.24(1)―104.24(1) 

Cd7 Cd1—Br2 = 2.585(1) 
Cd1—Br1 = 2.628(2) 
Cd2—Br3 = 2.785(1) 
Cd3—Br3 = 2.784(1) 

86.79(2)—180.0 

Cd8 Cd—Br1 = 2.687(1) 
Cd—Br2 = 2.722(1) 
Cd—Br2 = 2.760(1) 
Cd—Br3 = 2.773(1) 
Cd—Br3 = 2.854(1) 
Cd—Br3 = 2.924(1) 

83.45(3)—174.12(3) 

Cd9 Cd—Br = 2.591(1) 114.77(3)―114.77(3) 
Cd10 Cd1—Br2 = 2.590(4) 108.83(2)—109.79(1) 
Cd11 Cd1—Br1 = 2.785(1) 89.57(2)—180.0 
Cd12 Cd1—Br1 = 2.681(1) 

Cd1—Br1 = 2.900(1) 
87.15(2)—176.93(2) 

Cd13 Cd1—Br1 = 2.686(1) 180.00(2)―180.00(2) 
Cd14 Cd1—Br1 = 2.574(3) 114.68(2)―114.68(2) 
Cd15 Cd1—Br2 = 2.589(1) 

Cd1—Br1 = 2.635(1) 
89.13(3)—109.31(3) 

Cd16 Cd1—Br1 = 2.718(4) 180.00―180.00 
Cd17 Cd1—Br2 = 2.562(1) 

Cd1—Br1 = 2.605(1)  
121.01(3)―121.01(3) 

Cd18 Cd1—Br2 = 2.505(1) 
Cd1—Br1 = 2.512(1)  

113.59(4)―113.59(4) 

 

 
FIGURE-3: Metallophilic [Cd…Cd] Interactions in 

Diethylammonium heptabromidedicadmium(II)[Cd7] at (x, 
y, 1+z). 
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TABLE-3: Br…Br and Cd…Cd contacts with 
Symmetry positions. 

 
Code Br…Br Distances(Å) Cd…Cd Distances(Å) 
Cd1 Br1—Br2 = 4.168(2) Cd—Cdi = 4.075(1)  
Cd2 Br—Br = 3.810(2) 

Br—Br = 3.962(3) 
Cd—Cdii = 3.962(1) 
 

Cd3 Br1—Br2 = 4.174(4) Cd—Cdiii = 9.385(2) 
Cd4 Br1—Br2 = 4.078(2) 

Br4—Br3 = 4.089(2) 
Br1—Br4 = 4.420(2) 

Cd—Cdiv = 8.860(2) 

Cd5 Br1—Br2 = 4.149(4) Cd—Cdv = 5.989(3) 
Cd6 Br2—Br3 = 4.084(2) 

Br2—Br3 = 4.254(2) 
Cd1—Cd1vi = 7.117(3) 

Cd7 Br3—Br3 = 3.827(1) 
Br3—Br3 = 4.044(1) 

Cd2—Cd3vii = 3.389(3) 
 

Cd8 Br1—Br3 = 3.944(1) 
Br1—Br2 = 3.968(1)  

Cd—Cdv = 4.083(1) 

Cd9 Br—Br = 4.365(1) 
Br—Br = 4.920(1) 

Cd—Cdviii = 7.671(1) 
 

Cd10 Br2—Br2 = 4.213(1) 
Br2—Br2 = 4.238(1) 
Br2—Br2 = 6.442(1) 

Cd1—Cd1ix = 9.570(4) 
 

Cd11 Br1—Br1 = 3.924(1) Cd1—Cd1vii = 3.924(1) 
Cd12 Br1—Br1 = 3.850(1) 

Br1—Br1 = 4.111(1) 
Cd1—Cd1x = 4.047(2) 
 

Cd13 Br1—Br1 = 5.371(1) Cd1—Cd1xi = 7.319(1) 
Cd14 Br1—Br1 = 4.333(1) 

Br1—Br1 = 4.953(1) 
Cd1—Cd1xii = 7.130(1) 

Cd15 Br1—Br1 = 3.978(2) Cd1—Cd1xiii = 4.037(1) 
Cd16 Br1—Br1 = 4.757(1) 

Br1—Br1 = 4.942(1) 
Cd1—Cd1iv = 7.780(1) 

Cd17 Br1—Br2 = 4.498(1) 
Br1—Br2 = 4.812(1)  

Cd1—Cd1xiv = 6.530(1) 

Cd18 Br1—Br2 = 4.198(2) Cd1—Cd1x = 7.210(2) 
 
 Symmetry Codes: (i) 0.5-x, 0.5+y, 0.5-z; (ii) x, 1+y, z; (iii) 1-
x,   y, 1-z; (iv) 1+x, y, z; (v) x, -1+y, z;(vi) x, y, -1+z; (vii) x, y, 
1+z; (viii) -0.5+x, y, 0.5+z; (ix) x, 0.5-y, 0.25-z ; (x) 1-x, 1-y, 1-
z; (xi) 1-x, y, 1.5-z; (xii) 1.5-x, 1.5-y, -z; (xiii) -x, 1-y, 1-z; (xiv) 
-x, 0.5+y, 0.5-z. 
 
 

 
FIGURE-5: Graphical View of Br―Br bond distances (Å). 

 

FIGURE-4: Metallophilic [Cd…Cd] Interactions in Poly [di-
m2-bromido-m2-4, 4'-bipyridine-cadmium(II)][Cd11]. 

Displacement ellipsoids are drawn at the 50% probability 
level. 

 
    The 2D chain pattern of Cd…Cd interactions has been 
observed in Cd11 [Poly [di-m2-bromido-m2-4,4'-bipyridine-
cadmium(II)]. The Cd1 atom is in contact with another Cd1 
atom at x, y, 1+z with minimum Cd…Cd distance of 3.924(1)Å. 
The phenomenon of Br…Br interaction with minimum value 
[i.e. Br…Br = 3.924(1)Å]  is also observed in this compound 
and we found that such type of interactions are also helpful in 
further stablization of the structure as shown in Figure 4.  

  
TABLE-4: Torsion angle in [CdBr]- based hybrid materials. 

 
Code Torsion Angle [1,2,3,4]⁰ 

Cd1 Br1—Cd—Cdi—Br2i = 38.967(1) 

Cd2 Br—Cd—Cdii—Briii = -180.0(1) 

Cd3 Br1—Cd—Cdiv—Br2iv = -9.992(1) 

Cd4 Br4—Cd—Cdv—Br3v = -33.342(1) 

Cd5 Br2—Cd—Cdv—Br1v = 180.0(2) 

Cd6 Br3—Cd1—Cd1vi—Br2vi = 68.715(4) 

Cd7 Br3—Cd2—Cd3—Br3vii = -60.000 

Cd8 Br3—Cd—Cdv—Br1v = 94.061(4) 

Cd9 Br—Cd—Cdviii—Brviii = 99.522(3) 

Cd10 Br2—Cd1—Cd1ix—Br2ix = -3.647(3) 

Cd11 Br1—Cd1—Cd1x—Br1x = 180.0(1) 

Cd12 Br1—Cd1—Cd1xi—Br1xii = 180.0(2) 

Cd13 Br1—Cd1—Cd1xiii—Br1xiii = -42.897(1) 

Cd14 Br1—Cd1—Cd1xiv—Br1xiv = -124.128(2) 
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Cd15 Br2—Cd1—Cd1xv—Br1xv = 76.287(3) 

Cd16 Br1—Cd1—Cd1xvi—Br1xvii = 180.0(2) 

Cd17 Br1—Cd1—Cd1xviii—Br1xviii = 22.434(4) 

Cd18 Br2—Cd1—Cd1xvii—Br1xvii = -64.928(3) 

  

Symmetry Points: (i) 0.5-x, -0.5+y, 0.5-z; (ii) x, 1+y, 1+z; (iii) 
x, 1+y, z; (iv) 1-x, y, 1-z; (v) x, -1+y, z; (vi) x, y, -1+z; (vii) 2-x, 
2-y, -z; (viii) 0.5+x, y, -0.5+z; (ix) -0.5+x, -y, -0.25-z; (x) x, y, 
1+z; (xi) 1-x, 1-y, -z; (xii) x, 1-y, -0.5+z; (xiii) 1-x, y, 1.5-z; 
(xiv) 1.5-x, 1.5-y, -z; (xv) -x, 1-y, 1-z; (xvi) 1+x, y, z; (xvii) 1-x, 
1-y, 1-z; (xviii) -x, 0.5+y, 0.5-z 

 
TABLE-5: Torsion angles in [CdBr]- based hybrid materials. 

 
Code Torsion Angle [1,2,3,4]⁰ 
Cd1 Cd—Br2—Br1—H3Bi = 28.211(1) 
Cd2 Cd—Br—Bri—Cdii = -180.0(1)  
Cd3 H71—Br1—Br2iii—Cdiii = 101.440(1) 
Cd4 Cd—Br1—Br2iv—H1v = -97.194(1)  
Cd5 Cd—Br1—Br2—N2vi = 78.826(2) 
Cd6 Cd1—Br2—Br3—H1vii = 154.982(1) 
Cd7 Cd3—Br3—Br3viii—Cd2ix  = -113.794(3) 
Cd8 Cd—Br2—Br3—Cdi = -167.453(4) 
Cd9 Cd—Br—Brx—Cdxi = 142.296(2) 

Cd10 Cd1—Br2—Br2xii—Cd1xiii = 53.469(2) 
Cd11 Cd1—Br1—Br1xiv—Cd1xiv = 180.0(1) 
Cd12 H2—Br1—Br1iv—H5xv = -60.104(3) 
Cd13 Cd1—Br1—Br1xvi—Cd1xvi = 141.638(2) 
Cd14 Cd1—Br1—Br1xvii—Cd1xviii = -180.0(1) 
Cd15 Cd1—Br1—Br1xix—Cd1xix = 180.0(4) 
Cd16 Cd1—Br1—Br1iv—Cd1xx = 180.0(1) 
Cd17 Cd1—Br2—Br1xxi—Cd1xxi = 163.297(3) 
Cd18 Cd1—Br1—Br2iv—Cd1iv = 65.948(3) 

 
Symmetry Points: (i) x, 1+y, z; (ii) x, 1+y, 1+z; (iii) 1-x, y, 1-z; 
(iv) 1-x, 1-y, 1-z; (v) -1+x, 1+y, z; (vi) x, y, 1.5-z; (vii) -1+x, y,   
z; (viii) 1-x+y, 2-x, z; (ix) 2-y, 1+x-y, z; (x) -x, 0.5-y, 0.5+z; (xi) 
-0.5+x, y, 0.5+z; (xii) x, 0.5-y, 0.25-z; (xiii) 0.5+x, y, 0.25+z; 
(xiv) -x, -y, z; (xv) x, -y, 0.5+z; (xvi) 1.5-x, 0.5+y, 1.5-z; (xvii) 
2.5-x, 1.5-y, 1-z; (xviii) 0.5+x, 1.5-y, 0.5+z; (xix) -x, 1-y, 1-z; 
(xx) 1+x, y, z; (xxi) -x, 0.5+y, 0.5-z 
 
    The minimum value of Br…Br bond distances is shown by 
the derivatives Coded as Cd2, Cd7, Cd8, Cd11, Cd12, Cd15 
having values 3.810(2), 3.827(1), 3.944(1), 3.924(1), 3.850(1) 
and 3.978(2)Å respectively [Figure 5]. The Br—Cd—Cd—Br 
Torsion angles falls in the range -3.647(3)⁰ to 180⁰ with an 
average value of 91.051⁰[Table 4]. Similarly, Cd—Br—Br—Cd 
Torsion angles falls in the range 28.211(1)⁰ to 180⁰ with an 
average value of 126.036⁰[Table 5]. 

 

FIGURE-6: Graphical View of Metallophilic [Cd…Cd] Interactions. 

    The Cd…Cd bond distances for all other derivatives of [CdBr]-  

have been calculated for their minimum values and it has been 
observed that these distances are more than their van der Waals 
radii and hence cannot be considered as metallophilic 
interactions. 
 

IV. CONCLUSION 

 

     Hybrid materials represent one of the most fascinating 
developments in materials science in recent years. The 

tremendous possibilities of combination of different properties in 
one material initiated an explosion of ideas about potential 
materials and applications.  
    The existence of Cd…Cd and Br…Br interactions has been 
studied. The dispersion term is found as the principal 
contribution in the stability at the long and short distances. The 
packing diagrams represent that Cd…Cd type of contacts has an 
advantage of versatility and flexibility of geometrical 
characteristics. Similar to other secondary interactions such as 
X―H…A and Halogen…Halogen, the Cd…Cd interactions 
could be a collective tool to design the new crystal structures. 
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Abstract- This study focused on the classification and evaluation 
of land, determination of suitability for surface irrigation, 
suitability for agriculture under irrigation and crop suitability in 
Khartoum University top farm (Shambat area), Khartoum State, 
Sudan. Through monitoring and mapping the changes that 
occurred in the soil due to drought and climate change in relation 
to land degradation processes in the study area was the main goal 
of this research. 
The research was based on the data and information deduced and 
relied on field work, laboratory analysis and geographic 
information systems.  
    The study revealed that the soil is moderately suitable for 
agriculture due to limitations for optimal use, such as low 
fertility, soil cracking and wetness, this indicated that the soil is 
non-saline, non-sodic and calcareous.   However, there are some 
small pockets of saline and sodic soil.  
    The results showed that the bulk density is relatively high, 
ranging from 1.5 to 1.9 g / cm3, this affects the physical 
environment of the soil while the spatial variability analysis of 
electrical conductivity of saturation extract (ECe), sodium 
adsorption ratio (SAR) and pH showed that there are no 
significant variation in these properties among the soils of the 
farm since all the soil samples were non-saline, non-sodic, and 
moderately alkaline. 
    The study proved that the use of global position system (GPS) 
and geographical information system (GIS) techniques are 
effective in soil evaluation. 
 
 
Index Terms- land evaluation, remote sensing, geographical 
information system, land suitability, soil characteristics. 
 

I. INTRODUCTION 

he Sudan falls within the zone where the risks of land 
degradation are great. Total area of 65 million hectares, 

lying between latitude and longitude (32° 52' 16.48"E, 14° 24' 
05.65"N) and latitude and longitude (32° 8' 1.48"E, 15° 9' 
33.48"N).extending across the Country from east to west has 
been decertified or degraded land [1]. 
Soils are natural bodies on the earth surface, modified or 
sometimes even made by man of earthy material contains living 
matter and supporting or capable of supporting plants out doors. 
Soil is a natural medium for the growth of plants. It covers the 
earth as a continuum, except on rocky slopes in region 

permanently covered with ice, in very salty playas, and 
elsewhere where the cover of soil disappears [4]. 
Soils tend to show a strong geographical correlation with climate, 
especially at the global scale. Energy and precipitation strongly 
influence the physical and chemical reactions on parent material. 
Climate also determines vegetation cover which in turn 
influences soil development. Precipitation also affects horizon 
development factors like the translocation of dissolved ions 
through the soil. As time passes, climate tends to be a prime 
influence on soil properties while the influence of parent material 
becomes less important [10]. 
The land suitability refers to the fitness of a given area of land 
for a defined kind of land use. Land suitability is usually assessed 
on the assumption that the defined land use will be sustained and 
the environmental quality must be preserved or even improved 
on the site and the surrounding area [11]. 
    The term Land Information System (LIS), is often used for 
spatial systems handling landscape data, at larger mapping 
scales. It is technology management tools, in the storing, 
retrieving, analyzing, and updating of large quantities of map and 
land survey data. It has been motivated by budget constrains to 
face the need for quick decision- making and the rapid decrease 
in computer costs [8]. 
 

II. STUDY AREA 

The study area, University of Khartoum top farm, is located in 
Khartoum North, Khartoum State, Sudan. It is situated on the 
eastern bank of the River Nile. The area extends 3.5 km along a 
southeast-northwest direction and extends 1.5-2 km east west. It 
is bounded on the east by Shambat road. Fig.1 presents the 
coordinates of the traverse inclosing the area and location map 
respectively (300feddan). The study area is more or less a flat 
plain with a gentle south east to North West direction and east to 
west tilt towards the River Nile. 
2.1 Climate 

According to Van der Kevie [7] the study area falls in the arid 
climatic zone of the Sudan just to the south of the fringes of the 
semi-desert - climatic zone. The arid climate is characterized by 
summer rains and warm winters. The climatologically normal of 
the Khartoum meteorological station (the nearest station of the 
study area) are presented in Table (3.2). The main annual 
temperature is 29.9oC. Average maximum temperature in the 
hottest months (April-June) is 41.2oC while the average 
minimum temperature for the same period is 6. 3oC. the average 

T
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minimum temperature during the winter (Dec-Feb) is 16.5oC. 
The relative humidity fluctuates during the day (GMT) and 
during the year (season).  The mean annual relative humidity 
ranges between 26-21 % (Jan to Feb), 15-26 % (March to June) 
and 41-48 % (July to September, the wettest three months). The 
average annual rainfall is about 121mm falling mainly in July 
and August with lower amounts in September. The rainfall is 
erratic in quantity, intensity and distribution. The high 
temperature coupled with strong solar radiation result in values 
of potential evapotranspiration exceeding by far the rain fall 
almost throughout the year, except in July, August and 
September. This is not unexpected under the semi-desert climate 
prevalent in the study area. Vegetation of the study area is more 
or less devoid of vegetation possibly due to the land clearance. 
However there are scattered bushes of tundub 
(Capparisdeciduas), Talh (Acacia seyal), Usher 
(Clatropisprocera), and whistling thorn (Acacia var. seyal), 
North of the area the vegetation is undisturbed. 
The soils of the area are alluvial deposits consisting of 
abandoned (second and third) terraces of the River Nile. The 
alluvium belongs to the Quaternary period [9]. The solid geology 
to the east of the study area consists of the Nubian Sandstone 
formation, continental classic sediments including sandstone, 
siltstone, and mudstone and conglomerate, belonging to the 
cretaceous age. The Nubian Formation in study area is recharged 
from three main sources:  percolation of rain water, seepage 
through the beds of the khores and wadis, and seepage from the 
bed of the River Nile. 

III. METHODOLOGY 

Global Positioning System (GPS Garmin 12 XL) was used to 
locate the position of the check sites. 47 soils check sites were 
located, (42 auger sites and 5 profiles), soil samples were 
collected from three depths 0-30, 30-60 and 60-90 cm. The soil 
samples were kept in labelled plastic bags. The American System 
of soil classification was used to classify and Rating the land 
Qualities of the study area. A total number of 133 samples, the 
distance between adjacent soil samples (in all directions) was 
250 m, fig 2. The soil samples were analyzed using the facilities 

of the department of soil and environment science Faculty of 
Agriculture, U of K. The flowing properties were determined in 
soil samples: 

� Soil Reaction: Soil pH was measured in soil paste using 
analogue pH-meter JENWAY.  

� The Electrical Conductivity (ECe): The electrical 
conductivity of the saturation extract (ECe) was 
measured by conductivity meter WAPcm 35 (model cm 
35). 

� Soluble Calcium and magnesium: Calcium and 
magnesium were determined volumetrically with 
titration against ethylene diamine tetra acetate 
(E.D.T.A). 

� Soil Nitrogen (% N). 
� Carbon/Nitrogen Ratio (C/N). 
� Macronutrients (NPK). 
� Soluble cations (Ca++, Mg++, Na+ and K+) and anions 

(CO3, HCO3, CL and SO4). 
� Sodium: Sodium was determined photometrically using 

Corning EEL flame photometer. 
� Sodium Absorption Ratio: 

Sodium absorption ratio was estimated from values of calcium, 
magnesium and sodium of saturated paste extract. Exchangeable 
sodium percentage (ESP) was from regression equation of ESP 
on SAR.  

� Bulk density (BD). 
� Infiltration rates (IR). 

 

IV. RESULTS AND DISCUSSION 

According to the American system of soil classification [3]. The 
soils of the study area belong to the order Aridisols. These soils 
lack available water most of the time when the soil temperature 
(isohyperthermic) suitable for plant growth. The soils of the 
study area fall into three different groups; first terraces, second 
terraces and third terraces, Table 1 and figure 3 showed that the 
soil of the study area was classified into to the order Vertisols, 
Aridisols and Entisols.  
 

 
Table1: Classification of the soil of the study area 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Unit 
No: Profile No. Classification Area 

(Feddan) % 

1 
UofK 

TOPFARMP01 

Fine, mont, superactive, 
isohyperthermic, 
TypicHaplotorrert 

46 18 

2 
UofK 

TOPFARMP02 

Fine, mont, superactive, 
isohyperthermic, 
VerticTorrifluvents 

20 20 

3 
UofK 

TOPFARMP03 

Fine, smectitic, superactive, 
isohyperthermic, 
EnticHaplotorrert 

50 20 

4 
UofK 

TOPFARMP04 

Fine, mont, isohyperthermic 
(superactive), 
VerticTorriorthents 

50 20 

5 
UofK 

TOPFARMP05 

Fine, mont, superactive, 
Isohyperthermic (superactive), 
VerticHaploargids 

53 22 
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The soil of the study area classified with respect to their 
suitability after rating the different qualities [12]. The suitability 
classes of all mapping units recognized are moderatelely suitable 
(S2) (land which is expected to be moderately productive for the 
defined use, yielding moderate benefits, with limitations which 
are moderately to reduce crop yields and/or increase recurrent 
inputs and  the limitation includes fertility (f), wetness (w), 
salinity (s) and sodicity (s). The soil fertility of the area (five 
mapping units) was calculated using pH, OC%, N%, P, CEC, 
base saturation and micronutrients. The Table reflected low 
fertility (Rating 3) because the study area situated in arid region. 
The soils of the area are non-saline (Ece less than 4 dS/m). The 
soils are non-sodic (SAR 0-30 cm <8) and (SAR 30- 120 cm <18 
Rating1). Erosion hazard of the study area are negligible because 
there were no evidences of sheet erosion (Rating 1). The soils are 
calcareous. The topography for gravity irrigation of the study 
area is smooth to promote uniform distribution of water and 
provide surface drainage to the all parts of the study area 
(Rating1).  The workability of the study area is hard because it 
has clay texture, subangulgar blocky structure, and coarse gravels 
(<3% of the surface coverage) (Rating1) [5]. Table 2 and fig. 4 
fore details. 
    The method of land suitability for irrigation is defined 
according to the value of the capability (or suitability) index (Ci), 
which was calculated by a weighted average for the upper 100 
cm of the soil profile for slope class, texture, soil depth, calcium 
carbonate status, salinity, sodicity, and drainage. 
The suitability classes for irrigation were identified in the study 
area Table 3 and Fig. 5. It is evident that the mapping units 1 and 
3 are slightly suitable while other mapping units 2, 4 and 5 are 
almost unsuitable. This could be due to limitation of texture 
(clay) and drainage (low infiltration rate) [5]. 
    In applying systems of crops suitability to the soils of the 
study area, the ranking of the suitability of the different mapping 
units of the study area was found as indicated below bearing in 
mind that these ratings were based on the weighted average. The 
suitability of the land to different crops was determined for field 
and horticultural crops (vegetables and fruits).  
    The land suitability for crops was calculated by matching site 
conditions, available in the land resources inventory, with the 
crop requirement with respect to the following characteristics: 
topography, drainage, physical soil (texture, structure), calcium 
carbonate and gypsum, soil fertility (apparent CEC, base 
saturation and organic carbon), salinity and alkalinity, climatic 
conditions.  The methods used were based on qualitative 
evaluation [6]. The suitability of the field crops, vegetables and 
fruit trees are divided into excellent, good and moderate;   For 
example the suitability for crop Alfa alfa (medicagosativa) of the 
soil mapping unit 1 was excellent for that crop; slope 0-2, 
moderate drainage, silty clay loam texture, with pH 7.4-8, ECe 
between 0-3 dS/m and SAR 0-8 and other requirements [2]. 
 

V. CONCLUSION AND RECOMMENDATION 

The study revealed that the soil of the study area watched 
difference change under arid condition, inherently of low fertility 
(both macro and micronutrients) and some the soils of the study 
area are compacted and in some places hard pans were 
encountered. This will interfere with seed emergence and water 

infiltration down the profile and hence the establishment of good 
crop stand. 
Based on these finding the following recommendation can be 
stated: 

1. Subsoiling or ripping to a depth of 30 to 45 cm or 
more should be the practice to break the 
compaction and the hard pans and to improve the 
infiltration rates of the soil of the study area. 

2. The reclamation of the slightly saline pockets of 
the soils which found in some parts of the study 
area should be attempted through the application 
of organic manure (farmyard and chicken 
manures) for the improvement of physical, 
chemical and biological properties. 

3. Proper programs should be adopted for clearance 
of irrigation canals from weed and deposited 
siltation. 

4. Salinity and sodicity pockets could be reclaimed 
through deep ploughing with leaching and 
addition of gypsum and/ or organic manures.  

 
 

Figure 1: Location map of the study area. 
 

 
 

Figure 2: Location of auger and representative profiles sites. 
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Figure 3: Taxonomic map units. 
 

 
 

Figure 4: Land suitability of the soils of the study area. 
 

 
 

 
 

Figure 5: Land suitability for Surface irrigation. 
 
 

Table 2: Land Suitability of the study area. 
 

5 4 3 2 1 

Soil Mapping Unit  
 
  Land quality 

1 1 1 1 1 Soil moisture availability 

3 3 3 3 3 Chemical soil fertility 

1 1 1 1 1 Cond. For seed establishment 

1 1 1 1 1 Drainage condition. In grow season 

1 1 1 1 1 Workability 
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1 1 1 1 1 Possibility of mechanization 

1 1 1 1 1 Salinity 

1 1 1 1 1 Sodicity 

1 1 1 1 1 Erosion hazards 

1 1 1 1 1 Capabil. For maint. Surface water 

1 1 1 1 1 Topography for gravity irrigation 

4 4 4 4 4 Soil drainability 

1 1 1 1 1 Land cover 

S2 S2 S2 S2 S2 Suitability classes 
S2fv

w 
S2fw

v S2fw 
S2fv

w S2fw Suitability sub classes 

fvw fwv fw fvw fw Kind of limitation 
Note: f = fertility; w = wetnes; v= vertisolic limitation  

 
 

Table 3: Land Suitability for Irrigation. 
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     Abstract: This study focused on the assessment and evaluation of land degradation and desertification in Elgitaina area, White 
Nile State, Sudan. Through monitoring and mapping the changes that occurred in the land use, land cover (LU/LC) due to drought 
and sand encroachment in relation to land degradation processes in the study area was the main goal of this research. 
 
Enhancement of scenes acquired by landsat Thematic Mapper (TM) 1986 and landsat Enhanced Thematic Mapper (ETM) 2006 were 
used. 
 
Secondary data including Geologic Map of the White Nile State and Soil Map to define the main classes of soil in the study area. 
Image processing procedures were performed to determine land use/land cover classes for the recent and reference image. 
 
The research was based on the data and information deduced and extracted from remote sensed landsat Thematic Mapper (TM) and 
landsat Enhanced Thematic Mapper (ETM+) images. The study covered the period 1986-2006.  
 
Remote Sensing methods used in this study proved to be of high potential for the detection of vegetation cover. Classification change 
detection methods showed pattern of change in Land use/ Land cover classes. The study attempted also to update some information in 
the study area such as land use/ land cover by using different methods of data transformation and analysis such as: Normalized 
Difference Vegetation Index (NDVI) and Supervised Classification. 
  
Cultivated areas were found to be largely increased also the encroaching sand. Furthermore, an increase in vegetation cover was 
indicated through the comparative analysis of NDVI images. 
 
The study revealed that both natural environments and human activities of the study area witnessed remarkable changes during the 
study period 1986 - 2006. Sand encroachment has extremely affected the area around the El Qutaynah area. 
 
The study proved that Remote Sensing Technique, Geographic Information System (GIS), Global Poisoning System (GPS) represent 
important techniques which should be exploited in such studies. 

 

I. INTRODUCTION 

he Sudan falls within the zone where the risks of desertification are great. Total area of 65 million hectares, lying between 
latitude and longitude (32° 52' 16.48"E, 14° 24' 05.65"N) and latitude and longitude (32° 8' 1.48"E, 15° 9' 33.48"N).extending 

across the Country from east to west has been decertified (DECARP,1976). The reduced production of dura, sesame, millet and gum 
Arabic in western Sudan, combines with Overgrazing and dominance of less palatable grasses as well as the extinction of wildlife 
species as all strong indicators of the seriousness of the problem. 
 
Desertification is the degradation of land in arid and dry sub-humid areas, resulting primarily from man-made activities and 
influenced by climatic variations. It is principally caused by wind, overgrazing, over drafting of groundwater and diversion of water 
from rivers for human consumption and industrial use, all of these processes fundamentally driven by overpopulation. 
 
Land degradation is a process which lowers the current and/or the potential capability of land to produce (quantitatively and/or 
qualitatively) goods or services (FAO/UNEP, 1983). Land degradation will remain an important global issue at least for the rest of 
21st century because of its adverse impact on agronomic productivity, the environment, and its effect on food security and the quality 

T
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of life. Productivity impacts of land degradation are due to a decline in land quality on site where degradation occurs (e.g. erosion) 
and off site where sediments are normally deposited. However, the on-site impacts of land degradation on productivity are easily 
masked due to use of additional inputs and adoption of improved technology and have led some to question the negative effects of 
desertification (Laurence, et al 2006). 
 
The use of Geographic Information System for the detection, modelling, and supervision of soil erosion, can offer many advantages 
for strategies and planning such as: fast, possibilities to investigate huge areas, cost effective estimates, greater possibilities of 
continuous monitoring of the areas, and possibilities to refine the soil erosion depending on the required output scale. The use of 
Geographic Information System (GIS) with assessment models of soil degradation enables the simulation of different case scenarios 
for future land management and decision making. A GIS has ability to store and display the data in spatial manner helps in the 
organization of data, analysis, and can be used as an interface for the land degradation in large areas. Therefore, GIS is commonly 
used in land degradation (Haitham, 2007). 
 
Remote Sensing methods proved to be of high potential for the detection of vegetation cover. Classification change detection methods 
showed pattern of change in Land use/ land cover classes. 

 

II. STUDY AREA 

    Sudan is located in the north of the African continent between latitudes 22.4 degrees north and longitude 38.22Degrees east. White 
Nile State falls within (Latitude13, 30-12 north and Longitude 33, 30-31 east). The total area is 39701Km2.  
El Qutaynah area lies in central Sudan within the White Nile State and extends between latitude and longitude (32° 52' 16.48"E, 14° 
24' 05.65"N) and (32° 8' 1.48"E, 15° 9' 33.48"N) (Fig1). 
  

III. CLIMATE 

    Sudan is located within the region and the tropical climate varies between the continental shelf in the north and savannah 
ecosystems in tropical and Alooasit in the southern part of Sudan. 
Rise in temperature in all parts of the Sudan in the period from March to July, a rate of 42 degrees Celsius. Day time and 23 degrees 
Celsius at night. Low temperatures in the period from November to February, and up to 30 degrees Celsius at noon and 16 degrees 
Celsius at night, especially in the north. 
 
Rainfall rate 75_300 mm in the central regions and 400__800 mm in the south and Alooasit 800_1500 mm in the southern regions 
and the tropics. 
 
The most important soil types for farming in Sudan are dominated by expanding clay. Such soils cover most of central Sudan and the 
eastern plains. They are calcareous and moderately well drained, but generally contain little nitrogen. The eastern plains lying north, 
southeast and east of the Gadaref town, and the central plains from Gezira to Rosaries on the Blue Nile, are the best example of soils: 
Loam, Deep and generally well drained. The soils of the northern agricultural zones along the flood plain of the Nile are Loam, 
stratified and calcareous (Osman, 2005). 
 
The Main classes of Soil in El Qutaynah area: 
 

1. Alluvial, subtropical and tropical (fluvial)-Dark vertic (Vertisols)-Brown of semi desert savanna and shrub land (calcic). 
2. Brown of semi desert savanna and shrub land (calcic). 
3. Soda solonchaks.  

IV. METHODOLOGY 

    Tow false colour composite (FCC) subsets images from Landsat TM and ETM covering the study area (6652.km²) were used in 
this research. Image 2006 is Enhance Thematic mapper (ETM+) while the other image was thematic mapper (TM 1986). Landsat 
(ETM+) 2006 was used to assess the change detection and to combine between these images.  

 
Supervised classifications and NDVI analysis were used based on visual interpretation. Areas and percentage of the areas affected by 
sand in each year were determined, and then post classification change detection approach based on map calculation was applied to 
determine the dynamic of change in sand encroachment.  

 

V. RESULTS AND DISCUSSION: 

Sand movement was interpreted based on Landsat false colour composite (FCC) (173/50 TM dated 1986 and ETM 2006) 
covering the study area. From this interpretation it was possible to state that sand moved from western Kordofan and North western 
parts from Goz Abu Dolua towards the El Qutaynah area Figurer 2 and 3.  The area covered with sand was estimated as 1571 km² 
and 1790 km² in the year 1986 and 2006, respectively. This result agreed with Nawal (1998) and El Hag (2007).  
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Figurer (4 and 5) shows a lot of sand in the North western and South-western part of the study area, which is a problem 
threatening the land, especially after the dry season. Analysis of image of year 1986 and 2006 showed that a higher sand soil and 
sandy clay layer around the study area in year 2006 compared to the years 1986, which could be attributed to mobile Sand dunes 
moved from western Kordofan and North western parts from Goz Abu Dolua toward the El Qutaynah area. 

 

 
(Figure 4) Signature of the main classes in image 1986 

 
 

 

(Figure 5)  Signature of the main classes in image 2006 

The movement of the sand and sand dunes was induced mainly by climate change (drought) and human activities come 
second. It seems that wind erosion was the main driving forces of sand encroachment around the study area. 

 
El-Hag (2005) and Salih (1996) found that sand moved from the Sahara desert towards the river Nile in the Northern 

Sudan. This study showed that the sand moved from the North Kordofan, through a corridor across the White Nile to El Qutaynah 
areas due to the drought and human activities through deforestation.  

 

Table 1 show unstable change of sandy soil, Vegetation and Cultivated areas as it increased from 1986 to 2006 and 
decreased of Clay Soil, White Nile and sand clay in 2006. 
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Table 1 Extent of landuse/ Land cover in the study area (1986 – 2006): 

Number Class Name 
Area/Km2 in 

1986 
Area/Km2 

in 2006 

Differen
ce in 
Km2  

1 Vegetation 3240.4 km2 5434.6 
+ 

2194.2 

2 Clay Soil 221942 216427 -5515 

3 Sandy Soil 157112 179012 +21900 

4 
Cultivated 

Area 
112420 136999 +24579 

5 
Clay with 

Sandy Layer 
127522 84351.2 

-
43170.8 

6 White Nile 42973.5 42820.3 -153.2 

 

NDVI image maps for year 1986 and 2006 (figures 6 and 7) showed that the study area and the area around witnessed 
difference change in some landuse/ Landcover types. Vegetation covered an area of 536.2 km² in year 1986 and areas of 758.4 km² 
in the year 2006 respectively.  

 
In year 1986 soils covered 5328 km². This area decreased to 5111 km² in year 2006. Water bodies in the study area covered 

431 km² in year 1986 and 445 km² in year 2006. 
 Generally, the NDVI during the period of the study showed a clear change from 1986 to 2006. It is remarkable that 

vegetation cover is lowest during the year 1986 and continuously is increased afterward during the addressed periods. Sand soil are 
highest in year 2006, this change can be attributed to the droughts, human activities and bad management, similar results was found 
by Nawal (1998) and El Hag (2007 and 2005). 

VI. CONCLUSION AND RECOMMENDATION 

The study revealed different signs of desertification and land degradation in the study area as judged by change in patterns 
of land use and land cover types, this changes indicated increase of farming land, vegetation cover, sandy soil and sandy clay inside 
the study area,. These signs could be revised with the use of agricultural indicators. 

 
 Based on the research result we conclude that: 
 

1. Sand encroachment threatens the highly productive agricultural land, drainage system and villages in El Qutaynah 
area and Gezira-Manaqil schemes area. 

2. Sand dunes threatens the White Nile as a source of water, this has endangered the crop production and livelihood 
of inhabitants in this area. 

 
Based on these finding the following recommendation can be stated: 

5. Adoption of strategies of sand dunes stabilization and plantation of shelter belts to retard sand movement. 
6. Adoption of optimal land uses that are suitable for these vulnerable areas. 
7. Improving the level of awareness of the inhabitants about this problem. 
8. Conduction of research aiming at understanding and creation of new methods to prevent sand encroachments. 
9. conduction of periodical assessment and monitoring of natural resources with use of remote sensing technology 
10. Extra research is needed to trace and pin point the land degradation effects.  
11. Some measures should be taken to avoid the effects of irrigation system such as sand dunes and sand movement. 
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(Figure 1) The Location of the Study area 
 
 
 

(Fig 1) 
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(Fig 2) Classifications of Landsat Thematic Mapper (1986) 

 

 

 

 

 

Source: Landsat TM 1986 

(Fig 2) 

(Fig3) Classes of Land Sat ETM (2006) 
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(Fig 6) NDVI of landsat TM 1986 
 

(Fig6) 

Ranges of NDVI 
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(Fig 7) NDVI of landsat ETM 2006 

(Fig7) 

Ranges of NDVI 
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(Figure 8) Difference in land use/land cover classes between years 1986 and 2006 
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I. INTRODUCTION 

any services have been transformed to E- service which an umbrella term for services on the internet.  E- Learning is one of the 
most important E- services offered. It is most used in training or higher education courses. At the same time Quality of 

education is the aim of all the High Educational Institute, especially in the Arab world. In this paper we try to study the criteria of each 
of Higher Education, E-learning, and Quality, in order to find a relationship to indicate a route to go through for improvement of E-
Learning programme in Higher Education. 

II. HIGHER EDUCATION 

     Higher education should be judged by the extent to which it:  
(1) gives students the confidence and ability to take responsibility for their own continuing personal and professional development; 
(2) Prepares students to be personally effective within the circumstances of their lives and work; and  
(3) Promote the pursuit of excellence in the development, acquisition and application of knowledge and skills.  
 
     Higher education will need to be able to achieve these interrelated purposes within the context of expanding numbers, diminishing 
resources and external accountability, and with an increasingly diverse mixture of student. Capability approaches to learning improve 
the quality of student learning by emphasizing the application of knowledge and skills, the negotiation of programmes, collaboration 
with others and structured reflection progress.(John stephenson & Susan Weil, 1992, pp. 1-7)” 
The growing uses of alternative sources of learning, and the focus on the different ways of learning in HE courses, encourage the 
integration of what is taught and what is utilized both in work and in life generally. Courses which take account of the world outside 
HE institutions, of professional and organizational practice, demonstrate ways in which theory and practice can be strongly linked. In 
this way, learners are encouraged to recognize that they can continue developing over time, rather than restricting their opportunities 
to those provided on educational and training courses. (John stephenson & Susan Weil, 1992, p. 75) 
 

III. DISTANCE LEARNING 

    Distance learning was praised because of its ability to scale up to reach larger numbers of students at standardized levels of quality 
but an expert  lecturing to a group of passive students is engaging in didactic one way teaching weather that lecture is delivered from a 
stage of auditorium or via broadcast television to students sitting in their living rooms. (Reza Hazemi & Stephen Hailes, 2002, p. 29) 
 
Many institutions introducing distance learning spend a large amount of their resources (both time and money) on training faculty to 
manage the new technical and administrative aspects of distance courses. Instead, faculty need to learn to manage critical dimensions 
of the new environment in which their courses are taking place, dimensions like metaphor, meaning, culture, role, time , awareness, 
and collaboration.  
 
Distance learning can involve many different technologies used alone or in combination. Although many of decisions to be made 
about which of the many possible technologies and media will work best for specific purposes. New technology requires rethinking 
the teaching dynamics because we do not have the option of using familiar approaches. It gives us an opening to change the way we 
manage the teaching and learning process in general. The critical part of the question,” How can we engage learners in more 
meaningful learning activities?” Facilitating distance learning is not about taking our old lesson plans and transporting them for 
delivery using new media. Rather, it is about expanding our available tools to create new learning dynamics aligned with the best 
thinking about adult learning.(Reza Hazemi & Stephen Hailes, 2002, pp. 27-28) 
 
The new frame work of managing distance learning should be about managing the learning process rather than managing courses. The 
kind of questions we need to be asking ourselves are not about how to plug one kind of technology into another or how faculty can be 
more effective on video. The more important questions are about how to use technology to leverage resources and group dynamics in 
new ways to make fundamental changes in every part of the learning process. (Reza Hazemi & Stephen Hailes, 2002, p. 38) 
 

M
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Many governments and organizations in various countries are developing ways of measuring and producing guidelines for e-learning 
quality in higher education. For example: 

• UNESCO/OECD (2005) recognize e-learning in their guidelines on quality provision in cross-border higher education; 
• Lee, Thurab-Nkhosi, and Giannini-Gachago (2005) worked collaboratively across two countries to develop a quality 

assurance tool for e-learning; 
• KeKang, Hai, Chun, and Bin (2005) developed an authoritative index system of quality assurance for web based curricula, 

teaching processes, and the supporting service system; 
• Weir, Kulski, and Wright (2005) explore the extent to which Australian frameworks and strategies for quality assurance 

ensure online provision of high-quality transnational educational programs. (Alexander,S. & Golia,T., 2007) 
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IV. E-LEARNING SYSTEM QUALITY 

     Research into evaluating e-learning systems comes from two directions: the educationalists and the software developers. Many 
educators have shown significant interest in the pedagogical evaluation of e-learning systems, that is, in course design issues and how 
to promote good learning (Laurillard 1993; Reeves 1992). Although these fundamental issues of course design are vital, these studies 
do not assist educators in evaluating the quality of the system as such, and therefore do not incorporate frameworks to support decision 
making regarding review of existing systems and the purchase of new ones. 
There is also a vast body of literature relating to various technical frameworks for software developers who wish to improve the 
quality of the e-learning systems they are developing. A systematic approach is the IEEE Learning Technology Standard Committee 
(LTSC) reference model, IEEE P1484.1 LTSA. This model has five layers, which focus on reusability and portability, and compares 
different e-learning systems by numerical rating scales for various factors, e.g., assessment, administration, curriculum development, 
etc. (O’Droma, M. S., Ganchev, I. & McDonnell, F. 2003). The Sharable Content Object Reference Model (SCORM) is another 
widely known framework. It supports content compatibility, that is the portability of content from one e-learning system to another 
and the re-usability of learning objects by extensive cataloguing using metadata (Bohl, Schelhase, Sengler&Winand 2002). The 
Instructional Management Systems (IMS) project is another approach to defining technical specifications in order to promote 
interoperability between e-learning systems (IMS Global Learning Consortium). These standards focus on technical aspects of e-
learning systems and neglect the Human Computer Interaction (HCI) component, that is, how the user will interact with the system. 
More importantly, they are too complicated for the average educator or educational administrator to understand and apply when 
choosing an e-learning system. They are specially designed for technical trained system developers. 
The few studies that have been undertaken for educators and people working in educational institutions who need to evaluate e-
learning systems are often inadequate. This is due to the lack of systematic tools or approaches. For example, Roberts (2002) gains a 
good overview of Blackboard using surveys, focus groups and interviews, but the results are too general and do not provide detailed 
analysis of features such as usability. In another study, the Learning and Teaching Technology Group (LTTG) undertook a 
comparison of Blackboard and WebCT. Their main approach was an evaluation based on the number of times students accessed 
different tools in the system, e.g. discussion board, group areas and others. 
Nevertheless, these quantitative counts are not meaningful without details of the subject design, for 
example how the group area activities were incorporated into the learning environment. The rest of their paper offers a miscellaneous 
group of features for evaluation, e.g. data integration, pricing, hardware or software platforms and ease of access. However, there is no 
system or justification for their choice of features and many common usability criteria are omitted. A third approach we examined was 
“20 Questions”, which Driscoll and Dennehy (2002) propose putting to suppliers of the system. They resolve the adoption of an e-
learning system into two factors, organisational and technical, although only a few of their questions deal with organisational issues 
and the main emphasis is on the technical issues, e.g. back end integration and the partitioning of the system. Student interaction with 
the system receives very little attention in their approach. Likewise, Parisotto (2003) focuses broadly on high level issues in evaluating 
e-learning systems. He considers three organisational perspectives (academic, administrative and IT support) but fails to discuss the 
operational levels, that is, the system in use. 
 

http://www.google.com.eg/imgres?num=10&hl=ar&tbm=isch&tbnid=NilV9qAwTM-
OIM:&imgrefurl=http://cdachyd.in/products/qaael&docid=OTrKyYSQYC4WTM&imgurl=http://cdach 
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A Quality Circle 

A Quality Circle is a volunteer group composed of workers (or even students) who meet to discuss workplace improvement, and make 
presentations to management with their ideas, especially relating to quality of output in order to improve the performance of the 
organization, and motivate and enrich the work of employees. Typical topics are improving occupational safety and health, improving 
product design, and improvement in manufacturing process. 

The ideal size of a quality circle is from eight to ten members.Quality circles have the advantage of continuity; the circle remains 
intact from project to project. Quality circles were first established in Japan in 1962, and Kaoru Ishikawa has been credited with their 
creation. The movement in Japan was coordinated by the Japanese Union of Scientists and Engineers (JUSE). 

The use of quality circles then spread beyond Japan. Quality circles have been implemented even in educational sectors in India and 
QCFI (Quality Circle Forum of India) is promoting such activities. 
 
There are different quality circle tools, namely: 

1-The Ishikawa diagram - which shows hierarchies of causes contributing to a problem 
2- The Pareto Chart - which analyses different causes by frequency to illustrate the vital cause 
3- The PDCA-Deming wheel - Plan, Do, Check, Act, as described by W. Edwards Deming (strategyvectormodel.com, 2008) 

E- Learning Stages versus Quality Circle:- 
-Planning (PLAN) 
-Designing (PLAN) 
-Production (DO) 
- Evaluation(CHECK) 
-Delivery  (ACT) 
-Instruction (ACT) 
-Marketing (ACT) 
 
 
 
 
 
 
High quality E-learning System must be meaningful to:- 
Learners, Instructors, Technical and Support staff in the Organisation. 
It should be:- 

- Easily accessible 
- Clearly organized 
- Well written 
- Authoritatively presented 
- Learner centered 
- Affordable 
- Efficient 
- Flexible and, 
- Has a Facilitated learning environment. 

 
 
 
 
 
 
 
 
 
 
 

 
Planning                 
Production 
Designing 
 
 
Delivery                   
Evaluation 

PLA DO 

ACT CHEC
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The different objectives of the quality circle are represented as follows: (magdy, 2012) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is recommended that the quality circle be introduced in the organization for building the quality culture, quality circle is voluntary 
movement, employees in the organization should be motivated to join this movement. (magdy, 2012) 
 
 
When quality circle will be introduced in the Higher education institute which offers an E- learning programme, then it will be Easily 
accessible, Clearly organized, and Well written. It will be also, Authoritatively presented, Learner centered, and Affordable. As well 
as Efficient, Flexible and, has a Facilitated learning environment. 
 
E- learning in Higher Education in Egypt:- 
 
Higher education in Egypt faces many challenges like, 

 
• high student numbers,  
• financing of education,  
• governance and management of the education system, and  
• Quality assurance.  

 
Therefore, the national institutional ICT policies and initiatives adopted the e-learning as a teaching strategy to overcome the 
challenges of the traditional lecturing style. In this manner, the National E-learning Center (NELC) was established, Egyptian E-
learning University (EELU) established 2008 to provide e-learning nationally, regionally, and internationally, and one of the 
Information and Communication Technology Project (ICTP) outcomes, to serve as a technical unit within the Supreme Council of 
Universities to promote and support the development of e-learning in Egypt by improving the development of the e-learning 
content.(Khouly, 2010) 

QC 
 

Develop 
Individual 

Skills 

Maintain 
Harmony At 
Work place 

Create Problem 
SolvingCapability 

Enjoy 
Synergic 

Effect Improve 
Communication 

Flow 

Increase 
Productivity 

Reduce Errors 
on Job 

Improve Self 
esteem of 
members 
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National E-learning Center (Khouly, 2010) 

The National E-Learning Centre (NELC) is a building block within the Higher Education Information Center, SCU. Its primary 
objective is to ‘promote and support the development of e-learning in Egypt by improving the development of the learning content to 
the highest maturity level, to achieve strong presence both locally and regionally’.  

NELC’s revised a strategic plan aims to develop a robust infrastructure at each of the public universities, capable of facilitating an 
effective e-learning system. This will be achieved through the establishment of an e-learning centre at each of the 17 Egyptian 
universities. These centers are able to develop pedagogically sound e-courses that fully utilize the potential of ICT in an interactive 
way. Each will be staffed by a centre director, instructional designer, e-content developers, graphics designers and subject-matter 
experts. The NELC monitors the progress of the university centers and develops national standards. The university centers are 
networked with the NELC through the Egyptian Universities Network (EUN). (Khouly, 2010) 

 
Egyptian E-learning University (EELU) 

EELU (http://www.eelu.edu.eg/wps/portal) is a private non-profit University established with the Decree, No. 233, of the President of 
the Arab Republic of Egypt in the 16th August 2008 to provide distance education through 24-hour online learning with a vision to be a 
leading university providing e-learning nationally, regionally, and internationally. EELU gives educational opportunity to learners who 
cannot attend a campus university.  
 
The scope of EELU is not only intended to cover Cairo but also can be extended to cover all the governorates in Egypt and some Arab 
countries and as a start point there are three learning centers located in Cairo, Delta (Tanta) and upper Egypt (Assuit).  
 
Students can access courses' materials, lectures, and any piece of information through both the EELU Intranet and the Internet.  
 
This type of learning permits collaboration between the students and the instructors and among the students themselves. In addition, 
students can learn remotely from different geographically distant locations. In this manner, EELU provides a virtual educational 
environment that reduces dependence on the concept of physical and geographical proximities between student and teacher and in the 
meantime provide maximum educational interactions, benefits and management.(Khouly, 2010) 
 

Results of the Survey about applying Total Quality Management on E-Learning in Egypt 
 

 
 
 

REFERENCES 
[1] Alexander,S. & Golia,T. (2007). Using student experiences to derive quality in an e- Learning system: An Institution's Perspective. Educatioanl Technology & 

Society, 10(2), 17-33. 

[2] John stephenson & Susan Weil. (1992). Quality in learning - acapability approach in higher education. London: Kogan page limited. 

[3] Khan, P. B. (2012). EELU International Conference on e-learning (ICEL) . A framework of e-learning. Cairo: Egyptian e-learning University. 

[4] Khouly, M. E. (2010). E- learning in Egypt. In U. Demiray, E-Learning Practices (pp. 107-131). Turkey: Anadolu University. 

[5] Magdy, P. K. (2012). International conference on e-learning (ICEL). E-Learning Systems. Cairo: Egyptian e-learning university. 

[6] Reza Hazemi & Stephen Hailes. (2002). The digital university- building a learning community. Grait Britain: Verlag London Limited. 

[7] Strategyvectormodel.com. (2008). http://www.vectorstudy.com/management_theories/quality_circles.htm. Retrieved october 4, 2012, from vectorstudy.com. 

 

 
 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      581 
ISSN 2250-3153  

www.ijsrp.org 

ENHANCEMENT of DYNAMIC RISK ASSESSMENT 
MODEL for TELECOMMUNICATION 

INFRASTRUCTURE 
 

*Gamal Abdel Nasir, **Ammar Yassir, ***Norafida Ithnan 
 

*Faculty of Computer Science and Information Systems, UTM University, Malaysia 
**Department of Information Technology, CMJ University, Shillong, India 

***Faculty of Computer Sciences, University Technology University, Johor, Malaysia 
 
 

        Abstract- A considerable amount of research has been 
conducted on information security in recent years. Limited 
attention has been paid to the intrinsic tradeoff between security 
and system usability within the current literature. The balance 
between protecting organizational assets and preventing access is 
always a difficult line and this represents an important 
distinguishing feature of the study of computer and information 
systems security. In this research, a new Dynamic Risk 
Assessment Model (DRAM) is proposed to secure any type of 
information i.e., organization information or information system. 
The main case study has been taken from one of the leading 
Telecommunication Organization which is based on my scope to 
the physical and logical types of information. Various dynamic 
and static models are investigated in order to find a suitable way 
of securing information which is processed either in physical or 
logical manner. There are different static and dynamic security 
risk assessment tools are available. Although, a dynamic security 
risk assessment tool is used to help in getting into the field of 
developing a new model for the telecommunication system. In 
DRAM, various dynamic and static models are compared with 
the help of data in form of diagrams and tables. As a result of 
these comparisons, a new dynamic risk assessment model is 
proposed to help telecommunication organizations to secure their 
information from any threats.  
 
     Index Terms- Information security, Dynamic Risk 
Assessment, Security risk assessment, Systems security 
 

I. INTRODUCTION 

ontracts for IT services include provisions that specify the 
scope, quality, and duration of the services to be delivered. 

When clients and providers of IT services enter into contracts, 
they expose themselves to a myriad of risks. The risk exposure of 
an individual firm is often defendant upon the provisions 
surrounding contract duration, service quality, and scope. While 
there has been a substantial body of research considering IT 
services contracts risk and agency issues (Clemons et al., 1993, 
Aubert, et al., 2005), there has been little research in quantitative-
based IT services risk assessment and management in the 
telecommunications in particular. 
Fundamentally, this research proposal seeks to answer the 
following question: How can firms apply quantitative and 
qualitative risk assessment methods and risk assessment theory to 

inform decision making in telecommunications services contract 
negotiation? I look at two specific contexts of IT services risk 
assessment models. First, I consider service-delivery risk faced 
by provider firms when offering customized, dedicated resources 
to a services contract. I then consider risk of information been 
processed physically or logically and how to secure them from 
different sort of attacks/risks. I am here demonstrating some of 
the current various models of risk assessment and by a clear 
comparison between them and by looking into the phases that 
they are covering which are risk identification, risk analysis and 
risk evaluation. As a researcher I believe that the basic main 
problem is that the information is at a risk which attacks the 
assets hence these assets have to be secured. And all this, 
according to this research, will be in a telecommunication 
organization where the scope will be on the physical and logical 
parts of the organization itself. Hence comes the type of 
information which may be classified into two parts i.e. 
organization information and information system information 
and for both there will be physical and logical forms. Then the 
research will proceed in finding out how to secure this 
information? Here it will look into the security tool which is 
taken as the risk assessment tool which in turn will have two 
types i.e. static and dynamic and the research aims at the 
dynamic one.  

II. OBJECTIVE OF RESEARCH  

Here the main objectives of this research will range from using 
existing tools of information security to develop a new 
Telecommunication Dynamic Risk Assessment Model in the 
near future which may: 

1. Secure assets/information (been processed physically or 
logically) and keep them away from any kind of 
expected/unexpected risks that may attack them in the 
Telecommunication System. 

2. Suitable for all types of information in the 
Telecommunication System as it must be easy 
accessible, low in cost and long in its life time. 

III. PROBLEM BACKGROUND 

 
It is a fact that the information where they have been stored or 
processed is at risk; hence I am aiming at producing a new 

C
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developed model which will consider being as the most suitable 
model for the Telecommunication Organizations. Through this 
research I will be looking into finding a new model of securing 
the information finally the models of risk assessment will be 
looked into deeply and compared as a diagrammatical and 
tabular format will be formed for the dynamic risk assessment 
models and the static risk assessment models and hence as a 
result of this comparison the research will come out with a new 
dynamic risk assessment model which will be taken for the main 
case study in this research i.e. the telecommunication 
organization and this new dynamic risk assessment model may 
then been given a new name as telecommunication dynamic risk 
assessment model. 

IV. PROBLEM STATEMENT 

 
Basically the main problem is that there exists a risk which 
attacks the assets/information hence this assets/information has 
to be secured. And all this, according to this research, will be in a 
Telecommunication Organization. In order to address the 
research problems stated in the problem background section, this 
main problem hopefully will be solved by answering the 
following research questions: 
 

1) What is the scope of the Dynamic Risk Assessment 
Model (DRAM) within the Telecommunication 
Organization? 

2) What are the elements to be considered in measuring the 
DRAM? 

3) What is the appropriate framework to measure DRAM 
based on context of Telecommunication Organization? 

V. RESEARCH SCOPE 

 
The research covers the organization information and the 
information system. It will be done based on the physical and 
logical information been stored or processed at a 
Telecommunication Organization. Also the feedback of this 
study will only focus on the side of the providers and recipients 
(in house providers and recipients). Therefore, the external 
Telecommunication System providers and external recipients are 
not involved in the survey and case study.  
 
The frame work for the main problem is been stated as well as 
the suggested solution which leads to the main scope of the 
research and hence it reflects the overall objectives of this 
research. The frame work started from the point of stating the 
problem to the steps of solving it and the tool which could be 
used which according to this research the risk assessment tool 
and the dynamic one in particular. It also explains clearly the 
nature of the information and the source of it as it focuses on the 
telecommunication organization taken as the main case study 
from which the information may be driven. On other hand it 
shows the organization information and the information system 
information and the overlap or the intersection between them in 
term of common attributes on both 

VI. LITERATURE REVIEW 

Every organization is continuously exposed to an endless number 
of new or changing threats and vulnerabilities that may affect its 
operation or the fulfillment of its objectives. Identification, 
analysis and evaluation of these threats and vulnerabilities are the 
only way to understand and measure the impact of the risk 
involved and hence to decide on the appropriate measures and 
controls to manage them. It has to be noted, that Risk 
Assessment is a process that in many cases is not (at least not 
adequately) performed, even if Risk Management is 
implemented. It is one of the main objectives of ENISA to 
generate awareness of this fact, but also to facilitate use of Risk 
Assessments by providing practical examples. 

A. IDENTIFICATION OF RISKS 

This is the phase where threats, vulnerabilities and the associated 
risks are identified. This process has to be systematic and 
comprehensive enough to ensure that no risk is unwittingly 
excluded. It is very important that during this stage all risks are 
identified and recorded, regardless of the fact that some of them 
may already be known and likely controlled by the organization. 
The first step is to generate a comprehensive list of sources of 
threats, risks and events that might have an impact on the 
achievement of each of the objectives these events might prevent, 
degrade, delay or enhance the achievement of those objectives. 

B. ANALYSIS OF RELEVANT RISKS 

Risk analysis is the phase where the level of the risk and its 
nature are assessed and understood. This information is the first 
input to decision makers on whether risks need to be treated or 
not and what is the most appropriate and cost-effective risk 
treatment methodology. 
Risk analysis may involve a thorough examination of the risk 
sources with their positive and negative consequences also the 
likelihood that those consequences may occur and the factors that 
affect them and assessment of any existing controls or processes 
that tend to minimize negative risks or enhance positive risks 
(these controls may derive from a wider set of standards, controls 
or good practices selected according to a an applicability 
statement and may also come from previous risk treatment 
activities.)  
The level of risk can be estimated by using statistical analysis 
and calculations combining impact and likelihood. Any formulas 
and methods for combining them must be consistent with the 
criteria defined when establishing the Risk Management context. 
This is because an event may have multiple consequences and 
affect different objectives, therefore consequences and likelihood 
need to be combined to calculate the level of risk. If no reliable 
or statistically reliable and relevant past data is available (kept 
for e.g. an incident database), other estimates may be made as 
long as they are appropriately communicated and approved by 
the decision makers. Risk analysis techniques include interviews 
with experts in the area of interest and questionnaires as well as 
use of existing models and simulations.  
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C. QUALITATIVE ANALYSIS 

In qualitative analysis, the magnitude and likelihood of potential 
consequences are presented and described in detail. The scales 
used can be formed or adjusted to suit the circumstances, and 
different descriptions may be used for different risks. Qualitative 
analysis may be used as an initial assessment to identify risks 
which will be the subject of further, detailed analysis. 
In quantitative analysis numerical values are assigned to both 
impact and likelihood. These values are derived from a variety of 
sources. The quality of the entire analysis depends on the 
accuracy of the assigned values and the validity of the statistical 
models used. Impact can be determined by evaluating and 
processing the various results of an event or by extrapolation 
from experimental studies or past data. As it is made clear from 
the above analysis, the specification of the risk level is not 
unique. Impact and likelihood may be expressed or combined 
differently, according to the type of risk and the scope and 
objective of the Risk Management process. 

D. SEMI-QUANTITATIVE ANALYSIS 

In semi-quantitative analysis the objective is to try to assign 
some values to the scales used in the qualitative assessment. 
These values are usually indicative and not real, which is the 
prerequisite of the quantitative approach. Therefore, as the value 
allocated to each scale is not an accurate representation of the 
actual magnitude of impact or likelihood, the numbers used must 
only be combined using a formula that recognizes the limitations 
or assumptions made in the description of the scales used. It 
should be also mentioned that the use of semi-quantitative 
analysis may lead to various inconsistencies due to the fact that 
the numbers chosen may not properly reflect analogies between 
risks, particularly when either consequences or likelihood are 
extreme. 
During the risk evaluation phase decisions have to be made 
concerning which risks need treatment and which do not, as well 
as concerning on the treatment priorities. Analysts need to 
compare the level of risk determined during the analysis process 
with risk criteria established in the Risk Management context 
(i.e. in the risk criteria identification stage). It is important to note 
that in some cases the risk evaluation may lead to a decision to 
undertake further analysis. 
The criteria used by the Risk Management team have to also take 
into account the organization objectives, the stakeholder views 
and of course the scope and objective of the Risk Management 
process itself. 
The decisions made are usually based on the level of risk but 
may also be related to thresholds specified in terms of: 

• consequences (e.g. impacts),  
• the likelihood of events,  
• The cumulative impact of a series of events that could 

occur simultaneously.  

VII. RESEARCH METHODOLOGY 

This research explains the research methodology to be used in 
order to meet the intent objectives of this study. As a matter of 
principle, the expected research work requires a combination of 
both quantitative and qualitative research methods, the reason 
behind that is the nature of people’s perceptions to the 
Telecommunication and IT industry. Based on my scope to the 
physical and logical types of information hence throughout this 
research I will be investigating, analyzing and comparing 
between the various dynamic and static models in order to find 
the suitable way of securing those information which is been 
processed either in a physical or logical manner, using suitable 
security risk assessment tool. With a deep comparison between 
various dynamic and static models with a help of data been 
processed in the form of diagrams and tables and as a result of 
these comparisons a new dynamic risk assessment model will be 
found as an output of this research. For the data collection both 
primary and secondary data would be sampled according to the 
appropriate methods; analyzing data will depend directly on the 
concepts of ANOVA (Analysis of Variance), and Co – Variance, 
as the study is explorative in nature. 

A. SECURITY PLANNING AND POLICY  

Assessing risk and making prudent decisions before the system is 
installed is the best approach. You can go a long way towards 
providing good security by establishing a security policy. A 
security policy is a written document that outlines what is 
permitted behavior on the system. Once written, it is reviewed 
periodically and distributed to all users of the system. No system 
can be fully secure, but with due diligence and attention to detail, 
many security threats can be mitigated.  

B. THE DIFFERENCE OF SRM FROM OTHER SECURITY 

SOLUTIONS  

Security Risk Management adds value to your existing or 
planned security investments. It provides advanced modeling and 
decision-support for the network operations and security teams. 
SRM enables you to maintain secure networks while reducing IT 
workload through continuous decision-support analysis and 
'what-if' simulations. As a result, SRM complements your 
defense in depth strategy while adding value to your current or 
planned security investments.  

C. RESEARCH DESIGN 

Since this is the initial stage of starting work on the research the 
research is structured in 3 different phases: 
Phase 1: Literature Review and Preliminary study 
Phase 2: The Pilot Study 
Phase 3: The Case Study 
The above phases are explained in the following tables: 
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VIII. PRELIMINARY WORK AND RESULTS  

A. DISCUSSION & GENERAL STUDY & RESEARCH ON RISK 
ASSESSMENTS 

The bellow shown research work is an initial, could be deep, 
study for various and different aspects of risk assessment which 
provide a broad knowledge and basic information on how the 
risk is assessed, with regard to the information security, as it 
occur in different areas where the information is been processed. 
Here a number of case studies for different types of organizations 
have been taken and foxed on each of them the main reason 
behind which I have taken this resource “along with some other 
relevant resources” as a basic of this initial research is to try to 
study and hence explain and find out the various concepts related 
to information security risk assessment this will be very clear and 
obvious as the study involves various types of organization as 
well as describing the different activities to be carried out when 
dealing with information security risk assessment tools and 
methods. The different types of organizations which have been 
pointed out in the source itself and based on which I will try to 
have my basic comparison and hence try to come to a useful 
result which may reflects which of the risk assessment methods 
is suitable in common for most organizations. In my basic and 
study I have tried to concentrate on the risk assessment concept 
and to have a general if not deep study on various aspects and 
necessary points which may be common in every type of 
organization with respect to information security risk assessment 
such as: Distinguishing Characteristics, Initiating a Risk 
Assessment, Conducting and Documenting the Assessment, Data 
Gathering Phase and Analysis Phase. Here the study been given 
by “GAO/AIMD-00-33- Security Risk Assessment” is focusing 
on the fact that risk assessment is an essential elements of risk 
management. In my own view this is may be true if only linked 
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with the type of risk we assess and which method we fellow in 
order to assess the risk? As its mentioned in this resource i.e. 
GAO “ since risk and threats change over time it is important that 
organizations periodically reassess risk and reconsider the 
appropriateness and effectiveness of the policies and controls 
they have selected “.  This has been clearly explained in the 
following Fig 1. I have included from the same source “GAO”. 
Here in my own view and analysis I would recommend if the 
point is clearly mentioned as the risk management needs a kind 
of a risk assessment which should be able to cover the threats or 
even go beyond that by safeguard the information from these 
types of risk by introducing the dynamic risk assessment as 
strong tool of risk assessment or reducing the risk even we can 
say eliminating it to the minimum. The figure as it is given in the 
source “GAO” is explaining about the risk assessment cycle 
which ranges from controlling the risk or managing it or even 
assessing it in different ways and manners. (Jean Boltz, Ernest 
Döring, and Michael Gilmore., November 1999) The risk will be 
assessed as the Centre will take the job of activating the cycle as 
per the risk level.  
 

 
 
In my own view and according to several articles which I have 
referred mentioning about risk assessment I strangely believe that 
the above risk management cycle gives a general picture of how 
the risk has to be assessed based on managing it rather than 
introducing some models of risk assessment which ,in my own 
view, must be dynamic in nature so as to let the Centre of the 
organization be able to avoid any kind of threat in respect of its 
nature, time and level of occurrence as the dynamic risk 
assessment model will provide a solid solution and will act as a 
real trace for the threat which may be expected to happen or 
likely to be happened at any time during the cycle of information 
passing either through the network or even in stand-alone PC.   
 

A. SENSITIVE/PERSONAL INFORMATION  
 
Sensitive information stored on mobile devices or in background 
databases has to be protected. We refer to sensitive information 
in a broader sense here, i.e., any kind of personal information 
(e.g., name, date of birth), including biometric identifiers (e.g., 

facial image, fingerprints), as well as credentials (e.g., secret 
keys) and information about location. Location privacy is a 
particularly important issue here because mobile devices 
constantly communicate with their environment which might 
allow tracking of the user's movements. The bellow shown figure 
may explain the overall idea with regards to the part of problem 
statement and some of the research methodology which will be 
followed. With respect to the problem statement ,as shown in Fig 
2, and  how the risk as a main problem for the assets/information 
and the solution is that those assets in the telecommunication 
organization should be secured whether they are in a physical or 
logical format in order to reach a secured organization 
information and information system information as well. The 
model of how to develop a new Risk Assessment Model to 
secure that assets/information in the chosen telecommunication 
organization is also shown. 
 

 

IX. CONCLUSION 
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This research then concludes to the fact that the main problem is 
that the risk of information and this risk attacks the assets and 
hence the solution is to secure those assets in the 
telecommunication organization then the research passes through 
the point of how to secure that information and it suggests risk 
assessment tool as a mean of security for the information. The 
risk assessment tool is of two types static and dynamic and the 
focus in this research will be on the dynamic one. Then the 
research addressed the fact of where the information comes 
from? Here as per the title of the research the telecommunication 
system is the main source of the information. And on how to 
secure them the dynamic risk assessment model is recommended 
and to benchmark this literature review could be one of the 
sources as well as the organization itself. Finally the research 
reached to a main point of finding and discussing the various 
models of dynamic and static risk assessment methods and with 
further analysis and comparisons between both a new model may 
be found as a main outcome of this research and that model is a 
dynamic risk assessment model which could be suitable to be 
implemented in the main organization taken as a case study on 
this research. This new dynamic risk assessment model may be 
then called as a Telecommunication Risk Assessment Model. 
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Abstract- Man is a social animal. Academic excellence is 
updated with the help of social institutions and social institutions 
are run by cooperation of individuals of society. A correlation 
existed between society and academics since time immemorial. 
There is a need to introspect and realize the cooperation between 
these two. Cooperation is working together to accomplish shared 
goals. Within cooperative activities individuals seek outcome 
that are beneficial to themselves and beneficial to all other group 
members. Cooperative learning is the instructional use of small 
groups so that students work together to maximize their own and 
each others learning. 
    The investigators in this paper have tried to explore the effect 
of cooperative learning on Achievement in social science of 
secondary school students. The present study is an experimental 
study based on randomized two group post test. It was conducted 
on a sample size of 60 students from Gaya district of Bihar. Out 
of which 30 Students were in experimental group and 30 students 
in controlled group. Two self developed tools were used in the 
form of Instructional Tool unit wise Lesson Planning along with 
teaching aids and Measuring Tools in the form of a teacher made 
test and a 3 point scale to study the impact of the method used. 
Experimental group was taught through co-operative learning 
method and controlled group was taught through traditional 
method. Findings of the study reflected that mean achievement of 
the students exposed to co-operative method differs significantly 
from the mean achievement of the students taught through 
traditional method. 

I. INTRODUCTION 

eaching is the principal mode of education. It can be called a 
transaction between the teacher and the pupil, in which one 

transmits knowledge to the other. This view has been held and 
practiced, but’ has become ritualized in that a limited amount of 
information is transferred to the pupil, who crams it by rote and, 
at the examination, reproduces whatever part he can recall and in 
whatever order or disorder. Thence to a marks sheet and a 
degree, defeating the very purpose of education. The objective of 
education is thus diverted to make a pupil remember a 
memorable part of the course. The”” real objective would be not 
only to make a pupil learn a subject, but to train him how to 
learn.  
    The aforesaid system is seen” in the schools and colleges of 
India where the teacher dominates the class and the students are 
passive listeners. No effort is made to involve them in the 
teaching-learning process and also the aspect of individual 
difference is “totally ignored. Consequently the problem of 
wastage and stagnation is increasing day by day. To avoid this, 

several attempts have been advanced to systematize ways of 
meeting . Individual differences among the pupils in the 
classroom and to make teaching learning more effective and 
enjoyable. Especially the constructivists contribution in this field 
is worth notable. They unfolded a new dimension of learning 
who considered learning as a constructive process; where” 
learners do not passively receive information but instead actively 
construct knowledge as they strive to make sense of their worlds. 
Constructivism thus changed the conception of teaching-learning 
and brought a revolution in the field of education. This is 
supported by the research studies all over the world.  
   The constructivists proposed several instructional strategies, 
among the cooperative learning, collaborative learning, problem-
based learning etc. are prominent. Therefore, to keep pace with 
the changing circumstances, we should not keep ourselves aloof 
from new experiments in the field of education to make learning 
more effective and enjoyable experience for pupils. This fact 
provoked the investigator to undertake the present study.  

II. STATEMENT OF THE PROBLEM  

    “Effect of cooperative learning on achievement In 
Environmental Science of school students.”  
 

III. OBJECTIVES 

(i) To design teaching-learning material on cooperative 
learning  

(ii) To study the effectiveness of cooperation learning on 
achievement in EVS-II of Class- V students in, 
comparison with traditional method.  

(iii) To examine whether learning becomes more joyful 
through cooperative learning.  

 

IV. HYPOTHESIS 

(i) Cooperative learning enhances significantly the 
achievement in EVS of Class - V students.  

(ii) Learning will be more joyful through cooperative 
learning strategy.  

 

V. DELIMITATIONS 

    As the time is major constraint, the study will be restricted to 
the Class V students of D. A. V. Public School Cantt. Area, Gaya 
8-10 periods f EVS lessons only.  
 

T
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VI. METHODOLOGY 

    Design of the study, sample, tools, procedure of data collection 
and techniques of data analysis has been presented in this 
section.  

VII. DESIGN OF THE STUDY 

    The Present study is a randomized two groups post-test design 
 

Group Independent 
variable 

Post test 

Experimental Teaching through 
cooperative 
learning method 

T 2 

Control Teaching through 
conventional 
method 

T 2 

 
 

VIII. SAMPLE 

    The total sample comprised of 60 students of sections ‘A’ and 
‘B’ of Class V of D. A. V. Public School, Cantt. Area, Gaya. Out 
of this, 30 students were there in experimental group and 
remaining 30 students formed the control group.  

IX. TOOLS 

    Two types of toils were used. They were instructional tools in 
the form of unit wise lesson plans along with teaching aids, and 
measuring tools in the form of a teacher made achievement test 
and a 3 point scale to study the impact of the method {self-
developed).  

X. PROCEDURE OF DATA COLLECTION 

    The experiment was conducted on the students of Class V of 
D. A. V. Public School, Cantt. Area, Gaya. In the very beginning 
of the experiment, both the sections (A & B) of class VII were 
mixed up and then randomly assigned to experimental group and 
control group in order to lake both the groups equal in all 
respects. The experimental group was given a brief orientation on 
cooperative learning process, and the entire group was divided 
into six sub-groups consisting of five students in each group. 
Each group then selected their Group Leader, Recorder, Checker, 
Encourager etc. Thus when the subjects were ready, the 
experiment started. The experimental group was taught through 
collaborative learning method and the control group was taught 
through traditional methods of teaching. The investigator 
selected the unit - How we can keep healthy from EVS - II text 
book of Class = V. When. The instruction process was over, an 
achievement test (Teacher made) was conducted simultaneously 
on both the groups to obtain post-test scores for comparison. A 
three point scale consisting of eleven items was also 

administered on the experimental group to study the impact of 
the method.  

XI. TECHNIQUES OF DATA ANALYSIS 

    After collection of raw data, the experimenter has applied ‘t-
test’ for analyzing the scores and for meaningful interpretation.  
Chi-Square test (X2 test) is applied to interpret the 3 point scale.  
 

XII. FINDINGS 

    Following are the important findings of the present study.  
* Mean achievement of the students exposed to cooperative 
learning differs significantly from the mean achievement of the 
study taught through traditional method (MI~42.8, M2=38; ‘t’ 
value = 2.44, P<05). It implies that cooperative :learning has a 
significant impact on the achievement of Class - V students in 
EVS-2.  
Learning is very joyful under- cooperative learning system. The 
statements - and their X2 values are -  
SI.No. Statement                                                       X2 Value 
1. Was the class very interesting                                   60  
2. Would you like to study in groups in                        54.2  
Order subjects also?  
3. Do you find learning is easier in this method ?        43.4  
4. Do you find learning more. joyful in this method?  54.2  
5. Will you do better in the exam, if you study             23.1  
like this in group?  
6. Do you find learning with friends enjoyable?           60  
7. Do you feel freedom-and comfort in this type          29.6  
of learning?  
8. Would you like to become group leader?                  35  
9. Will you help a friend from your group who is not  
Performing well?                                                           48 
10. This system of class is not at all monotonous         18.6  
1l. Can you learn in group even in outside the class?    15  
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Abstract- Under water environments are dynamic and complex, 
and obtaining a clear picture of the obstacles and movements of 
objects in this environment is difficult. The disturbances caused 
by various factors affect the image quality which leads to 
incorrect analysis. Sonar image quality can be assessed in terms 
of quality parameters like contrast, illumination variation and 
Noise. A non-parametric statistical wavelet denoising method is 
proposed in this paper. The proposed method incorporates the 
edge coefficients and non-edge coefficients as it picks up the 
homogeneous neighbor of non-edge coefficients and estimate the 
noise-free coefficients and outperforms the traditional approach. 
 
Index Terms- Non-Parametric, wavelet, denoising  

I. INTRODUCTION 

onar images are often disturbed by various factors like 
transmission of limited range of light, disturbance of 

lightening, low contrast and blurring of image, color diminishing 
during capturing and noise. Wavelet based algorithms are proved 
to be effective for tackling speckle noise in sonar. The noise free 
coefficients are estimated by identifying the homogeneous 
neighbor using intra-scale and inter-scale dependencies. Finally 
the denoised image is reconstructed by performing an inverse 
wavelet transform. 
    Since the proposed non-parametric statistical denoising 
algorithm uses more efficient wavelet transforms incorporated 
with a hybrid intr-scale and intra-scale dependencies which 
produce comparatively better results. 
    This paper is organized as follows Section introduction, 
section II proposes a non-parametric statistical model which uses 
more efficient wavelet transforms. Experimental results are 
presented in section III, to justify that the proposed model proves 
better results than the traditional methods . Section IV concludes 
this paper. 
    The traditional denoising methods using wavelet coefficients 
proves to be less accurate compared to the improved wavelet 
transformations like discrete wavelet transformation, stationary 
wavelet transformation, complex wavelet and Dual tree wavelet 
transformation. 
    Wavelet transformation decomposes a signal in to a set of 
basic functions. These basic functions are called wavelets. The 
wavelet transform is computed separately for different segments 
of the time domain signal at different frequencies. Wavelets are 
obtained from a single prototype wavelet Y(t) called mother 
wavelet by dilation and shifting . 
 
 

DWT transforms a discrete time signal to a discrete wavelet 
representation . It converts an input series 
x0,x1,x2…….xm in to one high-pass wavelet coefficient series and 
one Low-pass coefficient series 
Hi    =   ∑k-1 m=0 X2i-m Sm(Z) 

 
Li    =   ∑k-1 m=0 X2i-m Tm(Z) 
Sm(Z) and Tm(Z) are called wavelet filters, K is the length of the 
filter and i=0,1,….[n/2]-1. 
 
Integer DWT: A more efficient approach to a lossless 
compression , coefficients are represented by a finite number. It 
allows lossless encoding and reduce the number of bits for the 
sample storage and to use simpler storage units. 
Stationary wavelet Transform: The Stationary wavelet transform 
(SWT) is a wavelet transform algorithm designed to overcome 
the lack of translation-invariance of the discrete wavelet 
transform (DWT). Translation-invariance is achieved by 
removing the down samplers and up samplers in the DWT and 
up sampling the filter coefficients by a factor of 2j-1 in the jth 
level 
Complex wavelet transform: The complex wavelet transform 
(CWT) is a complex-valued extension to the standard discrete 
wavelet transform (DWT). It is a two-dimensional wavelet 
transform which provides multiresolution, sparse representation, 
and useful characterization of the structure of an image. Further, 
it purveys a high degree of shift-invariance in its magnitude 
 

II. PROPOSED IMAGE DENOISING APPROACH 

    Let I be the input corrupted sonar image, I' be the enhanced 
output image and ⊕  be the enhancement operation. The research 
problem is to Construct enhancement models of the form I' = ⊕  
(I) 
    where ⊕  is a function that uses enhanced image processing 
techniques to transforms I to its enhanced version, I'. Further, the 
enhancement operator  should improve the input image in a fast 
manner, while at the same time preserve the edge and quality 
without losing important information required during analysis 
and interpretation 
    To propose denoising filters that removes speckle and salt and 
pepper noise accumulated during acquisition of sonar images. To 
propose image fusion techniques that select quality pixels from a 
set of images belonging to the same scene and create a new 
improved enhanced image. 
    To propose lighting and illumination variation correction 
algorithms that can maintain edge and quality of input image in 

S 
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an efficient manner. To propose border enhancement techniques 
that improves the quality of edges. 
 

III. EXPERIMENTAL RESULTS 

    The non-parametric statistical wavelet denoising uses log 
transformation and identify the edge and non-edge coefficients 
which identify noise free coefficients. 
    The performance metrics used here are Peak signal to Noise 
ratio(PSNR) , Pratt’s Figure Of Merit (FOM) , and Mean 
Structural Similarity Index (MSSI) 
 
Average PSNR 

 
 
Average FoM 

 
 
Average MSSI 

 
 
The existing Tian model uses antshrink algorithm in which only 
the inter-scale dependencies of the wavelet coefficients are 

considered. This is given by Jing Tian1, Li Chen and L.Ma in A 
wavelet-domain non-parametric statistical approach for image 
 
denoising. The proposed model is enhanced by a method that 
combines both intra-scale and inter-scale dependency of the 
wavelet coefficients. 
    Corrupted images were obtained by varying noise density from 
0.1% to 0.9% in steps of 0.1. Denoising time is calculated as time 
taken by the proposed algorithm to complete the denoising 
operations. The graph below depicts the time taken for the 
proposed method compared the existing and the traditional 
methods. 
 
Average Speed 

 
 
The above graph is drawn for all the four sample images selected 
which is given below. The Noise density is varied for each 
sample image from 0.1% to 0.9%. The resulting images shows 
improvement in the percentage of noise removed compared to 
the existing Tian model and the traditional wavelet. 
 

 
 

Airplane 
 

 
 

Seabed 
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Boat 1 
 

 
 

Boat 2 
 

IV. CONCLUSION 

    The above results shows that the proposed method using the 
non-parametric statistical wavelet denoising method proves to be 
better in removing speckle noise compared to traditional wavelet 
coefficients with less processing time which is shown in the 
above graph. Four sample images are taken into consideration 
and the results are produced by applying the proposed algorithm. 
The comparisons are made with the traditional wavelets, existing 
method and the proposed method with the above said three 
performance metrics. 
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Abstract- Digital Watermarking has emerged as a new area of 
research in an attempt to prevent illegal copying and duplication. 
In this paper, I represent both methods i.e. DCT&DWT based 
algorithm for watermarking in digital images. In order to 
compare the imperceptibility & robustness of the both algorithms 
make use of simple attacks such as resizing, rotation &cropping. 
 
Index Terms- digital watermarking, discrete cosine transform 
(DCT), discrete wavelet transforms (DWT), and Peak Signal to 
Noise Ratio (PSNR), Mean squared Error (MSE). 
 

I. INTRODUCTION 

he success of the Internet and digital consumer devices has 
profoundly changed our society and daily lives by making 

the capture, transmission, and storage of digital data extremely 
easy and convenient. However, this raises a big concern is how 
to secure these data and preventing unauthorized use. This issue 
has become problematic in many areas. For example the music 
and video industry loses billions of dollars per year due to illegal 
copying and downloading of copyrighted materials from the 
Internet. As a solution, Digital watermarking is used very 
frequently. Hence, digital watermarking becomes very attractive 
research topic. Digital watermarking is a technology that creates 
and detects invisible markings, which can be used to trace the 
origin, authenticity, and legal usage of digital data. Ideally, they 
should be hard to notice, difficult to reproduce, and impossible to 
remove without destroying the medium they protect. In the future 
the main development of digital watermarking is like this: 
copyright protection, pirate tracking, copying protection, image 
authentication, cover-up communication. [1][3]. 
    Robustness means that the watermark is able to withstand with 
some changes in the watermark-embedded signal; while 
imperceptibility represents the invisibility to human eyes, or for 
audio clips, the inaudibility to human ears. A good watermark 
algorithm should be by all means is simultaneously robust and 
imperceptible. 
    In terms of the embedding domain, watermarking algorithms 
are mainly divided into two groups: spatial domain method 
which embed the data by directly modifying the pixel values of 
the original image and transform domain method  which embed 
the data by modulating the transform domain coefficients. A 
frequency-domain watermarking, value of certain frequencies is 
altered from their original & embeds the watermark into the 
transformed image. This is more robust than the spatial domain 
technique. 

In frequency-domain  technique multiple transforms used for 
watermarking purpose such as DCT, DFT, DWT. The most 
commonly used transforms for digital watermarking are DFT 
(Discrete Fourier Transform) DCT (Discrete Cosine Transform) 
and DWT (Discrete Wavelet Transform). Now Frequency 
domain watermarking is more useful for all practical internet 
applications. DCT based frequency domain watermarking useful 
in pan card, i-card of employee of companies, fingerprint 
identification, medical imaging  where is low cost required, 
whereas DWT based frequency domain watermarking mainly 
used when we want to transfer more confidential matter through 
internet to anyone, in military application, government 
application, broadcast monitoring i.e. entertainment & 
advertisements, & banks application .[1] 

II. DISCRETE COSINE TRANSFORM (DCT) 

    The Discrete cosine transform (DCT) is most popular due to 
several reasons. One of the reason is that most of the 
compression techniques developed in the DCT domain (JPEG, 
MPEG, MPEG1, and MPEG2) & therefore image processing is 
more familiar with it. 
DCT is one of the most common linear transformations in digital 
signal process technology.  
Two-dimensional discrete cosine transform (2D-DCT) is defined 
as 
 

     (1) 
 
The corresponding inverse transformation (Whether 2DIDCT) is 
defined as 
 

     (2) 
 
The 2D-DCT can not only concentrate the main information of 
original image into the smallest low frequency coefficient, but 
also it can cause the image blocking effect being the smallest, 
which can realize the good compromise between the information 
centralizing and the computing complication [3].  
    The DCT allows an image to be broken up into different 
frequency bands, making it much easier to embed watermarking 
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information into the middle frequency bands of an image. In 
order to invisibly embed the watermark that can survive lossy 
data compressions, a reasonable tradeoff is to embed the 
watermark into the middle-frequency range of the image. 
    The middle frequency bands are chosen such that they have 
minimized that they avoid the most visual important parts of the 
image (low frequency) without over-exposing themselves to 
removal through compression and noise attacks. DCT domain 
watermarking can survive against the attacks such as noising, 
compression, sharpening, and filtering.  

 
 

Fig.2.1 Middle Band Frequencies In 8x8 Dct Block 
 

 
 

Fig.2.2 Watermark Embedding in DCT 

 
Fig.2.3 Watermark Detection in DCT 

 

III. DISCRETE WAVELET TRANSFORM (DWT) 

    Discrete wavelet transforms (DWT), which transforms a 
discrete time signal to a discrete   wavelet representation. It 
converts an input series x0, x1,xm, into one high-pass wavelet 
coefficient series and one low-pass wavelet coefficient series (of 
length n/2 each) given by:  

                          (3) 

                      (4) 
 
Where  
Sm (Z), tm (Z): wavelet filters, 
 K: the length of the filter, and i=0... [N/2]-1.  
In practice, such transformation will be applied recursively on 
the low-pass series until the desired number of iterations is 
reached. 
    The new JPEG2000 standard has adopted a new technique, the 
wavelet transform. The basic idea in the DWT for a one 
dimensional signal is the following. A signal is split into two 
parts, usually high frequencies and low frequencies. The edge 
components of the signal are largely to the high frequency part. 
The low frequency part is split again into two parts of high and 
low frequencies. This process is continued an arbitrary number of 
times, which is usually determined by the application at hand 

 
 

Fig. 3.1 Watermark Embedding using DWT 
 
A step of wavelet transform decomposes an image into four 
parts: HH, HL, LH and LL in Figure. LL is low frequency 
coefficient, LH is high frequency coefficient horizontally, HL is 
high frequency coefficient vertically, and HH is high frequency 
coefficient diagonally. Watermark should be embedded in low 
frequency coefficients. 
 

 
 

Fig.3.2 Flow of DWT Process 
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Fig.3.3  Scale -2 Dimensional DWT 
 
One of the many advantages, the discrete wavelet transform is 
the watermarking method has multi resolution characteristics and 
is hierarchical.DWT has effective also in structural attacks as 
compare to DCT. DWT has significant advantages over 
geometric attacks such as compression, scaling & cropping. It is 
generally observed that DWT is more robust to cropping.  
    One more advantage of DWT is that it shows acceptable 
performance with scaling attacks whereas DCT technique 
doesn’t work with scaling attacks. 
 

IV. PERFORMANCE EVALUATION 

    This section presents the simulations and experiments of the 
proposed scheme and the results obtained. For quantitative 
evaluation, PSNR (Peak Signal-to-Noise Ratio) is introduced to 
evaluate the performance of the proposed scheme and image 
quality, which is defined as 
PSNR = 10log10 (255²/MSE) Db 
 MSE = (((Iı - I₂₂₂₂)²/(m*n)) 
 Where 
           Iı:  retrieved image 
           I₂₂₂₂: original image 
           m: no. of rows 
            n: no. of column     
When PSNR is 40 dB or greater, original and reconstructed 
images are virtually indistinguishable by human observers. 
4.1 Imperceptibility 
Imperceptibility means that the perceived quality of the host 
image should not be distorted by the presence of the watermark. 
As a measure of the quality of a watermarked image, the peak 
signal to noise ratio (PSNR) is typically used PSNR in decibels 
(dB). 
4.2 Robustness 
Robustness is a measure of the immunity of the watermark 
against attempts to remove or degrade it, internationally or 
unintentionally, by different types of digital signal processing 
attacks. In this chapter, we will report on robustness results 
which we obtained for three digital signal processing attacks 
such as resizing, cropping & rotation. 

V. EXPERIMENTAL RESULTS 

    For simulation purpose there is the development of DCT based 
watermarking GUI&DWT based watermarking GUI which is as 
shown in figure. 
For simulation we used three images i.e. splash, girl, mandrill 
respectively of size 512x512 as original image & 500 image of 
size 128x85 as the key image. 
  

 
 

Fig.5.1 GUI for DWT Based Watermarking 
 

 
 

Fig.5.2 GUI for DCT Based Watermarking 
 
 

Table 5.1: Results for imperceptibility 
 

original 
image 

key 
image 

PSNR 
IN   
DWT 

PSNR 
IN 
DCT 

SPLASH 0.jpg 91.5 49.02 

GIRL 0.jpg 91.5 35.57 

MANDRILL 0.jpg 91.5 49.02 
 

 

 
 

Graph 5.1 Result of DCT 
 
 
 
 
 
 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      596 
ISSN 2250-3153  

www.ijsrp.org 

 
 

Graph 5.2 Result of DWT 
 

VI. CONCLUSION 

    In this paper it is described that recent developments in the 
digital watermarking of images in which the watermarking 
technique is invisible and designed to exploit some aspects of the 
human visual system. Many of these techniques rely either on 
transparency (low-amplitude) or frequency sensitivity to ensure 
the mark's invisibility. The watermark's imperceptibility obtained 
more in DWT as compare to DCT. From the results and graphs 
shown above it is evident that DWT is more robust against 
attacks such as cropping and resizing as compare to DCT. 
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Abstract: The use of multiple antennas at both transmitter and receiver to formmultiple input and multiple output (MIMO) channels 
currently hold the potential to drastically improve wireless links spectrum efficiency or robustness, increasing capacity and the ability 
to increase the transmission speed in future wireless communications system as well as radar. For broadband communications, OFDM 
turns a frequency selective channel into a set of parallel flat channels, which significantly reduces the receiver complexity.Problems in 
multipath fading and interference are severe on road condition and environment also so dynamic. Existing wireless system may be 
utilized single frequency, singleantenna and pulse for multicarrier transmissionand reception. Problems of such system are that in 
case offailure the total system will become non-operational A distributed system in terms of multicarrier, multiantenna and coded 
pulse can provide a more suitable communication and sensor give rise toHybrid (SS-OFDM-MIMO) technology is the ultimate 
solution. The hybrid approach has been essentially been developed for 60GHz frequency provided we have the necessary 
bandwidth.The performance analysis for the MIMO-OFDM system has been carried out based on MATLAB simulation. The 
experimental results have been verified using the simulation, the results of simulation have been verified with the various works 
being carried out in this area and the results conferred to be correct. 

 
Index Terms:Hybrid, SS, MIMO OFDM, MRC, STBC,V-BLAST 
 

I. INTRODUCTION 

ll wireless technologies face the challenges of signal fading, multipath, increasing interference and limited spectrum.MIMO 
technology has recently been demonstrated to have the potential of achieving extraordinary data rates and simultaneous increase 

in range and reliability without consuming extra radio frequency. It solves speed and range of the toughest problems facing any 
wireless communication today. Commercial products are available supporting 2Mbps and 300 Mbps data rates over Mobile and 
WLAN based wireless communication system respectively and the developments tend towards providing 100 Mbps and 1Gbps data 
rate for the two cases. In a comparison between the Wi-Fi G adapters with Wi-Fi N, it  is  found  that G adapters   with only one 
antenna supports a maximum data rate of 54 Mbps utilizing OFDM technology at its physical layer ,where as N adapters with multiple 
antennas utilizing MIMO technology.  
The data rate of today existing SISO system is determined by the formula: R=Es * BW, where R is the data rate (bits /second).Es is 
the spectral efficiency (bits /sec/Hz) and BW is the communication bandwidth (Hz). An additional variable is introduced in to this 
equation when using MIMO, which is the number of independent data streams that are transmitted simultaneously in the same 
bandwidth but in different spatial paths. The spectral efficiency is now measured as the transmission per stream Ess and the data rate 
of MIMO system becomes: R =Ess* BW* Ns.  
If the result obtained in the earlier case is compared with 802.11n (MIMO technology) keeping the same set of data intact, it is 
observed that there is an improvement of 5.3x data rate in the latter. The above capacity for wireless system is obtained theoretically 
from an ideal flat fading wireless MIMO channel. In practice, channel is mostly frequency and time selective polluting the signals to 
be dispersed both in time and frequency. Orthogonal frequency division multiplexing (OFDM) significantly reduces receiver 
complexity in wireless broadband systems. The use of MIMO technology in combination with OFDM, i.e., MIMO-OFDM (hybrid   
system), therefore seems to be an attractive solution for future broadband wireless systems.  

 
II. MATLAB SIMULATION AND PERFORMANCE ANALYSIS ON 

MIMO-OFDM SYSTEMS: 
 

A



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      598 
ISSN 2250-3153  

 

www.ijsrp.org 

 

The experiment is simulated at the laboratory (Figure 1) assuming a   Raleigh channel with a maximum delay spread of 75 ns, perfect 
channel knowledge at the receiver and perfect synchronization, no knowledge of the channel at the transmitter and employ 
interleaving, which gives us a typically 5 dB advantage (this varies depending on the channel and the type of modulation used). The 
modulation employed is 16 QAM, carrier phase noise of 10Hz and recap here. The bandwidth of an IEEE 802.11a system is 20MHz. 
There are 64 sub-carriers in each OFDM symbol. These mark for an inter-carrier spacing ∆f of 20X106/64 = 312.5 KHz. We used 
carrier oscillators for shifting the base-band signal to carrier frequencies in the UNII band. Ideally, these carrier oscillators should 
have line spectrum. In reality, this is not attainable and they consequently have a spectral width of typically 30 MHz with a specified 
noise floor, typically -130 dBc/Hz (dBc is the power in dB relative to the carrier); this width varies from vendor to vendor and the cost 
of the oscillator. This carrier phase noise, if it is sufficiently broad enough, will cause ICI between sub carriers, resulting in 
degradation of performance. The quantum of degradation depends on the type of constellation used and the spectral width of the phase 
noise of the carrier oscillator. For example, for BPSK, there is no appreciable degradation, but in the case of 16 QAM this degradation 
is 0.5 dB for a phase noise of 40 KHz.  Hence, the 10 Hz phase noise   is considered negligible. 
 

 
Figure 1: Integration scenarios for IEEE 802.11a system for STC[9,10] 

 

 
Figure.2 Performance of 2×2 STBC and SISO in an IEEE 802.11a environment[11] 

 
We shall next show no degradation in performance of OFDM by using the channel estimation method (LSE) which shown in figure.2. 
The number of packets transmitted at each SNR is 1,000. The phase noise curve is obtained using channel estimation plus phase noise. 
This is because if we introduce phase noise, we need to use channel estimation techniques to recover the signal. The estimated curves 
are without any phase noise and investigate a  3.5 dB gap in performance at a BER of 10-2 between the perfect curve and the estimated 
curve for the Alamouti-MIMO case utilizing STBC ( Space Time Block Coding ). The perfect curve follows the curves plotted and 
this consequently shows us that there is no degradation in performance because of the OFDM modulation. It also shows that OFDM 
indeed does convert a wideband channel into a set of parallel narrowband channels. However, in the SISO mode, the performance gap 
between perfect and estimated is around 1.2 dB at the same BER. This is much better than the performance of the Alamouti case. This 
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shows that in the MIMO case, the estimation algorithm is insufficient. This is not due to the loss of orthogonally in the MIMO case as, 
in this simulator; the data streams are orthogonal in time, but due to its relatively poor of estimate. We note that in both the MIMO and 
SISO case, the estimated and phase noise curves coincide, which is as it should be, since the phase noise is negligible. It is left for 
further investigation to try higher phasenoise like 100 KHz and see the degradation in performance, using the WLAN simulator 
supplied with [1] and investigate the performance of MRC (Maximum Ratio Combining) and STBC, assuming perfect channel 
knowledge at the receiver and perfect synchronization. This is shown in figure3. 
 

 
 

Figure 3: Comparison of performance – STBC, MRC, SISO.[12] 
 
 
From Figure 3, we conclude the following: 

• There is a 3-dB gap between the 1X2 (MRC) curve and 2X1 (STC) curve. This is because the power is equally divided at the 
transmitter, unlike in the MRC case, were there is only one antenna (full power). 

• For similar reasons 1X4 (MRC) is superior to 2X2 (STC). 
• Even with this lower power the diversity gain between SISO and 2X1 (STC) is 5 dB and with 2X2 (STC) is 10 dB. 

This is only 3 dB worse than 1X4 (MRC). 
 
 
In Figure 4 we compare the performance of V-BLAST (Vertical Bell Labs Space Time Coding) spatial multiplexing algorithm with 
STBC. In this case, the diversity order at the receiver is more than MR-MT +1 and less than MR (MR = no. of received antennas & MT = 
no. of transmitted antennas for MIMO). We note that as the diversity order increases, the performance of V-BLAST improves, which 
is to be expected. The interesting point to note here is that STBC 2X4 is superior to V-BLAST 2X4. The difference in performance is 
due to the diversity gain of the STBC compared with V-BLAST. The diversity order of STBC is 8. Whereas, in V-BLAST, the 
diversity order is only 3. We did not use any interleaving in these simulations. In the accompanying simulator, the V-BLAST option 
disables the interleaver. This has been done for the sake of simplicity. If we incorporate interleaving, then we would need to 
deinterleaver at the receiver before demodulation. In the case of the V-BLAST algorithm, this makes the simulator design complex.  

 
Figure 4: Comparison of performance, V-BLAST, and STBC in MIMO-OFDM environment [13] 
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Figure 5: Performance comparison of FFT method in a 2×2 system [14] 

 
In figure 5 we note the performance of the FFT method, for Channel estimation using QPSK modulation. This was done with the 
accompanying software, which assumes perfect synchronization. The channel is a Raleigh slow fading channel. It will be recalled that 
in the FFT method we truncate the window in the time domain at the cyclic prefix. If we are sure of the delay spread in the channel, 
we can truncate to the nearest channel tap. In these simulations we truncated to the 10th sample when the cyclic prefix is 16 samples 
corresponding to 800 ns with a bandwidth of 20 MHz. The accompanying software is a generic OFDM-base packet transmission 
system with a facility for varying the OFDM size (FFT size) as well as a facility the number of data carriers in an OFDM packet while 
padding the remaining carriers, including the central dc carrier with zeros. Some aspects of the software like bandwidth and channel 
estimation are similar to the IEEE 802.11 a standard. The IEEE 802.11 a stander incorporates, however, only theLSE algorithm. This 
software also incorporates the FFT estimation approach. Figure 5 shows the result of varying the number of data carriers on the 
performance of the FFT estimation algorithm. As usual, at a BER of 10-4 there is a performance gap of around 3 dB from the ideal if 
we use the LSE method. But if we use all the data carriers of the 64-point FFT, as in this simulation, the performance gap is only 0.7 
dB.However, if we use only 30 data carriers out of the available 64, the curve levels off at around 20 dB SNR at a BERof 10-3. This 
phenomenon occurs because we truncate across theavailable 30 data carriers at the 10th sample but spread the result across the 64 
carriers of full FFT. This introduces errors due to the limited number of data carriers. It therefore stands to reason that if we increase 
the number of data carriers, the adverse effect of the truncation step will be reduced. This is borne out in the figure for the case of 52 
data carriers, wherein the leveling off occurs at a BER of 10-4 at the same SNR. Finally if we use all the 64 data carriers there is no 
such leveling off phenomenon. Hence, we can conclude that in the FFT type of estimation we would ideally like to use all the 
available subcarriers. However, this is not possible in practice because we need to set the subcarriers on either end to zero to avoid 
ICI. Furthermore, since the centre carrier is dc, it also needs to be set to zero. This implies that for a 64-point OFDM system, we have 
a serious “floor” problem to contend with if we decide to use the FFT method of channel estimation. What if we increase the size of 
the OFDM system? 
 

 
Fig 6:  Performance of FFT estimation with higher order OFDM system. [15] 

 
Figure 6 shows the situation when we increase the size of the OFDM system to 256 and 512 points. It can be seen that with a full 
system, both 64 and 256 point yield the same result. In the case of 256 points, we fine the same improvement in performance, as the 
number of data carriers is increased from 52 to 200. However, 256/200 is inferior to 64/52 in terms of performance, as can be seen 
from Figure 4.5 In terms of percentage of used carriers, both are nearly similar. But this argument losses ground when we look at the 
performance of 512/400 (same percentage). It is nearly perfect. Hence, it is a good idea to use as large a system as possible when 
using this method of estimation. In a packet system, it is essential that the channel be estimated as correctly as possible in one packet 
[2]. 
In figure 6, we plot the behaviour of the system using the synchronization algorithms. The software pertaining to an IEEE 802.11a, the 
system was modified also to carry out FFT estimation. We only discuss the results here. In this plot, we used two types of estimation 
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techniques –LSE and FFT. We note that there is an error “floor” with the FFT algorithm. This occurs due to the truncation 
phenomenon. Recall that the FFT algorithm is designed to reduce noise so as to make the channel estimates more accurate. This is 
done by converting to time domain and truncating at the end of the cyclic prefix. The argument here is that if the cyclic prefix is 
correctly designed, the entire impulse response of the channel will be confined to within the cyclic prefix. A nothing outside this is 
noise and can be discarded. When we truncate the time window, and then take the FFT of the result, we retrieve this channel 
information but with a much reduce noise level. This works fine, as we have seen in Figure 4.6. We now examine the performance 
during synchronization. During synchronization our endeavor is to synchronize to the start of OFDM symbol. This process of 
synchronization is carried out based on channel estimation. In IEEE 802.11 a systems, we employ zero padding (64/52). Therefore, the 
performance is similar to the one in Figure 5, which is not surprising. Therefore, there is an error “floor” at high SNRs. We cannot  
 

 
 

Figure 7: Performance of synchronization algorithms using LSE and FFT estimation for a 2×2 system. [16] 
 
get rid of this “floor” because of the nature of the phenomenon and the need for zero padding of the edge subcarriers to avoid ICI. 
However, we can mitigate it by increasing the number of subcarriers to, say and 512 subcarriers. In such an event we spread this error 
over a larger number of subcarriers. Another interesting aspect to note is that the SNR is shown varying from 10 dB to 30 dB. Below 
10 dB there is no reliable synchronization with either algorithm. We require a basic level of SNR for both the algorithms to works 
correctly.The algorithm for channel estimation using FFT does have certain disadvantages, but its importance cannot be denied. There 
are many papers on channel estimation for MIMO systems. But for these algorithms to have practicable value, it is essential that in 
packet transmission systems, the channel be estimated in one packetand we then use these estimates to recover the transmitted in 
signal from the rest of the packet, assuming quasi-stationary. Hence, from this point of view the FFT technique performs better than 
LSE or MMSE. 
 

III. CONCLUSION 
 
We need to improve on the channel estimation technique for MIMO purposes by resorting to analgorithm other thanLSE.The FFT 
approach is one such. To obtain goodresults usingthe FFT approach, it is necessary to increase the number of subcarriers from the 
present 64 in IEEE 802.11a and similar system. This will make for better accuracy of channel estimates due to the higher number of 
points. The side effect of the last point is that the data rate will also increase, bandwidth permitting. This is a welcome development. 
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Abstract- Watershed development projects in Ethiopia were very 
few in number. The institutional strengthening project was 
implemented by Food and Agricultural Organization (FAO), and 
was principally aimed at capacity building of agricultural 
technicians, experts, and development agents in the highland 
regions of the country. The projects used the sub-watershed as 
the planning unit and sought the views of local technicians and 
members of the farming community to prepare land use and 
capability plans for soil and water conservation. SWHISA 
Project has been implementing several interventions in the 
Amhara Regional State. Among others, the watershed 
development projects conducted in six watersheds located in 
South Gondar, East Gojjam, South Wollo, North Wollo and 
North Shewa Zones aimed at improving the biophysical and 
socio-economic conditions of the area. This study aimed to 
evaluate the watershed plans of the project and the technology 
adoption level of farmers. In addition to the biophysical 
parameters, a total sample of 40 households from each watershed 
was selected randomly. Generally, a total of 240 (40x6) sample 
households were considered. The data management and analysis 
was done using SPSS and Microsoft excel sheet. Accordingly, 
Sustainable Water Harvesting and Institutional Strengthening in 
Amhara(SWHISA) project tried to intervene implemented and 
resulted in significant changes in many of the farmers’ problems. 
Among those plans, which resulted in significant changes, soil 
and water conservation works are the most effective watershed 
plan in all the study sites. On the other hand, most of the 
technologies introduced were highly and moderately adopted by 
farmers. Regarding sustainability, about 80 % of the sample 
respondents have explained their willingness to continue 
practicing SWHISA project interventions even in the absence of 
the project. From this study, it is possible to conclude that 
SWHISA project’s plan was more or less implemented and 
adopted. However; the study team also recommends the 
Identification of potential farming households for capital-
intensive technologies, strengthen monitoring and evaluation 
system, avoid partiality in capacity building management, and 
reduce dependency syndrome and Stepwise introduction of 
technologies. 
 

 
Index Terms- Soil and Water Conservation, Sustainability 
Technology Adoption, Watershed Development plan Evaluation 

I. INTRODUCTION 

and degradation is one of the major causes of low and, in 
many places, declining agricultural productivity and 

continuing food insecurity in most parts of Ethiopia. Achieving 
sustainable pathways out of the downward spiral of land 
degradation and poverty requires that farmers adopt profitable 
and sustainable land management practices, or pursue alternative 
livelihood strategies that are less demanding for land resource. 
Although there has been a great deal of efforts to address land 
degradation problems in Ethiopia, reversing the downward spiral 
was difficult in much of the worst affected areas of the country. 
Partly, the reason for this has been the promotion of practices and 
technologies that were not well suited to the conditions facing 
farmers in their particular location, and hence are not profitable 
or are excessively risky.  
 
A watershed is a topographically delineated area that is drained 
by a stream system or commonly defined as an area in which all 
water drains to a common point. It is a hydrologic unit that has 
been described and used both as a bio-physical unit and as a 
socio-economic and socio-political unit for planning and 
implementing resource management activities. Effective use of 
land and water is fundamental to growth and sustainable 
development. The concept of watershed management has 
evolved to ensure effective use of both natural and social 
capitals. Thus, the watershed development programmes include 
land, water and human resources as essential components. The 
watershed programme is primarily a land based programme, 
which is increasingly being focused on water, with its main 
objective being to enhance agricultural productivity through 
increased in situ moisture conservation and protective irrigation 
for socio-economic development of rural people (Joshi et al., 
2004, 2006).  
 

L



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      605 
ISSN 2250-3153  

 

www.ijsrp.org 

 

A large portion of the rain-fed areas in Ethiopia is characterized 
by low productivity, high risk and uncertainty, low level of 
technological change and vulnerability to degradation of natural 
resources (Joshi et al, 2004). Over the years, the sustainable use 
of land and water has received wider attention among policy 
makers, administrators, scientists and researchers. Governmental, 
Nongovernmental and Bilateral developmental projects like 
SWHISA, GIZ, etc. have emphasized sustainable use of water 
and other natural resources.  In this study, attempt has been made 
to investigate the impacts of development interventions made by 
SWHISA in six model watersheds on various bio-physical 
conditions of the watersheds and socio-economic situations of 
the community. The watershed approach is a system-based 
approach that facilitates the holistic development of agriculture, 
forestry and allied activities in the proposed watersheds. It also 
forms an appropriate unit for analyzing the development-linked 
resource problems, designing the appropriate solutions of 
identified problems and eventually testing the efficacy of the 
measures taken up.  
 
Watershed Development Programmes (WDPs) have been 
initiated in Ethiopia to improve and sustain productivity and the 
production potential regions of the country through the adoption 
of appropriate production and conservation techniques. The 
WDP approach seeks to improve and develop all types of lands 
which found within a particular watershed. Development 
programs, envisaged under its preview include almost every 
activity which concerns land, water and biomass production. 
Experiences have shown that watershed as a base is very 
effective in use and management of land and water resources. 
With increasing awareness about the problems related to 
environment, of the  watershed approach  is becoming popular 
and moreover in view of their potential for growth, improvement 
in income levels and augmenting the natural resource base of the 
country (Singh, 1991).  
 
Watershed management simply means improving the biophysical 
and socio-economic situation of  a watershed or a catchment 
area, for instance, by building contour bunds, water harvesting 
structures (check-dams), field bunds (raised edges), supplying 
drinking water, building health care facilities, etc. Biophysical 
interventions facilitate higher land productivity through 
improved moisture and water availability for agriculture. 
Watersheds transcend households, communities and even 
villages, and so their sustainable development is critically linked 
with both inter household and inter village cooperation.  
 
The Ethiopian government has for a long time recognized the 
serious implications of continuing soil erosion to mitigate 
environmental degradation and as a result large national 
programs were implemented in the 1970s and 1980s. However, 
the efforts of these initiatives were seen to be inadequate in 
managing the rapid rate of demographic growth within the 
country, widespread and increasing land degradation, and high 
risks of low rainfall and drought. Since 1980, the government has 
supported rural land rehabilitation, these aimed to implement 
natural resource conservation and development programs in 
Ethiopia through watershed development (MOARD, 2005).  
 

In Amhara region, watershed management was merely 
considered as a practice of soil and water conservation. The 
success stories of early watershed projects were marked as the 
basis of major watershed initiatives. But only technological 
approaches were adopted from those early successful projects 
and the lessons related to institutional arrangements were 
neglected. The newly implemented projects neither involved nor 
took effort to organize people to solve the problem collectively. 
Where village level participation was attempted, they typically 
involved one or two key persons like village leaders. These 
projects failed due to their centralized structure, rigid technology 
and lack of attention to institutional arrangements. 
 
SWHISA Project has been implementing several interventions in 
the Amhara Regional State. Among others, the watershed 
development projects conducted in six watersheds located in 
South Gondar, East Gojjam, South Wollo, North Wollo and 
North Shewa Zones aimed at improving the biophysical and 
socio-economic conditions of the area. 
 
Watershed management component is among the major 
interventions of the technical and financial support SWHISA is 
rendering to the agricultural sector aiming at contributing to 
improve the livelihood of the people of Amhara National 
Regional State. One model watershed development site has been 
selected in each of the six SWHISA project districts with area 
coverage ranging from 250 ha to 540 ha.  
 
 

Based on the nature of the problems identified in each watershed 
and the analysis made, appropriate recommendations have been 
given to solve the problems. The major natural resources and 
social problems which were identified by SWHISA project were: 
high population, deforestation, soil erosion, shortage of 
agricultural land, low productivity of the land, food and feed 
shortages, etc. The types of interventions identified to solve the 
problems were soil conservation by physical and biological 
measures such as water percolation structures, hillside terracing, 
soil  bunds, check dams, cut off drain and water ways, area 
closure, tree and fodder plantation, compost preparation and 
introduction of high quality forage species, etc. On top of these, 
establishment of community based monitoring and follow up 
system and managing information (related to watershed 
management) by the community itself are also major focus area 
of the intervention.  

The common plan of the project for all watersheds was focusing 
on the improvement of the natural resource base of the 
watershed for higher and sustainable productivity of the 
agricultural, grazing, and forest lands and improving income of 
the watershed households though the implementation of the later 
has delayed. This would be achieved through the introduction of 
activities such as improved variety of crops, natural fertilization 
(compost preparation), small scale irrigation, soil and water 
conservation, forestry production, pasture quality and quantity 
improvement and production, and introduction of cross-bred 
animals, etc.  In addition to this, water resource development for 
clean water supply, and tree seedling production were also 
included. On the other hand, capacity building was taken as a 
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plan through experience sharing, demonstration and continuous 
training for farmers, kebele administrators, district development 
agents and other government bodies.   

 
The project’s specific and general objectives were stated as 
follows: The main objective of the project on the model 
watersheds management was to sustainable use of natural 
resources (soil, water, flora and fauna) and maintain the fertility 
of land through the implementation of integrated watershed 
management approaches.  The specific objectives were: 

� To increase the productivity of land through 
rehabilitating the degraded land and improving the water 
potential of the area. 

� Enhance the capacity of farmers, DAs, and district 
experts and related institutions in the proper planning and 
management of watersheds. 

� To bring about attitudinal change on integrated 
watershed management through full participation of the 
community and create sense of ownership of farmers on 
watershed development by empowering the community 
in their resources. 

� To establish sustainable model watershed development 
for the area. 

� To bring up the introduction of better land management, 
agronomic practices and introduction of high value crop, 
etc to ensure a higher income level of the beneficiaries 
within the model watershed per unit land area. Inclusion 
of value added activities are considered crucial in 
SWHISA watershed management plan since it is 
believed that the most efficient method to ensure 
sustainability of watershed development activities will be 
through increase in income from unit land area and 
additions of income generating activities in the watershed 
management plan’. 
 

The objectives of this assessment were to: 
� Evaluate the appropriateness of the project’s 

strategies, approaches and objectives in terms of 

development efficiency, impact and sustainability 

with special reference to improving institutional 

capacity of community groups including women, 

partner organizations, in planning, implementing, 

managing and monitoring development activities 
� Evaluatetechnology adoption level of farmers  

 

II. MATERIALS AND METHODS  

Study area  
The six model watersheds are found in six different districts 
namely, Minara (East Belesa), Karitawuha (West Belesa), 
Maywuha (Goncha),  Kuri (Menzmama),  Dolequi (Woreilu) and 
Wurba (Delanta) districts in Amhara National Regional State 
(Figure 1). Each watershed from each districts are selected by 
SWHISA experts in close consultation with partner institutions. 

All watersheds are entirely rain fed; where in Menz Mama, 
WoreIlu and Delanta have a bimodal rainfall and produce twice 
in a given year (belg and Meher) while in Goncha, West Belesa 
and East Belesa, it is a uni-modal rainfall and produce once in a 
year which are experiencing moisture stress and recurrent 
drought (Table 1). The model watersheds have many things in 
common and also differences by a number of biophysical 
characteristics. The common landform nature of all the 
watersheds are classified into four major features including flat 
plain, rolling foot slopes, hills/hill sides and mountain. 
 

As the runoff from the mountains and adjacent foot slopes pass 
through those landscapes unit, large gullies reaching a depth of 
3m and a width of over 5m were formed at several locations.  
 

Regarding the socio economic description, the total population in 
all watersheds was 6290, of which 3188 were male and 3102 
female. The livelihood of farmers in all watersheds depends on 
mixed farming system. Crop production and livestock are very 
important source of income for the watershed communities. Land 
degradation, as a result of high pressure of farmers and cattle 
population, soil erosion, poor agronomic practices and 
inappropriate application of organic fertilizers lead to low 
productivity of crops and animals. Especially, Karita, Maywuha, 
Minara and Kuri watersheds are severely degraded and yield is 
becoming less and less year after year. Surface runoff from hills 
and undulating areas, where land degradation is pronounced, has 
significantly increased due to clearing of natural vegetations and 
removal of other physical obstacles. Such high surface runoff has 
caused erosion of cultivated as well as grazing lands in the lower 
catchment. These areas were used to be forest land for many 
years back and their conversion to grazing and cultivated land 
not only causes loss of fertile topsoil, but also negatively affects 
the availability of other resources such as potentially available 
water resources used for livestock and irrigation purposes. 
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Figure 20: Study areas of the model watersheds 

 
 

Table 14: Agro-climatic characteristics of the watersheds 

Source: District Agricultural Offices, 2011 

 

III. METHODS 
Research methodology including detailed impact assessment 
tools and survey instruments were conducted in six micro 
watersheds located in six project districts namely; East 
Belessa, West Belessa, Delanta, Menz Mama, Goncha and 
Woreillu. Baseline and watershed development plan 
documents were used as a bench mark for the assessment Sets 

of indicators comprising both conventional signs of 
productivity and those relating to less tangible factors such as 
‘ability to accept initial slow progress were used as plan 
evaluation criteria in addition to project target indicators.  The 
indicators were: 

• Replication to non-project sites,  
• Changes in the self-dependence of local groups and 

communities,  

Watershed 
AltitudinalRange 

(m.a.s.l.) 

Average Min. 

Temp (0C) 

Average Max. 

Temp (0C) 

Rainfall range 

 (mm) 

Traditional Agro-ecological 

classifications 

Minara 1700-1900 17 32 780-850 dry woenadega 

Karita 1700-1900 16 30 800 – 880 

 

dry woenadega (dry mid-alltitude) 

Maywuha 2600- 2700 12 22 1200-1500 Woinadega to Dega (humid highland) 

Kuri 3160 - 3260 5.51 19.61 861-1000 Dega to Wurch 

Dolequi 2750-2930 15.5 22.5 766 -1250 Dega 

Wurba 3000-3545 4.5 16.53 880-1200 Dega to Wurch 
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• Changes in gender relations,  
• Overall projects plans and technologies acceptance  
• Sustainability  

 
A total sample of 40 households from each watershed was 
selected randomly. Generally, a total of 240 (40x6) sample 
households were considered. We selected 40 households for 
better comparison using statistical tests and to minimize the 
sampling error. By including questions that could describe the 
past and the present situation in the questionnaire and data 
sheets (Table 2), the study team could assess the “before and 
after” cases simultaneously to capture the changes due to the 
advent of watershed development projects in order to 
understand the impact of the program. The total sample 
household number is nearly quarter of the total number of 
households in the watershed. 
 
Table 2: Category and level of evaluation/assessment  

Impact level Impact description 

Implementation of 
Intervention plan  

Comparison of SWHISA’s plan before 
intervention and actual implementation 
in the project period  

Farmers’ Adoption 
level  

Utilization of technologies 
disseminated by the project  

Farmers’ Evaluation 
of interventions 

The acceptability of technologies 
disseminated by the project  

Experts Evaluation 
of interventions   

The change of the model watersheds 
farmers response to the level of 
acceptance  and sustainability 

 
The primary data collected using a structured questionnaire 
has been analyzed using SPSS computer software. The data 
collected from secondary data and using a reconnaissance 
survey has been narrated and supplement the quantitative 
analysis.  The analytical statistical methods were descriptive 
statistics and statistical tests like t-test, chi-square and 
ANOVA. Moreover, institutional and stakeholder analyses 
related to the intervention evaluation, sustainability 
assessment and possible replication of project approach were 
made to draw policy and institutional recommendations. 

IV. RESULTS AND DISCUSSIONS 

SWHISA project tried to intervene and resulted in significant 
changes in many of the farmers’ problems. To mention some,  

 

soil and water conservation works, such as area closure 
formation, nursery development, tree plantation, gully 
treatment, compost making, water harvesting, capacity 
building, experience sharing, farming tools supply, gender 
equality and awareness creation are among the major areas of 
interventions. Forage development, Irrigation developments 
and production of forage and horticultural crops showed some 
improvements. The overall intervention strategies which were 
tried to be implemented showed significant changes in the 
biophysical as well as socio economic status of the people in 
all watersheds as stated in Table 3. 

Moreover, based on the discussion made with watershed 
committees, the WDP was so participatory, comprehensive, and 
attainable. Almost all of the plans were successfully implanted. 
Those plans were developed after identification of the problems 
of farmers by the mobilization of the SWHISA project. 
 
The level of adoption of various soil and moisture 
conservation measures and their follow-up activities by 
farmers can also be considered as a combined effect of 
awareness, involvement in the program and contribution. The 
result indicates that there is a wide variation in the level of 
adoption. All of the project interventions were not 
immediately accepted by the local population. Some of the 
intervention areas were easily adopted and others were 
adopted after a continuous training and experience sharing 
programs of the project.  The level of adoption in all the 
watersheds is summarized in Table 4.   
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Table 3: Evaluation of the project Intervention plan in the WDP 

Intervention plan Minara 
(E/Belesa) 

Karita 
(W/Belesa 

Maywuha 
(Gonchasiso) 

Kuri 
(Menze 

Doleqie 
(Woreillu) 

Wurba 
(Dalanta 

- SWC ���� ���� ���� ���� ���� ���� 
- Nursery establishment & forestry development ���� ���� ���� ���� ���� ���� 
- Livestock improvement, and forage development ���� ���� ���� ���� ���� ���� 

- Agronomic development for improved crop 
production 

���� ���� ���� ���� ���� ���� 

- Horticultural crop production  ���� ���� ���� ���� ���� ���� 
- Preparation & production of energy saving stoves 

including solar energy and Biogas technology 
      

- Horticultural crop production  ���� ���� ���� ���� ���� ���� 
- Water harvesting & small-scale irrigation dev’t ���� ���� ���� ���� ���� ���� 
- Compost & other natural fertilizers preparation ���� ���� ���� ���� ���� ���� 
-  Project leadership & management with watershed 

committee establishment  
���� ���� ���� ���� ���� ���� 

- Family planning & hygiene improvement         
- Off-farm activities for generating additional 

incomes  
���� ���� ���� ���� ���� ���� 

- Home management and health care. ���� ���� ���� ���� ���� ���� 
- Apiculture and poultry development  ���� ���� ���� ���� ���� ���� 
- Infrastructure development     ����   
- Credit Service        
- Capacity building ���� ���� ���� ���� ���� ���� 
- Provision of quality farming hand tools ���� ���� ���� ���� ���� ���� 

 
Accordingly, all SWC interventions had high level of adoption 
except nursery development. Number of respondent’s 
participation and their evaluation on SWC works such as gully 
treatment, tree plantation, terrace and bundle construction and 
area closure adoption rate were found to be high. For nursery 
development management, 66% of respondents participated in 
SWC works and 60% of the participants had evaluated the 
SWC works as good and the level of adoption was medium. 
 
 

Soil fertility management intervention had generally low to 
medium adoption except compost application (88% of 
respondents were involved in it and 80% of participants had 
evaluated it as good. Even though, the number of respondents 
who practiced green manuring reached 109 out of 240 and 
medium level adoption category accommodate 100-200 
participants out of 240, the assessment team had observed that 
green manuring technology was not adopted very well and had 
low level of adoption. Relatively, green manuring had been 
better practiced in East Belesa. Respondent assessment result 
showed as 29 out of 40 participants had been involved in the 
work and 22 out of 40 had evaluated it as good.. In East 
Gojjam, Maywuha watershed, the adoption level was low only 
9 participants out of 40 evaluated it as good. The reason is that 
the natural soil fertility condition is better and the awareness 
level of the people in the improvement of the soil condition 
was limited.  
 
In the area of water harvesting and utilization activities, 
drinking water construction, irrigation utilization and rain  

 
water harvesting were the main activities of intervention 
SWHISA project has brought in to the model watersheds. 
Generally, water harvesting and utilization interventions had 
low level of adoption (Table 4). Specially, rain water 
harvesting and irrigation utilization interventions had low 
level of adoption in Maywuha and Doleqi watersheds, only 2 
to 5 participants from the sample households were involved.  
 
On the other hand, under the crop production intervention, 
improved seed utilization, horticulture production, 
herbicide/pesticide utilization and post harvest technology 
dissemination have been among the activities to boost crop 
production development intervention areas. The overall level 
of adoption of the crop production technologies(which are 
cultural based and conventional agricultural production 
system)  in the target areas was low except utilization of 
improved seeds. The utilization of improved seed was 
moderately adopted in all intervention areas (110 out of 240 
participated in this intervention and 93 out of 110  had 
evaluated the technology as good technology). 
 
In the area of animal production intervention, production of 
fodder trees, offering training and experience sharing tours 
were the common activities for the development of animal 
productivity. Even though, different interventions of 
increasing agricultural production and productivity have been 
also practiced by government since many years ago, SWHISA 
also introduced the above specific interventions that have 
synergic results on increasing cattle fattening, small ruminant 
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production, apiculture and livestock feed development. 
Assessment findings indicated that animal production 
packages had medium level of adoption except apiculture.  
Apiculture intervention through the provision of training and 
facilitation of experience sharing tools, were not adopted very 

well (38 out of 240 participants and 32 out of 38 supported 
this idea). The low level of adoption was because of low 
number of participants, otherwise nearly, 96 % of the 
participants who were involved in apiculture, liked the 
technology and had good evaluation of the intervention. 

Table 4. Households’ participation in SWISHA Intervention 

Description of 
interventions 

Participants & 
evaluation Minara Karita Maywuha Kuri Doleqie Wurba Total 

Adoption 
Level ** 

� SWC works Households Evaluated  40 40 40 40 40 40 240 High  
- Area closure Households Evaluated  39 38 29 40 39 38 239 

 Evaluation(Good) 39 38 29 40 39 38 223  
- Gully treatment Households Evaluated  36 40 32 40 39 33 220 High 

 Evaluation(Good) 27 34 31 40 37 32 201  
- Terrace, Trench & 

bundle construction 
Households Evaluated  

39 39 36 40 37 38 
 

229 
 
High 

 Evaluation(Good) 30 34 35 40 36 39 214  
- Nursery dev’t&mgt Households Evaluated  23 23 29 36 18 29 158 Medium 

 Evaluation(Good) 19 17 29 35 17 29 146  
- Tree plantation Households Evaluated  25 29 36 40 37 36 203 High 

 Evaluation(Good) 25 29 36 40 37 36 203  
� Soil fertility mgt 

activities 
Households Evaluated  40 40 40 40 40 40 240  

- Compost application Households Evaluated  32 38 37 31 36 36 210 High 
 Evaluation(Good) 24 33 36 31 34 36 194  

- Manure application Households Evaluated  35 25 34 24 31 23 172 Medium 
 Evaluation(Good) 27 25 33 24 30 23 162  

- Green manuring Households Evaluated  29 13 9 16 19 23 109 Low* 
 Evaluation(Good) 22 13 9 16 19 23 102  
- Agronomic practices Households Evaluated  30 35 29 33 34 32 193 Medium 

 Evaluation(Good) 22 30 29 34 32 31 178  
� Water harvesting and 

utilization 
Households Evaluated  40 31 37 39 40 40 227  

Drinking water 
construction  

Households Evaluated  36 22 12 18 10 16 114 Low 

 Evaluation(Good) 28 20 12 17 8 16 101  
- Irrigation utilization Households Evaluated  4 7 19 2 6 19 57 Low 

 Evaluation(Good) 4 7 19 2 6 19 57  
- Rain water harvesting Households Evaluated  7 9 1 22 1 10 50 Low 

 Evaluation(Good) 3 9 2 19 1 10 44  
� Crop production Households Evaluated  40 40 40 39 40 40 239  
- Improved seed 

utilization 
Evaluation(Good) 25 28 21 19 7 10 110 M* 

 Households Evaluated  15 27 19 18 5 9 93  
- Horticulture production Evaluation(Good) 15 15 14 8 6 23 81 Low 

 Households Evaluated  8 14 12 8 6 21 69  
- Pesticide /herbicide 

utilization 
Evaluation(Good) 18 23 26 13 2 4 86 Low 

 Households Evaluated  13 23 23 12 2 4 77  
- Post harvest 

technology 
Households Evaluated  22 15 14 7 8 13 79 Low  

 Evaluation(Good) 13 15 10 7 6 12 63  
� Animal production  Households Evaluated  40 37 40 39 40 39 235  
- Cattle fattening Evaluation(Good) 10 6 17 20 8 16 77 Medium * 

 Evaluation(Good) 8 6 16 19 8 16 73  
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Description of 
interventions 

Participants & 
evaluation Minara Karita Maywuha Kuri Doleqie Wurba Total 

Adoption 
Level ** 

- Small ruminant (Sheep 
and goat) 

Households Evaluated  14 7 13 13 10 27 84 M* 

 Evaluation(Good) 10 7 11 14 9 27 78  
- Apiculture 

(Local/Improved) 
Households Evaluated  4 3 9 8 6 8 38 Low  

 Evaluation(Good) 2 3 9 6 4 8 32  
- Feed development Households Evaluated  22 10 13 13 15 27 100 M* 
 Evaluation(Good) 18 9 11 13 13 27 91  

Remark * Adoption level modified by physical evaluation  
** Based on the physical evaluations and number of participants (High >200; Medium 100 - 200, Low < 100). 
 

On the other hand, the sustainability issues of the watershed 
plans and technologies are stated as follows. About 80 % of 
the sample respondents have explained their willingness to 
continue practicing SWHISA project interventions even in the 
absence of the project. It was high in Minera (92.5 %) and 
very low in Maywuha (59 %) (Figure 2). The best performing 
and managed closed area of Minera and Wurba has also 
revealed this reality. The main reason for lower willingness to 
continue for Maywuha model watershed was the complain of 
the households in the watershed to have food aid by 
comparing the neighbouring WFP (World Food Program) 
watershed supported by food aid and the dissatisfaction on the 
selection of households for experience sharing from the 
watershed  during this assessment. 
 

Figure 2: Percentage of households on willingness for 
interventions implementation in the future. 

The general willingness was not consistent for each specific 
intervention during this assessment. Based on the qualitative 
evaluation of the sample households respond in individual and 
group discussions it was possible to  classify the different 
interventions in to three levels based on their potential to be 
practiced even without support of SWHISA (High, Medium 
and Low) (Table 5). 
 
 

 

Table 5. Future prospect of specific intervention to be 
practiced in the future 

Intervention options  Level of 
continuity Remark 

- SWC works   
- Area closure Low Free grazing  
- Gully treatment Medium  
- Terrace & bundle 

construction 
Medium  

- Nursery dev’t&mgt Medium  
- Tree plantation High  

� Soil fertility mgt 
activities 

  

- Compost application High  
- Manure application High  
- Green manuring Low Less availability 
- Agronomic practices Medium  

� Water harvesting and 
utilization 

  

- Drinking water 
construction  

Low  

- Irrigation utilization High  

- Rain water 
harvesting 

Low High cost of 
construction 

� Crop production   

- Improved seed 
utilization 

Medium Cost of seed 

- Horticulture 
production 

Medium  

- Pesticide /herbicide 
utilization 

Medium  

� Animal production    
- Cattle fattening Medium   
- Small ruminant 

(Sheep and goat) 
Medium  

- Apiculture 
(Local/Improved) 

Medium  

- Feed development Low  
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V. CONCLUSION 
From the results of the assessment study it is possible to make 
the following conclusions. The Watershed Committees had 
been actively involved in the implementation of watershed 
programmes in all the watersheds. It was realized that 
participation of local community members are key to the 
success of the watershed projects’ plan. Participation also 
enhances community empowerment. The participation of 
beneficiaries in planning and execution of the watershed was 
seen in rural households. The study team has tried to weight 
the achievement of SWHISA project objectives as indicated in 
the table 6. The project tried to intervene in most of the 
problems of farmers in all the model watersheds. 
 

Table 6:Evaluation of SWHISA project objectives 

achievement 

SWHISA Objectives Evaluation 
� To increase the productivity of land by 

rehabilitating the degraded land & improving 
the water potential. 

� 

� Enhance the capacity of farmers, DAs, & 
district experts & related institutions in the 
proper planning & mgt of WSs  

� 

� To establish sustainable model WS dev’t for 
the area. 

� 

� To bring up better land management, 
agronomic practices and introduction of high 
value crop 

� 

� To increase the productivity of land through 
rehabilitating the degraded land 

� 

� To increase the productivity of land by 
rehabilitating the degraded land & improving 
the water potential.  

� 

� To bring about attitudinal change on integrated 
watershed management through full 
participation of the community and create 
sense of ownership of farmers on watershed 
development by empowering the community in 
their resources  

� 

� To ensure a higher income level of the 
beneficiaries within the model watershed per 
unit land area. 

Partially 
Yes 

� Inclusion of value added activities were 
considered 

Partially 
Yes 

 

The adoption levels of those interventions were different. 
Some of the interventions were highly adopted, like SWC 
works and others took some time such as water harvesting and 
utilization. Crop and animal production were also medium to 
low adoption levels based on the respondents response. The 
study team recommends the following points :Identification of 
potential farming households for capital intensive 
technologies, strengthen monitoring and evaluation system, 
avoid partiality in capacity building management, reduce 
dependency syndrome, develop a guideline to evaluate the 
impacts on the hydrology, establish data base system, 

strengthen experience sharing, create market outlet and 
increase market success, complementarities with districts, 
stepwise introduction of technologies, set clear boundary of 
the watersheds and design staff retention system. 
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    Abstract- Indigenous tribes are forest dwellers and depend on 
the forest for their livelihood. Over decades with development 
the government has tried to nationally integrate these tribes. 
Development has also had negative socio-economic effect on the 
tribes. These tribes being the minority have been the victims of 
development.  Their socio-economic conditi\on has led to 
seasonally migrate for 4 to 8 months for alternative employment 
due to dissemination of forest (their livelihood). The Researchers 
has attempted to describe the social problem of seasonal migrant 
tribal children of Dangs district, Gujarat in detail. It describes the 
vulnerability of children of seasonal migrant and the social 
problems they face due to seasonal migration along with their 
families. 
The study reveals that the seasonal migrant workers and their 
children should not be treated merely as economic units but as 
human beings. They need to provide proper child care and 
educational facilities for the children and protect them from 
exploitation. 
 
    Index Terms- social problem, vulnerable children, migrating 
tribes, seasonal migration, Indian tribes 

 

I. INTRODUCTION 

“We migrate as a family… we camp near river or 

stream for water. We use that water for everything. A 

hut made of tarpaulin for shelter both for us and our 

children... The living condition and the environment are 

congested and bad...” 

- Voice of seasonal migrant, Dangs district, Gujarat 

An estimated 214 million persons worldwide – or 3.1 % of the 
world’s population - are international migrants. About a third of 
the migrant flow from all developing countries is in the age range 
of 12 to 24 (World Bank: World Development Report 2007) 
Globally, most child migrants move with their families. While 
migration serves as a common economic coping or survival 
strategy for households in many parts of the world, and can 
provide families and their children with new opportunities, it can 
also make them more vulnerable. Children of seasonal migrants 
often migrate with their parents, and they are particularly 
vulnerable to child labour. 
There are still many categories of children in India for whom 
adequate and appropriate strategies are not in place for their 
effective education. One such substantive category is children of 
seasonal migrants. Distress seasonal migration is a growing 

phenomenon in almost all arid parts of India. Drought and lack of 
work in villages forces entire families to migrate for several 
months every year in search of work merely to survive. Children 
accompany their parents, and as a result drop-out rates go up. 
Migrants comprise the most vulnerable sections of society, and 
especially those that also belong to Scheduled Caste and 
Scheduled Tribe groups. 
The deprivation of tribal households is a result of a complex 
interaction of forces of change. Each development initiative in 
these areas – whether it is cropping pattern change, 
mechanization of agriculture, etc… it has had an impact on the 
society and the local economy (Poverty of Ideas, 2004).  
The researchers look to understand the problems faced by the 
children of seasonal migrant tribes. It looks at the education 
facilities for the children of these migrants, the health conditions 
and the environment in which these migrant children – (who go 
along with their parents). 

II. RESEARCH METHODOLOGY 

A. Study Design 

This is a descriptive study on seasonal migrant tribals. The 
Researchers has attempted to describe the social problems faced 
by children of seasonal migrant tribal of Dangs district, Gujarat 
in detail. It describes the reason for migrating and the 
exploitation the children of the tribal face as they migrate to 
sugar cane plantations for harvesting. Further, the social, 
economic and living condition at the place of migration is also 
described. 

B. Population 

The families of the seasonal migrant tribal comprises the 
population size for the purpose of the study. 

C. Unit of Analysis 

The children of tribal who seasonally migrate in Dangs district, 
Gujarat comprises the unit of analysis for the study. 

D. Sample procedure and Size 

Purposive sampling was adopted. The primary consideration for 
purposive sampling is that, the Researchers only go to those 
people who are likely to have required information and were 
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willing to share it. The size of the sample is 50 seasonal migrant 
families.  

E. Analysis Design 

The Researchers used descriptive narration to analyse the data. 
Diagrammatic presentations are also used. 

F. Methods of Data Collection 

Primary and secondary data were gathered. The main tool used to 
collect the primary data was Interview guide. The interview 
guide enabled the respondents to share the life condition and 
experiences and was not strictly restricted to the questions. The 
data collected was qualitative data. The Researchers spent time 
with the migrants and their children for a couple of weeks to 
understand the problem in detail. 

III. MAJOR FINDING 

a.     Seasonal Migrants of Dangs 

Seasonal family migration is widespread, but is not well 
understood or documented. Any attempt to grasp the reality of 
this phenomenon leads to a complicated set of inter-related 
issues, making it impossible to focus on children alone. This 
occurs due to the lack of livelihood options after the harvest of 
the monsoon crop (kharif) in most rain fed parts of the country, 
which gives rise to indebtedness and food insecurity. This forces 
the entire family to leave home in search of work in order to 
survive. Persistent drought and environmental degradation have 
led to the escalation of this trend. Children, who have no choice 
but to accompany their parents, drop out of schools and are 
forced into hard labour. Among them a few voiced that they 
migrated for food, family care and to support their children. 

b. Women & Children 

The seasonal migrant women and children are also forced to take 
up physically arduous and exploitative work. Children get drawn 
into labour from the early age of 6 to 7 years old, and are usually 
full-fledged labourers by the age of 11 or 12. Women and girls 
must additionally cope with home responsibilities as well as the 
psychological insecurity of living in unprotected environments.  

Children from all ages are drawn into the labour process by 
contractors and employers and by parents. The children are not 
officially ‘employed’ and  the employers do not acknowledge 
their presence at work sites, but the employers benefit from this 
free labour, which is significant but is subsumed under the 
category of ‘family labour’. (i.e. In the sugar-cane plantation, the 
waste or leftover shoots of sugarcane in the field are sold by 
women and their children. By selling these shoots they buy 
vegetables and thus cook their food).  
Migrant children face a life of hardship and insecurity from their 
infancy. Many of these migrant children are born at work sites to 
overworked, undernourished mothers, in dingy, unhygienic 
dwellings with no medical assistance. Mothers are forced back 
into work soon after childbirth, and have little opportunity to rest 

or care for their infants. Babies are often left by themselves or in 
the care of an older sibling. A distressing lack of nutrition, clean 
water, mother’s care, hygiene, medical assistance, basic comfort 
and security characterize the lives of children at work sites. 
Babies and toddlers frequently use their parents’ work 
implements as playthings. Crawling close to furnaces, cutting 
themselves on sickles, and getting bitten by insects are everyday 
occurrences for these children. They receive no immunization, 
and their illnesses remain untreated. As they grow older, children 
are subjected to hazardous travel between villages and work sites 
each year. At work sites they are rapidly ‘apprenticed’ to conduct 
adult tasks. Children with physical and mental disabilities are 
also often brought along by parents due to a lack of support in 
their home villages, and they are often simply left by themselves 
at the settlements all day while their parents work (Smita 2006). 
In almost every sector, sets of tasks are specifically delineated 
for children to perform. Additionally, girls must often manage 
household chores and mind younger siblings, in order to release 
their parents for paid work. Many parents make their older 
daughters accompany them simply for this purpose. 

c. Education:  

Living and working conditions of migrant labour at work sites 
are of a poor standard in every respect, including shelter, 
nutrition, health and security. Labour contractors provide cash 
advances to poor families in villages during the lean post-
monsoon months, in return for which families pledge their labour 
for the coming season. Migrations begin around October–
November with migrant families spending the next six to eight 
months at the work sites, and then returning to their villages 
before the next monsoon. Once the rains are over, they again 
prepare to leave their villages. This seasonal migration cycle 
overlaps with six to seven months of the school calendar, which 
means that children who are enrolled can go to school only from 
June until November, after which point they usually drop out 
(Smita, 2006). 

Small children who migrate with the parents are left in the tents 
on their own or play around the fields where the parents work. 
Sometimes young children drop out of school and migrate along 
with the parents to take care of the little ones. Young boys over 
the age of 12 or 13 drop out of school and migrate with their 
parents to have fun and roam around in place of migration and 
take up small jobs like collecting shoots and selling them and do 
the work same as the elders. But the majority of the parents leave 
their children in their village to attend school and then migrate. 

d. Health 

During migration the common illness faced are diarrhoea, viral 
infections, stomach-aches, flu and back-aches. The sugarcane 
contractors provide a private health clinic where the migrants 
could avail medical facilities. The migrants need to travel 1-10 
kms to avail an urban hospital for their illness. Deaths also occur 
in the sugarcane plantations because of snake-bites and other 
accidents. No nutritious diet was available and so many children 
were mal-nourished.  Therefore the children and adults were 
prone to illness. 
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The children were the most vulnerable in this situation. The 
living conditions are very bad with no proper drainage and 
cramped. The land is terrain and uncomfortable to construct 
tents. Therefore there is a need for improved living condition and 
proper health facility for the migrants. 

IV. Conclusion 

    The basic clauses of all legal acts related to labour and child 
rights are flouted, raising exploitation levels to the extreme. 
There are, for example, no mechanisms to address grievances. 
Employers try to maximize their profits by keeping producers at 
barely survival level. These vulnerable seasonal migrant do not 
have a voice. 

There are a few NGOs and individuals lobbying and advocating 
to offer decent working conditions and comprehensive social 
protection measures which are vital to guarantee a standard of 
rights which is common to all workers, including seasonal 
workers and their children. 

Government need to generate work, where these migrant tribes 
are not exploited and provide schemes to improve their 
agriculture in their respective village, so that they don’t migrate. 
They need to provide childcare and educational facilities for the 
children who migrate along, so that they can cope with mingle 
with the main stream. 
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    Abstract- Attempt is made to simulate the factory layout using the software ARENA (student’s version). Utilization of each 
machine is calculated. The efficiency of production depends on how well the various machines; production facilities and employee’s 
amenities are located in a plant.  Only the properly laid out plant can ensure the smooth and rapid movement of material, from the raw 
material stage to the end product stage.  
   
  Index Terms- arena, simulation, layout utilization, KEL 

I. INTRODUCTION 

he paper presents solving an industrial problem using software. Here we use the software ARENA (student version) for the 
simulation purpose. A simulation study was under taken to find out the efficiencies of the machines in the industry. The main aim 

is to find out most efficient arrangement of machines in the machine shop. By the simulation we can see the individual movements 
from one machine to other. This paper tries to illustrate how the plant lay out problem can be solved using simulation technique. It 
also helps to think how the efficiency can be improved. 
           Extensive interviews and discussions are conducted withe engineers and top management of industry to get the clear idea of lay 
out of plant. A step wise analysis procedure is followed to reduce the complexity  
             

II. LAYOUT OF INDUSTRY AND DATA COLLECTION 

   This study is based on the analysis of existing layout. The existing layout is analyzed. The arrangement of machines is 
simulated using the software and efficiency of each machine is analyzed. Plant layout design is one of the basis of plants 
work efficiency. For the analysis using ARENA machining time of each machines are calculated and also the inter arrival 
time is also noted using these data the material flow is simulated and machines with largest queue is found and also 
efficiencies of different machines are found out. The software ARENA is used for plant layout modeling. Different 
process are represented by rectangular boxes, diamond boxes etc. The starting and ending are represented by pentagons. 
These processes are connected by lines which show the flow of the product.   

T

. 
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        In KEL we conducted a work flow study of 4.5Kw shafts. The arrangement of the machines is not according to the flow of work. 
The layout of the machine shop is shown below 

 

Figure 1: Layout of New Machine Shop 
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Figure2: Flow of 4.5 KW alternator shaft 

Data collection           
Table 1: Power hack saw 

                                     
CUTTING TIME INTERARRIVAL TIME 

20mints 54s 2mints 01s 

18mints 26s 1mints 57s 

21mints 02s 2mints 13s 

20mints 21s 2mints 

18mints 47s 2mints 02s 

19mints 54s 2mints 10s 

18mints 50s 1mints 55s 

20mints 47s 2mints 02s 

20mints 30s   

Avg    20mints10s 2mints.05s 
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Table 2: Milling 

                                             
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table .3: Lathe 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 
 

MILLING TIME INTER ARRIVAL TIME 

51 mints.25s 1 mints.56s 

50 mints.20s 1 mints.55s 

50 mints.45s 2 mints.02s 

51 mints.04s 1 mints.50s 

50 mints.29s 1 mints.48s 

50 mints.27s 1 mints.54s 

51 mints.43s 1 mints.55s 

50 mints.12s 1. mints 52s 

51 mints.02s   

Avg         50 mints.56s 1 mints.59s 

TURNING TIME INTER ARRIVAL TIME 

88. mints 56s 1 mints 56s 

89 mints.32s 1 mints 52s 

90 mints 54s 1 mints 54s 

89 mints 24s 1 mints.45s 

90 mints 44s 2 mints 01s 

90 mints 39s 1 mints 46s 

88 mints 57s 1 mints 49s 

89 mints 43s 1 mints 55s 

90 mints 34s  

     Avg          90 mints 04s 1 mints.57s 
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Table 4: Hydraulic press 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Balancing machine 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

STACKING & PRESSING 
TIME 

INTER ARRIVAL TIME 

28 mints.26s 2. mints 02s 

27. mints 53s 2 mints.14s 

28. mints 17s 2. mints 15s 

27. mints 58s 2. mints 10s 

28. mints 13s 2 mints.17s 

28 mints.25s 2 mints 09s 

28 mints.10s 2. mints 16s 

28 mints.21s 2 mints.12s 

28 mints.20s  

     Avg         28. mints 04 2 mints.11 

BALANCING TIME INTER ARRIVAL TIME 

38 mints.29s 2. mints 56s 

38. mints 56s 3. mints 01s 

37 mints.24s 2 mints.11s 

37 mints.35s 2 mints.45s 

37. mints 45s 2. mints 54s 

36 mints.58s 2. mints 22s 

37 mints.38s 2. mints 49s 

37 mints.54s 2. mints 37s 

37 mints.29s   

Avg          37. mints 52s                     2. mints 46s 
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          Using these data I simulated the current new machine shop layout of KEL Kundara in arena 10.0(student’s version). Arena is 
software used for visualizing the business. Here I simulated the shop lay out in arena student’s version and utilization of each 
machines are calculated   
 

III. RESULTS AND DISCUSSION 

The production efficiency depends on how well the various production facilities, employee’s amenities and, machines are located in a 
plant. Only the properly laid out plant can ensure the smooth and rapid movement of material, from the raw material stage to the end 
product stage. Plant layout study helps much in improvement in the existing layout. 
                                       The 4.5 kW shaft flow is simulated and the results are given below. 

  

 

Figure3: simulation results 

 

Figure4: simulation results (graphical) 
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Figure5: simulation results 

         The utilization of the different machines is given above. The results show that out of these machines lathe has highest 
utilization 26% which is very low. All other machines have very low utilization  

 

SUGGESTIONS 

        
The following suggestions have been made to improve the utilization of the machines  
 

8. There should be a change in the lay out to improve the utilization  
9. There should much more advanced material handling system 
10. Introduction of new machines may alleviate the problem  
11. Multi skilled employees should be introduced to the organization 
12. Introduction of CNC machines helps to improve plant lay out  
13. Improved lay out design would help the company to reduce production cost 

 

IV. CONCLUSION 

The production efficiency depends on how well the various machines; production facilities and amenities are located in a plant. There 
should be an optimum relationship among the output, floor area and manufacturing process. KEL came into the field of the Alternator 
production by 1970’s .The company is tuned with modern technology. Products are marketed through all India network marketing and 
after sales service offices are located in all metropolitan cities. The major customer of the company is Indian railways. 
                Being a public sector company KEL has its own limitations. But when we analyze the organization, through the efficiency 
of work and the brand name they have created among their customers as well as competitors their work was more than that of a private 
sector company. This is one of the factors that make the organization in the lime light in this world of competition. 
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Abstract- Rice blue beetle, Leptispa pygmaea is a pest of paddy 
which feed on paddy leaves by scraping the chlorophyll content. 
The rice blue beetle has been reported to be a pest of paddy 
attaining major pest status in many districts of North Kerala. No 
much work has been reported on this emerging pest. Here we 
report the partial DNA sequence of cytochrome oxidase subunit I 
(COI) of L. pygmaea (GenBank Accession No. KC427085) and 
its phylogenetic status. Phylogeneticaly the nearest relative of L. 

pygmaea are Colasposoma sp. Neolochmea dilatipenni, 

Chelymorpha alternans. 
 
Index Terms- : cytochrome oxidase subunit I, Leptispa pygmaea, 
phylogeny 

I. INTRODUCTION 

ice blue beetle, Leptispa pygmaea is a pest of paddy which 
feeds on the leaves by scraping the chlorophyll matter, 

resulting in folding and drying of the leaf [1]. Taxonomically L. 

pygmaea comes under the family Chrysomelidae, subfamily 
Cassidinae and the genus Leptispa. Burlow [2] reported its status 
as a pest of paddy. Later many researchers reported the 
infestation of L. pygmaea as minor pest of paddy [3-5]. Recently 
it has been reported that, L. pygmaea is a serious pest of paddy 
and attaining major pest status in Northern Districts (Palakkad, 
Kannur and Kasaragod) of Kerala, India [6- 7].  
Fletcher [8] has illustrated the adult and immature stages of L. 

pygmaea. Various studies has documented the duration of 
different life stage of L. pygmaea as follows, 3-7 days for egg, 6-
14 days for larval instars, 2-5 days for pupa and completed its 
life cycle within 12-24 days [9,10,6,11] . Pratabhan et al. [12] 
described the natural history and leaf shelter construction of L. 

pygmaea. They have reported that the leaf roll formed by the 
adult was incomplete and provide limited protection to its egg. 
But the leaf roll formed by the larvae is complete and provide 
good protection. Karthikeyan and Jacob [7] reported that, the 
eggs of L. pygmaea are oval in shape and its larval stage consists 
of five instars. The pupae are attached to the leaf by its posterior 
end.  The adults of L. pygmaea are metallic greenish yellow in 
colour and with longer antennae, narrow thorax and long body 
(Figure 1).  
Genetic data on L. pygmaea is not available in spite of its 
importance as a major pest of paddy. Here we report partial 
sequence of its mitochondrial cytochrome oxidase subunit I 
(COI) gene and its phylogenetic status. 
 

 
 

Figure 1: Leptispapygmaea, rice blue beetle adult 
 

II. MATERIALS AND METHODS 

The genomic DNA of L. pygmaea was isolated using GeNei 
Ultrapure Mammalian Genomic DNA Prep Kit (Bangalore 
GeNei, Bangalore) as per the Manufacturer’s instruction. 2 
nanogram of genomic DNA was amplified for COI gene using 
the forward primer with DNA sequence 5’-
ATTCAACCAATCATAAAGATATTGG-3’and reverse primer 
with DNA sequence 5’-CTCCACCAGCAGGATCAAAA-3’. 
The PCR reaction mixture consisted of 2 nanogram of genomic 
DNA (1 µl), 1 µl each forward and reverse primers at a 
concentration of 10 µM, 2 µl of dNTPs (2 mM), 2 µl 10X 
reaction buffer, 0.20 µl Taq polymerase (5 U/µl) and 12.8 µl 
H2O. The PCR profile consisted of an initial denaturation step of 
3 min at 950C, followed by 35 cycles of 10 sec at 950C, 10 sec at 
500C and 45 sec at 720C and ending with a final phase of 
720C for 3 min.  The PCR product was column purified using Mo 
Bio UltraClean PCR Clean-up Kit (Mo Bio Laboratories, Inc. 
California) as per the manufacturer’s instructions. The purified 
PCR product was sequenced from both ends using the forward 
and reverse primers used for the PCR using the Sanger’s 
sequencing method at SciGenom Laboratories Ltd., Cochin. The 
forward and reverse sequences obtained were trimmed off the 
primer sequences, assembled by using ClustalW and the 
consensus was taken for the analysis. The nucleotide sequence 
was searched for its similarity using BLAST programme of 
NCBI (www.ncbi.nlm.nih.gov).  MEGA5 software was used for 
the phylogeny analysis.  

R
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III. RESULTS 

The PCR of the COI gene fragment of L. pygmaea yielded a 
single product of 695 bp. The BLAST search using the sequence 
revealed that the sequence obtained in this study was novel 
(GenBank Accession No. KC427085).  The evolutionary 
divergence of L. pygmaea in Chrysomelidae family is given in 
table 1.  
 
Table 1: Evolutionary divergence between COI sequences of the 
species L. pygmaea and other species of family Chrysomelidae. 

 
S. 
No. 

Name of species with GenBank 
Accession No. 

% of 
divergence 

1. Neolochmea dilatipennis 
(AY242519) 14.06% 

2. Colasposoma sp. (AY242397) 14.33% 
3. Monolepta sp. (AY242414) 15.61% 
4. Chelymorpha alternans 

(AY563962) 15.81% 
5. Diorhabda sublineata 

(JQ782481) 16.67% 
6. Pyesia sp. (AY242501) 16.91% 
7. Paratriarius subimpressa 

(AY242461) 17.40% 
8. Ivalia sp.(DQ080038) 17.64% 
9. Aulacophora lewisii 

(AY796208) 18.26% 
10. Aulacophora lewisii 

(AY242434) 18.26% 
11. Cerotoma atrofasciata 

(AY533587) 18.36% 
12. Diabrotica viridula (FJ039875) 18.83% 
13. Masurius nr. violaceipennis 

(AY242500) 18.83% 
14. Kytorhinus thermopsis 

(HQ177507) 18.93% 
15. Amphelasma cavum 

(AY533590) 19.24% 
16. Tuberculobruchus albizziarum 

(AY625422) 19.37% 
17. Diabrotica undecimpunctata 

(AF278556) 19.50% 
18. Paranapiacaba significata 

(FJ039870) 19.59% 
19. Cerotoma arcuata (FJ039866) 19.74% 
20. Bruchus rufimanus (AY997313) 20.29% 
21. Stator limbatus (AY997329) 20.77% 
22. Mimosestes ulkei (AB499964) 20.80% 

 
The composition of nucleotides of L. pygmaea in each codone 
position was analyzed and compared with other species of 
Chrysomelidae family. The result indicated that the composition 
of each nucleotide in COI sequence of L. pygmaea showed 
similarity with other species of same family. But the use of 
nucleotides in each codone position showed difference in the 
COI sequence of L. pygmaea compared to the other species of 
same family. The average value of nucleotide ‘A’ used in the 

first position of codone is 27.80%, but in L. pygmaea it showed 
33.10%.   
 
The evolutionary history of L. pygmaea was inferred using the 
Neighbor-Joining method (Figure 2). Phylogeneticaly 
Colasposoma sp., Neolochmea dilatipenni and Chelymorpha 

alternans are the nearest relative of L. pygmaea.  
 

 
 
Figure 2: Phylogenetic status of Leptispa pygmaea in the family 
Chrysomelidae. The evolutionary history was inferred using the 
Neighbor-joining method using COI partial sequence. 
 

IV. DISCUSSION 

Variation in the nucleotide sequence is a fundamental property of 
all living organisms which can be used for their identification 
and phylogenetic status. DNA barcoding provide rapid and 
automatable species identification by short standardized DNA 
fragment as a species tag and its makes the Linnaean 
classification system more accessible [13].The COI sequence 
obtained in this study showed variation with other species of the 
same family. Pointing its use as a DNA barcode to identify the 
species. The COI sequence can also be used for evolutionary 
studies and host insect relation studies of L. pygmaea. Higher 
‘AT’ content observed in many insect species [14-16]. The L. 

pygmaea and other species of Chrysomelidae family also have 
higher AT content. 
Gurney et al. [17] reported that closely related species have 90% 
similarity in the standardized DNA sequence and distantly 
related species have 90% similarity in the same sequence.  The L. 

pygmaea in the family Chrysomelidae showed 86-79% similarity 
with other species of same family. Hence it is clear that the 
results obtained in this study also justify the above view that, the 
L. pygmaea is coming under the family Chrysomelidae.  
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    Abstract- Leprosy is one of the most common diseases of 
peripheral nerves. Pure neuritic leprosy constitutes about 4-10 % 
of all leprosy cases, clinically limited to the peripheral nerves 
without skin changes. Diagnosis of leprosy in absence of typical 
dermatological features is difficult and requires histopathological 
confirmation using nerve biopsy. 
We report a case of leprosy without skin lesions. Nerve biopsy 
showed chronic inflammatory cell infiltration, epithelioid cell 
granulomas and presence of mycobacterium leprae on Modified 
Ziehl Neelson stain. Hence in leprosy prevalent countries like 
India, this form of leprosy should be thoroughly investigated 
especially in patient without skin changes. 
 
    INDEX TERMS- NEURITIC LEPROSY, NERVE BIOPSY, LEPROSY 
NEUROPATHY 
 

I. INTRODUCTION 
 

Leprosy is one of the common treatable dermato-neurologic 
disease affecting skin and peripheral nerves. Prevalence of 
disease is decreasing; still leprosy represents one of the major 
public health problems mainly in India and Brazil.1-3 Diagnosis 
of leprosy is straight forward when both cutaneous and 
neurological involvements are present together. Patient with 
leprosy may have only nerve involvement without obvious 
primary skin lesions is called pure neuritic leprosy.4-6. Patient 
with “pure neuritic” form of leprosy are frequently misdiagnosed 
because of absence of skin lesions.7 We report a case of unusual 
presentation of Polyneuritic Leprosy diagnosed on 
histopathology of nerve biopsy. 
 

II. CASE REPORT 
 

A 33 years old male presented with complaints of 
decreasing sensations of both lower limbs and right upper limb 
since one year and trophic ulcers on fingers and toes since five 
months [figure-1]. Patient was nondiabetic and nonalcoholic. 
There was no history of skin lesions or contact with person 
suffering from leprosy. 

On general examination patient revealed mild pallor and 
was afebrile. Trophic ulcers were present on fingers and toes. 
Examination of skin did not reveal any skin lesions suggestive of 
leprosy.  

On CNS examination, patient was conscious & well 
oriented. Reflexes were decreased in right upper limb and were 
absent in both lower limbs. On examination for sensory function, 
there was distal stocking and glove distribution on right upper 
limb and  both lower limbs  with thermal and pinprick anesthesia 
and preservation of proprioception.  Both planter reflexes were 
flexor. Other systemic examination did not reveal any 

abnormality. Laboratory investigations revealed hypochromic 
microcytic anemia. Blood sugar, liver& renal function tests were 
within normal limits.Serology showed VDRL & HIV 
nonreactive, X ray chest was normal. Nerve conduction velocity 
study was abnormal suggestive of generalized mixed (axonal & 
demyelinating) sensory-motor peripheral neuropathy. Clinical 
suspicion was mixed sensory-motor peripheral neuropathy 
?vasculitic, ?autoimmune origin. 
 For confirmation of peripheral neuropathy, Sural nerve 
biopsy was performed. 

              
Figure 1:  Clinical photograph showing trophic ulcers on fingers. 

Microscopy: Histopathological examination showed intense 
lymphocytic infiltration predominantly in endoneurium and 
perineurium along with few ill formed granulomas and plasma 
cells. Perineurium showed thickening & fibrosis at places. 
Perivascular lymphocytic infiltration was absent. 
Special stain-Modified Ziehl Neelson stain showed few acid fast 
bacilli(+) , Toluidine blue – showed focal areas of demyelination. 
Modified Ziehl Neelson stain of smears from finger ulcers were 
negative for AFB. The diagnosis of pure neuritic leprosy was 
made. (Figures 2,3,4) 
 

    
    Figure 2: Epithelioid granuloma with nerve. (H & E ,40X) 
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Figure 3: Intense lymphocytic infiltrate in endoneurium and 
perineurium. (H & E ,10X)  
 

  
Figure 4: Modified ZN stain showing AFB (+). 

 
III. Discussion 

 
Pure neuritic leprosy is rare and distinct subtype 

frequently seen in tropical countries like India. It is an 
uncommon presentation in a leprosy patient. Neural leprosy is 
difficult to diagnose in absence of skin lesions and needs 
histological confirmation8. Peripheral nerve enlargement is not 
consistently present. In this patient pure polyneuritic form of  
leprosy was histopathologically diagnosed. Clinical suspicion 
was mixed sensory-motor peripheral neuropathy? vasculitic, 
?autoimmune, Leprosy was not clinically suspected. 
 We report this case because it presented with unusual 
manifestation. This form of leprosy is still active in India and its 
diagnosis is usually missed.9 Peripheral nerve biopsy is one of 
the best procedures for patients with small fiber neuropathy 
without skin lesions. There is need to pay more attention to this 
form of leprosy to diagnose and treat patients earlier and to 
prevent sequelae. In conclusion, unusual presentation of leprosy 
should be clinically suspected as pure neuritic leprosy. It should 
be considered as one of the differential diagnoses of peripheral 
neuropathy and thoroughly investigated with nerve biopsy 
followed by histopathological examination. 
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    Abstract- In this paper, we are going to explore the feasibility 
of periodicity of sunspot number activity during the solar cycles 
21, 22, 23 & 24. The Sunspots are cooler and darker regions on 
the Sun's photosphere comparing to the surrounding regions. 
Sunspots usually appear in pairs. The two sunspots of a pair have 
different polarities, one would be a magnetic north and the other 
is a magnetic south, and can be joined by magnetic field lines. 
The number of sunspots that can be seen on the surface of sun 
increases and decreases in a regular pattern known as a solar 
cycle with a maximum number of sunspots occurring every 11.5 
years. This paper shows the comparison between the midrange 
periodicity in sunspot number for four different cycles.  
 
  Index Terms- Sun, solar activity, sun spots number. 
 

I-INTRODUCTION 
 

he Sun is our nearest star and has been the subject of 
scientific and cultural discussion for thousands of years. Our 
ancestors realized that their lives depended upon the Sun and 
they held the Sun in reverent awe. It is an ordinary star - not 
particularly big or small, not particularly young or old. The Sun 
is the source of light and heat for life on Earth. 
The sun is G2V star. It is composed of hydrogen and helium 
plasma of total mass of 1.9889*1030kg. The sun has two primary 
regions the solar interior and the solar exterior. The solar interior 
is separated into four regions by the different processes that 
occur in solar type star.fig. 1 is shows the innermost part is the 
core, where the energy is generated. This energy diffuses 
outward by radiation (mostly gamma-rays and x-rays) through 
the radiation zone and by convective fluid flows through the 
convection zone the outermost 30%.The portion we are able to 
see is the photosphere. Also there is a thin interface layer (the 
"tachocline") between the radiation zone and the convection zone 
is where the Sun's magnetic field is thought to be generated. 
 

A. SOLAR ACTIVITY 
It refers to any natural phenomena occurring on or in the Sun, 
such as: Sunspots, Solar flares, Solar wind, Coronal mass 
ejection etc. Solar activities treated for the present study are 
Sunspots. And in this paper we are studying sun spot number 
during the different cycles.  
 

 
Figure.21 Cross-section of a solar-type star  

B. SOLAR CYCLE 
The sunspots are one of the strongest pieces of evidence for the 
solar cycle which describes a variation in solar activity over an 
11 year period. The possibility of a solar cycle was first noticed 
in 1843 by Samuel Schwabe after counting the number of 
sunspots present on the Sun over 17 years. He noticed that the 
number of sunspots visible at any one time was not a constant, 
but rose and fell gradually over time. The number of sunspots 
that can be seen on the surface of sun increases and decreases in 
a regular pattern known as a solar cycle with a maximum number 
of sunspots occurring every 11 years. Solar variations cause 
changes in space weather and to some degree weather and 
climate on Earth. It causes a periodic change in the amount of 
irradiation from the sun. .   
The solar cycle (or solar magnetic activity cycle) is the periodic 
change in the sun's activity (including changes in the levels of 
solar radiation and ejection of solar material) and appearance 
(visible in changes in the number of sunspots, flares, and other 
visible manifestations). Solar cycles have duration of about 11 
years. They have been observed (by changes in the sun's 
appearance and by changes seen on Earth, such as auroras) for 
hundreds of years. 

T
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    Figure-2: The Solar cycle 

C. SOLAR CYCLES 21, 22, 23, 24 

Solar cycle 21 was the 21st solar cycle since 1755, when 
recording of solar sunspot activity began. The solar cycle lasted 
10.3 years, beginning in 1976 and ending in 1986. The maximum 
smoothed sunspot number (monthly number of sunspots 
averaged over a twelve month period) observed during the solar 
cycle was 164.5, and the minimum was 12.3.There were a total 
of 273 days with no sunspots during this cycle. Solar cycle 22 
lasted 9.7 years, beginning in 1986 and ending in 1996. The 
maximum smoothed sunspot number observed during the solar 
cycle was 158.5, and the minimum was 8.There were a total of 
309 days with no sunspots during this cycle 
Solar cycle 23 lasted 12.6 years, beginning in 1996 and ending in 
2008. The maximum smoothed sunspot number observed during 
the solar cycle was 120.8, and the minimum was 1.7. There were 
a total of 805 days with no sunspots during this cycle. Solar 
Cycle 24 is the current solar cycle, and began in 2008, but there 
was minimal activity through early 2009. 
 

D. SUNSPOTS 
Fig.-3 is showing that the Sunspots are cooler regions on the 
Sun's photosphere (about 1500 K cooler) and so appear to be 
darker than the photosphere. A given sunspot can have a lifetime 
ranging from a few hours to a few months. It consists of two 
parts - the dark inside region called the umbra and the 
surrounding less dark region. 
Sunspots are temporary phenomena on the photosphere of 
the Sun that appear visibly as dark spots compared to 
surrounding regions. They are caused by 
intense magnetic activity, which inhibits convection by an effect 
comparable to the eddy current brake, forming areas of reduced 
surface temperature. Like magnets, they also have two poles. 
 

 
Figure-3: Sunspot  

 
II-METHODOLOGY 

This study mainly focuses on periodicity of sunspot cycles. It 
tries to find out mid range periodicity of four solar cycles, cycle 
21, 22,23 and 24 and also the relation connecting flare index and 
sunspot numbers. 
  
I. Midrange periodicity  
As a long term periodicity, sun exhibits 11 year sunspot cycle 
and for short term sun often exhibits 27 days periodicity which is 
attributed to the rotation of sun. The period between these 
extremes of time scales (27 days and 11 years) is called the 
‘midrange ‘periodicity. 
 
II-Midrange periodicity of cycles 21, 22 and 23  
1. To find out the midrange periodicity of these cycles I made 

graph of monthly average of sunspot numbers versus 

month of each cycle separately in excel spread sheet.  

2. Daily values of sunspot numbers for each cycle are 

tabulated and average of daily sunspot numbers of each 

cycle is found out. 

3. Peaks above the obtained average value are identified 

from graph and differences between successive peaks are 

tabulated.  

4. Then mean of the differences is found out. 

5. Obtained mean multiplied by 30 gives the midrange 

periodicity in days. 

 

III .Midrange periodicity of Cycle 24 
Cycle 24 is going on now. Analysis for midrange periodicity of 
cycle 24 is made with some assumptions. For the analysis I 
extended the graph according to the data from year 2006 to 2012. 
As every cycle is following the same pattern and year 2012 is 
assumed as the peak of 24th cycle, with the available data, I 
extended the graph for the declining phase as the same way it is 
increasing. Then the above procedure is followed for cycle 24 for 
finding its midrange periodicity. 
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III.RESULTS AND DISCUSSIONS 

 
The graph [4] shows the difference between year and yearly 
mean of sunspot number from 1900 to 2012 (up to July 31) is 
shown below 

 
 
Figure.4: Graph between year and yearly mean sunspot 
number 
From the plot it is very clear that the sunspot numbers are 
showing a regular pattern but maxima and minima’s of different 
cycles are varying widely. The variations in maxima (63.5 and 
190.2) of different cycles are more comparatively to the 
variations in minima’s (1.4 and 17.9). Also from 1900 to 1960 
the maxima of consecutive cycles shows an increasing pattern 
but after 1960 maxima of consecutive cycles following a 
decreasing pattern. 
Table-1 showing the difference between peak values with respect 
to years is identified and it is as follows 

Year No: of years 
1905-1917 12 
1917-1928 11 
1928-1937 9 
1937-1947 10 
1947-1957 10 
1957-1968 11 
1968-1979 11 
1979-1989 10 
1989-2000 11 

 
Table-1The difference between peak values with respect to years 
 
The difference between consecutive peak values from year 1900 
to 2012is coming as 10.5 years. This shows good agreement 
with the 11 year solar cycle. Based on this result we can suggest 
that the maximum of cycle 24occurs towards the end of 
year 2012 or the beginning of 2013 and it is assumed that the 
cycle will be in the maximum phase now 
 

 

A. CYCLE 24 
Fig.-5 shows the 24th solar cycle is going on now. The data from 
January 2006 is taken for study. 
 
Figure.5: Graph of month vs monthly sunspot mean for cycle 24 

 

The monthly average of sunspot numbers from January 2006 to 
December 2011 is obtained as 15. Average of successive peak 
values is4.58 months. Midrange periodicity of 137 ± 2 days is 
obtained. 

 

B. CYCLE 23 

Fig.-6 showing the data from January 1996 to 
December 2006 is taken for the study 

 

  

Fig.6: Graph of month vs monthly sunspot mean for cycle 23 
The average of daily values of sunspot numbers from January 
1996 to December 2006 is obtained as 60. Average of successive 
peak values is 3.57 months. Midrange periodicity of 107 ± 6 days 
is obtained. 
 

C. CYCLE 22 
Fig.-7 showing the data from January 1986 to December 1996 is 
taken for study. The average of daily values of sunspot numbers 
from January 1986 to December 1996 is obtained as 80. Average 
of successive peak values is 3.16 months. Midrange periodicity 
of95 ± 8 days is obtained 
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Fig.7: Graph of month vs. monthly sunspot mean for cycle 22 

D. CYCLE 21 
Fig.-8 showing the data from January 1976 to December 1986 is 
taken for study. The average of daily values of sunspot numbers 
from January 1976 to December 1986 is obtained as 78. Average 
of successive peak values is4.66 months. Midrange periodicity of 
140 ± 8 days is obtained. 
 
 

 
Fig.8: Graph of month Vs monthly sunspot mean for cycle 21 
 

IV-CONCLUSION 
In this paper, we analyzed the periodicity of the sun spot number 
and four different cycles are analyzed for midrange periodicity.  
Analysis of the data reveals that the existence of 11 year 
periodicity of sunspot cycle and midrange periodicities of 140 ± 
8, 95 ± 8, 107 ± 6 and 137 ± 2 days exist in solar cycles 21, 22, 
23 and 24 respectively.  
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Abstract- The paper is about increasing the output from the Solar 
Hydrogen Power System (SHPS) by heat extraction method from 
heat loop pipes and through high temperature electrolysis. The 
paper deals in great detail about the effects of temperature rise on 
the performance of a (SHPS) on a hot sunny day and then tries to 
find a methodology by which its overall performance is made 
better by increasing its system efficiency.  Heat loop pipes are 
employed beneath the panel surface that effectively extract the 
panel heat thus restoring their efficiency. This heat along with 
environmental heat is utilized in hot water electrolysis to reduce 
the electrical energy input given to the electrolyser. The results 
derived show a clear demarcation of the difference between the 
output given by a conventional SHPS and that of a modified 
SHPS. 
 
Index Terms- PEM, electrolysis, heat loop pipes, Solar 
Hydrogen Power System, GHI 
 

I. INTRODUCTION 

he global awareness and concern about the greenhouse effect 
and global warming has led the scientists of the world 

towards developing new technologies that are environment 
friendly. The development of hydrogen economy* in this area 
has stimulated widespread attention towards utilizing hydrogen 
as a future fuel.  Solar energy has the potential to meet the 
present day Worlds demand many times over. 1% of solar energy 
falling on Earth could provide energy equivalent to run each and 
every household. But the way to implementation of these 
technologies require huge capital investments and the results 
given especially by solar panels do not match up with the 
investments. Our this work tries to improve the energy output of 
Solar Hydrogen Power System in two stages i.e. by extracting 
heat through heat loop pipes from PV panels and by high 
temperature electrolysis. Regarding feasibility of the work we 
need not mention that most parts of India have Global Horizontal 
Irradiance (GHI) for as many as 300 days, thus the proposed 
methodology by our estimation can improve PV output by 17% 
and electrolyser output by 4%. 

II. SOLAR HYDROGEN POWER SYSTEMS 

    The existing SHPS consist of following main components PV 
panels, PEM electrolysers, Hydrogen tanks & PEM fuel cells. 
The PV panels harness the solar energy & convert it into 

electrical energy. This energy so generated is utilised in two 
ways. A fraction of energy that is equal to the load requirement is 
transferred directly to the load that caters to the instantaneous 
energy requirements while the surplus energy that is left is used 
in electrolyser to evolve out   which eventually serves as a fuel 
to give electrical energy when primary source is out of fuel thus 
serving electricity round the year. 

III. PHOTOVOLTAIC TECHNOLOGY 

    We have focussed on the Flat Plate Mono crystalline 
technology used for development of solar cells. Mono-
Crystalline Silicon cells are produced by growing high purity, 
single crystal Si rods and slicing them into thin wafers. The 
amount of current generated by a PV cell depends on its 
efficiency, its size (surface area) and the intensity of sunlight 
striking the surface. The ideal commercial efficiency of mono-
crystalline silicon cells remains between 14-16 % because of the 
purity level. (Jayakumar, 2009) 
    Under illumination when photons of enough energy are 
incident on a semiconductor, they create  e-h  pair.  
When a photon with an energy greater than the band gap is 
incident on a semiconductor, it gives an electron in the valence 
band enough energy to move to the conduction band. Both the 
electron in the conduction band and the hole that has been 
created in the valence band can be involved in the conduction of 
a current under an electric field. 
When an illuminated solar cell is short-circuited, a current flows 
through the circuit in the opposite direction of the diode current. 
 
I =  -  ( - 1)__________(i) 
 
Where  photocurrent 
 

 ( - 1) : Current due to applied bias. 
 
The Fill Factor (ff) of a solar cell is a measure of the quality of 
the cell. It is defined as: 
 
ff =     
 
where  &  are maximum power points  

 

T
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The efficiency of a cell is the ratio of the maximum converted 
power Pc to the input 
 
Power Pi: 
 
 Ƞ= Pc / Pi  ________(ii) 
 
Ƞ= (ff  x Isc x Voc) / Pi_______(iii) 
 
From above equation we can see that efficiency is depending on 
short circuit as well as open circuit voltage. 
 
3.1 Effect on short circuit current: An increase in the 
temperature of a solar cell results in a slight increase in the short 
circuit current. 
By equation (iv), we can see that short circuit current has direct 
proportionality with the square of intrinsic carrier concentration 
which can be given as: 
 

 = 4    ________(iv) 
 
Where symbols have their usual meaning 
 
With an increase in temperature band gap Ego decreases .Due to 
which there is an increase in intrinsic carrier concentration which 
directly results in the slight increase of short circuit current. 
Standard results shows that for mono crystalline silicon cell short 
circuit current increases by 
 0.06 % .per   rise in temperature. 

 
3.2 Effect on open circuit voltage: We have seen that increase 
in temperature results in the increase of short circuit as well as Io 
.Therefore because of following relation, 
 
Voc=  ln ( )________________(v) 

 
Open circuit voltage decreases typically by 2.2mV per  
increase of temperature.The effect of decrease of open circuit 
voltage is more dominant than increase of short circuit 
current 
 

3.3 Effect on fill factor: Due to combined effect of Voc and Isc, 
fill factor decrease typically by 0.0015 per   rise in 
temperature. 
 
3.4 Effect of Temperature on Solar Panel Efficiency 
25  , 10 watt/100 cm2 solar power (STC condition), 
100 cm2 or 0.01 m2 solar cell      
 
Voc = 600 mV = 0.6 V* 
 Isc  = 3.0 A* 
Vmp = 500 mV = 0.5 V* 
Imp =  2.7 A* 
 ff =     = (2.7  0.5) / (0.6  3.0) = 0.75*  
 
*{data taken from the specification sheet of mono crystalline 
solar cell of PV panel} 

 
Table 1: Temperature and Solar Panel Parameters of hot sunny day in Jaipur (Source NREL) 

 
Ambient  
Temperature (C) 

Temperature 
of cell (C) 

Voc(V) Isc(A)  ff Pi(watt) P max(watt) Efficiency(%) 

42 55 0.534 3.018 0.705 10 1.136 11.36 

43 65 0.512 3.024 0.69 10 1.0683 10.68 

46 70 0.501 3.027 0.683 10 1.036 10.36 

44 68 0.497 3.026 0.686 10 1.032 10.32 

43 67 0.494 3.025 0.688 10 1.028 10.28 

 
 

IV. PROPOSED METHODOLOGY 

    In the present paper attempt has been made to extract the 
excess heat produced in the solar panels due to which its 
efficiency goes down considerably and later on it is shown how 
the efficiency of electrolysis is improved if temperature is high. 

Then these two effects are separately dealt with and taken into 
account to improve the overall performance of Solar Hydrogen 
Power System. The proposed methodology is shown in the figure 
below 
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Fig 1: Schematic diagram of modified Solar Hydrogen Power System 
 
 
 
4.1 Heat extraction from Solar Panels: 
We have considered solar panels spread in an area of  on a 
hot sunny day in the areas of Jaipur  the ambient temperature 
data is taken from NREL. Solar panels are inclined at 5  to the 
ground, and for practical purpose inclination is neglected. The 
GHI is considered in calculating incident energy falling from the 
sun. Due to high heat capacity of Si and ambient conditions the 
cell temperature rises to about 70  due to which its efficiency 
goes down considerably. To restore the efficiency of Panels heat 
loop pipes are installed beneath the panel surface making a line 
contact with it. Water is continuously pumped through a pump 
from a reservoir 1m x1m x1m made of bricks having optimum  
insulation and in complete shade so that the water of the 
reservoir does not rise above 30 . Pumped water circulates in 
the mild steel pipes that effectively removes heat of the cell. A 
part of this water is then diverted towards another reservoir kept 
directly in the sun with large surface area to enable the water to 
gain as much heat as possible, rest of the water is pumped back 
into the reservoir. 
    In practical use solar panels does not only constitute Silicon 
cell but the cell is sandwiched between different layers for 
protection against mechanical injury. The different layers of PV 
panels include a the layer of glass with an anti reflecting coating, 
a layer of EVA (ethylene vinyl acetate)  then is a thin layer of Si 
layer with a very thin n side and a thin p side so that the light 
energy readily reach the junction area where electron hole pairs 
are created. Below Si cell is another layer of EVA so as to absorb 
moisture and protection against environmental damage. These 
layers are then framed under Aluminium frame with Al contacts 
provided for electrical connections. The cross section of a solar 
cell in a PV panel is given below along with a table that shows 

the thickness and thermal conductivity of various layers of Solar 
Panel.  
 
Table 2: Thickness & thermal conductivity of different layers of 

Solar Panel 
 

No.  Layer  Thickness 
(mm)  

Thermal 
Conductivity  

(W ) 

1  Glass         3.0      0.98 

2  EVA         0.5      0.23 

3  ARC (0.08)x   

4  Si        0.3      148 

5  EVA       0.5      2.6* 

 

 
 

Fig 2: Cross section of a solar cell in a solar panel 
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Here EVA: ethylene vinyl acetate 
(Encapsulation for protection against mechanical injury & 
moisture) 
ARC: Anti reflecting coating 
* To improve the thermal conductivity of EVA some filler 

elements are added like SiC  (60% volume) (Lee, 2008)  

For efficient dissipation of heat from a solar panel the 
encapsulation must have a lower electrical conductivity to 

prevent leakage currents and must have a higher thermal 
conductivity. Earlier works on cooling solar panels through 
natural or forced air cooling has resulted in the restoring of 
efficiency by  2-3%.  The following calculations are done in 
accordance to cool the solar panel by heat loop pipes. 

    From the National Renewable Energy Laboratory the GHI 
(Global Horizontal Irradiance) falling on a metre square area in 
Jaipur on a hot sunny day is as listed below 

 
Table 3: Temperature and GHI of Jaipur for a particular day (source NREL) 

 
Time  Ambient Temperature Cell Temperature GHI (W/m^2) 

11:00 am    42     55    913 

12:00 noon    43     65    977 

01:00 pm    46     70    1005 

02:00 pm    44     78    965 

03:00 pm    43     67    869 

 
Experiments suggest that cell temperature can rise to even higher values even if the ambient temperature is 38 deg C 

 
 
4.2 Heat absorption rate by the solar cell Q = GHI x A 

Where 

GHI: Global Horizontal Irradiance =1000 W ; A: Area of PV 
panel = 20  

 

= 20KW 

Since this is the total heat power falling on PV panel. We make a 
valid assumption that 50% of this solar power is radiated through 
glass coating  and  through protective covering therefore the heat 
absorption rate of  the solar cell would not exceed 10KW,  

Q=10KW 

hence we design the heat exchanger to extract this amount of heat 
power  so that the temperature of Si would remain as per its 
specifications. 

4.3 Design of heat exchanger 
The heat exchanger has a plate of mild steel of thickness 12.7mm 
for increasing contact surface area and for maintaining uniform 
heat transfer rate to water. It has semi circular grooves on its 
surface for pipe fixation We choose mild steel pipes of diameter  
25.4 mm which are suitable for handling pressure head by the flow 
of water in the pipes because mild steel has good tensile strength 
and it is cost effective. 

    Below is the CAD design of heat loop pipes aligned with PV 
panels. 

 
 

Fig 3: CAD design of heat exchanger pipes (Red colour: EVA 
layer, grey colour: cell layer) 

 
 
4.4 Heat transfer rate by EVA and mild steel pipe to water  

=    (vi) 

 

Where 

: thermal conductivity of EVA= 2.6  K ,  : 
temperature difference=5K,  thickness of EVA= 0.5mm : 
Area of EVA= 20 , : max. thickness of mild steel pipe with 
grooving plate=12.7mm, : thermal conductivity of ms pipe=51 

 K : area of ms pipe= 15.70  

 170 KW 

Since the heat transfer rate > heat production rate, therefore there is 
no restriction in heat transfer. 
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4.5 Heat loop pipe specifications:  We have taken heat extraction 
pipes of mild steel of effective bore 21.4mm and thickness 2mm 
aligned together in the form of loops with a spacing of 25.4mm 
between them for bends.  

Therefore effective diameter of pipes including clearance space 
= 50.8mm 

Number of pipes required to cover 20 = = 88 pipes 

 
 

Fig 4: Arrangement of heat pipes in grooves 

 
4.6  Flow rate of water required for heat transfer   For heat 
transfer from solar panels to water in mild steel pipes we pump 
water from the reservoir kept in insulation and away from sun rays 
so that water temperature does not go beyond 25 . Water is 
pumped through a pump to heat loop pipes so as to reduce the 
temperature of PV panels. 

 
Heat production  = ___________(vii) 
 
Where  mass of water,  specific heat capacity of water= 
4200J/Kg K  
Since we require that water temperature does not exceed 5  in 
Cu pipes we take T= 5  and then equating  with Q we get  
 =0.46 Kg/sec 
Now volume flow rate of water q =  
q=0.46 /sec 
If all this methodology is applied to PV panels the cell 
temperature would drop down to 30  
And its efficiency would be restored to 15% as claimed by 
manufacturer.  

4.7 Pump specifications: 
To circulate the water in mild steel pipes we need a water pump 
of flow rate 1800 lph at 1 m head. 
For the purpose we chose the Aquaris Universal 2000lph water 
pump with maximum 65W power at 3m head   
 
 
 
 

4.8 Calculations of energy output and comparison for 2 cases  
 

Table 4: depicting temperature and GHI of Jaipur 
 

 
 
As it has been established that efficiency drops to 10.5% (avg) in 
the hours between 11am-3pm  
We take total energy falling on solar panel = 7.672 20 = 
153.44KWh 
Total GHI when efficiency is taken to be 15% = 2.983 20= 
59.66KWh 
Total GHI when efficiency is taken to be 10.5%= 4.689 

20=93.78KWh 
Electrical energy produced when efficiency is 15% = 8.949KWh 
Electrical energy produced when efficiency is 10.5%=9.84KWh 
Total energy produced =18.80KWh 
 
Now total electrical energy produced when modified system is 
employed=23.016KWh 
Total amount of this energy which goes in pumping for 5 hours= 
65W x 5hr = 0.325KWh 
Effective energy left=22.69KWh 
Percentage electrical energy increment = 
             17.1% _________________(viii) 
 

V. ELECTROLYSIS 

    For the purpose of producing hydrogen, PEM electrolyser is 
employed due to its following advantages 

• ability to cope with a variable power input 
• a higher purity level of the produced hydrogen 
•  higher rates of hydrogen production per unit mass and 

volume of the  electrolyser unit 
• an option of getting compressed hydrogen directly 

delivered without the requirement of a mechanical 
compressor 

 
Working: 
    In a PEM electrolyser, a solid polymer membrane acts as the 
ion-conducting electrolyte, in place of the aqueous solution of an 
alkaline electrolyser. The polymer membrane conducts the flow 
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of  ions from the anode to cathode where formation of 
hydrogen molecules occurs (Barbir 2005).  
The cell reactions are 
 
Anode :    2 O → 4  +  + 4  
Cathode :     4  + 4  → 2  
Cell :      2 O  →         > 0 
 
Where   is the Gibb’s free energy of the water decomposition. 
The positive sign of  suggest that reaction is endothermic. 
5.1 The effect of temperature on electrolysis 
Theoretically not all energy required for splitting of water 
molecule is electrical energy. Empirical relations suggest that at 
room temperature about 25% energy required for production of 
hydrogen is given by environment. 
    It is significant to note that the environmental heat can be 
supplied to the PEM electrolyser so that this heat can be directly 
used  the water splitting reactions and hence the electrical energy 
input required to maintain high operating temperature is reduced. 
 

heat + electricity → 0.5  . The total energy required for 
electrolytic hydrogen production 
 

Q(T) + G(T),________________(ix) 
 
where 
Q(T) = T S(T) is the thermal energy demand  S(T) is the 
entropy change in the water splitting reaction process and T is 
the operating temperature of the electrolyser 
If Q(T) is increased further then automatically  G(T) is reduced 
because the total energy required for hydrogen production is 
constant , which is shown in the graph below 
 

 
 

Fig 5: Thermodynamics of Electrolysis 
 
 
The graph clearly indicates that at high temperatures electrical 
energy demand for splitting of water is reduced. 
 
The energy efficiency of an electrolyser is the ratio of the energy 
content of the hydrogen produced per sec to the power 
consumed. Hence in terms of the higher heating value of 
hydrogen (HHV) 

___________(x) 

 is the higher heating value of hydrogen,  : Electrical 
energy demand. 
    To supply energy to load requiring 5KWh daily we choose 
specifications of  EL 30 PEM electrolyser. 
EL30 PEM electrolyser gives   at the rate of 0.33 /h at 
1.8KW rated power at 25   
Assuming that it runs for 9 hours in sunlight, it requires 
16.2KWh electrical energy to produce 3  hydrogen per day. 
    But from the thermodynamics of electrolysis curve it is clear 
that from 25  to 50  electrical energy requirement dips by 
5.17% and so for producing same quantity of hydrogen under 
ambient conditions the electrical energy requirement would be 
15.36 KWh or for same electricity input, 3.14  hydrogen 
would be produced 

 
Table 5: interpolation and extrapolation values of production by EL 30 electrolyser 

 

hours Electrical energy at 25  Electrical energy at 50   production  
8 14.4 13.65 2.64 
9 16.2 15.36 2.97 
interpolation 17.1 16.2 3.14* 
10 18 17.1 3.33 
extrapolation 18.9 18 3.46* 

 
Thus putting the values in eq (x) we get  

 =  at 25  

 =  at 50  

 
The results depicted here show that if PEM electrolysers are 
made to operate at temperatures around 50  the efficiency 
improves by about 4%. 

 
steps to publish the research paper in a journal.  

VI. CONCLUSION 

    Through this paper, we tried to increase the energy output of 
SHPS mainly through heat extraction from PV panels and 
through high temperature electrolysis. Though calculations above 
suggest that there is about 17% increment in Solar output and 
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about 4% in electrolysis. But we must mention that these are 
theoretical stats and are prepared by some assumptions, 
approximations and by neglecting or assuming some data that 
can only be obtained through experiments. Like data for  
energy absorbed by solar cell etc. At the same time it is also just 
to mention that if experimentally results prove positive for this 
methodology then it can prove beneficial in achieving  higher 
efficiencies especially for PV panels. Therefore research should 
be done in this field to improve efficiency of solar cells and also 
to increase energy output from SHPS because as we are 
surrounded with issues like Global Warming & Green House 
effect, gradually shifting to green energies is the way ahead. The 
capital cost of such SHPS is a major issue that also needs a 
greater consideration to make such a modified SHPS available to 
mankind at affordable rates.   
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Abstract- Let  be a sequence of mutually independent, identically distributed random variables 
following semi-stable distribution with characteristic function . In this work, we 
obtain the lower bound of the number of real zeros of the random algebraic equation .  denote the number of real 

roots must   , except for a set of measure at most . 

 
Index Terms- Random variables, Joint distribution, Characteristic function, Semi-stable distribution, Multiple roots, Random 
algebraic equations. 
 

I. INTRODUCTION 

et  be the number of real zeros of the nth degree polynomial  where the coefficients  are identically 
distributed independent random variables. Ibragimov and Maslova first studied the average number of real roots when the 

coefficients belong to the domain of attraction of normal law and established that . Samal and Mishra  have 

studied the lower bound for the number of real roots of the equation , where the coefficients  are symmetric stable 
random variables with infinite variance  i.e, with characteristic function   In this paper we have 
studied the lower bound for the number of real roots where  follow semi-stable distribution. Thus we have extended the results of 
Samal and Mishra to wider class of random variables. Thus our result is a generalization of earlier works in this respect 
 
Theorem -1 
Let  be an algebraic polynomial, where  are random variables following semi-stable distribution with 
common characteristics function for constant  
Then there exist  such that for  the number of level crossing satisfy of the random algebraic polynomial . 

 , out side a set of measure at most . 

II. PRELIMINARIES 

We need the following lemmas for the proof of the theorem. 
Choose constants  such that  
 

and   let  
 

Let  be the integer determined by  

 
Let  be an integer determined by  

  
 
Since the number of roots in  is twice in  it will be four times in  as transformation   will reduce 

. There fore it will be sufficient to consider the points  given by  
 

  

L
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Where    

 

There are  points if k is even and  points if k is odd. 

 
Clearly when  and  
 
When  . So that  covers all the points in . 
 

Ste , where   
 
And    
 

  
 

 ranging from ,  
 
from and from  respectively. 
 
Obviously   are independent random variables. We defined normalizing constants  by 
 

.  
 
Lemma 2.1 
If   is characteristic function of a random variables  which follow semi-normal distribution, then  
 

 |   

 
Proof of the lemma 
By Loeve  , we have  
 

   
 

  

 
Lemma 2.2 

, except for a set of measure at most  

 
Proof of the lemma 
The characteristic function of   is 

  
 
Hence by lemma (2.1), we have  
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Lemma 2.3 

,  
 

except for a set of measure at most   

Proof of the lemma 
The characteristic function of   is  
 

Let     

 
Let   and the characteristic function of   be  
 

So      

 

So               

 
Now by using Lemmas  and , we have for any given  
 

, except for a set of measure at most 

 

 , but  

 
Hence , for  except for a set of measure less than equal to  

 

  

 
We define events  by 
 

  
 
Lemma 2.4 
Union of events  defined by  

 
 

occur with positive probability. 
 
Proof: 
Let  denote respectively characteristic function and distribution function of the random variables . Then  

  
 
obviously  and as such 
 

. 
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We use lemma 6.3 here taking 
 

 and get 

. 

 
Since    
 
and  
 

since , we have 

 

  

 
And 
 

  

 
Also since    there exists  such that for  

  
 
so,   
 
we have 
 

  

 

   

 

  

 

  

 

  

 
which implies  
 

  

 
Hence  
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(by definition of ).  
 
So  as   in any bounded interval of . Since  is continuous for all 
u,  will converge to a distribution  corresponding to the characteristic function  (cf Gnedenko and 
Kolmagorov [17] p.83).  
so   

  
 
So for  
 

  
 
and  
 
implies  
 

Then  

 
  

 
and similarly 

  
 
also  

  
 

  
 

  
 
 1    
 
or 

  
 
So,   
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Similarly   
 
Hence it follows from above that  

  
 
Hence as  
Hence the proof.   
Lemma 2.5 

Out side a set of measure at most  the event  occurs at least for  values of m. i.e out side a set of measure . 

. 
Proof of the lemma 
  occurs with positive probability.      (by Lemma 2.4) 
 
 Suppose  
 
Then there exist an absolute constant , such that . 
 
Let , where summation  means that the summation is taken over all’s pairs. 
 
Applying Chebyshev’s inequality, we have for  
 

, there fore outside a set of measure  

 
, there fore, it follows that out side a set of measure ,    occurs i.e either 

 
 

III. MAIN RESULTS 

Proof of the theorem  
 

Define        

 
We have    and   
 

 only if  which implies the occurrence of one of the events. 
 

  

 
Hence for  

  
 
except for a set of measure . 

 
From , it follows that  
 
After some calculation  

 , we have  

 
It follows that  
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Earlier we have to shown that  

 out side a set of measure  

 
Now , out side a set of measure at most. 
 

but ,  since  

 

Hence     

Similarly 

except for a set of measure at most   
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I. SECTION 

INTRODUCTION 

omen in rural India are involved in various stages of 
agricultural operations starting from sowing of seeds to 

hand weeding, harvesting and post harvest activities. Over time, 
as technological change in agriculture has brought about a 
substantial change in labour-land use pattern, the nature of work 
of rural women has also undergone a change. Women spend a 
substantial part of their time not only in various activities directly 
related to agriculture but also in the management of livestock, 
poultry, etc. (Sisodia, 1985; Agarwal, 1988). However, the true 
picture of female work and their contribution to family 
expenditure is usually not clearly presented. Many economically 
productive activities performed by women go unrecorded as such 
or are subsumed within ‘domestic work’. 

OBJECTIVE OF STUDY 

    The main objective of this study is to find out the contribution 
of women agricultural workers to family income in the farm 
households of Assam. 

METHODOLOGY 

    The definition of worker given by NSSO is used in the study. 
According the definition, persons who, during the reference 
period are engaged in any economic activity or who, despite their 
attachment to economic activity, have temporarily abstained 
from work for reasons of illness, injury or other physical 
disability, bad weather, festivals, social or religious functions or 
other contingencies constitute workers. Unpaid helpers who 
assist in the operation of an economic activity in the household 
farm or non farm activities are also considered as workers. An 
economic activity is one that contributes to the output marketed 
by a rural household. It is assumed here that time is a productive 
economic resource. To access the contribution of the female 
workers, detailed information about each person’s role in 
different activities and time spent was collected. Method used in 
recording of time spent in economic and non economic work 
depended upon the nature of activity. For daily activities such as 
childcare, care of animals, work in the kitchen, etc., the daily 
time spent by each member in each activity was recorded. In crop 
production, labour time utilized was recorded seasonally as well 
as crop wise and operation wise. The Interviews Using Recall 
Approach has been used in the collection of primary data for the 
study. Women themselves often consider a wide range of 

productive activities performed inside or outside the house as 
‘housework’. Wherever required, in matters such as land owned, 
expenditure incurred in cultivation and allied activities, price 
received from sale of produce etc. male help was taken. 
Information was collected about women participation in a wide 
range of activities generally performed by workers in rural areas 
(which include i. cultivation i.e., land preparation, sowing, 
irrigation, fertilizer and manure application, weeding, harvesting, 
threshing, storing, and grading, ii. dairying i.e., milking, bringing 
fodder, feeding, watering, and cleaning iii. poultry i.e., feeding, 
watering, taking care, cleaning, collecting eggs) and on the basis 
of time devoted to each activity during a working day, women’s 
share was calculated in total work. The reference period for the 
study is the agricultural year 2007-08. 
    The data for the study has been collected from 140 households 
of Darrang district of Assam by taking sample villages. The 
sample villages have been selected in a manner so that it 
represents the agricultural situation in the state. The sample 
villages have also been selected so that it includes villages 
having both indigenous and immigrant population, coming from 
different social strata. 
    The sample unit consisted of all females engaged in 
agriculture. 
    Stratified sampling was followed in the collection of data. The 
sample was divided into two strata. The first strata consisted of 
females engaged in agricultural operations in their own fields and 
the second strata are females engaged in agricultural operations, 
not in their own field but working as agricultural labourers. 
The sample for the study has been taken from both the strata. 
Primary data for the study was collected with a structured 
questionnaire and through personal interview with the 
respondents. Secondary data was collected from various Central 
and State Government publications and Census of India Report. 
    The paper is divided into V sections. Section II gives an 
outline of the studies already completed on woman’s increasing 
role in agriculture. Section III gives a socio-economic profile of 
the sample. Section IV gives a disintegrated picture of the total 
household income derived from agricultural and non-agricultural 
sources. Section V summarizes the findings and the policy 
implications of the study. 

II. SECTION 

REVIEW OF LITERATURE 

    A study by Anuva Saikia (2000) of three villages near Jorhat 
in the Brahmaputra valley, records that women are engaged n 

W
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sowing, transplanting, irrigation, hand weeding, harvesting and 
post-harvest activities. While they perform 80 per cent of 
transplanting 
    And harvesting, they do not particpate at all in spraying 
insecticides and other pesticides, using tractors and power tillers, 
or purchasing inputs. For other tasks, women provide 10-30 per 
cent of the total labour. She notes that this specificity cuts across 
all farm sizes. 
    C P Chandra Sekhar and Jayati Ghosh, in “Feminisation of 
India’s Agricultural Workforce” states that the increased 
involvement of women in agriculture may be due to out 
migration of males from low paid agriculture to high paid 
industry. 
    The same authors in “Indian Economic Refoms Process and 
the Implications of South-East Asian Crisis” in 1999, has stated 
that in India, feminisation in agriculture has been induced by 
casualisation of work, unprofitable crop production and distress 
migration. Migration has been noticed to other rural areas, to 
slums and to highly labour-exploitative sectors of the economy 
such as construction. 
    Swarna S Vepa in “Feminisation of Agriculture and 
Marginalisation of their Economic Stake”, Economic and 
Political Weekly, 2005, proves that increase in women’s work in 
agriculture is due to outmigration of male partners. Women’s 
work remains invisible in family enterprises. Women in rural 
areas are engaged in other activities (viz., livestock, fisheries and 
forestry) besides farming. She has calculated that women on an 
average spend 23.6 hours a week on economic activities, but 
receive payment for 60 per cent of their work. 
    Maithreyi Krishnaraj in “Food Security: How and for 
Whom?”, reports that despite efforts made over the years to 
improve coverage of women’s work in rural areas by proper 
inclusion of unpaid productive work, there has been only 
marginal improvement. The definition of cultivators in the 
census relies on ownership of land so that even though women 
actually cultivate they are seen as family labour. Hence this fact 
is not reflected in the proportion of men and women cultivators, 
which make some people, dispute that there is feminisation of 
agriculture in India. 
    Maithreyi Krishnaraj and Aruna Kanchi in “Women Farmers 
of India” focuses on the increasing role women are playing in the 
agricultural and allied sectors in India. They feel that women 
continue to get discriminated in this sector as seen through the 
lopsided manner in which their role is viewed both in public 
perception as well as policy makers. 
    Delima Hasri Azahari in “Indonesian Rural Women-The Role 
in Agricultural Development” stress on the point that position of 
rural women is influenced by religious, social and political 
system, and economic status associated with the size of 
landholding they occupy. The study tries to answer the question 
as to why women are neglected in rural development. Women 
are not given equivalent access to land, credit or extension 
services. According to the study, some of the reasons for South 
East Asians women’s exclusion from aspects of development are 
Western ideology, colonialism, male opposition and difficulties 
faced by female researchers. The study also tries to find out the 
importance of including women in the development process. 
    Rupinder Kaur (2004) states that the present definitions of 
work do not capture the large part of the work done by women in 

developing countries. In economies where self-employment and 
unpaid family labour are common, western concepts of 
employment lose their relevance. The criterion of wage earner 
does not apply. In agrarian economies, mostly the work women 
do in agriculture, household industry and the processing of 
agricultural products, is unpaid and therefore unrecognized. 
Work is seasonal. People engage themselves in multiple 
economic activities. In this situation, identification of a person as 
a worker or non-worker becomes difficult. The problem is more 
serious in case of women. Also women play roles, which are 
either preparatory or supportive to the production process and 
much of this, remain unrecorded. 
    Bina Agarwal (2000) in ‘Gender and Command over Property: 
an economic analysis of South Asia’, focuses on the links 
between gender inequities and command over property. It 
stresses on the fact that since land is the most important form of 
property in rural South Asia, any significant improvement in 
women’s economic and social status is linked to their having 
independent land rights. But in spite of progressive legislations, 
few South Asian women own land. Social, administrative and 
ideological factors are found to be responsible for the gap 
between women’s legal rights and their actual ownership of land. 
Agrawal specifies the necessity of collective action by women 
for overcoming these obstacles and the need for a specific policy 
focus on these issues. 
    Tuteja ((2000) finds that female agricultural workers 
contribute significantly in household income on all farm sizes 
and their earnings are crucial for the small and landless 
households. The proportionate contribution of females declined 
with increasing farm size. As regards decision-making, status of 
female agricultural workers is found to be poor. Female workers 
belonging to big farm households had a better say compared to 
others in this respect. 

III. SECTION 

SOCIO-ECONOMIC PROFILE 

    Table 1 gives a socio economic profile of the sample 
households. As can be seen from the table, the proportion of 
illiterate population is high at 37.14 per cent. The sample also 
had a graduate as an agricultural worker. One important point to 
note here is that more than 40 per cent (41.32 per cent) of the 
sample was more educated than their husbands. 
 

Table 1 Socio-Economic Background of Women Agricultural 
Workers 

Average age     38 
Average household size    5.9 
Proportion who are illiterate   37.14 
Proportion who have completed middle school 42.15 
Proportion who have completed high school  13.57 
Proportion who are more educated than husbands 41.32 
Proportion who belong to landless households 39.29 
Proportion who belong to marginal households 32.14 
Proportion who belong to small households  24.28 
Proportion who belong to big households  4.28 
Proportion who belong to SC households  21.43 
Proportion who belong to minority households 21.43 
Source: Survey 
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IV. SECTION 

    This section gives a disintegrated picture of the household 
income from both agricultural and non-agricultural sources. 

INCOME FROM CULTIVATION 

Cultivation is the major source of income for rural households. 
Income earned by a cultivator from raising crops on land used for 
agricultural purposes is termed as income from cultivation. This 
is arrived at by deducting cash expenditure from gross value of 
output. Cash expenditure includes costs on human and animal 
labour, cost of hired machinery (e.g tractor), irrigation charges, 
and expenses on seeds, fertilizers and pesticides. This concept of 
family income is taken from studies of family income by 
Parthasarathy and Ramarao (1974) and Bhaiti and Singh (1987). 
The estimates of family income from cultivation, along with the 
contribution of female workers in different farm sizes, are shown 
in Table 2. 
    An average household of the sample earns Rs 83,696 per 
annum from cultivation during 2007-08. The differences in 
income from samples in different farm sizes are shown in the 
table. The share of female workers in family income is calculated 
as a proportion to their share in total labour used by the family in 
cultivation. As can be seen from the table, the share of income 
contributed by women is significant on all farm sizes. And the 
proportional contribution of female workers is negatively related 
to farm size, i.e., the proportional share of female workers 
declines with increasing farm size ( due to higher income level, 
higher education level). 

INCOME FROM DAIRY 

Almost all households engaged in agriculture possess dairy 
animals to supplement their income. It is not only a profitable 
enterprise but also possible for the households to be engaged in it 
due to the seasonal nature of their dependence on cultivation. 
Dairy enterprise (milk, milk products, eggs, meat, etc.) are not 
only a source of income but is also used to supplement their own 
consumption. All females irrespective of the size of farm are 
engaged in this economic activity, though the extent of 
involvement varies. Table 2 shows the income from dairy of the 
farm households. Dairy income has been derived by deducting 

costs like expenses on green fodder, dry fodder and veterinary 
expenses from gross income of dairy. 
    The average household earns around Rs 12,856 per annum 
from dairy enterprise. The share of female workers has been 
estimated, similarly as in the case of cultivation, according to 
their share in labour use. The contribution of female workers was 
more than 45 per cent in case of landless households, and high in 
case of other farm categories also. However, the level of 
involvement was found to decline with the increase in farm size 
and income. But, in a few cases, where children are able to work, 
women were exempted from some of the work.  

INCOME FROM WAGE EMPLOYMENT 

In addition to the above-mentioned activities (i.e., cultivation and 
dairy enterprise), agricultural households are also seen to be 
engaged in wage employment to supplement their income. This 
is true in case of both males and females, though it is more in 
case of females, especially in the landless and marginal 
households. 
    Table 2 shows that the average income from wage 
employment on sample households is Rs 2340.75 per annum. 
The workers from big and small households were found to be 
employed in small business and a few (5 per cent of the sample) 
had a permanent salaried income. But, the workers from landless 
and marginal farms were mostly engaged in big farms as 
agricultural workers. The share of female workers from wage 
employment in the landless and marginal households was high, 
contributing more than 50 per cent to total household income. 
However the contribution of females from small and big farm 
households was less compared to income from cultivation or 
dairy enterprise due to social customs, which does not allow a 
female to work as a labourer except in extreme situations 

INCOME FROM AGRICULTURE 

Table 2 also shows an estimate of the aggregate income from 
agriculture on the sample households. It has been arrived at by 
aggregating income from cultivation, dairy enterprise and wage 
employment (in agriculture and subsidiary activities). The share 
of female workers in family has been found to be significant at 
all farm sizes. 

 
Table 2 Distribution of Agricultural Income and Contribution of Female Workers 

 

Farm Size Category 
Per Household Income (Rs) 

from Agriculture 
Female Worker's Share In 

Income (Rs) 

Percentage Share of 
Female Workers' in 

Income 

 {Cultivation + Dairy + Wage}   

Landless (0-3 bigha) 23,729 + 4,115 + 4,630 19,018 + 1,892 + 2,358 71.65 

Marginal (4-7 bigha) 50,873 + 7,608 + 1,886 21,037 + 2,548 + 1.033 40.78 

Small (8-15 bigha) 63,517 + 13,835 + 2,614 17,405 + 3,057 + 144 25.77 

Big (>bigha) 1,96,666 + 25,866 + 233 21,900 + 3,833 + 12 11.55 
                    Source: Survey 
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NON AGRICULTURAL INCOME 

Non agricultural income comprises of income derived from 
services in secondary and tertiary sectors, business income and 
any other income accruing to the family outside agriculture. An 
average farmer earned Rs 22,286.75 per annum in the reference 
period from non-agricultural activities. However, the share of 

women from non-agricultural income is low. This is mainly 
because of the prevalence of patriarchal society where women 
are usually confined to work at home (which is unpaid) and the 
males go out for work. This is more common in rural households, 
where the males are engaged in small business outside the home 
leaving the works at home to the females. 

 
Table 3 Contribution of Female Workers in Non Agricultural Income to Family Income 

 

Farm Size Category 
Per Household 

Income(Rs) 
Female Worker's Share In 

Income (Rs) 
Percentage Share of Female 

Workers' in Income 

Landless (0-3 bigha) 17,449 592 3.4 

Marginal (4-7 bigha) 15,182 578 3.81 

Small (8-15 bigha) 25,566 2,361 9.24 

Big (>bigha) 30,950 0 0 
                   Source: Survey 
 

TOTAL FARM HOUSEHOLD INCOME 

Total farm household income here refers to income from both 
agricultural and non agricultural sources. Per household income 
from all sources stand at Rs 1,21,179 during the reference period 
2007-0. There are variations across different farm sizes. Table 7 

shows the details of total household income and the contribution 
of female workers to total income. This contribution is found to 
be significant in all farm sizes, though the proportionate 
contribution of female workers to total income is seen to 
diminish as the farm size increases. 

 
Table 4 Contribution of Female Workers to Total Household Income 

 

Farm Size Category 
Per Household Income(Rs) 

[Agriculture+Non agriculture] 
Female Worker's Share In 

Income (Rs) 

Percentage Share of 
Female Workers' in 

Income 

Landless (0-3 bigha) 49,923 23,860 47.79 

Marginal (4-7 bigha) 75,549 21,184 28.04 

Small (8-15 bigha) 1,05,532 22,967 21.76 

Big (>bigha) 2,53,715 25,745 10.14 
                     Source: Survey 
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V. SECTION 

CONCLUSIONS AND POLICY IMPLICATIONS 

Female workers contribute significantly to household income and 
their earnings are crucial especially for landless and marginal 
farm households. The proportionate contribution of females is, 
however, found to decline with increasing farm size. This is 
because the participation rate of women in agriculture is mostly 
governed by the economic condition of their family. Women 
from poor families accept any economic work to assist their 
family even under very inferior working conditions. They are 
mainly supplementary earners and their stay in labour force is of 
temporary nature, which declines with the improvement in the 
economic conditions of the family.  
    Moreover, a large percentage of women are also found to be 
engaged in agriculture because agriculture is an occupation 
which provides work opportunities to women, irrespective of 
their age, level of education, or any formal training (women 
between the age group 15 to 60 years; illiterate women to 
graduates, were found to be engaged in agriculture).  
    Based on the selected indicators, the status of the female 
agricultural workers is found to be poor. Ownership of land is 
almost non-existent for female workers. They also do not have 
the right over their own earnings. Women agricultural workers 
get lower wages compared to the male workers for equivalent 
work. One way of bringing about an improvement in the status of 
the female workers is to raise the wages of the women workers to 
improve their economic condition. To achieve this, minimum 
wage legislation alone is not sufficient; steps should be taken to 
enforce it. 
    Female agricultural workers contribute significantly to family 
income but they should also be integrated into the mainstream 
through better education, health and other support facilities. 
Their status is low mostly due to their limited access to economic 
resources (land in this case). The strategies adopted by the 
Government to increase women welfare should be made more 
focused to bring forth appropriate results.  
   According to the Assam Human Development Report (2003), 
the present policy on agriculture in Assam needs revision. 
Measures for consideration include appointment of women 
extension officers and workers, instituting special training camps 
for women agriculturists, extending agricultural credit to women 
and giving pattas on government allotted land to women. 
Another important step is to pass state laws on women’s right to 
a share of parental property, particularly landed property. 
    Since women contribute a large percentage to total family 
income, especially in households owning less land, women 
should be taken as active partners in the development process. 
Capacity building and skill formation should therefore be made 
an integral part of any development programme to make it more 
meaningful. Since domestic and subsistence labour is unpaid, 
therefore women must be included in development which 
generates income, yet suits their needs. 
    Assam has a strong tradition of women’s involvement in 
agriculture since ancient times. Gender development is a 
necessary condition both for economic growth and human 
development. A new paradigm with women at the core will 
ensure better participation of men and women and help the 

society and the economy to grow. Women have the potential to 
contribute to agricultural productivity equivalent to men. 
According to an Indian study, development, which provides 
education and training to women, can enhance the productivity of 
all farm inputs (Cloud, 1985). Planners should not ignore 
productivity of domestic activity. Improvement in productivity of 
domestic chores makes it possible for women to spend their time 
on other income generating activities. If development process 
emphasizes on the increased income generation through higher 
agricultural and domestic productivity, benefits would accrue to 
the community. Nutrition levels in a family will also improve 
with the increase in women’s wages. As has been proved by 
Nelson (1979), women use their wages on household affairs and 
necessities, education, health, children clothing, etc., whereas 
men spend it on drinking or purchase of things like radios.  
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Abstract- Multiple myeloma is a common hematological 
malignancy. Serous effusions are described uncommonly in 
myelomas. A myelomatous effusion however, is extremely rare 
and carries a poor prognosis. We report a case of multiple 
myeloma with leukemic transformation and simultaneous pleural 
fluid involvement in a 66-year old patient who was receiving 
chemotherapy. The patient developed exceptional dyspnea, dry 
cough and fatigue prior to admission. Radiological investigations 
revealed a massive pleural effusion with partial collapse of the 
lung. Pathological examination of the fluid showed plasma cells 
and plasmablasts with abnormal forms, consistent with a 
myelomatous pleural effusion. Hematopoietic neoplasms are 
associated with body cavity effusions but rare etiologies such as 
myeloma should also be considered as the treatment protocols 
differ in these cases.            
 
Index Terms- Myelomatous pleural effusion, Plasmablast.  

I. INTRODUCTION 

ultiple myeloma is a clonal proliferation of plasma cells 
that primarily affects the bone marrow and the skeletal 

system. Extraosseous involvement of the reticuloendothelial 
system is not uncommon.  It comprises about 1% of all 
malignancies as well as 10% of all the hematopoietic neoplasms. 
The mean age at diagnosis is around 65 years1. Malignant pleural 
effusions due to myeloma are extremely rare2. The incidence is 
1-2% of all cases of multiple myeloma3,4. An accurate diagnosis 
of this condition is imperative as it portends a poor prognosis.  
    We present a case of malignant pleural effusion arising in a 66 
year old female patient with long standing multiple myeloma; 
cytologically typed as a myelomatous effusion.     

II. CASE REPORT 

    A 66 year old female patient, a known case of myeloma, 
presented to the outpatient department with a history of 
progressive lower backache, generalized weakness and joint 
pains. She also had a concomitant history of type2 diabetes 
mellitus, hypertension and hypothyroidism. Complete hemogram 
showed an anemic profile (Hb: 9gm% and ESR: 104 mm/hour) 
with mild leucocytosis (11500 /mm3) and thrombocytopenia 
(platelets: 84000 /mm3).The differential counts showed an 
increase in plasmacytoid lymphocytes and plasma cells with 
occasional plasmablasts.  A repeat bone marrow examination 
showed myeloma not in remission.  
    Six days after admission, the patient developed a rapid onset 
dyspnea and chest pain. The radiological investigations 
comprising of a chest radiograph and a CT scan showed a 
massive pleural effusion of the left lung with partial collapse of 
the underlying lung parenchyma (fig.1). 

 

 
 

Fig 1: Chest radiograph showing a massive left sided pleural 
effusion and partial collapse of the lung parenchyma. 

 
Serum electrophoresis also suggested a rapid disease progression. 
The follow up smear revealed a leukemic transformation of 
myeloma, with plasmablasts numbering 32 %. A thoracocentesis 
intended for both therapeutic and diagnostic purposes was carried 
out and the pleural tap was analyzed in our department. 
The pleural fluid was heavily blood stained with features 
suggestive of an exudate (pH: 7.9, total protein: 3.2gm/dL, 
glucose: 142mg/dL and LDH: 2043U/L).The WBC counts were 
12000 /mm3 and the RBC count was 0.27x106 /mm3.   
    The smears studied showed a marked increase in plasma cells 
and lymphoid cells against a background of hemorrhage (fig. 2). 
Numerous plasmablasts were seen with prominent nucleoli and a 
basophilic cytoplasm (fig 3).  
 

 
Fig 2: Plasma cells and lymphocytes in the pleural fluid.   

(Leishman  400x) 

M
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Fig 3: Plasmablast with reticular, immature chromatin and 
basophilic cytoplasm   (Leishman ; 400x) 

 
Few large abnormal lymphoid cells with dense chromatin, 
irregular nuclear contours and cytoplasmic immunoglobulin 
secretions were also noted .We gave a diagnosis of a 
myelomatous effusion with a request for subsequent follow up. 
    The brief follow up period after thoracocentesis was 
uneventful and a pleurodesis with bleomycin was planned. At the 
time of submission of this report, the patient was discharged 
against advice. 

III. DISCUSSION 

    Pleural effusion in multiple myeloma is a rare event, reported 
in approximately 6% of cases5.The first described case was 
reported in 1994 by Rodriguez and colleagues5. A vast majority 
of these cases are not attributed to myeloma but to related 
pathologies such as heart failure secondary to amyloidosis, 
pulmonary embolism, chronic renal failure, a second neoplasm, 
nephrotic syndrome5, 6. A myelomatous effusion has seldom been 
reported in literature and is said to occur in less than 1% of all 
cases with approximately 80% of these being in IgA disease4. A 
Mayo Clinic review of 958 cases with multiple myeloma 
included 58 cases with pleural effusion. However only 0.8% 
were found to have effusions due to myeloma. In this series the 
most common cause of effusion was congestive cardiac failure 
due to amyloidosis7. 
    Several probable mechanisms have been postulated for 
myelomatous pleural effusion: invasion from adjacent skeletal 
lesions, extension from chest wall plasmacytomas, tumor 
infiltration of pleura and mediastinal lymph node involvement 
causing lymphatic obstruction6. Rarely, a pleural effusion can be 
secondary to a myelomatous ascites8. Our patient had a leukemic 
transformation of myeloma and thus a pleural cavity 
involvement. 
    As far as the diagnosis of myelomatous pleural effusion is 
concerned, several methods are available. The cytological 
examination of pleural fluid for malignant plasma cells still 
continues to remain the most widely used technique. In our case, 
plasma cells showed typical basophilic cytoplasm with large 
eccentric nuclei. Few plasmablasts with prominent nucleoli were 
also seen, some with cytoplasmic immunoglobulin vacuoles. 
    Apart from exfoliative cytology, ancillary techniques such as 
fluid electrophoresis and flow cytometric evaluation for plasma 
cell markers such as CD38, CD138 and light chain restriction9,10. 

Other methods include a pleural biopsy with 
immunohistochemical markers. 
    The differential diagnosis includes reactive plasmacytosis, as 
seen in tuberculosis, viral infections and Hodgkin lymphoma. 
They are associated with neutrophils, reactive mesothelial cells 
and lymphocytes and the plasma cells seldom exceed 15-20%, 
lacking abnormal features3. 
    Myelomatous pleural effusion has been thought as a late 
manifestion in the natural history of multiple myeloma or an 
expression of the aggressive behavior of the disease. Regardless, 
it portends a poor prognosis with reported length of survival less 
than four months after onset9. The mainstay of treatment is 
systemic chemotherapy as myelomatous effusion is dependent on 
excess production of monoclonal protein. In this case, the 
patient’s condition improved immediately after thoracocentesis 
but continued to have progressive dyspnea and fatigue. At the 
time of submitting this article, no subsequent  follow-up was 
available. 

IV. CONCLUSION 

    Myelomatous pleural effusions are a rare occurrence. It 
indicates an advanced disease and a poor prognosis for the 
patient. Cytologic examination continues to be an effective 
method to diagnose these cases and to rule out other causes of 
body cavity effusions. Ancillary techniques also help in this 
regard.    
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Abstract- Sebotropic mites have been implicated in the 
pathogenesis of several dermatoses in humans. A 46 year old 
male diabetic patient presented with painful, erythematous, 
papular, rosacea-like eruptions over bilateral cheeks and a 
rhinophyma of the nasal tip. The lesions were persistent for two 
years, with negative slit skin smears and unresponsive to 
treatment attempts. A skin biopsy revealed demodex mite with 
superadded dermatophyte infection. This case is a testament to 
the view that demodex mites are pathogenetic in certain 
circumstances. 
 
Index Terms- demodex mite, rosacea, diabetes mellitus. 

I. INTRODUCTION 

ebotropic mites such as Demodex folliculorum and Demodex 

brevis though universally present in healthy skin seem 
unlikely partners in the crime of inducing skin disease. However, 
there is increasing evidence that occasionally they may be 
pathogenic. They have been implicated in the pathogenesis of 
several dermatoses in humans including pityriasis folliculorum 
and a dry rosacea –like demodicidosis, a papulo-pustular scalp 
eruption, blepharitis, granulomatous rosacea, perioral dermatitis, 
solitary granulomas etc. 
    The distinction between demodicidosis and common rosacea is 
complicated by the finding that high densities of D.folliculorum 
have been demonstrated in the latter disorder too.   
    Demodex mites are the most prevalent ectoparasite in man. 
Humans are hosts to two of these acarus mite species1: Demodex 

folliculorum which live in clusters, head down in hair follicles 
and eyelashes, and Demodex brevis that thrives as a solitary 
mite5 in sebaceous and meibomian glands. They are 0.3mm long, 
transparent mites which sustain their 2-week lifespan in an 
invisible manner. Their lifecycle was estimated to  be 14.5  days 
by in vitro studies conducted by Spickett1.Rarely, these mites 
have been isolated in  dogs ,causing a lethal generalized 
demodicidosis or “red mange”1.  
    These sebotropic mites can be found in all age groups and are 
host-specific. Cross-transmission is not known to occur. The 
exceptions to these rules are their prevalence in newborns2, who 
are presumably infested soon after following direct contact. The 
mite population increases with advancing age, peaking in the 
elderly populance3. However, no gender difference in prevalence 
has been found2.Their numbers swell during spring.1  
   History is replete with cases where these mites have been 
incriminated in the pathogenesis of dermatoses; ranging from 
pustular folliculitis and rosacea to blepharitis and solitary 
granulomas4. We encountered a case presenting as rosacea with 
rhinophyma. 

II. CASE REPORT 

    A 46 year old male patient, a cotton merchant by occupation, 
presented with a 2-year history of painful erythematous, irritant 
papules over both cheeks, nose and chin .There was aggravation 
of lesions following exposure to sun while steroids  and oral 
metronidazole  provided  temporary respite. The patient was also 
a diabetic on oral hypoglycemic drugs. 
    On examination, the papules were tender and the nasal tip 
showed a bulbous enlargement with telangiectasia. A distinct 
malar erythema was conspicuous. The systemic examination was 
unremarkable while the hematological parameters revealed a 
mildly elevated eosinophil count and ESR. Slit skin smears were 
negative for any organisms.    
    A clinical diagnosis of rosacea with an early rhinophyma was 
considered. A lesional skin punch biopsy was performed from 
the papule over the chin and submitted for histopathological 
examination to rule out a possible photodermatitis. 
    The microscopic examination of skin biopsy showed a 
hyperplastic and acanthotic epidermis with follicular plugging. 
Few follicles devoid of hair shafts were dilated and contained 
mites of demodex species; collared by a perifollicular infiltrate, 
rich in lymphocytes and histiocytes (figure 1). The inflammation 
was seen extending into the follicular lumen. Adjacent 
proliferating capillaries were noted. The ostium of an occasional 
hair follicle showed spores of dermatophytes. No granulomas 
were noted. 
 

 
Figure 1: Biopsy section of the skin, showing mite of demodex 

species. (Hematoxylin & Eosin; x400) 
 
A final diagnosis of Demodicidosis with dermatophyte infection 
was given. Patient was put on Ivermectin with local metrogyl gel 

S 
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application under antibiotic cover, followed by a dramatic 
improvement in the lesions. 

III. DISCUSSION 

    Demodicidosis is a cutaneous disease caused by the mites 
belonging to the genus Demodex. They are obligatory parasites 
frequently found in pilosebaceous units. The sustenance is 
provided by epithelial and glandular cells. These mites have been 
retrieved from almost every area of the skin but have a 
predilection for the face, especially nose, cheeks and eyelids1. 
The colonization is usually asymptomatic. 
There have been conflicting results in studies regarding the 
etiologic role of Demodex in various diseases. However, 
scientific methods have yet to corroborate the causative role and 
most evidences regarding this have been circumstantial.      
Human Demodicidosis exists in three forms.  

� Pityriasis folliculorum, characterized by facial erythema 
with fine follicular plugs and scales producing a 
“nutmeg-grater” or “sandpaper-like” appearance. It 
usually affects women and may be associated with 
itching and burning. Histologically, a diffuse and 
perivascular lymphocytic infiltrate is seen in the 
dermis.  

�  Rosacea-like demodicidosis, presenting with papules 
and pustules associated with a sudden onset, rapid 
progression, eyelid involvement (blepharitis) and poor 
general health such as diabetes mellitus7.No 
telangiectasia is seen.  

� Thirdly, a granulomatous rosacea, with histological 
features of tuberculoid or foreign body giant cell 
reaction8 has been linked to the presence of 
extrafollicular mites in the dermis9.The  chitinous 
exoskeleton of the mite is believed to evoke a 
granulomatous response1. 

    The role of these mites in the pathogenesis of dermal lesions 
appears to be multifactorial with interplay between the agent, 
host response and co-morbid factors. Heavy colonization is a 
requisite for the pathogenicity.Individual’s overall health 
contributes significantly, as evidenced by cases seen in HIV 
patients6 and diabetics4. 
    Blockage of hair follicles and sebaceous ducts by the mites 
and/ or reactive epithelial hyperplasia and hyperkeratinization 
may contribute mechanically in rosacea. 
    Mites acting as vectors for bacteria, particularly staphylococci, 
as seen in blepharitis10. The bacteria have been demonstrated 
clinging to the surface or in the gut of the mite1. 
    Humoral or cell-mediated immunoreactivity1, 10 or both, to the 
mites play a role in inflammation in rosacea. Though it is 
unknown how the mite produces inflammatory changes, 
breaching of the follicular wall and immune T-cell responses 
have been observed. In Demodex induced blepharitis, the mite 
may carry the pathogenic staphylococci deep into the follicle3. 
    The granulomatous response could be a foreign body reaction 
to the mite, a delayed hypersensitivity reaction elicited by the 
mite antigen6. A mite-derived lipase may release fatty acids from 
serum triglycerides, producing an irritant reaction11.  
 

In this present case, the patient was a known diabetic, on 
treatment and presented with rosacea over facial region. The 

biopsy followed by the subsequent response to therapy, proved 
that the eruptions were directly related to the presence of 
demodex  mites. The evidence of dermatophyte in hair follicles 
also incriminates the role of patient’s ill health in contributing to 
demodicidosis.   

IV. CONCLUSION 

    This case proves that the demodex mites can be pathogenic in 
certain circumstances and hence an active search for the same in 
the biopsies of slit- skin smear negative Rosacea patients with 
immunocompromised status is necessary.    
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Abstract- The paper reviews the basic circuit issues of the bulk 
and SOI technology, and also shows the superior features of SOI 
which include the process and developing circuits. And finally, 
conclusion shows the comparison of two technologies by giving 
the appropriate design description. 
 
Index Terms- Bulk CMOS technology, SOI technology.   
 

I. INTRODUCTION 

he process of designing digital hardware has changed 
dramatically over the past few years. Unlike previous 

generations of technology, in which board-level designs included 
large numbers of SSI chips containing basic gates, virtually every 
digital design produced today consists mostly of high-density 
devices. Where the high density devices are developed by VLSI, 
this introduces the incorporating of several numbers of transistors 
on a single chip. According to MOORES Law the count of 
transistors are doubled for every six months, which gives the 
high reliability and better performance. This applies not only to 
custom devices like processors and memory, but also for logic 
circuits such as state machine controllers, counters, registers, and 
decoders. When such circuits are destined for high-volume 
systems they have been integrated into high-density gate arrays. 
And the paper introduces the two technologies i.e. Bulk CMOS 
and SOI CMOS technology, considering these two to 
technologies the paper is further processed by giving the brief 
description of each technology and the needs, effects and 
application are discussed. 

II. SEMICONDUCTORS 

    A semiconductor has two types of mobile charge carriers: 
negatively charged electrons and positively charged holes. We 
shall denote the concentrations of these charge carriers by n and 
p respectively. The discussions in this booklet apply to elemental 
semiconductors (like silicon) which belong to group IV of the 
periodic table. We can intentionally add impurities from groups 
III and V to the semiconductor. These impurities are called 
dopants. Impurities from group III are called acceptors while 
those from group V are called donors. Each donor atom has an 
extra electron, which is very loosely bound to it. At room 
temperature, there is  thermal energy present, so that the loosely 
bound electron breaks free from the donor, leaving the donor 
positively charged. This contributes an additional electron to the 
free charge carriers in the semiconductor, and a positive ionic 
charge at a fixed location in the semiconductor. Similarly, an 
acceptor atom captures an electron, thus producing a mobile hole 

and becoming negatively charged itself. A semiconductor 
without any dopants is called intrinsic. An unperturbed 
semiconductor must be charge neutral as a whole. If we denote 
the concentration of ionised donors by  and the concentration 
of ionised acceptors by , we can write for the net charge 
density at any point in the semiconductor as.  

 
                                   (1)                                                             

 
Where q is the absolute value of the electronic charge. In an 
unperturbed semiconductor, will be zero everywhere. Electrons 
and holes are generated thermally – the availability of energy 
equal to the band gap of the semiconductor results in the 
generation of an electron - hole pair. Simultaneously, electrons 
and holes can recombine to annihilate each other, giving out 
energy which is equal to the band gap of the semiconductor. 
Thus we have the reversible reaction: 
 

                                                     (2)                                                                                                                          
  
Where Eg is the band gap energy of the semiconductor. Applying 
the law of mass action to the above reaction, we can write for the 
equilibrium concentration of holes and electrons: 
 

                                                   (3)                                     
 
The above relation applies to doped as well as intrinsic 
semiconductors. But for an intrinsic semiconductor, 
 

                                                           (4)                                                                                                                          
 
Therefore, the constant in the equation connecting n and p must 
be n. Thus, for a semiconductor in equilibrium, 
 

                                                               (5)                                                                                                                
 
 Since n and p are not independent, but are constrained by the 
above relation, we can define a single independent variable, the 
Fermi potential by (9, 10) 
 
 

                                    (6)                                      

 
Where KB is the Boltzmann constant, T is the absolute 
temperature and q is the absolute value of the electronic charge. 
At room temperature, =q is approximately 26 mV and ni is 

T
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of the order of 1010=cm3 for silicon. Now electron and hole 
concentrations are given by: 
 

                                                (7)  
                                                                                                                                                

                                                   (8)   
                                                                                                                                                  

                                                            (9)    
                                                                    

                                                             (10)                                                                                                                                                      
 

 Table 1 Semiconductor band gap 
 

Material 
Energy gap (eV) 

 
0K 300K 

 
Si 1.17 1.11 

 
Ge 0.74 0.66 

 
InSb 0.23 0.17 

 
InAs 0.43 0.36 

 
InP 1.42 1.27 

 
GaP 2.32 2.25 

 
GaAs 1.52 1.43 

 
GaSb 0.81 0.68 

 
CdSe 1.84 1.74 

 
CdTe 1.61 1.44 

 
ZnO 3.44 3.2 

 
ZnS 3.91 3.6 

 
 

 Table 2 Semiconductor Properties: Band Gaps, Effective 
Masses, Dielectric Constants  

 

Semiconductor 
Energy gap 
(eV) 
at 273 K 

Effective mass 
m*/m Dielectric 

constant 
Electrons Holes 

Ge 0.67 0.2 0.3 16 

Si 1.14 0.33 0.5 12 

InSb 0.16 0.013 0.6 18 

InAs 0.33 0.02 0.4 14.5 

InP 1.29 0.07 0.4 14 

GaSb 0.67 0.047 0.5 15 

GaAs 1.39 0.072 0.5 13 

 
The above table 1 shows the band gap of several semiconductor 
materials, but table 2 gives the semiconductor properties of 
semiconductor materials, which are continuously used in 

Integrated circuits fabrication process, depending upon on the 
application, respective material are preferable. 
 

III. WHY SILICON [ ? 

    Quartz (crystalline silicon dioxide) has been known to people 
for many thousands of years. Flint is a form of quartz, and tools 
made from flint were in everyday use in the Stone Age. 
    In 1789, the French chemist Antoine Lavoisier proposed that a 
new chemical element could be found in quartz. This new 
element, he said, must be very abundant. (1) He was right, of 
course. Silicon accounts for 28% of the weight of Earth’s crust. 
    Silicon was given its name in 1831 by Scottish chemist 
Thomas Thomson. He retained part of Berzelius’s name, from 
‘silicis,’ meaning flint. He changed the element’s ending to on 
because the element was more similar to nonmetals boron and 
carbon than it was to metals such as calcium and magnesium. 
(Silicis, or flint, was probably our first use of silicon dioxide. 
(11-14)) 

• The lowest acceptable purity for electronic grade silicon 
is 99.9999999%. This means that for every billion 
atoms, only one non-silicon atom is allowed. 

• Silicon is the second most abundant element in our 
planet’s crust. Oxygen (47.3%) and silicon (27.7%) 
together make up 75% of the weight of Earth’s crust. 
Most of the crust’s silicon exists as silicon dioxide; we 
are familiar with this as sand or quartz. 

3.1 CHARACTERISTICS 
• Silicon is a hard, relatively inert metalloid and in 

crystalline form is very brittle with a marked metallic 
luster. 

• Silicon occurs mainly in nature as the oxide and as 
silicates. 

• The solid form of silicon does not react with oxygen, 
water and most acids. 

• Silicon reacts with halogens or dilute alkalis. 
• Silicon also has the unusual property that (like water) it 

expands as it freezes. 
• Four other elements expand when they freeze; gallium, 

bismuth, antimony and germanium 
3.2 USES OF SILICON 

• Silicon chips are the basis of modern electronic and 
computing. The silicon must be ultrapure, although 
depending on final use it may be doped with part per 
million levels of arsenic, boron, gallium, germanium, 
or phosphorus. 

• Silicon is alloyed with aluminium for use in engines as 
the presence of silicon improves the metal’s castability. 
Silicon can enhance iron’s magnetic properties; it is also 
an important component of steel, which it toughens. 

• Silicon carbide, more commonly called carborundum, is 
extremely hard and is used in abrasives. 

• Silica (SiO2) in sand and minerals in clay is used to 
make concrete and bricks. Silica, as sand, is also the 
main constituent of glass. 

• Pure, crystalline silicon dioxide (quartz) resonates at a 
very precise frequency and is used in high-precision 
watches and clocks. 
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• Silicones are important silicon based polymers. Having 
heat-resistant, non-stick, and rubber-like properties, 
silicones are often used in cookware, medicine 
(implants), and as sealants, adhesives, lubricants, and 
for insulation 

• Pure silicon is easily available cost is less efficient 
fabrication techniques for silicon processing better 
mechanical and physical properties of silicon integration 
with control and signal processing circuitry. 

IV. CMOS TECHNOLOGY 

    For semiconductor integrated circuits, during the past decades, 
the CMOS technology emerged as the dominant fabrication 
method, and CMOS became the almost exclusive choice for 
semiconductor memory designs also. With the development of 
the CMOS memory technology numerous publications presented 
select CMOS memory circuit- and architecture-designs, but these 
disclosures, sometimes for protection of intellectual property, left 
significant hollows in the acquainted material and made little 
attempt to provide an unbiased global picture and analysis in an 
organized form. Furthermore, the analysis, design and 
improvement of many memory-specific CMOS circuits, e.g. 
memory cells, array wiring, sense amplifiers, redundant 
elements, etc., required expertness not only in circuit technology, 
but also in semiconductor processing and device technologies, 
modern physics and information theory. The prerequisite for 
combining these diverse technological and theoretical sciences 
from disparate sources made the design and the tuition of CMOS 
memory circuits exceptionally demanding tasks. Additionally, 
the literature of CMOS technology made little effort to give 
overview texts and methodical analyses of some significant 
memory-specific issues such as sense amplifiers, redundancy 
implementations and radiation hardening by circuit-technical 
approaches.(6,8) 
    Since the combination of radiation hardness and high 
performance was the incipient stimulant to develop CMOS 
silicon-on-insulator SOI and silicon-on-sapphire SOS memories, 
this closing chapter devotes a substantial part to the peculiarities 
of the CMOS SOI (SOS) memory circuit designs. The circuits 
and architectures presented in this original monograph are 
specific to CMOS nonprogrammable write-read and read-only 
memories. Circuits and architectures of programmable memories, 
e.g. PROMS, EPROMs, EEPROMs, NVROMs and Flash-
Memories are not among the subjects of this volume, because 
during the technical evolution programmable memories have 
become a separate and extensive category in semiconductor 
memories. Yet, a multitude of programmable and other 
semiconductor memory designs can adopt many of the circuits 
and architectures.  
    As CMOS technology is the basic semiconductor model 
CMOS IC are almost exclusively fabricated on bulk silicon 
substrate, for two well known reasons: the arability of electronic 
grade material produced either by the Czochralski of floating 
gate technique, and because good quality oxide can be readily 
grown on silicon, a thing is not possible on germanium or on 
compound semiconductor. ic grade material produced either by 
the Czochralski of floating gate technique, and because good 
quality oxide can be readily grown on silicon, a thing is not 

possible on germanium or on compound semiconductor. Modern 
MOSFET’S made in bulk silicon Far from the ideal structure 
described by Lilienfield. Bulk MOSFET’S are made in silicon 
wafers having a thickness of approximately 800 micrometer, but 
only the first micrometer at the top of the wafer is used for 
transistor fabrication. Interactions between the devices and the 
substrate give rise to a range of unwanted parasitic 
effects.(15,16) 
    One of these is a parasitic capacitance between diffused source 
and drain and the substrate. This capacitance increases the 
substrate doping, and become large in submicron devices where 
doping concentration in the substrate is higher in previous MOS 
technologies. Source and drain capacitance consists not only in 
obvious capacitance of the depletion regions associated with the 
junctions, but also in the capacitance between the junction and 
heavily doped channel stop located underneath the field oxide. 
Latchup, which consists of unwanted triggering of PNPN 
thyristor structure inherently present in all bulk CMOS structure, 
becomes a several problem in devices with small dimensions, 
where the gain of parasitic bipolar devices involved in the 
parasitic thyristor becomes larger.       
    The MOSFET works in three regions ie cut-off, linear and 
saturation region they have given names depending upon the 
flow of electronics and the applied threshold and gate voltage. 
 
 

 
 

 
 
Fig 1 CMOS in 3 different regions and their VI characteristics (a) 

cut-off, (b) linear, (c) saturation, (d) saturation in pinch-off 
condition 
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Fig2 Currents of PMOS and NMOS 
 

 

 
Fig 3 Dynamic characteristics of CMOS Inverter 

 
Table 3 Relations between voltages for the three regions of 

operation of CMOS inverter 
 

 Cut-off Non-saturated Saturated 
P-device Vgsp>Vtp 

Vin>Vtp+Vdd 
Vgsp<Vtp 

Vin<Vtp+Vdd 

Vdsp>Vgsp-Vtp 

Vout>Vin-Vtp 

 

Vgsp<Vtp 

Vin<Vtp+Vdd 

Vdsp<Vgsp-Vtp 

Vout<Vin-Vtp 

 
N-device Vgsn<Vtn 

Vin<Vtn 
Vgsn>Vtn 

Vin>Vtn+Vdd 

Vdsn<Vgsn-Vtn 

Vout<Vin-Vtn 

 

Vgsn>Vtn 

Vin>Vtn+Vdd 

Vdsn>Vgsn-Vtn 

Vout>Vin-Vtn 

 

 

V. SOI TECHNOLOGY 

    The idea of realizing semiconductor devices in a thin silicon 
film is mechanically supported by an insulating substrate has 
been around for several decades. The first description of the 
insulated gate field effect transistor (IGFET), which evolved in to 
the modern silicon metal oxide semiconductor field effect 
transistor, is found in the historical patent of Lilienfield in 1926. 
This patent depicts a three terminal device where the source to 
drain current is controlled by field effect from a gate, 
dielectrically insulated from the rest of the devices. The piece of 
the semiconductor which constituted the active part of the device 
was a thin semiconductor film deposited on a insulator. In a 

sense, it can thus be said that a first MOSFET semiconductor on 
insulator device. The technology of that time was unfortunately 
was unable to produce a successfully operating Lilienfield 
device. IGFET technology was then forgotten for a while 
completely overshadowed by the enormous success of the bipolar 
transistor discovered in 1947.(1-5) 
    SOI CMOS technology is also attractive because it involves 
less processing steps the bulk CMOS technology and because it 
is suppressed some yield hazard factors present in bulk CMOS. 
To illustrate this we can take the example of realizing a shallow 
junction and making contact to it. Making shallow junction is not 
a obvious task in bulk CMOS. If a thin SOI substrate is used, on 
the other hand, the depth of the junction will automatically be 
equal to the thickness of silicon film. Electric contact to a 
shallow junction can be made using a metal, an alloy or a metal 
silicide. In bulk silicon devices, unwanted reactions can take 
place between the silicon and the metal or the silicide, such that 
the metal “punch through” the junction. This effect is well 
known in the case of aluminium, but can also occur with the 
metal or slicide systems. Such a junction punches through give 
rise to uncontrolled leakage currents. If the devices are realized 
in thin SOI material, the N+ or P+ source and drain diffusion 
extend to buried insulator. In this case there, is no metallurgical 
junction underneath the metal silicon contact area, and no 
leakage will be produce if some uncontrolled metal silicon 
occurs.  
    The absence of latch up, reduced parasitic source and drain 
capacitance, and easy of making of shallow junctions are the 
examples of advantages of SOI over bulk. There are many other 
properties which allows SOI device and circuits to exhibit 
performances superior to those of their bulk counter parts 
(radiation hardness, high temperature, improve trance 
conductance and subthreshold slop,….)   

VI. SOI BASIC 

    In a Silicon On Insulator (SOI) Fabrication technology, 
transistors are built on a silicon layer resting on an Insulating 
Layer of Silicon dioxide (SiO2). The insulating layer is created 
by flowing oxygen onto a plain silicon wafer and then heating 
the wafer to oxidize the silicon, thereby creating a uniform 
buried layer of silicon dioxide. Transistors are encapsulated in 
SiO2 on all sides. The below figure shows a typical NMOS 
Transistor with Bulk CMOS Process and with SOI Process.  
 

 
 

Figure 4 Bulk NMOS Transistor vs SOI NMOS Transistor. 
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The insulating layer increases device performance by reducing 
junction capacitance as the junction is isolated from bulk silicon. 
The decrease in junction capacitance also reduces overall power 
consumption. 
 

 
 

Figure 5 Bipolar current of the SOI FET 
 

 

 
 

Figure 6 (a) SOI Drain current vs drain voltage in mA, (b) Drain 
current vs drain voltage in micro seconds 

 

 
 

Figure 7 Inverter (a) An SOI Inverter, (b)A Bulk Inverter 
 

 
6.1 THE PROCESS INTEGTATION OF SOI 
Many techniques have been developed for producing a film of 
single-crystal silicon on top of insulator. Some of them are based 
on the epitaxial growth of silicon on either a silicon wafer 
covered with an insulator (homo-epitaxial techniques) or on a 
crystalline insulator (hetroepitaxial techniques). Other techniques 
are based on recrystallization of thin silicon layer from the melt 
(laser recrystallization, e-beam  recrystallization and zone-
melting recrystallization). Silicon-on-insulator can also be 2 
produced from a bulk silicon wafer by isolating a thin silicon 
layer from the substrate through the formation and oxidation of 
porous silicon (FIPOS) or through the ion beam synthesis of a 
buried insulator layer(SIMOX, SIMNI and SIMON). Finally, 
SOI material can be obtained by thinning a silicon wafer boned 
to an insulator and mechanical substrate (wafer bonding BESOI). 
Every approach has its advantages and its pitfall, and the type of 
application to which the SOI materials is destined, dictates the 
material to be used in each particular case.  SIMOX and 
UNIBOND are seems to be the ideal candidates for VLSI CMOS 
application, while wafer bonding is more adapted to bipolar and 
power applications.  
Now we’ll review some of the techniques have been used in 
producing the SOI materials.  

A. HETRO-EPITAXIAL TECHNIQUES 
 Hetro-epitaxial Silicon-on-insulator films are obtained by 
epitaxially growing a silicon layer on a singlecrystal insulator 
(see figure 1). The films are grown using silane or dichlorosilane 
at temperatures around 1000C. All the insulating substrates have 
thermal coefficients which are 2-3 times higher than that of 
silicon which generated lot of stresses at interface. Therefore, 
thermal mismatch is the single most important factor determining 
the physical and electrical properties of silicon films grown on 
bulk insulators. Silicon-on-sapphire (SOS) is one of single most 
mature of all hetro-epitaxial materials used. SOS is fabricated by 
epitaxial growth of a Si film on Al2O3. The electrical properties 
may suffer from lateral stress, in-depth inhomogeneity of the 
film, and defective transition layer at the interface. Good quality 
100 nm thick films, on 6 in. SOS wafers are now available.  

B. HOMO-EPITAXIAL TECHNIQUES 
 Epitaxial lateral overgrowth, method consists of growing a 
singlecrystal Si film, from the substrate (i.e. the seed) through 
and above the SiO2 layer. ELO process requires a post-epitaxy 
thinning of the Si film, which can for example be achieved by 
using a patterned oxide, the silicon film in excess is removed 
leaving an isolated Si island (dotted line) in the BOX. The main 
application of ELO technique is the integration of 3-D stacked 
circuits. Coalescence of adjacent crystals, C) self-planarization of 
the surface.  
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Fig-8: ELO technique. A) growth from seeding window, B) 
coalescence of adjacent crystals, C) self-planarization of the 

surface. 
 

C. RECRYSTALLIZATION TECHNIQUES 
 MOS transistor can be fabricated on large grained polysilicon 
deposited on oxidized silicon substrate. But the presence of grain 
boundaries brings about low surface mobility and high 
thershould voltages. 
    Mobility and thershould voltages values can be improved by 
passivating the dandling silicon bond via hydrogen plasma 
treatment. High performance ICs however require much better 
device properties, and grain boundaries must be eliminated from 
the deposited silicon film. This is the goal of all recrystallization 
techniques such as Laser beam, E-Beam, zone melt 
recrystallization. 
Laser and e-beam both are relatively slow processes (uses a 
pointed energy source) compared to zone melting method in 
which incoherent light or near IR source is used. 

D. FIPOS:  Full isolation by oxidized porous silicon 
Anodic reaction is used to convert a particular region (predefined 
by p-type doping) of the Si wafer into porous silicon. During 
subsequent oxidation, the porous Si transforms very rapidly and 
selectively in a BOX. FIPOS may be able, in the future, to 
combine SOI circuits with electroluminescent porous Si devices. 

E. SIMOX 
 In the last decade, the dominant SOI technology was SIMOX, 
which is synthesized by internal oxidation during the deep 
implantation of oxygen ions into a Si wafer. Annealing at high 
temperature restores the crystalline quality of the film. SIMOX 8 
in. wafers have good thickness uniformity, low defect density 
(except threading dislocations: 104–106 cm-2), sharp Si–SiO2 
interface, robust BOX, and high carrier mobility. Some basic 
processes of SIMOX are described in figure 9 and figure 10. 
 
 
 

 
 

Fig-9: The principal of SIMOX: a heavy dose oxygen 
implantation into silicon followed by an annealing step produce a 

buried layer of silicon dioxide below thin single crystal silicon 
over layer. 

 

 
 

Fig-10: Evolution of the structure of the SIMOX structure as a 
function of post-annealing temperature (implant dose= 1.5 1018 
cm-2, energy = 200 keV). A) as implanted, B)2-hr. annealing at 
11500C , C) 6 hour annealing at 11850C, D) 6 Hr. annealing at 

13000. 
 

F. WAFER BONDING (WB) 
Wafer bonding and etchback is another mature SOI technology. 
An oxidized Si wafer is mated to a second Si wafer. 
When two flat, hydrophilic surfaces such as oxidized surfaces are 
placed against one another, bonding naturally occurs, even at 
room temperature, which forms the hydrogen bonds across the 
gap between two surfaces. After bonding, upper wafer is thinned 
down from 
600microns to few microns to reach the target thickness of the 
silicon film. The thinning is usually done grinding followed by 
chemicalpolishing or grinding followed by etch-back process 
(preferred). In etch-back process a P+ layer is formed at the 
surface near the oxide where the etching is required and using 
proper etchant the bare Si surface above the bonded SiO2 is 
obtained with approximately 12nm surface tolerance. 

G. UNIBOND 
This material again belongs to the family of wafer bonding 
structures. But unlike the wafer bonding method, in UNIBOND, 
the etch back process is avoided. The revolutionary Smart-Cut 
mechanism uses the deep implantation of hydrogen (dotted line 
in figure 4) to generate microcavities. After bonding and 
annealing, the wafers separate naturally at a depth defined by the 
location of hydrogen microcavities which have eventually 
coalesced. The UNIBOND wafer is finished by touch polishing. 
The smart-cut approach has several outstanding advantages: 
6.2 SOI FLOATING BODY 
In a standard Bulk CMOS process technology, the P-type body 
of the NMOS Transistor is held at the ground voltage, while in 
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the Bulk CMOS process technology, a PMOS Transistor is 
fabricated in an N-well, with the transistor body held at the VDD 
supply voltage by means of a metal contact to the N-well. 
    In Silicon-On-Insulator process technology, the source, body 
and drain regions of transistors are insulated from the substrate. 
The body of each transistor is typically left unconnected and that 
results in a floating body. The floating body can get freely 
charged/discharged due to the transients (Switching) and this 
condition affects threshold voltage (Vt) and many other device 
characteristics. 
    The transistor area in SOI process is less because there is no 
need for metal contacts to Wells that are used for making MOS 
transistors. 
6.3 FULLY DEPLETED SOI 
In an NMOS transistor, applying a positive voltage to the gate 
depletes the body of P-type carriers and induces an N-type 
inversion channel on the surface of the body. If the insulated 
layer of silicon is made very thin, the layer fills the full depth of 
the body. A technology designed to operate this way is called a 
“fully depleted” SOI technology. The thin body avoids a floating 
voltage. In 45nm and below CMOS, the Vt can be tuned by a 
midgap metal gate leaving the fully-depleted body undoped. 
Higher channel mobility and hence higher performance are 
achieved, as well as lower variability from one device to another. 
Fully Depleted SOI enables a CMOS LP technology with un-
doped body. It gives the best performance - low leakage couple, 
a perfect choice for Low Power Applications. 
 

 
Figure 11 Fully Depleted SOI 

 

6.4 PARTIALLY DEPLETED SOI 
On the other hand, if the insulated layer of silicon is made 
thicker, the inversion region does not extend the full depth of the 
body. A technology designed to operate this way is called a 
“partially depleted” SOI technology. The undepleted portion of 
the body is not connected to anything. The exact voltage depends 
on the history of source, gate, and drain voltages leading up to 
the current time (the “history effect”). However, the voltage can 
be expected to fall within a known range. 
    The body voltage affects the conduction of the channel and 
therefore the switching speed and parasitic capacitance of the 
circuit. In an NMOS transistor, a lower initial body voltage 
results in a thinner inversion layer, lower conductivity, and 
slower switching. Conversely, a higher initial body voltage 
results in faster switching. In a PMOS transistor, the opposite is 
true; a lower initial 

 

 
Figure 12 Partially Depleted SOI 

 
6.5 LATCHUP ELIMINATION 
Bulk CMOS relies on junction isolation between devices, while 
SOI uses dielectric isolation to surround the entire device sides 
and bottom. SOI has no wells into the substrate and therefore has 
no Latchup or leakage paths. It eliminates the need for guard 
rings, thus smaller area for same function. 
6.6 BI-POLAR CURRENTS 
There is a low gain parasitic bipolar transistor on every floating 
body SOI FET transistors. This bipolar transistor is in parallel 
with the FET transistor and could cause false switching to the off 
FET transistor. In general pass gate circuit has the highest bipolar 
current effect. It can be seen in fig 5 
    When both Source and Drain of Transistor are at High and 
Gate is at Low (in the case of a Pass Gate), the floating body will 
couple to high. When Source or Drain goes to Low then we will 
see a current pulse even when the gate is low. However over the 
years of the technology scaling, this bipolar current effect has 
been pretty much eliminated due to the reduction of the operating 
voltage of the 90nm node and beyond. In some extreme case, 
where the design has many transistors connected in parallel, the 
designer needs to verify the bipolar current to ensure the 
functionality of the circuit. This is particularly important if the 
design requires functional burn-in at a much higher voltage than 
the typical operating voltage condition. 
6.7 SELF-HEATING 
The insulation layer of the SOI wafer creates a potential 
temperature delta between devices called local (self) heating. 
Self-heating is evident at the high power regions. May not have 
huge impact on Digital circuits; however this effect must be 
considered for analogy type of circuits.  
6.8 TEMPERATURE SENSITIVITY 
SOI CMOS is much less sensitive to temperature than bulk. In all 
SOI processes, the leakage to the substrate is obviously 
suppressed. Furthermore in FD SOI, the Vt varies by about 2x 
less with temperature than in bulk.  
6.9 BODY CONTACTS 
In the digital circuits, the transistor operates as a switch and 
remains in a steady state most of the times. Modeling switching 
characteristics with Floating Body effects are slightly 
complicated, but it can be modeled. Where as in the 
Analog/Mixed/IO design modeling the behavior of linear 
characteristics circuit is very difficult with varying potential of 
the Floating Body as it changes the output impedance of the 
device and its Vt-matching to the next device. A Body Contact 
Transistor can be used as the current source or as any matching 
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transistors designs to eliminate the floating body effect in the 
SOI technology. However Body Contact has RC delay associated 
with it, and shows poor transient response due to high 
capacitance and resistance. Also Body Contacts do not scale with 
the Gate Length, and requires bigger Transistor size and Low 
density. Body contacts are used only where needed because they 
increase the layout area and decrease performance. 

VII. CONCLUSION 

    The primary goal of this paper is to know the large scale 
integration and the techniques that involve in the integration. It 
also shows the brief description of the CMOS Bulk technology 
and SOI technology that are compared with each other. After 
studying the various circuit issues of both the technologies. SOI 
gives the superior results than Bulk technology, which increases 
the circuit performances, high reliability, removes the parasitic 
capacitance, punch through issue and the circuit compactness. 
Hence SOI technology is the leading and upcoming technology 
in both micro and nano electronics.         
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Abstract: 

A simple, precise, accurate stability-indicating gradient reverse phase ultra-performance liquid chromatographic (RP-UPLC) method 
was developed for the quantitative estimation of purity of   Telmisartan drug substance and drug products in bulk samples and 
pharmaceutical dosage forms in the presence of its degradation products and impurities. The present method was developed using 
Waters Aquity BEH C18 (100 mm x 2.1 mm, 1.7 µ) column with mobile phase containing a gradient time programme of the solvents 
A and B. The wave length selected for monitoring eluted compounds were monitored at 290 nm, the run time was within 10 min, 
which Telmisartan and its seven impurities were well separated. Telmisartan was found to degrade significantly in acid stress 
condition when it was subjected for various stress conditions. The degradation products were well separated from main peak and its 
impurities, proving the stability-indication of the method. The present method was validated as per international conference on 
harmonization (ICH) guidelines with respect to precision, specificity, linearity, limit of detection, limit of quantification, accuracy, and 
robustness.  
 
Index Terms: Telmisartan; UPLC method; Validation; Stability indicating; Tablets formulation 
 

I. INTRODUCTION 

elmisartan is an angiotension receptor blocker that shows high affinity for the angiotension II type 1 receptors, has a long time 
duration of action, and has the longest half life of an ARB. In addition to the blocking the Renin Angiotensin System [RAS], the 

present drug telmisartan acts as a selective modulator of Peroxisome proliferator activated receptor gamma [PPAR-γ], a central 
regulator of insulin and glucose metabolism. In the present study Telmisartan in a tablet formulation was used to evaluate the 
chromatographic separation of Telmisartan and its related impurities by using uplc, because as per the literature there was no uplc 
method.  
 
Literature reveals few RP-HPLC methods (Kiran R. Patil et al., 2008) and is not capable of producing proper resolution between 
impurity F and impurity E and also (Ch. Phani Kishore., 2010) RP-HPLC method is not capable of  producing better  resolution 
between Tel2 and Dimer acid. The main objective is to develop and validate a simple, rapid effective and reproducible UPLC method 
for the determination of Telmisartan related impurities in tablet formulation with short runtime and more resolution, less consumption 
of solvents. So It is therefore felt necessary to develop a new stability-indicating method for the related substance determination and 
quantitative estimation of impurities of telmisartan also by UPLC. An attempt was made to determine whether UPLC can reduce 
analysis times with increase in resolution, accuracy, sensitivity and also with out using buffer as diluent to increase column lifetime. 
Hence, a reproducible stability-indicating RP-UPLC method was developed for the quantitative estimation of telmisartan and its seven 
impurities. This method was validated successfully according to the  
 
International Conference Harmonization guidelines [Validation of Analytical Procedures: Test and Methodology Q2]. The proposed 
method is found to be sensitive, precise, rapid, reproducible, limit of quantification (LOQ) and good limit of detection (LOD) and 
offers good column life time with better separation. 
 

II. EXPERIMENTAL 

 

T
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Standards and samples 
 
Telmisartan (purity-99.0%) and impurities A, B, C, D, E and F are official in European Pharmacopoeia. impurity C is a process related 
impurity and impurity D is unspecified impurity. dimer acid, Chloro analogue impurity and TEL2 are in-house impurities. Impurity E 
and impurity F are obtained from synpure laboratories. Telmisartan, Telmisartan 80mg tablets,  
Impurity - A, impurity- B, dimer acid, Chloro analogue impurity and TEL2 are obtained from Dr.Reddy’s laboratories Ltd. 
Specification limit for all impurities- 0.1%. 
 
Reagents 
 Triethyl amine, ortho phosphoric acid  are of AR grade and milli-Q water was used during analysis. Acetonitrile, Methanol used were 
of  HPLC grade.  
 
UPLC Instrumentation and chromatographic conditions 
All analytical works performed on waters aquity UPLC quarternary gradient pump with photo diode array detector. Detection was 
carried out with Empower 2 software , aquity UPLC-BEH C-18 column (100mm X 2.1 mm, 1.7 µ particle size) as stationary phase, a 
calibrated electronic single pan balance Mettler toledo,  and ultra sonicater Bandelin sonorex  also used during the analysis. The 
solvent A  contains a mixture of 10mM Ammonium acetate with addition of 1mL triethyl amine,  pH  adjusted to 3.9 with ortho 
phosphoric acid and Acetonitrile in the ratio 90:10 (v/v); and the solvent B contains  acetonitrile respectively. Mobile phases are 
filtered through a 0.22 µm PVDF membrane filter (Millipore, India). The binary gradient programme was as follows [time (min) / 
mobile phase A (%) / mobile phase B (%)]: 0.01/65/35, 1.0/65/35, 7.0/30/70, 7.5/5/95, 9.0/5/95, 9.5/65/35, 10/65/35. The column 
oven temperature was maintained at 40°C, and injection volume 4µl. Eluent with flow rate of 0.3 mL / min was monitored at 290 nm 
with the PDA detector. Methanol was used as the diluent for all preparations. The run time optimized was found to be 10 minutes.  
System suitability solution preparation 
Standard stock solution (1000µg/mL) was prepared in methanol. About 50mg of the working standard was transferred into 50mL 
volumetric flask, dissolved in methanol with sonication and diluted to volume, 2.0mL of the stock solution was pipette to 100mL 
volumetric flask and diluted to volume with diluent. 5.0 mL the above solution pipette to 100mL and diluted to volume with diluent to 
achieve a concentration of 1µg/mL.  The system suitability test was performed by injecting this solution two times and getting the 
area ratio between 0.98 to 1.02, with tailing factor <1.2. 
 
 Sample preparation  
The drug was extracted from tablet formulation of 80mg label claim using the diluent. About 100mg equivalent of the Telmisartan 
was taken into 100 mL volumetric flask, 60mL diluent was added and sonicated for 15minutes and cooled to room temperature. 
Diluted to volume with diluent to achieve a target concentration of 1000µg/mL then filtered with Randisc PVDF 0.22µm filter.  
 
 Spiked sample preparation  
 
The drug was extracted from tablet formulation of 80mg label claim using the diluent. About 100mg equivalent of Telmisartan was 
taken into 100 mL volumetric flask, 60mL diluent was added and sonicated for 15minutes and cooled to room temperature. 1mL of 
each impurity stock solution (100µg/mL) added to the above solution. Diluted to volume with diluent to achieve a target concentration 
of 1000µg/mL for Telmisartan and 1 µg/mL for impurities, Diluted to volume with diluent and then filtered with Randisc PVDF 
0.22µm filter. 

III.  RESULTS AND DISCUSSION  

 
 Optimization of Chromatographic conditions  
 
The main objective of this chromatographic method was to separate all above mentioned impurities with in a short runtime and to 
elute Telmisartan as a symmetrical peak .The blend containing 1000µg/ml of telmisartan and 1µg/ml of all impurities was subjected to 
separate by reversed phase UPLC on a waters Acquity RP Sheild C18, 100mm x 2.1mm, 1.7µ with 0.1% ortho phosphoric acid buffer 
and acetonitrile in the ratio of 50:50 v/v, with 0.4 ml/min, column temperature 30°C. Impurities are merging with main peak, by 
changing the mobile phase composition to 70:30 [Water : Acetonitrile] with 0.1% ortho phosphoric acid even though Impurities are 
not separated from main peak and also peak shapes are not symmetrical tailing of  the peaks were observed. Then again tried with 
waters Acquity BEH  C18, 100mm x 2.1mm,1.7µ column with 60:40 [Water : Acetonitrile] with 0.1% ortho phosphoric acid it was 
found that separation of impurities from main peak was observed, then changed the buffer and gradient programme in order to get 
good resolution between Tel2 and Dimer acid and to get all symmetrical peaks thus method was optimized as the solvent A  contains a 
mixture of 10mM Ammonium acetate with addition of 1mL triethyl amine,  pH  adjusted to 3.9 with ortho phosphoric acid and 
Acetonitrile in the ratio 90:10 (v/v); and the solvent B contains  acetonitrile respectively. Mobile phases are filtered through a 0.22 µm 
PVDF membrane filter (Millipore,  
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India).The binary gradient programme was as follows [time (min) / mobile phase A (%) / mobile phase B (%)]: 0.01/65/35, 1.0/65/35, 
7.0/30/70, 7.5/5/95, 9.0/5/95, 9.5/65/35, 10/65/35. The column oven temperature was maintained at 40°C, and injection volume 4µl. 
Eluent with flow rate of 0.3 mL/min was monitored at 290 nm with the PDA detector. Methanol was used as the diluent for all 
preparations. The run time optimized was found to be 10 minutes.  
So with this gradient elution it was found good separation of all impurities with main peak and tailing factor less than 2.0 and 
resolution > 2.0. Finally the praposed method was subjected to method validation according to the International conference on 
Harmonization guidelines, with consideration of sample concentration to achieve an LOQ below reporting threshold of the impurities.  
 Buffer Selection 
 
Different buffers such as potassium phosphate, sodium per chlorate, ammonium acetate were evaluated for system suitability 
parameters and overall chromatographic performance. In the sequential trials Ammonium acetate was found to be suitable for 
effective separation of parent peak and impurities. Ammonium acetate buffer ranging from 5 mM to 25mM were tried . It was 
observed that change in the buffer concentration did not offer significant changes in the elution pattern and resolution, but 10mM 
concentration increased the sensitivity of the method.  
 
 Effect of pH 
  
The pH had an effect on the retention times of the Telmisartan and its related compounds. Resolutions and peak symmetry are found 
good at pH 3.9 
 
 Effect of additive 
The usage of additive like tri ethyl amine reduces the tailing factor in order to gave a better resolution between main peak and related 
substances. 
Drug extraction from formulations  
The extraction of the drug from formulation tried with different solvents such as Acetonitrile, methanol, methanol with water. The 
complete extraction of drug was achieved with methanol. Telmisartan has solubility in methanol.  
Forced degradation studies 
 
The Forced degradation of formulation was carried out as per ICH guidelines (ICH Q2B) and photolysis. The acid, base, and oxidation 
stress conditions were studied out by refluxing API for 6hrs with 5mL of 5N HCl, 5N NaOH and 3% hydrogen peroxide at 60°c 
respectively. The thermal degradation was carried out by heating the drug powder at 105◦Cfor about 24hrs and, degradation by 
humidity was performed by exposing the drug material to 90%RH-25°C about 10days, and the sunlight degradation was performed 
exposing the drug material 55 hrs to sunlight, UV light degradation was performed by exposing the drug material at 254nm-7days. All 
the stress conditions with purity angle and purity threshold are reported in (Table 2). 
Telmisartan was found to degrade significantly in acid stress condition and the impurity formed was found to be Dimer acid, stable in 
base, oxidative, UV, Sunlight and Thermal degradation conditions. The degradation peaks were well separated from main peak as well 
as from all impurities, providing the stability indication of the method. 
 
Method validation 
 
System Suitability 
System suitability parameters were measured so as to verify the system, method and column performance. Results of system 
suitability parameters such as tailing factor and similarity factor . Tailing factor for Telmisartan peak in standard solution is not more 
than 2.0, and similarity factor (between two System suitability solution injections) is not less than 0.98 and not more than 1.02. Results 
the similarity factor between two standard injections found to be 0.99 and the tailing factor 1.0, Fig. 1. The values are presented in 
Tab.1. 
Precision 
Method precision was established by a set of six sample preparations. To demonstrate the method precision, all impurities were spiked 
at the 0.1% level into six sample preparations as shown in Fig. 2. The percentage of RSD for the area of Telmisartan, and all its seven 
impurities were within +2.0% and tailing factor for all peaks <2.0, conforming good precision of the method. To check reproducibility 
of the method intermediate precision study has been performed with another person another day another system and column. The 
values are presented in Tab. 1. 
Limit of detection and Limit of quantification: 
The LOD and LOQ for Telmisartan and its impurities were determined at a signal to noise ratio of 3:1 and 10:1, respectively, by 
injecting series of diluted solutions with known concentrations. At LOQ level Precision study was carried out by injecting six 
individual preparations, and calculated the %RSD of the area for each individual impurity and Telmisartan. Determination of limit of 
detection and quantification of all the impurities and Telmisartan are reported in Tab. 1. 
 
Linearity: 
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The result shows an excellent correlation between the peak area of the telmisartan and the areas of all impurities. Linear calibration 
plot for the related substances method was obtained over the calibration ranges tested , i.e. LOQ to 150% of the drug and impurities, 
specification level for all impurities considering 0.1% as 100% level, and for drug considering test sample concentration as 100%. The 
result shows an excellent correlation between the peak area of the telmisartan and the areas of all impurities. Correlation coefficient 
obtained was greater than the 0.999, slopes were mentioned in Tab. 1. 
Accuracy: 
The recovery of impurities and Telmisartan were determined by spiking each impurity and main drug at different levels starting from 
LOQ Level to 150% of specification level of the all impurities. The recovery range for all impurities and Telmisartan was found to be 
between 95 to 105%, the percentage of RSD for three preparations at each level was found to be with in 2% results were mentioned in 
Tab. 1. 
 
Specificity 
 This study was carried out in terms of different force degradation studies. Samples were stressed with different conditions and 
injected into UPLC. From these studies it was found that Telmisartan was undergoing more degradation under acidic condition and the 
impurity formed was found to be Dimer acid. All degraded peaks were well separated from main peak and impurities. The purity 
angle was within the purity threshold limit obtained in all stressed samples and demonstrates the analyte peak homogeneity. Assay of 
stressed samples were calculated by comparison with  standards and the mass balance for stressed samples was calculated. With 
different stress conditions percentage of degradation are listed in Tab. 2. Chromatogram were shown in Fig. 3 & 4. 
 
Solution stability and mobile phase stability 
No significant changes were observed in the content of impurities during mobile phase stability and solution stability studies when 
performed using the related substance method. The solution stability and mobile phase stability experiment data confirms that the 
sample solutions and mobile phases used during related substance determination were stable for 120 hrs. 
 
Robustness 
In all the deliberate varied chromatographic conditions Flow rate, pH, Column temperature, the results showed with all changed 
conditions, values of the related impurities for the test preparation were found to be in accordance with the values obtained in the 
method precision study. Hence the analytical method can be considered to be robust. Detailed information is given in Tab. 3. 

IV. CONCLUSION 

 The method provides selective quantification of Telmisartan impurities without interference of blank, there by affirming stability-
indicating nature of the method. The proposed method is highly selective, reproducible, specific and rapid with more accuracy, less 
runtime and with less consumption of solvents. The developed method is robust in the separation and quatification of Telmisartan 
related impurities. This method can be used in the routine analysis of production samples. The information presented here in could 
be very useful for quality monitoring of bulk samples and as well employed to check the drug product quality during stability 
studies.   
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Table 1: System suitability, precision, Accuracy, Linearity, LOD, LOQ, RRF, RRT of Telmisartan and   impurities 
 

Component Imp-A Imp-E Imp-F Imp-B Telmisartan TEL2 Dimer acid Chloro 
analogue 
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Retention time (min) 1.125 1.642 2.436 2.822 4.174 5.095 5.575 6.110 

USP tailing 1.1 1.0 1.1 1.1 1.1 1.0 1.1 1.1 

USP resolution  6.9 8.4 4.3 10.7 7.8 6.4 7.0 

Purity angle 0.778 0.685 1.009 0.303 0.201 0.928 0.656 0.208 

Purity threshold 1.704 12.757 3.579 4.780 4.945 3.628 3.315 2.156 

LOD in µg/mL 0.007 0.004 0.003 0.005 0.016 0.018 0.025 0.036 

LOQ in µg/mL 0.022 0.011 0.010 0.012 0.050 0.054 0.072 0.109 

Slope 0.9994 0.9998 0.9996 0.9989 0.9997 0.9987 0.9999 0.9979 

R2 0.9991 0.9981 0.9979 0.9912 0.9989 0.9996 0.9934 0.9968 

RRT 0.27 0.39 0.58 0.70 1 1.22 1.33 1.46 

RRF 1.20 0.48 0.91 0.98 1.00 1.12 1.09 1.21 

% RSD precision 0.2 0.4 0.1 0.2 0.4 0.7 0.5 0.3 

% RSD intermediate 

precision 

0.6 0.3 0.7 0.1 0.2 0.4 0.3 0.5 

Accuracy at LOQ % 102.1 98.5 95.4 99.2 104.6 101.5 102.6 100.9 

Accuracy at 50% 104.9 100.2 97.1 104.2 102.3 96.7 95.2 104.8 

Accuracy at 100% 101.6 96.7 103.6 102.6 100.6 103.4 97.4 96.1 

Accuracy at 150% 99.3 102.4 101.7 103.5 97.2 98.9 101.1 95.7 

     
     
     

Table 2: Data of Degradation studies 
Condition Time % of 

degradants 
% Assay 
of  active 

Mass balance Purity flag 

UV light at-254nm 7 days NA 99.3 99.3 No 

Humidity-90%RH-25°C 10days 0.72 99.1 99.8 No 

Sun light 55 hrs NA 99.5 99.5 No 

Thermal-105°c 24hrs 0.35 99.1 99.5 No 

3%H2O2_60°C 6hrs 0.79 99.2 99.9 No 

5N HCl_60°C 6hrs 19.76 79.0 98.8 No 

5N NaOH 60°C 6hrs 0.41 98.5 98.9 No 

 
 

Table 3: Data of robustness study 
NAME Low flow rate-0.25ml/min High flow rate-

0.35ml/min 
Low temp-35°C High temp-45°C 

       RT  Resolutio
n 

      RT  Resolution       RT  Resolutio
n 

      RT  Resolutio
n Imp-A 1.251   1.100   1.231   1.001   

Imp-F 1.762  7.2 1.514  6.6 1.716  7.1 1.513  6.2 

Imp-E 2.600  9.0 2.322  8.0 2.564  8.9 2.315  8.0 

Imp-B 2.991  4.9 2.710  4.1 2.933  4.8 2.724  4.1 

Telmisartan 4.311  11.4 3.900  9.4 4.281  11.2 4.006  10.3 

TEL2 5.191  8.2 4.891  7.0 5.201  8.2 4.915  7.5 

Dimer acid 
acid 

5.682  6.7 5.455  5.8 5.698  6.9 5.465  6.1 
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Chloroanalo
gue  

6.298  7.3 5.982  6.5 6.226  7.6 5.998  6.7 

             

NAME Low pH-3.8 High pH-4.0 

       RT  Resolution       RT  Resolution 

Imp-A 1.081   1.256   

Imp-F 1.543  6.2 1.783  7.2 

Imp-E 2.321  7.9 2.572  8.9 

Imp-B 2.700  3.9 2.999  4.8 

Telmisartan 4.026  9.9 4.321  11.2 

TEL2 4.971  7.0 5.210  8.2 

Dimer acid 
acid 

5.321  5.8 5.672  6.7 

Chloroanalo
gue  

5.998  6.5 6.310  7.3 

       
       
       
       

 
 
 
 
 
 
 
 
 

 

 
Fig 1: System suitability chromatogram 
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Fig 2: Spiked sample chromatogram 
                

 
Fig 3: Control sample chromatogram 

 
 

 
Fig 4: Acid degraded sample chromatogram 
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Abstract- This study presents the assessment of environmental impact of four stroke petrol engine. The assessment is done by using 
the Eco indicator 99 method & Eco it software. The assessment of environmental impact of whole life cycle of engine includes the 
impact assessment of Production phase, Processing phase, transport and packaging phase, use phase, disposal phase of whole life of 
engine. 
    For assessment, data are collected and then analyzed, during analysis the indicator point obtained from eco it software for particular 
material and process is taken. After the analysis the impact shows as indicator scores in milli-points, which phase have more indicator  
score have more impact on environment.  
 
    Index Terms- Eco indicator 99 method, Indicator point, Eco It software, Four stroke petrol engine. 
 

I. INTRODUCTION 

          Every product has impact on environment in its whole life, some products have less impact and some product have more impact. 
This article involves a stepwise analysis of impact on environment of every phase i.e. production, processing/manufacturing, use, 
transport & packaging, disposal of 4 stroke petrol engine in its whole life by the use of Eco indicator 99 method. For assessment the 
environmental impact many methods can be use, in which most widely used method is Eco indicator 99 method. “The Eco-indicator 
99 is both a science based impact assessment method for LCA and a pragmatic ecodesign method. It offers a way to measure various 
environmental impacts, and shows a final result in a single score.”This method uses indicator points to evaluate the impact of product 
on environment. The indicator points for different type of materials and processes can be obtained by the ECO-IT software. This 
analysis shows the impact in terms of indicator scores in millipoints, of various product life cycle phases, which phase have more 
points, it have more impact on environment. 
 
Eco-indicator 99 Methodology: Operating instructions The following steps must always be followed to ensure correct application 
of the Eco-indicator: 
 
Step 1: Establish the purpose of the Eco-indicator calculation. 
            • Describe the product or product component that is being analyzed. 
            • Define whether an analysis of one specific product is being carried out or a comparison between  
              Several products. 
            • Define the level of accuracy required. 
 
Step 2:  Define the life cycle. 
             • Draw up a schematic overview of the product’s life cycle, paying equal attention to production, 
              Use and waste processing. 
 
Step 3: Quantify materials and processes. 
              • Determine a functional unit. 
              • Quantify all relevant processes from the process tree. 
              • Make assumptions for any missing data. 
              
Step 4: Fill in the form. 
            • Note the materials and processes on the form and enter the amounts. 
           • Find the relevant Eco-indicator values and enter these. 
           • Calculate the scores by multiplying the amounts by the indicator values. 
           • Add the subsidiary results together.  
 
Step 5: Interpret the results. 
            • Combine conclusions with the results. 
            • Check the effect of assumptions and uncertainties. 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      677 
ISSN 2250-3153  

www.ijsrp.org 

            • Amend conclusions (if appropriate). 
            • Check whether the purpose of the calculation has been met. 
 
Indicator Point : Eco-indicator scores to express the environmental performance of a product as a single figure. The standard Eco-
indicator values can be regarded as dimensionless figures. As a name we use the Eco-indicator point (Pt). In the Eco-indicator lists 
usually the unit milli-point (mPt) is used, so 700 mPt= 0.7 Pt. 
 
ECO-it Software is a tool for product and packaging designers. Designers often work under time pressure, and cannot be expected to 
be environmental experts. With ECO-it you can work without detailed environmental knowledge. ECO-it is easy to use and gives 
instant results. For this reason, it is also the perfect tool for education. 
 
     

                                                       
 
                         Figure 1 : Indicator points of process in eco-it software 
 
  ECO-it is easy to use, you can model your product in minutes and know its environmental impact. 
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II.   COLLECTED DATA AND ANALYSIS OF IMPACT 

 

  Step 1:  In this study for Analysis of environmental impact of 4 stroke petrol engine, Bajaj caliber engine is taken. 
      
  Step 2 and step 3:  The process tree is illustrated in figure 2. In this I determine exactly inputs & outputs during a whole life  
                                   of   product. The amount of material is also included which is found by weighting of every parts of engine 
                                    in workshop.      
                    
 

Table I: Material used for manufacturing engine parts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                 
 

Material for engine parts Total weight of 

material 

material parts amount  

                

 

 

steel 

Piston ring 0.004 kg  

 

1.3 kg 

connecting rod 0.175 kg 

valves 0.044 kg 

flywheel 0.64 kg 

crankshaft 0.129 kg 

camshaft 0.276 kg 

Piston pin 0.018 kg 

Wire shell of 

spark plug 

0.0126 kg 

 

aluminum 

 

Cylinder head 1.65 kg  

2.173 kg 
piston 0.078 kg 

Aluminum plates 

of cylinder 

 

0.445 kg 

  Cast iron (used for cylinder) 1.13 kg 

Nickel (used for electrodes of spark plug) 0.0074 kg 

Ceramic(used for insulator of spark plug) 0.006 kg 
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Table II: Process & heat energy used for manufacturing engine parts 

 
                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table III: Material used in packaging & transport of engine 
                 
                      

material amount 
Polythene (PE) 0.004 kg 
Polystyrene (PS) 0.01 kg 
Packing carton/ 
cardboard/wooden container 

 
0.5 kg 

Transport by truck 3000 
 
 

Table IV:  product life cycle = 10 years, use of petrol = 2 litre/day , hence use of petrol = 720 Litre/year 

Use engine oil = 1 Litre/servicing (in every 3 months) 

            
 
 
 
 
                                        
                                               
 
 
 
 
 

Parts process Heat energy        

used 

Piston ring forging 0.26 MJ 

Connecting rod Forming, sintering, infiltrating, separating 11.375 MJ 

valves forging 2.86 MJ 

flywheel casting 41.6 MJ 

Crankshaft Roll forging 8.385 MJ 

Camshaft Sintering, heating 17.94 MJ 

Piston pin forging 1.17 MJ 

Wire shell of spark plug extrusion 0.819 MJ 

Cylinder head forging 381.15 MJ 

piston Forging/casting ,machining, turning, drilling 18.018 MJ 

Aluminum plates of cylinder Sheet forming, bending 102.795 MJ 

Cylinder Casting 41.81 MJ 

Petrol (litre) 7200  2*30*12*10 

Engine oil (litre) 40 1*4*10 
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Table V: Common product life cycles 
                       
                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Product  type Useful life(years) 

Photographic film 1 

Disposable dinnerware and hospital goods 1 

Packaging 1-2 

Construction film 2 

Footwear 2 

Apparel 4 

Household goods 5 

Toys 5 

Jewelry 5 

Saucepans 5 

Sporting goods 7 

Domestic applications 7-10 

Luggage 10 

Cameras 10 

Furniture 10 

Motor vehicles 10 

Electrical goods 10-15 

Hardware 15 

Aircraft 15 

Wire and cable 15-30 

Construction 25-40 

Machinery 30 
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After finding the life cycle & quantity (amount) of material, this quantity is multiplied by indicator point (find out from ECO IT 

software)  for every material/process used in every phase and filled in the form (available  in tabular format ) to determine 

environmental impact of engine.  

 
LIFE CYCLE OF 4 STROKE PETROL ENGINE – The process tree is illustrated in fig. In this we determine exactly inputs & 
outputs during a whole life of product. The amount of material is also included. 

 
 

 
 
 
 
  
 

                                                
                                               Figure 2: Process tree for engine 
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Product or component 
4 stroke petrol engine 

Notes about analysis 
Assumption: Product life of 10 years, uses petrol 2 litre/day & its mileage is 83 km/l 
Production 
Material used in production of product 
 
Material for engine parts Total weight of 

material (Q) 
Indicator (I) Result (Q*I) 

Material  parts amount    
                
 
 
Steel 

Piston ring 0.004 kg  
 
 
 
1.3 kg 

 
 
 
 
86 

 
 
 
 
111.8     

connecting rod 0.175 kg 
valves 0.044 kg 
flywheel 0.64 kg 
crankshaft 0.129 kg 
camshaft 0.276 kg 
Piston pin 0.018 kg 
Wire shell of spark plug 0.0126 kg 

 
Aluminum 
 

Cylinder head 1.65 kg  
2.173 kg 

 
780 

 
1694.94 piston 0.078 kg 

plates of cylinder 0.445 kg 
  Cast iron (used for cylinder) 1.13 kg 240 271.2 
Nickel (used for electrodes of spark plug) 0.0074 kg 5200 38.48 
Ceramic(used for insulator of spark plug) 0.006 kg 28 0.168 
Total impact of production phase (in mpt)    A   =   sum of all results in this phase                                           =  2116.588 
 
Processing 
Heat energy used in production 
Parts Process Heat energy        

used 
Total heat 
energy (E) 

Indicator 
(I) 

Result (E*I) 

 Piston ring forging 0.26 MJ  
 
 
 
628.182 MJ 

 
 
 
 
4.2 

 
 
 
 
2638.36 

 Connecting rod Forming, sintering, infiltrating, 
separating 

11.375 MJ 

 valves forging 2.86 MJ 
 flywheel casting 41.6 MJ 
Crankshaft Roll forging 8.385 MJ 
Camshaft Sintering, heating 17.94 MJ 
Piston pin forging 1.17 MJ 
Wire shell of spark plug extrusion 0.819 MJ 
Cylinder head forging 381.15 MJ 
 piston Forging/casting, machining, 

turning, drilling 
18.018 MJ 

Aluminum plates of cylinder Sheet forming, bending 102.795 MJ 
Cylinder Casting 41.81 MJ 
Total impact of processing phase (in mpt)    B   =   sum of all results in this phase                                                  = 2638.36 
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III. RESULT SUMMARY 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Transport & packaging 
material used in transport & packaging 
Material Amount (T) Indicator (I) Result (T*I) 
Polythene (PE) 0.004 kg 2.1 0.0084 
Polystyrene (PS) 0.01 kg 370 3.7 
Packing carton/ 
cardboard/wooden container 

 
0.5 kg 

 
69 

 
34.5 

Transport by truck 3000 22 66 
Total impact of Transport & packaging phase (in mpt)   C  =   sum of all results in this phase         =  104.208 
 
Use 
Material, Transport, Energy and possible auxiliary materials 
      Material 
 

      Amount (U)        Indicator (I)       Result (U*I) 

Petrol (litre) 7200 210 1512000 
Engine oil (litre) 40 99 3960 
Total impact of use phase (in mpt)    D   =   sum of all results in this phase                                       =  15,15,960 
 
 
Disposal 
Disposal process for used material 
       Material 
 

       Amount (D)        Indicator (I)        Result (D*I) 

Municipal waste PE 0.004 kg -1.1 -0.0044 
Municipal waste PS 0.01 kg 2 0.02 
Municipal waste aluminum 2.2 kg -23 -50.6 
Municipal waste steel 1.48 kg -5.9 -8.732 
Packing carton/cardboard 0.5 kg -3.3 -1.65 
 
   Total impact of disposal phase (in mpt)    E   =   sum of all results in this phase                  =    -60.95 
Grand total [millipoint] all phases           (A+B+C+D+E)                                                                                    15,20,758.206 

        Life cycle phases  Score in milli points % of total damage 

Production phase 2116.588 0.14 % 

Processing phase 2638.36 0.17 % 

Transport & packaging 104.208 0.0069 % 

Use phase  

                  [Use of petrol] 

            [Use of engine oil] 

15,15,960 

1512000 

3960 

99.8 % 

[99.6 %] 

[0.20 %] 

Disposal phase -60.95 -0.004 % 
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The result shows that the use phase has greatest impact. The number of points is many times higher than the totals for the production, 
processing, transport, & packaging & disposal. 

Use phase have greater damage % than other ,that is 99.8 % including use of petrol 99.6 %, use of engine oil 0.20 %. Hence petrol 
have greatest impact on environment than others, the design team should concentrate on the use of petrol. Instead of petrol alcohol or 
mixture of both can be used. 

 
                  Use of alcohol   Use of petrol 

Amount Indicator Result Amount Indicator Result 

10% = 720  Litre                  99 71280 90%=6480 Litre      210 1360800 

20%=1440 Litre        99 142560 80%=5760 Litre      210 1209600 

30%=2160 Litre        99 213840 70%=5040 Litre      210 1058400 

       Hence, 

Amount of alcohol + 

petrol 

Score in mpt Total impact % of total damage Result 

10 % alcohol + 90 % 

petrol 

71280 + 1360800 1432080 94.2% Impact  5.8% 

reduces by 

20% alcohol + 80 %  

petrol 

142560 + 1209600 1352160 88.9% Impact 11.1% 

reduces by 

30 % alcohol + 70 % 

petrol 

213840 + 1058400 1272240 83.7% Impact 16.3% 

reduces by 

 

        Then, order of impact –  

                       Petrol > 10 % alcohol + 90 % petrol > 20 % alcohol + 80 % petrol > 30 % alcohol + 70 % petrol 

    Hence when amounts of alcohol increases the environmental impact reduces. Hence pure alcohol will give minor environmental 
impact. But it requires more practical work. 
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IV. CONCLUSION 

     Every product damages the environment to some extent. Raw materials have to be extracted, the product has to be manufactured, 
distributed and packaged. Ultimately it must be disposed of. Furthermore, environmental impacts often occur during the use of 
products because the product consumes energy or material. If we wish to assess a product’s environmental damage, all it's life cycle 
phases must therefore be studied. The result of this study shows that the petrol has greatest impact on environment than others, the 
design team should concentrate on the less use of petrol. Instead of petrol alcohol or mixture of both can be used, when amounts of 
alcohol increases, the environmental impact reduces. 
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Abstract- This paper presents Multiply and Accumulate (MAC) unit design using Vedic Multiplier, which is based on Urdhva 
Tiryagbhyam Sutra. The paper emphasizes an efficient 32-bit MAC architecture along with 8-bit and 16-bit versions and results are 
presented in comparison with conventional architectures. The efficiency in terms of area and speed of proposed MAC unit architecture 
is observed through reduced area, low critical delay and low hardware complexity. The proposed MAC unit reduces the area by 
reducing the number of multiplication and addition in the multiplier unit. Increase in the speed of operation is achieved by the 
hierarchical nature of the Vedic multiplier unit. The proposed MAC unit is implemented on a field programmable gate array (FPGA) 
device, 3S100ETQ144-5 (Spartan 3). The performance evolution results in terms of speed and device utilization are compared to 
earlier MAC architecture. Though the use of Vedic mathematics methods for multiplication is reported in literature, it has been 
observed that our proposed method of 32-bit MAC unit implementation is using (32X32) multiplication unit and shows improvements 
in the delay and area. 

Index Terms- MAC, Multiplier, Nikhilam Sutra, Urdhva Tiryagbhyam Sutra, Vedic Mathematics.  

I. INTRODUCTION 

he general MAC architecture consists of a conventional multiplier, adder and an accumulator. Where the output is added to the 
previous MAC output result by an accumulate adder. The Multiply-Accumulate (MAC) unit is extensively used in 

microprocessors and digital signal processors for data-intensive applications, such as filtering, convolution, and inner products. Most 
digital signal processing methods use nonlinear functions such as discrete cosine transform (DCT) or discrete wavelet transform 
(DWT) or FFT/IFFT computations that can be efficiently accelerated by dedicated MAC units.  Because they are basically 
accomplished by repetitive application of multiplication and addition, the speed of the multiplication and addition determines the 
execution speed and performance of the entire computation. As the multiplier exhibits inherently long delay among the basic 
operational blocks in digital system, the multiplier determines the critical path.  
    In order to improve the speed of the MAC unit, there are two major bottlenecks. The first is the partial products reduction network 
that is used in the multiplication block and the second is the accumulator. Both of these stages require addition of large operands that 
involve long paths for carry propagation. The main key to the proposed architecture is using the Vedic multiplier to design the MAC 
unit and compare the performance with the conventional MAC units in terms of area, speed and number of resources.  
    High Speed Energy Efficient ALU design using Vedic multiplication techniques by the authors Ramalatha, M.Dayalan, K D 
Dharani, P Priya, and S Deoborah [2], wherein scope persists in further improving efficiency. It is well known fact that the speed of 
MAC is governed by the speed of the multiplier. The Vedic multiplier uses “Urdhva Tiryagbhyam” algorithm. The authors in [3] use 
Vedic multiplier based on the ancient algorithms (sutras) for multiplication. This work is based on the sutra "Nikhilam Sutra". This 
paper presents a technique to modify the architecture of the Vedic multiplier by using existing methods in order to reduce power. The 
proposed design shows considerable improvements in terms of power. 
    The remainder of this paper is organized as follows, Section 2 describes Overview of Vedic Mathematics. Section 3 Review of 
Multipliers. Section 4 describes the MAC architecture unit. Section 5 describes the Results and Discussion. Section 6 presents the 
Conclusion drawn in this work.  

II. VEDIC MATHEMATICS 

    The Sanskrit word ‘Veda’ means ‘knowledge’. The Vedas consist of a huge number of scriptures. There are thousands of 
documents in Indian scriptures, and much part of it is yet to be translated. These scriptures are highly structured, both within 
themselves and in relation to each other. Some documents, called ‘Ganita sutras’ (the name ‘Ganita’ means mathematics), were 
devoted to mathematical knowledge. Sri Bharati Krishna Tirtha Maharaj, who is considered the doyen of this discipline, in his seminal 
book Vedic Mathematics, wrote about this special use of sutras. Vedic Mathematics" was the name given by him. He cognized the lost 
formulae from the scriptures of "Atharva Vedas" and compiled them in the form of Sixteen Sutras and thirteen sub-sutras. Vedic 
Mathematics is based on 16 sutras dealing with mathematics related to arithmetic, algebra, and geometry, which can further be 
extended to any area of Applied and Pure Mathematics.  
 

T
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III. MULTIPLICATION 

    Multiplication is a fundamental operation of MAC unit [1]. Multipliers have large area, long latency and consume considerable 
power. Fast multipliers are essential parts of digital signal processing systems. In order to improve the speed of the MAC unit, there 
are two major criteria’s. The first is reducing the number of partial products in the multiplication block and the second is reducing 
burden of accumulator. As the multiplier consumes considerable delay among the basic operational blocks in digital system, the 
multiplier determines the critical path. In this section the MAC using the Vedic, Booth and Conventional multiplier is discussed. 
3.1 Vedic Multiplier 

The main purpose of Vedic Mathematics is to be able to solve complex calculations by simple techniques. The formula being very 
short makes them practically simple in implementation.  Urdhva-tiryagbhyam (Vertically and crosswise) sutra is general formula 
applicable to multiplication operation. Its algebraic principle is based on multiplication of polynomials. The Vedic multiplier using 
Urdhva-tiryagbhyam sutra of width NXN will generate the 2N-1 cross products of different widths which when combined forms 
(log2N + 1) partial products. The partial products are obtained by vertical and crosswise operations using the Sutra. Hence the delay is 
equal to adder delay. Critical path would consist of adders adding the maximum number of bits in cross product. In all cases it will be 
the cross product in which all bits of multipliers are considered. 
 

 
 

Fig 1. Architecture of Vedic Multiplier.                         Fig 2. Architecture of Booth  Multiplier 
 
3.2 Booth Multiplier 

The Booth multiplier is also known as Recoded booth multiplier, in which the multiplicand is kept as it is and the multiplier is recoded 
as a recoded multiplier and then the multiplication is done with multiplicand and recoded multiplier.    To reduce the number of partial 
products in the multiplier, the Multiplier uses Radix 2r

 multipliers, which produces N/r partial products, each of which depends on r 

bits of the multiplier. Fewer partial products lead to a smaller and faster CSA (Carry Save Adder) array.  For example, a radix-4 
multiplier produces N/2 partial products. Each radix-4 multiplier produces N/2 partial products. Each partial product is 0, Y, 2Y, or 
3Y,depending on a pair of bits of X. Computing 2Y is a simple shift, but 3Y is a hard multiple requiring a slow carry-propagate 
addition of Y + 2Y before partial product generation begins. Higher-radix Booth encoding is possible, but generating the other hard 
multiples appears not to be worthwhile for multipliers of fewer than 32 bits. The figure 2 shows the basic architecture of Booth 
multiplier. 
3.3 Conventional Multiplier 

The conventional multiplier of width N x N bits will generate the N number of partial products. The partial products are generated by 
bit wise ANDing one multiplier bit with another multiplier. Hence, the N x N bit multiplier uses 2N-multiplications and N-Adders in 
the architecture of Conventional multiplier. Fig. 4 below shows the basic architecture of conventional multiplier. The Multiplications 
and Additions are significantly reduced in case of Vedic Multiplier compared to Booth and conventional multiplier. Table 1 gives 
details about the Hardware resources used i.e., Multiplications and Additions in case of Vedic, Booth and conventional multiplier for 
8x8-bit, 16x16-bit & 32x32-bit. 
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Fig.3 Architecture of conventional multiplier.                  Fig.4 Architecture of MAC Unit 
 
 

Table 1: Number of Additions and Multiplications in multipliers 
 

Multiplier Unit 8x8-bit 16x16-bit 32x32-bit 
Conventional 64-M  

56-A 
256-M 
240-A 

1024-M 
1022-A 

Booth 40-M 
26-A 

96-M 
72-A 

288-M 
243-A 

  Vedic 8-M 
4-A 

16-M 
8-A 

32-M 
16-A 

 
In the Table 1, ‘M’ stands for multiplications used in the respective width of multipliers and ‘A’ stands for additions used in the 
respective width of multipliers.From this Table 1 it is clear that how the Vedic mathematics going to reduce the number of adder and 
multiplier as compare to the conventional and Booth multiplier. As we are reducing the number of adder in each bit the delay provided 
by the particular circuit is also going to reduced hence, which causes to increases the speed of MAC unit 
    The objective of a good multiplier is to provide a physically compact, improved and occupying less area. In this paper, we propose 
a high-speed area efficient Multiply and Accumulate unit (MAC) adopting Vedic multiplication sutra based architecture for 8 bit, 16 
bit and 32 bit size.  

IV. MULTIPLY ACCUMULATE UNIT 

    Multiplication Accumulation is an important part of real-time digital signal processing (DSP) with applications ranging from digital 
filtering to image processing. Multiply and accumulate is a very common basic-level operation seen in many DSP designs/algorithms. 
Two numbers are multiplied together, and added into an accumulator register. As shown in Fig.4, the basic MAC unit consists of 
multiplier, adder and accumulator. In general MAC unit uses the conventional multiplier unit, which consists of multiplication of 
multiplier and multiplicand based on adding the generated partial products and to compute the final multiplication. This results to 
adding the partial products. The key to the proposed MAC unit is to enhance the performance of MAC using Vedic Multiplier and to 
compare the Vedic, Booth and conventional multiplier in terms of computation required to generate the partial products and add the 
generated partial products to get the final result of the multiplication.  

V. RESULTS AND DISCUSSION 

    The algorithm is designed for 32-bit input using Verilog-HDL. Simulation is done using Xilinx ISE 12.3. Synthesis and 
Implementation is done using Xilinx, Device Family: Spartan 3, Device: XCS100e, Package: tq144, Speed grade: -5. The device is 
made up of multiplexers and LUTs. 

Table 2: Comparison of combinational path delay 
Bit width size Delay of optimized Vedic multiplier in ns 

described in [2] 
[ Device Spartan 2S200PQ208-6] 

Delay of proposed MAC in ns 
[Device Spartan 

3S100ETQ144-5] 
16-bit 22.604 10.213 
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32-bit 35.76 14.69 
 
The subsequent figures show the simulation results, the Fig. 5 gives the RTL schematics, the Fig.6 shows Technical Schematic and the 
Fig.7 gives the simulation waveform output of 32-bit MAC Unit using Vedic Multiplier. 
    Table 2 gives the comparison of combinational path delay of the proposed MAC module with optimized Vedic multiplier discussed 
in [2]. It is observed that for 16 and 32-bit proposed MAC module, the gate delay are 10.213ns,and 14.69ns while it is 22.604 ns, and 
35.76 ns for the corresponding optimized Vedic multiplier described in [2].  
    The Fig.8 gives the speed comparison of N-bit MAC unit and also given the results for the 8-bit, 16-bit & 32-bit MAC Unit and 
from the Fig.8 it can be observed that as the number of bit increase the delay increases. The Fig.9 gives the area comparison of N-bit 
MAC unit and also shows the results for 8-bit, 16-bit & 32-bit MAC unit, it is observed that as the number of bits increases the area 
utilized also increases. 
 

Table 3: Comparison of synthesis results 
 

MAC Unit 8-bit 16-bit 32-bit 
Delay 6.728 ns 10.213 ns 14.69 ns 
Number of slices 44  out of    960     

4%   
94  out of    960     
9%   

203  out of    960    
21%   

Number of LUTs 69  out of   1920     
3%   

139  out of   1920     
7%   

313  out of   1920    
16%   

 
Table 3 shows the comparison of synthesis results of 8-bit, 16-bit and 32-bit, MAC architecture. For 8-bit MAC, the gate delay in the 
architecture is 6.728 ns with nearly 3% device utilization (number of slices: 44  out of    960     4%  and number of 4_input LUTs: 69  
out of   1920     3% .  For 16-bit MAC, the gate delay in  the architecture is 10.213 ns with nearly 7% device utilization (number of 
slices: 94  out of    960     9%   and number of 4_input LUTs: 139  out of   1920     7% . For 32-bit MAC, the gate delay in  the 
architecture is 14.69 ns with nearly 7% device utilization (number of slices: 203  out of    960    21%  and number of 4_input LUTs: 
313  out of   1920    16%  . 
    Simulation and synthesis results show the comparison between conventional MAC and Vedic MAC in terms of delay and area. This 
is shown by bar-graph. The following bar-graph shows that there is some reduction in delay and area which means overall 
performance of Vedic MAC is better than the conventional MAC. 
    Since the speed and chip area are important considerations in Microprocessors and various DSP applications, the MAC will be 
optimized for maximum throughput in a fixed area. The pipeline technique is widely used to improve the performance of digital 
circuits. We use pipelined architecture to achieve our goal of maximum throughput and used to accelerate the multiplication speed. As 
the number of pipeline stages is increased, the path delays of each stage are decreased and the overall performance of the circuit is 
improved. 

 

 
 

Fig 5. RTL schematic of proposed 32-bit Vedic multiplier 
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Fig 6. Technology Schematic of 32-bit MAC Unit 
 

 
 

Fig 7. Simulation w/f of proposed 32-bit MAC Unit 
 

 
 

Fig 8. Speed of N-bit MAC Unit 
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Fig 9. Area of N-bit MAC Unit 

VI. CONCLUSION 

    The results obtained are quite encouraging. The 8-bit, 16-bit & 32-bit multiplier-accumulators (MAC) unit using Vedic multiplier is 
presented in this work.  The basic building blocks for the MAC unit are identified and each of the blocks is analyzed for its 
performance. It can be concluded that 32-bit MAC using vedic Multiplier is superior in all respect like speed, delay, area, complexity 
compared to [2].  
    Research is going on towards the implementation of the reconfigurable 32-bit MAC architecture using 4-bit, 8-bit, 16-bit as basic 
building blocks. This also gives chances for modular design where smaller block can be used to design the bigger one. So the design 
complexity gets reduced for inputs of large no of bits and modularity gets increased. The application of transform algorithm includes 
linear filtering, Correlation, Spectrum Analysis which will further adds the field of Communication, signal & image processing and 
instrumentation that can also benefit future needs of wireless communications systems. Combine approach of transform algorithms 
with Vedic Mathematics create the new advancement in various fields of engineering. 
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Abstract- Lean Six Sigma is a tool that can reduce muda (waste) 
during the manufacturing process.  Lean Six Sigma is an 
integration of Six Sigma and Lean Manufacturing, both quality 
improvement techniques. Lean and Six Sigma are highly 
complementary and Six Sigma provides an integrated 
improvement approach that increases quality by reducing 
variation, defects, and costs. Lean adds tools that increases 
process throughput by eliminating waste. There are 7 types of 
waste that occurs during the production systems such as delay, 
conveyance, over processing, correction, conveyance so on and 
Delays occurs in the day to day process during manufacturing. 
But in process terms, delays are one of the biggest causes of 
ineffectiveness, inefficiencies, and poor performance. Hence, this 
paper mainly focus on various process methodologies that are 
used to reduce the delay in the manufacturing process in order to 
improve the productivity of the manufacturing systems. 
 
Index Terms- Lean six sigma, Muda, Process delay, Process 
Improvement. 

I. INTRODUCTION 

ean six sigma is a technique and also an effort that is used to 
minimize the cost of the process by eliminating the waste in 

various service sectors. Lean philosophy identifies and removes 
the inefficiencies like the non value added (waste) cost or 
unneeded wait time within the process caused by defects, excess 
production and other process to expand any organization. Here 
discussed about the various types of waste that reduces the 
efficiency of the systems such as Errors and Defects, Wasted 
Motion/Unutilized Talent, Excess Inventory Processing and 
Complexity, Transportation, Delay and Wait Time, 
Overproduction. Mostly 80% of process delay are caused by 20% 
time trap .By improving 20% of time trap, it can eliminate 80% 
delay. Here the lean is associated with speed, efficiency, and 
acceleration of process. Defining delay as: to stop, detain, or 
hinder for a time; to move or act slowly; to cause to be late or 
behind in movement or progress. Synonyms include: retard, 
slow, slacken, detain, put off, and postpone. As we can see, none 
of these are particularly flattering terms for the process. Process 
improvement is about prioritizing problems and fixing only those 
that improve global outcomes. It is not about fixing any problem 
that arises. In fact, you may be better off leaving some problems 
as problems because there are more important uses of your time.  
 
 
 

II. MILESTONES OF LEAN PRODUCTION SYSTEMS 

    The mass production concepts were developed in the U.S. and 
established by Samuel Colt and Henry Ford  [7,8], and the lean 
production is basically emerged from the innovations in the 
Toyota production System (TPS) in Japan since the 1940s [19] 
especially the just-in-time (JIT) delivery of materials between 
work stations to minimize Inventory systems. Most of the past 
reviews of lean are available e.g., Hines et al.& Holweg, [10,9],. 
Sugimori et al. [11] quote the first theory about the TPS, 
emphasizing JIT production and the use of good thinking by all 
employees to continuously improve performance. Most of the 
papers on JIT and the TPS emerged in the 1980s (Ohno, 1988; 
Shingo, 1989) [,21,20].According to Hopp and Spearman, Ohno 
[12,21]described the TPS as designed for continuous flow and 
based on two main principles: autonomation (best practices and 
standard work) and JIT (kanban and level production). 
Autonomation gives rise to practices pertaining to visual control, 
mistake proofing, and housekeeping (or ‘‘5S’’sort, straighten, 
sweep, standardize, and self-discipline), while JIT drives 
changeover reduction.[27]  
    The term ‘‘lean production’’ was first used by Krafcik [14] and 
popularized by Womack et al.  [8] To some, lean is just a 
repackaging of JIT. For example, according to Hopp and 
Spearman , Womack et al. [12,8] ‘‘freshened JIT by recasting it as 
‘Lean manufacturing.’’’Gaither and Frazier [13] equated lean with 
‘‘the philosophies and approaches embodied in JIT.’’ Krafcik 
and McLachlin [14] viewed lean and JIT as closely related. Lean 
manufacturing focuses on the elimination of wastes from an 
organization’s operations through a set of work practices to 
produce products and services at the rate of demand (Womack 
etal; Fullerton etal., [8,22], Lean manufacturing represents a 
concept that may be grouped together as distinct bundles of 
organizational practices [23].Most sources describe the essence of 
lean production as waste reduction’’ [12] .Ohno’s ‘‘main focus 
was to reduce cost by eliminating waste’’ [9]This emphasis on 
waste reduction drove practices such as inventory reduction (e.g., 
Hall, 1983a,b), process simplification (e.g., Hall, 1983a) and the 
identification and elimination of non-value-adding tasks[18] , for 
which Womack and Jones [8] classified tasks into three types: 1. 
Those that add value (by directly transforming the product into 
the form desired by its user), 2. Those that do not add value but 
are necessary with current production methods(‘‘Type 1 muda’’), 
and 3. Those that do not add value and are unnecessary (‘‘Type 2 
muda’’ or ‘‘obvious waste’’). Some authors have given 
prominence to other key practices in their definitions of lean, 

L
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such as respect for people quality management,(e.g., Brown and 
Mitchell, 1991; [17] pull production (e.g., Brown and Mitchell, 
1991),After examining the literature on lean, Narasimhan et al. 
(2006) [6] noted that ‘‘the essential aspect of leanness is the 
efficient use of resources through the minimization of waste’’ 
(emphasis in original) and defined lean as production 
‘‘accomplished with minimal waste due to unneeded operations, 
inefficient operations, or excessive buffering in operations.’’ 
Indeed, ample scholarly sources have concluded that efficiency 
through waste and buffer minimization is the hallmark of lean. 
[27]  
    Hence, Womack and Jones’ later work [8] turned its focus to 
lean implementation, moving from ‘‘what’’ to ‘‘how’’ [9] 
Through this work, Womack and Jones (2003) [8] distilled five 
principles of lean: (1) specify value in terms of the ultimate 
customer; (2) identify all of the tasks required to get a product or 
service to that customer – i.e., map the value stream – and 
eliminate the non-value-added tasks; (3) create continuous, 
single-piece flow wherever possible; (4) only flow product when 
a customer pulls it; and (5) seek perfection through an 
environment of continuous improvement. As it became better 
understood, lean grew from a focus on JIT and other specific 
practices performed in the TPS into an overarching philosophy or 
paradigm of world-class operations. Recent emphasis has been 
put on approaching lean using a scientific method [15] as part of a 
dynamic learning capability . [8] .Hines et al. [10] noted that many 
criticisms of lean fail to acknowledge its continuing maturation. 
[27] 

III. MILESTONES OF SIX SIGMA 

    Six Sigma programme was first launched at Motorola in 
1986,by the joint efforts of some key persons among which 
Mikel Harry (Senior Engineer of the Government  Electronics 
Group), BillSmith (VP and Senior Quality Assurance manager) 
and  Bob Galvin (CEO).‘‘Motorola invented The Six Sigma 
quality improvement process in 1986. Sixsigma provided a 
common worldwide language for measuring quality and became 
a global standard.(Source: www.motorola.com;other sources 
frequently report that the official launch of Six Sigma took place 
in 1987).This leads to the  Motorola to become the First 
American company to win the Malcolm Baldrige Quality Award, 
in 1988.[26] The Six Sigma methodology, mainly to improve 
manufacturing processes,has been then be revised by General 
Electric, in the mid-90s, first in the form of a Total Quality 
programme,to be then promoted to the rank of ‘‘managerial 
approach’’ by which to manage the entire organization. Any Six 
Sigma implementation aims at improving customer satisfaction, 
by mean of improved processes capability. This, in Turn, is made 
possible by focusing on ‘‘Critical to Quality’’ (CtQ) 
characteristics and implementing improvement actions seeking to 
continuously reduce processes variability in terms of CtQ. These 
actions are carried out by involving every employee. [25] 

IV. LEAN SIX SIGMA 

    Lean Six Sigma as a combination of Lean which eliminates 
wastes and Six Sigma which reduces variation. The focus is to 
use the knowledge of the workers with the proper tools to design, 
improve, and control the key processes of the product 

manufactured. In addition, management must provide a business 
process involving planning and strategic thinking. Looking at 
Lean and Six Sigma separately, each gives priority to different 
items of organizational performance .Resulting in diminishing 
returns Arnheiter, & Maleyeff, [3] However, with the 
implementation of both Lean and Six Sigma together, the returns 
can be on-going as shown in Figure 1 (Arnheiter, & Maleyeff, [3]

 

Lean approaches focus on reducing cost through process 
optimization. Six Sigma is about meeting customer requirements 
and stakeholder expectations, and improving quality by 
measuring and eliminating defects. The Lean Six Sigma 
approach draws on the philosophies, principles and tools of both. 
However, Lean Six Sigma’s goal is growth, not just cost-cutting. 
Its aim is effectiveness, not just efficiency.” Bryne et al. [6] 

V. TYPES OF WASTE 

A. Overproduction 
    Parts are being produced without any new order or demand 
from the customer. Excess products may be sold with reduced 
prices at the end of the industry fiscal year to match the budget or 
lower the inventory for the next year’s production. [25] 

B. Delay and Wait Time 
Some common wait time is caused by processing delays, 
machine or system downtime, response time, or signature 
required for approval wait time. One may consider the question: 
How much time value could be added if wait time was 
transformed into beneficial or work time? The answer is: A huge 
amount! Likewise, here are some wait time value-added 
questions.Why is the delay happening.,Are you waiting for 
materials, the next machine to be ready, or extra help to complete 
the job.What needs to change to make the flow smooth and even. 
Wait time = f (machine downtime, response time, signature 
approval, etc.) [25] 

C. Transportation 
Transportation is defined as delivered to and from outside the 
factory warehouse facility. The transportation of finished goods 
normally is generated by poor plant process or necessary plant 
process layouts. Transportation = f (plant process layout, travel 
distance, etc.) 

D. Processing and Complexity 
Storing work-in-process (WIP) products in further locations adds 
unneeded processing steps to complete the project and more. 
Processing =f (WIP, old machine malfunction, needed process 
steps, WIP location, and so on)) [25] 

E. Excess Inventory 
Excess inventory is called storing excess products with no orders 
in the warehouse and having excess WIP. This will impede and 
tie up the cash flow. In fact, it may end up creating a negative 
cash flow. Inventory = f (cash flow, order, production, floor 
space, etc.) [25] 

F. Wasted Motion/Unutilized Talent 
 Movements that may cause injury in the manufacturing 
environment will result in process delay. Other unutilized talents 
are employee lost time, unused skills, employee ideas, and 
recommendations in simplifying the process.Wasted motion = f 
(injury, operator experience, mismatched operator talent, 
inefficient assignment to an experienced operator, lost time, etc.) 
[25] 
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G. Errors and Defects 

Defects will add additional rework, inspection (both expensive 
and time consuming), design changes, process changes, and 
machine downtime to analyze problems. In the plastics industry 
errors and defects include mold qualification time; engineering 
design will require additional time. The original cost must be 
absorbed, and unnecessary rework or replacement costs need to 
be captured. )(pascal dennis , newyork press,2008) [25] Defects = 
f (rework, inspection, process changes, design changes, scrap, 
paperwork, etc.) 

VI. CHARACTERISTICS OF DELAY IN MANUFACTURING 

PROCESS 

A. Elimination of process delays 
Most delays occur at transition points from one process step to 
another. By reducing the number of transitions or process steps 
we can significantly reduce delays. Research has shown that 
providing equal capacity at all steps within the process is the best 
way to eliminate delays. Adding flexible capacity for potential 
changes in demand at only one step will lead to increasing delays 
downstream later in the process. Thus you should make every 
effort to design in equal capacity at all steps within your 
processes to eliminate delays. 

B. Comparison of bottle neck to delays  
A bottleneck is a type of delay where a process step has less 
capacity at its input than is demanded. As such, it determines the 
overall velocity or speed of the whole process. Any changes 
made to improve individual steps of a process, without 
addressing the bottleneck, are likely to fail to improve the 
process at all. Start by analyzing the process using a process map 
to identify the bottlenecks and delays. The aim is to identify 
where the flow slows within the process. Note that the bottleneck 
is not necessarily the step with the largest queue. Bottlenecks 
frequently occur when many sources merge into a single narrow 
channel. 

C. System that Produces the Results 
The outcomes you receive from a process come from the design 
of the process. One major cause of poor process performance 
(waste) is delay. So we want to eliminate delays the best we can 
but, first we have to understand the delays before making any 
changes (quantitatively measure them). If delays are caused by 
bottlenecks then optimize the process (redesign) for bottleneck. 
You now have a step-by-step method for improving your 
processes in a continuous manner. 
 

VII. REDUCTION OF DELAY USING VARIOUS PROCESS 

IMPROVEMENT METHODS 

    Process Improvement: Process improvement is about resolving 
global issues or outcomes for the whole system of processes. It’s 
about focusing on the customers’ outcomes. To improve 
processes, you use a map, a process map, with a picture of the 
process interactions, outcomes, and activities involved. The 
process map helps you focus on what’s important and what’s not. 
The idea is to analyze the impact of any changes you make on 
the global outcomes and less on the local problem..Yet, human 
nature being what it is demonstrates that people spend 80% of 

their time on solving problems and only 20% on improving the 
process. It’s the old Pareto principle (80/20 rule) again. Solving 
problems provides a sense of accomplishment, immediate 
gratification, and reward. Most compensation systems are based 
on problems solved instead of outcomes achieved. 

A. Process Improvement by Design  
Process improvement is a result of changes made to a process’ 
design. Well-designed processes produce outcomes that are 
expected, efficient, and keep customers happy. By comparison, 
solving problems does not focus on design at all. Instead, the 
focus is on patching the current design, reworking unexpected 
outcomes, or quick fixes to customer unhappiness. And it never 
ends. You will be constantly patching a bad design until the 
design is changed. 

B. Process Improvement through Prevention  
Root cause is what we are looking for to change a bad design. 
Solving problems is a reactive approach seeking to understand 
and resolve the undesirable event. While, process improvement is 
a proactive approach seeking to understand the cause and stop 
the reoccurrence of an undesirable event. The only way to stop a 
reoccurrence is to change the design itself. 
Many businesses solve problems that arise in reaction to 
operational events, management directions, tight deadlines, or 
complaints. In these situations fixing the problem is all that 
matters. There is no time to get at the root of the problem and 
prevent it from reoccurring. 

C. Process Improvement through Simplification  
Process improvement is about process simplification. Reducing 
defects and variance or shrinking cycle times and speeding up a 
process involve removing needless activities, time delays or 
design flaws. On the other hand, solving problems usually adds 
steps. If you feel like you need to add an inspection step or more 
sign-off forms then you are problem solving. Problems do not 
have to occur. Thinking that they do is a problem solving 
mentality. Process improvement is about prevention and 
avoidance. 

VIII. CONCLUSION 

    Lean six sigma plays a major role in the reduction of non value 
added activities and especially delay in the manufacturing 
process lead to the inefficiency. To overcome this various 
process improve various bottleneck of the delay are identified 
and these delays are eradicated through the various steps such as 
process improvement by design,process improvement through 
prevention and process improvement through simplification. 
Usually process improvement is about identifying changes 
worthy of investment to implement permanently. In contrast, 
problem-solving results in short-term solutions due to its narrow 
focus on local problems and its “fix it” rather than “prevent it” 
approach. Even then, the numerous fixes just don’t add up to 
significant gains. They are nothing more than isolated solutions 
with little connection to the organization’s goals. Problem 
solving becomes a diversion, preventing an organization from 
making impactful changes. For problem solving to work, it needs 
to be a part of process improvement and problem solving will 
lead to further scope of research. 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      696 
ISSN 2250-3153  

www.ijsrp.org 

ACKNOWLEDGMENT 

The authors like to thanks all the previous researchers who 
have made lot of contributions and milestones in the area of 
research.  

REFERENCES 
[1] Allen, T. (2006). Introduction to Engineering Statistics and Six Sigma. 

Germany: Springer-Verlag. 

[2] Andel, Tom (2007, March). Lean and Six Sigma Traps to Avoid. Material 
Handling Management, 23-28. 

[3] Arnheiter, E., Maleyeff, J. (2005). The Integration of Lean Management and 
Six Sigma. The TQM Magazine, 17(1), 5-18. 

[4] Breyfogle, F.W. (2003) Implementing Six Sigma – Smarter Solutions Using 
Statistical Methods(2nd ed.). New York: Wiley. 

[5] Chalice, R.W. (2005) Stop Rising Healthcare Costs Using Toyota Lean 
Production Methods.Wisconsin: ASQ Quality Press Milwaukee. 

[6] Byrne, G., Lubowe, D. and Blitz, A. (2007). Using a Lean Six Sigma 
approach to drive innovation. Strategy and Leadership, 35(2), 5-10 

[7] Chase, R.B., Jacobs, F.R., Aquilano, N.J., 2006. Operations Management 
for Competitive Advantage, 11th ed. McGraw-Hill/Irwin, New York. 

[8] Womack, J.P., Jones, D.T., 1994. From lean production to the lean 
enterprise Harvard Business Review 72 (2), 93–103. 

[9] Holweg, M., 2007. The genealogy of lean production. Journal of Operations 
Management 25 (3), 420–437. 

[10] Hines, P., Holweg, M., Rich, N., 2004. Learning to evolve: a review of 
contemporary lean thinking. International Journal of Operations & 
Production Management 24 (10), 994–1011. 

[11] Sugimori, Y., Kusunoki, K., Cho, F., Uchikawa, S., 1977. Toyota 
production system and kanban system materialization of just-in-time and 
respect-for-human system. International Journal of Production Research 15 
(6), 553–564. 

[12] Hopp, W.J., Spearman, M.L., 2004. To pull or not to pull: what is the 
question? manufacturing & Service Operations Management 6 (2), 133–148 

[13] Gaither, N., Frazier, G., 2002. Operations Management, ninth ed., South-
Western, Mason, OH. 

[14] Krafcik, J.F., 1988. Triumph of the lean production system. Sloan 
Management Review 30 (1), 41–52. 

[15] Spear, S., Bowen, H.K., 1999. Decoding the DNA of the Toyota production 
system. Harvard Business Review 77 (5), 97–106. 

[16] Narasimhan, R., Swink, M., Kim, S.W., 2006. Disentangling leanness and 
agility: an empirical investigation. Journal of Operations Management 24 
(1), 440–457. 

[17] Brown, K.A., Mitchell, T.R., 1991. A comparison of just-in-time and batch 
manufacturing: the role of performance obstacles. Academy of Management 
Journal 34 (4), 906–917. 

[18] Blackstone, J.H., Cox, J.F., 2004. APICS Dictionary, 11th ed. APICS–The 
Association for Operations Management, Falls Church, VA. 

[19] Fujimoto, T., 1999. The Evolution of a Manufacturing System at Toyota. 
Oxford University Press, Oxford, England. 

[20] Shingo, S., 1989. A Study of the Toyota Production System, revised 
ed.Productivity Press, Cambridge, MA. 

[21] Ohno, T., 1988. Toyota Production System. Productivity Press, 
Cambridge,MA. 

[22] Fullerton, R.R., McWatters, C.S., Fawson, C., 2003. An examination of the 
relationships between JIT and financial performance. Journal of Operations 
Management 21 (4), 383–404. 

[23] McLachlin, R., 1997. Management initiatives and just-in-time 
manufacturing.Journal of Operations Management 15271–15292. 

[24] Heizer, J., Render, B., 2006. Operations Management, eighth ed. Pearson 
Prentice Hall, Upper Saddle River, NJ. 

[25] Lean production systems by pascal dennis 2008  

[26] Alessandro Brun., 2010, Critical success factors of Six Sigma 
implementations in Italian companies.  Int. J.ProductionEconomics 
131,158–164 

[27] Tyson R. Browning, Ralph D. Heath., 2009.Re conceptualizing the effects 
of lean on production costs with evidence from the F-22 program Journal of 
Operations Management 27,23–44 

 

AUTHORS 

First Author – P.Arunagiri, B.E,M.Tech, Asst Professor & 
Research scholar, Sri Balaji Chockalingam Engineering College, 
A.C.SNagar Irumbedu –Arni T.K, Pin : 632 317  
Tamil Nadu, India. Email id - arunn79@yahoo.com 
 
Second Author – Dr A.Gnanavel Babu , B.E,M.Tech,Phd, 
Professor & Head,Dept of Automobile Engineering, Karpaga 

Vinayaga College of Engineering and Technology, GST Road, 

Maduranthagam Tk, Kancheepuram Dist-603 308,Tamil Nadu, 

India. Email id - dr.agbabu@gmail.com 
  



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      697 
ISSN 2250-3153  

www.ijsrp.org 

FUZZY SET GO- SUPER CONNECTED MAPPINGS  
M. K. Mishra1, M. Shukla2 

 

1Professor, EGS PEC Nagapattinam  
Email id - drmkm1969@rediffmail.com 

 
2Asst. Prof. AGCW Karaikal 
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2000, Mathematics Subject Classification, 54A99 (03E99)  

I. PRELIMINARIES 

et X be a non empty set and I= [0,1]. A fuzzy set on X is a mapping from X in to I. The null fuzzy set 0 is the mapping from X in 
to I which assumes only the value is 0 and whole fuzzy sets 1 is a mapping from X on to I which takes the values 1 only. The 

union (resp. intersection) of a family {Aα: α∈Λ}of fuzzy sets of X is defined by  to be the mapping sup Aα (resp. inf Aα) . A fuzzy set 
A of X is contained in a fuzzy set B of X if A(x) ≤ B(x) for each x∈X. A fuzzy point xβ in X is a fuzzy set defined by xβ(y)=β for y = x 
and xβ(y) = 0 for    y ≠ x ,β ∈ [0,1] and y∈X .A fuzzy point xβ is said to be quasi-coincident with the fuzzy set A denoted by xβqA if 
and only if  β +A(x)>1. A fuzzy set A is quasi–coincident with a fuzzy set B denoted by AqB if and only if there exists a point x∈X 
such that A(x) + B(x)>1.For any two fuzzy sets A and B of X, (AqB) ⇔ A ≤  1- B. 
 
Definition 1.1[ 7,8,12] Let (Χ, ℑ)  be a fuzzy topological space and Α  be a fuzzy set in X. Then the fuzzy interior and fuzzy closure , 
fuzzy supeinterior and fuzzy supe closure of A are defined as follows; 
              cl(A) = ∩{K : K is an    fuzzy closed set in X and A ≤Κ}, 
int(A) = ∪{G : G is an    fuzzy open set in X and G ≤ A}. 
 
Defination 2.1[7,8]: Let (X, Γ) be a fuzzy  topological space then and a fuzzy set  A⊆X then 

1. fuzzy supper closure   and the of A by   scl(A) = {x ∈ X : cl(U) ∩ A ≠ φ} for every fuzzy open set U containing x}  
2. fuzzy supper-interior sint(A) = {x ∈ A : cl(U) ⊆A for some fuzzy open set U containing x}, respectively.  

 
Definition 2.2[7,8]: A fuzzy set A of a fuzzy topological space (X,τ) is called: 

1. Fuzzy super closed if scl(A ) ≤ A. 
2.  Fuzzy super open   if 1-A is  fuzzy super closed sint(A)=A 

 
Definition 1.2[7,8,9,14]: A fuzzy set A of an fuzzy topological space (X,ℑ) is called: 

1. Fuzzy super closed if scl(A ) ≤ A. 
2. Fuzzy super open   if 1-A is  fuzzy super closed sint(A)=A 
3. fuzzy g-closed if cl(A) ≤ O whenever A ≤ O and O is fuzzy open 
4. fuzzy g-open if  its complement 1- A is fuzzy  g-closed. 
5. fuzzy g-super closed if cl(A) ≤ O whenever A ≤ O and O is fuzzy upper open. 
6. fuzzy g- super open if  its complement 1- A is fuzzy  g- super closed. 

 
Remark 1.1[7,8,9,15]: Every    fuzzy super closed (resp. fuzzy super open) set is fuzzy g- super closed (resp.  Fuzzy g- super open) 
but the converse may not be true. 
 
Definition 1.3[7,8,9,12]: Let (X,τ)  be a  fuzzy topological space and A be a fuzzy set in X. Then the g-super  interior and the g- super 
closure of A are defined as follows; 
       (a) gscl(A)  =  ∩  {K : K is a fuzzy g- super closed set in X and A  ≤  K.} 
       (b) gsint(A) = ∪  {G : G is a fuzzy g- super open set in X and G  ≤  A.}. 

L
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Definition 1.4 [9]: A fuzzy topological space (X,τ) is said to be fuzzy super connected (resp. fuzzy super GO-connected) if no non-
empty fuzzy set which is both fuzzy super open and fuzzy super closed (resp. fuzzy g- super open and   fuzzy g- super closed).  
 
Definition 1.5 [7,8,9]: A fuzzy topological space (X, ℑ) is said to be connected between    fuzzy sets A and B if there is no fuzzy 
super closed super open set F in X such that  A ≤  F and  (FqB). 
 
Definition 1.6[7,8,9,11]: A mapping f: (X,τ) → (Y,σ) is said to be  fuzzy set super connected provided that if X is fuzzy super 
connected between fuzzy sets A and B , f(X) is fuzzy super connected between  f(A)   and f(B) with respect to relative fuzzy topology. 
 
Remark1.2 [7,8,9,11]: Every fuzzy super continuous function is fuzzy set super connected but the converse may not be true. 
 
Definition1.7 [1,7,8,9]: Let (X,τ) and (Y,φ) be two fuzzy topological space let f: X→be a function. Then f is said to be: 

a.  fuzzy g- super continuous if inverse image of every fuzzy closed set of Y is fuzzy g- super closed   in X. 
b.  fuzzy weakly g- super continuous  if f-1(B) ≤ gsint(f-1(cl(B)) for  each fuzzy super open  set B of Y. 
c.  fuzzy almost g- super continuous if f-1(B) ≤ gsint(f-1(int(cl(B)))) for  each fuzzy super open  set B   of Y. 

 

II. FUZZY GO-SUPER CONNECTEDNESS BETWEEN FUZZY SETS 

Definition 2.1: A fuzzy topological space (X, ℑ) is said to be  fuzzy super GO-connected between    fuzzy sets A and B if there is no 
fuzzy g- super closed  fuzzy g- super open set F in X such that  A ≤  F and  (FqB). 
 
Theorem 2.1: If a fuzzy topological space (X, ℑ) is    fuzzy super GO-connected between    fuzzy sets A and B then it is  fuzzy super 
connected between A and B. 
 
Prof :If (X, ℑ) is not  fuzzy super connected between A and B then  ∃ a fuzzy super closed fuzzy super open  set  F  in  X  such  that  
A ≤  F and   (FqB).  Then by Remark1.1,   F is a fuzzy g- super closed fuzzy  g- super open set in  X  such  that  A ≤  F and(FqB). 
Hence (X, ℑ) is not fuzzy super GO-connected between  A and B, which contradicts our hypothesis. 
 
Remark 2.1: Converse of Theorem 2.1 may be false .For, 
 
Example 2.1 Let X = { a ,b } and A and B be fuzzy sets in X defined as follow 
U (a)=0.5,   U(b) =0.6      , A(a) =0.2 ,  A(b)=0.3   , B(a) = 0.5 , B(b) = 0.4.  
Let ℑ = {0,U,1 } be fuzzy a fuzzy topology on X .Then  (X, ℑ ) is  fuzzy super connected between A and B but it is not fuzzy super 
GO connected between A and B. 
 
Theorem 2.2: A fuzzy topological space (X, ℑ) is fuzzy super GO-connected between fuzzy sets A and B if and only if there is no 
fuzzy g- super closed fuzzy g- super open set F in X such that    A  ≤  F  ≤  1- B. 
 
Proof: Necessity: Let (X, ℑ ) is fuzzy super GO-connected between fuzzy sets A and B. Suppose  contrary  that  F is  a fuzzy  g- 
super closed g- super open set in  X  such   that A ≤ F ≤ 1- B. Now,  F ≤ 1- B implies (FqB). Therefore F is a fuzzy g- super closed g- 
super open set in X such that A ≤ F    and   (FqB). Hence (X,ℑ) is not  fuzzy super GO-connected between A and B, which is a 
contradiction. 
 
Sufficiency: Suppose contrary that (X,ℑ ) is not fuzzy super GO-connected between A and B. Then  ∃ an  fuzzy  g- super closed fuzzy 
g- super open  set  F  in  X  such  that  A ≤  F and  (FqB).. Therefore F is a fuzzy g- super closed fuzzy g- super open set in X such 
that A ≤  F  ≤ 1- B, which contradicts our assumption. 
 
Theorem 2.3: If a fuzzy topological space (X, ℑ) is fuzzy super GO-connected between    fuzzy sets A and B then A and B are non 
empty. 
 
Proof: If the   fuzzy set A is empty, then A is a fuzzy g- super closed fuzzy g- super open set in X and  A ≤ B. Now we claim that 
(AqB). If AqB then there exists an element x∈ X such that A (x) + B (x) > 1.It implies that B (x) ≥ A(x) > 1-B(x).Which contradicts 
our hypothesis. Hence  (AqB) and (X,ℑ) is not fuzzy super GO-connected between A and B. 
Theorem 2.4: If a fuzzy topological space (X,ℑ) is fuzzy super GO-connected between    fuzzy sets A and B and A ≤ A1 and B ≤ B1 
then (X,ℑ) is fuzzy super GO-connected between A1 and B1. 
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Proof: Suppose (X,ℑ) is not    fuzzy super GO-connected between    fuzzy sets A1 and B1. Then there is a fuzzy g- super closed fuzzy 
g- super open set F in X such that A1 ≤ F and  (FqB1). Clearly  A ≤ F. Now we claim that  (FqB).  If FqB then there exists a point x∈ 
X such that  F(x) + B(x) > 1. Now, A(x) + B(x) > F(x) + B1(x) >1, because, F(x) ≥ A(x) and                      B(x) ≥ B1(x).Therefore 
FqB1.Which is a contradiction. Hence (X,ℑ) is not   fuzzy super GO-connected between A and B. 
 
Theorem 2.5: A fuzzy topological space (X,ℑ) is fuzzy super GO-connected between A and B if and only if it is fuzzy super GO- 
connected between gcl(A) and gcl(B). 
 
Proof: Necessity: Follows on utilizing theorem 2.4, because A ≤ gcl(A) and  B  ≤  gcl(B). 
 
Sufficiency: Suppose (X,ℑ) is not fuzzy super GO-connected between A and B, Then there is a fuzzy g- super closed fuzzy g- super 
open set F of X such that A≤ F and (FqB). Since F is    fuzzy g- super closed and A ≤ F, gcl(A) ≤ F. Now,(FqB) ⇒ F ≤ 1-B. 
Therefore F = gsint F ≤  gsint (1- B) ≤ 1- (gscl(B)). Hence (Fq gcl(B)) and X is not  fuzzy super GO-connected  between  gscl(A) and  
gscl(B). 
 
Theorem2.6: Let (X,ℑ) be a fuzzy topological space and A and B be two fuzzy sets in X. If AqB  , then (X,ℑ) is  fuzzy super GO-
connected between A and B. 
 
Proof: If F is any    fuzzy g- super closed fuzzy g- super open set of X such that A ≤ F, then 
 AqB ⇒ FqB 
 
Remark 2.2: The converse of Theorem2.6 may not be true. For, 
 
Example 2.2: Let X = {a, b} and the fuzzy sets U, A and B are defined as follows;U (a) =0.5 , U (b) =0.6 , A (a) =0.4 , A(b)=0.6  , B 
(a) =0.5 , B(b)=0.4  
Let ℑ ={  0,U,1 } be a   fuzzy topology on X .Then  (X, ℑ ) is  fuzzy super GO connected between A and B but (AqB). 
 
Theorem 2.7: A fuzzy topological space (X,ℑ) is fuzzy super GO-connected if and only if it is    fuzzy super GO-connected between 
every pair of its non empty fuzzy sets. 
 
Proof: Necessity: Let A, B be any pair of    fuzzy subsets of X. Suppose (X,ℑ) is not    fuzzy super GO-connected between A and B. 
Then there is a fuzzy g- super closed fuzzy g- super open set F of X such that A ≤ F and (FqB). Since A and B are non empty it 
follows that F is a non empty proper fuzzy g- super closed fuzzy g- super open set of X. Hence (X,ℑ) is not fuzzy super GO-
connected. 
 
Sufficiency:  Suppose (X,ℑ) is not fuzzy super GO-connected. Then there exit a non empty proper fuzzy g- super closed fuzzy g- 
super open set F of X. Consequently X is not fuzzy  super GO-connected between F and 1-F, a contradiction. 
 
Remark 2.3: If a fuzzy topological space (X,ℑ) is    fuzzy super GO-connected between a pair of its fuzzy subsets it is not necessarily 
that (X,ℑ) is fuzzy super GO-connected between every pair of its fuzzy subsets and so is not necessarily fuzzy super GO-connected. 
 
Example 2.3:  Let X = { a ,b } and U, A ,B and C be  the  fuzzy sets on X defined as follows: 
U (a)=0.5, U (b) =0.6, A (a) =0.4, A (b)=0.6, B (a) =0.5, B (b)=0.4, C (a) =0.2,   C (b)=0.3 
Let ℑ ={  0,U,1 } be   a  fuzzy topology on X .Then  (X, ℑ ) is fuzzy super GO-connected between A and B but it is not fuzzy super 
GO-connected between B and C. Also (X,ℑ) is not   fuzzy super GO-connected. 
 
Theorem 2.8: Let (Y,ℑY) be a subspace of a   fuzzy topological space (X,ℑ) and A, B  be    fuzzy sets of Y. If (Y,ℑY) is    fuzzy super 
GO-connected between A and B then so is (X,ℑ). 
 
Proof: Suppose contrary that (X,ℑ) is not fuzzy super GO- connected between A and B. Then there exists a fuzzy g- super closed g- 
super open set F of X such that A ≤ F and (FqB). Put FY = F∩Y. Then FY is fuzzy g- super closed fuzzy g- super open set in Y such 
that A ≤ FY and (FYqB). Hence (Y,ℑY) is not  fuzzy super GO-connected between A and B, a contradiction.  
 
Theorem 2.9: Let (Y,ℑY) be an    fuzzy super closed open subspace of a fuzzy topological space (X,ℑ) and A , B be fuzzy subsets of 
Y. If (X,ℑ) is fuzzy super GO-connected between A and B then so is (Y,ℑY). 
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Proof: If (Y,ℑY) is not    fuzzy super GO-connected between A and B then there exist a  fuzzy g- super closed fuzzy g- super open set 
F of Y such that A ≤ F and (FqB). Since Y is    fuzzy super closed  super open in X, F is a fuzzy g- super closed fuzzy g- super open 
set in X. Hence X cannot be    fuzzy super GO-connected between A and B, a contradiction. 

III. FUZZY SET GO-CONNECTED MAPPINGS 

Definition 3.1:A mapping f: (X,τ) → (Y,σ) is said to be  fuzzy set super GO-connected provided that f(X) is fuzzy super GO-
connected between fuzzy sets f(A) and f(B) with respect to relative fuzzy topology if f(X) is fuzzy super GO-connected between A  
and B. 
 
Theorem 3.1: A mapping f: (X,τ) → (Y,σ) is said to be  fuzzy set super GO-connected if and only if f-1(F) is a fuzzy g- super closed 
fuzzy g- super open  set of X for every fuzzy super closed fuzzy super open set F of f(X). 
 
Proof: Necessity:  Let F be a fuzzy closed fuzzy open set of f( X). Suppose f-1(F)is not fuzzy g- super closed fuzzy g- super open set 
X. T hen X is fuzzy GO-connected between  fuzzy set f-1(F)  and  1-f-1(F).Therefore f(X) is fuzzy super connected between f(f-1(F) 
and f(1 - f-1(F)). But  f(f-1(F) = F ∩ f(X) = F   and f(1 - (f-1(F)) = f(X) ∩ (1-F) = 1-F, implies that  F is not fuzzy g- super closed fuzzy 
g- super open set in X , a contradiction. 
 
Sufficiency: Let X  be a fuzzy super GO-connected  between fuzzy sets A and B .Suppose f(X) is not fuzzy super connected between 
f(A) and f(B).Then by theorem 2.2 there exists a fuzzy g- super closed fuzzy g- super open set F in f(X) such that  f(A) ≤ F ≤ 1-f(B) 
.By hypothesis f-1(F) is fuzzy g- super closed fuzzy g- super open set of X and A ≤ f-1 (F) ≤ 1-B. Therefore X is not fuzzy super GO-
connected between A and B a contradiction. Hence f is fuzzy super set GO-connected. 
 
Theorem 3.2: A mapping f: (X,τ) → (Y,σ) is fuzzy set GO-connected if and only if  f-1(F) is a fuzzy g- super closed fuzzy g- super 
open  set of X for every fuzzy super closed fuzzy super open set of Y. 
 
Proof: Obvious.  
 
Theorem 3.3: Every fuzzy set connected mapping is fuzzy set super GO- connected. 
 
Proof: Obvious. 
 
Remark 3.1: The converse of the theorem 3.3 is not be true for; 
 
Example3.1: Let X={a,b} ,Y= {p,q } and   U( a) = 0.5 , U (b) = 0.6, V (p) = 0.2, V (q) = 0.3, W (p) =0.8, W (q) = 0.7 be the fuzzy 
sets  Let  τ={0,U,1} and σ = {0,V,W,1} be the fuzzy topologies on X and Y respectively. Then the mapping f: (X,τ) → (Y,σ) is 
defined as follows f(a)=p, f(b)=q is fuzzy set super GO-connected but not fuzzy set super connected. 
 
Theorem3.4: Every mapping f: (X,τ) → (Y,σ) such that f(X) is fuzzy super GO-connected is a fuzzy super GO-connected mapping. 
 
Proof: Let f(X) be fuzzy connected. Then no non empty proper fuzzy set of f(X) which is fuzzy super closed and fuzzy super open. 
Hence f is fuzzy set super GO-connected. 
 
Theorem 3.5: Let f: (X,τ) → (Y,σ) be a fuzzy set super GO-connected mapping. If X is fuzzy  super GO- connected. Then f(X) is 
fuzzy super connected. 
 
Proof: Suppose f(X) is fuzzy super disconnected. Then there is a nonempty proper fuzzy super closed super open set F of f(X) .Since f 
is fuzzy set super GO-connected by theorem 2.2, f-1(F) is a non empty proper fuzzy g- super closed g- super open set of X. 
Consequently X is not fuzzy super GO-connected. 
 
Theorem 3.6: Let f: X→Y be a surjective fuzzy set super GO-connected and g: Y→Z is a fuzzy set super connected mapping. Then 
gof: X→Z is fuzzy set   super GO-connected. 
 
Proof: Let F be a fuzzy closed fuzzy open set of g(Y).Then g-1(F) is a fuzzy closed fuzzy open set of Y = f(X) . And so f-1(g-1 (F) is a 
g-closed g-open fuzzy set in X. Now (gof)(X) = g(Y) and (gof) -1 (F)=f-1 (g-1 (F)),by theorem 3.1 gof is fuzzy set GO-connected. 
Theorem 3.7: Let f: X→Y be a mapping and g: X→X x Y be the graph mapping of f defined by g(x) = ( x, f(x)) for each x ∈ X. If g 
is fuzzy set GO-connected , then f is fuzzy set GO-connected.  
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Proof: Let F be a fuzzy closed fuzzy open set of the subspace f(X) of Y. Then X x F is fuzzy closed fuzzy open set of the subspace X 
x f(X) of the fuzzy product space   X x Y.  Since g(X) is a subset of X x f(X), (X x F)  ∩  g(X) is a fuzzy closed fuzzy open set of the 
subspace g(X) of X x Y. By theorem 3.1,g-1((Xx F) ∩ g(X)) = g-1((XxF) =  f-1(F) that  f-1(F) is a fuzzy g-closed fuzzy g-open set of X 
.Hence by the theorem 3.1, f is fuzzy set GO-connected. 
 
Theorem 3.8: Let f: (X,τ) → (Y,σ) be a fuzzy weakly g-continuous surjective mapping, and then f is fuzzy set GO-connected. 
 
Proof: Let V be any fuzzy closed open set of Y. Since f is fuzzy weakly g-continuous, f-1(V) ≤ gint (f-1(cl(V))) = gint(f-1(V)).And so f-

1(V)  is fuzzy g-open set of X. Moreover we have gcl(f-1(V)) ≤ gcl(f-1(int(V))) ≤ f-1(V).This shows that f-1(V) is fuzzy g-closed set of 
X. Since f surjective by the theorem 3.1, f is fuzzy set GO-connected mapping. 
 
Defination3.2: A fuzzy topological space (X,τ) is said to fuzzy extremely disconnected if the closure of every fuzzy open set of X is 
fuzzy open in X. 
 
Theorem 3.9: Let (Y,σ) be a fuzzy extremely disconnected space. If a mapping f: (X,τ) → (Y,σ) is fuzzy set GO-connected then f is 
fuzzy almost g-continuous. 
 
Proof: Let V is a fuzzy open set of Y .Then gcl(V) is a fuzzy closed open set in Y. Since f is fuzzy set GO-connected f-1(cl(V)) is 
fuzzy g-closed g-open  set of X. Therefore f-1(V)≤ f-1(cl(V))≤gint f-1(cl(V))≤ f-1(gint(cl(V))).Hence f is fuzzy almost g-continuous. 
 
Corollary3.1: Let (Y,σ) be a fuzzy GO- extremely disconnected space. If a mapping f: (X,τ) → (Y,σ) is fuzzy set GO-connected then 
f  is fuzzy weakly g-continuous. 
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Abstract- Driver fatigue is one of the important factors that cause 
traffic accidents, and the increasing number of accidents due to 
lessened driver’s acuity and diligence level has become a 
problem of serious concern. Therefore, how to avoid this 
problem has become a topic of discussion. In order to detect and 
remove this cause of road accident many driver fatigue detection 
methods have been proposed which can detect the mind state of 
driver such as drowsiness or inattention, for generating some 
warning alarms to alert the driver. In this paper we have 
discussed some of the method that can be used to detect the 
driver’s fatigue. And on the basis of our study, we have proposed 
a new technique that can improve the results of the earlier 
discussed methods. 
 
Index Terms- Driver Fatigue Detection; kalman Filter; 

Uncented Kalman Filter; PERCLOS 

 

I. INTRODUCTION 

n the last 10 years to avoid many accidents due to driver’s 
fatigue many countries all over the world have begun to pay 

attention to driver safety problem and to investigate the mental 
state of driver relating to driver safety. 
    Driver’s state of mind and fatigue is one of the most important 
reasons of traffic accidents. Drivers with a lessened diligence 
level suffer from a marked decline in their abilities of perception, 
recognition, and vehicle control, which poses serious danger to 
their own life and the lives of other people. 
    The study says that in France, the National Police 
Administration concludes that 14.9 percent of accidents causing 
human hurt and 20.6 percent of accidents causing death are 
fatigue related. According to statistics the leading cause of fatal 
or injury-causing traffic accidents is driver fatigue. Therefore, 
how to avoid fatigue driving efficiently can help prevent many 
accidents, and also save money and reduce personal suffering.   
Without any solution this problem will increase with time. So, 
there is a need of designing some systems that can detect the 
drowsiness or inattention of the driver and can generate some 
warning alarms to alert the driver and the other people in the 
vehicle. 
    In the recent years many techniques and methods which can 
detect whether the driver is tired have been proposed by 
researchers and few of them have been implemented. But, due to 
a variety of factors, despite the success of existing systems and 
approaches for extracting characteristics of a driver using 
computer aided technologies, and other current efforts in this 
area, it is a challenging issue to develop a driver fatigue detection 
system. 
 

The one of the main factor is the variety of eye moving speed of 
driver, external illumination interference and realistic lighting 
conditions. In the realistic lighting condition the eye motion is 
highly nonlinear. So the use of driver fatigue detection method 
that is based on linear movement of driver eye is very difficult in 
real scenario.  
    In references [3, 6], Qiang Ji et al. have made significant 
improvements of facial fatigue detection over existing 
techniques. However, their methods need infrared (IR) eye 
detector, or bright pupils and steady illumination. Their eye-
tracking method that used Kalman filtering is a linear system 
estimation algorithm. In fatigue detection system, the eye motion 
has the high nonlinearity of the likelihood model that the 
standard Kalman filter is no longer optimal in realistic driving 
environments. 
    To tackle some of those problems, in reference [1], ZHANGs 
have also proposed a new real-time eye tracking based on a 
nonlinear unscented Kalman filter for diver fatigue detection.  
But these proposed systems/detectors works on IR image which 
is a problem.  
    To tackle this problem we have proposed a system that can be 
used without IR illuminator that illuminates a person’s face and 
use an IR-sensitive camera to acquire an image. 
    Further sections are organized as: description of Eye tracking 
with Kalman filtering, Mean shift eye tracking, Kalman filtering-
based fatigue detection system, proposed driver fatigue detection 
system in section II, III, IV and V respectively.  
Finally the future work and a conclusion of the discussion are 
provided in last section.  

II. INTRODUCTION 

    In references [3, 6] Qiang Ji et al., says that the motion of a 
pupil at each instance can be described using its position and 

velocity. Let (st, rt) parameters be the horizontal and vertical 

positions of the pupil measured in pixels and (ut, vt) be the 
horizontal and vertical components of the velocity of pupil 
measured in deg/s. thus, the state vector at time t can be 

represented as Xt = (st rt ut vt)t .  
The system can therefore be modeled as  
 

                     X (t+1) = $ Xt + wt,                           (1) 
 

Where, wt represents system perturbation. 
They further assumed that a fast feature extractor estimates 

Yt = (^st, ^rt) as the pupil position at time t. Therefore, the 
measurement model in the form needed by the Kalman filter is 

I 
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                  Y t = A X t + z t                                         (2) 
 
Where, zt represents measurement uncertainty.  Specifically, the 
position of current frame t is estimated based on a simple local 
threshold in the neighborhood of the predicted position, 
assuming the existence of the bright pupil effect. Given the state 
model in equation (1) and the measurement model in equation (2) 

as well   as some initial conditions, the state vector X (t+1), 

along with its covariance matrix  t+1, can be updated using 
the system model and the measurement model. 

III. MEAN SHIFT EYE TRACKING 

    The mean shift tracking algorithm is an appearance based eye 
tracking method, it find the target candidate that is the most 
similar to a given model in terms of intensity distribution, with 
the similarity of the two distributions being expressed by a metric 
based on the Bhattacharyya Coefficient[7]. This process is 
achieved by mean shift iteration.  
The derivation of the Bhattacharyya coefficient involves the 
estimation of the target density q and the candidate density p, for 
which the histogram formulation is employed. 
For instance, at location y, the sample estimate of the 
Bhattacharyya Coefficient for target density q and target 
candidate density p(y) is given by 
 

 
 
Where, m is the where m is the quantization level for histograms 
p and q. The distance between two distributions can be defined as 
 

 
 

To reliably characterize the intensity distribution of eyes and non 
eyes, the intensity distribution is characterized by two images: 
even and odd fields, resulted from de-interlacing the original 
input images. They are under different illuminations, with one 
producing dark pupils and the other bright pupils. 
    During eye tracking, the target eye model must be updated 
whenever the bright pupil tracker tracks the eyes successfully in 
order to reduce the error propagation, resulted from the mean 
shift drifting. 

IV. KALMAN FILTERING BASED FATIGUE DETECTION SYSTEM 

    Kalman filtering based fatigue detection system was proposed 
by Qiang Ji et al, according to reference [3, 6] only the Kalman 
filter based driver fatigue detection system cannot work on real 
time scenario. So, in order to tackle this problem, they propose a 
system which is the combination of a Kalman filtering tracking 
algorithm and the bright pupil effect due to an active IR 
illumination and the mean shift eye tracker. 
    Their eye-tracking method consists of two major modules. The 
first tracking module is a Kalman filter-based bright pupil 
tracking, augmented with a support vector machine (SVM) 
classifier for pupil verification. If the first eye tracking module 
fails, then the authors will activate the second module based on 
the mean shift tracking to continue eye tracking. And two 
modules alternate during tracking to complement each other.  
    The Kalman based eye tracking and the mean shift eye 
tracking have been described in the previous sections. 
    The Kalman filtering-based fatigue detection system is briefly 
discussed below with the help of flow chart in figure 1. 
    In The Kalman filtering based fatigue detection system a 
special IR illuminator has been used that illuminates a person’s 
face and use an IR-sensitive camera to acquire an image. After 
locating the eyes in the initial frames, the Kalman filtering is 
activated to track bright pupils [3, 6]. If it fails in a frame due to 
disappearance of bright pupils, eye tracking based on mean shift 
will take over. These two-stage eye trackers work together, and 
they complement each other. 

 

 
Fig 1. Flow chart of the Kalman filtering and mean shift based fatigue detection system 
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V. PROPOSED DRIVER FATIGUE DETECTION SYSTEM 

    After doing discussion about various proposed fatigue 
detection system it is now clear that the present systems works 
only on infrared illuminators and every method has its own 
respective drawback. 
The standard Kalman filter works for systems which are based on 
bright eye effect and has tendency to follow linear eye motion 
and it loses focus if the face is moved fast or the camera is not 
able to get the red eye effect by any of the reason like bright light 
which can be caused by either headlight of a car or either by the 
high intensity of light by the sun. Mean shift based eye fatigue 
detection system when work isolated is not dynamic in nature 
and do not give the required result as per the application.  
    But when Kalman filter and mean shift eye tracking methods 
are used in combination and they overcome each other’s 
disadvantages and are a big success as explained in [3,6] as mean 
shift gives Kalman filter focus whenever it loses it and Kalman 
filter gives dynamic behavior to the system. But this system still 
can’t be called perfect as it still did not overcome the bright light 
disadvantage of the Kalman filter and fails in the case of bright 
light. So, there is a need of a system that can remove all these 
drawbacks. In order to do this we have proposed a system, which 
is a combination of Kalman Filter eye tracking, mean shift eye 
tracker, IR illuminator and in addition we have used a light 
camera which is used in case of bright light. 
    In this system two types of Cameras will be used, one IR 
camera and second light camera. This is an improvement over 
the system proposed by Qiang Ji et al. [3, 6].The flow chart of 
the proposed system is shown in the fig2. 

 

In the proposed system we have given an alternative where we 
can overcome the disadvantage of the previous system in bright 
light and use a camera that can take driver image in bright light 
and the system can use the image taken in bright light for further 
working. In the case when the light conditions are higher than a 
level the cameras can switch and the control transfers to the light 
camera in bright light and when the light conditions decreases to 
that level then the cameras can switch again the control again 
goes back to the infrared camera. The main aim is to take image 
from the camera as the further working is done in same way in 
both the cases where first the Kalman filter is used and if the 
focus is lost by the Kalman filter the control goes to the mean 
shift filter which gives focus of the image back to the eye of the 
driver and transfers the control back to Kalman filter. 
    The control from one camera to other camera is not transferred 
in just one failure and the system don not even checks the light 
conditions by itself as doing it can cause noticeable changes in 
the efficiency of the system so to manage both these problems 
we have proposed a way in which if the Kalman filter failure 
regularly within a span of time in both the cases then we check 
the light conditions and if the light range is not appropriate 
according to that camera then the camera is switched.  
    In case a low cost system is to be made the light detection 
system can also be skipped and if the Kalman filter fails more 
than 5 times in 1 second the cameras are switched. Obviously 
this technique is not as authentic and reliable as the system where 
we use the light detection system but this is a good form of cost 
cutting.  

 

 
 

Fig 2. Flow chart of the proposed fatigue detection system 
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VI. CONCLUSION AND FUTURE WORK 

    In this paper we have briefly described the working of the 
Kalman Filter eye tracking, mean shift eye tracking, one of the 
proposed driver fatigue detection system “Kalman filtering based 
fatigue detection system”. But, these systems and techniques 
have their respective disadvantage. Our proposed system can 
overcome the drawbacks and disadvantages of these systems. 
    Further research will be focused on implementing the 
proposed idea in order to get the good results in detecting the 
driver fatigue.  

REFERENCES 
[1] Zutao ZHANG, Jiashu ZHANG “A new real- time ey tracking    based on 

nonlinear unscented Kalman filter for monitoring driver fatigue ” at J 
Control Theory Appl, 2010 

[2] W. Dong, X. Wu “Driver fatigue detection based on the distance of eyelid” 
at Proceeding of IEEE International Workshop on VLSI Design and Video 
Technology. New York: IEEE, 2005: 365 – 368. 

[3] Q. Ji, Z. Zhu, P. Lan. “Real time nonintrusive monitoring and prediction of 
driver fatigue” at IEEE Transactions on Vehicular Technology, 2004, 53(4): 
1052 – 1068. 

[4] W. Horng, C. Chen, Y. Chang, et al. “Driver fatigue detection based on eye 
tracking and dynamic template matching” at Proceeding of the 2004 IEEE 
International Conference on Networking, Sensing & Control. New York: 
IEEE, 2004: 7 – 12. 

[5] S. J. Julier, J. K. Uhlmann “Unscented filtering and nonlinear estimation” at 
Proceedings of the IEEE, 2004, 92(3): 401 – 422. 

[6] H. Gu, Q. Ji, Z. Zhu “Active facial tracking for fatigue   detection” at 
Proceedings of the Sixth IEEE Workshop on Applications of Computer 
Vision. Piscataway: IEEE, 2002: 137 – 142. 

[7] D. Comaniciu, V. Ramesh “Mean shift and optimal prediction for efficient 
object tracking” at Proceedings of the International Conference of Image 
Processing. New York: IEEE, 2000: 70 – 73. 

[8] L. Hartley, T. Horberry, N. Mabbott, et al “Review of fatigue detection and 
prediction technologies” at National Road Transport Commission Report 
Melbourne: Murdoch University, 2000. 

[9] S. Singh, N. P. Papanikolopoulos “Monitoring driver fatigue using facial 
analysis techniques” at Proceedings of International Conference on 
Intelligent Transportation Systems. Piscataway: IEEE, 1999: 314 – 318. 

 

AUTHORS 

First Author – Abhishek Bhardwaj, M-tech (pursuing), Amity 
School of engineering and technology, Amity University, Noida, 
U.P., India; Email-id: abhi14.amity@gmail.com 
 
Second Author – Pareesha Aggarwal, M-tech (pursuing), Amity 
School of engineering and technology, Amity University, Noida, 
U.P., India; Email-id: paru.aggarwal2112@gmail.com 
 
Third Author – Rishi Kumar, Assistant professor, Amity School 
of engineering and technology, Amity University, Noida, U.P., 
India; Email-id: rkumar25@amity.edu 
 
Correspondence Author – Nidhi Chandra, Assistant professor, 
Amity School of engineering and technology, Amity University, 
Noida, U.P., India; Email-id:srivastavanidhi8@gmail.com  
 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      706 
ISSN 2250-3153  

www.ijsrp.org 

iAssist: An Intelligent Online Assistance System 
Khanapure V.M1, Prof. Chirchi V.R2 

 
1P.G Department(CNE), MBES,COE Ambajogai, M.S.India, 

2 IEEE Member P.G Department(CNE), MBES,COE Ambajogai, M.S.India, 
(khanapure.vaishu@gmail.com,vr.chirchi@gmail.com) 

 
Abstract- World Wide Web is the most useful source of 
information. A search engine can support only the initial stages 
of the search process, i.e., it can locate Web sites where relevant 
information is available. But, most of the search engines are 
keyword-based and are not much useful within a Web site to help 
the user to identify his preferred service. For this purpose, many 
companies use intelligent assistance systems (e.g., case-based 
systems) to improve customer service quality.  We develop  
iAssist, an intelligent online assistance  system, to automatically 
find problem solution at terns from the past customer– 
representative interactions.When a new customer request arrives, 
iAssist searches and ranks the past cases based on their semantic 
relevance to the request, groups the relevant cases into different 
clusters using symmetric matrix factorization, and summarizes 
each case cluster to generate recommended solutions. 
 
Index Terms- Case clustering, case summarization, intelligent 
assistance, semantic  similarity.  
 

I. INTRODUCTION 

 he 70% of the customers hit the road not because of the 
price or product quality issues but because they do not like 

the customer service. Current customer service (also called 
helpdesk, call center, etc.) involves a lot of manual operations, 
which require customer service representatives to master a large 
variety of malfunction issues. Moreover, it is difficult to transfer 
knowledge and experience between representatives. Thus, many 
companies attempt to build intelligent helpdesk systems to 
improve the quality of customer service.  
    It is also many online intelligent systems but mainly suffer 
from keyword matching technologies and error-level information 
at the solution time. So we have proposed a new algorithm called 
semantic role parser, similarity score calculation. The main 
objectives of this automatically find the problem solution.  
    Given a new customer request, one common scenario of an 
intelligent helpdesk system is to find whether similar requests 
have been processed before. Helpdesk systems usually use 
databases to store past interactions (e.g., descriptions of a 
problem and recommended solutions) between customers and 
companies.  
    In a case-based system case collects all the information 
provided by the user during a recommendation session such as 
the user’s queries to the product catalogues, the selected 
products, and, in case the user is registered, some stable user-
related preferences and demographic data. However, these case-
based systems face the following two challenges.  
 
 

    A. Case retrieval measures 

    Given a new request from a customer, most case-based 
systems search and rank the documents of past cases based on 
their relevance to the request. Many methods have been proposed 
to determine the relevance of past cases to requests in database, 
and to perform similarity search. However, these methods 
usually use traditional keyword-matching-based ranking 
schemes, which have difficulty in capturing the semantic 
meanings of the requests and the past cases. 
    For example, given a request ―can you switch the computers? 

most case-based systems would return past cases related to 
network switches.  In addition, when the description of the cases 
or items becomes complicated, these case-based systems also 
suffer from the curse of dimensionality, and the 
similarity/distance between cases or items becomes difficult to 
measure. New similarity measurements that are able to 
understand the semantic meanings in the requests and the past 
cases are thus needed. 

B. Result representation 
    Most case-based systems return a list of past cases ranked by 
their relevance to a new request. Customers have to go through 
the list and examine the cases one by one to identify their desired 
cases. This is a time-consuming task if the list is long. A possible 
solution is to organize the past cases into different groups, each 
of which corresponds to a specific context or scenario. This 
would enable the customers to identify their desired contexts at a 
glance. It is also necessary to generate a short and concise 
summary for each context to improve the usability. 

II. LITERATURE SURVEY 

    A. Case-based systems 

Some case-based systems is based on keyword matching, which 
lacks the semantic analysis of customer requests and existing 
cases[4][6].Thus new similarity measurement are needed that are 
able to understand the semantic meaning in the request & past 
cases[1][5]. 
    B. Database search and ranking 

Similarity is measure based on Keyword matching, which have 
difficulty to understand text deeply[7]. For finding answers 
quickly once a new request arrives, cases are rank based on 
semantic importance[2].  
    In database search, many methods have been proposed to 
perform similarity search and rank results of a query. However, 
similar to the case based systems, the similarity is measured 
based on keyword matching, which have difficulty to understand 
the text deeply. 
 
 
 

T
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C. Clustering search results 

Search results are long list, so it is time consuming process[8]. 
To find the better solution for problem, Online Helpdesk System 
first cluster the top ranking cases[3][5]. 
    Since existing search engines often return a long list of search 
results, clustering technologies are often used in search result 
organization. However, the existing document-clustering 
algorithms do not consider the impact of the general and 
common information contained in the documents. In our work, 
by filtering out this common information, the clustering quality 
can be improved, and better context organizations can then be 
obtained. 

D. Document summarization 

Information contain in different document often overlap with 
each other[9]. Therefore, it is  necessary to find an effective way 
to merge the document while recognizing and removing 
redundancy[3]. 
    Multidocument summarization is the process of generating a 
summary by reducing documents in size while retaining the main 
characteristics of the original documents . We utilize the idea of a 
request-focused multidocument summarization and propose a 
new summarization method to summarize each cluster of the past 
cases and generate reference solutions, which can better assist 
customers to find their desired solutions.  

III. PROPOSED IMPLEMENTATION 

A. Existing System 

In existing system, a help desk is a place that a user of 
information technology can call to get help with a problem. In 
many companies, a help desk is simply one person with a phone 
number and a more or less organized idea of how to handle the 
problems that come in. In larger companies, a help desk may 
consist of a group of experts using software to help track the 
status of problems and other special software to help analyze 
problems (for example, the status of a company's 
telecommunications network).  
    Typically, the term is used for centralized help to users within 
an enterprise. A related term is call center, a place that customers 
call to place orders, track shipments, get help with products, and 
so forth. The World Wide Web offers the possibility of a new, 
relatively inexpensive, and effectively standard user interface to 
help desks (as well as to call centers) and appears to be 
encouraging more automation in help desk service.  
    Some common names for a help desk include: Computer 
Support Center, IT Response Center, Customer Support Center, 
IT Solutions Center, Resource Center, Information Center, and 
Technical Support Center.  
    The above current customer service (also called helpdesk, call 
center, etc.) involves a lot of manual operations, which require 
customer service representatives to master a large variety of 
malfunction issues. Moreover, it is difficult to transfer 

knowledge and experience between representatives. Thus, many 
companies attempt to build intelligent helpdesk systems to 
improve the quality of customer service. 
    Existing customer service or helpdesk systems were dealing 
with keyword-matching based ranking scheme for case retrieval 
and results will be in a list format i.e. these case based systems 
faces two main challenges :  
1) Case retrieval measures: most case-based systems use 
traditional keyword-matching-basedranking schemes for case 
retrieval and have difficulty to capturethe semantic meanings of 
cases and  
2) Result representation: mostcase-based systems return a list of 
past cases ranked by theirrelevance to a new request, and 
customers have to go through thelist and examine the cases one 
by one to identify their desired cases. 
Example: Apache Lucene keyword based text ranking engine. 
 

B. Proposed System 

 
Pre-processing of customer request and pas cases 

Sentence-level semantic analysis to compute semantic 
similarity  between  customer request and past cases 
 Case Relevance calculation 

Top-ranking case clustering using SNMF algorithm 

Multidocument summarization for each case cluster  

 Reference solution in a summarized format 

 
Figure 1: Proposed Intelligent Assistance system 

 
Example: Can you switch those two computers?: Table II shows 
the top-ranking case samples retrieved by Lucene and iAssist, 
respectively. While looking at the ranking results, we find that 
Lucene takes the word “switch” as the keyword; thus, some high-
ranking past cases actually discuss about the equipment switch. 
However, these cases are not semantically related to the user’s 
request at all. For iAssist, the word “switch” is a verb, and the 
corresponding semantic role is “rel.” Therefore, the cases related 
to the equipment switch are unlikely to be ranked high. In 
addition, iAssist ranking is able to find some informative content 
that Lucene cannot. For example, some cases related to “move 
machines” (“machines” and “computers” are related words) and 
“exchange computers” are highly ranked in iAssist, although the 
word of “switch” or “computer” does not appear in the text itself.  
    After clustering the top-ranking cases, we find that the request 
of switching computers can be either changing the location of 
two computers or changing the users and accounts for the 
computers. Sample summaries by iAssist are shown in Table III. 

 
 
 
 
 
 
 
 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      708 
ISSN 2250-3153  

www.ijsrp.org 

 
TABLE II: TOP-RANKING CASE SAMPLES BY LUCENE AND iASSIST IN SCENARIO 1 

 
Request Can you switch those two computers? 

 
 
 
 
 

Lucene 

Top-ranking case sample 1: 
Subject: KVM switches/extra cables order request 
We would like to purchase following switches and cables: 
-eight port KVM w/corresponding 8 VGA/(ps/2) switch cable sets 
-6 VGA/(ps/2) additional sets for our current CYBEX switches 
Could we get quotes please? 

Top-ranking case sample 2: 
Subject: research 2-port usb switch 
Steve: When we deploy Tim’s new machine in his office,we will need another 2-port KVM switch, 
like the one we purchased for the Lab. 

 
 
 
 

   iAssist 

Sample Top-ranking case 1: 
Subject: Moving people and computers from ECS 257 
The following moves have been apoproved.Move 94 on desk D-322 to 238 also remove D-322. 
Deploy 1 new Dell to 238. If you need help identifying these machines/desk,Andriy or I can help you. 
Top-ranking case sample 2: 
Subject: my computer 
I have an approval from Becky to exchange computers, and I need some time to make a backup of 
important information.Then I will bring both computers on Tuesday. 

 
 

C. Advantages of  iAssist System  

Many companies use intelligent assistance systems (e.g., case-
based systems) to improve customer service quality. We develop 
iAssist, an intelligent online assistance  system, to automatically 
find problem solution at terns from the past customer– 
representative interactions. When a new customer request 
arrives, iAssist searches and ranks the past cases based on their 
semantic relevance to the request, groups the relevant cases into 
different clusters using symmetric matrix factorization, and 
summarizes each case cluster to generate recommended   
solutions.  
    Many case based system suffer from keyword matching 
technologies and error-level information at the solution time. So 
we have proposed a new algorithm called semantic role parser, 
similarity score calculation. The main objectives of this 
automatically find the problem solution. The high performance 
of iAssist benefits from the proposed approaches of semantic 
case ranking, case clustering using the symmetric matrix 
factorization, and the request-focused multidocument 
summarization.  

D. Disadvantages of  iAssist System  

Helpdesk is critical to every enterprise’s IT service delivery.  
iAssist, an intelligent online assistance system, to automatically 
find problem–solution pat-terns given a new request from a 
customer by ranking, clustering, and summarizing the past 
interactions between customers and representatives, Which is 
time consuming process. When Sentence-Level Semantic 
Similarity Calculation takes more time. 

E.  Application of  iAssist System 

The main focus is the central support for  
1. Office and back office products, 
2. Hardware and network infrastructure  

3. Customer specific applications support. 
 

IV. FRAMEWORK 

 

 
 

Fig.1. Framework of the iHelp system 
 
Fig. 1 shows the framework of Online Helpdesk System. The 
input of the system is a request by a customer and a number of 
past cases. First of all, the past cases are cleaned by removing 
formatting char-acters and stopping words; then, each of the 
cases is trunked into sentences and passed through a semantic 
role parser in the preprocessing step. Then, in the case-ranking 
module, the past cases are ranked based on their semantic 
importance to the preprocessed input request. Other than 
searching and ranking the relevant cases, Online Helpdesk 
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System also groups the top-ranking cases into clusters using 
SNMF. Finally, a brief summary for each case cluster is 
generated as a reference solution to the customer. 

V. REQUEST-BASED SEMANTIC CASE RANKING 

    To assist users in finding answers quickly once a new request 
arrives we propose a method to calculate the semantic similarity 
between the sentences in the past cases and the request based on 
the semantic role analysis. 

A. Sentence-Level Semantic Similarity Calculation 

Given sentences Si and Sj , we now calculate the similarity 
between them. Suppose that Si and Sj are parsed into frames by 
the semantic role labeler, respectively. For each pair of frames fm 

∈ Si and fn ∈ Sj , we discover the semantic relations of terms in 
the same semantic role using WordNet [12].  If two words in the 
same semantic role are identical or of the semantic relations such 
as synonym, hypernym, hyponym, meronym, and holonym, the 
words are considered as ―related. 
    Let {r1, r2, . . . , rk} be the set of K common semantic roles 
between  fm and fn, Tm(ri) be the term set of fm in role ri, and 
Tn(ri) be the term set of fn in role ri. Letting |Tm (ri)| ≤ |Tn(ri)|, 
we compute the similarity between  Tm(ri) and Tn(ri) as 
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Therefore, the semantic similarity between Si and Sj can be 
calculated  As follows: 
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where  each similarity score is between zero and one. 

VI. TOP -RANKING CASE CLUSTERING 

    To better facilitate users to find the solutions of their 
problems, iHelp first clusters the top-ranking cases and then 
generates a short summary for each case cluster. Although the 
top-ranking cases are all relevant to the request input by the 
customer, these relevant cases may actually belong to different 
categories. For example, if the request is “my computer does not 
work.” the relevant cases involve various computer problems, 
such as system crash, hard disk failure, etc. Therefore, it is 
necessary to further group these cases into different contexts. 

A. Semantic role parsing 

Sentence-level semantic analysis can better capture the 
relationships between sentences, and we use it to construct the 
sentence similarity matrix by computing the pair wise sentence 
similarity.  

A semantic role is a description of the relationship that a 
constituent plays with respect to the verb in the sentence"[10]. 
Semantic role analysis plays a very important role in semantic 
understanding. In Online Helpdesk System, we use NEC SENNA 
[10] as the semantic role labeler, which is based on Prop Bank 
semantic annotation [11]. The basic idea is that each verb in a 
sentence is labeled with its propositional arguments, and the 
labeling for each particular verb is called a “frame”. Therefore, 
for each sentence, the number of frames generated by the parser 
equals the number of verbs in the sentence. There is a set of 
abstract arguments indicating the semantic role of each term in a 
frame 
    B.   Symmetric nonnegative matrix factorization  

Once we obtain the similarity matrix of the relevant cases, 
clustering algorithms need to be performed to group these cases 
into clusters. Most document-clustering algorithms deal with a 
rectangular data matrix (e.g., document-term matrix and 
sentence-term matrix), and they are not suitable for clustering a 
pairwise similarity matrix. In our work, we propose the SNMF 
algorithm to conduct the clustering. 
 
Problem Formulation and Algorithm Procedure: 
 
Given a matrix of pairwise similarity W, we want to find H such 
that 
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To derive the updating rule for above Eq with non-negative 
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The first order KKT condition for local minima is 
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Hence the KKT condition leads to the fixed point relation: 
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Using gradient descent method, we have 
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we obtain the NMF style multi-plicative updating rule for 
SNMF: 
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Hence, the algorithm procedure for solving SNMF is: given an 
initial guess of H, iteratively update H using above  Eq.until 
convergence. This gradient descent method will converge to a 
local minima of the problem. 
Within-Cluster Sentence Selection 
After grouping the sentences into clusters by the SNMF 
algorithm, in each cluster, we rank the sentences based on the 
sentence score calculation as shown in  below Eqs. The score of 
a sentence measures how important a sentence is to be included 
in the summary. 
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1i i j
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    where F1(Si) measures the average similarity score between 
sentence Si and all the other sentences in the cluster Ck, and N is 
the number of sentences in Ck. F2(Si) represents the similarity 
between sentence Si and the given topic T. 

VII. CONCLUSION 

    iAssist, an intelligent online assistance system, to find 
problem–solution patterns given a new request from a customer 
by ranking, clustering, and summarizing the past interactions 
between customers and representatives. Many case based system 
suffer from keyword matching technologies and error-level 
information at the solution time. So we have proposed a new 
algorithm called semantic role parser, similarity score 
calculation. The main objectives of this automatically find the 
problem solution.. 

REFERENCES 
[1] B. K. Giamanco, Customer service: The importance of quality customer 

service. [Online]. Available: http://www.ustomerservicetrainingcenter.com 

[2]  S. Agrawal, S. Chaudhuri, G. Das, and A. Gionis, “Automate ranking of 
database query results,” in Proc. CIDR, 2003, pp. 888–899. 

[3] D.Wang, S. Zhu, T. Li, and C. Ding, “Multi-document summarization via 
sentence-level semantic analysis and symmetric matrix factorization,” in 
Proc. SIGIR, 2008, pp. 307–314. 

[4] K. Beyer, J. Goldstein, R. Ramakrishnan, and U. Shaft, “When is nearest 
neighbor meaningful?” in Proc. ICDT, 1999, pp. 217–235. 

 

[5]  D. Radev, E. Hovy, and K. McKeown, “Introduction to the special issue on 
summarization,” Comput. Linguist., vol. 28, no. 4, pp. 399–408, Dec. 2002. 

[6] D. W. Aha, D. Mcsherry, and Q. Yang, “Advances in conversational case-
based reasoning,” Knowl. Eng. Rev., vol. 20, no. 3, pp. 247–254, Sep. 2005. 

[7] R. Agrawal, R. Rantzau, and E. Terzi, ―Context-sensitive ranking,‖ in 
Proc. SIGMOD, 2006, pp. 383–394. 

[8]  A. Leuski and J. Allan, “Improving interactive retrieval by combining 
ranked list and clustering,” in Proc. RIAO, 2000, pp. 665–681. 

[9] X. Liu, Y. Gong, W. Xu, and S. Zhu, “Document clustering with cluster 
refinement and model selection capabilities,” in Proc. SIGIR, 2002, pp. 
191–198. 

[10]  R. Collobert and J.Weston, “Fast semantic extraction using a novel neural 
network architecture,” in Proc. ACL, 2007, pp. 560–567. 

[11] M. Palmer, P. Kingsbury, and D. Gildea, “The proposition bank: An 
annotated corpus of semantic roles,” Comput. Linguist., vol. 31, no. 1, pp. 
71–106, Mar. 2005. 

[12]  C. Fellbaum, WordNet: An Electronic Lexical Database. Cambridge, MA: 
MIT Press, 1998. 

[13]   X. Liu, Y. Gong, W. Xu, and S. Zhu, “Document clustering with cluster 
refinement and model selection capabilities,” in Proc. SIGIR, 2002, pp. 
191–198. 

[14] D. Radev, E. Hovy, and K. McKeown, “Introduction to the special issue on 
summarization,” Comput. Linguist., vol. 28, no. 4, pp. 399–408, Dec. 2002. 

[15] Shi and J. Malik, “Normalized cuts and image segmentation,” IEEE Trans. 
Pattern Anal. Mach. Intell., vol. 22, no. 8, Aug. 2000. 

[16] D.W.Aha, D. Mcsherry, and Q. Yang, “Advances in conversational case-
based reasoning,” Knowl. Eng. Sep. 2005. 

[17] D. Bridge, M. H. Goker, L. Mcginty, and B. Smyth, “Case-based 
recommender systems,” Knowl. Eng. Rev., vol. 20, no. 3, pp. 315–320,Sep. 
2005 

[18] Dingding Wang, Tao Li, Shenghuo Zhu, and Yihong                              
Gong,”iHelp: An Intelligent Online    Helpdesk System” in IEEE 
TRANSACTIONS 2011 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      711 
ISSN 2250-3153  

www.ijsrp.org 

Study on Refrigeration System Designed for Low 
Temperature 

Madhuri Maheshwari1, Gaurav Shrivastava2, Bhanu Choubey3 
 

M.E.-Tribology & Maintenance Engineering, SGSITS INDORE (M.P.) India 
1gaurimadhu.maheshari@gmail.com, 2gauravshrivastava91@yahoo.com, 314bhaskar@gmail.com 

 

 

Abstract- In this paper study on refrigeration system designed for 
low temperature which has Zero-Ozone depleting point better 
heat transfer characteristic gives greater refrigerant effect. In this 
paper we study the main function part like compressor, 
evaporator, refrigerant, fan and motor, Technical Details of the 
components. Energy is the primary and most universal measure 
of all kind of work by human Being and nature. Everything what 
happen in the world in the expression of flow of energy is one of 
its form. Most people use the world energy for input to their 
bodies or to the machines and thus about fuels and power. 
Energy is an important input in all sectors of counters economy.   

I. INTRODUCTION OF MECHANISM 

s every product require deferent storage temp for 
maintaining the quality of eatable or potable material. 

Keeping that aspect in view a low temp generating refrigeration 
system has been designed to maintain -22 °C.  It is the process of 
removing heat from an enclosed space, or from a substance, and 
rejecting it elsewhere for the primary purpose of lowering the 
temperature of the enclosed space or substance and then 
maintaining that lower temperature. The term cooling refers  
generally to any natural or artificial process by which heat is 
dissipated. The process of artificially producing extreme cold 
temperatures is referred to as cryogenics. Cold is the absence of 
heat, hence in order to decrease a temperature, one "removes 
heat", rather than "adding cold." In order to satisfy the Second 
Law of Thermodynamics, some form of work must be performed 
to accomplish this. This work is traditionally done by mechanical 
work but can also be done by magnetism, laser or other means. 
However, all refrigeration uses  the three basic methods of heat 
transfer: convection, conduction, or radiation.[1] 

A. Unit of Refrigeration 
    The practical unit of refrigeration is expressed in the terms of 
‘Tonne of refrigeration’. A tonne of refrigeration is defined as 
the amount of   refrigeration effect produced by the uniform 
melting of one tone (1000kg) of ice from and at 0°C in 24 hours. 
The latent heat of ice is 335kj/kg, therefore one tonne of 
refrigeration, 
                        
  1TR = 1000* 335 KJ 24 hours 
                                 = 1000 *335/24*60 
                                 = 232.6kj/min 
In actual practice, one tonne of refrigeration is taken as a 
equivalent to 210kj/min or 3.5 Kw.[2] 

B. Coefficient of performance 

    The coefficient of performance is the ratio of heat extracted in 
the refrigerator to the work done on the refrigerant. It is also 
known as the theoretical coefficient of performance. 
Mathematically, 
Theoretical C.O.P = Q/W 
 Q = Amount of heat extracted in the refrigerator or  
        The capacity of refrigerator 
 W= Amount of work done. 

C. Refrigeration System 
    Deep Freezer is the Device which maintain the temperature 
always below than the atmospheric temperature. In other word 
we can say that it is the closed unit which converts the water in to 
ice. It is generally used for all industrial purpose from a small 
refrigerator to a big air conditioning plant. 
The main components of Freezer are- 
Compressor 
Condenser 
Chilling chamber (Evaporator) 
Expansion device[3] 

II. MAIN FUNCTION OF PARTS 

A. Compressor 
    A refrigerant compressor as the name indicates is a machine 
used to compress the vapour refrigerant from the evaporator and 
to raise the pressure so that the corresponding saturation 
temperature is higher than that of the cooling medium. It also 
continually circulates the refrigerant through the refrigerating 
system. Since the compression of refrigerant requires some work 
to be done on it, there fore a compressor are must be driven by 
some prime mover.      

B. Condenser 
    The condenser is an important device used in high pressure 
side of a refrigeration system. Its function is to remove heat of 
the hot vapor refrigerant discharge from the compressor. The 
heat from the hot vapour refrigerant in a condenser is removed 
first by transferring it to the walls of the condenser tubes and 
then from the tubes to the condensing or cooling medium. The 
selection of a condenser depends upon the capacity of 
refrigeration system, and the type of refrigerant used and the type 
of cooling medium available.  

C. Evaporator 
    The evaporator is used in the low vapour side of refrigeration 
system. The liquid refrigerant from the expansion valve enters in 
to the evaporator where it boils and changes in to vapour. The 
function of evaporator is absorbing heat from the surrounding 
location of medium which is cooled, by means of refrigerant. The 

A
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evaporator becomes cold and remains cold due to following 
reason- 

• The temperature of the evaporator coil is low due to the 
low temperature   of the refrigerant inside the coil.  

• The low temperature of the refrigerant remains 
unchanged because any heat it absorbs is converted in to 
latent heat as boiling proceeds.  

D. Expansion device 
    The expansion device also known as the metering device or 
throttling device it is an important device that divides the high 
pressure side and the low pressure side of refrigerating system. It 
is connecting between the receivers (containing liquid refrigerant 
at high pressure) and the evaporator (containing liquid refrigerant 
at low pressure). The expansion device performs following 
functions- 

• It reduce high pressure liquid refrigerant to low pressure 
liquid refrigerant before being fed in to evaporator. 

• It maintains the desired pressure difference between the 
high and low pressure sides of the system, so that liquid 
refrigerant vaporize at the designed pressure in the 
evaporator. 

• It controls the flow of refrigerant according to the load 
on the evaporator. 

E. Refrigerant 
    Refrigerant is a heat transporting medium which during their 
cycle (compression, condensation, expansion and evaporation) in 
the refrigeration system absorbs heat from a low temperature 
system and discard the heat so absorbed to a to a higher 
temperature system.   

III. ANALYSIS OF THE SYSTEM 

    The thermodynamics of the vapor compression cycle can be 
analyzed on a temperature versus entropy diagram as depicted in 
Figure 2. At point 1 in the diagram, the circulating refrigerant 
enters the compressor as a saturated vapor. From point 1 to point 
2, the vapor is isentropically compressed (i.e., compressed at 
constant entropy) and exits the compressor as a superheated 
vapor. From point 2 to point 3, the superheated vapor travels 
through part of the condenser which removes the superheat by 
cooling the vapor. Between point 3 and point 4, the vapor travels 
through the remainder of the condenser and is condensed into a 
saturated liquid. The condensation process occurs at essentially 
constant pressure. Between points 4 and 5, the saturated liquid 
refrigerant passes through the expansion valve and undergoes an 
abrupt decrease of pressure. That process results in the adiabatic 
flash evaporation and auto-refrigeration of a portion of the liquid 
(typically, less than half of the liquid flashes). The adiabatic flash 
evaporation process is isenthalpic (i.e., occurs at constant 
enthalpy).[4] 

IV. PARTS AND ACCESSORIES ARE ESSENTIAL TO DESIGN THE 

SYSTEM 

    As we know that we want to design the refrigeration system 
for low production system and to check the performance of our  
system therefore the following equipment and accessories are 
required and for checking the performance , some indicators and 
meter are needed .There are the following equipments  : 

Compressor, Condenser, Evaporator (chilling chamber), 
Expansion device as a capillary tube Fan and  Motor, Filter, 
Pressure gauge, Temperature indicator with Sensor, Ammeter 
Volt meter, Ply wood, Frames, Pipe line Thermocouple sheets, 
Hooks and Nuts[5] 

V. FACTOR AFFECTING THE HEAT TRANSFER CAPACITY OF 

AN EVAPORATOR 

    Though there are many factor upon which the heat transfer 
capacity of an evaporator depends are: 

A. Material 
    In order to have rapid heat transfer in an evaporator, the 
material used for the construction of an evaporator coil should be 
a good heat conductor. The material which is not affected by the 
refrigerant must also be selected. Iron and steel can be used with 
all common refrigerants. Brass and copper are used with all 
refrigerants except ammonia. 

B. Temperature Difference 
    The temperature difference between the refrigerant with in the 
evaporator and the product to be cooled plays an important role 
in the heat transfer capacity of an evaporator 

C. Velocity of refrigerant 
    The velocity of refrigerant also affects the heat transfer 
capacity of an evaporator. If the velocity refrigerant flowing 
through the evaporator increases, the overall heat transfer 
coefficient also increases. But this increased velocity will cause 
greater pressure loss in the evaporator.  

D. Contact surface area 
    An important factor affecting the evaporator capacity is the 
contact surface available between the wall of evaporator coil and 
the medium being cooled. The amount of contact surface, in turn, 
depends basically on the physical size and shape of the 
evaporator coil. 

E. Heat Transfer during Boiling 
    The mechanism of boiling is so complex that it is difficult to 
predict the heat transfer coefficient. It is due the factor such as 
latent heat effects, surface tension, saturation temperature and the 
nature of the solid surface. The boiling occurs in the following 
two ways.  Pool boiling as it occurs I flooded evaporators Flow 
boiling or forced convection boiling as it occurs in direct 
expansion evaporators. When heat is add to a liquid from a 
submerged solid surface, the boiling process is called pool 
boiling. A necessary condition for the occurrence of pool boiling 
is that the temperature of the heating surface exceeds the 
saturation temperature of the liquid. In this process, the vapour 
produce may form bubbles, which grow and subsequently detach 
themselves from the surface, rising to the free surface due to 
buoyancy effects. On the other hand, the flow boiling or forced 
convection boiling occurs in a flowing stream and the boiling 
surface may it self are a portion of the flow passage. This 
phenomenon is generally associated with two phase flows 
through confined passage.   The process of pool boiling is shown 
in fig.  In this fig the heat flux is plotted against the excess 
temperature .the pool boiling experiment have shown that the 
boiling process of liquid at its saturation temperature has the 
following three distinct regimes:[6] 

F. Interface evaporation 
    This occurs at the free surface with out the formation of   
bubbles when the solid wall temperature tw is only few degree 
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(about 5’ c) above the saturation temperature of evaporating 
substance (ts) 
 

G. Nucleate boiling  
    When the excess temperature (delta t) increases, vapour 
bubble are formed .these bubble rise above the metal surface but 
condense before reaching the liquid surface. When the excess 
temperature is further increased, the bubbles rise and collapse 
through the free surface by limit surface tension. This process is 
called nucleated boiling. 

H. Film Boiling 
    When the maximum heat flux limit is reached at point A as 
shown in fig all the heating surface gets covered with vapour 
bubbles causing the film boiling process.   Heat transfer 
coefficient for Nucleate boiling: 

 
                    
Cf   =   Specific heat of saturated liquid, in J/Kg K. 
Tw-Ts = Excess temperature in K  
hfg =  enthalpy of vaporization in J/Kg. 
Csf = an empirical constant. Its value is 0.013 for combination of 
tube with R-12 R-22 etc                                                  
Q/A = heat flux in W/m² , 
Μf  = Viscosity of saturated liquid in Kg/m-s. 
σ  = Surface tension of liquid vapor interface in N/m. 
g = Acceleration due to gravity in m/s², 
ρf = Density of saturated liquid in Kg/m³, 
ρs  = Density of saturated vapor in Kg/m³.  
 

VI. FUNCTION OF EXPANSION DEVICE 

    The expansion device also known as the metering device or 
throttling device it is an important device that divides the high 
pressure side and the low pressure side of refrigerating system. It 
is connecting between the receivers (containing liquid refrigerant 
at high pressure) and the evaporator (containing liquid refrigerant 
at low pressure). 
The expansion device performs following functions- 
1. It reduce high pressure liquid refrigerant to low pressure liquid 
refrigerant before being fed in to evaporator. 
2. It maintains the desired pressure difference between the high 
and low pressure sides of the system, so that liquid refrigerant 
vaporize at the designed pressure in the evaporator. 
 3.  It controls the flow of refrigerant according to the load on the 
evaporator.[7] 

VII. RESULT 
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Abstract- Bamboo belongs to the grass family Poaceae 
(Gramineae) and it is recognized as the fastest growing plant on 
earth. Of the 30 bamboo species recorded from Sikkim, 
27(90.00%) species under 6 genera are sympodial type and only 
three (10.00%) species under two genera are monopodial type. 
21 bamboo species were found in tropical forests (0 – 900m), 28 
species in sub-tropical forests (900 – 1800m), 12 species in 
temperate forests (1800 – 2700m), 6 species in sub-alpine forests 
(2700 – 3500m) and 3 species in alpine vegetation (3500 – 
4500m). Bamboo is mostly used for house construction, 
scaffolding, fencing, garden support, fodder, handicrafts etc., and 
for several other articles of everyday use. Edible young bamboo 
shoots are used as vegetables. In the present paper a list of 
bamboos occurring in Sikkim with their vernacular names, 
distribution and its uses in the Himalayan state has been given. 
However extensive study is required to know emphatically about 
the bamboo diversity of the Himalayan state. 
 
Index Terms- Bamboo, distribution, rhizome type, uses, Sikkim 

I. INTRODUCTION 

round 75 genera and 1250 species of bamboo are known to 
exist throughout the world1. And in India there are around 

125 bamboo species under 23 genera2, 3. About 66% of the 
growing stock is concentrated in the North Eastern states of the 
country4, 5. According to Dransfield6, bamboo occurs between the 
latitudinal range of 46o N and 47o S and altitudinal range of 0-
4000 m from the mean sea level covering tropical, subtropical, 
temperate and alpine regions. Bamboo is one of the most 
important forest resources in Sikkim.  Its wide range of uses and 

its great versatility qualifies it to be a multiple use alternative to 
timber, food to the rural poor and tribal in particular. So due to 
this, sometimes it is known as “poor man’s timber”. The plethora 
of its uses in human economy has led to the coining of a variety 
of names for this superb species. The Vietnamese call it ‘My 
Brother’, the Chinese ‘Friend of the people’ and in India it is 
widely known as ‘Green Gold’7.  
    Bamboo is mostly used for house construction, scaffolding, 
ladders, mats, baskets, fencing, garden support, fodder, fishing 
rods, walking sticks, tool- handles, pipes, toys, handicrafts etc., 
and for several other articles of everyday use. The young tender 
shoots of several bamboos are eaten as delicious vegetables8, 9. 
These young shoots, locally known as “tusa” are much eaten and 
its pickle are made by the people of Sikkim. 
    The propagation forms of bamboo distributed throughout the 
world are classified into non-clump forming and clump forming 
types10. Non-clumping or running (monopodial) types spread 
variously, sending out underground runners, or rhizomes, which 
sometimes emerge far from the parent plant. Most bamboos of 
this type are erecting and long. The clumping (sympodial) types 
have a very short root structure, are genetically incapable of 
expanding more than few inches a year and will form discrete 
clumps. Table 2 shows the clumping and non-clumping forming 
types of genera found in Sikkim. 
    According to the Forest survey of India, in its report of “India 
State of Forest Report 2011”, the recorded forest area of Sikkim 
is 5,841 sq. km which constitutes 82.31% of state’s geographical 
area11. And the extent of the bamboo bearing area in the forests 
of the state is 1,181 sq. km. Density wise details are given below 
in table 3. 

 
Table 3: Bamboo bearing area by density in recorded forest area (Area in km2) of Sikkim 

 
Recorded 
forest area 

Pure 
bamboo 

Dense 
bamboo 

Scattered 
bamboo 

Clumps 
hacked 

Bamboo 
regeneration 

No bamboo 

5,841 0 481 684 8 8 4,660 
*Source: India state of Forest Report 2011  
 
The lesser known bamboo species of Sikkim have not been 
studied in terms of distribution and its uses. The present study 
aims at providing a comprehensive account on distribution, 
diversity and uses of bamboos of Sikkim thorough literature and 
extensive field surveys. But there is a need for more 
comprehensive inventory and study of population density for 
utilization and conservation purposes. 

II. STUDY AREA 

Sikkim is a landlocked state located in the eastern Himalayas 
region shares a total geographical area of 7096 sq. km which 
constitutes 0.22% ofthe country’s geographical areaa. The state 
lies between latitude 27004’ to 28007’N and longitude 88000’ to 
88055’E. The smallest state with the least population of 60700 
inhabitants as of 2011 (Census) has no open valley or plains. The 
altitude zone ranging from 300m to 8000m from the mean sea 

A
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leave comprises of mainly forest cover hills and snow cover area. 
The vegetation of Sikkim has been distinguished into 6 forest 
zones based on altitudes12.  
 

 
They are:  

1. Tropical Evergreen Forests (up to 900m) 
2. Sub – tropical Forests (900 – 1800m) 

3. Temperate Forests (1800 – 2700m) 
4. Sub – alpine Forests (2700 – 3500m) 
5. Alpine vegetation (3500 – 4500m) 
6. Alpine deserts (>4500m) 

Teesta and Rangeet is the two main rivers of the state. The whole 
state of Sikkim is divided into four districts i.e. East, West, South 
and North District which is shown in fig. 1. 

III. METHODS 

    Field visits for documenting the distribution of bamboo 
species were undertaken in four districts of Sikkim i.e. East, 
West, North and South Sikkim. The bamboos were put under 
four distribution classes i.e. tropical (0- 900m), subtropical (900 
– 1800m), temperate (1800 – 2700m), sub – alpine forests (2700 
– 3500m) and alpine vegetation (3500 – 4500m). The 
identification of bamboo was made using some manuals, 
taxonomical keys and later with the help of experts. The local 
people were interviewed for documenting the utilization of 
bamboos.  
    Bamboos distribution and their status in Sikkim have been 
reviewed in this paper (Gamble13, Hooker14, Brandis15 and 
Noltie16). Following is the list of the species recorded from 
Sikkim (Table 1). 
In “Flora of British India”, Hooker14 has mentioned 13 species of 
bamboo. By Gamble13, in “A Manual of Indian Timber”, 18 
species of bamboo are recorded.  In “Indian Trees” by Brandis15, 
there are 13 species of bamboo from Sikkim are recorded. In 
“Flora of Bhutan”, Noltie16 has mentioned about 14 species of 
bamboo. 

 
Table 1. List of Species recorded from Sikkim 

 
Scientific names Vernacular names Distribution in Sikkim Altitude 

1.Arundinaria recemosa 

Sanu maling(Nepali), Phyum, 
Miknu (Lepcha),& Pheong, 

mheem (Bhutia) 

North , West and  East 
district 

2600-3600m 

2. Bambusa multiplex Chinese bans East district 600-1200m 

3. Bambusa nutans 
Mala bans(Nepali), Mahlu 
(Lepcha) & Jiu (Bhutia) 

Common up to  1600m 300 – 1600m 

4. Bambusa Pallida 

Deo bans (Nepali), Pshi, pashipo 
(Lepcha) and Bongshing 

(Bhutia) 

East  district 350-900m 

5. Bambusa tulda 
Sigray bans (Nepali), Paoshiding 

ying (Lepcha) 
Common up to 1500m 400-1500m 

6. Bambusa vulgaris var. 

vittata 

Telai bans East district 300-15000m 

7. Bambusa vulgaris var. 

waminii 

Lota bans East district 300-1500m 

8. Dendrocalamus asper Sweet bamboo (English) East district 800-1800m 
9. Dendrocalamus 

giganteus 

Dhungre bans (Nepali), Giant 
bamboo (Nepali) 

East and South district 600-1200m 

10. Dendrocalamus 

hamiltonii var. hamiltonii 

Choya bans, Tama(Nepali), Pao 
(Lepcha), Pashing (Bhutia) 

Common up to 1500m 300-1500m 

11. Dendrocalamus 

hamiltonii var.  edulis 

Guliyo tama bans Common up to 1500m 300-1500m 
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12. Dendrocalamus hookeri 
Tili bans(Nepali), Patu (Lepcha) North, South and East 

district 
900-1800m 

13. Dendrocalamus 

patellaris 

Neba bans(Nepali), Pagjiok 
(Lepcha) 

Common between 800 – 
1500m 

800-1500m 

14. Dendrocalamus 

sikkimensis 

Bhalu bans(Nepali), Pagriang 
(Lepcha) 

North , West and  East 
district 

1000-1800m 

15. Dendrocalamus strictus Latthi bans (Nepali) East district 300 – 1000m 
16. Melocanna baccifera Lahure bans (Nepali) East and West district 900-1500m 
17. Phyllostachys aurea Kata bans (Nepali) East and West district 600-1200m 
18. Phyllostachys nigra Kalo nigalo (Nepali) East district 800-1400m 

19. Schizostachyum 

capitatum 

Gobia, Gope (Nepali), Payong 
(Lepcha) 

North, West and East 
district 

1000-2400m 

20. Schizostachyum dulloa 
Tokre bans (Nepali), Pogslo, 

Puksalu (Lepcha) 
East district 600-1500m 

21. Schizostachyum 

fuchsianum 

Palom(Lepcha) North district 900 – 1600m 

22. Schizostachyum 

polymorphum 

Pheling bans (Nepali), Parohoik 
(Lepcha) 

East and North district 600-1200m 

23. Schizostachyum 

sharmae 

Palom(Lepcha) North district 900-1700m 

24. Sinarundinaria 

hookeriana 

Parang, Singhani (Nepali), 
Prong(Lepcha) 

Common between 800-
2000m 

800-2000m 

25. Sinarundinaria 

intermedia 

Titay nigalo(Nepali), 
Parmoik(Lepcha) 

East and North district 1200-3000m 

26. Sinarundinaria maling 

Malingo (Nepali), Phum 
(Bhutia) aand Phuem miknu 

(Lepcha) 

All district above 1800m-
3600m 

1700-3600m 

27. Sinarundinaria 

microphylla 

Deonigalo (Nepali) East and West district 1800-3300m 

28. Sinarundinaria 

pantlingii 

Rani malingo (Nepali) East district 1800-3000m 

29. Sinarundinaria 

falconeri 

Pummon(Lepcha) North district 1000-1800m 

30. Thamnocalamus 

aristatus 

Rato nigalo (Nepali) West and East district 2200-3600m 

 
 

IV. RESULTS 

A. Bamboo diversity 

    Bamboos are distributed widely throughout Sikkim. During 
the field survey conducted throughout the state, 30 species of 
bamboo under 8 genera were recorded (Table 1). Bamboo is 
usually found in the moist valleys, along the streams, low hill 
slopes of southern part, moist deciduous forests, wet temperate 
forests and sub-alpine coniferous forest of the state. The main 
genus found in the state is Arundinaria sp, sinarundinaria sp, 

Phyllostachys sp, Bambusa sp, Dendrocalamus sp, and 
Schizostachyum sp.  
    Arundinaria sp and Sinarundinaria sp mainly covers the 
northern part of Sikkim and, Phyllostachys sp, Bambusa sp, 

Dendrocalamus sp which occurs over extensive area are found in 

lower hills forest. Cultivated bamboos are also found in the 
agricultural land areas, roadsides private and government 
Khasmal areas. 
    From the above table we see that there are 8 genera of bamboo 
found in Sikkim. The main species found in Sikkim are Bambusa 

nutans, B. tulda, Dendrocalamus hamiltonii, Sinarundinaria 

hookeriana
 etc. The geographical distribution of a bamboo is 

greatly influenced by human actions17.This is why probably B. 
nutans, B. tulda and D. hamiltoni are common to all over the 
state. Boontawee18 asserted a step further that the natural 
distribution of bamboo in forests has been greatly altered by 
human intervention.  
    Of the 30 bamboo species recorded from Sikkim, 27(90.00%) 
species under 6 genera are sympodial type and only three 
(10.00%) species under two genera are monopodial type. 
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Table 2: Genera, species and rhizome types of bamboos found in Sikkim. 
 

Genera Rhizome type 
 

Species 

Arundinaria Monopodial Arundinaria racemosa 

Bambusa Sympodial 
Bambusa multiplex, B. nutuns, B. pallida, B. tulda, B. 

vulgaris var. vittata, B. vulgaris var. waminii 

Dendrocalamus Sympodial 

Dendrocalamus asper, D. giganteus, D. hamiltonii var. 

hamiltonii, D. hamiltonii var.edulis, D. hookeri, D. 

patellaris, D. sikkimensis 

Melocanna Sympodial Melocanna baccifera 

Phyllostachys Monopodial Phyllostachys aurea, P. nigra 

Schizostachyum Sympodial 
Schizostachyum capitatum, S. dulloa, S. fuchsianum, S. 

polymorphum, S. sharmae 

Sinarundinaria Sympodial 
Sinarundinaria hookeriana, S. intermedia, S. maling, S. 

microphylla, S. pantlingii, S. falconeri 

Thamnocalamus Sympodial Thamnocalamus aristatus 

 
 

B. Distribution pattern 

21 bamboo species were found in tropical forests, 28 species in 
sub-tropical forests, 12 species in temperate forests, 6 species in 
sub-alpine forests and 3 species in alpine vegetation (Fig. 2). The 
alpine and sub-alpine region has Arundinaria, Sinarundinaria 

and Thamnocalamus, the temperate region has five genera, 
including three genera from alpine and sub-alpine region and 
also Dendrocalamus and Schizostachyum, the tropical and 
sub-tropical region has Bambusa, Dendrocalamus, Melocanna, 

Phyllostachys, Schizostachyum and Sinarundinaria. 

 

 
 

Fig. 2. Bamboo species according to altitude variations 
 

C. Uses of bamboo 

    Bamboos are used for various purposes and its great versatility 
qualifies it to be a multiple use alternative to timber, food to the 
rural poor and tribal in particular (Fig. 3). In the Himalayan state 

the culm of the bamboos are used for religious rituals like for 
hoisting prayer flags. They provide raw materials for scaffolding 
in building construction and in rural areas small dwelling huts are 
also constructed with bamboo. Some are used for making mats, 
fishing rods, baskets, bows and arrows and for making furniture. 
Bamboos are also used in making bridges in the rural areas; 
farmland fencing materials, fodder for cattle and young shoots 
are used as a vegetable and for making pickles.  It is also used in 
making Lepcha traditional hat (Sumok thyaktuk), an oldest form 
of craft made by the Lepcha tribe in the state19. Apart from these 
they are also used for making chungas to carry milk and water, 
walls floor and roofs, supports to creeper agricultural plants and 
as an ornamental plant.  
Some uses of bamboo are shown in fig. 3 from A to O. 

A. Leaves used as fodder.  
B. Mat (Chitra) used as roof cover. 
C. Mat (Chitra) made from a bamboo culm. 
D. Basket (Doko) used in the tea garden. 
E. Walls floor. 
F. Fencing to protect the sapling from other animals. 
G. Shelter for small animals. 
H. Used in the construction of a house. 
I. Supporting a Prayer flags. 
J. Bamboo Scaffolding. 
K. Support to creeper plants. 
L. A house made of a bamboo mat (Chitra). 
M. Young shoots used as a vegetable.  
N. A gate made of a bamboo. 
O. Support to creeper agricultural plants. 

 

 
\ 
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Fig. 3. Some uses of bamboo are shown from A to O 
 

V. CONCLUSION 

    The present study reveals that in Sikkim, there are 21 bamboo 
species found in tropical forests, 28 species in sub-tropical 
forests, 12 species in temperate forests, 6 species in sub-alpine 
forests and 3 species in alpine vegetation. In Sikkim, most of the 
bamboos are of sympodial type (6 genera) but 2 genera are of 
monopodial type of which 27 species (90.00%) under 6 genera 
constitute the first category while rest 3 species (10%) under 2 
genera belongs to the other type. Fig. 4 shows that 
Dendrocalamus genera has the maximum number of species (8), 
followed by Bambusa and Sinarundinaria (6 each). 
Schizostachyum genera have 5 species, Phyllostachys has 2 and 
Arundinaria, Melocanna and Thamnocalamus has 1 species. 

However extensive study is required to know emphatically about 
the bamboo diversity of the Himalayan state. 

 
 

Fig. 4: Number of species in each genera. 
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Abstract- In the present study fecundity of Terapon puta  was 
estimated for 47 matured females from the Bay of Bengal, 
Pondicherry. The fecundity (F) was found to range from 20,002 
to 1,23,042 in fishes between 134-219mm Total length(TL) and 
30-78 gm weight respectively. The co-efficient of correlation for 
F/TL (log F = 0.790+1.731 log TL), F/SL (log F = 0.799+1.773 
log SL), F/TW (log F = 2.590+0.450 log TW) and F/GW (log F 
= 0.518 + 1.7183logGW) were obtained as0.277, 0.282, 0.248 
and 0.902 respectively. The regression line for the TL, SL, TW 
and GW of the fishes were found to be linear when they were 
plotted against their fecundity on logarithmic scales. Significant 
(P<0.05) linear relationship was obtained for the variables 
standard length and fecundity. Highly significant (P<0.01) 
relationship was obtained between gonad weight and fecundity. 
Gonad weight was found to be the best indicator of the fecundity 
of Terapon puta. 
 
Index Terms- Fecundity, Terapon puta, GSI, Reproductive 
biology. 

I. INTRODUCTION 

erapon puta belong to the family  teraponidae is a medium 
size food fish which inhabits the sea, backwater and 

estuaries in Pondicherry coast.  
Though they are not commercially important, they together 
constitute a regular fishery throughout the year.  No information 
available regarding the fecundity studies of Terapon puta with 
the view of supplementing this, the present study was undertaken 
along the Pondicherry coast. 
    The number of eggs contained in ovary of a fish is termed as 
fecundity. The term fecundity denotes the egg laying capacity of 
a fish or it refers to the number of ripe eggs produced by a fish in 
one spawning season. Knowledge about fecundity of a fish is 
essential for evaluating the commercial potentialities of its stock, 
life history, practical culture and actual management of the 
fishery[3] (Laglar,1956). Relative fecundity is the number of 
eggs per unit of weight is commonly used as an index of 
fecundity. The fecundity of an individual female also varies 
according to many factors including age, size, types of species, 
food availability and season. Many works had been done on the 
fecundity of different fishes by Khan et al (2002)[4], Mohammed 
Alam and Pathak(2010)[5], Saifullah  et al(2004)[1], Shaheena 
Shafi et al (2012)[7], Shailja mishra and D.N, 
Saksena(2012)[8],Arifa Akter et al (2007)[6]. 

II. MATERIALS AND METHODS 

    A total of 47 matured females of Terapon puta were collected 
from Nallavadu sea shore of the Bay of Bengal, Pondicherry 
from July 2008 to June 2009 for the determination of fecundity 
and gonadal weight in relationship to other parameters. Enlarged 
abdomen of the female fish was easily distinguished as gravid 
one. For detail study of fecundity the collected fishes were 
carried immediately to the laboratory. After thorough wash with 
tap water the total length of each fish was measured with a 
measuring scale to the nearest millimeter and the body weight in 
gram by an electronic balance. Excess water from the fishes were 
removed with blotting paper before measuring the weight of the 
fishes. The gonads were dissected out and weighted 
    Two lobes of the ovary from each sample fish were removed 
carefully by dissecting out the abdomen and placed in modified 
gilson’s fluid. It helped to preserve the ovary as well as made it 
much easier to separate the eggs from the ovarian wall. 
Gravimetric   method was used to determine the fecundity of fish 
(Murua and Saborido-Rey, 2003)[2]. 
    The two lobs of each ovary were dried off removing of excess 
moisture with blotting paper.  Then 0.01g of each ovary was 
taken separately from anterior, middle and posterior portions of 
each lobe. The number of eggs in 0.01g was determined and then 
multiplied by the total weight of the ovary, which gave the total 
number of eggs i.e the fecundity of respective fish. 
Gonadosomatic index (GSI) of the male and female fishes of the 
collected samples were determined separately by the following 
method 
 

GSI =  

 
The relationship between fecundity and total length, standard 
length , body weight and gonad weight were determined with the 
help of a computer software viz SPSS .  

III. RESULTS AND DISCUSSION  

    The relationship between Total length and Fecundity, Standard 
length and Fecundity, Total weight of fish and Fecundity, Gonad 
weight and fecundity were estimated by least square method.  
The fecundity varied from 20,002 to 1,23,042 based on 47 
ovaries of fishes ranging in total length from 134 – 219 mm and 
weight 30  -78 gm. 
 
 

T
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A. Relationship between total length(TL) and fecundity(F) 

    The relationship between Total length and Fecundity of 
Terapon puta showed a linear relationship, expressed by the 
equation,   
 
 F = -47479+5855*TL          (or) 
             log F = 0.790+1.731*log( TL) 
 
Based on this formula, the fecundity values were calculated for 
different lengths showed a linear relationship.  Hence the present 
study suggests that the fecundity increase with the increasing 
length of the fish.  
 

 
 
 
Figure - 1 Relationship between Total Length and Fecundity of 

Terapon puta 
 

B.  Relationship between standard length(SL) and 

fecundity(F) 

    The relationship between standard length and fecundity of 
Terapon puta was found to be linear, expressed by the equation, 
 
            F= -47550+6694*SL      (or)  
      log F= 0.799+1.773*log(SL) 
 
The correlation co-efficient (r = 0 .282) between standard length 
and fecundity was found to be significant at 0.05 level. Hence it 
was concluded from the present observation that fecundity 
appeared to increase with  the increasing standard length of the 
fish. 

 
 
Figure - 2 Relationship between Standard Length and Fecundity  

of Terapon puta 
 

C. Relationship between total weight of fish (TW) and 

fecundity(F) 
    The relationship between total weight of the fish and fecundity 
showed a linear relationship, expressed by the equation, 
 
            F = 30811+557.0*TW      (or) 
     Log F= 2.590+0.450*log(TW) 
 
The correlation co-efficient (r = 0.248) between total weight and 
fecundity was found to be significant at 0.09 level.  Hence it was 
concluded that fecundity increase with the increasing with the 
weight of the fish. 
 

 
 

Figure - 3 Relationship between  Weight of Fish  and 
fecundityu of Terapon Puta 

 
D. Relationship between weight of gonad(GW) and 

fecundity(F) 

     The relationship between gonad weight and fecundity showed 
a linear relationship, expressed by the regression equation, 
 
       F= -8545+17941*GW   (or) 
 log F= 0.518+1.183*log(GW) 
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The correlation co-efficient (r = 0.902) between gonad weight 
and fecundity was found to be significant at 0.01 level indicating 
a high degree of relationship between these two variables.   
Hence Gonad weight was found to be the better index of 
Fecundity in Terapon puta.     
      

 
 

Figure - 4 Relationship between  Weight of Gonad 
and Fecundity of Terapon puta 

 

IV. GONADOSOMATIC INDEX OF TERAPON PUTA 

    In the present study the GSI increased in March (5.00) 
indicating maturation of small fraction of their population 
followed by decline in April (3.81) suggest the onset of 
spawning. 
    The GSI showed peak in the month of May (8.40) indicating 
maturation of large fraction of these species correlating with high 
water temperature and availability of more food.  The decline in 
June (6.62) indicates the spawning activity.  The rise in GSI 
during July (9.70) further indicates maturation of greater number 
of fishes followed by spawning in September and October.  The 
gonads were in the resting stage of maturity during November, 
December, January, February (2.64, 2.63, 3.27, 2.87).  The 
monthly changes in GSI suggest that this species have a 
protracted spawning period beginning from March to October. 
The pattern of changes in GSI of males is almost similar to that 
of females. 
 

 
Figure - 5 Gonadosomatic index of Terapon puta 

Gonadosomatic index has been considered as reliable estimate 
for gonad maturity and spawning of any species. The 
gonadosomatic index increased with the maturation of fish and 
reaches to its maximum at the peak period of maturity. Its abrupt 
decrease indicates beginning of spawning. Similar observation 
was made by Shailja mishra and Saksena (2012)[8] in Labeo 
Calbasu. 
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Abstract- Role stresses are known to influence the experience of 
burnout. Workplace stress has been studied widely in various 
Occupational environments. However, published studies 
exploring military environment are less. In air and on ground, 
military aircrew perform a wide variety of roles each requiring a 
different set of skills. Demands of workplace and nature of job 
only add to the stress levels. Burnout manifests itself in 
individuals as a general loss of feeling, concern, trust, interest, 
and well-being. The present study investigated the relationship 
between organizational role stress and job burnout among 
military aircrew using Organizational Role Stress Inventory and 
Maslach Burnout Inventory. 45 Indian Air Force officers 
participated in this study. Organizational role stress was 
significantly related to depersonalization and emotional 
exhaustion dimensions of burnout. Inter-role Distance and 
Personal Inadequacy dimension significantly predicted emotional 
exhaustion, while depersonalization was predicted by inter-role 
difference alone, none of the role stress dimensions were related 
to personal accomplishment dimension of burnout.  
 
Index Terms- Aircrew, burnout, military, Organizational role 
stress. 

I. INTRODUCTION 

n organization can be defined as a system of roles [1]. The 
concept of ‘role’ is key to understanding how an individual 

functions in any system. This is through his/her role that an 
individual interacts with and is integrated into a system 
[2].Occupational stress is no longer considered an occasional, 
personal problem that can be taken lightly. It is a global 
phenomenon affecting all occupations and countries alike. Role 
stress refers to the conflict and tension due to the roles being 
enacted by a person at any given point of time [3].  Military 
environment is challenging and unforgiving of smallest of 
mistakes, especially if it is aircrew. It seems to be assumed that 
the stress of military life is attributable solely to such things as 
deployments overseas, exposure to combat, and the threat of 
bodily harm. The periodic permanent change of station, 
stationing of personnel overseas, and lack of control over duty 
assignments are just a few examples of the more mundane 
aspects of military life that may affect the mental health of its 
members [4-5]. In addition to such tasks and duties aircrew is 
one of the working groups that has to deal with a highly 
demanding job as it requires high level of knowledge and 
expertise, as well as the practical application of it. Spatial 
disorientation, decision making, information processing, 
communication, split second decisions and logical reasoning are 
some of the tasks that an aircrew performs simultaneously. At the 

same time, there is a feeling of responsibility, not only with 
regard to risking one’s own life, but also for the high financial 
cost involved in flying. In a study comparing job stress in 
university, corporate and military personnel it was found that 
military personnel reported experiencing almost all kinds of role 
stress more frequently than others [6]. Role stressors can 
influence the perceived well-being, job satisfaction, and overall 
satisfaction of aircrew, thus affecting their efficiency and skill. 
Role stress reduces the feeling of well-being and makes one 
derive less pleasure from work [7]. Organizational role stress is 
significantly but negatively correlated with personal adjustment 
and social relations [8]. In a study of Indian military aircrew 
stress was studied using Udai Pareek’s organizational role stress 
scale, it was reported that stress among the military aircrew is 
less in comparison with other civil professions such as teachers 
and researchers [9]. 
    Burnout is a prolonged response to chronic emotional and 
inter-personal stressors on the job, and is defined by three 
dimensions of exhaustion, cynicism and inefficacy [10].  One of 
the most significant predictor of burnout is role stress. Stress can 
lead to social and domestic problems [11]. Personnel who 
experience burnout are alienated and derive less satisfaction from 
the work. Burnout results in psychosomatic complaints and 
negative attitude towards work [12]. Burnout is positively related 
to years of experience, age and work stresses and negatively 
related to social support among Air Traffic Control Personnel 
[13]. Burnout is closely and positively related to the professional 
dissatisfaction and work stressors and not related to non-work 
stressors [13]. Research has shown that most frequently reported 
symptoms of stress include burnout, fatigue and irritability 
towards others [14]. Job specific stressors are the strongest 
predictors of burnout across organization types and occupations 
[15]. In a study of military mental health patients’ work-related 
problems and stressors leading to burnout were found to be the 
primary contributors to their emotional problems [16]. In an 
exploratory study of perceptions of organizational stress among 
US military officers in Germany, workload, work design, job 
qualification etc were identified as stress precipitators and 
leading to feelings of burnout [17]. Role stress and organizational 
commitment produce direct effect to job burnout among 
employees [18]. 
    The current study has been undertaken to assess the 
relationship between organizational stress factors and burnout 
among aircrew of Indian Air Force, so that the findings be used 
for better tasking and planning. Military flying is inherently 
stressful and organizational role stressors only add to the mental 
workload of pilots. It is essential to study those aspects of 
aircrew’s role that can precipitate the experience of burnout 
because human resource is more precious than any other 

A
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possession an organization has. This study was taken up since 
there is apparent dearth of studies in the area of organizational 
role stress relating to burnout. There are many aspects to the role 
stress and what particular role stress influence aircrew remains 
unexplored, keeping this in mind the investigator choose to study 
aircrew of Western Air Command of IAF. The present study 
aims to investigate relationship between organizational role 
stress and burnout among military aircrew. It also investigates 
the predictors of these stress factors on burnout among military 
aircrew. The study also attempts to infer the implications of the 
presence of these stressors. 

II. METHODOLOGY 

A. Sample 
    58 healthy aircrew from Indian Air Force participated in this 
study. Responses from 13 aircrew were incomplete; hence, they 
were rejected from the present study. There were responses from 
45 aircrew which consisted of 26 pilots and 19 navigators 
available for analysis. Their age ranged from 22-45 years with a 
mean of 32.24. Their length of service ranged from 01-23 years 
with a mean of 10.09. Majority of the aircrew were postgraduate 
(67%) and rest were graduates (33%).  

 
Variable Minimum Maximum Mean 
Age 22 45 32.24 
Service 01 23 10.09 
Years of education 17 21 17.83 

 
Figure 1: Showing demographic data 

 
B. Sampling procedure and instruments 

    A number of interactions were planned to facilitate better 
communication. Small groups of aircrew were called at different 
times for rapport building and better observation. They were 
administered Maslach Burnout Inventory and Udai Pareek 
Organizational Role Stress Scale. Maslach Burnout Inventory 
was administered to aircrew to measure the magnitude of 
psychological burnout on three dimensions: diminished personal 
accomplishment, depersonalization and emotional exhaustion. It 
consists of 29 statements which are to be rated on a 7-point scale. 
It usually takes about 20 minutes to complete the test. Standard 
scoring procedure is adopted. Organizational role stress scale 
was used to find out the roles within the organization that create 
stress. This test assesses ten role stresses: inter role distance 
(IRD), role stagnation (RS), role expectation conflict (REC), role 
erosion (RE), role overload (RO), role isolation (RIs), personal 

inadequacy (PI), self/role conflict (S/RC), role ambiguity (RA) 
and resource inadequacy (RIn). This test consists of 50 
statements that are to be rated on a 5-point scale. It usually takes 
about 25 minutes to complete the test. The average time-taken 
was 50 minutes. Data was encoded and analyzed using the SSPS 
10.00 for windows. The survey data obtained were analyzed 
descriptively, zero order correlation and Stepwise Multiple 
Regression was carried out to infer the organizational role stress 
predictors of burnout among military aircrew.  

III. RESULTS AND DISCUSSION 

Table 1 gives an overview of the scores and standard deviation of 
ten dimensions of organizational role stress and three dimensions 
of burnout. 

 
Table 2: Showing stress levels and personal accomplishment scores. 

 
Variable N Mean Std. Deviation 
Inter-role Distance (IRD) 45 15.20 4.37 
Role Stagnation (RS) 45 15.62 5.54 
Role-expectations Conflict 
(REC) 

45 13.49 4.15 

Role Erosion (RE) 45 14.98 4.74 
Role Overload (RO) 45 11.36 3.92 
Role Isolation (RIs) 45 13.87 4.67 
Personal Inadequacy (PI) 45 9.33 3.98 
Self/Role Conflict (S/RC) 45 13.22 4.19 
Role Ambiguity (RA) 45 11.62 5.06 
Resource Inadequacy 
(RIn) 

45 15.00 4.86 

Personal Accomplishment 
(PA) 

45 27.56 7.61 

Emotional Exhaustion 
(EE) 

45 15.56 9.70 

Depersonalization (DP) 45 5.82 4.71 
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Table 3: Showing correlations among the organizational role stress variables, and dimension of burnout. 
 
 

VARIABLES 
 IRD RS REC RE RO RIs PI S/RC RA RIn 

Personal Accomplishment 
(PA) 

.043 .012 .117 .133 -.004 -.059 -.079 -.144 -.088 .012 

Emotional Exhaustion (EE) .747** .735** .709** .344* .688** .626** .469** .590** .522** .562** 
Depersonalization (DP) .672** .615** .596** .354* .522** .556** .332* .453** .492** .389** 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 

 
It is evident from the table that emotional exhaustion and 
depersonalization were found to be positively correlated with all 

the ten dimensions of role stress. Personal accomplishment does 
not shows significant relation with any dimensions of role stress. 

 
Table 4: Multiple Regression summaries of Emotional Exhaustion 

 
Model Predictor Constant R² β F-value Significance 

1 Inter-role 
Distance 

0.747 0.547 0.747 54.13 0.001 

 Inter-role 
Distance 

 
0.817 
 

 
0.652 
 

0.682  
 
 
 
  42.29 

 
 
 
 
0.001 

Personal 
Inadequacy 

0.339 

 
 

C. Dependent Variable : Emotional exhaustion 
However, none of the other organizational role stress variables 
contribute significantly to emotional exhaustion. When compare 
to other variables Inter-role Distance and Personal Inadequacy 
prove to be better predictors of Emotional Exhaustion. It shows 
that higher the score on these two dimensions, the higher will be 
the emotional exhaustion. Inter-role distance scores predict 54% 

variance in the extent of burnout. So it is inferred that more of 
inter-role distance a person experiences, the more will be his/ her 
experience of emotional exhaustion. The addition of significant 
contribution of personal inadequacy explains a further 11 per 
cent of the variance in emotional exhaustion dimension of 
burnout. 

 
Table 5: Multiple Regression summaries of Depersonalization 

 
Predictor Constant R² β F-value Significance 

Inter-role Distance 0.672 0.439 0.672 35.43 0.001 

 
 

D. Dependent Variable: Depersonalization 
    However, none of the other role stress variables contribute 
significantly to Emotional Exhaustion. The regression value of 
0.43 shows that inter-role distance scores predict 43% variance 
of the extent of burnout. So it is inferred that more of inter-role 
distance a person experiences, the more will be his/ her 
experience of depersonalization. When compare to other 

variables inter-role distance proves to be better predictor of 
Emotional Exhaustion. It shows that higher the score on inter-
role distance variable, higher will be the depersonalization. 
Conflicts may exist between two or more roles played by an 
individual for example aircrew often encounter conflicts caused 
by their roles as flyers, officers, sub-ordinates and flier, and 
when these roles become incompatible with each other it sets the 
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foundation for inter-role distance and induces stress. When 
compare to other variables inter-role distance and personal 
inadequacy proves to be better predictor of emotional exhaustion. 
The major role related stress and forms of conflict among faculty 
members were role stagnation and inter-role distance [19]. Study 
also shows that higher the score on inter-role distance, the higher 
will be the emotional exhaustion. Results indicated that inter-role 
distance significantly predicted the emotional exhaustion and 
depersonalization components [20]. In a survey conducted on US 
military personnel 52% reported that work stress was causing 
them significant emotional distress [21]. A study of US military 
personnel also reported that 23% feel that distances in roles and 
varied nature of roles is responsible for their ill health and the 
diagnosis given by doctors to many mental health patients is 
occupational problems [5]. Burnout was found to be closely and 
strongly related to professional dissatisfaction and work stressors 
in Air Traffic Controllers. It also concluded that burnout was not 
related to non-work stressors [13]. The findings are in line with 
the evidence by one of the studies of role stress; it was found that 
inter-role distance and role erosion is the dominant contributor of 
role stress and burnout [22]. 
    An individual may sacrifice his own interest, preferences and 
values for a job because he/she is afraid of being inadequate 
enough to fill the role and thus experience personal inadequacy. 
Personal inadequacy along with inter-role distance emerged as a 
significant predictor of burnout, whereas depersonalization is 
predicted solely by inter-role distance. It is supported by the 
another study that examined the role stresses among managers 
and found that middle level managers score significantly high on 
inter-role distance and personal inadequacy [20]. Other study 
reveals that amongst nursing professional inter-role distance and 
personal inadequacy have been found to be positively correlated 
with burnout and play a major role in the extent of emotional 
exhaustion and depersonalization experienced [23]. In a study of 
role stress among women of Indian Information Technology 
sector, resource inadequacy emerged as the most potent role 
stressor followed by role overload and personal inadequacy 
[24].Burnout and high levels of job stress are known as the cause 
of professional’s decision to leave hospital work [25]. Burnout 
has been found to be associated with decreased job performance 
and low career satisfaction, and has a special significance in 
health care, where staff experience psychological–emotional and 
physical stress [26].  
    The present study also shows that amongst aircrew none of the 
role stress variable is related to personal accomplishment. This is 
supported by the literature. Role stress was found to be 
significantly related to emotional exhaustion and 
depersonalization but not the personal accomplishment [27]. In 
the meta-analysis of burnout and occupational stress, it was 
found that occupational stress predicts emotional exhaustion and 
depersonalization more than the perception of reduced personal 
accomplishment [15].  
    Overall role stress emerged as significant predictor of burnout. 
It also brings out that there is a significant correlation existing 
between burnout and self-efficacy, hazard exposure and 
organizational role stress, along with age and illness. In a study 
of organizational role stress and well being in Canadian forces 
regression analysis found that there was a negative association 
between role stress and individual well-being [28]. In a study of 

work stress and burnout among teachers it was found that work 
stressors are strong predictors of psychological burnout [29]. In a 
study of Air Force Medical Facility it came out that the 
symptoms of stress reported most frequently were fatigue, 
burnout and irritability towards others [14]. Various studies have 
cited that the components of role stress are significant predictors 
of the three aspects of burnout and its applicable across all 
organizational type and occupations [15-30].  
    It shows that role stressors especially inter-role distance and 
personal adequacy are responsible for the feeling of burnout 
amongst aircrew to some extent and burnout can reduce the well-
being and job satisfaction which is counterproductive to the aim 
of flying. This was a pilot study to find out the potential 
stressors, if any, in the aircrew but the small sample size and only 
one command is the limitation of this study. That is why 
generalization is not possible without getting more data and 
including various commands.                                                                                      

IV. CONCLUSION 

    Results indicated that all the ten dimensions of organizational 
role stress were found to be positively correlated with emotional 
exhaustion and depersonalization of burnout.  It becomes evident 
that inter-role distance is the most significant and potent stress 
for aircrew in Indian Air Force.  Personal accomplishment is 
independent of the role stress and an independent phenomenon. 
Together inter-role distance and personal inadequacy predict a 
large amount of variance in the experience of burnout among 
aircrew.  
    In view of the small sample size further study on large sample 
including more navigators, pilots and flight engineers with 
representation from all the command is suggested. It is pertinent 
to use this information while assigning task and duties to avoid 
burnout and minimize the role stress.   
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Abstract- Wireless ad-hoc network is a set of independent mobile 
nodes that communicates through a wireless link. Due to open 
medium and lack of centralized authority, ad-hoc networks are 
susceptible to numerous routing attacks. Wormhole Attack is one 
of the most severe attacks on routing protocols in which two or 
more malicious nodes receive packets at one point of the network 
and transmit them to another location by a wired or wireless 
tunnel. This attack is so powerful that the detection of it is 
difficult. This attack can form a serious threat in wireless 
networks, especially against many wireless ad-hoc networks and 
location-based wireless security systems. There is several 
wormhole detection and Prevention methods in the wireless ad-
hoc networks which some of them are reviewed in this paper. 
 
Index Terms- Ad-hoc Network, MANET attacks, Wormhole 
Attack. 

I. INTRODUCTION 

n ad-hoc network is inherently a self-organized network 
system without any infrastructure. Typically, the nodes act 

as both host and router at the same time i.e. each node 
participates in routing by forwarding data for other nodes and 
deciding to which nodes forward data next based on the network 
connectivity. 
    Most previous ad hoc networks research has focused on 
problems such as routing and communication, assuming a trusted 
environment. However, many applications run in untrusted 
environments and require secure communication and routing 
such as military or police networks, emergency response 
operations like a flood, tornado, hurricane or earthquake. 
However, the open nature of the wireless communication 
channels, the lack of infrastructure, the fast deployment, and the 
environment where they may be deployed, make them vulnerable 
to a wide range of security attacks. 
    The various holes that threaten the security of sensor networks 
are consist of sink/black hole, worm hole, Sybil attack and etc. 
They can form in sensor networks and create variations into the 
network topology which trouble the upper layer applications 
[1].In the selective forwarding attack, a malicious node firstly 
tries to be trusted by sender for next forwarding packet, and 
finally, intercepts a transmission by selecting an arbitrary packet 

or dropping it completely. Sinkhole attacks happen when the 
attacker can attract the large part of traffic to a region but if the 
attackers are able to forge the identities of the other nodes, the 
Sybil attack is occurred. 
    Among all attacks, the wormhole is more dangerous than the 
others; because this type of attack does not need to compromise a 
sensor in the network and it can create the other type of attack 
easily. On the other hand, using a cryptographic technic cannot 
prevent wormhole attack [2]. The remaining parts of this paper 
are arranged as follows. Section II gives a basic definition of 
Wormhole attack. Section III consists of reviewing on several 
wormhole detection methods. Section IV depicts a summary of 
wormhole detection methods that are discussed in the previous 
section. Section V consists of reviewing on several wormhole 
prevention methods finally, a conclusion is presented in Section 
VI. 

II. WORMHOLE ATTACK 

    A particularly severe security attack, called the wormhole 

attack, has been introduced in the context of ad hoc networks. 
During this attack, a malicious node captures packets from one 
location in the network and “tunnels” them to another malicious 
node at a distant point which replays them locally. The tunnel 
can be established in many ways e.g. in-band and out-of-band 
channel. This makes the tunnelled packet arrive either sooner or 
with a lesser number of hops compared to the packets transmitted 
over normal multi hop routes. This creates the illusion that the 
two end points of the tunnel are very close to each other. 
However, it is used by malicious nodes to disrupt the correct 
operation of ad hoc routing protocols. They can then launch a 
variety of attacks against the data traffic flow such as selective 
dropping, replay attack, eavesdropping etc. Wormhole can be 
formed using, first, in-band channel where malicious node m1 
tunnels the received route request packet to another malicious 
node m2 using encapsulation even though there is one or more 
nodes between two malicious nodes, the nodes following m2 
nodes believe that there is no node between m1 and m2. Second, 
out-of-band channel where two malicious nodes m1 and m2 
employ a physical channel between them by either dedicated 
wired link or long range wireless link shown in Fig. 1 
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Figure 1. Wormhole Attack 
 
When malicious nodes form a wormhole they can reveal 
themselves or hide themselves in a routing path. The former is an 
exposed or open wormhole attack, while the latter is a hidden or 
close one. In Fig. 1, the destination D notice that a packet from 
the source S is transferred through node A and B under hidden 
wormhole attack, while it believes that the packet is delivered via 
node A,m1,m2, and B under exposed wormhole attack. 

III. WORMHOLE DETECTION TECHNIQUES 

A. Distance and location Based: Packet Leash 

Technique. 
    Numerous methods were proposed using a packet leash 
technique for the detection of the wormhole attack. The packet 
leash (Yih-Chun Hu et.al, 2003) is the method that defends 
against the wormhole attack. The leashes can be grouped either 
into geographical or temporal. In geographical leashes, all nodes 
should have knowledge of its own location in the network and 
secure synchronized clock. Whenever a sender sends the data 
packet, it includes its own recent location and transmission time 

in header. Therefore, the receiver is capable of predicting the 
neighbour relation by calculating the distance between itself and 
source. In temporal leashes, all nodes calculate the expiration 
time of each packet by using light’s velocity and append this 
expiration time in the packet’s header. Destination compares its 
own arrival time and expiration time in the packet to detect the 
wormhole attack. Geographical leashes are more advantageous 
than temporal leashes as they do not require a tightly 
synchronized clock. It has the limitations of GPS technology. 

B. Special Hardware Based Approaches 
    The Secure Tracking of Node Encounters in Multi-hop 
Wireless Networks (SECTOR) is a wormhole detection 
technique that does not depend on time synchronization (Srdjan 
Capkun et.al, 2003) [3].In this SECTOR method we  uses Mutual 
Authentication with Distance-bounding (MAD) protocol for the 
estimation of distance between 2 nodes or users. MAD operates 
in the assumption that every node is appended with transceiver as 
extra Hardware. It accepts a single bit, carry out 2 bit XOR 
process over it and broadcast it which is shown in Fig 2.  

  

 
Figure 2. Process in Transceiver 

 
 
Directional antenna detects the existence of wormhole nodes 
(Lingxuan Hu and David Evans, 2004). In this method, 
directional information is shared between source and destination. 
The destination can detect the wormhole by comparing the 
received signal from the malicious nodes and directional 
information from the source. If the both the signals from the 
source and intermediate nodes are different, then the wormhole 
link is detected. 

C. Localized Encryption and Authentication Protocol 

(LEAP) 
 
Localized Encryption and Authentication Protocol (LEAP) is a 
method which is suggested by Zhu[4].This model is based on 

clustering and it requires defining 4 type key for each sensor 
node such as, 

a. Individual key that is shared with the base Station. 
b. Pair wise key that is shared with another sensor node. 
c. Cluster key that is shared with multiple neighbouring 

nodes. 
d. Group key that is shared by all the nodes in the network.  

This method is implemented for static or immobile sensor 
networks. 
 

D. Topological Technique 
    Normally, a wireless multi hop network is deployed on the 
surface of a geometric environment, such as a plane or a rough 
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terrain [5]. In this method we develop principles in continuous 
domain, assuming continuous deployment of nodes over the 
geometric surface with one-to-one mapping to the points on the 
surface to detect wormhole nodes. A new topology space is 
formed after the wormhole is glued on the original surface. We 
subsequently analysehow the different topology spaces are 
generated after gluing different types of wormholes. We classify 
wormholes into four categories, according to their topological 
impacts. Fig. 3 shows the four types of wormholes.  

• Class I wormhole, both of its two endpoints locate 
inside the surface (Fig. 3(a)).  

• Class II wormhole has one endpoint inside the surface 
and the other on   the boundary of the surface (Fig. 
3(a)). 

• Class III wormhole has its endpoints on two different 
boundaries (Fig. 3(b)).  

• Class IV wormhole has both of its endpoints on the 
same boundary (Fig. 3(c)).  
 

 
 

Figure 3. Classification of wormholes effect on topology 
 
The four types of wormholes have different topological impacts 
on the original surface, and the complex wormhole attack can be 
considered as a finite combination of them. Base on their effect 
on topology we can detect wormhole in the topology. 

E. Multipath Hop-count Analysis Technique 
    This model is developed by Jen which is called Multipath Hop 
count Analysis to prevent wormhole attack for MANETs. MHA 
is a method based on hop-count analysis in order to avoid this 
attack in MANETs from the standpoint of users without any 
special environment assumptions [6]. In the MHA method first, 
the hop-count values of all routes are calculated and in the next 
step, a safe set of routes are chosen for data transmission. 
Ultimately, the packet is transmitted to destination through the 
safe routes due to decreasing the rate of packet that is sent by 
wormhole. One of the features of this method is that it does not 
require any specific hardware to well-done. It utilizes control 
packets as in RFC3561 and tries to modify it. Therefore, it used 
the RREQ packet is used for route discovery and the RREP 
packet is used for route. 

F.  Watchdog Technique 
    To identifies misbehaving nodes and avoids routing through 
theses nodes, watchdog and pathrater. In this technique, 
watchdog identifies misbehaviour of nodes by copying packets 
and maintained a buffer for recently sent packets. The overheard 
packet is compared with the sent packet, if there is a match then 
discards that packet. If the packet is timeout, increment the 
failure tally for the node. And if the tally exceeds the thresholds, 
then node will misbehave. The implementation of watchdog 
technique is shown in Fig. 4. 
 

 
 

Figure 4. Watchdog Implementation 
 
In this Fig. 4, it is assumed that bidirectional communication 
symmetry on every link between nodes that want to 
communicate. If a node can receive a message from a node at 
time, then node could instead have received a message from node 
at the time will implement the watchdog. It maintain a buffer of 
recently sent packets and compares each overheard packet with 
the packet in the buffer, when forwards a packet from to with the 
help of , can overhear transmission and capable of verifying that 
has attempted to pass the packet towards . But this approach has 
some limitations and it is not detect the misbehaving node during 
ambiguous collisions, receiver collisions, false misbehaviour and 
collusion. The approach is used directional antenna to detect and 
prevent the wormhole attack. The technique is assumed that 
nodes maintain accurate sets of their neighbours. So, an attacker 
cannot execute a wormhole attack if the wormhole transmitter is 
recognized as a false neighbour and its messages are ignored. 

G. DelPHI Technique 
    DelPHI provides a solution to the exposed wormhole attacks 
[7]. In this mechanism, delay per hop is determined in every path 
and it is proved that delay per hop for the genuine path is shorter 
than the wormhole path. If the path has noticeably high delay per 
hop, then the corresponding path is affected by wormhole. 

H. Wormhole Geographic Distributed Detection 
    An algorithm for the distributed detection of wormhole attack 
is provided by YurongXu in 2007 [8] called wormhole 
geographic distributed detection (WGDD). WGDD algorithm 
detects the wormhole attack based on the damage caused by them 
and the parameter used for wormhole detection is hop count. 
According to the hop count measured, it reconstructs the 
mapping details in each node and finally it exploits diameter 
feature to detect distortions caused by malicious nodes. WGDD 
algorithm is effective in finding the exact location of the 
wormholes.  

I. TrueLink: A Time Base Mechanism. 
    TrueLink developed by Jakob Eriksson in 2006 is a wormhole 
detection technique [9] that depends on time based mechanisms. 
TrueLink verifies whether there is a direct link for a node to its 
adjacent neighbour. Wormhole detection using TrueLink 
involves 2 phases namely rendezvous and validation. The first 
phase is performed with firm timing factors in which nonce 
exchange between two nodes takes place. In the second phase, 
both the nodes authenticate each other to prove that they are the 
originator of corresponding nonce. The major disadvantage is 
that TrueLink works only on IEEE 802.11 devices that are 
backward compatible with a firmware update. A round trip time 
(RTT) approach is emerged to overcome the problems in using 
additional hardware. The RTT is the time taken for a source node 
to send RREQ and receive RREP from destination. A node must 
calculate the RTT between itself and its neighbouring nodes. The 
malicious nodes have higher RTT value than other nodes. In this 
way, the source can identify its genuine and misbehaving 
neighbours. This detection technique is efficient only in the case 
of hidden attacks. 
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J. Secure Neighbour Discovery and Monitoring Based 

Approach 
    This is provided by Issa Khalil in 2008 [10] which uses local 
observation schemes to prevent malevolent nodes in the vicinity. 
The position of each node in the network is traced by central 
authority and it is capable of even isolating the malicious nodes 
globally. The detection rate of this method decreases as the 
network mobility increases.  

IV. SUMMARY OF VARIOUS WORMHOLE DETECTION 

METHODS 

    In the following Table 1 [11], contains all wormholedetection 
methods that are explained previously andalso contains the 
requirements of each method. 

 
Table 1: Qualitative Comparison of Wormhole Detection Methods 

 
Method Localization 

Information 
Checking the Authentication Hop 

Count 
Analysis 

Others 

Distance and location 
Based: Packet Leash 
Technique. 
 

Yes Geographical Leashes: RSA 
Temporal Leashes: TIK 
Protocol based on TESLA 
 

N/A Loosely Synchronized 
clocks 
 

Special  Hardware  
Based Approaches 
 

N/A 
 

Mutual Authentication with 
Distance-bounding (MAD) 
protocol 

N/A Transceiver, 
Directional Antenna 

Localized  Encryption 
and Authentication  
Protocol (LEAP) 
 

N/A 
 

Four Type Keys 
 

N/A 
 

N/A 
 

Topological  
Technique 
 

Yes N/A N/A Topology of Network 
Information 

Multipath  Hop-count 
Technique 

N/A N/A Yes N/A 

Watchdog Technique 
 

N/A N/A N/A Maintains Buffer 

DelPHI Technique 
 

N/A N/A Yes N/A 

Wormhole Geographic 
Distributed Detection 
 

Yes N/A Yes Local Map 

TrueLink : A Time 
Base Mechanism. 
 

N/A Yes N/A Synchronized Clocks 

Secure Neighbour 
Discovery and 
Monitoring Based 
Approach 
 

N/A N/A N/A Central Authority 

 
 

V. WORMHOLE PREVENTION TECHNIQUES 

A. Path Tracing Approach 
There are two phases in Path tracing approach as described 
below. 
Phase І 
The source node floods the route request (RREQ) packets 
through immediate neighbours towards destination. When it 
reaches the destination, it sends back route reply (RREP) in the 
reverse path. The path details are stored in the DSR routing 
cache. In order to detect the wormhole, we optimize the general 

DSR header by adding extra fields. Prior per hop distance field, 
per hop distance field and timestamp fields are added to the 
header of each packet. We consider both prior per hop distance 
and per hop distance so as to compare the difference between the 
two distances. If the difference is too large that exceeds the 
maximum threshold value, then wormhole is detected. All nodes 
that participate in the routing mechanism perform this operation. 
 
Phase ІІ 
Each node in the network has to perform four major operations to 
detect the wormhole attack. 
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1. Compute per hop distance and compare it with 
the prior per hop distance. 

2. Check whether the difference between prior 
per hop distance and per hop distance is larger 
than the    maximum threshold value. 

3. If it is larger, then the wormhole is detected 
and it is informed to all other nodes in the 
networks to provide wormhole alertness. 

4. For the confirmation of wormhole attack, the 
number of time a link is used in a path is also 
checked in addition to comparison of per hop 
distance. 

5. If DBC - DAB > RTh and FAcount > FATh 
then it is a wormhole link. 

Path Tracing Algorithm  
In this algorithm the following steps are performed to detect the 
wormhole attackswhich are also shown in flowchart [12] in Fig. 
5. 

 
 

Figure 5. Flowchart Representation 
 
Step 1: In that step RTT (based on its own clock) values are 
computed by Nodes in a path based on the time between the 
RREQ sent and RREP received. 
Step 2: Compute per hop distance value using RTT value. The 
computed per hop distance value and timestamp are stored in 
each packet header. 
Step 3: To identify wormhole link this information are stored. 
Every node in a path computes per hop distance with its 
neighbour and compares it with the prior per hop distance. If the 
per hop distance exceeds the maximum threshold range, RTh, go 
to step 4. 

Step 4: Now check for the maximum count a link takes part in 
the path. If FAcount > FATh, then the link is wormhole. 
Step 5: Mark the link as wormhole and the corresponding node 
informs other nodes to alert the network. These wormhole nodes 
are then isolated from the network. 

B. Defence Mechanism against Wormhole Attacks in 

Wireless Sensor Networks 
    DAWWSEN is method [11] that is designed to prevent 
wormhole attack in WSNs withconstructing a hierarchical tree by 
base station – via transmitting a request packet due to find its 
children nodes - in which the base station is the root of tree, and 
the rest of sensor nodes are located in the intermediate or the leaf 
nodes of the tree. 
    This method consists of three major components such as 
request packet, replay packet and hopcount.When the request 
packet is originated by the source node, the hop-count and IDs is 
determined by the source node then this packet is transmitted. 
Each intermediate node that receives this packet should not 
replay it immediately. So, this packet is entered in the waiting list 
based on its hop-count. Once a replay timer is expired, the replay 
packet is prepared and sent through source node. This packet 
includes these fields like: The id address of the generator the 
replay packet (IDs), The id address of the source node that is 
equal to IDs request packet (IDd), The number of hop-count, The 
number of replayed packets (Num_Rep), The acceptance flag 
(Recv_Accept). Upon the replay packet is received by any nodes, 
each node firstly runs a timer that is called accept timer and 
before this timer expire, it checks its replay wait-list that is 
contain the id address of sender, hop-count and number of reply 
(Num_reply). If an entry is discovered that its ID is similar to the 
ID of received packet, its num_reply field will be enhanced by 
one else a new entry willbe created and insert to the list 
(Num_reply=1). 
    When the timer expires, this node prepares a packet (accept 
packet) that is contained its id (IDs), destination id that is equal 
to IDs of replay waitlist, and the Num_reply field and then it 
sends this packet to each entry in its reply list. Once a node 
receives an accept packet, it checks its replay list to find an entry 
that its id is similar to the received packet id. If this node finds a 
related entry, its feature in the list should update (Num_reply = 
Num_Rep + 1) otherwise the wormhole attack is detected and the 
following steps should be performed: 
1. The received accept packet should be deleted. 
2. Add the ID of the sender of the accept packet should be 
inserted into its (Not Accepted Packets (NAP) list. 
3. Update its replay wait-list by resetting all values to zero. 
4. In last step, the node should wait for another request packet or 
it can send another reply that is similar to the second item in its 
request list. 
As a consequence, based on this method a hierarchical 3- way 
handshake routing tree can be made easily in order to detect 
wormhole attack for a multi-hop wireless sensor networks. 

VI. CONCLUSION 

In this paper, we reviewed the various detection and 
prevention mechanisms against wormhole attacks in wireless Ad-
hoc networks. Along with the explanation of these methods we 
had done qualitative comparison of all the wormhole detection 
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techniques and give a brief view of all the techniques in Table 1. 
Overall, a significant amount of work has been done on solving 
wormhole attack problem. We can’t say one solution is 
applicable to all situations. So there is choice of solutions 
available based on cost, need of security, type of network. 
Implementing more hardware for increasing security may lead 
better result, but can be costly, which may affect other networks 
need. 
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    Abstract- Vertical Directional Solidification (VDS) Technique 
was used for the bulk growths of InSb1-xBix semiconductor 
without seed for  x = 0.04 and x = 0.06. The source materials 
were filled with argon in the quartz ampoules at the pressure 200 
torr. The ampoules were synthesized for 48 hr at temperature 850 
oC. Temperature gradient at the solid- liquid interface was of the 
order of 20 oC/cm. The ampoules were rotated at the speed of 12 
rpm during the synthesis as well as the growth. The grown ingots 
were annealed at 250 oC for 48 hr. These two growths were 
carried out at the growth rate of 5mm/hr. In both the cases the 
composition of the source materials (Indium, antimony and 
Bismuth) in the grown crystals was estimated by EDAX analysis.  
An equal amount of InSbBi from each of the two ingots was 
filled in the new ampoule with argon pressure 200 torr and the 
growth was carried out at the growth rate of 3 mm/hr and rotation 
speed 12 rpm. The grown ingot was n-type semiconductor with 
mobility 1530 cm2/Vs and microhardness 200 Kg/mm2. 
 
    Index Terms- bulk crystal growth, microhardness, growth rate, 
microstructures 

I. INTRODUCTION 

etectors for near infrared region and their operations at room 
temperature are of most importance in the devices used in 

military, medical diagnostics, pollution monitoring, industrial 
process controls, etc. [ 1] Thus there is extensive interest on the 
devices operating in the 8-12 µm wavelength region [2].  So far 
this field is being dominated by (MCT). But this material has 
some serious drawbacks, such as: (i) material parameters change 
with time [3] (ii) very unstable to the various external conditions 
[4], (iii) poor compositional uniformity over a large area due to 
high Hg- vapour pressure and (iv) weak Hg- bond, hindering the 
further development of infrared technology [5, 6]. As far as 
detector operations in near IR are concerned, problems 
mentioned above are the real challenges. These problems seem 
to be less severe for III / V alloys as compared to II / VI alloys. 
The only reason due to which II / VI alloys are still preferred is 
inability of conventional III / V alloys to reach higher end of 
near IR (12 µm) at the common operating temperature of 77 K 
[7].  Owing to these problems, InSb1-xBix seems to be a strong 
contender to HgCdTe, which can operate even at room 
temperature. Incorporation of small amount of trace impurity of 
Bi into the host InSb lattice, changes the band gap from 0.18 eV 
to   -1.5 eV to cover the NIR region (8–12 µm) [8]. Recent 
studies showed that, it is relatively difficult to grow ternary and 

quaternary large single crystals of high quality. Reported 
problems in such growths are:  constitutional super cooling 
appear in front of the growth interface which results to sudden 
transition from single to polycrystals and local compositional 
inhomogeneity in the solid leads to cracking of the crystals [9]. 
In recent years, the growing field of semiconductor 
micromechanics has created an increasing demand for strength 
data on semiconductors and for adequate tests and evaluations of 
their mechanical properties [10] Microhardness is a good 
general measure of the mechanical properties, bond-strength, 
and structural stability. InSb1-xBix is one of the III-V 
psudobinary alloys suggested on the basis of stabilization by 
solution hardening of InSb [11].  

II. EXPERIMENTAL 

    Bulk growths of InSb1-xBix  semiconductor without seed for x 
= 0.04 and x = 0.06 were carried out by Vertical Directional 
Solidification (VDS) technique [12]. Proper composition of the 
source materials were filled with argon in the quartz ampoules at 
the pressure 200 torr. The ampoules were synthesized for 48 hr at 
temperature 850 oC. Temperature gradient at the solid- liquid 
interface was of the order of 20 oC/cm. To increase stirring 
effect, relative motion between the growing surface and the 
solution was employed by rotating the ampoule [13].  The 
ampoules were rotated at the speed of 12 rpm during the 
synthesis as well as the growth. The grown ingots were annealed 
at 250 oC for 48 hr. These two individual growths were carried 
out at the growth rate of 5mm/hr by lowering the ampoules in the 
temperature zone. In both the cases the composition of the source 
materials (Indium, antimony and Bismuth) in the grown crystals 
was estimated by EDAX analysis.  An equal amount of InSbBi 
from each of the two ingots was filled in the new ampoule with 
argon pressure 200 torr. To improve the crystal quality the 
growth was carried out at the growth rate of 3 mm/hr [14] and 
rotation speed 12 rpm. The grown ingot was cut along the axis 
and perpendicular to the axis to obtain the substrates. The wafers 
were polished to mirror finishing by lapping and fine polishing 
[15]. These substrates were characterized by etching and 
microstructures, Hall measurements, mobility, optical FTIR, x-
ray diffraction, SEM, EDAX and Microhardness.   

III. RESULTS AND DISCUSSION  

    One of the important factors of good quality crystal growth is 
detachment of the as grown ingot from the ampoule wall. Fig. 1 

D
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shows just grown ingot in the ampoule easily comes out of the 
ampoule without having attachment with inner wall of the 
ampoule. This was verified by the uniform microstructures on the 
wafers and constant resistivity at different positions on the wafer 
even up to edge of the wafer. 
 

 
(a) 

 

 
(b) 

 
Fig.1 Grown ingot in the ampoule and out of the ampoule. 

 
    A four point probe was used to measure resistivity. Average 
resistivity is 9.71 X 10-4 Ω cm and Hall coefficient 1.486 cm3/C, 
with the mobility 1530 cm2/Vs.  Polarity of the Hall voltage 
showed that the grown crystal is n-type semiconductor. Linear 
variation of the Hall voltage with the applied magnetic field 
(from 1X 103 gauss to 6 X 103 gauss) confirmed the homogenous 
crystal growth. 
   Optical FTIR patterns of one of the wafer of initial growth 
(x=0.04) and that of the mixed growth were obtained by FTIR 
(PERKIN-ELMER) in transmission mode (fig. 2).  

1500 1000

45

50

T%

wavenumber cm
-1

  InSbBi- 4 (x=0.04)

 InSbBi- 5 (mixed)

 
Fig. 2 .FTIR curves of one of the initial growth and the mixed 

growth. 
 
The FTIR curves indicate the energy band gap of crystal grown 
from the mixture is 0.148 eV, while the band gap calculated from 

the variation of resistivity with the temperature is 0.150 eV.  This 
slight reduction in the band gap from 0.172 eV shows small 
amount of Bi is incorporated in InSb lattice. X-ray diffraction 
(XRD) pattern of a wafer of the crystal revels that the grown 
crystal is polycrystalline.  
     Hardness of a wafer of pure InSb and the wafer of the as 
grown material were measured using a micro-hardness tester 
MODEL: 5 Auto, YOM: 2011. The indentation marks 
corresponding to the applied force F for the dwell-time 10s were 
obtained as shown in fig.3. Arithmetic mean d of the two 
diagonals in the indentation mark was calculated to obtain 
hardness. The hardness of pure InSb and InSbBi were found to 
be 200 Kg/mm2. No appreciable change in the hardness was 
observed due to presence of Bi.       

2
854.1

d

F
HV =

   
 

   
 

Fig. 3 Indentation marks on InSb and InSbBi wafers. 
 

    
 
Fig. 4 SEM image of (a) first growth (x=0.04)  and (b) mixed 

growth. 
 
    This Microstructures and SEM images of the wafers of the 
first two individual growths show more surface defects  fig.4 (a) 
than the wafers of the crystal grown from the mixture of the two 
individual growths. Although segregation of Bi was observed in 
all the crystal growths.  

IV. CONCLUSION 

    Hardness of the individual InSb1-xBix compositions and the 
crystal grown from the mixture of the two compositions is nearly 
same but there is reduction in mobility from approx. 4500 Cm2 
/Vs to 1530 Cm2 /Vs. 
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    Abstract- Chalcone moiety (1,3‐diaryl‐2‐propen‐1‐ones) is the 
backbone of several antinuclear, cardiovascular and 
antispasmodic drugs. These groups of compounds constitute an 
important class of natural products belonging to the flavonoid 
family. A novel 1-(4-butoxy-2-hydroxy phenyl)-3-(2,5-
dimethoxyphenyl) prop-2-en-1-one has been synthesized by 
chemical method. The product has been confirmed by their 
chemical analysis IR, 1H NMR and 13C NMR. To explore the 
structural features of the compound X-Ray diffraction (XRD) 
pattern has been recorded and it confirms that the title 
compound, C21H24O5 belongs to monoclinic system with  P 2/m 
space group and the crystallographic parameters are a =22.4642 
(0.0756), b = 17.1823 (0.0222), c = 10.3753 (0.0324) Ǻ and β = 
92.93 (1.410) °. The final product has been screened for their 
antimicrobial and fungal activities against different panel of 
organisms.   
 
    Index Terms- Antimicrobial activities, Chalcones, Powder   
X-ray diffraction study Synthesis 

I. INTRODUCTION 

he chemistry of chalcone has been recognized as a 
significant field of study. An interesting feature of chalcone 

is that it serves as starting materials for the synthesis of various 
heterocyclic compounds such as pyrimidines, pyrazolines, 
pyrazoles, flavones, flavonols, flavanones, aurones and benzoyl 
coumarones as well as certain compounds like deoxybenzoins 
and hydantoins, which are of some therapeutic value. Natural 
chalcones occur mainly as petal pigments and have also been 
found in the heartwood, bark, leaf, fruit and root of a variety of 
trees and plants. Chalcone-containing plants such as Glycyrrhiza 

species have long been used as folk remedies. Chalcones and 
their heterocyclic analogues show various biological effects, e.g. 
antibacterial1-2, antifungal3, antituberculous4, antitumour5, 
antiinflammatory6-7, anti diabetic activity8-9, antileishemanial 
activity10-11, antimalarial activity12-13, antimitotic activity14, anti 
spasmolytic activity15, anti invasive activity16-17.  
    In continuation of our work18 considering the scope for further 
studies on chalcone derivatives, we herein report a novel 
chalcone derivatives, 1-(4-butoxy-2-hydroxyphenyl)-3-(3-
bromophenyl) prop-2-en-1-one (Fig. 1). The synthesized 
compound was ascertained from spectral and physiochemical 
analysis. Results of IR, 1H NMR and 13C NMR analysis 
confirmed the formation of the desired product. The X-ray 

diffraction study further confirms the product. Antimicrobial 
activities of this novel chalcone derivative (1b) are also reported.  
 

 
 

Figure 1: Chemical scheme of the title compound 
 

II. EXPERIMENTAL 

Materials and methods  

General chemicals were purchased from Merck, SD Fine and 
commercial source were used. All non-aqueous reactions were 
performed in dry glass ware.  
2.1 Synthesis  
Step-1: Preparation of 1-(2,4-dihydroxyphenyl) ethanone (A): 
Anhydrous zinc chloride (0.27mole) is dissolved in glacial acetic 
acid (20ml) and resorcinol (0.1 mole) was added in it. The 
reaction mixture was boiled at 150oC for 20 minutes. After 
completion of the reaction as indicated by TLC, contains were 
poured in to ice. Separated solid was filtered, washed with water, 
dried and crystallized from hot water. Yield: 90%, M.P: 143oC 
(reported: 1440C)., Rf. value : 0.66. [Solvent system – Toluene: 
Ethyl acetate (9.5:0.5)]. M.F-C8H8O3,   Elemental Analysis: C – 
63.16%, H – 5.29%, O -31.55 %. 
 

OHOH

benzene-1,3-diol

OH

O

CH3

OH

1-(2,4-dihydroxyphenyl)
ethanone

Anh. ZnClAnh. ZnClAnh. ZnClAnh. ZnCl2222, 148 -150 °C, 148 -150 °C, 148 -150 °C, 148 -150 °Cgla.CHgla.CHgla.CHgla.CH3333COOHCOOHCOOHCOOH
 
 Step-2: Preparation of 2-hydroxy-4-butoxy acetophenone     
(B):  
acetophenone ( 0.1 mole), anhydrous potassium carbonate     (0.4 
mole) and butyl iodide ( 0.1 mole) in dry acetone (150 ml) were 
refluxed for 48 hours. Acetone was removed by distillation, later 
on residue was poured into ice water and dilute cold HCl and 6-7 

T
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pH of mixture was adjusted by addition of dilute HCl. Solid 
separated was collected, washed with water, dried and 
crystallized from petroleum ether as colorless needles. Yield: 
80%, M.P: 44oC, Rf. value: 0.56. [Solvent system – Toluene: 
Ethyl acetate (9.5:0.5)]., M.F-, C12H16O3    Elemental Analysis: – 
69.20%, H – 7.73%, O- 23.07%. 
 

OH

O

CH3

OH

1-(2,4-dihydroxyphenyl)
ethanone

O

O

CH3

OHCH3

1-(2-hydroxy-4-butoxyphenyl)
ethanone

KKKK2222COCOCOCO3333, , , ,  55  55  55  55 ---- 60 °C 60 °C 60 °C 60 °CButyl iodide,  AcetoneButyl iodide,  AcetoneButyl iodide,  AcetoneButyl iodide,  Acetone
 

Step-3: Preparation of   1-(4-butoxy-2-hydroxyphenyl)-3-(2,5-
dimethoxyphenyl) prop-2-en-1-one. (1b):  
2-hydroxy-4-butoxy acetophenone (0.01 mole) and 2, 5-
dimethoxy benzaldehyde (0.01 mole) were dissolved in ethanol 
(40 ml) and a solution of potassium hydroxide (40%, 40 ml) was 
added in it. The reaction mixture was stirred at room temperature 
for 24 hours. After completion of the reaction as indicated by 
TLC, contents were poured in to crushed ice and acidified with 
diluted HCl. The solid separated was washed with water, filtered, 
dried and crystallized from methanol as yellow needles. Yield: 
93%, m.p.:110°C, Rf. value: 0.55. [Solvent system – Toluene: 
Ethyl acetate (9.5:0.5)]. M.F-C21H26O5, Elemental Analysis: C – 
70.74%, H – 6.81 %. 
 

OH

O

O

CH3

H3CO

OCH3

O

O

CH
3

OHCH
3

O

OCH3

H3CO

1-(2-hydroxy-4-butoxyphenyl)
ethanone

+
40% KOH, RT

EtOH, 24- 40 hrs.

2,5-dimethoxybenzaldehyde (2E)-1-(4-butoxy-2-hydroxyphenyl)-3-(2,5-dimethoxyphenyl)prop-2-en-1-one

 
 

2.2 Characterizations 
Thin layer chromatography (TLC) was performed on pre-coated 
plates, silica gel 60-F254 (Merck 1.16834, layer thickness 0.25 
mm) using toluene / methanol mixtures (8:2) as developing 
system. The detection of the products on TLC was carried out in 
iodine vapor.  
Melting points    were   determined   on   a POLMON 
INSTRUMENTS MODEL: MP- 96, Range: 25°C TO 350°C, 
Resolution: 0.1°C fitted with a microscope. 
Fourier Transform Infra Red (FTIR) spectroscopy (Model: 
Perkin Elmer 100) of the frequency range of 400–4000 cm−1. 
1H-NMR and 13C-NMR spectra were recorded with a Fourier 
transform instrument at 400 MHz (Bruker AVANCE 400). All 
deuteried solvents used for the preparation of the samples were 
chloroform (CDCl3), methanol (CD3OD) and dimethyl sulfoxid 
(DMSO-d6). Samples were dissolved in Acetonitrile/ 
dichloromethane (85:15). 
Powder diffraction patterns of the title compound has been 
collected with a SIEMENS D 5000 diffractometer using CuKα1 
radiation (λ = 1.5406 Å)   
 

 
III. RESULTS AND DISCUSSION 

 
3.1 Spectroscopic evaluation of 1-(4-butoxy-2-hydroxy 
phenyl)-3-(2,5-dimethoxyphenyl) prop-2-en-1-one (1b): 
 
IR(cm-1): 2964 (C-H str. (asym)alkyl), 2882 (C-H str. (sym) 
alkyl), 1465 (C-H def (asym) alkyl), 1012 (C-H def(sym) alkyl), 
3063 (C-H str.arom.), 1583. (C=C str. arom.), 1097 (C-H i.p.def 
arom.), 822 (C-H o.o.p.def.arom.), 3243 (OH str. phenol), 1273 
(C-O-C (sym)ether), 1049 (C-O-C (asym) ether), 971.2 (CH=CH 
def.chalcone), 3009 (CH=CH str. chalcone), 1635 (C=C str. 
chalcone). 
 

1H NMR (CDCl3) δδδδppm:  3.79(s, 3H, OCH3), 3.84(s, 3H, 
OCH3), 0.89-0.93 (trip, 3H ,OCH2-CH2-CH2 CH3), 1.36-1.45 ( 
2H ,-OCH2-CH2-CH2CH3), 1.66-1.71) (quintet , 2H, -OCH2-
CH2-CH2-CH3 ), 4.02-4.05  (triplet , 2H, -OCH2-CH2-),  6.43 (s, 
1H), 6.53(d, 1H, J=7.2Hz), 7.03 (s, 1H,),  7.57(s, 1H,),  7.94(d, 
1H, J=15.6Hz, chalcone), 7.96(d, 8.32(d, 1H, J=15.6Hz, 
chalcone), 1H, J=7.6Hz), 8.23 (s, 1H),   13.51(s, OH). MS: m/z 
356.  
 

13 C NMR (CDCl3) δδδδppm:  165.89 (C-1,C-OH),114.18(C-2 & 
C-16), 192.35(C-3, C= O), 121.33(C-4, CH=CH, chalcone), 
123.77(C-5, CH=CH, chalcone),118.93(C-6),108.17(C-7),166.30 
(C-8), 101.70 (C-9), 68.27 (C-10,-OCH2-CH2-), 30.94(C-
11,OCH2-CH2-CH2-CH3), 19.19  (C-12, -OCH2-CH2-CH2CH3),  
14.08 (C-13,OCH2-CH2-CH2 CH3), 5 5.15(C-14, OCH3), 
56.59(C-15, OCH3), 133.07(C-17), 153.26(C-18), 138.07(C-
19,20), 153.72(C-21). 
 
3.2 Powder X-ray diffraction study 
Powder X-ray diffraction has routinely been used as a non-
destructive fingerprinting technique in laboratory and industry 
for several decades. Every solid crystalline compound gives its 
own unique X-ray diffraction pattern consisting of a set of Bragg 
peaks. The diffraction pattern for a compound can be considered 
analogous to a fingerprint, or barcode, with the peak positions 
determined by the unit cell symmetry and lattice parameters. 
When we collect XRD data, we can use these fingerprints to 
identify not only what phases are present in our sample but also 
index the pattern to obtain information about the unit cell size 
and shape. Powder diffraction patterns of the title compound has 
been collected with a SIEMENS D 5000 diffractometer using 
CuKα1 radiation (λ = 1.5406 Å)  as shown in Fig 2.  
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Figure 2: Powder diffraction patterns for the title compound 
The experimental 2θ range was 2–99° with a step size of 0.01° 
and a counting time of 60 s per step. The program of graphic tool 
for powder diffraction named WinPLOTR package19 was used to 
determine the observed diffraction peak positions of the title 
compound. Analytical indexing of the powder pattern and 
determination of the space group were performed using 
CRYSFIRE 200220, which is designed to launch the most 
common indexing programs.  
 

Table 1: Crystallographic data for C21H26O5 

 
Unit-cell 

parameters 
with  

standard 
deviation  

a   22.4642 (0.0756) Ǻ    
b 17.1823 (0.0222) Ǻ 
c 10.3753(0.0324) Ǻ 
α 90.00 (0.000) ° 
β 92.93 (1.410) ° 
γ 90.00(0.000) ° 

Volume 3999.525 Ǻ3 
Crystal family Monoclinic 
Space group  P 2/m 

 
3.3 Antimicrobial activities 
Synthesized title compound has been screened for their 
antimicrobial activity against different panel of organisms, i.e., 
E.coli, P.aeruginosa, S.aureus, S.pyogenes and antifungal strains 
C. albicans., using Gentamycin and  K. Nystatin as reference 
standards respectively. The Serial dilution technique was 
followed by micro method as per NCCLS-1992 manual21. The 
observed Minimum Inhibitory Concentrations (MIC) values, for 
bacterial and fungal strains of the title compound are presented in 
Table 2a and Table 2b respectively.  
 
Table 2a: Minimal Inhibition Concentrations of Bacterial Strains (MIC) in µg/ml 
 
 S.aureus 

MTCC 96 
S. pyogenus 

MTCC 443 
E. coli 

MTCC 442 
 P. aeruginosa 

MTCC 441 
Std. Drug 

Gentamycin 
0.05 1.0 0.25 0.5 

Present  
study 

6.25 25 100 250 

 
 

Table 2b: Minimal Inhibition Concentrations of Fungal Strain (MIC) in µg/ml 
 

 C. albicans 

MTCC 227 
Std. Drug 

K .Nystatin 
1000 

Present  study 500 

 

IV CONCLUSION 

 
A novel chalcone derivative, 1-(4-butoxy-2-hydroxyphenyl)-3-
(3-bromophenyl) prop-2-en-1-one has been synthesized by 
chemical method. The product has been confirmed by their 
chemical analysis, IR, 1H NMR and 13C NMR and further 

confirms by powder X-ray diffraction study. The antimicrobial 
activities of the novel chalcone derivative have been investigated 
and their responses against specific bacteria are good. 
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Abstract- A total of 23,007 clinical samples, 2,001 bacterial isolate were identified as Escherichia coli, of which 205 strains were 
haemolytic. On biotyping, indole test was found positive in 99.52% strains. Glucose, maltose, trehalose were fermented by all strains. 
Dulcitol was fermented by 80.98% strains. Raffinose, sucrose, adonitol and inositol were fermented by 61.96%, 49.76%, 35.13% and 
34.15% strains respectively. Lysine, ornithine and arginine were decarboxylated / hydrolyzed by 90.74%, 82.44% and 22.44% strains 
respectively. Serotypability was 82.9% and 51 serogroups were detected. 35.14% belonged to 3 serotypes (O6, O2 & O4). 
Resistogram typing showed that most of the strains were resistant to Boric acid, Malachite green and Cetrimide. These strains fell into 
57 different resistotypes. Antibiogram revealed a higher degree of multiple drug resistance (53.75%). 
 
Index Terms- Antibiogram, Biotyping, Haemolytic Escherichia coli, Resistotyping, Serotyping 
 

I. INTRODUCTION 

scherichia coli (E.coli) the most common enteric organism causing extra-intestinal infections in man and tops the list, particularly 
of urinary tract pathogens. E.coli strains isolated from the case of intestinal and extra-intestinal diseases are endowed with certain 

traits considered of importance of virulence.  Virulence of E.coli is multifactorial. One of these is the ability to produce haemolysin. 
The significantly higher association of haemolytic E.coli with extra intestinal infection than with normal flora has led to the consensus 
that haemolytic E.coli strains are more likely to cause disease than non-haemolytic E.coli [1, 2]. Haemolysin contributes not only to 
resistance of E.coli to intracellular killing, but also to resistance to the bactericidal activity of serum [3, 4]. Various reports not only 
confirm the role of haemolytic E.coli in the etiopathogenesis of pyelonephritis but also substantiate the role of haemolysin as a 
potential virulence factor in urinary tract infection [5]. Therefore, keeping in mind the reported incidence of haemolytic E.coli in 
clinical samples and their association with other virulence factors in causing various infections, the present study has been undertaken. 
The study was aimed to find out the incidence of haemolytic E.coli in different clinical samples and subjected them to Biotyping, 
Serotyping, Resistotyping and Antibiotic Sensitivity pattern. 

II. MATERIAL AND METHODS 

    The study was conducted over a period of fourteen months. During the study, 23,007 samples were submitted in the Microbiology 
department for culture sensitivity and were processed on MacConkey agar and Blood agar by the conventional methods [6]. All the 
205 strains of haemolytic E.coli thus obtained were stock cultured till studied. These strains were subjected to Biotyping, Serotyping, 
Resistotyping and Antibiotic Sensitivity.  

A. Biotyping  

For biotyping the technique of Edward and Ewing (1972) was used. Various biochemical tests performed were fermentation tests, 
decarboxylase / dehydrolase activity tests and the tests for enzymes.  

B. Serotyping 

All the strains were sent to National Salmonella and Escherichia Serotyping Centre, Central Research Institute (CRI) Kasauli 
(Himachal Pradesh) for serotyping against somatic O antigen. 

C. Resistotyping  

Resistotyping was done by the method of Elek and Higney (1970). Various chemicals used were Acriflavin (A), Boric acid (B), 
Copper sulphate (C), Malachite green (D) and Cetrimide (E) in the different concentration of 0.090%, 3.0%, 0.7%, 0.003% and 0.05% 
respectively in water (W/V). The stock solutions were kept in refrigerator and were used within a week. The inoculum size was one 
loop full containing approximately 1000 organisms.  

D. Antibiotic Sensitivity  

It was done by Kirby-Bauer disk diffusion technique [9] against ampicillin (25ug), cefaparazone (30ug), ciprofloxacin (5ug), co-
trimoxazole (25ug), gentamycin (10ug), nalidixic acid (30ug), netilmicin (10ug) and norfloxacin (10ug).  

III. RESULTS 

    Out of 205 haemolytic strains of E.coli, 181 were from urine, 10 from vaginal /cervical swabs, 7 from stool and 7 from pus and 
other samples. The biochemical reactions of all strains were as in Figure1 and Table 1. On serotyping, 51 different serogroups were 
found prevalent on the basis of somatic O antigen. The incidence of different serotypes and common serogroups in different samples 

E
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is shown in Table 2 and 3. All the strains were resistotyped with five chemicals coded as A, B, C, D and E [Fig. 2]. These strains fell 
into 57 different resistotypes. The frequency and distribution of these strains with respect to their resistotypes is shown in Table 4. 
Antibiotic sensitivity testing revealed 53.75% strains to be multidrug resistant, 6.83% strains were sensitive to all the eight agents 
[Fig. 3]. 
 

IV. DISCUSSION 

     The present study was aimed at finding out the incidence of haemolytic E.coli from different clinical specimens and their further 
characterization by biotyping, serotyping, resistotyping and antibiotic sensitivity. There is no study carried out on these lines 
exclusively for haemolytic E.coli, though the studies on E.coli in general are available in plenty. Therefore, the results in the present 
study are being compared with these of E.coli reports in general only. 
 
    A total of 205 strains were identified as haemolytic E.coli. As far as the biotyping is concerned, the indole test and methyl red test 
were found to be positive in 99.52% and 100% strains respectively. Nitrate reduction test was positive in 100% strains. Whereas, 
Tewari and Aggarwal (1982) reported in their study, the positivity rate of these three reactions as 100%. Voges Proskauer test and 
urease test were negative in all strains. Like Tewari and Aggarwal (1982), in our study also, all the strains have been found to ferment 
glucose, maltose, trehalose and mannitol. Regarding the fermentation of arabinose, adonitole, inositol, raffinose and sucrose, 85.37%, 
35%, 34%, 61.96% and 49.76% strains have been found positive in the present study whereas others reported a positive rate of 99%, 
5%, 1%, 64.9%, 91.4% respectively [10-12]. As far as the fermentation of xylose and lactose is concerned, in our study, 98.54% 
strains were found to ferment these two sugars whereas Forbes et al., (2002) and Tewari and Aggarwal (1982) observed that 95%, 
95%, 70.1% and 94.6% of E.coli strains to ferment xylose and lactose respectively. Kalmansen et al., (1975) reported that dulcitol 
fermenting E.coli strains are significantly more virulent than the others and have shown the correlation between the urovirulence of 
E.coli and dulcitol fermentation. In the present study, 80.98% (166) strains have been found to ferment dulcitol as compared to Kaur 
et al., (1991) and Forbes et al., (2002) who reported 71.1% and 60% of their strains to ferment dulcitol.  Only 3.9% strains were 
anaerogenic in our study, as compared to others who reported 7.7% strains to be anaerogenic [10]. In the present study, 90.74%, 
82.44% and 22.44% strains were found to decarboxylate / hydrolyse lysine, ornithine and arginine respectively. The studies conducted 
by other workers reported the positivity rate ranged from 90% - 100%, 65% - 67% and 17% - zero respectively [10-12].  
 
    In E.coli, so far more than 173 serotypes of O antigens, 103 serotypes of K antigens and 75 serotypes of H antigens have been 
recognized [15]. In the present study, only 170 (82.9%) haemolytic E.coli strains are serotypable, 4.39% and 12.69% strains were 
untypable and rough respectively. The higher percentage of these rough strains could be either because of the present study involved 
only one morphological type of strains (haemolytic E.coli) or it may be due to different geographical distribution or due to untreated 
cases of E.coli infection [16] though in present study, history of treatment was not considered. Husain et al., (1995) reported only 
6.1% strains as rough strains in their study. Hughes et al., (1982) and Goldwater and Bettelheim (2000) reported 50% E.coli strains of 
O18 and O75 and O111 serogroups to be haemolytic in UTI and Haemolytic Uremic Syndrome cases respectively whereas in present 
study, only 2.35% strains belonged to serotype O18 and no strain fell in serogroup O75 and O111 respectively. Out of 181 strains 
from urine, only 40% strains belonged to classical serogroups as compared to Siegfried et al., (1994) who observed 35.4% and 25% 
strains belonged to classical serogroups from lower and upper urinary tract infections respectively. Resistogram is considered better 
method than antibiogram for typing an organism. This may also give epidemiologically valuable information. Elek and Higney (1970) 
identified 65 serotypes for 200 strains of E.coli isolated from UTI. In the present study, some strains were serologically untypable 
(4.39%) but these could be typed by resistotyping. Similar correlation between resistotyping and serotyping has also been shown by 
Elek and Higney (1970). The antibiogram pattern of haemolytic E.coli isolated in the present study showed multidrug resistance 
(53.75%). Only 6.83% strains were sensitive to all the 8 agents tested. About 13% strains were resistant to single drug and 23.43% 
strains were resistant to two drugs. On the whole, cefaperazone (90.25%), netilmycin (83.9%), ciprofloxacin (74.15%), gentamycin 
(72.20%) and norfloxacin (71.71%) have shown good in-vitro efficacy. More than 80% of isolates of E.coli were reported to be 
resistant to ampicillin [10,19] which is similar to that found in the present study (84.39%). The percentage of cotrimoxazole, nalidixic 
acid and gentamycin resistant strains in our study is 76.10%, 53.66% and 27.80% respectively, meaning thereby that haemolytic E.coli 
strains showed greater degree of drug resistance than non-haemolytic E.coli isolates [10,14,19,20].  
 

V. CONCLUSIONS 

    The incidence of haemolytic E.coli is 10.24% among E.coli isolates. Biochemically, these strains show all most similar reactions as 
non-haemolytic E.coli. Only 82.9% of the strains were typable serologically with incidence of rough strains being on the higher side. 
In the present study, 40% strains from urine belonged to classical groups. Another contrast is that only 2.35% strains belonged to 
serotype O18 and none to O75 and O111 serogroups as compared to other studies who reported 50% E.coli strains of O18, O75 and 
O111 to be haemolytic. The resistotyping is a useful epidemiological marker as 57 resistotypes were encountered in a study of 205 
strains. Another feature revealed from the study is that the antibiogram of these strains showed greater degree of resistance than non-
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haemolytic E.coli. So haemolytic E.coli characters are similar in some aspects with the non-haemolytic E.coli and differ widely in 
others.  
 

Table 1: Carbohydrate fermentation and decarboxylase / dehydrolase activity of hemolytic Escherichia coli (n=205) 
 

S. No. Carbohydrates / Amino acid Positive Number Percentage 
1. Adonitol 72 35.13 % 
2. Arabinose 175 85.37 % 
3. Dulcitol 166 80.98 % 
4. Glucose 205 100 % 
5. Inositol 70 34.15 % 
6. Lactose 202 98.54 % 
7. Maltose 205 100 % 
8. Mannitol 205 100 % 
9. Raffinose 127 61.96 % 
10. Sucrose 102 49.96 % 
11. Trehalose 205 100 % 
12. Xylose 202 98.54 % 
13. Arginine 46 22.44 % 
14. Lysine 186 90.74 % 
15. Ornithine 169 82.44 % 

 
 

 
 

Figure 1: Decarboxylation of amino acids. L – Lysine, O – Ornithine, A – Arginine, C – Control 
 
 

Table 2: Incidence of serotypes in haemolytic Escherichia coli strains (n=205) 
 

Serotypes     Positive strains Percentage 
O6 38 18.54% 
O2 17 8.30% 
O4 17 8.30% 

O138 7 3.42% 
O106 6 2.93% 

O35, O56, O130 5 each 2.44% 
O18, O154 4 each 1.96% 

O1, O29, O36, O48, O99, O102 3 each 1.47% 
O24, O32, O69, O71, O100, O107, O141, O155, O161 2 each 0.98% 
O8, O10, O13, O17, O20, O21, O40, O41, O51, O58, 

O59, O64, O77, O92, O101, O105, O108, O112, O116, 
O117, O124, O132, O142, O152, O153, O160 

1 each 0.49% 

Rough 26 12.69% 
Untypable 9 4.39% 
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Table 3: Sample wise serotypes of haemolytic Escherichia coli (n=205) 

 

S. No. Source No. of strains (%) No. of different 
serogroups 

Commonest serogroups (No. of strains 
of each) 

1. Urine 181 (88.3%) 46 

O6 (34), O4 (16), O2 (15), O138 (6), O56 
(5), O18, O35, O106 (4 each), O29, O48, 

O99, O102, O130, O154 (3 each), O1, 
O36, O69, O71, O100, O141, O155, 

O161 (2 each) & Others (1 each) 

2. 
Vaginal / 

Cervical swab 
10 (4.9%) 6 

O6 (3), O130 (2), O102, O35 and O59 (1 
each) 

3. Stool 7 (3.4%) 6 
O107 (2), O2, O6, O105, O142 and O154 

(1 each) 

4. Pus & Others 7 (3.4%) 7 
O4, O24, O32, O36, O106, O116 and 

O138 (1each) 
 
 

 
 

Figure 2: Resistogram pattern to cetrimide. Confluent growth – Resistant, No growth – Sensitive, Discrete colonies or more than ten 
colonies – Intermediate 

 
 

Table 4: Resistogram typing of 205 strains of haemolytic Escherichia coli 
 

Resistogram Types1 No. of Strains 
B D E 26 
B D 22 
D 21 
(B) D (E) 13 
A B D 12 
(B) (D) E 9 
B C E 6 
D E, B E 5 each 
(A) (B) D, (B) (D) (E), C, B, (C) D E 4 each 
(A) (B) (C) (D), B (C) D (E), (A) B D E, A C E, B C D 3 each 
B (D) (E), A B C D E, A B (C) (D) E, (A) (B) C D E, E, (A) (B) (C) D, (A) B (C) D, 
(A) (B) (D) E, C D, (A) C D, A E, B C, (A) C D (E) (B) (D), (A) (D) E, (A) (B) (D) 

2 each 

(A) B (C) (D) (E), (A) (B) (C) (D) (E), (A) (B) (C) D E, (C) (D), C E, (A) C, (A) (E), A 
(B), (C) D, B C D (E), (A) (B) D (E), B C (D) (E), (B) C D (E), (A) (C) D E, B (C) (D) 
(E), (A) C (D) (E), (A) (B) D E, (A) B (D) E, (B) (C) D (E), (A) D (E), (A) (B) C, (B) 
(C) D, C (D) E, C D (E) 

1 each 
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* Resistant to chemical, ( ) - Intermediate resistant to chemical, A - Acriflavin, B - Boric acid, C - Copper sulphate, D - Malachite 

green, E - Cetrimide 
 
 

 
 

Figure 3: Susceptibility pattern of 205 haemolytic Escherichia coli strains 
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Abstract- Review was done to assess the burden of mental 
disorders and to study the various issues and challenges at 
community level. We searched the electronic databases for 
studies related to prevalence of various psychiatric morbidities 
and associated factors at community level. World Health 
Organization estimated that mental and behavioural disorders 
account for about 12 percent of the global burden of diseases. In 
India the burden of mental and behavioural disorders ranged 
from 9.5 to 102 per 1000 population. Burden of mental disorders 
seen by the world is only a tip of iceberg. Various studies had 
shown that the prevalence of mental disorders were high in 
females, elderly, disaster survivors, industrial workers, children, 
adolescent and those having chronic medical conditions. There is 
need to have better living conditions, political commitment, 
primary health care and women empowerment. 
 
 
Index Terms- Mental health, Mental disorders, Psychiatric 
disorders, Psychiatric illness 

I. INTRODUCTION 

urden of mental disorders had risen over last few decades. 
Mental health is a state of well-being in which the individual 

realizes his or her own abilities, can cope with the normal 
stresses of life, can work productively and is able to make a 
contribution to his or her community. WHO estimated that 
globally over 450 million people suffer from mental disorders. 
Currently mental and behavioural disorders account for about 12 
percent of the global burden of diseases. This is likely to increase 
to 15 percent by 2020. Major proportions of mental disorders 
come from low and middle income countries [1]. There are 
lacunae in psychiatric epidemiology due to intricacy related to 
defining a case, sampling methodology, under reporting, stigma, 
lack of adequate funding and trained manpower and low priority 
of mental health in the health policy [2]. 

II. METHODOLOGY 

    We searched the PubMed and Google Scholar for studies 
related to prevalence of various mental disorders and associated 
factors at community level. All databases were searched from 
inception and searches were updated on 30 November 2012. In 
addition, we checked reference lists of reviews and retrieved 
articles for additional studies. From the searches we reviewed the 
title and abstract of each paper and retrieved potentially relevant 
references. 
 

III. BURDEN OF MENTAL DISORDERS 

    A study conducted in Pune in 2012 reported the overall life 
time prevalence of mental disorders to be nearly 5 percent. Males 
were reported to be at higher risk. Major cause was depression 
followed by substance abuse and panic disorders [3]. These 
findings were similar to results of the meta-analysis, which 
estimated the prevalence of mental disorders to be 5.8 percent 
among the Indian population [4]. In 2010, a study conducted in 
NIMHANS, Bangalore reported that the burden of mental and 
behavioural disorders ranged from 9.5 to 102 per 1000 
population. Reason behind such a wide range of prevalence could 
be that few studies had focused on isolated settings [5]. 
    Another study among elderly done in South India in 2009 
found the prevalence of depression to be 12.7 percent. On the 
contrary, the prevalence of mental disorders was reported to be 
as high as 26.7 percent by a study in elderly with predominant 
depressive disorders, dementia, generalized anxiety disorder, 
alcohol dependence and bipolar disorder [6]. The prevalence of 
dementia was found to be 33.6 per 1000 by a study done in urban 
population of Kerala in 2005. Alzheimer’s disease was the most 
common cause (54%) followed by vascular dementia (39%) [7]. 
In 2000, a review of epidemiological studies estimated that the 
prevalence of mental disorders in India was 70.5 per 1000 in 
rural and 73 per 1000 in the urban population [8]. 
    In 1999, a study stated that the prevalence of mental disorders 
in child and adolescent population was 9.4 percent [9]. Similarly, 
another study from Bangalore in 2005 documented the burden of 
mental disorders to be 12.5 percent. The study also showed that 
there were no significant differences among prevalence rates of 
mental disorders in urban middle class, slum and rural areas with 
annual incidence of 18 per 1000 population. The prevalence of 
mental disorders among 0-3 yr old children was 13.8 percent, 
most commonly due to breath holding spells, pica, behavior 
disorder NOS, expressive language disorder and mental 
retardation. The prevalence rate in the 4-16 yr old children was 
12.0 percent mainly due to enuresis, specific phobia, 
hyperkinetic disorders, stuttering and oppositional defiant 
disorder [10].  
    Compared with the general population, industrial workers 
were more predisposed to mental disorders [11, 12]. In 2002, the 
prevalence rate of mental disorders in the Indian industrial 
population was estimated to be 14 to 37 percent. On the contrary, 
western world reported it to be nearly 75 percent [13]. Another 
study among industrial workers mentioned the lifetime 
prevalence of mental disorder to be more than 50 percent. Most 
common associated factor in industrial workers was substance 
abuse (12.3%) [14]. 
    Besides substance abuse, suicide among young people has 
emerged as a major public health issue. National crime record 

B
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bureau, India reported, 27.7 percent increase in recorded number 
of suicides between 1995 and 2005 with suicide rate of 10.5 per 
million [15] Also a study from Hyderabad stated that nearly 35 
percent of suicides occur amongst youth (15–29 years) with rate 
of 152 per lakh for girls and 69 per lakh for boys [16]. Compared 
with the suicide rates from high income countries, these rates 
were four times higher for boys [17]. In 2009, a study revealed 
that overall 3.9 percent youth reported suicidal behavior [18]. A 
study conducted in rural areas of south India, in 2010 reported 
37% of those who died by suicide had a mental disorder. The two 
most common reasons were alcohol dependence (16%) and 
adjustment disorders (15%).   
    The prevalence rates of mental disorders reported in India are 
very low compared to studies done in the western world [5]. This 
is may be due to that Indian epidemiological studies were not 
able to measure mental disorders adequately or prevalence rates 
of mental disorders are truly low in India because of genetic 
reasons, good family support, cultural factors, lifestyle and better 
coping skills and comfortable environment. 

IV. ISSUE AND CHALLENGES OF MENTAL DISORDER 

    Most strongly associated factors with mental disorders are 
deprivation and poverty. Individuals with lower levels of 
education, low household income, lack of access to basic 
amenities are at high risk of mental disorder [19]. Lifetime risk 
of affective disorders, panic disorders, generalized anxiety 
disorder, specific phobia and substance use disorders is found to 
be highest among illiterate and unemployed persons [3]. Suicidal 
behavior was found to have relation with female gender, working 
condition, independent decision making, premarital sex, physical 
abuse  and sexual abuse [18]. Ongoing stress and chronic pain 
heightened the risk of suicide. Living alone and a break in a 
steady relationship within the past year were also significantly 
associated with suicide [20]. Work environment, school 
environment and family environment plays important role in 
pathogenesis of mental disorders. 
    Females are more predisposed to mental disorders due to rapid 
social change, gender discrimination, social exclusion, gender 
disadvantage like marrying at young age, concern about the 
husband’s substance misuse habits, and domestic violence [21]. 
Divorced and widowed women are at slightly elevated risk of 
mental disorders [19]. In India domestic violence is a big 
problem. A survey done in Maharashtra reported that 23 percent 
of women had been beaten in the last six months and of these 12 
percent had explicitly been threatened to be burned [22]. Poorer 
women are more likely to suffer from adverse life events, to live 
in crowded or stressful conditions, to have fewer occupational 
opportunities and to have chronic illnesses; all of these are 
recognized risk factors for common mental disorders [23]. 
Psychological factors such as headache and body ache, sensory 
symptoms and nonspecific symptoms such as tiredness and 
weakness also makes people vulnerable to mental disorders. 
Biological factors affecting mental disorders are genetic origin, 
abnormal physiology and congenital defect. 
Disasters are potentially traumatic events which impose massive 
collective stress consequent to violent encounters with nature, 
technology or mankind [24]. Various international studies had 
shown 30-70 percent of mental health morbidity. A meta-
analysis showed that post-traumatic stress disorder, generalized 

anxiety disorder and panic disorder were common among 
disaster victims [25].  
    Stigma related to mental disorders, lack of awareness in 
common people, delayed treatment seeking behavior, lack of low 
cost diagnostic test and lack of easily available treatment are the 
main hurdles in combating the problem of mental health in India. 
In addition factors pertaining to traditional medicine and beliefs 
in supernatural powers in community delays diagnosis and 
treatment. India had focused its attention mainly to maternal and 
child health and communicable diseases. This leads to lack of 
political commitment to non communicable diseases further 
aggravating the load of mental disorders. 

V. WAY FORWARD 

    Burden of mental disorders seen by the world is only a tip of 
iceberg. To promote mental health, there is a need to create such 
living conditions and environment that support mental health and 
allow people to adopt and maintain healthy lifestyle. A society 
that respects and protects basic, civil, political, and cultural rights 
is needed to be built to promote mental health. National mental 
health policies should not be solely concerned with mental 
disorders, but should also recognize and address the broader 
issues which promote mental health. This includes education, 
labour, justice, transport, environment, housing, and health 
sector. For attaining this, intersectoral coordination is a 
mainstream. 
    It is increasingly recognized that the prodromes of many 
mental disorders start at such an early age. India needs to aim at 
improving child development by early childhood interventions 
like preschool psychosocial activities, nutritional and psycho-
social help to give roots for a healthy community. Presently the 
community is also demanding the skills building programme and 
child and youth development programme.  
    To reduce the burden of mental disorders in women, there is 
need to do socioeconomic empowerment of women by 
improving access to education and employment opportunities. 
Women should be involved in group activities like farmer’s 
clubs, mahila mandal and adolescent girls' groups. These group 
activities will bring people together for social, health and 
educational reasons as well as income generation activities. 
Society needs to be free of discrimination and violence. 
Reducing discrimination against sex, caste, disability and 
socioeconomic status is an important aspect to reduce mental 
disorders. 
    Social support for elderly people needs to be strengthened. 
More community and day centres for the aged should be 
developed. Programmes targeting towards indigenous people, 
migrants and people affected by disasters need to be established. 
Programme could be implemented through school like 
programmes supporting ecological changes in schools or at work 
place like stress prevention programmes. Various organizations 
across the globe are now largely focusing on mental health. 
World Health Organization mental health Gap Action 
Programme aims at scaling up services for mental, neurological 
and substance use disorders. Since its launch, over millions of 
people across the world are treated for depression, schizophrenia 
and epilepsy, prevented from suicides and begin to live a normal 
life. This was especially efficient in low and middle income 
countries having scarce resources. 
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    Another key to reduce mental morbidity is to strengthen the 
treatment of mental disorders at the level of primary health care. 
There are multiple interventions needed to prevent the 
progression of mental disorders from early manifestations to 
more serious and chronic cases. There is an urgent need of 
simple, easily available diagnostic test and low cost treatment to 
provide better primary health care. Psychiatric epidemiologists 
need to reorient their research in such a way that true burden of 
mental disorders are estimated at community level. This would 
provide true situation of the mental health problem. Secondary 
prevention must focus on strengthening the ability of primary 
care services to provide effective treatment.  

VI. CONCLUSION 

    Mental disorders are seen to vary across time, within the same 
populations at the same time. This dynamic nature of the 
psychiatric illness impacts its planning, funding and healthcare 
delivery. Various studies had shown that the prevalence of 
mental disorders is high in female gender, child and adolescent 
population, students, elderly population, people suffering from 
chronic medical conditions, disabled population, disaster 
survivors, and industrial workers. Community surveys have the 
advantage of being more representative. 
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Abstract- Aims: The present research study describes leaching 
kinetics of F- by loading NH4F on undisturbed vertical soil 
column of the soil collected from Sambhar region of Rajasthan, 
India.  
Methodology: Alkaline soil (pH= 8.2) had been collected from 
Sambhar region of Rajasthan, India and was dried in open air in 
sunlight. Dried soil was sieved for uniform particle size. The 
leaching kinetics has been studied by determining the fluoride 
concentrations in the leachate with time. Fluoride was estimated 
using Fluoride Ion Selective Electrode with TISAB.  
Results: Initial leaching rate has been calculated and linear 
power form equation has been derived. Results are fitted to 
various kinetic models. Results confirm the increase in leaching 
due to bonding of free fluoride with NH4

+ ions through H-F 
bonds.  
Conclusion: The fact that NH4F adopts the structure with an 
increased degree of hydrogen bonding between NH4

+ and F- 
ions., The leaching of fluoride will be more in presence of NH4

+ 
ions. On the basis of the results of this study, this can be 
concluded that in an agriculture field, if the added fertilizers rich 
in ammonium ions and fluoride is present simultaneously, the 
leaching of F- will be more. 
 
Index Terms- First Order Kinetic Model, Fluoride, Ion 
Exchange, Leaching Kinetics, TISAB, Pore Volume, Saturated 
Flow, Alkaline Soil  

I. INTRODUCTION 

luoride ions find their way in the agriculture field soil from 
diverse sources i.e. weathering of rocks, use of phosphatic 

fertilizers, sewerage sludge, pesticides etc [1]. Infact phosphatic 
fertilizers are the major source of fluoride contamination of 
agricultural soil as they are manufactured from rock phosphate 
which generally contain around 3.5% Fluorine[2]. 
    In an earlier report on fluoride, an average annual addition of 
fluoride to soil through fertilizers has been estimated to be 1.1 
kg/ha[3].  
    In fluoride rich soil, application of ammonium containing 
fertilizers or of urea which can quickly hydrolyze to ammonia or 
can produce NH4

+ ions can result in formation of NH4F up to a 
significant level[4]. Loss of ammonium ions through irrigation 
water from agricultural field soil is most serious. With rise in the 
atmospheric fluoride concentration together with atmospheric 
ammonia, possibility of wet and dry precipitation of fluoride as 
NH4F increases. Loss of ammonium ions through irrigation water 
from agricultural field soil is most serious, if the ideal soil 

temperature, soil pH and moisture conditions are not available 
for nitrification specially where adequate ammonium ions are  
available specially in excess to the needs to the crop plant[5]. 
    NH4F is hazardous in case of eye and skin contact. Over 
exposure can result even in death. Inflammation of the eye is 
characterized by redness, watering and itching. Skin 
inflammation is characterized by itching, scaling, reddening or 
occasionally blistering.  
    By looking deep into the toxic effect of ammonium fluoride. 
the leaching kinetics of NH4F in fluoride endemic saline soil (pH 
8.2) has been investigated in undisturbed vertical column under 
saturated flow by further adding known concentration of 
ammonium fluoride in soluble form. 
    The effects of change in physico-chemical characteristics of 
percolating water such as Ca+2 hardness, Na levels, OH- ions and 
its associated cations, temperature etc have been studied on 
leaching rates. All the kinetic data are fitted on various kinetic 
models and a linear power form equation has been derived to 
show the relationship between added concentrations and initial 
leaching rates. 

II. MATERIALS & METHOD 

    Alkaline soil (pH= 8.2) has been collected from Sambhar 
region of Rajasthaan, India and was dried in open air in sunlight. 
Dried soil was sieved for uniform particle size. The physico 
chemical properties of the soil used in columns are given as 
under: 
pH = 8.2;ECe = 4 dsm-1;OC =  1.17 %; 
Na+= 3840 meq/l ;Ca+2=5 meq/l;Mg+2 = 5 meq/l; 
Sand = 21.9%;Silt  = 10.7%;Clay = 6.8 % 
Colour = Light Grey;Bulk Density= 1.48 gcm-3; 
Type = Loamy Sand   
The leaching kinetics of NH4F has been studied by determining 
the fluoride concentrations in the leachate with time as reported 
earlier[6]. Fluoride was estimated using Fluoride Ion Selective 
Electrode with TISAB[7] .  
2.1 Procedure of leaching studies 
Columns of soil were prepared surrounded by glass jacket of 
continuously flowing thermostated water. 60 g soil of pH 8.2 and 
of particle size (53>r) was gently packed at water filled porosity 
0.315 cm3cm-3. The leachate’s pore volume was determined 
using equation (1) 
Pv  = q’ t        (1)  

θ V 
where  
q'=Volume of effluent collected per unit time i.e. flow rate cm3 h-

1 

F 
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t=Time that has elapsed since the slug was introduced 
θ=water filled porosity cm3cm-3 
V=Total volume of soil column  
    The flow rate of extractant was found constant (2+0.5 ml/10 
min). A fixed volume of aqueous salt solution (slug) with desired 
anion concentration was added at the top of the soil column in 
each experiment. Salt solution was allowed to get adsorbed 
uniformly in the column for 24 hrs, after which the columns was 
continuously leached with de-ionized water or with other 
extractant as per requirement of the study. The leaching was 
carried out till the soluble anions were completely removed. The 
total leachable concentration was taken equal to the total 
leachable concentration present initially during leaching (i.e. 
concentration t=0). During each kinetic run the concentration of 
ions were determined in leachate collected periodically at an 
interval of 2 min. The treatment of result obtained in leaching 
studies is based on calculations of initial leaching rates as well as 
on applications of various kinetic models for establishing the 
nature of leaching kinetics of water soluble fluoride salt.  
 

III. RESULT AND DISCUSSIONS 

3.1 Nomenclature 

The concentration terms used for presenting the analytical results 
are: 
[F-]s = leachable fluoride present in column soil, 210 mg/kg 
[F-]ad = F- concentration introduced in the soil column 
Co = [F-]I = total leachable content present initially 
[F-]complex = complexed fluoride i.e. F- concentration retained in 
column      
i.e. [F-]complex = {[F-]s + [F-]ad} - [F-]i    
[F-]extra = concentration of unleachable fluoride converting into 
leachable fluoride 
 = [F-]i – {[F-]s + [F-]ad }     
Ct  = [F-]t  = leached concentration at time ‘t’ 
Co  Ct = [F-]l = [F-]i - [F

-]t  
 = Leachable concentration remaining at time ‘t’ 
LRobs = Leaching rate 
[NH4F]add = [F-]ad = F- concentration introduced in the soil 
column as soluble NH4F. 
3.2 Total Leachable Fluoride, [F-]i and Extra Fluoride, [F-

]extra 
The values of total leachable fluoride [F-]i and extra fluoride [F-

]extra for NH4F are given in Table 1.  

 
Table 1: Values of [F-]i and [F-]extra at different F- added for leaching of NH4F at 300 C. 

Soil = 30g, θ= 0.315 cm3cm-3. 
 

[F-]ad, 
mg/kg 

[F-]i, 

mg/kg 
[F-]extra, 
mg/kg 

0 210 - 
116 435 109 
166 520 144 
233 610 167 
300 836 326 
416 976 350 

 
 
An increase in the concentration of NH4F or [F-]ad increased [F-]i 
and LRobs when deionized water is used for percolation. This 
increase is attributed not only to an increase in free F- level of the 
soil but also to an increase in NH4

+ ion concentration which 
significantly increased F- leaching by converting fixed fluoride 
into leachable form and is given as   [F-]extra. [F-]extra is 
determined using equation 2: 
[F-]extra = [F-]I - {[F-]ad + [F-]s}  (2) 
 
[F-]extra is found to depend largely on concentration of the NH4 
ion added as well as exchangeable cations present naturally in the 
soil. Thus [F-]extra can also be represented as given in equation 3: 
[F-]extra = a  X [cation added] + b    (3) 
For monovalent salt [NH4

+] = [F-]ad, thus equation (3) can be 
written as equation (4): 
[F-]extra = a  X [F-]ad + b    (4) 
A plot of [F-]ad vs [F-]extra is given in Figure1. The values of ‘a’ 
and ‘b’ are determined from the Figure 1 and reported as 0.88 
and 420.88 mg/kg respectively.  
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Fig 1. Variation of [F-]extra with [F-]ad for   leaching of NH4F at 

30o C. Soil = 30g, θ= 0.315 cm3cm-3. 
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In the sequential calculations, the total leachable content has 
been taken to be equal to the leachable content present initially 
for the determination of initial leaching rates. 
    It is assumed that increase in [F-]i is due to high affinity of 
fluoride for NH4

+ ion. It seems that NH4
+ ion does not remain in 

isolation rather it associates atleast four F-   through all four H 
atoms present in it. This high association of F- with NH4

+ ion 
resulted in moderate increase in fluoride leaching. On comparing 
the values of [F-]i and LRobs at fixed [F-]ad for different added 
salts, the order of increase in [F-]i and  LRobs are found NH4F > 
NaF > KF > MgF2 > AlF3. It is confirmed that cation NH4

+ assist 
leaching due to H-F bonding whereas Al+3 stops due to 
complexation of ionic F- as AlF3. Mg+2 ions whereas complex F- 
as MgF2, Na-Mg exchange in soil increase free Na in soil water 
which assist in F- leaching. 
    Initial rate of leaching, LRobs and F-

i remain unaffected by the 
change in incubation time which confirms the fast adsorption & 
desorption of fluoride in experimental soil.  
3.3 Dependence of LRobs on [F-]i  
The dependence of LRobs on [F-]i  is shown in Figure 2. The 
fluoride leaching follows first order path and  rates can be fitted 
to the following rate law equation (6): 
LRobs = k [F-]i

n   + C        (6) 
Where C is constant depending upon amount of naturally present 
leachable fluoride in the soil.  
 

 
 

Fig. 2:  Variation of LRobs with added concentration for 
NH4F at 300 C. Soil = 30g, θ= 0.315 cm3cm-3. 

From the log-log plots of equation (6), values of k and n are 
calculated to be 4.067 and 1.0 respectively. The unit of ‘’k’ is 
sec-1.  
3.3 Application to the Kinetic models 
While applying various integrated equations of different kinetic 
models, the concentration of leachable fluoride was assumed to 
be  maximum initially i.e. at t=o. The concentration terms used in 
different equations are as follows: 
[F-]i = Co; [F

-]t = Ct ; [F
-]l = [F-]i - [F

-]t = Co- Ct 
 All the models were tested with least square regression analysis.  
On the basis of high r2 and low SEE, first order model was found 
suited to represent leaching in our experimental conditions. 
To describe F- leaching kinetics, several kinetic models were 
tried and it was observed that First order kinetic model[8,9]  is 
found to be most suitable for leaching of fluoride for NaF salt 
(Fig. 1.6). The concentration terms used in different equations 
are as follows: 
[F-]i = Co; [F

-]t = Ct ; [F
-]l = [F-]i - [F

-]t = Co- Ct ; Ln (Co – Ct) = a 
– bt 
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Fig 4.9:   First Order equation profile for NH4F leaching at 

different [F-] at 300 C. Soil = 30 g, θ= 0.315 cm3 cm-3. 
 

 
 
 

IV. CONCLUSION 

    The fact that NH4F adopts the structure with an increased 
degree of hydrogen bonding between NH4

+ and F- ions including 

the low NH stretching frequency and the high activation energy 
for rotation[10], the leaching of fluoride will be more in presence 
of NH4

+ ions. On the basis of the results of this study, this can be 
concluded that in an agriculture field, if the added fertilizers rich 
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in ammonium ions and fluoride is present simultaneously, the 
leaching of F- will be more. 
    The method adopted for estimating F- leaching during this 
work can effectively estimate F- leaching rates from soil of 
fluoride endemic area and can develop control strategy to stop 
leaching by changing the quality of irrigation water and soil 
thermal properties. It is suggested that for developing ion 
leaching models besides soil physico-chemical characteristics, 
thermal properties should also be taken into account. Irrigation 
water quality should also be monitored regularly to check 
fluoride leaching from agriculture fields rich in nitrogenous 
fertilizers. 
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Abstract- Liposuction  has  nowadays  become  a  popular  
procedure  amongst  all  age  groups. Because  of  the  advances  
in  the  field  of  Plastic  Surgery  and  Anesthesia, it  is  now  a  
fast  and  safe  surgery  and  delivers  good  results. But 
Anesthesiologists must be very vigilant when they are involved 
in such cases. What  an  Anesthesiologist  must  not  forget  is  
that  the  most  of  the  times,  the    person  undergoing  
liposuction  is  not  a  patient. It’s a cosmetic  procedure.  The  
patient  should  be  well  optimized  and one  should  never  
hesitate  to  postpone  a  case  if  there  is  slightest  of  an  issue. 
Pre operative  optimization, intraoperative management  which  
includes  hemodynamic  stability, fluid balance, pain  relief,  
euthermia, documenting  input/output  and  good post operative  
care  can  help in  preventing  catastrophes  to  happen  which  if  
one  goes  through  the literature  is  not  uncommon. 
 
Index Terms- Large volume liposuction, Lignocaine, Residual  
volume  theory, Tranexamic Acid. 

I. INTRODUCTION 

iposuction  is  a  cosmetic  surgery  done  to  remove  fat  
from  deposits  under  the  skin  using  a  canula  with  a  

powerful suction. It  is  also  called  as   lipoplasty  or  fat  
moulding. If  undertaken  at  well  equipped   centres  by 
experienced  Surgeons  and if  Anesthesia  management  is  done  
by  experienced   Anesthesiologists ,  liposuction  can  be  a  safe  
surgery.  Proper  selection  of the  patient ,  appropriate  
optimization  of  the  patient  and  closed  observation  of   the  
patients  in  a  dependency  unit  ,  if  done can  prevent  mishaps  
that  can be  disastrous  and  at  times  life  threatening  for  the  
patient. 
Goals of  liposuction 
It  is  to  remove  target  fat  thereby  leaving  desired  body  
contour  between  suctional  and  non  suctional  areas. This  is  
achieved  by  selecting  the  patients  carefully  and  using  proper  
method  to  avoid contour  irregularity, and  to  monitor  the  
patient in  a  monitored  area  by  trained  personnel  to  avoid  
post  operative complications. 
    Liposuction  has  evolved  in  techniques  over  years. Now  
with  ultrasonic, power  assisted  and  laser  assisted  liposuction, 
large volumes  of  fat  with  less  blood  loss  can  be  achieved  
in  less  time. This doesn’t mean everyone should be performing 
large volume  liposuction. It  requires  training,  proper selection  
of  patient, address  patients  co morbidities  and optimize  them  
before  surgery. The  surgery  should  be  carried  out  in  a  
proper  set  up  where  patient can be monitored for vital   
 
signs, input/ output  and  should  get  adequate  pain  relief. 

II. LARGE VOLUME LIPOSUCTION 

    The definition  of  large  volume  liposuction  varies. The  
most  commonly  accepted  definition  is  when  more  than  5  
litres  of  total  volume  is  removed from  the  patient. (1,2)  
Whenever  there  is  more  than  5  litre  of  fat  removal, the  
patient  should  be  monitored  in  an  intensive  care  set  up. 
Whenever  possible , stage  the  procedure  rather  than  doing  
multiple  areas  in  a  single  setting.      
    There  is  no  distinct  boundary  line  that  defines  the  limits  
of  safe  surgery. When  liposuction  crosses  into  the  domain  of   
excessive  surgical  trauma, it  changes  from  a  benign  cosmetic  
procedure  into  a  potentially  lethal  process.  
There is  no  antidote  for  a  toxic  dose  of  surgical  trauma. 
Hence  the  safe  approach  is: 

1) Prevention  of  excessive  trauma, 
2) Use  common  sense, 
3) Respect  the  patient’s  co  morbidities. 

Five  pillars  of  safety  which  must  be  strictly  adhered  to  
in  making  the  procedure  an  uneventful  one  are: (2) 

1) To  have  a  trained  Surgeon, 
2) To  have  a  trained  Anesthesiologist, 
3) To  have  a  decent  set  up  to  look  after  the  patient  

after  the  procedure, 
4) Trained  ICU/ operation  room  staff, 
5) To  select  the  patient  properly. 

Patient  selection: 
This  is  the  most  important  step. The  patient  may  have  
unrealistic  expectations. But  the  surgeon  should  have  a  
detailed talk  to  the  patient  and  explain  the  procedure  in  
detail . The  patient  should  be  ASA I/ II i.e.  should  belong  to  
American Society  of  Anesthesiologist’s  Grade I/II i.e.  without  
systemic  disease  or  mild  systemic  disease. There  physical  
activity  should be  enquired  and  cardiopulmonary  status  
should be assessed. Make  a  note  of  any  systemic  disease ( 
Hypertension, Type  II  Diabetes  Mellitus,  Hypothyroidism, 
coronary  artery  disease etc). If  necessary  they  should  be  
referred  to  the  respective physician  for   a   preoperative  check  
up. 
    Details  of  ongoing  medications  should  be  noted. Many  
patients  take  herbal/  Ayurvedic  medications  which  interfere  
with coagulation  system.  Patients  should  be  instructed  to  
stop  it. Smokers  should  be  advised  to  stop/ quit  smoking  as  
it  interferes  with  healing. Non  steroidal  anti  inflammatory 
drugs  should  be  stopped  as  it  has  anti  platelet  action. 
 
History  of  bleeding  tendency/ family  history  of  bleeding  
diathesis  should  be  noted. History  of  respiratory  tract  
infection should  be  asked, treated before surgery. 

L
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    Patients  should  have  reasonable  goals  &  expectations. 
That’s  why  counseling  is  important. The  skin  contour  
irregularities, asymmetries,  skin  laxities,  redundancies  should  
be  noted. Drawing  it  on  case  paper  will  go  a  long  way. 
Patients  with multiple  contour  related  problems  should  be  
primed  in  advance  that  they  may  require  secondary/ touch  
up  procedures. 
Cost  of  procedure: 
Cost  of  procedure  is  an  important  factor  due  to  which  
many  times  patients  end   up  with  undesirable  outcomes. 
What patients  should  understand  that  the  quality  of  
liposuction  is  important  than  the  cost  of  procedure. They 
should not go by  discount  advertisement. They  should  be  
enquiring  about  the  expertise  of  the  surgeon, the  set  up  
where  the procedure  will  be  carried  out. Choosing  liposuction  
based  on  price  may  turn  out  to  be  expensive  if  surgery  is  
not  upto  the  mark. 
Undesirable  outcome  of  liposuction: 

1) Incomplete  liposuction, 
2) Excessive  liposuction- leading  to  disfigurement, 
3) Irregular/ uneven  depression, 
4) Bad  scars. 

Preanesthesia  check up: (3,4) 

The  Anesthesiologist  is  responsible  for  the  proper  
optimization  &  selection  of   the  patient  for  an  uneventful  
liposuction.  
    They  should take  detailed  history, notes  the  medications, 
decide  what  medications  should  be  continued / stopped  
before surgery.  If  required  they ask  for  a  specialist  
consultation  if  patient  is  not  ready  for  the  proposed  
procedure. They  explain  the  procedure  to  the  patients  and  
also  how  they  will  be  monitored  in  an  intensive  care  set  up  
if  required. Along  with  the  Surgeon, the  Anesthesiologist  
should  also  explain  the  patient  about  the  post  op  ooze,  
pain,  discomfort  due  to  garments  etc. 
Anesthesia  management: 
For  large  volume  liposuction, general  anesthesia  with  
controlled  ventilation  is  the  mode  of  anesthesia  of  choice  
but  even  spinal  anesthesia/  spinal  and  epidural  anesthesia  is  
practiced  by  many  Anesthesiologists.The  anesthesiologist  
should  confirm  preoperative  fasting ( atleast  6  hours). The 
medication  should  be  reviewed i.e. what  medication  patient  
has  taken / omitted  as  advised  in  the  preoperative visit. A  
Balanced  anesthetic  technique  is  used. Short  acting  
benzodiazepines ( Midazolam ), short  acting opioids  (Fentanyl 
), intravenous  induction  agent ( Propofol,  Thiopentone ), short  
acting  non  depolarizing  muscle  relaxants ( Atracurium)  can  
be  used. For  maintenance  of   anesthesia, Total  Intravenous  
anesthesia  with  Propofol  infusion  or  inhalational  agent ( 
Sevoflurane, Desflurane, Isoflurane ) can  be  used  as  per  the  
choice  of  Anesthesiologist.  In  pre medication,  one  should not  
forget  an  antiemetic ( Ondansetron)  and  a  proton  pump  
inhibitor  ( Pantoprazole_)  or  an H2  blocker ( Ranitidine)  
should  be  given  intravenously  always. Prophylactic  antibiotic  
can  be  given before surgery starts. 
 
Intra  operative  monitoring: 
Standard  intraoperative  monitoring  should  be  done  and  noted  
every  5  minute  in  the  anesthesia  record. 

1) Heart  rate, Electrocardiogram ( lead II, V5) 
2) Blood  pressure ( Non invasive/ arterial  if  adequate  

sized  cuff  is  not  available) 
3) Spo2 ( Pulse  Oximetry ) 
4) End  tidal  CO2 
5) Temperature ( nasopharyngeal/ axillary/ oral) 
6) Input/ output  

   During  surgery  there  should  be  constant  communication  
between  the  Surgeon  &  the  Anesthesiologist. 

III. INFILTRATION AND VASOCONSTRICTORS
(5,6) 

    Lignocaine  is  added  in  the  wetting  solution. For  
infiltration, a  dose  upto   35- 55mg/kg  of  lignocaine  has  been  
used, but one  must  be  aware  of  LAST ( Local  Anesthesia  
Systemic  Toxicity). Adrenaline  is  used  a  vasoconstrictor  to  
reduce capillary  bleeding. A  dose  of  50ug/kg  should  not  be  
crossed  to  avoid  hemodynamic  issues. The  dose  of  
lignocaine  and  adrenaline  used  in  wetting  solution  should  be  
noted  in  Anesthesia  chart.     
In  the  Anesthesia  record , the  Anesthesiologist  should  note  
the  details  of  the  following: 

1) Quantity  of  wetting  solution  used,  
2) Amount  of  lignocaine  used( should  not  exceed > 35 

mg/kg) 
3) Fat  &  saline  aspirate, 
4) Blood  loss, 
5) Urine  output. 

 

IV. INTRAOPERATIVE FLUID MANAGEMENT
(7,8,9) 

    Fluid   management  in  liposuction  is  different  from  other  
surgeries. The  insult  that  patient  receives  during  surgery  is  
similar  to  second  degree  burns. But  it   is  difficult  to  use  the  
Parkland’s  formula  that  is  used  for  fluid management  in  
burns  in liposuction  because  we  can’t  estimate  the  
percentage  of  burns. Patient  should  receive  fluids  to  correct  
preoperative  deficit  and  intraoperative  maintenance.The  
INPUT  of  the  patient  is  intravenous  fluids  given  by  
Anesthesiologist  and  wetting  solution  injected   by  the 
Surgeon. The  OUTPUT  of  the  patient  is  the  urine  and  the  
saline  part in  the  lipoaspirate. The  saline  is  the  fluid  that  
collects  at  the  bottom  after  liposuction  which  includes  a  
part  of  wetting  solution  and  blood. Use  of  crystalloid/ colloid  
is  as  per Anesthesiologist’s  choice  but  when  using  colloids,  
one  should  use  one  with  low  molar  substitution  and  a  low  
C2/C6  ratio  as  it  doesn’t  lead  to  coagulation  abnormalities.  
(10) 

V. RESIDUAL VOLUME THEORY
(7,8,9) 

    Liposuction  involves  lots  of  fluid  administration  via  
crystalloid  infiltration  by  surgeon,  crystalloid/ colloid  infusion  
by Anesthesiologist,  along  with  a  lots  of  loss  in  the  form  of  
lipoaspirate, blood  &  urine. Hence  Anesthesiologist  has  to  
keep  a  track  of  all  this  and  see  to  it  that  the patient  is  
neither  hypovolemic  or  hypervolemic, both  of  which  has  
detrimental  consequences. To  know  whether  the  patient  is  
properly  hydrated  or  not, the  residual  volume  theory  has  
been  devised. 
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RESIDUAL  VOLUME= TOTAL  FLUID( Intravenous  
fluids + wetting  solution + local  anesthetic) – ( TOTAL  
SALINE  IN  ASPIRATE, not  FAT + URINE). 
When  we  divide  the  residual  volume  by  the  patients  
preoperative  weight  in  KG, the  value  that  we  get  in  ML/KG  
should  be  between  90-120 ML/KG. If  residual  volume  is < 
90ML/KG, patient  deserves  volume  resuscitation. 
    In  above  range, one  can  be  sure  that  the  patient  is  
euvolemic. However,  this  theory  is  valid  if  appropriate  
compression  garments  are  used  to  minimize  sequestration. 

VI. IMPORTANT ANESTHESIA CONSIDERATION
(2,3,4) 

1) Padding  of  pressure  points, especially  in  prone ( 
axilla,  wrist, elbow, eyes, genitals, brachial  plexus, 
occiput). 

2) Avoid  unnecessary  traction. 
3) Lubricate  eyes. 
4) Prophylaxis  for  deep  vein  thrombosis:  Sequential  

compression  device  intra/ post  op  should  be  used. 
(11) Use  TED stockings.  
Don’t  forget  early  ambulation  which  is  the  most  
important  step  in  preventing  DVT. 

5) Temperature  regulation  is  crucial. Core  hypothermia  
delays  recovery  of  patient  from  general  anesthesia, 
increases perioperative ooze/ blood  loss,  increases  
oxygen  consumption  post op  and  makes  the patient  
very  uncomfortable. Following  measures  can  be  used  
to  prevent  hypothermia. Use  warm  fluids, either  pre  
warmed  or  fluid  warmer. Hot  air  blankets  for patient  
warming  should  be  used. Use  warm  wetting  
solution. Monitor  OR  temperature. 

6) Surgeon  uses  epinephrine  with  lignocaine  in  the  
wetting  solution. There  is  a  theoretical  possibility  
that  there  will  be  renal vasoconstriction  leading  to  
transient  oliguria because  of  absorbed  epinephrine. 
However  this  is  self  limiting, but  if  oliguria persists  
after  adequate  fluid  adminstration,  one  can  give  a  
small  dose  of  Frussemide ( 2.5- 5  mg) intravenously  
to  facilitate diuresis. 

 

VII. COMPLICATIONS OF LARGE VOLUME LIPOSUCTION
(12,13,14) 

    Although  rare, but  if  occurs, its  frustrating  for  the  patient  
& Surgeon  as  well  because  its  primarily  a  cosmetic  surgery. 
Minor  complications  are  unpredictable  but  the  major  ones  
are  avoidable  by  giving  astute  attention  to  details  and  if  
one  adheres  to  the  5 pillars  mentioned  earlier. 
Minor  complications :- 
Prolonged  swelling, contour  related  complications, Scarring, 
delayed  healing,  blistering, seromas, hyperchromia. 
Major  complications:- 
Pulmonary  embolism,  
Deep  vein  thrombosis,  
Excessive  bleeding,  
Pulmonary  edema  due  to  fluid  overload,  
Penetrating  injuries, skin/ soft  tissue  necrosis, shock,  fat  
embolism  syndrome, (15) 
local  anesthesia  systemic  toxicity, (5) 

excessive  bleeding  leading  to  blood  transfusion. 
    In  tumescent  technique,  a  large  volume  of  wetting  
solution  is  used  unlike  superwet  technique  in  which  1:1  
ratio  is  used ( volume  infused  for  infiltration =  volume  of  
aspirate). Thus  theoretically, superwet  technique  is  safe  as  far  
as  volume  overload  is  concerned. 
What  if  lipoaspirate  is  bloody? 

1)  Terminate  the  surgery. 
2)  Reevaluate  the  technique, enquire  about  constituents  

of  infiltration. 
3)  Use  more  wetting  solution  with  epinephrine  for  

hemostatic  effect. 
Causes  of  excessive  intraoperative  bleeding: 

1)  Anti platelet medications ( Aspirin, Clopidogrel,  
Prasugrel), 

2) Use  of  NSAIDs, steroids, 
3) On  garlic, garlic  pearls, herbal  medication  etc.,(16) 

4) Male  gender, 
5) Smokers, 
6) Diabetics ( due  to  small  vessel  insufficiency). 

    An  experienced  Plastic  Surgeon  can  on  examination  of  a  
patient  for  liposuction  can  predict  excess  intraoperative  
bleeding  by  seeing  skin   texture, etc. 
Post operative  oozing  and  bleeding  can  be  distressing  for  
the  patient  and  it  increases  the  possibility  of  blood  
transfusion.  
    The  group  of  patients  who  suffer  from  this  problem  are  
usually  diabetics  and  patients  who  are  on  thyroid  hormone  
replacement  therapy. 
Advantage  of  compressive  garments: 

1) Decreases  bleeding. 
2) Decreases  swelling. 
3) Decreases  third  spacing  of  fluid. 

VIII. USE OF TRANEXAMIC ACID
(17,18,19) 

    Tranexamic  acid  is  an  anti fibrinolytic  agent  that  
competitively  inhibits   activation  of  plasminogen  to  plasmin  
which  is  responsible  for  degradation  of  fibrin,  which  causes  
hemorrhage. 
A  preoperative  dose  of  10 mg/kg  of  tranexamic  acid  in  a  
infusion  over  15-20  minutes  can  significantly  reduce  intra 
operative  bleeding  and  reduce  the  need  of  peri operative  
blood  transfusion. Trials  are  awaited  to  prove  the  benefit  in  
large  volume  liposuction. 
Contraindication: 

1) Known  allergy, 
2) Coronary  artery  disease, 
3) Renal  failure, 
4) In  known  prothrombotic  states. 

 

IX. POST OPERATIVE CARE 

1) TPR,  BP, Pain  relief, input/ output  charting. 
2) IV  fluids. 
3) Analgesia: short  acting  opioids ( Fentanyl  infusion), 

Tramadol,  PCM. Avoid  NSAIDs  on  the  day  of  
surgery  due  to  intra  operative  fluid  shifts,  blood  
loss,  epinephrine  causing  renal  vasoconstriction  
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leads  to  reduced renal  blood  flow. Epidural ( If  
tummy  tuck/ abdominoplasty  is  done).TAP ( 
transversus  abdominis  plane)  block. 

4) VIT C, Multivitamin  preparations. 
5) Sequential  compression  device/ Low  molecular  

weight  heparin. 
6) Antiemetics. 
7) Blood  transfusion. 
8) Serratiopeptidase/ Trypsin : Chymotrypsin  preparation. 
9)  Chest  physiotherapy/ incentive  spirometry  in  

selected  cases. 
Many  plastic  surgeons  have  noted  a  greater  blood  loss  and  
more  perioperative   blood  transfusions  in  patients  who  are  
hypothyroid. The  reason  for  this  is  multifactorial. (20) 

1. Decrease  in  plasma  factor  VII  concentration. 
2. Increased  aPTT. 
3. Acquired  von  Willebrand  disease ( due  to  decreased  

factor  VII coagulant  activity , decreased  vWF  
activity). 

4. Decreased  platelet  adhesiveness, due  to  acquired  
vWF  disease. 

5. Prolonged  t1/2  of  factor II, VII,  X.  

X. CONCLUSION 

    Large  volume  liposuction  can  be  done  with  an  uneventful   
postoperative  course  if  Surgeons   and  Anesthesiologists  
select  patients  carefully  and  stick  to  protocols.  The  patients  
should  be   managed  in  a  dependency  unit  and  should  be  
discharged  only  if  they  fulfill all criteria’s  of   discharge,  are  
hemodynamically  stable  and  pain  free. 
 

REFERENCES 
[1] Commons, George W, Halperin, Bruce, Chang, Carolyn. Large- Volume  

Liposuction: A  Review  of  631  Consecutive  Cases  over  12  Years. Plast     
Reconstr  Surg. 2001 Nov; 108(6): 1753-63. 

[2] Gabriel A, Gingrass MK. Large  Volume  Liposuction  Safety  And  
Indications.  June 2012.Emedicine.medscape.com. 

[3] Sood J, Jayaraman L, Sethi N. Liposuction: Anaesthesia  challenges. Indian 
J  Anaesth. 2011 May;55(3):220-7. 

[4] Venkataramanan  Mysore. Tumuscent  liposuction: Standard guidelines of  
care.  Indian J Dermatol Venereol Leprol. Supplement 2008. S54-60. 

[5] Nordström H, Stånge K. Plasma  lidocaine  levels  and  risks  after  
liposuction  with  tumescent  anesthesia. Acta Anaesthesiol Scan. 2005 
Nov;49(10):1487-90. 

[6] Brown SA, Lipschitz AH, Kenkel JM, Sorokin E, Shepherd G, Grebe 
S.Pharmacokinetics  and  safety  of  epinephrine  use  in  liposuction. Plast  
Reconstru   Surg.2004 Sep 1;114(3):756-63. 

[7] Rohrich RJ, Leedy JE, Swamy R, Brown SA, Coleman J. Fluid  
resuscitation  in  liposuction: a  retrospective  review  of  89  consecutive  
patients. Plast Reconstr   Surg. 2006 Feb;117(2):431-5. 

[8] Trott SA, Beran SJ, Rohrich RJ, Kenkel JM, Adams WP Jr, Klein KW. 
Safety  considerations  and  fluid  resuscitation  in  liposuction: an  analysis  
of  53 consecutive  patients. Plast Reconstr Surg.1998 Nov;102(6):2220-9. 

[9] Basile AR, Fernandes F, Basile VV, Basile FV. Fluid  resuscitation  in   
liposuction:  a  prospective  analysis  of  infiltrate-to-total  aspirate  ratios  

lower  than  used  for  the  superwet  technique. Aesthetic Plast Surg. 2006  
Nov-Dec;30(6):659-65. 

[10] von Rolen I, Madjdpour C, Frascaroto P, Burmesiter MA, Fisch A, 
Schramm S  etall. Molar  substitution  and  C2/C6  ratio  of  hydroxyethyl  
starch:  influence   on  blood coagulation. Br J ANaesth.2006 
Apr;96(4):455-63. 

[11] Morris RJ, Woodcock JP. Evidence-Based  Compression  Prevention  of  
Stasis  and  Deep  Vein  Thrombosis. Ann of Surg. 2004 Feb;239(2):162-
71. 

[12] Lehnhardt M, Homann HH, Daigeler A, Hauser J, Palka P, Steinau HV. 
Major and  lethal  complications  of  liposuction: a  review  of  72  cases  in  
Germany   between  1998  and  2002. Plast Reconstr Surg. 2008  
Jun;121(6):396e-403e. 

[13] Dhami LD, Agarwal M. Safe  total  corporal  contouring  with  large-
volume liposuction  for  the  obese  patient. Aesthetic Plast Surg. 2006 Sep- 

Oct;30(5):574-88. 

[14] Rao RB, Ely SF, Hoffman RS. Deaths  related  to  liposuction. New Engl J 
of   Med. Vol 340(19) : 1471-75. 

[15] Wang HD, Zheng JH, Deng CL, Liu QY, Yang SL. Fat  embolism  
syndromes following  liposuction. Aesthetic Plast Surg. 2008Sep;32(5):731-
6. 

[16] Wong  A, Townley SA. Herbal  medicines  and  anaesthesia. Continuing  
Education  in  Anaesthesia, Critical  Care  and  Pain. Vol 11(1),2011:14-17. 

[17] Rajesparan K, Biant LC, Ahmad M, Field RE. The  effect  of  an  
intravenous  bolus  of tranexamic  acid  on  blood  loss  in  total  hip  
replacement. J Bone Joint  Surg Br. 2009 Jun;91(6):776-83. 

[18] Veien M, S∅rensen JV, Madsen F, Juelsgaard P. Tranexamic  acid  given 
intraoperatively  reduces  blood  loss  after  total  knee  replacement: a    

randomized, controlled study. Acta Anaesthesiol Scand. 2002  
Nov;46(10):1206-11. 

[19] Roberts I, Shakur H, Abolabi A, Brohi K, Coats T, Dewan Y etall ( 
CRASH-2  collaborators). Lancet.2011 Mar 26;377(9771):1096-
101,1101.e1-2. 

[20] Stathatos N, Wartofsky L. Perioperative  management  of patients  with  
hypothyroidism. Endocrinol Metab Clin North Am. 2003 Jun;32(2):503-18. 

 

AUTHORS 

First Author – DR. ABHIJIT  S. NAIR.  MD ( Anesthesiology) 
,Consultant  Anesthesiologist,  Department  of  Anesthesiology ,  
Care  Hospitals,  Axon  Anesthesia  Associates, Hyderabad. 
Email:  abhijitnair95@gmail.com 
Second Author – DR. K. SRIPRAKASH. DA,DNB ( 
Anesthesiology ), Consultant  Anesthesiologist, Department  of  
Anesthesiology, Care  Hospitals,  Axon  Anesthesia  Associates, 
Hyderabad. 
Email : sriprakapila@rediffmail.com 
Third Author – DR. ANAND  M.  NIRALE. DA, DNB ( 
Anesthesiology ).Consultant  Anesthesiologist,  Department  of   
Anesthesiology,  Care  Hospitals,  Axon   Anesthesia  Associates, 
Hyderabad. 
Email:  dranandmnirale@yahoo.com 
Third Author – DR. K. BALASUBRAMANYAM. DA, DNB ( 
Anesthesiology ), Consultant  Anesthesiologist,  Department  of   
Anesthesiology ,  Care  Hospitals,  Axon   Anesthesia  
Associates, Hyderabad. 
Email:  balu4u2000@yahoo.co.in 
 
Correspondence Author – DR. ABHIJIT  S. NAIR.  
Consultant  Anesthesiologist,  Department  of  Anesthesiology ,  
Care  Hospitals,  Axon  Anesthesia  Associates,  
Hyderabad- 500034.INDIA. 
Email:  abhijitnair95@gmail.com 
Alternate  Email :  abhijitnair@rediffmail.com 
Contact  number :  +919963180495 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      758 
ISSN 2250-3153  

www.ijsrp.org 

Non Invasive FNIR and FMRI system for Brain Mapping  
Nivedita Daimiwal1,2, Dr.M.Sundhararajan3, Revati Shriram4 

 
1Research Scholar,Sathyabama University,Chennai, INDIA 

2Cummins college of Engg. For Women, Pune 
3Principal,Shri Laxmi Ammal Engineering College,Chennai, INDIA 

4Cummins College of Engg. For Women,Pune, INDIA 
 

 

Abstract- Functional near-infrared spectroscopy (fNIR) is a 
neuroimaging modality that enables continuous, noninvasive, and 
portable monitoring of changes in blood oxygenation and blood 
volume related to human brain function. FNIR can be 
implemented in the form of a wearable and minimally intrusive 
device, it has the capacity to monitor brain activity under real life 
conditions and in everyday environments. The principle 
advantage of optical technique is its noninvasive nature. It 
provides information about functional oxygenation and volume 
changes that are directly comparable to fMRI, but the apparatus 
is much less costly and confining. Optical technique is performed 
in pediatric populations much more easily than fMRI and it can 
be transported to the bedside for clinical evaluations. Because 
NIRS signals are detected several centimeters from the cortex, 
however, the spatial resolution of the technique is low (~1-2 cm). 
Spatial coverage can be increased by using arrays of emitters and 
detectors. Paper proposed a system for measurement of 
haemodynamic response from skull. 
 
Index Terms- Functional MRI (fMRI), fNIR: Functional Near-
Infrared Spectroscopy, Mapping, deoxyhemoglobin (Hbr), 
oxyhemoglobin (HbO2) 

I. INTRODUCTION 

euroimaging techniques such as functional magnetic 
resonance imaging (fMRI) and positron emission 

tomography (PET) have been widely used to image brain 
functions in humans. These techniques have greatly increased 
our knowledge about the neural circuits that underlie cognitive 
and emotional processes [1,2]. However, each of these 
neuroimaging technologies has both strengths and limitations. 
fMRI is noninvasive and has excellent spatial resolution, but is 
also expensive, highly sensitive to motion artifact, confines the 
participants to restricted positions inside the magnet, is difficult 
to integrate with other imaging modalities [such as 
electroencephalogram (EEG)], and exposes participants to loud 
noises. PET also requires a restricted range of motion and 
confinement, and requires the injection of radioactive materials. 
These characteristics make these imaging modalities unsuitable 
for many uses, including use with children, the elicitation of 
positive affect, and the monitoring of ongoing cognitive activity 
under routine working conditions. 
    Optical imaging of intrinsic signals maps the brain by 
measuring intrinsic activity related changes in tissue reflectance. 
Functional physiological changes such as increases in blood 
volume, hemoglobin oxymetry changes result in intrinsic tissue 
reflectance changes that are exploited to map functional brain 

activity. Optical imaging of intrinsic signals do not directly 
measure neuronal activity. Instead they detect activity related 
changes in perfusion and metabolism, such as increases in 
cerebral blood flow and changes in hemoglobin oxygenation.  

II. THEORY 

A. fMRI :Functional Magnetic Resonance Imaging 

    The Functional Magnetic Resonance Imaging (fMRI) is used 
to examine the anatomy of the brain. It can detect precisely 
which part of the brain is handling critical functions such as 
thought, speech, movement and sensation,which is called brain 
mapping. It is used to assess the effects of stroke, trauma or 
degenerative disease (such as Alzheimer's) on brain function. 
fMRI uses the same machine as in MRI and same approach with 
the difference that rather than designing it to look at the static 
structure of the brain it is designed to look at the flow of blood in 
the brain. It is also used to measure the velocity of the blood 
movement in the brain since blood contains a lot of water and 
moves through the blood vessels. It can also differentiate 
between the saturated blood with oxygen and unsaturated blood 
[3]. The images taken in fMRI technique are not high resolution 
images compared to MRI images. The reason is that fMRI 
technique is mainly concerned to measure the change of blood 
oxygen content with time so we capture different images at 
different intervals. Since we cannot wait longer for an image the 
resolution is not high compared to static images in MRI. Figure. 
1 shows the fMRI image where it shows the active areas of the 
brain at different time intervals. When the subject is made to 
listen to a single speech like Spanish the active region in the 
brain will be different from the region if subject listen mixed 
speech like Spanish and French together. Therefore, fMRI can be 
used to study psychological response to identify different active 
regions in brain for different tasks [4-5]. This technique has a 
high spatial resolution but poor temporal resolution. 
    Full human functional brain imaging requires techniques for 
studying both cerebral hemodynamic and neuronal responses to 
stimulation. Blood oxygenation level dependent (BOLD) 
functional magnetic resonance imaging (fMRI) studies have 
become one of the most important methods of investigating 
hemodynamics in human brain since they provide high-
resolution images associated with multiple physiological 
parameters closely related to cerebral activity [7,8]. BOLD fMRI 
studies also suffer from relatively low temporal resolution 
dictated by the hemodynamic response, and this makes it difficult 
to study the fast response of neuronal activity. In contrast, near-
infrared spectroscopy (NIRS) not only provides direct 
measurement of changes in oxy- and deoxyhemoglobin 

N
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concentrations (the so-called “slow” signal), but also provides 
information regarding neuronal responses (the “fast” signal) by 
measuring changes in the light scattering coefficient [9] on a 
 

 
 

Figure 1: Functional Magnetic Resonance Image of brain [6] 
 
timescale of the order of milliseconds. Previous studies have 
demonstrated that the integration of fMRI and NIRS can 
uncouple the contributions due to blood flow and 
deoxyhemoglobin concentrations to the BOLD signal [10,11]. 
However, NIRS is not a true imaging technique in the sense that 
its achievable spatial resolution is essentially the source-detector 
distance, typically 1-3 cm laterally and worse longitudinally [12]. 

B. fNIR: Functional Near-Infrared Spectroscopy 

    NIRS is a non-invasive optical technique for assessment of 
functional activity in the human brain. The technique uses an 
optical window (630–1300 nm), in the NIR light spectrum 
[13].Light can penetrate the cranium and reach sufficient depth 
[14] to allow investigation of the metabolism in the cerebral 
cortex [13]. NIR light, which invades tissue at a particular place 
at the head, interacts with the tissue in several ways. The beam 
becomes diffuse through photon scattering in the tissue. 
Scattered photons follow a random path through the tissue, 
resulting in partial absorption of these photons [e.g., through 
chromophores such as deoxyhemoglobin (Hbr) and 
oxyhemoglobin (HbO2)]. Another part is reflected back and 
leaves the head several centimeters away from the source 
location [14].These changes, such as increased or decreased 
blood flow and changes in tissue oxidation, are associated with 
brain activity and modify the tissue characteristics. This means 
that the absorption and scattering of photons change and hence 
affect the detected light. Therefore, a qualitative measure of brain 
activity can be obtained. 

C. Major Components of Optical Signals 

• Blood volume changes: Signals  measured at 570nm 
originates primarily from blood volume changes 

• Hemoglobin oxymetry changes: Intrinsic signals in the 
600 to 630 nm range reminiscent of the changes 
expected in deoxyhemoglobin concentrations. 

• Light scattering: at longer wavelength  
 
Figure 2 shows the Hemoglobin absorption curves. 
 

 
Figure 2: Hemoglobin Absorption Curves [16] 

 
    Optical intrinsic signal imaging relies on changes in cortical 
light reflectance produced by the hemodynamic response. The 
most important absorber in the visible spectrum is hemoglobin 
(Hb). Because oxy- (HbO2) and deoxyhemoglobin (Hbr) absorb 
light differentially, FNIR is wavelength dependent. By selecting 
different imaging wavelengths, different aspects of the 
hemodynamic response can be assessed. Both Hb species absorb 
equally at isosbestic points (549, 569 nm), so reflectance changes 
at these wavelengths emphasize changes in total Hb, a measure 
of blood volume. The increased absorbance of deoxyhemoglobin 
in the 605-630 nm range permits estimation of oxygenation 
changes by imaging in this range.[16] 

III. TECHNICAL APPROACHES FOR FNIR 

    Typically, an fNIR apparatus consists of a light source by 
which tissue is radiated and a light detector that receives light 
after it has interacted with the tissue. According to the modified 
Beer-Lambert Law [15], the light intensity after the photons have 
interacted with the biological tissue is expressed by the equation: 
Α= ε x c x d 
Α= Light attenuation  
ε = Extinction coefficient  
c = Concentration of absorbing molecule 
d = Distance between light source and detector 
    In a typical transcranial study of the human  brain ,the mean 
path length of light is about six times as long as the distance 
between sender and receiver. In order to account for the longer 
path length, in modified Beer-Lambert Law (B) is introduced. 
G is also introduced because the detector cannot differentiate 
between the loss due to absorption and that due to scatter. 
Modified Beer Lambert Law 
Α= ε x c x d x B +G 
Assuming B and G constant 
∆Α= ε x ∆ c x d x B 
An equation frequently used for the assessment of concentration 
changes. 
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Using the modified Beer-Lambert law and fNIR measurements 
performed at two different wavelengths within the near infrared 
light range and at different times, the relative changes in the 
concentrations of deoxy- and oxy-Hb can be obtained. Using this 
technique, several types of brain function have been assessed, 
including motor and visual activation, auditory stimulation and 
performance of various cognitive tasks. 

IV. SYSTEM OVERVIEW 

    Near infrared studies may be performed either in transmission 
or in reflection mode. When the diameter of the object is small 
e.g. forearm or neonate’s head transmission of nearinfraded light 
through the sample is feasible. 
Larger object reflection mode is used. Studies on the adult brain 
can be performed by pacing the light source and detector on the 
same side at a distance of 3-6 cm as shown in the figure 3. 

 
Figure 3: System Block Diagram 

 
The sensor consist of two light source and one detector . The 
sensor is placed on the cranial mask. The NIR light source 
consist of two wavelength for oxy- (HbO2) and 
deoxyhemoglobin (Hbr) absorb light differentially and are time 
multiplex.   
    Detector is a NIR detector which should detect  both the 
wavelength. Amplification of the signal is done with the help of 
amplifier. And signal for the two wavelengths has to observe on 
the DSO. 

V. ASSESSMENT OF PHYSIOLOGICAL PARAMETER 

    Brain tissue concentration changes in oxy-Hb and deoxy-Hb. 
Dominate the optical changes evoked by brain activity. The 
typical behavior of  oxy-Hb and deoxy-Hb with brain activity 
consist of increase in oxy-Hb and a decrease in deoxy-Hb. these 
concentration caused by a focal blood flow increase. This pattern 
has been observed shown in figure 4 

 
Figure 4: functional activation with NIRS [16] 

VI. CONCLUSION 

    fMRI is a non invasive method for investigating the structure 
and function of the brain. The activation sites in fMRI maps 
represent areas with significantly higher hemodynamic changes 
than the control. For the motor activity measure the FMRI signal. 
The image shows the activation in the respective lobe. For the 
same motor activity and by using the proposed fNIR system 
detect the haemodynamic response. Compare the fNIR and fMRI 
haemodynamic response. 
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I. INTRODUCTION AND STATEMENT OF RESULTS 

he following result known as the Enestrom –Kakeya Theorem [3] is well-known in the theory of the distribution of zeros of 
polynomials: 

Theorem A: Let 
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=
n

j

j

j zazP
0

)(
 be  a polynomial of degree n whose coefficients satisfy 

                                 
0...... 011 >≥≥≥≥ − aaaa nn . 

Then P(z) has all its zeros in the closed unit disk 
1≤z

. 
In the literature there exist several generalizations and extensions of this result .Recently, Y. Choo [1] proved the following results: 
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Theorem C: Let 
∑
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j
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)(
 be a polynomial of degree n with jja α=)Re(
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In this paper we generalize the above results with less restrictive conditions on the coefficients. In fact, we prove the following results: 
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Remark 1: Taking ,1,0 == µρ Theorem 1 reduces to Theorem B. 

Taking 0=ρ , Theorem 1 gives the following result: 
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Remark 2: Taking ,1,0 == µρ Theorem 2  reduces to Theorem C. 

Taking 0=ρ , Theorem 2 gives the following result:  
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Remark 3: Taking ,1,0 == µρ Theorem  4  reduces to Theorem D. 

Taking 0=ρ , Theorem 3 gives the following result:  
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II. LEMMAS 

 
For the proofs of the above results , we need the following result: 

Lemma 1: Let P(z)=
∑

=

n

j
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j za
0  be a polynomial of degree n with complex coefficients such that 
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The proof of lemma 1 follows from a lemma due to Govil and Rahman [2].  
 

III. PROOFS OF THE THEOREMS 

Proof of Theorem 1: We first prove that 1K >1 and 2K >1. 
Let  

                11
1

1 )( γδ −−= + kk
KKKf

. 

To prove 1K >1, it suffices to prove that .0)1(1 <f  

If 
,1 knkn aa −−− >
then one of the following four cases happens: 

(a)    
011 >>≥ −−−+− knknkn aaa

  and  1>λ . 

(b)    knknkn aaa −−−+− >≥≥ 011    and 0≤λ .      
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(c)    knknkn aaa −−−+− >≥≥ 11 0
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Proof of Theorem 3: Consider the polynomial 
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and thus all the zeros of F(z )and hence P(z) with modulus greater than 1  lie in the disk 2Kz ≤
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It is easy to see that 12 >K  and all the zeros of P(z) with modulus less than or equal to 1 are already contained in 2Kz ≤
. 

That proves Theorem 3. 
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Abstract In this Paper, the FMS loading problem is solved with 
the bi-criterion objective to minimize the system unbalance and 
maximizing the throughput by the use of artificial neural 
networkin the presence of available machine time and tool slots 
as constraints. The complexity of machine loading Problem in 
FMS is very high due to the different flexibility criteria such as 
part selection, operation allocation and various constraints 
involved such as availability of tool slot and time available on 
machines. This encourages various researchers to apply various 
heuristic techniquesto get optimal/ near optimal solution. 
Artificial Neural Network (ANN), inspired by the structure and 
functional aspects of biological neural networks which is an 
adaptive system changes its structure based on internal and 
external information flow during learning Phase.  In this current 
decade ANN has emerged as one of the important problem 
solving tool for complex engineering problems. Keeping this 
views present research adopted ANN to solve FMS loading 
problem. It gave optimal/near optimal results in less 
computational time. It has also been found simple and naive tool 
for solving loading problems of FMSs. 
 

I. INTRODUCTION 

flexible manufacturing system (FMS) consists of Numerical 
Controlled Machine tools, automated material handling 

system and other production assisted equipment. It is an 
integrated computer-controlled configuration with a supervisory 
computer named as host computer, which has a control over 
production in FMS. Pallets and fixtures are used to reduce the 
set-up times on machines to zero.  The objective of an FMS lies 
in having strategy between large volume of mass production and 
low volume job-shop production.  Therefore Medium volume 
and medium variety production are used in FMS.  The main 
purpose of the FMS is to achieve efficiency of a well-balanced 
transfer line while retaining the flexibility of the job shop 
(Stecke, 1983). There are two types of decision problems 
associated with FMSs: Design problems (machine selection, lay 
out decisions of robots, selection of AGVs and paths etc.) and 
Operational problems (selection of part types, determination of 
production ratio, allocation of resources and loading). The 
machine loading problem is one of the major operational 
problem where decision is to be made regarding part types i.e. 
which part types are selected from a pool of part types and 
assigned to be which machines in order to meet certain specified 
objectives while satisfying the system constraints. 
These objectives are: 
(1) Balancing the machine processing time. 
(2) Minimizing the number of movements. 

(3) Balancing the workloads per machine for a system of groups 
of pooled machines of equal 
sizes. 
(4) Unbalancing the load per machine for a system of groups of 
pooled machines of unequal sizes. 
(5) Filling the tool magazines as densely as possible. 
(6) Maximizing the sum of operation priorities. 
It has been found through various literatures(Stecke and Solberg 
1981, Shanker and Tzen (1985),Shanker and Srinivasulu 
1989,Mukhopadhyay et al. (1991 ,) that multiple objectives have 
been considered while solving the FMS Problem. 
    Numerous authors solved the loading problems with different 
solution methodology Mukhopadhyay et al. (1991) prioritized 
the loading of machine tools and parts in random FMSs through 
eigenvalue analysis. Mukhopadhyay and Tiwari (1995) solved 
the machine loading problem using the principle of conjoint 
measurement. Mukhopadhyay et al. (1991) prioritized the 
loading of machine tools and parts in random FMSs through 
eigenvalue analysis. The machine loading problem has been 
solved using different solution methodologies, which are given 
as follows: 
(1) Heuristic oriented (Stecke and Solberg 1981,Stecke 1983, 
Mukhopadhyay et al. 1992, Morino and Ding 1993, Chen and 
Chung 1996, Tiwari et al. 1997). 
(2) Simulation based (Jain et al. 1989, Sabuneuogloand 
Hommerzhein 1992, Basnet and Mize1993). 
(3) Multi-criterion decision making (Kumar et al. 
1990, Chen and Askin 1990, Kim and Yano 1997,Sawik 1998). 
(4) Mathematical programming (Stecke 1983, Laskariet al. 1987, 
Shanker and Srinivasulu 1989, Sawik 1990, Liang and Dutta 
1992, 1993,Guerrero et al. 1999). 
Shanker and Tzen (1985) solved the machine loading problem 
with their objectives include balancing workloads and meeting 
due date of part types. Ammons et al. (1985) solved with the bi-
criterion objective of  minimizing workstation and balancing 
workloads. Rajagopalan (1986) solved the machine loading 
problem with other problems inherently found in the planning 
stage, such as job selection and production ratio determination, 
with the aim of achieving better production schedules without 
too many iterations. Mukhopadhyay et al. (1992) and Tiwari et 

al. (1997) made an attempt to solve machine loading with an 
objective of minimizing system unbalance by maximizing 
throughput using heuristic approaches.  
    Although numerous researchers have solved this combinatorial 
problem of FMS with different perception of 
objective/objectives, but it has been observed that majority of the 
authors applied more than one heuristic to solve the same. 
Computer programming was also required by several authors to 
solve the same problem. In the present manufacturing scenario 

A
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decisions are made in short time regarding part types (i.e. which 
part types are to be assigned on which machines and sequence of 
parts) in FMS.   Keeping these views in mind, an attempt has 
been made by authors to solve the same problem with the 
minimum of computational time. The other gap was also 
observed in various literatures about lack of predictive model for 
objectives of loading problem. 
    The objective of this paper is also to develop an ANN based 
predictive model for the solution of machine loading problem, 
which includes a dual objectives of minimizing system unbalance 
and maximizing the throughput in the presence of available 
machine time and tool slots as constraints. These objectives 
ultimately result into maximizing the machine utilization and 
system output. It is revealed by several researchers that SPT 
finds good initial solution for many sequencing problem. 
    In this article, initially SPT rule has been adopted to find the 
fixed part sequence. After that this fixed part sequence is 
perturbed to find 16 more number of sequences by selecting two 
numbers between 1 and number of jobs and interchanging these 
jobs. If tie comes then another new sequence is obtained by 
perturbation. These sixteen part sequences are used for training 
the neural network with back propagation algorithm. Further an 
ANN based predictive model has been developed to solve the 
machine loading problem of FMS. This model can predict the 
dual objectives for any given part sequence in very less span of 
time.  

II. DESCRIPTION OF THE PROBLEM 

    The machine-loading problem of an FMS has been analyzed in 
this paper with multiple machines associated with FMS. It is also 
to be mentioned that for a particular planning horizon part types 
comes at shop floor randomly. Out of two types of FMSs 
(random and dedicated FMS) random FMS has been considered 
in this problem which is capable to perform both optional and 
essential operations. Essential operations have zero machine 
flexibility; however optional operations have machines flexibility 
linearly varying with number of operations. It is customary to 
keep optional operations alive as long as possible in order to 
have more flexibility in the system.  It is quite clear from above 
discussion that optional operations of part types provide 
flexibility in FMS. However selection of part-type sequence 
among given part types adds further flexibility and complexity 
too in an FMS. The complexity of an FMS loading Problem may 
be illustrated with the following example: Consider five parts to 
be processed on three machines. One essential and two optional 
operations are to be processed on each part. Therefore, for this 
problem (5! x3x3x3x2x2x2= 25920) ways of part-operation 
machine allocation is possible. It is quite obvious that as the 
problem size increases this number will increase multiplicatively. 
The optimal/near optimal solution can be achieved in 
conventional fashion if each and every possible part-operation 
machine allocation is evaluated with fulfilling the constraints of 
availability of tool slots on machines. The problem considered in 
this research with the same as of Sarma et. al. 
 
 

Table 1. FMS Loading Problem 

 
 

Part 
number 

 

Batch 
size 

 

Operation 
number 

 

Machine 
number 

 

Unit processing 
time 

 

 
Slots 

 

Total processing 
time 

 

1 
 

10 
 

1 
 

4 
 

16 
 

1 
 

160 
  2 4, 2, 3 7, 7, 7 1, 1, 1 70 
2 13 1 1, 2, 3 25 1 325 
  2 1, 2 17 1 221 
  3 1 24 3 312 
3 14 1 4, 1 26, 26 2, 2 364 
  2 3 11 3 154 
4 7 1 3 24 1 168 
  2 4 19 1 133 
5 9 1 1, 4 25 1 225 
  2 4 25 1 225 
  3 2 22 1 198 
6 8 1 3 20 1 160 
7 9 1 2, 3 22, 22 2, 2 198 
  2 2 25 1 225 

(Problem of FMS loading as of Sarma et. al.) 
 

III. SOLUTION METHODOLOGY 

    As mentioned in earlier section 1 the initial feasible solution is 
obtained through SPT rule. The system unbalance may be 
obtained as ratio of total unutilized time to total available time on 
machine; however throughput is sum of batch sizes for all 
allocated part-types.  After perturbing this solution as mentioned 
in section 1, 14(Fourteen) more number of sequences are 

generated, because most of the authors(Esfahani  et al 2009, 
sangeeta yadav et al 2010) have considered minimum 12-18 
number of data to train successfully the network. These all 
fourteen sequences are used as input for Artificial Neural 
Network for training the network through back propagation Feed 
Forward technique. 
3.1 Artificial Neural Network  

Artificial neural network simulates the learning activities of the 
brain based on the operation of biological neural network. 
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(Sangeeta yadav et al. 2010). It is a nonlinear algorithm that is 
used to model the process parameters. This algorithm can be 
applied to find relationship between process parameters and 
outcome, when no analytical relationship exists between them.  It 
does aggregation of its input from other neurons or the external 
environment and generation of an output from the aggregated 
inputs. . Modern neural networks are non-linear statistical data 
modeling tools. They are usually used to model complex 
relationships between inputs and outputs or to find patterns in 
data. ANN is suitable for correlations that are hard to describe by 
physical model because of the ability to learn by example and to 
recognize patterns (Examine patterns from their background, and 
make decisions about the categories of the patterns) in a series of 
input and output values from examples and cases. 
3.2 Neural Network Structure 
The basic element of an artificial neural network is the 
processing neuron that is a computational model inspired in the 
Natural Neurons of the human brain. Natural Neurons receive 
signals through synapses located on the dendrites or membrane 
of the neuron. When the signals received are strong enough 
(surpass a certain threshold), the neuron is activated and emits a 
signal though axon (Neural Network for beginners, Gershenson, 
C.,2011). Input data is received by neuron and after the values 
passes through activation function to produce the output value. 
Information is received and stored at each neuron in an input 
layer of network and communicated after processing to the 
neurons in a next layer. 
3.3 Learning of ANN 
There are two main methods for learning the ANN. In the 
supervised learning input and output information is provided to 
adjust the weights in such a way that the network can produce the 
given outputs from the inputs. In unsupervised learning, the 
network is fed only input data to produce the output data.  
3.4 Feed Forward Back Propagation Neural Network (BPNN) 

Back propagation (BP) is the commonly used training method for 
FFNN model among the various kinds of ANNs especially in 
casting and manufacturing science problem. Three layers ( Input, 
output and Hidden) are present in feed forward network. BPNN 
works in a feed forward direction where information progresses 
from an input layer to an output layer in the learning phase. 
Hidden layer(s) is also available between input and output layer 
to overcome the problem of model. Input, hidden and output 
layers are orderly connected to configure the network (Figure 1). 

Trial and error procedure is used to determine the number of 
hidden layers and the number of neurons in each hidden layer for 
better convergence. The value of error is calculated for each unit, 
after compared the target output with output obtained through 
neural network at output layer. Initially the back propagation 
adjusts the weights of the network to decrease the error between 
the network output and target output for first set of input. 
Similarly the weights from second set onwards are adjusted with 
objective to keep mean square error (MSE) minimum.  
The error reduction phenomenon starts from output layer and 
propagates backward to reach at input layer via. hidden layer. 
The traingdm function with varying momentum and learning rate 
were considered.  
3.5Development of ANN model 

There are no fixed rules for designing and developing an ANN, 
however some issues that typically arise while developing ANN 
are briefly summarized as Selection of input and output 
variables, Data normalization, Selection of number of hidden 
layer and number of neurons in each hidden layer, Selection of 
learning rate and momentum factor. Input and output variables 
selection is aimed at determining which input variables are 
required for a model. The task is to determine a set of inputs 
which leads to an optimal model that produces desired outputs. 
Data is normalized between 0 and 1 to smooth the solution space 
and to avoid large numerical error in the computation. Number of 
hidden layer and number of neurons in each hidden layer, 
Selection of learning rate and momentum factor are decided on 
trial and error basis. A number of trails are to be run to get 
suitable values of these parameters to get optimal results. 
3.6 ANN for Present study 

The data of table 2 is used for training the network. Training is 
concerned with adjustment of weights among neurons. In the 
present study input data are job sequence, while the output data 
are system unbalance and throughput. In training Two hidden 
layers with 9 neurons each considered in this Back propagation 
algorithm. Hyperbolic tangent sigmoid (tansig) transfer function 
is used in hidden layer, however linear transfer function (purelin) 
is used at the output layer.   The momentum and learning rate are 
0.8 and 0.35 respectively. The mean squared error was set as 
0.0001. Number of iterations set to be 35000.Training ended 
once the Mean squared error (MSE) was reduced to 0.0001 or the 
number of iterations reached to 35000. 

 

 
 

Fig.1 ANN Architecture for Present Study. 
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IV. RESULTS OBTAINED THROUGH ANN 

    The part types are assigned on various machines through SPT 
procedure for the FMS loading problem given in Table 2.This 
sequence obtained  [6,1,4,7,3,5,2] with system unbalance of 158 
and throughput of 43. Further this sequence is perturbed through 
method given in section. The fourteen (14) numbers of sequences 
and their output results are as in Table 2. It is to be mentioned 
that these sequences outputs (system unbalance and throughput) 

are evaluated with fulfilling all the constraints of the loading 
problem. Artificial Neural network exploits these sequences for 
training the network. On the basis of these trained data ANN 
developed an input-output relationship of its own. This input 
output relationship is able to predict the output values for given 
input sequence. Though number of arbitrary sequences can be 
put as input of this predictive model, only fewer numbers of 
sequences is explored once it has been seen the change in 
sequence offers no better results. 

 
Table 2 (Various Part type Sequences obtained for Training the Network) 

 
Part type sequence System unbalance Through Put 

2,1,4,7,3,5,6  108 39 
6,2,4,7,3,5,1  178 37 
6,1,2,7,3,5,4  299 40 
6,1,4,2,3,5,7  371 38 
6,1,4,7,2,5,3  158 43 
5,1,4,7,3,6,2  158 43 
6,5,4,7,3,1,2  158 43 
5,1,4,7,3,6,2  158 43 
5,1,4,2,3,7,6  233 40 
6,1,4,5,2,7,3  158 43 
7,1,4,5,3,6,2  158 43 
2,1,4,5,6,7,3  371 38 
7,1,4,5,3,2,6  158 43 
6,1,4,2,3,7,5 371 38 

 
 
After training of these sequences through Artificial Neural 
Network, newer set of sequences are generated randomly to 
explore for getting optimal/ near optimal solution.  These 

following given sequences provide reasonably good results over 
other sequences (which are not being reported). 

 
6,1,4,5,3,7,2  62 49 
6,2,4,5,3,7,1  83 42 
2,1,4,5,3,7,6  18 46 

 
 
The sequences which produce best results in terms of minimum 
system balance and maximum throughput are 2,1,4,5,3,7,6 with 
through put. The value of these objective functions is 18 and 46. 
The Artificial neural network has been trained with help of 
Programming in MATLAB. 

V. CONCLUSION 

    The loading problem of FMS environment has been solved 
with the help of Artificial Neural Network.  Previous authors also 
solved the FMS loading problem with other heuristic techniques 
like tabu search, Simulated Annealing and Genetic algorithm. 
The substantial effort was required to solve the problem with the 
se computer programming based techniques. On the other hand 
Artificial Neural Network is naive tool to solve this problem. 
This method also gives second benefit of obtaining a predictive 
model which was lacking in previous techniques. The bi-criterion 
objectives of minimum system unbalance and maximizing the 

throughput are predicted for any part type sequences. These 
benefits may especially be exploited in Dynamic FMS 
environment where some times few part types are required to be 
manufactured in priority. The results of part type sequences can 
also be predicted with ease of placing their values in Artificial 
Neural Network based Model. 
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Abstract- The Government of India liberalization and 
globalization of financial reforms strongly recommended 
operational flexibility and functional autonomy to bank to 
enhance efficiency and productivity along with deregulation in 
interest rates, substantial reduction in statutory reserves and entry 
of new banks in the private sector to engineer and encourage 
competition. In the deregulated, competitive and ever demanding 
customer’s market retaining the existing customer and attracting 
new customer is very important. Customer acceptance and 
customer preference to banks play an important role in the 
success of their functioning. This paper explores the customer 
perception towards service quality attributes among public sector 
banks and private sector banks.    
 
Index Terms- Bank Customer Perception, Service Quality 
Attributes, Banking Services 
 

I. INTRODUCTION 

he Indian banking industry was standardized during the 
period 1900 to 1950. It saw the birth of Reserve Bank of 

India (RBI) and enactment of Banking Regulation Act 1949, 
which empowers the RBI to regulate, supervise and develop 
banking system in India.  The decades of 1950’s and 1960’s 
provided real foundation for Indian banking system which was 
also called as the foundation stage. There was a rapid expansion 
of Indian banking As a result, population  per branch fell 
considerably  from 63,000 in 1969 to20,000 in1980.[1] 
    The entry of new private sector banks and foreign banks 
fuelled more competition in the Indian banking sector. In India 
27 Public Sector Banks, 31 Private Sector Banks, 38 Foreign 
Banks, 196 Regional Rural Banks, 57 Scheduled Urban Co-
operative Banks and 16 Scheduled State Co-Operative banks 
were operating as on March 31, 2008.[2]. Due to branch 
expansion, number of branches in rural, semi urban, urban and in 
metropolitan areas has been increased to 31105, 17897, 15530 
and 14134 respectively and total number of branches is 78666 in 
the year 2008.[3]  These massive expansions of bank branches 
have created competition among banks. 

II. BACKGROUND OF THE STUDY 

    The Government of India started the process of liberalization 
and globalization of economy, especially in the financial sector 
with the setting up of the Committee of Financial Sector reforms 
to make the Indian financial system more competitive and 

vibrant. “Customer service is not merely the fulfillment of 
government guidelines or mechanical adherence to the time 
frames of services. It is a philosophy, an attitude of professional 
commitment which believes in the ultimate satisfaction of 
customers want”.[5] The above statement clearly states that 
customer service is beyond spot transactions.   
    Customers are not homogeneous in their behavioural pattern, 
attitude, needs and expectations. The human perception changes 
from person to person or from individual to individual from time 
to time.   This change in the perception of a customer makes the 
job of satisfying him more challenging. Customer acceptance and 
customer preference to banks play an important role in the 
success of their functioning; hence study in this kind is very 
essential. 

III. OBJECTIVES OF THE STUDY 

Primary Objective: 
• To study the customer perception towards 

Service Quality Attributes (SQA)  between 
Public Sectors Banks and Private Sectors 
Banks. 

Secondary Objective:  
• To examine customers’ opinion about the 

service quality attributes of Public Sectors and 
Private Sectors Banks. 

• To investigate the demographic factors have 
any significant influence on customer 
perception. 

• To find the level of satisfaction of customers 
towards the services and strategies adopted by 
Public Sectors and Private Sectors Banks. 

• To find the significant relationship among 
service quality attributes between Public 
Sectors and Private Sectors Banks. 

• To study the gap towards customer perception 
on SQA between Public Sectors and Private 
Sectors Banks. 

• To find the contribution of service quality 
attributes towards banking services of  Public 
Sectors Banks, Private Sectors Banks and both 
sector banks. 

• To offer the valuable suggestion from the study 
results. 

 

T
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IV. LITERATURE REVIEW 

    A.Abdul Raheem (2005), [7] highlighted the areas in which 
public sector banks need to improve to survive in the competition 
posed by the new entrants in the banking sector.  He pointed out 
that the existing organizational structure and policies of public 
sector banks are ill equipped to meet the new objectives. He 
emphasized that public sector banks should commit themselves 
to provide quality service to survive. 

V. METHODOLOGY 

    The study entitled “Customer Perception towards Services 
Quality Attributes between Public Sector and Private Sector 
Banks in Coimbatore” is carried out in the cotton city which is 
the third largest city in Tamil Nadu.  There are twenty six Public 
Sector Banks functioning in Coimbatore district with one 
hundred and fifty nine branches. Out of which fifty branches 
were selected from State Bank of India, Canara Bank, Indian 
Overseas Bank, Indian Bank and Central Bank which have more 
number of branches in Coimbatore district. There are fifteen 
Private Sector Banks functioning in Coimbatore district with 
ninety three branches. Out of which fifty branches were selected 
from ICICI Bank, HDFC Bank, South Indian Bank, Karur Vysya 
Bank and City Union Bank. Totally five hundred respondents 
were selected which consists of five respondents each from one 
hundred (Public Sector and Private Sector) branches to collect 
primary data through interview schedule by using stratified 
random sampling method.  The main source of data collection is 
questionnaire form which is primary in nature.  Questionnaire 
forms were directly collected from the bank customers and other 
details are collected from the respective banks websites and 
journals. 

VI. DATA ANALYSIS AND INTERPRETATION 

    It is observed from the table 1(a) that 60.23% of the 
respondents of public sector banks are male, 50.43% of the 
respondents belong to 29 – 38 years age group, 53.31% of the 
PSB respondent’s educational qualification is graduation level, 
and 75.50% of the respondents are married. In the private sector 
banks 65.35% of the respondents are male 43.07% of the 
respondents belong to 29 – 38 years age group, 55.94% of the 
respondents are graduates and 69.06% of the respondents are 
married. In both sector banks 64.4% of the respondents are male, 
44.20% of the respondents belong to 29 – 38 years age group, 
53.80% of the respondents belong to under graduation, 73.00% 
of the respondents are married. 
    The table 1(b) shows the PSB classification shows that 33.72% 
of the respondents are doing business/professionals, 40.35% of 
the respondents have monthly income of below Rs.20000 and 
31.41% of the respondents have monthly savings below Rs.5000. 
The RSB classification shows that 33.17% of the respondents are 
doing business/professionals, 43.81% of the respondents have 
monthly income of         Rs.20000 – Rs.40000 and 34.41% of the 
respondents have monthly savings of below Rs.5000. Both sector 
classification shows that 33.20% of the respondents are doing 
business/professionals, 42.40% of the respondents earn monthly 
income of Rs.20000 – Rs.40000 and 33.40% of the respondents 
have monthly savings of below Rs.5000. 
Correlation between Service Qualities 
Hypothesis: Is there any significant relationship among the 

service quality dimensions in public sector banks. 

 
Table 2: Correlation between Service Quality factors in Public Sector Banks 

 

Correlation -  
PSB 
Service Quality 
Attributes 

In
fr

as
tr

uc
tu

re
 

C
us

to
m

er
 c

ar
e 

T
ec

hn
ic

al
 

T
ra

ns
ac

ti
on

 

P
ro

ce
du

ra
l 

Se
cu

ri
ty

  

Infrastructural 1 0.021 
[0.70] 

0.032 
[0.55] 

0.093 
[0.09] 

-
0.022 
[0.68] 

0.008 
[0.88] 

Customer 
care 

  1 -0.067 
[0.21] 

0.014 
[0.80] 

-
0.030 
[0.58] 

0.045 
[0.40] 

Technology     1 -0.010 
[0.85] 

0.019 
[0.72] 

-0.052 
[0.33] 

Transactional       1 0.047 
[0.38] 

-0.006 
[0.91] 

Procedural         1 
-0.009 
[0.87] 

Security            1 

P-values are given in square brackets. Significant (P≤ 0.05) 
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It is inferred from the table 2 that correlation analysis is 
performed on service quality dimensions considered for this 
study. It is concluded that the service quality dimensions in the 
public sector bank are independent and it does not have 
significant relationship with other dimensions. This result is 
favour to the public sector bank, which means that service 
quality attributes are independent. Poor performance of any 

service quality attributes does not make sensitive on another 
attribute. Since the banking transactions are playing vital role in 
the business world, the customers are adjusted on the 
performance delay. 
Hypothesis: Is there any significant relationship among the 

service quality dimensions in private sector bank. 

 
Table 3: Correlation between Service Quality factors in Private Sector Banks 

 

Correlation – 
RSB 
Service Quality 
Attributes 

In
fr

as
tr

uc
tu

r
e C

us
to

m
er

 
ca

re
 

T
ec

hn
ic

al
 

T
ra

ns
ac

ti
on

 

P
ro

ce
du

ra
l 

Se
cu

ri
ty

  

Infrastructural 1 0.012 
[0.81] 

-0.049 
[0.33] 

0.027 
[0.58] 

-0.011 
[0.82] 

0.008 
[0.87] 

Customer care   1 
0.077 
[0.12] 

0.062 
[0.21] 

0.020 
[0.68] 

0.078 
[-0.12] 

Technology     1 
0.159 
[0.00] 

0.261 
[0.00] 

-0.069 
[0.17] 

Transactional       1 
0.091 
[0.07] 

-0.073 
[0.17] 

Procedural         1 
-0.038 
[0.45] 

Security            1 

P-values are given in square brackets. Significant (P≤ 0.05) 
 
The table 3 shows the correlation analysis performed on service 
quality dimensions of RSB.  It is confirmed that 
technology based service quality, has found a significant 
relationship with transactional and procedural service quality in 
private sector banks (RSB). The result is meaningful and the 
performance of technology based service quality reflects in 

transactional and procedural service quality. Hence, RSB can 
look smart and work faster than PSBs. It is noted that many PSBs 
are not enabling complete net banking services. 
Hypothesis: Is there any significant relationship among the 

service quality dimensions among both sector bank respondents. 

 
Table 4: Correlation between Service Quality vs Both Sector Banks 

 

Correlation – Both 
Sector 
Service Quality 
Attributes 

In
fr

as
tr

uc
tu

re
 

C
us

to
m

er
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ar
e 

T
ec

hn
ic

al
 

T
ra

ns
ac

ti
on

 

P
ro

ce
du

ra
l 

Se
cu

ri
ty

  

Infrastructural 1 
0.018 
[0.69] 

-0.025 
[0.58] 

0.036 
[0.43] 

-0.024 
[0.59] 

0.035 
[0.44] 

Customer care   1 
0.048 
[0.28] 

0.066 
[0.14] 

0.045 
[0.32] 

0.059 
[0.18] 

Technology     1 
0.141 
[0.00] 

0.207 
[0.00] 

-0.076 
[0.09] 

Transactional       1 
0.088 
[0.05] 

-0.043 
[0.34] 
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Procedural         1 
-0.045 
[0.31] 

Security            1 

P-values are given in square brackets. Significant (P≤ 0.05) 
 
It is observed from the table 4 that the correlation analysis is 
performed between service quality dimensions of both sector 
bank respondents the technology based service quality has 
significant relationship with transactional and procedural service 
quality. The recent scenario evident that majority of the banks 

implemented core banking solution and improved themselves as 
technology driven banking. It implies that if any problem arises 
in technology based service quality it may affect the transactional 
service quality and procedural service quality. 
Gap Analysis – Nature of the Bank versus Service Quality 

 
Table 5: Gap Analysis – Nature of the Bank vs. Service Quality 

 

Service Quality CAT N Mean SD t-value p-value S/NS 

Infrastructure 
Public 347 30.88 3.03 

-0.299 0.765 NS 
Private 404 30.95 3.05 

Customer care 
Public 347 22.59 2.86 

1.924 0.055 NS 
Private 404 22.19 2.83 

Technical 
Public 347 28.90 3.84 

6.328 0.001 S 
Private 404 27.00 4.32 

Transaction 
Public 347 32.95 3.69 

3.342 0.001 S 
Private 404 32.05 3.64 

Procedural 
Public 347 27.78 3.52 

3.436 0.001 S 
Private 404 26.90 3.50 

Security  
Public 347 15.82 2.13 

-0.706 0.480 NS 
Private 404 15.93 2.12 

Significant (P≤ 0.05) 
 
It is inferred from the table 5 that according to t-test, the t-value 
of infrastructure is -0.299 and p-value is 0.765, t-value of 
customer care service is 1.924 and p-value is 0.055, t-value of 
security service quality is -0.706 and p-value is 0.480 which is 
greater than the level of significance. Hence it is not significant. 
The t-value of the technical service is 6.328 and p-value is 0.001, 
t-value of transactional service is 3.342 and p-value is 0.001, and 

the t-value of procedural service is 3.436 and 0.001 which is less 
then level of significance. Hence there is significant difference in 
the customer perception towards service quality attributes such as 
technical, transactional and procedural services of public sector 
banks and private sector banks. 
Gap Analysis- Nature of the Bank versus Total Service 
Quality 

 
 

Table 6: Gap Analysis – Nature of the Bank vs. Total Service Quality 
 

  
Service Quality 

CAT N Mean SD t-value p-value S/NS 

Public 347 158.92 8.04 
6.200 0.001 S 

Private 404 155.01 9.06 

 
    It is inferred from the table 6 that the mean level of 
agreeability towards service quality of the public sector banks is 
158.92 and standard deviation is 8.04, and mean value of private 
sector bank is 155.01 and standard deviation is 9.06. According 
to t-test, the t-value is 6.200 and p-value is 0.001, which is less 

then level of significance. Hence there is a significant difference 
in the customer perception towards total service quality among 
public sector banks and private sector banks. 
MULTIPLE REGRESSION ANALYSIS 
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Table 7: Regression – Service Quality Attributes 
 

Service Quality 
Public Private Both Sector 

R R2 IV R R2 IV R R2 IV 

Infrastructural 0.44 0.19 19.00 0.32 0.11 11.00 0.30 0.09 9.00 

Customer care 0.54 0.30 11.00 0.52 0.27 16.00 0.45 0.20 11.00 

Technology 0.72 0.51 21.00 0.81 0.65 38.00 0.77 0.59 39.00 

Transactional 0.86 0.74 23.00 0.90 0.81 16.00 0.85 0.73 14.00 

Procedural 0.96 0.93 19.00 0.97 0.95 14.00 0.92 0.85 12.00 

Security  1.00 1.00 7.00 1.00 1.00 5.00 0.95 0.89 4.00 

IV – Incremental Value in percent 
 
It is evident from the table 7 that the regression analysis is 
performed to found the contribution of service quality attributes 
among the PSB, RSB and both sector banks. It is concluded from 
the regression analysis that comparing the Public sector and 
private sector banks’ service quality, RSB has high contribution 
of 38% in technology based service quality and PSB has high 
contribution of 23% in transactional service quality. It can be 
inferred from the both sector bank respondents that high 
contribution of 39% in technology based service quality. This 
result again confirms that the recent banking industry is mostly 
relying on technology.  

VII. CONCLUSION 

    The public sector banks hold over 75% of total assets of the 
banking industry, with the private and foreign banks holding 
18.2% and 6.5% respectively.[9]  Since liberalization, the 
government has approved significant banking reforms. While 
some of these relate to nationalized banks (like encouraging 
mergers, reducing government interference and increasing 
profitability and competitiveness), other reforms have opened up 
the banking and insurance sectors to private and foreign 
players.[10][11] The new reform policy shook the Banking 
sector in India completely. The new wave ushered in a modern 
outlook and tech-savvy methods of working for traditional banks. 

All this led to the retail boom in India. People not just demanded 
more from their banks but also received more.  
    The effect of modernization of banking industry provides lots 
of new features to enhance the existing service quality of the 
bankers. In this paper we investigated the customer perception 
towards service qualities of bankers. We have introduced six 
dimensions to measure the service quality called Service Quality 
Attributes (SQA). This SQA is analyzed in different perspectives 
among Public Sector Banks (PSBs) and Private Sector Banks 
(RSBs). The first analysis tested the dimensional relationship 
within bank; the result shows that the PSBs have not found any 
significant relationship among dimensions. But RSBs have found 
technology has significant relationship with transactional and 
procedural service qualities. Another instance shows that there is 
a significant difference found on technical, transactional and 
procedural service qualities between PSBs and RSBs. Hence, the 
total service quality has found significant difference between 
PSBs and RSBs. The next analysis was to test the contribution of 
service qualities among selected banking sectors. In PSBs, 
transactional service quality has contributed highest part and in 
RSBs, technology service quality has contributed highest part. In 
general, we can conclude that technology based service quality 
has highest contribution over other dimensions.  

 
Table 1(a): Demographic Factors 

 

Demographic Factors 
PSB RSB Both Sector 

Res Percent Res Percent Res Percent 

G
en

de
r 

Male 209 60.23 264 65.35 322 64.40 

Female 138 39.77 140 34.65 178 35.60 

Total 347 100.00 404 100.00 500 100.00 

A
ge

 

19 – 28 years 15 4.32 30 7.43 31 6.20 

29 - 38 years 175 50.43 174 43.07 221 44.20 
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39 - 48 years 99 28.53 109 26.98 138 27.60 

49 - 58 years 11 3.17 42 10.40 44 8.80 

Above 58 years 47 13.54 49 12.13 66 13.20 

Total 347 100.00 404 100.00 500 100.00 

E
du

ca
ti

on
al

 
Q

ua
lif

ic
at

io
n 

School Level 32 9.22 69 17.08 71 14.20 

Graduation Level 185 53.31 226 55.94 269 53.80 

Post Graduation 80 23.05 78 19.31 110 22.00 

Others 50 14.41 31 7.67 50 10.00 

Total 347 100.00 404 100.00 500 100.00 

M
ar

it
al

 
St

at
us

 

Married 262 75.50 279 69.06 365 73.00 

Unmarried 85 24.50 125 30.94 135 27.00 

Total 347 100.00 404 100.00 500 100.00 

Res = No. of Respondents 
 
 

Table 1(b): Demographic Factors 
 

Demographic Factors 
PSB RSB Both Sector 

Res Percent Res Percent Res Percent 

O
cc

up
at

io
n 

Agriculture 11 3.17 22 5.45 28 5.60 

Business/ Professional 117 33.72 134 33.17 166 33.20 

Employed 102 29.39 122 30.20 149 29.80 

Student 44 12.68 33 8.17 47 9.40 

Retired 19 5.48 51 12.62 56 11.20 

Others 54 15.56 42 10.40 54 10.80 

Total 347 100.00 404 100.00 500 100.00 

M
on

th
ly

  
In

co
m

e 

Below Rs.20000 140 40.35 127 31.44 167 33.40 

Rs.20000 - Rs.40000 138 39.77 177 43.81 212 42.40 

Above Rs.40000 69 19.88 100 24.75 121 24.20 

Total 347 100.00 404 100.00 500 100.00 

M
on

th
ly

 S
av

in
gs

 

Below Rs.5000 109 31.41 139 34.41 167 33.40 

Rs.5000 - Rs.10000 77 22.19 101 25.00 118 23.60 

Rs.10000 - Rs.15000 83 23.92 90 22.28 114 22.80 

Above Rs.15000 78 22.48 74 18.32 101 20.20 

Total 347 100.00 404 100.00 500 100.00 

Res = No. of Respondents 
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Abstract- Cloud computing enables on-demand access to shared 
resources. It lets to use files and applications over the internet. 
This technology uses both the internet and the central servers to 
maintain data and resources. Many organizations uses cloud 
computing services to outsource their data into cloud 
environment for location independent resource pooling, elasticity 
and usage-based pricing. Since more enterprises store their 
private data on the cloud storage, privacy and security become 
major concern. One of the most challenging problem in Cloud 
computing is about the security of the outsourced data which is 
mainly handled by untrusted parties. This paper surveyed 
different types of techniques used to enhance the security of data 
stored in cloud environment and compare those techniques.   
 
Index Terms- Cloud computing, Data outsourcing, Data access 
control, Privacy, Security. 

I. INTRODUCTION 

loud computing relies on sharing computing resources rather 
than having local servers to handle applications for a 

particular organization or individuals. Since there is no 
infrastructure investment needs, the expand or shrink resources 
based on demand, payment based on usage makes it popular 
among various technologies. Many enterprises look for these 
benefits to be utilized to maximum extend. Cloud service makes 
it possible to access information from anywhere at any time. 
Cloud computing uses networks of large groups of servers 
typically low-rate consumer PC technology, spread data 
processing with specialized connections. 
    The virtualization techniques maximize the power of cloud 
computing. Using this concept, cloud computing can also 
supports heterogeneous resources and flexibility is achieved. The 
flexibility of cloud computing is a function of allocation of 
resources on demand. Cloud computing also allows immediate 
scaling. Cloud computing is a comprehensive solution that 
delivers IT as a service. It is an internet based solution for 
computing resources. Data stored in cloud storage is considered 
as data outsourcing. This data is managed by cloud service 
providers which is an external party. Cloud services provide a 
cost effective management of resources, more and more 
enterprises utilizes this benefit. Since cloud storage is managed 
by external parties, they cannot be trusted fully. Here security 
and privacy becomes a major concern. 
    The cloud security involves restricting access to authorized 
users, maintaining the integrity of data and ensuring the 
availability of data and services. Mainly the security includes 
confidentiality, integrity and availability. By moving storage, 
applications, other IT infrastructure and services to the cloud, 
results in increased reliability and flexibility, with low costs but 
the information security is a major problem. For the security of 

outsourced data generally the data is stored in encrypted form so 
that only authorized users can access data. 
    The objective of this paper is to focus mainly on various 
cryptographic key management for security. The remaining 
portion of the paper is organized like this. Section II presents the 
key concepts of this paper. Section III presents existing workflow 
scheduling algorithms and section IV concludes the paper with 
summary. 

II. KEY CONCEPTS 

    The main concepts dealing in this paper are cloud computing 
and cryptographic key management for security. Cloud 
computing is a technology that delivers on demand access to 
shared resources over the internet. With the storage of data in 
cloud a customer can reduce their burden to maintain the 
infrastructure for housing the data. But this cannot ensure the 
security of data in the cloud environment. The data stored in a 
cloud should be secure enough so that more enterprise can rely 
on this technology. Confidentiality and privacy are the most 
important factors related to security. Any organization can 
depend on cloud service providers in order to keep their data, 
thereby reduce the cost. If a cloud provider can provide 
maximum security to the data of their customers, they can catch 
the attention of more people. Even the customer should also have 
some control over the security of their data stored in the cloud 
environment. The major issue concerned with the data stored in 
the cloud is the security of the data. If the outsourced data in the 
cloud environment is managed by multiple outsources having 
different access rights then the security of the data stored in 
cloud storage become more challenging. 
C. Cloud computing 

A cloud makes it possible to access information from anywhere 
in the world at any time provided internet connection should be 
available. It is a type of parallel and distributed system consisting 
of a collection of interconnected and virtualized computers that 
are dynamically provisioned and represented as one or more 
unified computing resources based on service level agreements 
established through negotiation between the service providers 
and consumers. There are different types of cloud depending on 
needs. This includes private cloud, public cloud, community 
cloud and hybrid cloud. Public cloud can be accessed using 
internet connection by any subscriber. Google and Microsoft 
provide public cloud. A private cloud is build for specific group 
or oraganisation with access limited to that group. Community 
cloud is shared among organization with similar cloud 
requirements. Hybrid cloud is a combination of atleast any of 
two cloud type.  
    According to the type of services provided cloud computing is 
classified into three: Software as a Service (SaaS); Platform as a 
Service (PaaS); and Infrastructure as a Service (IaaS). These are 

C
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the service models. IaaS Clouds, example Amazon, provide 
virtualized hardware and storage where the users can deploy their 
own applications and services. PaaS Clouds, like Microsoft 
Azure, provides an application development environment for 
users which help them to implement and run applications on the 
Cloud. According SaaS cloud there are two types of Cloud, 
which delivers software applications to the users. The first group 
offers the entire application as a service to the end users, which is 
used without any changes or customization. Examples of these 
types of clouds are Google office automation service, like 
Google Document or Google Calendar. The second group 
provides on-demand web services to the users, which can be used 
to build more complex applications.  
D. Security in cloud 

The information stored in the cloud owns by some other person 
or organization other than the cloud owner. The data stored in the 
cloud may be valuable, so it should be secure enough so that no 
one could have access to these data other than the authorized 
person. The data stored in a cloud environment is handled by 
external parties so it can be called as outsourced data. The data 
are stored in such a way so as to make it independent of 
geographic location, to reduce the cost to maintain the 
requirements for storage like hardware and software. The main 
advantage over the cloud is the usage based pricing and the ready 
availability of the resources without even care about its 
maintenance. But since everything have its own pros and cons, 
cloud too have some cons. The main difficulty is with the 
security and privacy of the data stored on the cloud environment. 
The data in a cloud are handled by untrusted parties which may 
result in insecurity of data. In order to solve this problem one 
have to take measures to make the data secure. There exist many 
security measures for the data stored on cloud.  

III. EXISTING SECURITY MEASURE FOR DATA STORAGE IN 

CLOUD 

    The following are some of the techniques that are         
currently present in clouds and are summarized         .  

7. A robust single server solution for remote querying of 
encrypted database on untrusted servers is presented by 
Damini E [1, 2]. It uses indexing approach. Here 
indexing information will be attached with encrypted 
database, which is used by server to select data to be 
returned in response to a query without revealing the 
contents in database. The indexes balance the trade-off 
between query execution efficiency requirements and 
protection requirements due to inference attack 

exploiting indexing information. It also investigates 
quantitative measures to model inference exposure. 

8. Atallah MJ [4, 5] proposed a solution to the key 
management hierarchies by the following properties: 
space complexity of public information is same as 
storing the hierarchy; the private information in a class 
have single key associated with that class; updates are 
handled locally in hierarchy; the scheme is strong 
against collusion; each node derive key of descendant. 
In addition provided a technique for reducing distance 
between nodes for faster key derivation. 

9. Two layer of encryption imposed on data is another 
approach to protect the data. The owner imposes the 
inner layer for initial protection. The server imposes the 
outer layer for policy modifications. This two layer 
protection provides efficient and robust solution. Thus 
an approach for policy evolution takes into account the 
main feature and guarantee confidentiality of 
information in the presence of significant policy 
updates, identifies the exposure to collusion when risk 
arise. Di Vimercati [6, 7] presented this technique for 
the data security. 

10. Wallner [8] proposed another approach which focuses 
on two main areas of concern with respect to key 
management: initializing multicast group with common 
net key and rekeying the multicast group. The important 
feature regarding multicast key management is to 
identify a technique. This technique allows for secure 
compromise recovery, and it is robust against collusion 
of excluded users. This technique maximizes the 
number of transmissions required to rekey the multicast 
group and imposes minimal storage requirements on the 
multicast group.   

11. A novel solution to scalability problem of 
group/multicast key management is proposed by Wong 
[9]. Here secure group is formalized as a triple (U, K, R) 
where U indicates a set of users, K denotes set of keys 
held by the users, and R is the user-key relation. Then 
introduce key graphs to specify secure groups. A special 
class of key graphs, present three strategies for securely 
distributing rekeys messages after a join/leave, and 
specifies protocols for joining and leaving as a secure 
group. These are implemented in a prototype group key 
server built and it presents measurement results from 
experiments, thereby shows group key management.  

 
Table 1 Existing approaches comparison 

  
Approach Merits DeMerits 

Dynamic and efficient key 
management for access 
hierarchies. 

Updates are handled locally A 
single key associated with a node. 

With parent node key, child would 
be known. 

Balancing confidentiality and 
efficiency in untrusted relational 
DBMSS. 

Indexing for easy access. Extra space required for index 
table. 

Efficient key management for 
enforcing access control in 

Key derivation graph. 
Minimizes the total number of keys. 

Maintain graph Problem. 
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outsourced scenarios. 
A data outsourcing architecture 
combining cryptography and 
access control. 

Combination of access control and 
cryptography 

Over encryption 

Preserving confidentiality of 
security policies in data 
outsourcing. 

Privacy of the tokens published in 
the public catalogue. 

Encryption layer to the catalog 
required. 

Secure integration of asymmetric 
and symmetric encryption 
schemes. 

Uses both asymmetric and 
symmetric properties. 

Complex calculation involved 

Simple and fault-tolerant key 
agreement for dynamic 
collaborative groups. 

A novel approach to group key 
agreement 

With parent node key, child would 
be known. 
 

Scalable hierarchical access 
control in secure group 
communications. 

Reduces the communication, 
computation and storage. Overhead 
associated with key management 

With parent node key, child would 
be known. 

Secure and efficient access to 
outsourced data. 

Fine grained access control to 
outsourced data. 
Flexible and efficient key 
management. 

Unauthorized users can access to 
child node once parent node is 
known. 

Secure group communications 
sing key graphs. 

Key graphs to specify secure 
groups. 

Storage overhead. 

Reliable group rekeying: a 
performance analysis. 

Improved scalability. 
 

With parent node key, child would 
be known. 

 

IV. CONCLUSION 

    Security of data in cloud is one of the major issue in cloud 
computing environment. This paper surveyed the various existing 
security measures in cloud computing and compare their various 
security parameters. To provide security of data in cloud is one 
of the major issue, which hold back the clients to store their data 
in cloud environment. Even though the security problems cannot 
be solved completely, better and powerful security measures can 
be applied to provide maximum security which can gain the trust 
of clients to store and access their data from the cloud storage. 
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Abstract- Mobile ad hoc network (MANET) is a collection of 
mobile hosts without the required intervention of any existing 
infrastructure or centralized access point such as a base station. 
MANET has the dynamic infrastructure hence it is highly 
vulnerable to attacks. Several attacks are possible in MANET 
networks and among them routing attack could cause the worst 
damage. There are several solutions available for mitigating the 
routing attacks based on the intrusion response techniques but 
most of them isolate the malicious node only based on the binary 
decisions taken for severity in attacks. This will cause additional 
damage to the network. Risk mitigating techniques is one of the 
important factor in MANET environment. This paper surveyed 
various risk mitigating techniques and compare their various 
parameters. Existing techniques does not consider the Risk in 
taking countermeasures. Therefore there is a need to implement 
the new risk mitigating technique that consider the risk of both 
routing attacks and their countermeasures. 
 
Index Terms- MANET, Intrusion response, Risk Aware. 

I. INTRODUCTION 

mobile ad-hoc network (MANET) is a self-configuring and 
infrastructure less network of mobile devices that are 

connected by wireless. Each device in a MANET hence freely 
move independently in any direction, and each device will 
therefore change its links to other devices frequently. Each 
device must forward the traffic unrelated to its own use, and 
hence act as a router. Mobile Ad hoc Networks (MANET) are 
used to set up wireless communication in the improvised 
environments without a predefined infrastructure and centralized 
administration. Therefore, MANET is normally deployed in 
adverse and the hostile environments where the central authority 
point is not necessary. Another outstanding characteristic of 
MANET is its dynamic nature of network topology which would 
be hence frequently changed due to the unpredictable mobility of 
the nodes. Furthermore, each mobile node in the MANET plays a 
router role while transmitting required data over the network. 
Hence, any compromised nodes could cause significant damage 
to the functionality and security of its network since the impact 
of the malicious node would propagate in performing routing 
tasks.  
    Intrusion response actions in MANET will isolates 
uncooperative nodes based on the node reputation factor derived 
from their behaviors. Such a simple and useful response against 
malicious nodes often neglects all the possible negative side 
effects involved with the response actions. In MANET scenario 
even improper countermeasures may cause the unexpected 

network partition, bringing the additional damages to the 
network infrastructure. To avoid the above mentioned critical 
issues, there should be more flexible and adaptive response 
decisions exist and investigated carefully. 
    The objective of this paper is to focus mainly on various 
routing protocols and risk mitigating techniques. The remainder 
of the paper is organized like this. Section II presents the key 
concepts of this paper. Section III presents existing risk 
mitigating techniques and section V concludes the paper with 
summary. 

II. KEY CONCEPTS 

    The main concepts dealing in this paper are routing protocols, 
routing attacks and risk mitigating techniques.  
    A. Routing Protocol 

    The important task of the routing protocol is to discover the 
topology used to ensure that each node can acquire the recent 
map of the network to construct required routes to its 
destinations. Several efficient and effective routing protocols 
have been proposed for MANET. These protocols will generally 
fall into one of two vast categories: reactive routing protocols 
and proactive routing protocols. In reactive routing protocols i.e) 
Ad hoc On Demand Distance Vector (AODV) protocol, nodes 
find the routes only when they must send data to the destination 
node whose route is unknown. In proactive routing protocols i.e) 
OLSR, nodes obtain the routes by periodic exchange of the 
topology information with other nodes and maintain all route 
information every time.  
    B. Routing Attacks 

    Based on the behavior of the attackers, attacks against the 
MANET can be classified into passive or active attacks. These 
attacks can be further categorized as either outsider or insider 
attacks. With respect to the target of the attacker node, attacks 
could be also divided into data packet or routing packet attacks. 
In the routing packet attacks, the attacker node could not only 
prevent existing paths from being used but also spoof the non 
existing paths to lure data packets to them. Several studies were 
carried out on modeling MANET routing attacks. Typical routing 
attacks include the black hole, fabrication, and modification of 
various fields in routing packets. All these above mentioned 
attacks could lead to serious network dysfunctions. 

III. EXISTING RISK MITIGATING TECHNIQUES 

    The following risk mitigating techniques are currently 
available and used in the various Mobile Ad Hoc networks. 
 

A
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1. Packet leash is one of the mechanism for detecting and 
defending against routing attacks. A leash can be any information 
that is added to a packet and designed to restrict the packet’s 
maximum allowed transmission distance. Leashes are of any of 
two types i.e.) Geographical leashes and Temporal leashes. The 
geographical leash ensures whether the recipient of the packet is 
within a certain distance from the sender. A temporal leash 
ensures whether the packet has an upper bound on its lifetime, 
hence it restricts the maximum travel distance because the packet 
can travel at most at the speed of light. Either the type of leash 
can prevent the routing attack, because it allows the receiver of a 
packet to detect if the packet traveled further than the leash 
allows. 
2. LAR is the reactive routing protocol like reactive routing 
protocol i.e) AODV and DSR. It helps to reduce the routing 
overheads that present in the traditional flooding algorithm by 
using location based information. This protocol hence assumes 
that each of the  node knows its location through a Global 
Positioning System (GPS). Two different LAR schemes are 
available. 
The first scheme will calculates a request zone which will define 
a boundary where the route request packets can travel to reach 
the required destination.     
The second method will store the coordinates of the destination 
in the route request packets. These packets will travel only in the 
direction as the relative distance to the destination node becomes 
smaller as they travel from one hop to another. 
Both schemes limit the control overhead transmitted through the 
network and hence it will conserve bandwidth. They also 
determine the shortest path to the destination node, since the 
route request packets travel away from the source node and 
toward the destination node. The worst disadvantage of this 
protocol is that each node is required to carry a GPS. 
3. An intrusion detection system (IDS) or software application 
that monitors network and system activities for malicious 
activities and policy violations and based on that it will produce 
reports to a Management Station. Some systems may try to stop 
an intrusion attempt but this is neither required nor expected of a 
monitoring system. Hence the Intrusion detection and prevention 
systems (IDPS) are always focused on identifying possible attack 
incidents, logging information about those incidents, and 

reporting attack attempts. All Intrusion Detection Systems use 
one of the two detection techniques: Statistical anomaly-based 
IDS and Signature-based IDS. A statistical anomaly-based IDS 
determines the normal network activity like what sort of 
bandwidth is generally has to be used, what protocols can be 
used, what ports and devices generally connect to each other- and 
alert the administrator or user when the traffic is detected which 
is not normal. Signature based IDS monitor’s the packets in the 
Network and compares with pre-configured and pre-determined 
attack patterns that are known as signatures. There exist an issue  
that there will be lag between new threat discovered and the 
Signature being applied in IDS for detecting the threat.  
4. Authenticated Routing for Ad hoc Network (ARAN) use the 
cryptographic certificates to offer routing security. At the 
beginning, it consists of a preliminary certification process and 
followed by a route instantiation process which guarantees end-
to-end authentication. Ariadne can authenticate routing messages 
using any of three schemes: shared secrets that exist between 
each pair of nodes, shared secrets that exist between 
communicating nodes combined with broadcast authentication, 
or digital signatures. Using pair wise shared keys can avoid the 
need for synchronization, but it lead to the cost of higher key 
setup overhead; broadcast authentication such as TESLA will 
allow some additional protocol optimizations. Ariadne  withstand 
node compromise and it relies only on highly efficient symmetric 
cryptography. Ariadne is hence more secure, more efficient, or 
more general (e.g., Ariadne does not require a trusted hardware 
and does not require powerful processors in any environment. 
5. Anomaly detection scheme use dynamic training method in 
which the training data is updated at regular time intervals. In a 
blackhole attack, a malicious node might impersonates a 
destination node by sending a spoofed route reply packet to a 
source node that initiates a route discovery. By doing this, the 
malicious node can hold the traffic from the source node. Hence 
it is necessary to prevent this kind of attack but it is very difficult 
to detect the abnormal behavior occurs during the attack. In 
conventional based schemes, anomaly detection can be achieved 
by defining the normal state from static training data. However, 
in mobile ad hoc networks since the network topology 
dynamically changes, such kind of static training method could 
not be used efficiently; hence dynamic training method is used. 

 
 
 

METHOD USED MERITS DEMERITS 
 
Packet  leash  method with TIK 
protocol 

 
• Provides instant 

authentication of received 
packets. 

• TIK has computational and 
memory requirements that 
are easily satisfiable. 

 

 
• Require broadcast 

authentication. 
• Precise time 

synchronization is not 
easily achievable. 

 
Zone based Hierarchical model with 
AODV routing protocol 

 
It allow only authenticate  node   to 
take part in route discovery 

 
Restriction of collaborative attack is 
complex here. 
 

 
Intrusion detection Method 

 
Detect malicious node based on the 

 
Risk of attack countermeasure is not 
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 behavior of node. 
 

considered here. 

 
Efficient symmetric cryptographic 
method with Ariadne which is a   
secure on demand routing protocol 

 
 
No trusted environment needed 

 
Routing protocol used here is  less 
efficient than the optimized version 
of DSR 
 

 
Dynamic learning method  with 
AODV routing protocol 

 
Training data  can  be updated  
according  to the changing network 
environment 
 

 
Updating training set is a tedious 
process. 

 
Adaptive Probing technique with On 
demand secure Byzantine  routing 
protocol. 
 

 
Route discovery is Based on the 
aggregate signature. 

 
Does not provide effective  solution  
to the attacks other than the 
Byzantine attacks. 

 
Dempster – Shafer   Theory 

 
Valuable tool for the evaluation of 
risk in engineering applications 
when it is not possible to obtain a 
precise measurement from 
experiments. 
 

 
It does not support the non 
associative and weighted 
combination of rule which  is 
required in most of the cases. 

 

IV. CONCLUSION 

    Risk mitigating technique is one of the major issues in Mobile 
Ad Hoc environment. This paper surveyed the various existing 
Risk Mitigating techniques in MANET environment and 
compares their various parameters. Earlier Risk Mitigating 
technique does not consider the Risk because of countermeasure. 
Therefore there is a need to implement a new Risk Mitigating 
technique that can consider both the Risk because of attacks and 
Risk because of countermeasure in MANET environment. 
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Abstract Kayasenegalensis (Desr) A. juss, locally known as Mahogany , is one of the most economically important forest tree species 
in Sudan .The seeds of this species have polymorphism phenomenon and dormancy mechanism. Therefore the objective of this study 
is to determine feasible and practical seed dormancy – breaking method as reflected uniform germination  in order to select the 
method have  high rate of germination for forestation and conservation purpose . .The study carried out on seeds that selected from 
three localities (Sinnar, Southern Kordofan and Southern Darfur States). Sudan. The germination was examined using three interval of 
water soaking (12hr, 18hrsand24hrs) and three different concenrration of Gibberellic acid (0.01con, 0.001con, and0.0001con) under 
controlled environmental conditions in germination chamber. Result revealed significance differences between the three localities on 
seed attributes, Seeds of Mahogany also showed large and small sizes which  are deeply dormant .and presence of a combined 
dormancy (Chemical and endogenous). In conclusion soaking in H2O for 18 hrs and GA3 (0.01 cons) for two hours are the best 
treatments to break seed dormancy.  

Key words: Khaya senegalensis, Dormancy, Gibberellic acid, polymorphism 

1. INTRODUCTION 

eed dormancy is state in which a mature viable seed failure to germinate under environmental conditions normally favorable to 
germination. (Hilhorst, 1995; Li and Foley, 1997). Plants have evolved several dormancy mechanisms to optimize the time of 

germination (Jones, 1999) and, by optimizing the distribution of germination over time (‘dispersal in time’), seed dormancy enhances 
survival (Li and Foley,1997; Foley, 2001). The intensity of dormancy in a given species exhibits high degrees of variation within 
populations (Andersson and Milberg, 1998;Meyer and Pendleton, 2000). Seed dormancy is a typical quantitative feature influenced 
environment interactions (Foley and Fennimore, 1998; Koornneef etal., 2002). seed dormancy is classified to three main types 
depending on the location of dormancy in different seed parts i- exogenous or seed coat / per carp dormancy ii- indigenous or embryo 
dormancy : and iii- combined dormancy ,where both i and ii occur at the same time Schmidt (2000). Dormancy in nature is broken by 
external or environmental factors ( Doran et al 1983; kaul and Monohar 1985). Dormant seeds stimulated to germinate using 
treatments that imitate natural conditions or satisfy certain physiological requirements. (Bradbeer, 1988; Bonner etal.,1994;Nowag, 
1998; Rahman et al., 2006). Several germination stimulators have been used to improve the seed germination, e.g., GA3 (Dhankhar et 
al., 1996; Vijaya et al., 1996; Rahman et al., 2006; Soyler & Khawar, 2007),benzyladenin (Shafi et al., 1991) and polystimulins 
(Kırdar &Ertekin, 2001). Gibberellic acid (GA3) is a naturally occurring hormone, which regulate the plants growth Commercially it 
can be found as a liquid, powder and tablet forms. The role of GA3 in promoting seed germination has been described by several 
authors (e.g.,Lewak, 1985; Karssen, 1995). The promoting effect of GA3treatment is often attributed to the mobilization of stored 
reserves (Bewley & Black, 1994; Soyler & Khawar, 2007)and acceleration of the disappearance of abscisic acid 
khaya senegelensis (Desr )A. juss,  locally known as Mahogany , is one of the most economically important forest tree species . The 
tree is very popular and used for high-class furniture, joinery, building and construction purposes. The species has also high traditional 
medicinal values and used as an ornamental tree for gardens and avenues.  
      Despite its importance the species is only limited incorporated in a forestation programmers. This is mainly 
because, like most tropical forest tree species, studies on silviculture of the species are incomplete, information 
on quality control standards for better procurement of its seeds is fragmented and improved technologies for 
seed handling that suit the condition in Africans developing countries are lacking Mahgoub (2002).     EL Tahir 
(1999) claimed that mahogany seeds exist in two sizes. The large seed non-dormant and small is dormant 
seeds.)  Mahgoub (2002) reiterated that effect of seeds polymorphism of Mahogany on germination was 
significant and that seed polymorphism is one of the obstacles to uniform germination and successful plantation 
establishment. In the literal sense, polymorphism means having many forms (Harper1977) 

s
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The aim of this study to investigating the effects of seed pre-treatment techniques and seed polymorphism on uniform germination and 
successful establishment and determine feasible and practical seed dormancy – breaking method as reflected uniform germination.   

  
11. MATERIAL AND METHOD 

 

Seeds used in the study   collected from different provenances with the help of the National Tree Seed Center of the Forestry Research 
Centre. (Table 1) 
Two experiments was conducted in the study Experiment 1 Investigation on some seed attributes: seed Weight, Number of seeds /kg 
 As described by ISTA rules (International Seed Testing Association) (Jovoll and Mahgoub, 1994). Experiment 2: Effect of seed 
polymorphism and pretreatment techniques on germ inability of Mahogany seed ,in this experiment three seed size classes large, 
medium and small were used and seven treatments were applied soaking in water for 12, 18 and 24hours, Soaking in gibberellic acid 
with 0.01,0.001 and 0.0001 cons For 2hrs and control without treatment. Twenty-five seeds of each size group from each provenance   
spread evenly on trays filled with pure sand, and covered with sand 0.5 cm depth; this then moistened with 25 ml of water. Treatments 
replicated four times in a split – plot experimental design. The main plots arranged in a randomized fashion and allocated to the size 
group of seeds.  
    The experiments conducted in the seed laboratory of National Tree Seed Center at Soba, Khartoum. It was conducted under 
controlled environmental condition (at 30 temperature and 12- hours light duration) in the germination chamber   
     Germination observed and germinating seeds counted at 7- day intervals for a period of 4 weeks. Germinated seeds removed after 
each count to avoid transfer microbial diseases by crowded seedlings. From records of germination, three different germination 
characteristics were determined: final germination percentage, weekly germination percentage, and germination rate for each 
provenance and each of the three – seed size classes. Results obtained statistically analyzed using the JMP advanced statistical 
package. Means compared using Tukey – Kramer method. 
 

Table (1): seeds provenances information: 
 
 

Localitiesname 
&(code) 

  State Latitude Longitu
de 

Annual 
rainfall 
(mm) 

     
Um  Abdalla (U) Southern 

Kordafa
n     

11◦ 45N 30◦ 55◦ E 700 

Sinnar (S) Sinnar 13◦75◦N 33◦75◦E 600 
Zalinge (Z)              Southern 

Darfur 
13◦00◦N 23◦50◦ N 800 

 

  

 

 

 

 

 

 

111. RESULT 

Investigation on some d attributes-              
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The results of weighted and counted seeds of the different provenances investigated in this study shown in  

Table (2) Weight and count of seeds collected from different provenances 
 

Provenance Wt. of 1000 seed (g) No, of seed/kg 

   

Sinnar  129.74c* 7708 

Um Abdalla 160.58b 6227 

Zalinge 173.64a 5759 

          P > 0.0001              C.V = 18                        SE ± 2.6 
 
The results show significant differences between the three provenances. Provenance Zalinge showed heaviest seeds with least number 
of seeds per Kg and Sinnar showed the vice-versa while Um Abdalla was mediocre for both traits 

  
 

 
Table (3) Germination percentage according to pretreatment techniques applied in the study  

Treatment Mean (%) 

1. Control  67.4              c * 

2. Soaking in H20for 12hrs  75.0             ab 

3. Soaking in H20for 18hrs 76.1               a 

4. Soaking in H20for 24hrs 72.4              b 

5. Soaking in GA, With 0,01 con  79.6              a 

6. Soaking in GA, With 0,001 con 75.3              ab 

7. Soaking in GA, With 0,0001 con 67.3               c  

          P: >0.003                C.V= 42                 SE ± 0.1 
* Similar letters in the same column are not significantly different using Tukey-Kramartest.  

  

Table (3) show germination responses to different pretreatment techniques as reflected by final germination percentages .The results 
show significant differences between treatments with soaking in GA3,differentconc and H2O interval. 

 
 
 
 
 
 
 
 

Table (4) effects of seed percentages techniques on germination of the three provenances of Mahogany 
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Treatment   Sinnar  Um Abdalla  Zalinge  

    

1. Control  70. 0b  62.32      c 74.32   a 

2. Soaking in H20for 12hrs  68. 0a 68. 32     a 66.00   b 

3. Soaking in H20for 18hrs 84. 3a 71.68      c 78.00   b 

4. Soaking in H20for 24hrs 68. 7a 68.32      a 55.68   b 

5. Soaking in GA, With 0,01 con  82. 3a 78.32      b 74.68   c 

6. Soaking in GA, With 0,001 con 73. 3a  68.68      b 72.32   a 

7. Soaking in GA, With 0,0001 
con 

70. 7a  63.32      b 55.00    c 

Probability ≥0.0023 ≥0.0092 ≥0.0001 

STD ± 19 ± 20 ± 25 

CV % 26 27 37 

 
* Similar letters in the same column are not significantly different using Tukey-Kramar test. 

Table (4) shows significant difference on final germination percentage between treatments. Sinnar provenance was significantly 
different from the other two provenances followed by Zalinge and Um Abdalla. Soaking in water for 18 has and soaking in GA3, 
(conc. 0.01) is significantly different for all provenances against control 

Table (5) Comparison of germination mean of treatment versus control for Seed size groups over all provenances 
Treatment  large  medium Small 

    

Control 77.00a* 73.00 b 42.12c 

SoakinginH20for12hrs  81. 6ba 84. 32 a 50.68c 

SoakinginH20for18 hrs 94. 68 a 88.00 b 86.00bc 

Soakingin H20for 24hrs 83. 68b 86.00 a 85.44 a 

SoakinginGA,With 0.01 con        86. 00 a 77.68 a 87.56 a 

                SoakinginGA, With 0,001 con 87. 38 a  82.68 a 49.32 b 

              Soaking in GA,With 0,0001 con 73. 68b  87.68 a 49.26 c 

            0.0089                           STD ± 22.4353                            CV=27 
 

* Similar letters in the same raw are not significantly different using Tukey–Kramar test. 
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Table (5) shows high significant difference between treatments and control for all seeds sizes. .The large size and medium size give 
more or less similar results for all the treatment and the control. The small seed size had high significant different between the control 
and the spooking in water for 18 hrs and spooking in GA3, with 0.01 but the rest of the treatment are not significantly different from 
the control. The germination mean percentage of the small sized of seed after treatment with soaking in water for 18 hrs and treatment 
with GA3(conc. 0.01 ) become similar to germination of large size seed and not significantly different from the control of the large 
seed sized .  

 

 

 

1V. DISCUSSION  

 Significant differences detected in seed weight between the three provenances. Provenance Zalinge ranked first followed by Um 
Abdalla then Sinnar respectively. Thus, the superiority of Zalinge provenance to produce heavy seed is evident .On the other hand the 
significant difference in seed weight between the provenances attributed to the effect in water condition available in each provenance 
(Zalinge 800 mm, Um Abdalla 700mm and Sinner 600mm). It is evident from these results that seed of drier areas (Sinnar) are lighter 
than seed of relatively wetter habitats (Um Abdalla and Zalinge). This results support earlier findings obtained by some workers. 
Several studies also reported high variability in seed weight with arrange of 10-24 gm per 100 seed while in the present study the 
range is 12.9 to -17.4gm per 100 seeds. This range attributed to the fact that seed included in present study belong to different 
geographic regions where difference in seed weight is expected in a changing environment like the tropics variability in seed 
germination between the different seed size Seed germination of large size may be the best one because the large size is not dormant 
EL Tahir(1999). 

  Seed germination response over all treatment levels showed high significant differences (p≥0.05). Mahogany seed soaked in GA3 
0.01 conc and soaking in H20 for 18 hrs gave the best germination response, whereas soaking in GA3.0001 and control gave the 
lowest. The high response of seed to soaking in GA3 confirms the presence of endogenous dormancy of the embryo.  on the other hand 
the high response of seed to soaking in water for 18 hrs and the negative response to soaking in water for 24hrs confirms the presence 
of some coat inhibitors,  which were leached out after soaking for 18h and absorbed by the seed when soaking for prolonged periods 
(24hrs) which sharply decrease germination. These two findings indicates the presence of a combined dormancy (chemical + 
endogenous) in mahogany seeds this the same as obtain by Mahgoub(2002)  

V.CONCLUSION 

Seed of Mahogany were found to have two sizes large and small which is deeply dormant and.  presence of a combined dormancy 
(Chemical + endogenous) in mahogany seed The best treatment to break the dormancy of small Mabogany seed    was found soaking 
in H2O for 18 hrs and. GA3 (0.01) con) for two hours. These suggest select  soaking inH2O for aforestation program which reduce the 
effort and cost of planting this species. 
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    Abstract- This study explored the relationship of attitude towards speaking English, exposure to oral communication in English and 
communication strategy use by English majors studying at the universities in the South of Vietnam to cope with communication 
breakdowns. The communication strategy questionnaire (CSQ) and the English speaking attitude questionnaire (ESAQ) were used for 
data collection. Data analysis involved analysis of variance (ANOVA) and the Chi-square tests. The results show significant variations 
in frequency of the students’ use of strategies according to both factors.  While the students’ use of CSs reveals to be strongly 
associated with attitudes towards speaking English; its relationship with exposure to oral communication in English has been found to 
be minor.     
     
    Index Terms- communication strategies, English majors, attitudes towards speaking English, exposure to oral communication in 
English 
 

I. INTRODUCTION 

oday, with globalization, there has been an increasing need for being able to communicate efficiently in English. For a language 
learner, that ability requires communicative competence, which as suggested by Canale and Swain (1980) and Canale (1983), 

includes grammatical, sociolinguistic, discourse, and strategic competences. And of all the elements, strategic competence holds the 
decisive role. According to Dörnyei and Thurrell (1991), it is the underdevelopment of strategic competence that causes the lack of 
fluency and conversation skills which many learners often complain about. Strategic competence can be observed through the use of 
communication strategies (CSs), such as using paraphrase, literal translation, language switch, gestures, and appealing for assistance. 
These strategies help the two interlocutors reach their goal of communication. They also help raise language learners’ confidence in 
communication (Dörnyei and Thurrell, 1991).  
    So far, many different definitions of CSs have been formulated based on experts’ personal perceptions, beliefs, and the context of 
their research. Nonetheless, generally speaking, the strategies have been defined as learners’ efforts (1) to maintain the conversation 
when facing difficulties (Corder, 1983; and Dörnyei and Scott, 1997); and/or (2) to enhance the effectiveness of the conversation 
(Littlemore, 2003). Besides, various taxonomies have been proposed due to different ways of classifying strategies. While Tarone, 
Cohen and Dumas (1976); Corder (1983); Færch and Kasper (1983); Paribakht (1985); Poulisse (1987, and 1993); Bialystok (1990), 
Nakatani  (2006); Mariani (2010); and Somsai and Intaraprasert (2011) were generated from the experts’ investigation; Bialystok 
(1983); Willems (1987); Dörnyei (1995); and Dörnyei and Scott (1997) have been reviewed and modified from previous topologies. 
Despite the variations, it can be said that CSs have been categorized as strategies for dealing with speaking difficulties and strategies 
for dealing with listening difficulties; the three common types of CSs are: (1) avoidance or reduction strategies, (2) achievement 
strategies, and (3) stalling or time-gaining strategies.  
    CSs have attracted many researchers. Besides the works focusing on the natures of CSs, i.e., the definitions, identifications and 
classifications, there have been empirical studies which explored use of CSs in relation to different factors. Examples of the 
investigated factors are: gender (e.g., Somsai, 2011); general language proficiency (e.g., Liskin-Gasparro, 1996); oral language 
proficiency (e.g., Nakatani, 2006), task type (e.g., Paramasivam, 2009); native language (e.g., Rabab’ah and Bulut, 2007); and attitude 
towards CS use (e.g., Dong and Fang-pen, 2010). However, the available research works on CSs have shown that ‘attitude towards 
English speaking’ and ‘exposure to oral communication in English’ have rarely been examined before. Besides, very few studies have 
been conducted with Vietnamese students. Therefore, research on use of CSs by this group of students with reference to these two 
factors is necessary.  
    Attitude is one of the factors that influence foreign language learning because how much effort students put into language learning 
depends partly on attitude (Gardner, Lanlonde and Moorcroft, 1985). Thus, it can be inferred that learners with positive attitude 
towards speaking English will be more involved in speaking activities and may try to make use of more strategies that help them deal 
with their difficulties in the course of conversation; and learners with negative attitude will be less willing to participate in speaking 

T
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activities. Consequently, use of CSs by the two groups may be different. Additionally, as Johnson (1995) holds it, using English for 
communication provides language learners with opportunities to perform a variety of language functions. This will lead to language 
learning. While using language to communicate, learners may try to use CSs to make themselves understood. Given that learners are 
different in their exposure to oral communication, use of CSs may vary among individual learners. For the above reasons, the 
researchers investigated CS use by English majors studying at the universities in the South of Vietnam, taking ‘attitude towards 
speaking English’ and ‘exposure to oral communication in English’ into consideration.  
       

II. RESEARCH ELABORATIONS 

    A. Terms Used in the Study 
    - Communication Strategies 
    The term ‘communication strategies’ for the present investigation has been defined as attempts made by students in order to deal 
with oral communication difficulties in making the intended message across to the interlocutor and understanding the message sent 
from the interlocutor. They may be employed in pseudo-communication or real-life communication both inside and outside the 
classroom settings.  
    - Students 
    The term ‘students’ in the present study refers to Vietnamese full-time undergraduate students who are studying English major at 
eleven universities in the South of Vietnam. These universities consist of University of Pedagogy, Hochiminh City; University of 
Humanities and Social Sciences, Hochiminh City (UHSS); Ho Chi Minh City Open University; Hochiminh City University of Foreign 
Language and Information Technology (HUFLIT); Saigon University; Nong Lam University, Hochiminh City; University of 
Technical Education, Hochiminh City; Binh Duong University; An Giang University; Can Tho University; and Tra Vinh University.  
    - Attitude towards speaking English 
    The term ‘attitude towards speaking English’ in this study refers to the thought, feeling and emotion that the students have towards 
speaking English. Students’ attitudes towards speaking English were classified into two groups: ‘positive attitude’ and ‘negative 
attitude’ based on their responses to the ESAQ. 
    - Exposure to oral communication in English 
    The term ‘exposure to oral communication in English’ in this study refers to the opportunities students can use English to 
communicate verbally. They may have a conversation in English with their teachers, their peers, or other people. ‘Exposure to oral 
communication in English’ was classified into ‘limited to classroom settings’ and ‘non-limited to classroom settings’. 
    B. Research objectives 
    The present study lent itself to exploratory purposes. It aims at: 
    - Investigating whether frequency of the students’ reported CS use varies significantly according to their attitudes towards speaking 
English and exposure to oral communication in English 
    - Examining the patterns of a significant variation in frequency of the students’ reported CS use at different levels with regard to the 
students’ attitudes towards speaking English and exposure to oral communication in English 
    C. Participants 
    The method of data collection employed for the present study was the stratified random sampling. The universities in the South of 
Vietnam were divided into two groups according to their locations: at the center of Hochiminh City - the most developed area, and in 
the other areas. 11 universities were chosen (5 from the former group and 6 from the latter). The purposive sampling method was also 
adopted. As a result, 995 students were selected from the two groups (500 from Group 1 and 495 from Group 2). The distributions of 
students within ‘attitude towards speaking English’ and ‘exposure to oral communication in English’ are: 929 students with positive 
attitude towards speaking English and 66 with negative attitude; 328 students with limited exposure to oral communication in English 
and 667 with non-limited exposure. Besides, the results of the Chi-square (χ2) tests on the distributions demonstrated that:  

● When compared with the students who hold negative attitude towards speaking, there was a significantly greater proportion 
of students holding positive attitude perceiving their levels of oral proficiency as fairly good or higher.  

● When compared with the students who hold positive attitude towards speaking, a significantly greater proportion of students 
with negative attitude perceived their levels of oral proficiency as average or lower.  

● When compared with the students who have limited exposure to classroom settings, a significantly greater proportion of 
students who have non-limited exposure perceived their levels of oral proficiency as fairly good or higher.  

● When compared with the students who have non-limited exposure to classroom settings, a significantly greater proportion of 
students with limited exposure perceived their levels of oral proficiency as average or lower. 

● Compared with the students who hold negative attitude towards speaking, there was a significantly greater proportion of 
students holding positive attitude having non-limited exposure to oral communication in English.  

● Compared with the students who hold positive attitude towards speaking, a significantly greater proportion of students with 
negative attitude reported having limited exposure to oral communication in English.    

D. Instrument 
    As the present study’s context and population are the same with those of Bui and Intarapresert (2012), their 56-item CSQ modified 
from Dörnyei and Scott (1997), Nakatani (2006), Mariani (2010), and Somsai and Inatarprasert (2011) was adopted. Questions about 
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students’ exposure to oral communication in English were included. Questions on students’ perceived oral proficiency levels (average 
or lower, fairly good, good or higher) were also added for the discussion part. Besides, to measure the students’ attitudes to speaking 
English, the ESAQ was used. It was constructed on the basis of the Language Learning Attitude Questionnaire (2004) and Okert’s 
(2010) language learning questionnaire.   
    Moreover, to ensure that the respondents knew the purpose of investigation and answered the questionnaire with less fear and 
honesty, which, as stated by lntaraprasert (2000), is very important, the questionnaires’ general instruction followed Dörnyei’s (2003) 
suggestion. This involved providing information on the purpose, the importance of the study, and the organization responsible for 
conducting the study, stating there is no right or wrong answer, requesting honest answers, promising confidentiality, and expressing 
appreciation. The questionnaires were translated into Vietnamese to prevent misunderstanding or unanswered questions due to the 
respondents’ language problem (Mackey & Gass, 2005). The translation was validated by three experts whose English and 
Vietnamese are comparatively good.         
       
  
     E. Procedure 
    The CSQ and the ESAQ were administered to students from the different 11 universities in the South of Vietnam. The researchers 
themselves carried out the process, strictly following the sampling plan so as to achieve the desired number and qualified responses,    
    F. Analysis 
    The data gathered were analyzed through five steps as follows.  
1. Information about the students’ CS use, attitudes towards speaking English, exposure to oral communication in English, and 
perceived oral proficiency levels were coded. 
2. The input of data into SPSS was done and cross-checked to avoid mistakes that might influence the results. The strategy items were 
categorized into two groups: strategies the students used to express the intended message to the interlocutor (MS) with 38 items; and 
those the students used to comprehend the message (MR) with 18 items.  
4. First, the reliability was examined to see whether the data would be qualified for quantitative analysis. The results of Alpha 
Coefficient (α) or Cronbach Alpha were used to check the internal consistency of the CSQ. The reliability estimates based on the 
responses of 995 students are: .90 (as a whole); .85 (for the MS category); and .80 (for the MR category). They are considered 
acceptable by the rule of thumb of .70 for research purposes as suggested by Fraenkel and Wallen (2007).  
5. Next, ANOVA and the Chi-square tests were conducted.  The data were examined at three levels: CS use in overall, CS use in the 
two categories, and individual CS use. 
 

III. FINDINGS  

A Variation in Frequency of  Students’ Overall Reported CS Use 

Table 1: Summary of the first level analysis 
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2.55 .32 2.56 .30 N.S. Positive>    
 

           Negative 
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Oral 
Comm
unicati
on in 

Englis
h 

Limite
d                        

(n = 
328) 

Non-
limite

d                                   
(n = 
667) 

Com
ment

s 

   

Mean S.D. Mean S.D. Sig. 
Level 

Variation 
Pattern 

2.54 .29 2.58 .32 N.S. - 
Note: S.D.: standard of deviation; Sig. level: significant level; N.S.: not significant 
    Based on the results of ANOVA, Table 1 demonstrates that frequency of students’ overall CS use varied only according to their 
attitudes towards speaking English. In other words, the students who hold positive attitude towards speaking English reported using 
CSs more frequently than those who hold negative attitude. Meanwhile, no matter what type of exposure to oral communication in 
English students have, they did not report employing strategies, as a whole, differently.   

B Variation in Frequency of Students’ Use of CSs under the Two Categories MS and MR 
● Variation according to students’ attitudes towards speaking English 

Table 2: Variation  in  Frequency  of   Students’  Use  of   CSs  
               under    the    Two   Categories   according   to   their     
               Attitudes towards Speaking English 

 
 

Category 
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(n = 
929) 
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ative 

 
(n = 
66) 
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 Mean S.D. Mean S.D. Sig. 
Level 

Variation 
Pattern 

MS 2.53 .31 2.39 .32 p<.001 Positive>              
Negative 

MR 2.64 .37 2.55 .36 p<.05 Positive>              
Negative 

Note: S.D.: standard of deviation; Sig. level: significant level 
    As seen in Table 2, the results of ANOVA show that frequency of  students’ reported strategy use varied in both of the MS or MR 
categories according to their attitudes towards speaking English.  

● Variation according to students’ exposure to oral communication in English  
Table 3: Variation  in   Frequency  of  students’  Use  of   CSs   
               under    the   Two   Categories    according   to   their  
               Exposure to Oral Communication in English 
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 Mean S.D. Mean S.D. Sig. 
Level 

Variation 
Pattern 

MS 2.51 .32 2.52 .31 N.S. - 

MR 2.66 .37 2.63 .37 N.S. - 
Note: S.D.: standard of deviation; Sig. level: significant level; N.S.: not significant 

    The results of ANOVA (Table 3) reveal no significant variations in frequency of students’ reported strategy use in either MS or MR 
category according to their exposure to oral communication in English.  

C Variation in Frequency of Students’ CS Use at individual level 

● Variation according to the students’ attitudes towards speaking English    
    The results of the Chi-square tests reveal that use of 12 out of 56 individual CSs varied significantly in association with students’ 
attitudes towards speaking English, with two different patterns of variation: Positive>Negative; and Negative>Positive.  
    The first variation pattern illustrates that a significantly higher percentage of students with positive attitude towards speaking 
English than those with negative attitude reported high employment of 11 individual CSs. These achievement strategies which mostly 
involve the students’ self-reliance consist of ‘trying to catch the interlocutor’s main point’ (MR9), ‘paying attention to the 

interlocutor’s pronunciation’ (MR14), ‘trying to speak clearly and loudly to make oneself heard’  (MS36), ‘actively encouraging 

oneself to express what one wants to say’ (MS31), ‘using synonyms or antonyms instead of the exact intended words’ (MS6), ‘using 

categories instead of the exact intended words’ (MS4), ‘paying attention to the subject and verb of the interlocutor’s sentence’ 
(MR15), ‘asking the interlocutor to confirm if one’s understanding of his/her message is correct’ (MR8), ‘consulting a dictionary, a 

book, or another type of document for how to express the intended meaning’ (MS30), ‘using definitions instead of the exact intended 

words’ (MS3), and ‘describing characteristics or elements instead of the exact intended words’ (MS9). The second variation pattern 
shows that a significantly greater percentage of students holding negative attitude towards speaking English than those with positive 
attitude reported high employment of only 1 CS, i.e. ‘appealing for assistance from someone else around to clarify the interlocutor’s 

message’ (MR7).  
● Variation according to the students’ exposure to oral communication in English  

    The results of the Chi-square tests demonstrate that use of 26 out of 56 individual CSs varied significantly with regard to the 
students’ exposure to oral communication in English. Two different patterns of variation are: Limited>Non-limited, and Non-
limited>Limited.  
    The first variation pattern shows that a significantly higher percentage of students with limited exposure to oral communication in 
English than those with non-limited exposure reported high use of 12 individual CSs. These strategies, which mainly involve the 
students’ employment of help-seeking and mother tongue (L1) as well as avoidance, are: ‘using all-purpose words instead of the exact 

intended ones’ (MS1), ‘thinking first of what one wants to say in Vietnamese and then constructing the English sentence’ (MS21), 
‘asking the interlocutor to slow down’ (MR3), ‘keeping silent to gain time to think about how to express the intended message’ 
(MS14), ‘appealing for help from the interlocutor for how to express the intended meaning’ (MS27), ‘asking the interlocutor to 

simplify his/her language’ (MR1), ‘trying to translate into Vietnamese little by little to understand what the interlocutor has said’ 

(MR12), ‘appealing for assistance from someone else around for how to express the intended meaning’ (MS28), ‘appealing for 

assistance from someone else around to clarify the interlocutor’s message’ (MR7), ‘giving up when one can’t make himself/herself 

understood’ (MS38), ‘leaving the message unfinished because of some language difficulty’ (MS24), and ‘asking the interlocutor to 

use Vietnamese’ (MR4).  
    The second variation pattern indicates that a significantly higher percentage of students with non-limited exposure to oral 
communication in English than those with limited exposure reported high use of 14 individual CSs. This group mostly comprises self-
reliant achievement strategies. They include: ‘trying to catch the interlocutor’s main point’ (MR9), ‘paying attention to the 

interlocutor’s pronunciation’ (MR14), ‘paying attention to one’s own pronunciation’ (MS34), ‘trying to speak clearly and loudly to 

make oneself heard’ (MS36), ‘trying to imitate native speakers’ pronunciation’ (MS35), ‘using synonyms or antonyms instead of the 

exact intended words’ (MS6), ‘asking the interlocutor to confirm if one’s understanding of his/her message is correct’ (MR8), ‘trying 

to emphasize the subject and verb of the sentence’ (MS33), ‘repeating or rephrasing what the interlocutor has just said  to gain time 

to  think how to get the intended message across to the interlocutor’ (MS19), ‘spelling or writing out the intended words’ (MS12), 
‘using definitions instead of the exact intended words’ (MS8), ‘describing characteristics or elements instead of the exact intended 

words’ (MS9), ‘thinking first of a sentence one already knows in English and then trying to change it to fit the situation’ (MS22), and 
‘self-correcting incorrect and inappropriate utterances to correct understanding’ (MS20). 
 

IV. DISCUSSIONS 

● Use of CSs and the Students’ Attitudes towards Speaking English 
    Attitude has long been found associated with language learning strategies, in which, to many scholars, some CSs are included. 
Different empirical research works, such as Elyidirim and Ashton (2006), Sadighi and Zarafshan (2006), and Çetingöz and Özkal 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013      804 
ISSN 2250-3153  

www.ijsrp.org 

(2009) have concluded that students who have positive attitude towards language learning use more strategies than those with negative 
attitude. Nonetheless, attitude has not been systematically investigated in the field of CSs. The researcher has hypothesized three 
possible explanations: motivation to speak English, levels of oral proficiency, and opportunities to speak English for the variations in 
students’ CS use in respect to students’ attitudes towards speaking English.     
    Given that significant relationship between students’ use of CSs and their attitudes exists at all three levels of data analysis, namely 
overall use, the MS and MR categories, and individual strategies; the findings of the present investigation demonstrate that students’ 
‘attitudes’ has been found the strongest factor related to their use of CSs with the students who hold positive attitude towards speaking 
English employing CSs significantly more frequently than those who hold negative attitude. Moreover, at the individual level, the 
former group reported using 11 CSs at significantly higher frequency than the latter group. They mostly consist of self-reliant 
achievement strategies, whereas significantly higher frequency of use of the latter group was found in only one strategy, i.e. 
‘appealing for assistance from someone else around to clarify the interlocutor’s message (MR7), which belongs to help-seeking 
strategies.  
    One factor that the researcher hypothesized to possibly cause the differences in students’ individual CS use related to their attitudes 
towards speaking English is their motivation to speak English. Gardner (1985) regards attitudes as components of motivation in 
language learning. Furthermore, “motivation ... refers to the combination of effort plus desire to achieve the goal of learning the 
language plus favorable attitudes toward learning the language” (Gardner, 1985, p.10). As far as Gardner’s suggestion is concerned, 
the students with positive attitude towards speaking English are those who have high motivation in communicating orally in this 
language. With respect to students’ use of strategies, highly motivated students reported employing CSs including functional practice 
strategies, such as ‘extracurricular effort to communicate in the target language’; and conversational input elicitation strategies, such 
as ‘asking for pronunciation correction’, ‘requesting slower speech’, and ‘guessing what the interlocutor will say’, more often than did 
the less motivated students (Oxford and Nyikos, 1989).  
    Moreover, as found by Huang (2010) in his study on factors influencing the CSs of technological university students in Taiwan, 
motivation to speak English was one of the powerful predictors of the use of oral CSs. Furthermore, Peng (2007) studied the 
willingness to communicate in English of Chinese college students, reporting that motivation is a strong predictor of students’ 
willingness to communicate in English. Thus, it could be said that the students with positive attitude towards speaking English are 
more willing to speak the language than those with negative attitude; they tend to strive to solve communicative breakdowns. This 
might have led to the significantly more frequent use of individual CSs, especially the self-reliant achievement ones, by the students 
with positive attitude when compared with those with negative attitude.      
    A closer look at the types of CSs used more often by each group of students has provided another possible factor that may explain 
the findings: students’ levels of oral proficiency. In the present study, the characteristics of the research subjects in terms of students’ 
perceived oral proficiency and their attitudes towards speaking English show that a significantly greater proportion of students who 
hold positive attitude is at fairly good or higher levels, while a significantly greater proportion of  students who hold negative attitude 
falls into average or lower levels. Thus far, oral proficiency has been evidenced to relate to learners’ CS use in empirical studies 
conducted by different researchers, namely Huang and Van Naerssen (1987), Margolis (2001), Wannaruk (2003), Weerarak (2003), 
Nakatani (2006), and Lam (2010). This maybe because the students who have good communicative competence are more willing to 
communicate (Chen, 2009; and Huang and Van Naerssen, 1987) and are not afraid of losing face (Huang and Van Naerssen, 1987). 
On top of that, they make use of more linguistic demanding CSs with higher frequency and a wider range than do the students with 
low level of oral proficiency.  
    Another factor - opportunities to speak English is the possible reason for the variations of individual CS use in students with 
different attitudes towards speaking English. On the one hand, the characteristics of the research subjects indicate that a significantly 
greater proportion of students who hold positive attitude towards speaking English than those with negative attitude are those whose 
exposure to oral communication in English is not limited to classroom settings. That is, when compared with the students who hold 
negative attitude, the students with positive attitudes have more opportunities to communicate orally in English. On the other hand, 
there is no doubt that the more opportunities students speak English, the more experiences in coping with difficulties they could 
accumulate due to the variety of situations and interlocutors they encounter. Hence, when compared with those who hold negative 
attitude, the students with positive attitude, with more opportunities to speak English, might have better ability to deal with 
communication breakdowns by themselves. This, in turn, has possibly led to the significantly higher use of self-reliant achievement 
strategies of the students who hold positive attitude than those with negative attitude as found in the present investigation.   
    In summary, the three hypothesized factors: motivation to speak English, levels of oral proficiency, and opportunities to speak 
English are possibly attributed to the significant variations in students’ individual CS use according to their attitudes towards speaking 
English. Nevertheless, there has been no definitely certain evidence for what really caused these significant differences. Therefore, 
investigation of these aspects is still necessary.  
 

● Use of CSs and the Students’ Exposure to Oral Communication in English 
    Huang (2010) found that frequency of speaking English outside the classroom was strongly related to students’ use of oral CSs. 
Additionally, Somsai (2011) explored this variable, concluding that the frequency and variety of strategy use were significantly 
greater for students who have had wider exposure to oral communication in English. However, such a strong relationship does not 
exist in the present investigation. For the present study, significant differences in CS use in association with exposure to oral 
communication have only been found at the individual strategy level.  
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    When compared with the students with non-limited exposure to oral communication in English to classroom settings, those with 
limited exposure tend to employ non-self-reliant strategies which comprise help-seeking and L1-based CSs more frequently. These 
students also prefer avoidance/reduction strategies, namely ‘giving up when one can’t make the interlocutor understand his message’ 
(MR38), and ‘leaving the message unfinished because of some language difficulty’ (MS24). For the  students with non-limited 
exposure, reported with high frequency of use are self-reliant achievement strategies, such as ‘trying to catch the interlocutor’s main 

point’ (MR9); ‘trying to speak clearly and loudly to make oneself heard’ (MS36); and ‘describing characteristics or elements instead 

of the exact intended words’ (MS9). Some factors hypothesized by the researcher to explain such significant differences are: 
opportunities to deal with communication difficulties, levels of oral proficiency, and attitude towards speaking English.       
    The first possible factor is opportunities to deal with communication problems. CSs are the ways and means speakers employ when 
they experience a problem in oral communication, either because they cannot say what they would like to say or because they cannot 
understand what is being said to them (Mariani, 2010). In this view, CSs are by no means crucial for communication in a foreign or 
second language. That is, the more opportunities the learners have to communicate in English, the more problems they have to cope 
with, and gradually, they become more skillful in using CSs to deal with the breakdowns.  
    The students with non-limited exposure to oral communication in English, when compared with those who have limited exposure, 
have more opportunities to communicate in the language; This may explain why they reported using achievement strategies more 
frequently than did the students with limited exposure. Consequently, opportunities to deal with communication problems can possibly 
be associated with the differences in high use of individual strategies of the two groups of students related to exposure to oral 
communication in English.  
    For the present investigation, a significant higher proportion of students with non-limited exposure to oral communication in 
English perceived their oral proficiency levels as fairly good or higher. As Norton and Toohey (2001) hold it, the success of good 
language learners, especially in communication, depends very much on the degree and quality of exposure to a variety of 
conversations in their communities. Besides conversing with the teachers and peers in class, the students with non-limited exposure 
have chances to communicate with other interlocutors who may have higher level of oral proficiency than them. This may have helped 
them become more proficient in oral communication and less dependent on L1-based CSs than the students who have limited 
exposure. This is in line with the findings of Wannaruk (2003) and Weerarak (2003) that students with higher level of oral proficiency 
employ L1-based strategies less frequently than do those with lower level. Furthermore, as asserted by Margolis (2001), oral 
proficiency is negatively related to the use of reduction strategies. It makes sense to say that the differences in individual CS use by 
the two groups of students might be attributed to levels of perceived oral proficiency accordingly.    
    Another possible explanation for the preferences in individual CS use of the two groups is attitude towards speaking. As observed 
through the characteristics of the participants, a significantly higher proportion of students with non-limited exposure to oral 
communication in English belongs to the group of positive attitude towards speaking English while a significant higher proportion of 
students with limited exposure reported holding the negative attitude. It can be said that students of the former group are more 
motivated to speak English than the latter group. Therefore, the students with non-limited exposure and positive attitude are likely to 
rely on self-reliant strategies, while those with limited exposure and negative attitude tend to go for reduction; non-self-reliant; and 
L1-based strategies in coping with communication breakdowns. 
    In sum, in terms of exposure to oral communication in English, opportunities to deal with communication breakdowns, levels of 
oral proficiency, and attitude towards speaking English might be the factors related to variations in use of CSs of the students. 
Nonetheless, we cannot be definitely sure about the real reason for these significant differences. Thus, it may be advisable that future 
research investigate these aspects.  
 

V. CONCLUSION 

    The present study has contributed more knowledge to the field of CSs, especially on CS use by Vietnamese students of English. It 
suggests that use of strategy by English major students studying at the universities in the South of Vietnam for coping with 
communication breakdowns is strongly related to their attitudes towards speaking English. It also reveals minor relationship between 
use of CSs by this group of students and their exposure to oral communication in English. 
    One finding of the present study suggests that the students who hold positive attitude towards speaking English reported 
significantly higher frequency and wider variety of strategy use than did those who hold negative attitude. Hence, teachers should pay 
more attention to the latter group. Introduction of different CSs and how to use them effectively is necessary.  
    Furthermore, as found in the present study, the students who hold negative attitudes towards speaking English are likely to have 
average or low levels oral proficiency. They may not like to speak the language because they lack self-confidence on their 
conversational ability. As Tarone (1980) suggests, CSs can help learners expand their language. The learners’ language output is 
imperfect grammatically and lexically in the course of communication, but they may be exposed to language input that may result in 
language learning. Thus, teachers should show the students that CSs can save them from problems, and that they can even be able to 
improve their oral communication skill when they speak and use CSs more frequently. Games, songs, problem-solving, and topic 
discussion which are related to the students’ needs and interests are useful in this case. They not only give opportunities for the 
students to practice using CSs, but will hopefully help the students improve their language and positively change the students’ attitude 
towards speaking English as well.  
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   Finally, arising out of the findings, it was found that when compared to the students whose exposure to oral communication in 
English is not limited to classroom settings, the students with limited exposure tend to rely more on reduction strategies, translation 
and Vietnamese (L1-based strategies). These strategies have their disadvantages. Reduction strategies have been considered as useless 
(Færch and Kasper, 1980) and even harmful (Willems, 1987) for language learning. They are not preferred by successful learners 
(Margolis, 2001). Besides, translation is not really appropriate for oral communication due to the time for processing, and Vietnamese 
does not work in conversations with foreigners. Therefore, teachers should take this into consideration. They need to encourage the 
students, especially those who have limited exposure to avoid using these strategies. Models and analysis on the use of different 
strategies should be provided to the students with limited exposure so that they can see rather than reduction strategies, translation or 
Vietnamese, there are alternative ways that may be better for both communication and language improvement.     
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     Abstract: The celestial luminary called sun shedding its perpetual flow of light and energy from the heavens on every being in the 

universe has always been a source of wonder and curiosity since the pre- historic days to the present. It has kindled the imagination of 

several writers including the Ṛgvedic poets who praised the grace and lustre of the Sun god endowed with many a characteristic 

feature. In the Hindu pantheon of Gods, the Sun and the Moon are the only pratyakṣa devatas, able to be seen to the naked eye. The 

worshipping Sun is also worshipping Goddess Gāyatri. According to the Ṛgveda, the Sun is the divine healer. The present paper 

intends to analyse the features of the cult of Sun in the Ṛgvedic times. 

    Index Terms- Ṛgveda-Sun-Gāyatrī-Savitṛ 

I. INTRODUCTION 

he cult of sun worship has been prevalent throughout the world for centuries. Ancient Tribes in various parts of the world 

worshipped the Sun as a universal force.  They worshipped Thunder, Wind, Sun, etc. which are natural phenomena. In Ṛgveda 

these natural phenomena were worshipped as deities. They were personified forms of natural forces.1 Which clear from the Vedic 

names like Savitā, Pūṣan, Āditya, Vāyu, Varuṇa, Araṇya and the like. Some of these deities were conceived as the controllers of the 

Ṛtam of this spontaneous Ṛtam of the universe.2 The Vedic concept of Ṛta is very significant and Varuṇa who is the Pāśabhṛt. The 

wealer of noose is the protector and controller of Ṛta. The rising and setting of Sun and Moon the nature of the ocean in not 

transgressing its limits comes under the concept of Ṛta.  

 The Yoga philosophy as propounded by sage patanjali attaches great prominence to Sūryanamaskāra. It is an ancient exercise 

aimed at physical and mental equilibrium of human beings.3 Sūryanamaskāra is performed the before sunrise and after sunset. Its 

process consist of ten steps or stages.4 

The Purāṇas describe the god as one who provides light of the universe.5 In Purāṇic literature sun is the son of 

Kaśyapaprajāpati and Aditi. Poetic imagination conceives sun as travelling in chariot borne by seven horses whose charioteer is 

Aruṇa. The sun and moon were believed to rotate around mount Mahāmeru.6 AtharvaVeda consist of a passage with this concept: 

{ÉÚ´ÉÉÇ{É®úÉè SÉ®úiÉÉä ¨ÉÉªÉªÉÉè iÉÉè Ê¶É¶ÉÚ{ÉÚ´ÉÉÇ{É®úÉè SÉ®úiÉÉä ¨ÉÉªÉªÉÉè iÉÉè Ê¶É¶ÉÚ{ÉÚ´ÉÉÇ{É®úÉè SÉ®úiÉÉä ¨ÉÉªÉªÉÉè iÉÉè Ê¶É¶ÉÚ{ÉÚ´ÉÉÇ{É®úÉè SÉ®úiÉÉä ¨ÉÉªÉªÉÉè iÉÉè Ê¶É¶ÉÚ    

GòÒb÷xiÉÉè {ÉÊ®ú ªÉÉiÉÉä%hÉÇ´É¨ÉÂ *GòÒb÷xiÉÉè {ÉÊ®ú ªÉÉiÉÉä%hÉÇ´É¨ÉÂ *GòÒb÷xiÉÉè {ÉÊ®ú ªÉÉiÉÉä%hÉÇ´É¨ÉÂ *GòÒb÷xiÉÉè {ÉÊ®ú ªÉÉiÉÉä%hÉÇ´É¨ÉÂ *    

Ê´É·ÉÉxÉÂ ªÉÉä ¦ÉÖ´ÉxÉÉ Ê´ÉSÉ¹]õ @ñiÉÚÄÊ´É·ÉÉxÉÂ ªÉÉä ¦ÉÖ´ÉxÉÉ Ê´ÉSÉ¹]õ @ñiÉÚÄÊ´É·ÉÉxÉÂ ªÉÉä ¦ÉÖ´ÉxÉÉ Ê´ÉSÉ¹]õ @ñiÉÚÄÊ´É·ÉÉxÉÂ ªÉÉä ¦ÉÖ´ÉxÉÉ Ê´ÉSÉ¹]õ @ñiÉÚÄ----    

®úxªÉÉä Ê´ÉnùvÉVVÉÉªÉºÉä xÉ´É&**®úxªÉÉä Ê´ÉnùvÉVVÉÉªÉºÉä xÉ´É&**®úxªÉÉä Ê´ÉnùvÉVVÉÉªÉºÉä xÉ´É&**®úxªÉÉä Ê´ÉnùvÉVVÉÉªÉºÉä xÉ´É&**7    

In Āraṇyaka literature there is the concept of Dvādaśa Ādityas. J.E Swain, in his book A History of world civilization, who thinks that 

the Ṛgvedic hymns is earlier than B.C 2000. He quotes in this work a song devoted to the sun found in early Egyptian culture.8 

II. SUN 

Sun was possibly the most obvious personified form of the natural incidence for the Vedic peoples and solar worship was 

may be the real religion of India. As Hastings examine, “nor is it difficult to identify with how in a land flooded with sunlight, where 

every phase and function of life is dependent upon the kindly tenderness of the Sun and his vicious power and force are felt in the 

extreme boundaries of heat, it should have been man’s primary business to win his favour and placate his rage9. The minds of the 

T
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Vedic peoples and thus develop the different solar deities. Thus we have Mitra, Varuṇa, Savitṛ, Sūrya, Pūṣan, aryaman in the Vedic 

and the twelve Ādityas in the Purāṇic times. Though there do not exist many Sun- Temples in India, solar worship is accepted and 

practiced even today. The importance attached to the 7th day of the month for worshipping sun tell the fact that like other divine being, 

sun too has some ritualistic tradition.10 

SUN AS A SOLAR GOD 

 Surya is one of the outward appearances of fire god placed in paradise by other gods. He is the brightest leading light, the 

glowing ball of light that Uṣas brings to the humanity. He is portraying as the eye of gods that beholds the actions of all worldly. He 

travels on a resplendent car driven by seven steeds that he unyokes at sunset. As he comes up in the horizon in the morning, the 

darkness of the night takes to its heels and the whole world is aroused to activities. As he rolls up darkness like a skin and the stars 

make good quality their run away like thieves the shines magnificently on the lap of dawn. It is with his light that he sustains the 

whole creation and energies it. All living being depend on surya who is their lead. He is poetically described as a bird flying through 

the unlimited spread of the blue firmament.11 

NATURAL INDIVIDUALITY OF THE SUN 

  Sun is the celestial deity. He is created by Brahman and placed in the in the sky just as vāyu was placed in the 

atmosphere. The burning planet shining amazingly in the sky is like an eye. He is the Soult of he is the eye of Mitra, Varuṇa, Agni, 

etc; He is the Soul of the heaven earth and sky. In the first maṇḍala of Ṛgveda that sun is the soul of the universe, its support and stay 

‘Sūrya ātma jagatastuṣśca’.12 Sun, as the common observable fact was glorified and worshipped through their hymns by the Vedic 

peoples. In the Vedic times, people attempt to detain his magnificence and dignity in the icon and worshipped him either in the form 

of a divine being or some symbolical design which signify him.  

THE SOLAR SYMBOLS 

 The sun-god is symbolized by a choice of symbols and the wheel is one of them. A gold plate also is a sign of the sun 

Śatapata Brāhmaṇa VII.4.1.10. A gold dies was laid at the time of piling of the fire alter to represent the sun Śatapata Brāhmaṇa 

VII.41.1.10.13 The lotus is also originate in the hands of the sun- image, and it was presently taken over by Viṣnu and his wife Lakṣmi. 

The lotus is inseparably related with the sun almost certainly because it blooms only while the sun burnish. Garuḍa, the bird mount of 

the sun, is absent in the Vedic literature though in a Ṛgvedic passage Garutmān it appears that stands for the sun. According to another 

observation the sun is a horse brought by Uṣa-  

näù´ÉÉxÉÉÆ SÉIÉÖ& ºÉÖ¦ÉMÉÉ ´É½þxiÉÒ ·ÉäiÉÆ xÉªÉxiÉÒ ºÉÖoù¶ÉÒEònäù´ÉÉxÉÉÆ SÉIÉÖ& ºÉÖ¦ÉMÉÉ ´É½þxiÉÒ ·ÉäiÉÆ xÉªÉxiÉÒ ºÉÖoù¶ÉÒEònäù´ÉÉxÉÉÆ SÉIÉÖ& ºÉÖ¦ÉMÉÉ ´É½þxiÉÒ ·ÉäiÉÆ xÉªÉxiÉÒ ºÉÖoù¶ÉÒEònäù´ÉÉxÉÉÆ SÉIÉÖ& ºÉÖ¦ÉMÉÉ ´É½þxiÉÒ ·ÉäiÉÆ xÉªÉxiÉÒ ºÉÖoù¶ÉÒEò¨É·É¨ÉÂ *¨É·É¨ÉÂ *¨É·É¨ÉÂ *¨É·É¨ÉÂ * 

=¹ÉÉ =nùÌ¶É ®Ê¶¨ÉÊ¦É´ªÉÇHòÉ ÊSÉjÉÉ¨ÉvÉÉ Ê´É¶´É¨ÉxÉÖ |É¦ÉÚiÉÉ** =¹ÉÉ =nùÌ¶É ®Ê¶¨ÉÊ¦É´ªÉÇHòÉ ÊSÉjÉÉ¨ÉvÉÉ Ê´É¶´É¨ÉxÉÖ |É¦ÉÚiÉÉ** =¹ÉÉ =nùÌ¶É ®Ê¶¨ÉÊ¦É´ªÉÇHòÉ ÊSÉjÉÉ¨ÉvÉÉ Ê´É¶´É¨ÉxÉÖ |É¦ÉÚiÉÉ** =¹ÉÉ =nùÌ¶É ®Ê¶¨ÉÊ¦É´ªÉÇHòÉ ÊSÉjÉÉ¨ÉvÉÉ Ê´É¶´É¨ÉxÉÖ |É¦ÉÚiÉÉ** 14    

He is also quite often described as riding a car sometimes drawn by one, and at other times by more than a few, four or seven, 

swift and glowing horses or mares. In the shoḍaśin give up a horse was placed in the hands of the priest and it signifies the sun. The 

horse was a strong and probably the fastest animal known to the Āryans and they recognized its speed and strength to its solar origin. 

The affiliation between the sun –god and the serpent, however, is one of hostility for the serpent symbolizes evil, and the sun 

goodness.15 

SUN WORSHIP IN THE VEDIC AGE 

 As noted earlier, in the Ṛgveda solar gods are the most numerous. We have Surya,Savitṛ, the Aśvins, Mitra, Vivasvān, Viṣṇu, 

Bhāga, Aryaman, Pūṣan, Āditya and the goddesses Uṣas, and Sūrya. Not all of them are given different personality, but glimpses are 

provided in to the natural occurrence or idea behind their apotheosis. Many of them have obvious resemblance with their Iranian 

counter parts and Indo- European prototypes. Surya as a sun god is thought of first and foremost as the visible orb light. He is golden; 

his chariot is drawn by seven horses. He is a healer, apparently because of the healing qualities of the sun rays Savitā, the stimulator of 
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everything denotes his abstract individuality.16 Pūshan indicate his compassionate power, visible chiefly as a idyllic deity. Bhaga, 

according to yāska presides over the forenoon. Vivasvān almost certainly in the establishment represented the rising sun but was also 

looked upon as the first sacrficer, the ancestor of the human race. The Aśvins are the most existing of solar gods. Their solar character 

is confirmed by their relationship with Uṣas (Dawn) that comes in their wake, and with Sūrya (daughter of Surya) and Savitṛ. 

  Most of the divine being point out above along with a few others like Varuṇa, Amśa, Dakṣa, Dhātṛ, Mārtaṇḍa etc. come to 

represent a special class of gods together known as the Ādityas, or sons of Aditi. Aditi was also looked upon as the mother of all the 

other Vedic divinities. Six Ādityas are mentioned in the Mitra, Aryaman, Bhaga, Varuṇa, Dakṣa and Amśa.17  

SURYA- THE VEDIC GOD 

Surya, the sun god, worshipped by the Greeks as Helios, is in one hymn approach the son of Dayus in another he is called the 

son of Aditi. Uṣas, the dawn is in one place said to be his wife, while in another she is illustrate as his mother. He travels about in a car 

which is sometimes said to be drawn by seven fleet and glowing mares. He rolls up darkness like a put out of sight. Pūṣan goes as his 

envoy with his golden ships, which sail in the mid-air ocean. Surya is the preserver and soul of all things stationary and moving and is 

therefore, called the creator of everything, enlivened by him men perform their work, he is far- seeing, all seeing, beholds all living 

thing, and the good and bad deeds of moral values. By his prominence he is the divine chief of the gods.  

In numerous passages however, the position of surya is emphasize. He said to have been caused to stand out by Indra, who 

also once approved off one of the wheels of his chariot. Mitra and Varuṇa sometimes obscure him by clouds and rain.18 

SŪRYASTUTI 

 In Ṛgveda, there are eleven sūktas devoted to sun. Some of these mantras describe the greatness and supernatural power of 

surya. Sun rays are having a power to destroy skin diseases like ‘Harima’ the greenish colour of the body an effect of the skin diseases 

like leprosy. Sunrays cure these types of diseases.19 Ṛgveda consists of mantras invoking sun god to cure diseases. 

                =tzÉt Ê¨ÉjÉ¨É½þ +É®úÉä½þzÉÖkÉ®ÉÆ Ênù´É¨ÉÂ*=tzÉt Ê¨ÉjÉ¨É½þ +É®úÉä½þzÉÖkÉ®ÉÆ Ênù´É¨ÉÂ*=tzÉt Ê¨ÉjÉ¨É½þ +É®úÉä½þzÉÖkÉ®ÉÆ Ênù´É¨ÉÂ*=tzÉt Ê¨ÉjÉ¨É½þ +É®úÉä½þzÉÖkÉ®ÉÆ Ênù´É¨ÉÂ* 

                ¾þpùÉäMÉÆ ¨É¨É ºÉÚªÉÇ ½Ê®¨ÉÉhÉÆ SÉ xÉÉ¶ÉªÉ**¾þpùÉäMÉÆ ¨É¨É ºÉÚªÉÇ ½Ê®¨ÉÉhÉÆ SÉ xÉÉ¶ÉªÉ**¾þpùÉäMÉÆ ¨É¨É ºÉÚªÉÇ ½Ê®¨ÉÉhÉÆ SÉ xÉÉ¶ÉªÉ**¾þpùÉäMÉÆ ¨É¨É ºÉÚªÉÇ ½Ê®¨ÉÉhÉÆ SÉ xÉÉ¶ÉªÉ**20 

                    ¶ÉÖEäò¹ÉÖ ¨Éä ½Ê®ú¨ÉÉhÉÆ ®úÉä{ÉhÉEòÉºÉÖ nùv¨ÉÊºÉ*¶ÉÖEäò¹ÉÖ ¨Éä ½Ê®ú¨ÉÉhÉÆ ®úÉä{ÉhÉEòÉºÉÖ nùv¨ÉÊºÉ*¶ÉÖEäò¹ÉÖ ¨Éä ½Ê®ú¨ÉÉhÉÆ ®úÉä{ÉhÉEòÉºÉÖ nùv¨ÉÊºÉ*¶ÉÖEäò¹ÉÖ ¨Éä ½Ê®ú¨ÉÉhÉÆ ®úÉä{ÉhÉEòÉºÉÖ nùv¨ÉÊºÉ*    

                    +lÉÉä ½Ê®úpù´Éä¹ÉÖ ¨Éä ½Ê®ú¨ÉÉhÉÆú ÊxÉ nùv¨ÉÊºÉ**+lÉÉä ½Ê®úpù´Éä¹ÉÖ ¨Éä ½Ê®ú¨ÉÉhÉÆú ÊxÉ nùv¨ÉÊºÉ**+lÉÉä ½Ê®úpù´Éä¹ÉÖ ¨Éä ½Ê®ú¨ÉÉhÉÆú ÊxÉ nùv¨ÉÊºÉ**+lÉÉä ½Ê®úpù´Éä¹ÉÖ ¨Éä ½Ê®ú¨ÉÉhÉÆú ÊxÉ nùv¨ÉÊºÉ**21 

GĀYATRĪ MANTRA  

 The Gāyatri mantra in Ṛgveda is most well known.  

                                            iÉiºÉÊ´ÉiÉÖ´ÉÇ®äúhªÉÆ ¦ÉMÉÉæ näù´ÉºªÉ vÉÒ¨ÉÊ½þ *iÉiºÉÊ´ÉiÉÖ´ÉÇ®äúhªÉÆ ¦ÉMÉÉæ näù´ÉºªÉ vÉÒ¨ÉÊ½þ *iÉiºÉÊ´ÉiÉÖ´ÉÇ®äúhªÉÆ ¦ÉMÉÉæ näù´ÉºªÉ vÉÒ¨ÉÊ½þ *iÉiºÉÊ´ÉiÉÖ´ÉÇ®äúhªÉÆ ¦ÉMÉÉæ näù´ÉºªÉ vÉÒ¨ÉÊ½þ *    

                                            ÊvÉªÉÉä ªÉÉä xÉ& |ÉSÉÉänùªÉÉiÉÂ**ÊvÉªÉÉä ªÉÉä xÉ& |ÉSÉÉänùªÉÉiÉÂ**ÊvÉªÉÉä ªÉÉä xÉ& |ÉSÉÉänùªÉÉiÉÂ**ÊvÉªÉÉä ªÉÉä xÉ& |ÉSÉÉänùªÉÉiÉÂ**22    

Savita is the presiding deity of the Gāyatri mantra, Fire (Agni) is the mouth. Viśvāmitra is the Ṛṣī and Gāyatri is the metre. 

Gāyatri mantra is also recognized as Savitri mantra, which has from time immemorial been regarded as the valuable mantra to pray 

worship to the Sun god. It sheds much light on the nature of Savitr. The superiority of god Savitru is well defined in the Ṛgvedic 

hymns. The word ‘Savita’ means the supreme God. He is the will behind the universe and its source. ‘Tat savitur vareṇyam’ is 

addressed to Savita.  

All mantras in Ṛgveda are divine especially the Gāyatri of all mantras, the supreme and the most potent power of powers is 

the Gayatrī mantra. This is regarded as the very life and soul of the all Vedas and Upaniṣads. The Gayatrī mantra is his constant guide; 

friend, support and strength. Gayatrī japa is laid down as a necessary daily sadhana in the life of every Indian. ‘we meditate that 

excellent glory of the divine savitri, or Sun; may he stimulate our understanding.’23 The Sages sing Gāyatri thus: “Let us adore the 

supremacy of that heavenly Sun, the godhead, who illuminated all, who recreates, all from whom all proceed, to whom all must return, 

whom we call upon to direct our understandings a right in our progress towards his holy seat”.24  
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By observing Gāyatri daily, it is believed that we will be stable mentally and rich in positive feelings. Gāyati mantra has 

flown from the experience of our ancient sages and needs to be pragmatic through prayer. Thus the aim of the Gāyatri mantra, 

preceded by the repetition of the spiritual term Oṁ or Praṇava, is to meditate upon the exclusive radiance of Savita as a means to 

realize him. The Brahman or Savita illustrate the eternal principle, which creates this whole universe, through which all those 

achievement of the knowledge of the Brahman. 

Gāyatri: Word Meaning and Interpretation 

iÉiÉÂ ºÉÊ´ÉiÉÖ&iÉiÉÂ ºÉÊ´ÉiÉÖ&iÉiÉÂ ºÉÊ´ÉiÉÖ&iÉiÉÂ ºÉÊ´ÉiÉÖ&  ´É®äúhªÉ¨ÉÂ´É®äúhªÉ¨ÉÂ´É®äúhªÉ¨ÉÂ´É®äúhªÉ¨ÉÂ –  

iÉiÉÂiÉiÉÂiÉiÉÂiÉiÉÂ - with the purpose of Vedic seers believed that the supreme ultimate reality cannot be described by any name. Therefore, they 

addressed it simply as that.     ºÉÊ´ÉiÉÖ&ºÉÊ´ÉiÉÖ&ºÉÊ´ÉiÉÖ&ºÉÊ´ÉiÉÖ&  -  That from which everything is born, the vital source of the cosmos. Vedas use sun as a symbol. 

Just as sun’s rays remove darkness, light of wisdom removes unawareness of the supreme.    ´É®äúhªÉ¨ÉÂ´É®äúhªÉ¨ÉÂ´É®äúhªÉ¨ÉÂ´É®äúhªÉ¨ÉÂ – Most pleasant, and most 

precious of worship. 

¦ÉMÉÉæ näù´ÉºªÉ ÊvÉ¨ÉÊ½þ¦ÉMÉÉæ näù´ÉºªÉ ÊvÉ¨ÉÊ½þ¦ÉMÉÉæ näù´ÉºªÉ ÊvÉ¨ÉÊ½þ¦ÉMÉÉæ näù´ÉºªÉ ÊvÉ¨ÉÊ½þ    

¦ÉMÉÉæ¦ÉMÉÉæ¦ÉMÉÉæ¦ÉMÉÉæ- identity- effulgence, radiance, spiritual light and that bestows wisdom. näù´ÉºªÉnäù´ÉºªÉnäù´ÉºªÉnäù´ÉºªÉ - The word indicate divine 

authenticity, of glorious supreme. - ÊvÉ¨ÉÊ½þÊvÉ¨ÉÊ½þÊvÉ¨ÉÊ½þÊvÉ¨ÉÊ½þ we meditate upon. 

vÉÒªÉÉä ªÉÉä xÉ&þ |ÉSÉÉänùªÉÉiÉÂvÉÒªÉÉä ªÉÉä xÉ&þ |ÉSÉÉänùªÉÉiÉÂvÉÒªÉÉä ªÉÉä xÉ&þ |ÉSÉÉänùªÉÉiÉÂvÉÒªÉÉä ªÉÉä xÉ&þ |ÉSÉÉänùªÉÉiÉÂ  

 vÉÒªÉÉä vÉÒªÉÉä vÉÒªÉÉä vÉÒªÉÉä - mental power, sympathetic, cultivated supremacy.    ªÉÉäªÉÉäªÉÉäªÉÉä-  Which. xÉ&þ xÉ&þ xÉ&þ xÉ&þ Our.    |ÉSÉÉänùªÉÉiÉÂ|ÉSÉÉänùªÉÉiÉÂ|ÉSÉÉänùªÉÉiÉÂ|ÉSÉÉänùªÉÉiÉÂ- make clear to, motivate, 

direct.25 

SŪRYA AND SAVITA IN ṚGVEDA  

 Savita, in Ṛgveda with 11 hymns is also a sun deity. He is with golden eyes, hands and tongue. Sometimes he is 

differentiated from sun. Savita is related with ṛta.26 He is the invisible sun of the night. He is main by worshipped for the excusal from 

the sins, ‘oh Savita, please make us free from the sins against devas, which have been occurred because of the lack of wisdom, power 

etc’27 Gāyatri mantra addresses the sun in the form of Savita. Yajurveda consist of the mantras which address the sun who is the 

supreme power and Savita, who is the base of Ṛk, Yajus by Sāmaveda.28 

III. CONCLUSION   

 The celestial orb of lusture namely sun has been a source of amazement for humans, since the early times. A Ṛgvedic poet 

wonders where sun has disappeared during night time. Since sun is the inexhaustible source of light and energy that keeps burning in 

the skies from time immemorial, it has been because an object of worship. Sun god was thought to be endowed with divine efficacy to 

solve the problems of human existence. It was natural that if sun god is propitiated if would bring fortune, prosperity, luminosity, 

children, cattle and longevity to them. It was such a belief that was the first source of the cult of sun worship and Ṛgveda is our most 

ancient monument of sun worship which is couched in poetic, as well as metaphoric expressions.     
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3. Hindu Encyclopeadia, C Prasad (Ed.), P.898. 
4. ibid., C Prasad (Ed.), P.856. 
5. ibid., C Prasad (Ed.), P.856. 
6. ŚrīkṛṣṇaVilāsakāvyam with Sanskrit commentary Vilasini of Rāmapāṇivāda and Malayalam Commentary Prasadam, Canto One, P.N Prasad (Ed.), P.14. 
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     Abstract- In Artificial Intelligence, knowledge representation 
is a combination of data structures and interpretive procedures 
that leads to knowledgeable behavior. Therefore, it is required to 
investigate such knowledge representation technique in which 
knowledge can be easily and efficiently represented in computer. 
This research paper compares various knowledge representation 
techniques and proves that integrated approach is a more 
efficient and more accurate knowledge representation scheme. 
  
     Index Terms- Knowledge Representation, Predicate Logic, 
Frames, Script, Production Rule, Semantic Network. 
 

I. INTRODUCTION 

knowledge representation (KR) is an idea to enable an 
individual to determine consequences by thinking rather 

than acting, i.e., by reasoning about the world rather than taking 
action in it [2]. The knowledge acquired from experts or induced 
from a set of data must be represented in a format that is both 
understandable by humans and executable on computers. For 
Good Knowledge Representation Languages, there should some 
qualities:  
1. Expressive  
2. Concise  
3. Unambiguous  
4. Independent of context  

• What you say today will still be interpretable tomorrow. 
5. Efficient 

• The knowledge can be represented in a format that is 
suitable for computers. 

• Practical inference procedures exist for the chosen 
format. 

6. Effective 
• There is an inference procedure which can act on it to 

make new sentences. 
 

II. KNOWLEDGE REPRESENTATION      

TECHNIQUES 

 

2.1 KNOWLEDGE REPRESENTATION USING LOGIC 

Logic is a formal language for representing facts in a precise and 
unambiguous way [4]. There two basic forms of computational 
logic are propositional logic and predicate logic. A proposition 
is nothing more than a statement that is either true or false. In 
propositional logic, we use symbols, such as letters of the 
alphabet, to represent propositions, premises, or conclusions. For 
example, 
The mail carrier comes Monday through Friday. � A (premise) 
Today is Sunday. � B (premise) 
The mail carrier will not come today. � C (conclusion) 
To form more complex premises, two or more propositions can 
be combined, using logical connectives such as AND, OR, NOT, 
IMPLIES, and EQUIVALENT. It can be manipulated using the 
rules of propositional logic to infer new conclusions. Because 
propositional logic deals primarily with complete statements and 
whether they are true or false; its ability to represent real-world 
knowledge is limited. 
Predicate logic is useful for showing logic relationships and 
their reasoning. In predicate logic statements can be split into 
words. Predicate logic employs the notions of constant, variable, 
function, predicate, logical connectives and quantifiers to 
represent facts [7]. A predicate with one argument expresses a 
property of an object for e.g. 
Student(smith). A predicate with two or more arguments 
expresses a relation between objects for e.g. likes (smith, Mary). 
Predicate with no arguments is just simple proposition logic [2]. 
 
2.2 KNOWLEDGE REPRESENTATION USING 
SEMANTIC NET 
 Semantic networks are an alternative to predicate logic as a form 
of knowledge representation [1]. Semantic networks focus on the 
relationships between different concepts. They are graphical 
depictions of knowledge composed of nodes and links (arcs). 
Nodes are represented by objects, and arcs representing 
relationships between those objects. An object can be any 
physical item, such as a book, a car, a desk, or even a person. 
Nodes can also be concepts, events, or actions. Some of the most 
common arcs are of the IS-A or HAS-A type. IS-A is used to 
show a class relationship (i.e., that an object belongs to a larger 
class or category of objects). HAS-A links are used to identify 
characteristics or attributes of object nodes. But the 
representation of semantics networks in a computer is very 
complex. As only objects and there associations are stored in 

A
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computer, therefore retrieving the actual and correct information 
from semantics networks is a very difficult task [3]. 
 
2.3 KNOWLEDGE REPRESENTATION USING FRAME: 
A frame is a data structure that includes all the knowledge about 
a particular object. This knowledge is organized in a special 
hierarchical structure that permits a diagnosis of knowledge 
independence. Frames are basically an application of object-
oriented programming for artificial intelligence and Expert 
System. Frames provide a concise structural representation of 
knowledge in a natural manner. The knowledge in a frame is 
partitioned into slots. A slot can describe declarative knowledge 
(e.g., the color of a car) or procedural knowledge. A frame 
includes two basic elements: slots and facets. A slot is a set of 
attributes that describe the object represented by the frame. Each 
slot contains one or more facets. The facets (subslots) describe 
some knowledge or procedural information about the attribute in 
the slot. Most artificial intelligence systems use a collection of 
frames linked together in a certain manner to show their 
relationship. This is called a hierarchy of frames. The 
hierarchical arrangement of frames permits inheritance frames. 
 
2.4 KNOWLEDGE REPRESENTATION USING SCRIPT  
A script is a term proposed by Schank, and it refers to a form of 
knowledge representation [8]. A script is a structured 
representation describing a stereotyped sequence of events in a 
particular context [5]. For Example, when we go to a restaurant, 
we usually 'enter the restaurant', 'wait', 'sit down', 'get the menu 
and decide what to eat', 'order the dish’, ‘wait until the dish has 
come', and so on. This sequence can be said to be script 
knowledge in the situation of 'eating at a restaurant'[6]. 
 
2.5 KNOWLEDGE REPRESENTATION USING 
PRODUCTION RULES 
Production rules are the most popular form of knowledge 
representation for expert system and automated decision support 
(ADS) systems. Knowledge is represented in the form of 
condition/action pairs: IF this condition (premise) occurs, THEN 
some action (result or conclusion) will occur. Consider examples, 
“If the stop light is red AND you have stopped, THEN a right 
turn is okay.” 
Two types of rules are common in artificial intelligence: 
knowledge and inference rules. Knowledge rules (declarative 
rules) state all the facts and relationships about a problem. 
Inference rules (procedural rules) advice on how to solve a 
problem, given that certain facts are known. The knowledge 
engineer separates the two types of rules: Knowledge rules go to 
the knowledge base, whereas inference rules become part of the 
inference engine. 
Example of the knowledge rules: 
Rule 1: IF an international conflict begins, THEN the price of 
gold goes up. 
Rule 2: IF the inflation rate declines, THEN the price of gold 
goes down. 
Rule 3: IF the international conflict lasts more than seven days 
and IF it is in the Middle East, THEN buy gold. 
 

Inferences rules contain rules about rules and thus are also called 
metarules.They pertain to other rules (or even to themselves). 
Inference (procedural) rules may look like this: 
Rule 1: IF the data needed are not in the system, THEN request 
them from the user. 
Rule 2: IF more than one rule applies, and THEN deactivate any 
rules that add no new data. 

III. SELECTION OF REPRESENTATION METHODS 

Knowledge Representation methods all have advantages and 
limitations. Production rules are popular in the design of first-
generation expert system. The object-oriented method has 
become very popular in recent years. Predicate logic provides a 
theoretical foundation for rule-based inferences. To navigate the 
problem associated with single knowledge representation 
technique the integrated knowledge representation came in 
picture.  
Sometimes, no single knowledge representation method is by 
itself ideally suited for all tasks. When several sources of 
knowledge are used simultaneously, the goal of uniformity may 
have to be sacrificed in favor of exploiting the benefits of 
multiple knowledge representations, each tailored to a different 
subtask. The necessity of translating among knowledge 
representations becomes a problem in these cases. Nevertheless, 
some recent expert system shells use two or more knowledge 
representation Schemes, e.g., the CORVID, KRYPTON, 
MANTRA, FRORL system. 
Production rules and frames comprise a successful combination 
of knowledge representation methods. Production rules do not 
provide a totally effective Representation facility for many ES 
applications. But their expressive power is inadequate for 
defining terms and for describing domain objects and static 
relationships among objects.  Frames are objects and fit the 
paradigm of an object-oriented approach to ES development 
well. Objects encapsulate properties and Actions, just as frames 
store knowledge. Frames are organized into classes, which are 
organized into hierarchies. Each frame inherits its properties 
from its parent frame. Rules can either guide the frames 
behaviors or be embedded in the frame. The object-oriented 
paradigm fits the hybrid ES structure well in working with 
frames and rules. CORVID and many other development tools 
have adopted this integrated approach. 
FRORL -It uses frames and production rules. 
MANTRA – It uses first order logic, semantic networks, 
production system and terminological language. 
KRYPTON – It uses frames and predicate logic. 
CORVID - It uses frames, production rules and object – oriented 
language. 
Expert systems are computer programs that Provide problem 
solving knowledge and Situation-specific advice comparable to 
talking to a human expert.CORVID is a Knowledge Automation 
Expert Systems tool. Exsys Corvid provides ways to capture 
expert knowledge and decision-making processes that allow 
computers to emulate the interaction people have with human 
experts to solve problems. Corvid systems are portable across 
platforms for enterprise-wide integration and run from Web sites, 
intranets and client-side. In Exsys Corvid, rules are written in 
English and Algebra. They are easy to read and very similar to 
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what the expert would tell you if you asked, “How did you make 
that decision?” Exsys Corvid is designed to help developers 
(domain experts) build rules that are easy to read, understand and 
maintain. 
Exsys Corvid has a unique way to define, organize and structure 
rules into logically related modules. A Logic Block is made up of 
one or more structured logic diagrams. 
 

 
 

IV. CONCLUSION 

     This paper has presented the comparison between five 
representation schemes shown in annexure 1 and the objective is 
to analyses the power and expressiveness of a system. Each 
knowledge representation schemes has advantages and 
disadvantages. Combination of two or more representation 
scheme may be used to for making the system more efficient and 
improving the knowledge representation.  
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SNO. Knowledge 
structure 

Logic Semantic Net Frame Script Production Rule 

1 Merits * Facts asserted 
independently of 
use 
* Assurance that 
only valid 
consequences are 
asserted. 
* Its providing a 
better way to do 
reasoning by 
providing a way 
of deducing new 
from old one. 
* It can be used 
for proving the 
statements. 
* Quantified and 
existential 
statements are 
easily represented. 

* Easy to follow 
hierarchy. 
* Easy to trace 
associations. 
* Easy to visualize 
and understand. 
* It is flexible 

* Expressive power 
* Easy to set up 
slots for new 
properties and 
relations. 
* Easy to create 
specialized 
procedures. 
* Easy to include 
default information 
and easy detect 
missing values 
* Very flexible  

* It  provide a high 
degree of flexibility 
* Ability to predict 
events 
* A single coherent 
interpretation may 
be build up from a 
collection of 
observations. 

*  Simple syntax 
*  Easy to understand 
*  Simple interpreter 
*  Highly modular 
* It is flexible(to add 
or modify) 
*Naturalness of 
expression 

2 Demerits * Not possible to 
store and 
represent infinite 
sentences. 
* Processing is 
not efficient and is 
time consuming. 
* Less expressive 
* Used for 
representing 
statics facts only. 
* Inefficient with 
large data sets. 
* Very slow with 
large knowledge 
bases. 
 

* Meaning 
attached to nodes 
might be 
ambiguous. 
* Exception 
handling is 
difficult 
* Difficult to 
program 

* Difficult to 
program  
* Difficult for 
inference 
* Lack of 
inexpensive 
software 

* Complex 
concepts, influences 
and dependencies 
are difficult to 
represent. 
* The precise 
structure is hard to 
select to achieve an 
optimal 
performance. 
* Less general than 
frames. 
* May not be 
suitable to represent 
all kinds of 
knowledge. 

* Hard to follow 
hierarchies. 
* Inefficient for large 
systems 
* Not all knowledge 
can be expressed as 
rules 
* Poor at representing 
structured descriptive 
knowledge 

3 Nearest 
data 
structure 

Rule based system Graph Class in object 
oriented 
programming  

Class of events *Tree-structure 
*Divide and conquer, 

4 Searching 
algorithm  

*Breadth First 
*Depth first 
*Forward 
Chaining 
*Backward 
Chaining 

* Intersection 
Search 
* Inheritance 
* Breadth First  
* Depth First 
* Heuristic Search 

* Inheritance 
* frame matching 

* Inheritance 
*Tree-Structure 

*pattern matching 
algorithm(Rete 
algorithm) 
*forward chaining 

and backward 

chaining 
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Abstract: The local earthquake events recorded north of Panjal thrust (=Main Central thrust) and Main Boundary Thrust (MBT) by the 
four broadband seismological observatories located at Jammu, Poonch, Doru and Bani in Jammu and Kashmir from January to May, 
2012 have coda magnitudes ranging from 1.7 to 3.8 were used to compute source parameters namely; seismic moment, source radius, 
and stress drop. These source parameters were computed with the help of Seisan software following Brune’s source model.  The 
seismic moments calculated for these events range from 4.47x1018 to 6.31x1021 dyne-cm; source radii from 0.45 to 2.08 km and stress 
drops from 0.08to 28.4 bars.   
 
Index Terms: Earthquake, seismic moment, source radius, stress drop, coda magnitude. 
 

I. INTRODUCTION 

he Himalaya originated due to continental collision between the Indian and the Eurasian  plates that took place during the Late 
Cretaceous to Early Eocene times1-2. This orogenic process continues even to date, as is indicated by significant number small and 

moderate earthquakes and neotectonic movements along the thrusts and faults in the region3. The active tectonic movements along the 
faults provide direct evidence of lithosphere deformation and the evolving seismo-tectonic setup in the region. The northwestern 
Himalaya is broadly divisible into four east-west trending linear belts which at the northwest end take a turn to the southwest and form 
the Western Syntaxis (= Jhelum Syntaxis). These tectonic belts from north to south are i) Karakoram belt, ii) Indus-Shyok belt, iii) 
Main Himalayan belt and iv) Frontal fold belt. Western Syntaxis and the two re-entrants, the broad Chenab re-entrant near Reasi, 
Jammu and Kashmir and the sharp Ravi re-entrant near Dalhousie in Himachal Pradesh., have played major role in the configuration 
of these tectonic units. Jammu and Kashmir has experienced number of devastating earthquakes in the past. According to the seismic 
zonation map of India, the region under study falls in seismic zones IV and V.  We have installed a seismological network of four 
Broad Band Seismic (BBS) Observatories under the MoES funded project at Duru (in Kashmir region), Poonch, Jammu and Bani (in 
Jammu region) which is operational since 2009. The entire State of Jammu and Kashmir is flanked by number of faults and thrusts 
some of them being considered very active (e. g. Main Boundary Thrust (MBT), Murree Thrust (MT) and Panjal Thrust (PT)).  Most 
of the earthquakes are generated by the fault movements4.  The seismic activity in the Jammu and Kashmir region is largely 
concentrated along the MBT and PT. Most of these earthquakes have focal depths in the upper 40 km of the crust. Majority of the past 
earthquakes have occurred between Outer Himalaya and Middle Himalaya within the northwestern Himalaya.  

Estimation of source parameters provides important information for assessment of seismic hazard analysis of a region. 
Several workers07-21 have made notable contribution in the field of source parameters study following Brune’s theory5-6 which 
describes the far-field displacement amplitude spectrum as the physical process that release energy at source.  We also followed 
Brune’s model5-6 for estimation of source parameters on local seismic events that occurred from January to May 2012 in Jammu and 
Kashmir region.   

 

II. DATA SET 

 
The digital data record used in the present study were acquired from the seismic network of four broadband seismograph in 

the region operational since 2009 at Jammu University Campus (Lat. 32043.139′ N, Long. 74052.052′ E), Poonch (Lat. 33046.233′ N, 
Long. 74006.415′ E), Doru (Lat. 33034.79′ N, Long. 75014.005′ E) and Bani (Lat. 32041.050′ N, Long. 75048.282′ E) (Fig. 1).  All the 
events used for this analysis were recorded by these stations from January to May, 2012 and are shown in Figure 1. 
 
 
 

T
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Fig. 1 Map showing the location of Seismic Observatories and local events recorded by these observatories. 

 

III. METHODOLOGY 

 
The P-wave and S-wave arrival time data (phase-data) of fourteen local earthquakes were measured from the digital 

seismograms obtained from seismological stations. The HYPOCENTER computer program22 was employed for locating these local 
earthquakes and computations were carried out adopting the earthquake analysis software SEISAN23.The digital waveform data 
recorded from the four stations were converted into respective ground velocity and then rotated to obtain ground velocity in vertical, 
transverse and radial direction in order to obtain the arrival of phases directly from the source to observatories. The integration of the 
corresponding velocities gives the displacement waveform. The Shear Horizontal(SH) part of the signal was transformed to frequency 
domain to get displacement amplitude spectrum. The low frequency spectral level (Ω0) and corner frequency (fc) were estimated from 
the displacement amplitude spectra. A frequency dependent attenuation (100f1.02) 24 correction for the Himalayan region was applied. 
The source parameters: seismic moment, source radius and stress drop were calculated using the following expressions: 
Following Kellis-Borok25 the seismic moment is estimated from the value of Ω0 as: 

 
Seismic Moment, Mo = 4πρβ3

RΩo / RθφSα    (1) 
 
Here ρ is the average density (=2.67 g/cm3), β is shear wave velocity in the source zone (=3.92 km/sec)26, R is the hypocentral 
distance, Rθφ is the average radiation pattern (=0.63), Sa is free surface amplification (=2). 
 
The source radius and stress drop are estimated followingBrune’s model5-6 as: 
        The source radius, r = 2.34 β /2π fc            (2)    

The stress drop, ∆σ = 7 Mo/16 r3              (3) 
 
An example of recorded digital waveforms of an event is shown in Figure 2. The rotated transverse component of time history at a 
station along with its Shear Horizontal (SH) part marked by arrows and its displacement amplitude spectrum is shown in Figure 3.  
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Fig. 2: Waveforms of an event recorded by seismic network of Jammu University 

 

 
Fig. 3: The rotated transverse component of an earthquake and its Shear Horizontal (SH) part shown in upper part of the figure and 

the displacement amplitude spectrum along with marked low frequency spectral level and high frequency spectral decay above fc in the 
lower part. 

 

IV. RESULTS AND DISCUSSIONS 

 
The estimated source parameters namely seismic moment, source radius and stress drop along with their hypocentral 

parameters of the fourteen local seismic events are given in Table 1. 
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Table 15:  Showing Location of Earthquakes and source parameters of the events recorded by the Jammu University Seismic Network 

during January-May, 2012 
S.No Date 

yyyymmdd 

UTC Time 

HH:MM:SS.s 

Latitude Longitude Coda 

Magnitude 

Seismic 

Moment  Mo 

(dyne-cm) 

Stress 

Drop 

(bars) σ 

Source 

Radius 

(km) 

1 20120104 16:31:18.54 33.593 74.759 3.7 4.47x1021 28.4 1.21 

2 20120206 00:16:49.18 33.118 76.123 2.1 5.01x1019 0.5 0.504 

3 20120221 19:55:48.20 35.354 74.003 2.9 2.82x1020 4.2 0.5842 

4 20120225 21:41:18.27 32.966 76.200 1.7 4.47x1018 0.31 0.5 

5 20120307 13:18:18.73 32.518 78.332 3.8 6.31x1021 7.0 2.08 

6 20120402 06:30:17.42 32.260 74.242 2.4 5.01x1019 1.1 0.8 

7 20120405 22:34:56.02 34.920 74.447 3.0 3.98x1020 3.8 0.6 

8 20120406 10:54:48.08 32.502 76.464 2.6 1.0x1020 1.5 0.8 

9 20120424 01:52:48.74 33.898 76.482 2.3 3.55x1019 2.5 0.5 

10 20120426 22:34:01.69 32.704 76.235 2.0 1.26x1019 0.08 0.5 

11 20120501 21:36:26.76 35.144 74.396 3.0 3.98x1020 4.61 0.456 

12 20120503 14:44:56.99 33.349 75.851 2.2 2.51x1019 0.18 0.5 

13 20120506 05:43:3.43 32.650 76.337 2.5 7.08x1019 1.5 0.5 

14 20120510 

 

01:05:20.10 33.315 74.317 2.1 1.78x1019 0.12 0.5 

 
The estimated seismic moment ranges from 4.47x1018 to 6.31x1021 dyne-cm and coda magnitudes of these events ranges from 1.7 to 
3.8. The corner frequencies range from 0.63 Hz to  3.0Hz, and source radii calculated for these events ranges from 0.45 to 2.08 km. 
The stress drop of these events varies from 0.08 to 28.4 bars. These results are similar to the results obtained through earlier studies 
elsewhere in the Himalayan region20, 27.  

V. CONCLUSION 

The estimated source parameters for the fourteen local events (1.7≤MD≤3.8) recorded by the four seismic observatories 
installed in Jammu and Kashmir is the first such study carried out in the region. These source parameters have an importance in 
providing basic information for the assessment of seismic hazard in the region which experienced an earthquake of Mw=7.6 in 2005 
taking a toll of about 87000 lives across the Line of actual Control in Jammu and Kashmir and Pakistan.  Epicentres of these events 
located north of Panjal Thrust (PT) and Main Boundary Thrust (MBT). The seismic moments calculated for these events range from 
4.47x1018 to 6.31x1021 dyne-cm; source radii from 0.45 to 2.08 km and stress drops from 0.08 to 28.4 bars which are similar to the 
events recorded in other parts of the Himalayan regions. 
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Abstract- The Fractional Fourier Transform (FRFT.) is the generalization of the classical Fourier Transform and was introduced many 
years ago in mathematics literature. The original purpose of FrFT  is to solve the differential  equation in quantum mechanics 
problems in optics . Most of the applications of FrFT in optics . It depends on a parameterα and can be interpretedas rotation by an 
angle α in the time frequency plane or decomposition of the signal in terms of chirps. It is also used in digital domain. Because of its 
simple and of beautiful properties in time – frequency plane, there are many new applications waiting for signal processing. 
 
Index Terms- Fractional Fourier Transform, signal processing and analysis, Linear Canonical Transform, Discrete FRFT 
 

The Fractional Fourier Transform in Signal Processing 
 
The fourth power of 3 is defined as 34, but 33.5= 37/2 =  may be defined in this manner. 

The first and the second derivatives of the function f(x) as df(x)/dx and f(x)/d  = f(x) 

Now what is the 2.5th derivative of a function? Let F(u) denote FT(Fourier Transform) of f(x). 
The F.T. of the nth derivative of the f(x) be given by 

(i2πu)n F(u) , for any positive integer n. 
 
Generalizing  this property by replacing n with real order a and take it as the ath derivative of f(x), thus we can find daf(x)/dxa , the ath 

derivative of f(x) and the inverse F.T. of (i2πu)a F(u). Both of these will deal with the fraction of an operation performed on an entity, 
rather than fractions of the entity itself. 
 
Let T be the transformation and describing T as following  
 T{f(x)} = F(u) 
Where f and F are the two functions with variables x and u, respectively, where F is a T transform of f. thus we can also consider one 
new transform as  
   {f(x)}  =   Fd(u)   
Where   , the α-order fractional T transform, and the parameter α is called the ‘fractional order’  and this kind of Transform is called 
“fractional transform”, which satisfies the following conditions 
 

BOUNDARY                                          T0{f(x)} =   f(u) 
    CONDITIONS .                         T1{f(x)} =    F(u). 

 
Additive property:               Tβ{Tα{f(x)}}   =   {f(x)} 
 
As we know the two functions f and F are F.T. pair if  
 
  F(v)         =   exp (-i2 vx)dx 
 
          &               f(x) =   exp (i2πvx)dv 
  
which reduce to operator notation as F= £{f} where £ denotes  
 
the conventional F.T.  Thus  £2{f(x)} = f(-x) ;  £4{f(x)} = f(x). 
 
Thus the notation  means doing the £ for α times. 
 
The F.T. by expressing it in terms of these Eigen functions as following  
 
 f(x) = ψn(x) 
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An  =       (x) f(x)dx 
 
£ {f(x)} =      e-inπ/2ψn(x) 
 
The αth order Fractional Fourier Transform give the same Eigen functions as the F.T., but its Eigen value are the αth power of the Eigen 
values of the ordinary F.T. 
 
The Fractional operator of order α may be defined through Eigen functions of the Conventional Fourier operator as 
 
  £α{ψn(x)}  =  e-iαnπ/2ψn(n)  
   
  If the operator be linear, the fractional transform of an arbitrary function may be expected as  
 
  {£α[f(x)]}(x)  =     e-αnπ/2ψn(x) 
 
Thus, we have the following essential properties: 

(1) The FFT operation is Linear.  
 
 (2)    The first-order Transform ‘£’ corresponds to the Conventional F.T. £ and the zeroth-order transform £0, ie. doing no 

transform. 
  

 (3) The fractional operator is additive  £β £α = £α+β    
  
  
  

 FRCTIONAL FT. OF SOME  SIGNALS 
 

SIGNAL Fr FT with order  

∂(t-τ) 

 
 

 
1 

 

cos(νt) 
 

sin(νt) 
 

 
We have introduced some relations between them, which are quite important because many applications are based on them. The first 
FRFT have several applications in the area of Optics and Signal Processing, which leads to generalization of notation of space or time 
and frequency domain which are central concepts of Signal processing. The generalization of F.T , Fr. F.T in a useful tool for Signal 
Processing. Since the flexibility of Fr. F.T is better than conventional F.T., many problems that cannot be solved well by Conventional 
F.T. are solved here. 
It has many applications in the solutions of Differential Equation, Optical Beam Propagation and Spherical mirror resonators, Optical 
Diffraction theory, Optical Signal Processing, Signal Detectors and finds other relation between Fr. F.T. and other signal 
representation.  
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    Abstract: Microbial proteases important hydrolytic enzymes represents largest group of industrial enzymes and have applications 
in various industries. Proteases capable to in harsh condition of salinity, alkalinity and temperature etc are thus of great concern. 
Extracellular protease producing bacterium isolated from saline soil of Akola district was related to Bacillus licheniformis on the basis 
of biochemical and16S rDNA gene sequence similarity. The enzyme was active in the range of pH 6–10 with the optimum at 9.0. 
Different carbon and nitrogen sources used in the study found increased protease production in Lactose and Yeast extract. The enzyme 
was highly stable at various NaCl concentrations retained 50% activity after 4hrs. Also, the enzyme was quite stable at higher 
temperature in the presence of KCl, NaCl and CaCl2. Activity of this was affected by mono and divalent metal ions to varying extent. 
The study on this enzyme assumes significance with dual extremities of pH and salt also with moderate temperature stability. 
 
    Index Terms: Protease, Bacillus licheniformis, protease, salt and saline soil 
 

I. INTRODUCTION 

nzymes are known biocatalysts and are used for various commercial purposes in industries. Microbial proteases are among the 
most important hydrolytic enzymes (Gupta et al 2002) representing largest group of industrial enzymes and account 

approximately 60% of total enzyme sale in the world (Rao et al 1998). Of the total enzymes used in various commercial and industrial 
processes, majority are obtained from mesophilic microorganisms. These have applications in various industries like detergents, foods, 
pharmaceuticals, leathers, diagnostic reagents and also for waste management and silver recovery (Gupta et al 2002).  These enzymes 
function in a restricted range of pH, temperature, and ionic strength. Moreover, the use and application of these under harsh industrial 
conditions makes them unsuitable, inefficient or unrecommendable. This suggests need for search of new microbial sources. The 
microorganisms from diverse and exotic environments, Extremophiles, are considered an important source of enzymes, and their 
specific properties are expected to result in novel process applications (Govardhan and Margolin, 1995, Robertson et al, 1996). 
In recent considerable focus has been given to the enzymes produced by moderately halophilic microorganisms and their 
biotechnological potentials (Ventosa, 2004; Ventosa et al., 1998) due to a advantage that these gives optimal activity at high salinities 
making them useful in many harsh industrial processes where the concentrated salt solutions used where many enzymatic conversions 
inhibited (Mohaparta et al., 1998).  Protease production has been shown in some species of halophiles such as Pseudoalteromonas sp. 
Strain CP76 (Sa´nchez-Porro et al., 2003), Natrialba magadii (Gime´nez et al., 2000), Halobacterium mediterranei (Stepanov et al., 
1992), Bacillus clausii (Kumar et al., 2004) and other halophilic isolates (Norberg and Hofsten, 1969; Kamekura and Onishi, 1974; 
Kamekura and Seno, 1990; Kamekura et al., 1992; Ryu et al., 1994; Lama et al., 2005). In all the cases, the proteases were shown to 
be secreted in the medium containing salts, particularly NaCl or KCl. The growth and protease production and its activity were 
exclusively observed in the presence of salts.  
 Halotolerant bacteria form a versatile group; can survive or adapted to life at the lower range of salinities and also have possibility 
of rapid adjustment to changes in the external salt concentration. In contrast, the halophilic archaea strictly require constant presence 
of high salt concentrations (3–4 M) for survival (Litchfield, 2002 ). This property of halotolerant bacteria makes them better 
candidates for bio-prospecting than their halophilic counterparts. Most of the Gram-positive, endospore forming rods with halotolerant 
properties, have been assigned to the genus Bacillus (Yoon et al, 2003). Bacillus sp. grows in a pH range of 7.0– 11.0 and produces 
extracellular protease. Currently, a large proportion of commercially available alkaline proteases are derived from different strains of 
Bacillus (Romero et al, 2007, Gupta et al, 2002). 
Present investigation focused on the protease production and activity for a newly isolated, halotolerant bacterium of genus Bacillus 
obtained from saline soil of Akola, MS India. 
 
 

E
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II. MATERIALS AND METHODS 

1. Collection of soil sample and Screening of the Isolates for Extracellular Protease: 

Soil Samples were collected from different parts from saline belt of Akola district, soil sample inoculated on same day or stored for 

no longer than 7 days at
 
6

0
C. Bacterial isolation was done by the serial dilution plating technique on nutrient and halophilic agar 

containing excess NaCl (pH 7.5). Based on colony characteristics different organisms were isolated, cultured aerobically in similar 

broth (pH 7.5) at 35
0
C and maintained as pure cultures. Protease-producing strain was selected by using a plate assay on medium 

Skim Milk Agar containing skim milk-10.0%, NaCl-50.0g/lit, and pH-7.0 and second medium containing Gelatin-300g/lit, Peptone-

100g/lit, NaCl- 50.0g/lit and pH-7.0, incubated at 35
0
C for 24 hrs. After incubation plates were observed for a clear zone of hydrolysis 

surrounding to bacterial colony indicative of hydrolysis due to proteolytic activity.  

2.  Characterization of  Selected Isolates: 

Identification of the protease positive isolates was done by microbiological, Gram’s character, Motility, and ability to ferment various 
sugars was studied using Vitek. Selected isolate were subjected to 16S rDNA sequencing for molecular identification. The obtained 
16S rDNA sequence was compared with data base sequences using BLAST program available at NCBI server. Hits obtained were 
analyzed and used for obtaining identification of the isolates. Query coverage, alignment score and E-value was considered for finding 
closest relative sequence for our sequence in the database. This basis was used for accepting nomenclature for the isolates. 

3. Preparation of crude enzyme and determination of Protease Activity: 

Protease positive isolates were inoculated in modified broth containing gelatin and peptone. Sterilized medium inoculated with 5% of 
culture (A600 = 0.1) and incubated on rotary shaker rotating with 120 rpm at 350C for 48 to 72 hrs. After dense growth in the medium 
the broth content were centrifuged in sterile centrifuge tubes at 15000 g for 20 min at 40C. Supernatant was collected in separate 
sterile bottles and used as crude protease enzyme. The proteolytic activity of the enzyme, with casein as the substrate, was determined 
by the modified method of Kunitz (1947). One-milliliter of crude enzyme solution was added to 3ml of 0.5% casein solution (pH 9), 
and incubated for 20 min at 600C. All Protein present was precipitated by adding 3ml of 10% trichloroacetic acid (TCA). After 20 
min, the supernatant was separated by centrifugation at 10000 rpm for 20 min and free tyrosine produced due to activity of crude 
enzyme measured by Folin and Lowry method. Blanks were prepared in which 3ml TCA was added before incubation. All assays 
were done in triplicate. One unit of protease activity was defined as the amount of the enzyme yielding the equivalent of 1 mmol of 
tyrosine per minute under the assay conditions.  
4. Effect of pH and Temperature on Protease Activity: 

Optimization of pH for the activity of protease enzyme is determined by using buffered substrate of different pH, from pH 5.0 to 10.0. 
For acidic sodium acetate buffer is used and basic was tris HCl or phosphate. The enzyme substrate reaction in the same manner is 
carried out and incubated at varying temperature conditions ranging from 300C to 800C.   
5. Effect of Carbon, nitrogen sources and metal ions on the production of protease: 

Effect of various carbon, nitrogen and metal ions on protease production was studied. Carbon sources using glucose, sucrose, starch, 
fructose, maltose and lactose.  Nitrogen using beef extract, yeast extract, peptone, ammonium nitrate, ammonium carbonate, urea, 
lysine, L-aspartic acid, glutamic acid and glycine. Metal ions used were K, Hg, Ca2+, Cu2+, Mg2+ and Mn2+. 
 
6.  Salt Stability of Enzyme: 

Crude enzyme was incubated in 5% NaCl and pH 9.0 at 600C after interval of 1 hr enzyme is withdrawn and protease activity was 
determined. Enzyme activity was also determined at various NaCl concentrations from 0 to 5%.   

III. RESULT AND DISCUSSION  

Screening of the isolates for extracellular protease: 

Total of 120 bacterial isolates were obtained capable to withstand and grow at excess salt concentration. Out these 29% isolates 
further identified as Bacillus (Jadhav and Musaddiq, 2011). From these 21 isolates were efficient in protease production at 5% NaCl 
and mostly of  Bacillus species (Bacillus AS-3, 47, 48, 54, 58, 72, 111, 46, 66, 102, 107, 68, 77, 103, 83 and Halomonas AS-11, 14, 
38, 56, 98). 
 
Identification of isolates: 

Biochemical characterization of protease positive 21 isolates were Gm+ Ve and belongs to 5 different species of bacillus, these are as 
mentioned in table no.1.  

Table no. 1. Biochemical characterization of various Bacillus sp isolates from saline soil. 

 

Isolate Biochemical property  
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Catalase 
V-P 
reaction 

Growth 
at 50°C 

Growth in 
7% NaCl 

NO3 
reduced to 
NO2 

Starch 
hydrolyze
d 

Acid in 
glucose 

Acid and 
gas in 
glucose 

Hydroly
sis of 
casein 

B. cereus + + + - + - + + + 

B. licheniformis  + + + + + + + - + 

B. pumilus + + + + - - + - + 

B. firmus + - - + + + + - + 

Bacillus licheniformis AS-3, 47, 48, 54, 58, 72, 111,  B. cereus AS-46, 66, 102, 107, B. firmus AS-68, 77, 103, B. pumilus AS-12, 83, 
Halomonas stevensii AS-11, 14, 38, 56, 98 
 
Few isolates also identified by 16S rDNA comparison result obtained summarized in table no.2.   

Table no. 2. Comparison of 16S rDNA sequences of selected isolates. 

Query Hit Closest BLAST relative Accession Similarity 
AS-2 Bacillus firmus strain BVC76 16S ribosomal 

RNA gene, partial sequence  
JQ407798.1 87% 

AS-3 Bacillus licheniformis strain CICC10266 
16S ribosomal RNA gene, partial sequence   

DQ112221.1 94% 

AS-4 Bacillus sonorensis 

 NRRL B-23154(T) 
AF302118 99.286 

AS-5 Bacillus subtilis subsp. spizizenii NRRL B-
23049(T) 

AF074970 47.731 

AS-12 Bacillus pumilus strain ATCC 7061 
16S ribosomal RNA, partial sequence 

NR_043242.1 98% 

AS-14 Halomonas stevensii S18214(T) AM941388 99.713 
 

Determination of Protease enzyme activity: 

Among these only four representative isolates were selected showing higher protease production at 5% NaCl and comparison of these 
four revealed that isolate no AS- 3 followed by AS-8 showed highest protease production in basal medium containing 5% NaCl. It was 

found to have maximum enzyme activity 
at pH 9.0 and 600C, average value of 
three different experiments was as shown 
in fig. 1.   

 

 
Fig 1: Protease activity of selected protease positive isolates at 5% NaCl.  
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The isolate AS-3 B. licheniformis being the highest protease producer in assay condition further used for enzyme production, the 
influence of various parameters on protease activity was determined. Enzyme was active over a range of pH from 5.0 to 11.0, having 
maximum activity at pH 9.0 – 10 (Fig. 2).  

 
Fig. 2: Influence of pH on the activity of protease enzyme from isolate AS-3.  
Temperature found as one of influencing factor, maximum being 600C where as below and above temperature showed substantial fall 
in activity (Fig.3). 

 

 

 

Fig. 3: Influence of temperature on the activity of protease enzyme from isolate AS-3.  
Effects of carbon sources on protease production: 
Lactose and maltose showed increases protease production (Fig.4) as compared to other carbon sources at 72 h of incubation. This is 
similar to reported in previous studies, larger amount of enzyme was synthesized when carbon sources used were poorly utilized for 
growth purposes (Ismail and Fattah, 1999).  
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Fig. 4: Effect of carbon sources on the activity of protease enzyme from AS-3 isolate.  
Effect of nitrogen sources on protease production: 
It was showed that yeast extract (Fig.5) resulted in the highest level of protease activity compared to other sources of organic nitrogen. 
this was followed by beef extract and peptone. Other inorganic and amino acid showed increase in growth but in comparison lesser 
protease production. 
 

 
 
 
Fig. 5: Effect of Nitrogen sources on the activity of protease enzyme from AS-3 isolate.  
Effects of metal ions on protease production: 
The highest level of protease production was observed in the presence of KCl at 72 h incubation (Fig.6). Addition of Ca2+, Cu2+ and 
Mn2+ resulted in lesser protease production whereas HgCl2 was found inhibitory effect. It was suggested that these metal ions 
increases stability of proteases, even though effects of the different metal on protease production vary, their presence in the medium 
improved activity.  
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Fig. 6: Effect of Metal on the activity of protease enzyme from AS-3 isolate.  
 
Stability and effect of NaCl 
Protease activity was reported at presence and absence of NaCl, without NaCl the activity was highest and decreases with increase in 
NaCl concentration from 0 to 5% (Fig. 7). In this study only activity of this is considered in response to NaCl not the production it will 
be also worthwhile to check production at varying salt concentrations.  Protease activity is found stable at 5% NaCl and 50% retained 
upto 4hrs (Fig. 8).  

 
 Fig. 7: Activity of crude protease enzyme from AS-3 isolate at various NaCl concentrations.  
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Fig. 8: Stability of protease enzyme activity at 5% NaCl of AS-3 isolate. 12 
 This result clearly indicated the potential of isolates in producing protease enzyme at 5% of salt, also stability of the enzyme. 

Similar results were obtained with the other enzymes produced by halophilic microorganisms (Prakash et al 2005, Amoozegar et al., 

2003, Sanchez-Porro et al., 2003; Coronado et al., 2000; Kamekura and Seno, 1990). The isolate showed protease production in basal 

medium containing 5% (w/v) NaCl. It will worthwhile to check capability of producing enzyme in the presence of NaNO3, KCl and 

sodium citrate as well as in varying concentration of NaCl. The production of protease in the presence of Na2SO4 has not been 

reported by others so far (Lama et al., 2005; Patel et al., 2005; 2003; Kumar et al., 2004).  

 Protease activity was found in presence and absence of NaCl, this is in contrast to the activity of most proteases from extremely 

halophilic microorganisms that falls off dramatically and irreversibly when the enzyme is exposed to lower salt concentrations. These 

characteristics make the protease of this study an interesting candidate for application in biotechnological processes, such as the 

treatment of saline waters or waste solutions with proteinaceous materials. 
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Women Exploitation in Indian modern society 

     *Manikamma Nagindrappa , *Radhika M.K 

ABSTRACT 
In the Indian modern country is fast emerging as a global power but for half of its population, the 

women across the country, struggle to live life with dignity continues. Women, irrespective of their class, caste 
and educational status, are not safe In the modern society women have been the victims of exploitations since 
long time in different fields in their life both physically, socially, mentally and economically. There are several 
causes of sexual as well as moral abuse which are very often highlighted by the media in Indian modern society, 
and a lot of those also remain unexplored. Although, such violence against women, sexual harassment, 
exploitation to women is not of recent origin, its trace is found in the history of ancient India. Women are facing 
problems in every sphere of life whether employment, access to health care or property rights. India is fast 
developing but women's in India continue to be discriminated. The declining sex ratio in India amply portrays 
the discrimination shown towards women at the stage of birth. They are victims of crime directed specifically at 
them, rape, kidnapping and abduction, dowry-related crimes, molestation, sexual harassment, eve-teasing, etc.  
It is realized that the long run supremacy of male over female in all respect in the patriarchal society in India is 
highly responsible for arresting the empowerment of women. women are being trafficked for sex, harassment at 
workplaces and tortured in family and society. The paper has attempted to find out the Indian perspectives 
women exploitation in modern society.  

 

Recent news of Gang Rape in New Delhi 23 Year Old Woman was raped by 6 people in a Moving Bus 
in New Delhi in December, 2012. The girl was hospitalized for several days and was also taken to Singapore for 
advanced Treatment. UN Women in India stresses the urgent need to promote and protect the safety of women 
and girls in India. Every girl and woman should be able to live safely and free of violence. These crimes need to 
end sexual harassment and violence cannot be tolerated. We urge that political will must translate into concrete 
action and stronger implementation of already existing laws and regulations. For the improvement of women's 
issues  U.N. declaration of 1975 as women's year and the period of 1975-1985 as women's decade due to the 
international recognition of the problems faced by women's all over the world. In spite of constitutional and 
legal safeguards, the women in India continue to suffer, due to lack of awareness of their rights, illiteracy and 
oppressive practices and customs. This article attempts to understand the stages and different forms of women 
exploitation in present society. To suggest Create healthy environment for women and girls everywhere by 
supporting efforts to end violence against them through the education and make strong laws to punish victim 
immediately. 

Keywords:  Women exploitation, sexual harassment, crime against women, Delhi Gang rape,Indian culture,  patriarchy 
 
 *Manikamma Nagindrappa Junior Research Fellow Dept. of Sociology Gulbarga University Gulbarga. 
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I  INTRODUCTION 
 

Indian woman bearing the torch of cultured living through self-sacrifice, physical and mental endurance, and 
compassion is waxing eloquence for retrogressive drudgery. It lends rationale for under-nutrition of girls, unequal health 
care, inequitable access to resources, and denial of property rights  all reserved for women born into a tradition that hails 
women’s capacity for forbearance. In the 21st century India is fast emerging as a global power but for half of its 
population, the women across the country, struggle to live life with dignity continues. Women are facing problems in 
every sphere of life whether employment, access to health care or property rights. The attention required is still not being 
paid to the issues that concern this section of population.   on the other hand. India is fast developing but women's in India 
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continue to be discriminated. The declining sex ratio in India amply portrays the discrimination shown towards women at 
the stage of birth. Women may be have stardom in any stream but are getting harassment every day by their surroundings. 
They are victims of crime directed specifically at them, rape, kidnapping and abduction, dowry-related crimes, 
molestation, sexual harassment, eve-teasing, etc.  The crimes against women in India are growing at a rampant speed. 
Women, irrespective of their class, caste and educational status, are not safe. The lack of any serious effort to rectify the 
weaknesses in dealing with the crimes against women further  

In the ancient period, there was more dominance of Gods than Goddesses in almost all respect and in the 
literatures of Hindu religion like Puranas, a few Goddesses are found as powerful like Shakti (one of the Hindu 
Goddesses, it has different forms like Durga, Kali etc.). In case of society of the material world at that time, same picture 
of supremacy of male was found. Devdasi, Widow Burning, Polygamy were the initial aspects of women exploitation. 
Religion, thus through the making of , Devdasi  in temple, exploited women and satisfied the desire of temple authorities. 
Apparently, it seems that women are being empowered so that they can enable themselves to acquire education, adopt 
culture and represent as they like in society but it is not true at all if sensed with reality.  Let us analyze in brief about male 
female work participation over two decades from 1981 to 2001, where it is clearly noticed that the rate of female work 
participation is much lower as compared to men. Another real fact is that, still a new born baby girl is considered as 
“burden in much case and consequently they are treated with ignorance from childhood. Therefore, they cannot build their 
capacity and are often suppressed by man folk in the society in subsequent time without any protest due to their inbuilt 
fear of socio-economic isolation. Some of them without tolerating the exerted force by the men folk choose, dark way of 
living like prostitution. A significant proportion of them who are not associated with the prostitution are compelled to face 
harassment and teasing at different times at different place in the form of Rape, Kidnapping, Dowry, Sexual harassment, 
trafficking etc (Dr. Khokan Kumar Bag, Piyal Basu Roy,March 2012). 

 
Problem of Unemployment, Poverty, Economic Inequality, Gender discrimination, Lack of Proper Education etc. 

which are the part and parcel of society, prevail mostly in women. In addition, society has been experiencing that money 
controls everything. Although gender discrimination has been banned by the constitution and women have been 
guaranteed political equality with men, yet there is a difference between constitutional rights and rights enjoyed in reality 
by women (Bhuyan and Panigrahy, 2006). The Government of India had ushered in the new millennium by declaring the 
year 2001 as 'Women's Empowerment Year' to focus on a vision 'where women are equal partners like men’. Government 
policy has been to promote women's participation in political, social and economic life of the nation and identical access 
to health care, quality education, career and vocational guidance, employment, equal remuneration, occupational health 
and safety, social security and public office etc. The objective has been also to s strengthen legal system aimed at 
elimination of all forms of discrimination against women and changing the societal attitudes and community practices by 
active participation and involvement of both men and women. Consequently, single or in a group of people has been using 
women and women also to torture, harassing and exploiting the women in different forms in present society. Moreover, in 
women daily life lack of the women respect and lack of the financial empowerment and patriarchal system is responsible 
for exploitation of women in present society.  

  

II  OBJECTIVES:  THE OBJECTIVE OF THE PAPER AS FALLOWS 
 

1. To examine the stages of women exploitation.  
2. To understand the different forms of women exploitation in present society.  
3. To know the Indian penal and special local laws of crimes against women 
4. To provide some suggestion to overcome of these issues.  

Meaning Exploitation: An act that exploits or victimizes someone (treats them unfairly)"capitalistic 
exploitation of the working class"; "paying Blacks less and charging them more is a form of victimization". 

Meaning of Sexual Harassment: Sexual harassment is a form of sex discrimination. Sexual harassment is 
“unwelcome verbal, visual, or physical conduct of a sexual nature that is severe or pervasive and affects 
working conditions or creates a hostile work environment.” 

III  EXPLOITATION OF WOMEN IN INDIA 
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Incidences like sexual abuse by near relatives, co-habitation with near or dear friends and subsequent decline of 
marriages and issues relating to illegal pregnancy etc. are the real fact, the information of which remains mostly in 
darkness. In addition, girl students molested by teachers or repeated sexual abuse by antisocial activists are also an 
unfortunate reality. Women exploitation in the form of physical and mental torture on wives by husband is also common, 
mostly where women are simply a house wife and not associated with any employment. As a result, they are compelled to 
keep their head down in a speechless manner tolerating the cruelty of their husband helplessly. This ultimately makes 
them mentally disordered for which they often take the shelter of suicide or other means of malpractices that result very 
disgrace social, moral, ethical, and after all economic support to them (Dr. Khokan Kumar Bag, Piyal Basu Roy, March 
2012).  

 

With the passage of time, days and society, there are a lot of movements relating to this exploitation of women 
but still men are forward in status as compared to women and Indian society is male dominated where female are being 
exploited spatially. According to Purana , there was violence against women in ancient India, but there was strong 
punishment for that offence irrespective of caste (Das, 1990). However, some main aspects of such exploitation may be 
highlighted as following 

 
1) Use of women to earn money   2) Physical and mental harassment by men in society  
3) Trafficking of women   4) violence against women 
 

STAGES OF WOMEN EXPLOITATION AND PRESENT INDIAN PERSPECTIVES 
In the grip of growing consumerism, violence against women has been rapidly increasing and a legitimate human 

right issue in connection to their socio-economic stability has got impetus. Trafficking of women is strongly associated 
with economic disparity as prevailing in the country which brings massive development of women into prostitution 
(Barry, 1995). Therefore, several researches, systematic investigations are being performed to find out the spatio-temporal 
variation in this regard to ensure women a dignified life. International research network on violence against women 
(IRNVAW) has been studying worldwide pattern of such violence to share experiences and formulate strategy implication 
in this context. Contrary to popular belief, child prostitutes are not primarily children lower socio-economic circumstances 
but also from families from higher income group (Flowers, 1994).  

 
Pre-birth stage of women: If a cyclic concept of women exploitation is assumed for convenience of research, 

one can identify the stages at which they are being victimized. For example, at the stage pre-birth, despite illegal, sex 
selective abortion has been taking place, because in many developing countries like India, it is still thought that baby girl 
would be a burden of a family in future and in rural areas, the same is considered along with the concept that they would 
not be economically and socially productive as they have not physically strong like men. Hence, despite employing 
enough labour force for economic development, women are not paid properly and thus they are economically deprived 
section of Indian society (Tripathi and Tiwari, 1999).  

 
Infancy stage of women: At the infancy stage, she is looked after with ignorance particularly in case of 

education, health care and nutrition. Consequently from the initial stages of development, they remain weak and isolated. 
This is because of the same reason as stated earlier. Thus, there is a tendency in rural India in particular to over-emphasize 
on baby boy considering their future probability of application.  

 
Childhood stage of women: At the time of childhood, due to constant ignorance, women are victimized in the 

form of child abuse and trafficking for lucrative business spread all over the world both for labour and sex. Therefore, it 
cannot be denied that the child labour act of 1986 does not bring remarkable positive impact as the majority of child 
labour in rural India is female (Tripathy, 2003).  

 
The adolescence stage of women: At the stage of adolescence, pitiable form of violence or exploitation is 

noticed in the form of prostitution, trafficking, early marriage, crime committed against women etc. This is a stage when 
they become matured, can understand the social and economic bondage and being realized this tyranny, they are either 
compelled to choose prostitution or unintentionally abused for sex. In addition, being considered as burden, they have to 
face early marriage very often as decided by their family. Sometimes, this results psychologically disorder among them. 
Moreover, the young women or teenagers are victimized to satisfy a few gangsters by providing sex and beauty.  
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Reproductive stage of women: At reproductive age, they have to face domestic violence, if get married. 
Moreover, at this time, they are sexually, psychological and physically tortured by intimate partner or non-partner also. 
Consequently, homicide is very common as read out in common newspapers in all parts of the country. At the time of 
elderly, she becomes helpless due to absence of workability or sexual beauty. Consequently, they are again ignored and 
exploited. Thus, the history of women life is a garland of stigma or misery. There is no stage at which she gets honour due 
to their traditional oppressed life lead without protest. Although, this is not true in case of females who are socio-
economically established but interestingly some of them intentionally insist men folk of society to do offensive works to 
live more and more economically comfortable by advertising themselves in naked way in different media. Despite the 
high level commitment to achieve MDGs, the millennium project report of 2005 states that “gender equality remains an 
unfulfilled goal”. The report recognizes the need to include specific intervention to address gender inequality (Johnson H, 
Ollus N & Nevala S, 2008). Therefore, it is a fact that, each and every part of the country of India is being endangered by 
gender bias significantly which needs immediate careful handling for the sake of human right, otherwise, it is clear that 
this wound will be acute and the resultant effects as experienced everywhere from rural to urban will damage the synthesis 
between elements of society (Dr. Khokan Kumar Bag, Piyal Basu Roy,March 2012 .  

 

DIFFERENT FORMS OF WOMEN EXPLOITATION IN PRESENT SOCIETY 

Exploitation of women are  various forms and different natures. It include crimes involving sexual exploitation for 
economic gains like prostitution & trafficking, adultery, abduction, rape, wrongful confinement, and murder etc on the 
one hand and crimes related to women's property like dishonest misappropriation, criminal breach of trust, domestic 
violence, dowry extortion and outraging the modesty of women etc on the other. These crimes are not only injurious and 
immoral for the women but for the society as a whole.  

 

Domestic Violence: In Indian family the man is the master and women is the inferior and subordinate partner and societal 
pressure force women to maintain this status quo. Wife beating is the most prevalent form of violence against women in 
the Indian society and it is viewed as a general problem of domestic discord.   

 

Female Infanticide and Feticide: This is playing a significant role in lop sided sex ratio in India. Poor families in certain 
regions of the country sometimes resort to killing baby girls at birth, to avoid an unwanted burden on family resources. 
Sex selective abortion has also been common in the country. It's dangerous to abort the foetus after 18 weeks of pregnancy 
and quiet harmful for mother too at such a late stage.  

 

Dowry :  The Dowry Prohibition Act of 1961 marks the first attempt by the Government of India to recognize dowry as a 
social evil and to curb its practice. The act was modified with the Dowry Prohibition Amendment Act of 1984, which has 
again been modified with Dowry Prohibition Bill 1986. Women's organization have played key role in this process of 
change. The 1961 Act define dowry and makes the practice of dowry- giving and taking, a punishable offence.  Dowry is 
one of those social evils that no educated woman will own up with pride; still many are adhering to it. Practices of dowry 
tend to subordinate women in the society.  

 

 

Recent news of Gang Rape in New Delhi: 23 Year Old Woman was raped by 6 people in a Moving Bus in 
New Delhi in December, 2012. The girl was hospitalized for several days and was also taken to Singapore for 
advanced Treatment. 

Delhi gang rape victim regains consciousness, next 48 hours critical: The 23-year-old victim of the brutal 
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gang rape has reportedly regained consciousness at Delhi’s Safdarjung hospital where she is being treated for 
her injuries. NDTV reported that the girl is communicating with doctors and nurses by writing because she is 
still not in a position to talk. Despite the encouraging signs however, she is still in critical condition, and doctors 
say that the next 48 hours will be critical (FP Staff Dec 18, 2012, firstpost.com).  
 

UN Women condemns gang rape of Delhi student: UN Women expresses indignation and condemns the 
ghastly gang-rape of the 23-year-old Delhi student, who is critically injured and battling for her life in a New 
Delhi hospital. This attack is an attack against all women in India. Violence against women is not a women’s 
issue but a human rights issue. UN Women joins the Government and people of India in recognizing that we 
need to take tougher action together to change the present reality and culture of impunity. UN Women in India 
stresses the urgent need to promote and protect the safety of women and girls in India. Every girl and woman 
should be able to live safely and free of violence. These crimes need to end  sexual harassment and violence 
cannot be tolerated. We urge that political will must translate into concrete action and stronger implementation 
of already existing laws and regulations. (Anne F Stenhammer, December 20 2012, New Delhi) 
Rape victim and accused relationship in India: Rape in India has been described by Radha Kumar as one of 
India's most common crimes against women. Official sources show that rape cases in India has doubled 
between 1990 and 2008(Wikipedia). Rape is the fastest growing crime in India compared to murder, robbery 
and kidnapping. According to the report of National Crime Records Bureau (NCRB), every 60 minutes, two 
women are raped in this country. According to the Delhi police report A total of 703 cases of rape were reported 
in the year 2012. The biggest number of such crimes was reported from neighbours. One-quarter of the victims 
were minors, 27.9 percent of culprits were known to victims and 28.38 percent were friends and 8.35 from 
relatives. These figures are underestimations as many incidents go unreported due to fear of stigma and non 
awareness of rights. There are also the countless cases of eve teasing, indecent gazes, pinching, brushes and 
comments that infringe upon the rights of women, especially in overcrowded spaces and public transport buses 
and trains.  There is a need for a drastic change in attitudes and mindsets towards such incidents. Poor 
investigations, harsh cross examination of victims, senseless adjournment of cases and faulty assessment of 
evidence and furnishing of evidence by victims in presence of culprits are areas that need reforms.  

Rape victim and accused relationship -2012 
Sl.No Accused relationship No. of rape victim Percentage of rape victim 
1 Neighbours 207 29.32% 
2 Friends 200 28.32% 
3 Relatives 59 08.35% 
4 Employers/co-workers 17 02.41% 
5 Other Known persons 197 27.90% 
6 Unknown/stranger 26 03.68% 
 Total 706 99.98% 

 Source: Delhi Police (The Hindu news Staff Reporter NEW DELHI, January 19, 2013 

            The above table shows Maximum number of rape victim was committed by the known persons such as 
Neighbours, friends, relatives, employed/co-workers and known persons. Only 3.68% cases were committed by 
the unknown persons. This table shows women are not safe even their family, neighbours, relatives and known 
persons in present society. 

IV  SOME INDIAN PENAL CODE AND SPECIAL LOCAL LAWS OF CRIMES AGAINST WOMEN 

Police records show high incidence of crimes against women in India. The National Crime Records 
Bureau reported in 1998 that the growth rate of crimes against women would be higher than the population 
growth rate by 2010. Earlier, many cases were not registered with the police due to the social stigma attached to 
rape and molestation cases. Official statistics show that there has been a dramatic increase in the number of 
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reported crimes against women.  Although Women may be victims of any of the general crimes such as 
‘Murder’, ‘Robbery’, ‘Cheating’, etc, only the crimes which are directed specifically against Women are 
characterized as ‘Crimes Against Women’. Various new legislations have been brought and amendments have 
been made in existing laws with a view to handle these crimes effectively. These are broadly classified under 
two categories. 

(1) The Crimes under the Indian Penal Code (IPC) 
(i) Rape (Sec. 376 IPC) 
(ii) Kidnapping & Abduction for specified purposes (Sec. 363 - 373 IPC) 
(iii) Homicide for Dowry, Dowry Deaths or their attempts (Sec. 302/304-B IPC) 
(iv) Torture - both mental and physical (Sec. 498-A IPC) 
(v) Molestation (Sec. 354 IPC) (vi) Sexual Harassment (Sec. 509 IPC) 
(vii) Importation of girls (upto 21 years of age) (Sec. 366-B IPC) 
(2) The Crimes under the Special & Local Laws(SLL) 

Although all laws are not gender specific, the provisions of law affecting women significantly have been 
reviewed periodically and amendments carried out to keep pace with the emerging requirements. The gender 
specific laws for which crime statistics are recorded throughout the country are - 
(i) Immoral Traffic (Prevention) Act, 1956 
(ii) Dowry Prohibition Act, 1961 
(iii) Indecent Representation of Women (Prohibition) Act, 1986 
(iv) Commission of Sati (Prevention) Act, 1987 
 
Reported Incidents of crime (Incidence 2,03,804): A total of 2,03,804 incidents of crime against women 
(both under IPC and SLL) were reported in the contry during 2009 as compared to 1,95,856 during 2008 
recording an increase of 4.1% during 2009. These crimes have continuously increased during 2005 - 2009 with 
1,55,553 in 2005, 1,64,765 cases in 2006, 1,85,312 cases in 2007, 1,95,856 cases in 2008 and 2,03,804 cases in 
2009. Andhra Pradesh, accounting for nearly 7.1% of the country’s population, has accounted for 12.5% of total 
crimes against women in the country by reporting 25,569 cases. West Bengal with 7.6% share of country’s 
population has accounted for nearly11.4% of total crime against womenby reporting 23,307 cases in 2009. 
 
Crime Rate : The crime against women has increased by 4.1% over 2008 and by 31.0% over 2005. The IPC 
component of crimes against women has accounted for 95.6% of total crimes and the rest 4.4% were SLL 
crimes against women.(Crime rate  17.4) The rate of crime has increased marginally from 17.0 during the year 
2008 to 17.4 during 2009. Tripura reported the highest rate of crime against women at 42.5 during 2009. 
 
Trend Analysis: The proportion of IPC crimes committed against women towards total IPC crimes has 
increased continually during last 5 years from 7.9% in 2005 to 9.2% during 2009. The crime head-wise details 
of reported crimes during 2005 to 2009 along with percentage variation are 
 
Methodology: This article based on secondary data. Crime Head-wise Incidents of Crime Against Women reports 
identifies number of women exploitation which was held during the 2005 to 2009. The value of this reports consist of the 
women exploitation in different causes such as rape, kidnap, dowry death, torture ,molestation, sexual harassment, Sati 
Prevention Act,1987, Immoral Traffic (Prevention) Act, 1956, Indecent Representation of Women (Prohibition) Act, 
1986, Dowry Prohibition Act, 1961. The Crime Head-wise Incidents of Crime Against Women during 2005 - 2009 is 
shown in chart I. Temporal Growth of crimes committed against women reports identifies number of women exploitation 
which was held during the 2003 to 2009. The value of these reports consist of the women exploitation in different causes 
such as rape, kidnap, torture, molestation, sexual harassment .Temporal Growth of crimes committed against women 
during: 2003-2009 is shown in chart II. 
 

Chart I -Crime Head-wise Incidents of Crime Against Women during 2005 - 2009 and 
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Percentage variation in 2009 over 2008 
Sl. 
No 

Crime Head year 

  2005 2006 2007 2008 2009 Percentage 
variation in 2009 
over 2008 

1. Rape (Sec. 376 IPC) 18,359 19,348 20,737 21,467 21,397 -0.3 
2. Kidnapping & Abduction 

(Sec. 363 to 373 IPC) 
15,750 17,414  20,416 22,939 25,741 12.2 

3. Dowry Death (Sec. 302 / 304 
IPC) 

6,787 7,618 8,093 8,172 8,383 2.6 

4. Torture (Sec. 498-A IPC) 58,319 63,128 75,930 81,344 89,546 10.1 
5. Molestation (Sec. 354 IPC) 34,175 36,617 38,734 40,413 38,711  -4.2 
6. Sexual Harassment 

(Sec. 509 IPC) 
9,984 9,966 10,950 12,214 11,009 -9.9 

7. Importation of Girls (Sec. 
366-B IPC) 

149 67 61 67 48 -28.3 

8. Sati Prevention Act,1987 1 0 0 1 0 -100.0 
9. Immoral Traffic (Prevention) 

Act, 1956 
5,908 4,541 3,568 2,659 2,474 -6.9 

10. Indecent Representation of 
Women (Prohibition) Act, 
1986 

2,917 1,562 1,200 1,025 845 -17.6 

11. Dowry Prohibition Act, 1961 3,204 4,504 5,623 5,555 5,650 1.7 
 Total  1,55,55

3 
1,64,76
5 

1,85,31
2 

1,95,85
6 

2,03,804 4.1 

Source : National crime records bureau 
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Crime head-wise analysis (IPC) Rape (Sec. 376 IPC) (Incidence 21,397 Rate 1.8): An increasing trend in 
cases of rape has been observed during 2005 - 2008. However, incidence of rape has marginally declined during 
2009 as compared to 2008. These cases reported an increase of 5.4% in 2006 over 2005, an increase of 7.2% in 
2007 over 2006, an increase of 3.5% in 2008 over 2007 and a decline of 0.3% in 2009 over 2008. Madhya 
Pradesh has reported the highest  number of Rape cases (2,998) accounting for 14.0% of total such cases 
reported in the country. However, Mizoram has reported the highest crime rate 8.3 as compared to National 
average of 1.8. Rape cases have been further categorised as Incest Rape and other Rape cases. 
 
Incest Rape (Incidence  404) :Incest rape cases have increased by 30.7% from 309 cases in 2008 to 404 cases 
in 2009 as compared to 0.3% decrease in overall Rape cases. Chhattisgarh (107) has accounted for the highest 
(26.5%) of the total such cases reported in the country.   
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Rape Victims: There were 21,413 victims of  Rape out of 21,397 reported Rape cases in the country. 11.5% 
(2,470) of the total victims of Rape were girls under 15 years of age, while 15.6% (2,912) were teenaged girls 
(15-18 years). 59.8% (12,812) were women in the age-group 18-30 years. 3,124 victims (14.6%) were in the 
age-group of 30-50 years while 0.4% (95) were over 50 years of age. Offenders were known to the victims in as 
many as 20,311 (94.9%) cases. Parents / close family members were involved in 2.0% (404 out of 20,311) of 
these cases, neighbours were involved in 35.1% cases (7,129 out of 20,311) and relatives were involved in 7.3% 
(1,481 out of 20,311) cases.  
 
Kidnapping & Abduction (Sec. 363-373 IPC) (Incidence 25,741 Rate 2.2): These cases have reported an 
increase of 12.2% as compared to previous year (22,939). Uttar Pradesh (5,078) has accounted for 19.7% of the 
total cases at the National level. Delhi UT has reported the highest rate at 9.3 as compared to the National 
average of 2.2. 
 
Dowry Deaths (Sec. 302, 304B IPC) (Incidence 8,383 Rate 0.7): These cases have increased by 2.6%over the 
previous year (8,172). 26.6% of the total such cases reported in the country were reported from Uttar Pradesh 
(2,232)  Bihar (1,295) (15.4%). The highest rate of crime (1.4) was reported from Bihar as compared to the 
National average of 0.7. 
 
Torture (Cruelty by Husband & Relatives) (Sec. 498-A IPC)(Incidence 89,546 Rate 7.7): ‘Torture’ cases in 
the country have increased by 10.1% over the previous year (81,344). 18.0% of these were reported from West 
Bengal (16,112). The highest rate of 22.8 was reported from Tripura as compared to the National rate at 7.7. 
 
Molestation (Sec. 354 IPC) (Incidence 38,711 Rate 3.3): Incidents of Molestation in the country have 
decreased by 4.2% over the previous year (40,413). Madhya Pradesh has reported the highest incidence (6,307) 
amounting to 16.3% of total such cases. Tripura has reported the highest rate (10.8) as compared to the National 
average of 3.3. 
 
Sexual Harassment (Sec. 509 IPC) (Incidence 11,009 Rate 0.9) The number of such cases has decreased by 
9.9% over the previous year (12,214). Andhra Pradesh has reported 32.0% of cases (3,520) followed by Uttar 
Pradesh 22.9% (2,524). Andhra Pradesh has reported the highest crime rate 4.2 as compared to the National 
average of 0.9.  
 
Importation of Girls (Sec. 366-B IPC) (Incidence 48): A decrease of 28.3% has been observed in such cases 
as 48 cases were reported during the year 2009 as compared to 67 cases in the previous year (2008). Bihar (31) 
has reported the highest number of such cases accounting for 64.6% of total such cases at the National level. 
 

Crime-head wise analysis 2.1 as compared to the National (Special Laws) average of 0.2. 
 

Immoral Traffic (Prevention) Act Sati Prevention Act (Incidence 2,474 Rate 0.2) (Incidence Nil):No case 
was registered under this Act in 2009 as against one case reported from Chhattisgarh in 2008. Cases under this 
Act have registered a decline of 6.9% during the year as compared to the previous year (2,659). 28.9% (716) 
cases were reported from Tamil Nadu whereas Daman & Diu reported the highest crime rate of women . 
 
Indecent Representation of Women (Prohibition) Act (Incidence 845 Rate 0.1) A decline of 17.6% was 
noticed in cases under this Act as compared to previous year (1,025). Andhra Pradesh with 704 cases has 
accounted for 83.3% of total such cases at the National level which has also reported the highest crime rate of 
0.8 as compared to the National average rate of 0.1. 
Dowry Prohibition Act (Incidence 5,650 Rate 0.5) the cases under this Act have increased by 1.7% as 
compared to the previous year (5,555). 24.1% cases were reported from Andhra Pradesh (1,362) followed by 
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Bihar (1,252) accounting for 22.2% of total cases at the National level. The highest crime rate was reported 
from Orissa at 2.3 as compared to 0.5 at the National level. 
 
Crime against Women in Cities (All-India 2,03,804 Cities 23,983):  35 cities having population over 10 lakh  
have been identified as Mega cities as per population census 2001. A total of 23,983 cases of crimes against 
women were reported from these 35 cities as compared to 24,756 cases in the year 2008 reporting a decrease of 
3.1%. The rate of crime in cities at 22.2 was comparatively higher as compared to the National rate of 17.4. 
Among 35 cities, Delhi (3,701) has accounted for 15.4% of total crimes followed by Hyderabad (1,896) (7.9%). 
The crime rate was significantly higher in Vijayawada, Lucknow and Vishakhapatnam at 92.6, 55.5 and 54.6 
respectively as compared to average of mega cities at 22.2. Delhi city has accounted for 23.8% of Rape cases, 
38.9% of Kidnapping & Abduction cases, 15.2% of Dowry Deaths and 14.1% of Molestation cases among 35 
cities. Hyderabad has reported 11.9% of cases of Cruelty by Husband and Relatives. Lucknow has reported 
14.5% of cases of Eve-teasing. All the 4 cases under Importation of Girls were reported from Kolkata city. It is 
worthwhile to mention that Bengaluru, Chennai, Mumbai and Jaipur have booked more cases under Special & 
Local Laws among the mega cities. 17.3% (134 out of 774) of cases under Immoral Traffic (Prevention) Act 
and 83.3% (567 out of 681) of Dowry Prohibition Act cases were registered in Bengaluru city alone. Similarly, 
15.9% (123 out of 774) and 14.6% (113 out of 774) cases under Immoral Traffic (Prevention) Act were 
registered in Chennai and Mumbai respectively. All the 44 cases under Indecent Representation of Women 
(Prohibition) Act cases were registered in Jaipur city. 
 

V  CONCLUSION 

Though the status of women in India, both historically and socially, has been one of the respect and reverence, but the 
hard truth is that even today, they are struggling for their own identity, shouting for diffusion of their voices and fighting 
for their own esteem. Every day, they cross among the fears and fraught for individuality. Despite the constitutional 
guarantee of equality of sexes, rampant discrimination and exploitation of women in India continues. The incidence of 
dowry deaths, woman sexual harassment, molestation and ill-treatment of women are on increase. It is high time now that 
women should get a respectable and dignified position in the Indian society. Awareness in the women as well as society 
should be created and their equal rights should be effectively implemented. Crimes against women should be made 
punishable and a In the era of globalization and with revolution in means of communication and information technology, 
the media role has become more crucial for women empowerment in Indian modern society. In modern society changes 
have been taking place in everywhere in almost every field but to protect honour of women. International Women Day is 
celebrated, a number of women organizations have been working for women freedom and empowerment. But all of those 
are external in nature as mentality is the product of society and culture. In the same family, a boy gets more liberty than a 
girl. Moreover, there is lack of security of girls in Indian society.  

 

In Indian modern society it is very much essential to all women get educated to solve all women issues in any 
society and in any circumstance, in order to live with honour, Education will only give them strength and societal status. 
This will increase the women smooth living in modern society. Every woman has a fundamental right to be safe 
Protesting injustice, if a woman is able to protest herself with the right and education, then that protest her life becomes 
miserable. It should be remembered that the socio economic empowerment must be ensured by the nation to minimize the 
exploitation which can help to improve the status of women.  The recent gang rape has created a fear among women, 
which I think is a very unfortunate and serious thing. The court should consider this fact and a speedy trial resulting into 
the harshest punishment possible for those animals who are committed the heinous crime, will if not remove that fear, will 
at least ensure that a person will think before committing such a crime. The fear should be in the mind of the offenders not 
the innocent people and hope our judiciary will understand the gravity of the situation and will ensure that the correct 
judgments without taking much time is made.  Finally the offender may set free, and the victim may treat as offender 
Imarvelous India.  May god punish the Guilty, that's my prayer. 

SUGGESTION  
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1. Lack of well-planned educational, economic and social programmes from grass root level is highly responsible for such 
acute and pitiable scenario of the women in the country.  In this context it should be mentioned that women being 
vulnerable by this sort of negligence are compelled to divert themselves to choose dark route of survival in the form of 
abused or sexually exploited product of consumption. In most cases, they cannot get justice despite their voices for 
survival to get rid of violence. 

2.   We need communities and individuals to be a part of this change in mindsets, attitudes and beliefs. We call 
on the Government of Delhi and India to do everything in their power to take up radical reforms, ensure justice 
and reach out with robust public services to make women’s lives more safe and secure. 

3. Create healthy environment for women and girls everywhere by supporting efforts to end violence against 
them, bringing them to the center of peace building, advancing their political participation and leadership and 
increasing their economic empowerment.  

4. Create awareness everywhere about women to end exploitation against women and girl through the education 
and strong social, moral, and cultural values and make strong laws to punish victim immediately in Present 
Indian society. 

Chart II  Temporal Growth of crimes committed against women during: 2003-2009 
 

Sl. No Crime head Year 
   2003     2004 2005 2006 2007 2008   2009 
1  Rape 15847 18233 18359 19384 20737 21467 21397 
2 Kidnapping & Abduction 13296 15578 15750 17414 20416 22939 25741 
3 Torture 50703 58121 58319 63128 75930 81344 89546 
4 Molestation 32939 34567 34175 36617 38734 40413 38711 
5 Sexual Harassment 12325 10001 9984 9966 10950 12214 11009 

Source : National crime records bureau 
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Performance of Maximum ratio combining (MRC) 
MIMO Systems for Rayleigh Fading Channel 

Suvarna P. Jadhav, Vaibhav S. Hendre 

 
     Abstract: The effect of fading and interference effects can be 
combated with equalizer for a MIMO system. MIMO systems 
exploit the multipath propagation in rich scattering environment 
using multiple transmit and receive antennas to increase the 
capacity of a link. In this contribution, we provide an exact BER 
analysis for fading channels with maximal-ratio combining 
(MRC) and imperfect channel estimation at the receive The BER 
characteristics for the various transmitting and receiving 
antennas simulated in MATLAB tool box and it shows that the 
MRC equalizer based receiver is a good choice for removing 
some ISI and minimizes the total noise power. The results show 
that the BER decreases as the m x n antenna configurations is 
increased. 
 
     Index term- Bit Error Rate, EGT, MIMO, Multipath fading 
 

I. INTRODUCTION 

he performance of wireless communication systems is 
mainly governed by the wireless channel environment. As 

opposed to the typically static and predictable characteristics of a 
wired channel, the wireless channel is rather dynamic and 
unpredictable, which makes an exact analysis of the wireless 
communication system often difficult .In recent years, 
optimization of the wireless communication system has become 
critical with the rapid growth of mobile communication services 
.In wireless communication, radio propagation refers to the 
behavior of radio waves when they are propagated from 
transmitter to receiver. In the course of propagation, radio waves 
are mainly affected by three different modes of physical 
phenomena: reflection, diffraction, and scattering. A unique 
characteristic in a wireless channel is a phenomenon called 
‘fading,’ the variation of the signal amplitude over time and 
frequency. In contrast with the additive noise as the most 
common source of signal degradation, fading is another source of 
signal degradation that is characterized as a non-additive signal 
disturbance in the wireless channel. Fading may either be due to 
multipath propagation, referred to as multi-path (induced) fading, 
or to shadowing from obstacles that affect the propagation of a 
radio wave, referred to as shadow fading. The fading 
phenomenon in the wireless communication channel was initially 
modeled for HF, UHF, SHF bands. Currently, the most popular 
wireless channel models have been established for 800MHz to 
2.5 GHz by extensive channel measurements in the field.Includes 
the ITU-R standard channel models specialized for SISO. For a 
multi-antenna communication system, referred to as the MIMO 
(Multiple Input Multiple Output) system, have been recently 
developed by the  
 

various research and standardization activities, aiming at high-
speed wireless transmission and diversity gain[1].Diversity 
combining is a well-known technique to mitigate the 
performance degradation of multipath fading and co channel 
interference (CCI) in wireless systems. In flat fading channels, 
maximal ratio combining (MRC) diversity is well known to be 
optimum in the sense of maximizing the output signal-to-noise 
ratio (SNR). If the desired signal s affected by both co-channel 
interference (CCI) and flat fading, the diversity combining 
technique that maximizes the output signal-to-interference-plus-
noise ratio (SINR) is the so called optimum combining (OC). 
However, OC is much more complex than MRC and typically 
requires information about the CCI that may not be available at 
the receiver. Thus, in practice many wireless systems will use 
MRC even in the presence of CCI .The transmit antenna array 
can also be used to provide diversity gain, and the optimum 
technique under background noise is Maximal Ratio 
Transmission (MRT), equivalent to MRC. MIMO systems 
employing both MRT and MRC are usually referred to as MIMO 
MRC [2]. Various transmit diversity techniques have been 
proposed in the open literature, delay transmit diversity scheme 
[3] and transmit diversity is a simple but effective scheme 
proposed by Alamouti [4].However, these transmit diversity 
techniques were built on objectives other than to maximize the 
SNR. That is, they are suboptimum in terms of SNR 
performance. Accordingly, the frame work of maximum ratio 
Combining (MRC) will be established here in terms of concept 
and principles[5]. It is well known that maximal-ratio combining 
(MRC) [6] is the optimal linear combining technique. However, 
with receiver MRC, most of the system complexity concentrates 
at the receiver side. To decrease the receiver complexity in terms 
of the number of RF chains, a simple suboptimal combining 
scheme, referred to as selection combining (SC), was proposed in 
[7], in which only one receive antenna with the largest signal-to-
noise ratio (SNR) is selected for demodulation. The SC scheme 
has been extended to the cases where the signals on more than 
one receive antenna with the largest instantaneous SNRs are 
combined [8]. This scheme is referred to as maximal-ratio 
combining .MRC is a powerful technique. It is most common in 
SIMO channels. This paper presents the concept, principles, and 
analysis of maximum ratio transmission for wireless 
communications, where multiple antennas are used for both 
transmission and reception. The principles and analysis are 
applicable to general cases, including maximum-ratio combining. 
Simulation results agree with the analysis. Analysis includes 
simulated result for the no of receiving channel VsEb/N0, BER of 
different modulation schemes for MRT-MRC, providing a 
performance comparison of systems 
 

T
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II.   SYSTEM MODEL 

Various techniques are known to combine the signals 
from multiple diversity branches. In Maximum Ratio combining 
each signal branch is multiplied by a weight factor that is 
proportional to the signal amplitude. That is, branches with 
strong signal are further amplified, while weak signals are 
attenuated. In telecommunications, maximal-ratio combining is a 
method of diversity combining in which the signals from each 
channel are added together and the gain of each channel is made 
proportional to the RMS value of signal and inversely 
proportional to the mean square noise level in that channel. 
Different proportionality constants are used for each channel. It 
is also known as ratio-squared combining and predetection 
combining. Maximal-ratio-combining is the optimum combiner 
for independent AWGN channels[9].In maximal ratio combining 
(MRC), the signals from all of the MR branches are weighted 
according to their individual SNRs and then summed. Here the 
individual signals need to be brought into phase alignment before 
summing. This implies72 Channel Propagation, Fading, and Link 
Budget  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
Analysis individual RF receiver tracts. In the case of maximum 
ratio combining shown in fig 1, the resulting received signals are 
 
                    
                   
 
and the combined signal is 
 

 
 
Where the fading coefficients from antennas 1 and 2 are defined 
by h1 and h2, respectively, at time t. n1 and n2 are independent 
complex variables with zero mean and unit variance, 
representing additive white Gaussian noise samples at time t. 
[10]. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig .2 indicates Maximum ratio combining with 1 Tx and 2 Rx 
representation. The symbol to be transmitted is weighted with a 
transmit weighting vector to form the  transmitted signal vector. 
The received signal vector is the product of the Transmitted 
signal vector and the channel plus the noise; that is 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Where the  transmitted signals x is given by 
 

………….. .(5) 

…..……...(6) 
 
a system is considered, which consists of K antennas for 
transmission and L antennas for reception. The channel consists 
of K* L statistically independent coefficients, as shown in Fig. 2. 
It can be conveniently represented by a 
matrix 
 

H= …………..….(7) 
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Fig.1 Block diagram of MRC 

 

Fig.2 Maximum ratio combining with 1 Tx and 2 Rx.  
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The entries of H are modeled as independent and 
identically distributed (i.i.d.) complex Gaussian random variables 
with zero mean and variance 0.5 per dimension and the elements 
of n are modeled as i.i.d. complex Gaussian random variables 
with zero mean and variance No/2 per dimension. Rayleigh 
distribution is the most representative of Non-Line of Sight (N-
LOS) wireless radio propagation and hence the MIMO channel 
capacity has been investigated for Rayleigh fading channel 
model includes the concept of MRC. It is assumed that the 
channel state information (CSI) is known exactly at the receiver 
and not at the transmitter, and the channel fading coefficients 
remain constant over the entire frame and changes from one 
frame to another. The information-theoretic capacity of such full 
complex MIMO systems which use all available transmit and 
receive antennas is given by 
 

 
 
Where HH is component wise transpose conjugate of H.  INR is 
NR*NR identity matrix 
 
The noise vector is expressed as 
 

……………..(8) 
 
Noise is assumed to be white Gaussian and uncorrelated with the 
signals. The received signals are weighted and summed to 
produce the estimate of the symbol.[11]-[16].As the mobile radio 
channel is a time-varying multipath channel and is subject to 
physical propagation path loss .The time-variations are caused by 
the medium changes as the vehicles moves. The propagation 
losses are related to both the atmospheric propagation and the 
terrain configuration. In [17], Sklar viewed that the multipath 
aspect is caused by different scatterers and reflectors such as 
building or trees that surround the mobile unit. As a result of 
these propagation phenomena in a narrow-band transmission, 
where narrow-band is defined with respect to the coherence 
bandwidth of the channel, the receive signal affect the 
performance of the receiver which results in an increase of bit 
error rate (BER). The channel performance is obtained for 
different modulation technique which viewed the four major 
performance categories in terms of signal to noise ratio (Eb/N0,) 
versus error probability [18]. we know that, if is a Rayleigh 

distributed random variable, then is a chi-squared random 
variable with two degrees of freedom 

The pdf of is 

………………….(11) 
 

Since the effective bit energy to noise ratio is the sum of  N 
such random variables, the pdf of is a chi-square random 
variable with 2N degrees of freedom. The pdf of is, 

… (12) 

If you recall, in the post on BER computation in AWGN, with bit 

energy to noise ratio of , the bit error rate for BPSK in 
AWGN is derived as 

……………(13) 

Given that the effective bit energy to noise ratio with maximal 
ratio combining is , the total bit error rate is the integral of the 
conditional BER integrated over all possible values of [18]. 

This equation reduces to 

 

Where 

 
In uncoded systems under Rayleigh fading, the central 

limit theorem can be applied to the total interference, which can 
therefore be approximated to be Gaussian distributed. The 
average error rates can thus be calculated by remediating the 
conditional error probability (CEP), i.e., the error rate under 
AWGN, over the output SINR.  
 

III. CONCLUSION 

We have studied the improvement in the BER for 
modulation scheme BPSK, QPSK, 16- and 64-QAM system 
under MRC.The performance of the maximal ratio combiner that 
maximizes the output SNR in the presence of co channel 
interference and noise is analyzed. Analysis includes simulated 
result for the no of receiving channel Vs BER, BER of different 
modulation schemes for MRT-MRC, providing a performance 
comparison of systems. 
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From above graph we summarize that increasing 

number of receiving antenna, the BER decreases. 
 

 
From this simulated result, by observing the graph 

resolution we conclude that if SNR value is less than or equal to 
2 then we can choose 64 QAM modulation technique. But if we 
move further exceeding SNR Value greater than 2 ,we have the 
choice .BPSK Modulation is preferred over others as it have less 
BER value as compared to other modulation technique. 
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ABSTRACT: In Recent times, pharmaceutical companies are faced with the demanding tasks such as adjustments to the unstable and 
turbulent market in times of economic crisis as well as to meet the customer needs. The pharmaceutical industry, manufacturing in a 
current Good manufacturing practice (cGMP) environment has been slow to adopt the lean manufacturing unlike many sectors where 
it has been successfully deployed. One of the major concern for many pharmaceutical manufacturers looking to implement a lean 
methodology is how to integrate the Lean methods into its current good manufacturing practice (cGMP) environment, where the main 
aim to deliver a safe and effective medicinal product. In fact, Lean and cGMP go hand in hand as quality is sustained at a higher level 
with lower costs due to lean principles that are applied. This research study attempts to sketch out the hidden lean management 
principles existing in the pharmaceutical manufacturing and thereby improve the quality of products and services through the focused 
implementation of the lean principles.  
 
Index Terms: Lean methods, Quality, cGMP, Costs 
 

I. INTRODUCTION 

owadays, several large pharmaceutical organizations had shown a willingness to simplify operations, processes and reduce costs 
via lean management practices. Today, the Pharma industries are under tremendous pressure to improve its competitive business: 

R&D methods, manufacturing efficiency and whole supply chain performance. These organizations are scrambling to find ways to cut 
costs. Healthcare providers are continuously feeling the pressure to manage costs and launch new product in the market. Lean 
strategies have been developed to eliminate or reduce waste and thus improve operational efficiency in a manufacturing environment. 
 
     In any Healthcare industry where success is increasingly driven by satisfaction scorecards, reliable access to key talent is essential 
for meeting the demand for quality service. At the same time, the difficulty of ensuring a reliable supply of quality products and 
professional talent is challenging the status quality of traditional talent acquisition strategies. Over the last decade lean management 
has become the vital driver of operational change, eliminating waste and improving process. It is important to note that lean is heavily 
based on the principle that continuous improvement can be found through the power of respect for people. The culture of the company 
is crucial in designing the business system that motivates people to want to improve, teaching them the tools of improvement and 
motivates them to apply those tools every day.   
 
Lean therefore, must go beyond just the manufacturing process and business strategy and it involves at employees at all levels. 
    
Current Industry trends shows that many pharmaceutical manufacturers are following some of the lean manufacturing principles in the 
way for significant improvement of operational efficiency and quality, while facilitating compliance. Few of the Lean principles are 
existing in the Pharma environment without the proper focus by the management. To ensure a solid position on the market and 
competitive advantage they are looking to increase the efficiency of their operational and manufacturing process - optimizing 
resources, improving efficiency, reducing waste and controlling inventory. 
 
Uncertainty is a corollary of change. Even if the change is good and beneficial, its lack of acceptance by the relevant stakeholders can 
bring in the uncertainty in the consequence of the change. Every new implementation / process change brings with it some 
concomitant uncertainty due to the change in the existing business workflow and processes. Nowadays, Pharma industry faces the 
dilemma between pursuing the competitive advantage of cutting edge technology and the risk of uncertainty associated with it. 
 
Pharma Manufacturing firms are one of the prime strategic functions of any business. Whether or not manufacturing operations 
achieve their strategic potential and contribute to the competitive position of the business depends on how they are managed (Kasul & 
Motwani, 1995). 
 
 

N
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II. OBJECTIVES / IMPORTANCE OF THE STUDY 

 
                                                      This research study involves in the “Sketching out the Hidden Lean Management Principles 
involved in the Pharmaceutical Manufacturing”.  The research study is to find out the hidden lean management principles in the 
Pharma environment which in turn not identified and not applied as an effective tool in the business processes.    
 
The following core objectives were taken into consideration during the research study, 
 

� Discussion about organizational structure and quality management system followed in the selected pharmaceutical firms in 
Hyderabad, AndraPradesh. 

� Factors influencing quality system management in small, medium and large pharmaceutical firms. 
� What are steps implemented to improve the quality / productivity to larger extent in the surveyed pharmaceutical firms? 
� How the whole system functions towards the product quality with respect to cost and productivity? 
� Identify the factors which determine quality system management of the selected pharmaceutical firms. (Quality Focus) 
� What are the management principles / factors already exist with the pharmaceutical industries but the implementation aspects 

are very weak. (Tools / Goals) 
� Where lean management principles can be applied effectively. 
� What is the business process and workflow? 
� Comparison of the cGMP in the Pharma environment and lean principles and identify the areas for the improvement. 
� To offer suitable suggestions for improvement, conclusions in the implementation of the lean management principles in the 

pharmaceutical firms to enhance the operational efficiency, improve the productivity and reduce the cost. 
Note: All the above factors are covered in the survey questionnaire. 

 

III. UNDERSTANDING THE ASPECTS OF LEAN IN PHARMA INDUSTRY 

 
3.1 STATEMENT OF THE PROBLEM 
 
Many Pharmaceutical companies began lean manufacturing projects or even embraced complete supply chain transformation 
programs several years ago. However, in most cases companies took only few steps towards lean manufacturing before falling 
back into old habits. As a result, the Pharmaceutical industries lag in efficiency behind other major manufacturing industries 
such as the automotive and consumer goods sectors. Faced with a similar but more extreme challenge 20 years ago, manufacturers 
from other industries learned how to make significant, sustainable improvements to their profitability by taking a holistic look at their 
overall cost structure.  
 
Pharmaceutical firms mainly focused on the required quality and compliance standard of pharmaceutical manufacturing are often cited 
as limiting factors in creating greater efficiency, many companies do better.  Although the pharmaceutical industry tends to view itself 
as unique-which in some ways it is – pharmaceutical companies can learn several lessons from the companies that made the difficult 
but essential transformation to lean manufacturing. 
 
Many Pharma companies started from the false assumption that implementing lean processes would automatically lead to a reduction 
in overstaffing. In fact, lean processes only address the lack of process optimization. In fact lean processes require leadership from the 
top level of the company and at each subsequent level. Many companies initially believed that becoming a lean manufacturer would 
take about two years. However, they discovered that lean manufacturing is such a different method of operation that achieving full 
implementation takes four to five years. 
 
Bringing about the lean principles in Pharma is easier said than done. For any implementation – people, technology and processes that 
form the backbone of business are receptive to the inherent change. In particular, the Pharma industries may limit the degree to which 
this industry can adopt lean supply practices. Mostly, regulatory authorities do not necessarily share the view that lean manufacturing 
and GMP standards as comparable. Absolute supply security is such a high priority in the pharmaceutical industry that full 
implementation of lean manufacturing is nearly impossible to achieve.  
 
First step towards the lean is to understand and accept the need for change. Despite its focus on quality, it is the fact that 
pharmaceutical industry has failed to keep up with other industries in terms of manufacturing efficiency and productivity, the main 
reason for this being high costs and burden involved in revalidating any process change, even though changes were made in the spirit 
of improvement.  
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From the historical perspective, pharmaceutical manufacturers who had high profits margins had not enough economic stimuli to 
introduce changes. It is estimated that the world wide potential cost savings from efficiency improvement in pharmaceutical industry 
could be as high as 90 billion dollars per year.  
 
In the past, pharmaceutical industry for which the principles of good manufacturing practice are mandatory, has slowly been 
embracing lean manufacturing, in contrast to other sectors that adopted it relatively quickly and successfully.  
 
Therefore, this study emphasis on the finding out the hidden lean principles in the pharmaceutical industry and thereby improve the 
productivity and operational efficiency. 
 
 
 
 
 
 
 
3.2 HYPOTHESIS OF THE STUDY:  
 
 
3.2.1 UNDERSTANDING THE LINK BETWEEN LEAN AND PHARMA ENVIRONMENT:  
 
Lean’s dual objectives, to reduce or eliminate waste and to create value, differ from cGMP objective which is to ensure that controls 
are in place to deliver a safe and effective medicinal product. In most cases, cGMP and lean management principles do overlap in the 
pharmaceutical manufacturing environment. So, effective lean management principles to be identified in the Pharma environment and 
utilised to improve the operational efficiency. 
 
Most of the industries are concern about the product quality with respect to cost and productivity. While considering important 
research issues, it was found that there is a definite role for management in quality control and quality assurance in implementing lean 
principles. Only if quality control and quality assurance are strictly adopted, the management goals such as name of the company, 
sales and profits could be achieved since due to effective quality systems the company would be producing quality products.   
 
Also through quality control and quality assurance cost reduction could be obtained.  Moreover only through proper adoption of 
quality practices, price of products can be competitive, sales and market share also may increase. At present, it is found that there is a 
lack of coordination between management function and proper quality enforcement.  In order to meet the strict quality requirements, 
management function and quality enforcement have to be coordinated, have to move in tandem but not to be separated. 
 
Lean and cGMP aspects could exist when two groups interact:  

1) Existing quality principles involved in the optimization of the processes and  
2) Implementation efficiency of the Identified management principles.  

 
Sometimes it takes decades to implement 100% of the identified management principles. Quality management system does not depend 
upon the capital investment and percentage of operating expenditure on quality control / quality assurance. 
 
As more and more of the lean methodology implementation in the health care business is preceded this way, the concept of a 
technology implementation to the customer and acceptance of the system will be difficult but it takes long pathway to accept in the 
society. 
 

IV. RESEARCH METHODOLOGY: 

� STUDY AREA 
� SAMPLING PROCEDURE & DATA COLLECTION 
� FRAME WORK OF ANALYSIS  
� DATA ANALYSIS & INTERPRETATION 

 
Research is a careful investigation or enquiry especially through search for new facts in any branch of knowledge. Descriptive 
research has been used which involves surveys and fact findings.   
 
4.1 Study Area: The study area refers only Hyderabad city, Andhra Pradesh. 
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4.2 Sampling Procedure & Data collection: The data were collected through different sampling technique (refers to different ways of 
sampling approach) and   Primary data through an interview schedule was used as a tool for collecting the data. 

4.3 Frame work of Analysis: Percentage Analysis. 
4.4 Data Analysis and Interpretation. 
 
Sampling Procedure: Sampling was carried out in Hyderabad city, Andhra Pradesh, INDIA. The data was collected through various 

sources like Websites (response through internet) and Friends & Relatives, direct interviews.  
 
During study, the data was collected as a whole and then segregated into various parts. Then, the collected data was organized and 
reviewed. Relevant data were taken into consideration and few data was kept for the reference purpose. Questionnaire with personnel 
interview conversation was done much relevant to the study. The collected data was considered and tabulated in the final stage of the 
report. Further, Histogram graphical representation was made to interpret the results from the collected data. 
                                                          
The current study reveals that the customers awareness of the healthcare market innovations, trend in markets were studied and 
represented below, 
 
Table1. Source of awareness on LEAN aspects in Pharma industry: (Lean aspects are Operational efficiency, Reduce cost, 

Quality, creating value etc) 

 
Sources of  
Awareness 

Above Manager level Below Manager level 
No: of respondents  

Percentage 
(%) 

No: of  
respondents 

 
Percentage 

(%) 
Guidelines 19 31.15 54 32.73 
Websites 22 36.07 45 27.27 

Books / Literatures 08 13.11 24 14.55 
Friends & Relatives 07 11.48 35 21.21 

Business Process 05 8.20 07 4.24 
Source: Primary data 

 
 
 
 
Histogram representation: ANNEXURES 
Table1. Source of awareness: LEAN aspects in Pharma industry. (Y axis refers the % awareness) 
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INFERENCES: 
               From the above data represented in the table 1, (Above manager level) data shows that (36.07%) of the respondents became 
aware through website and (31.15%) of the respondents through some of the guidelines. Other awareness areas like books and 
literature (13.11%) and friends & relatives shows (11.48%) with reducing trend.  
 
If we look into the area of business process, this shows the less percentage of (8.20%) from the respondents.  
 
Below manager level data shows that (32.73%) of the respondents became aware through Guidelines and (27.27%) of the respondents 
through some of the website. Other awareness areas like books and literature (14.55%) and friends & relatives shows (21.21%) with 
reducing trend.  
 
If we look into the area of business process, this shows the less percentage of (4.24%) from the respondents. 
 
So, in current scenario of the competitive world, the pharmaceutical firms were not concentrating in the implementation of the lean 
management principles and methods. Hence, the implementation of the lean management principles is not the part of the business 
process.  
 
The above data clearly indicates that the pharmaceutical firms are growing in the Industrial sector in many ways but they are not 
concentrating in the implementation of the management tools and aspects. 
 
Based on the data, pharmaceutical firms should look into the management aspect to implement the lean management principles to 
enhance the operational excellence with more productivity. 
 
To identify the HIDDEN LEAN MANAGEMENT PRINCIPLES in the cGMP environment, the following review was 
conducted in the various pharmaceutical firms and outcomes are tabulated below, 
 
Table 2 Awareness on the primary focus of cGMP aspects in the Pharma manufacturing: 
 

 
cGMP Focus  

cGMP Prospective  Hidden Lean management principles 

No: of respondents Percentage 
(%) 

Link with cGMP 
(Yes / No) 

Aspects 

Ensure product 
effectiveness 

All 100% Yes Reduce waste 
Create Value 

Prevent Harm to patients All 100% Yes 
Product      
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Development  
77 

 
77% 

 
 

Yes 

 
Value Stream, 
Quality Balanced 
with productivity 

Process Robustness 
Regulated / Prudent 

Manufacturing capability 67 67% 
Quality Assurance  48 48%  

 
 

Yes 

Reduce cost, 
Improve Quality, 
Reduce cycle time, 
Reduce delivery 
time 

Reduce complaints 
Prevention of deviations 
Reduce failures 
Validated process 
Quality Control 55 55% Yes Improve Quality  
Quality First 
Minimize inventory  
or stocks 

24 24% Yes Reduce cycle time 

Minimize Errors 35 35% Indirect Impact Simple flow, Error 
Proofing, Quality 
function 
deployment  

Documentation and 
Personal Training 
Validation and 
qualification 
Product stability 64 64% Indirect Impact  Create value 
Source: Primary data, % calculated from 100%, hence data collected for comparison only. 
 

Note: The research survey (questionnaire / discussion) was conducted in the pharmaceutical companies with the Quality related 

peoples / teams (senior / middle level) in the various departments. Direct interview / discussion are conducted with questionnaire 

(above aspects) with 8 out of selected 17 largest pharmaceutical firms. (Name of the surveyed organization names not to be 

disclosed, but supporting questionnaire data is available). 

V. RESULTS / DISCUSSION FROM THE OUTCOME OF SURVEY 

 
               From the above data represented in the table 2, it shows that many of the Pharmaceutical industries follow the cGMP 

prospective which are in line with the LEAN management principles. Till today, the Pharma firms were mainly concentrating in the 

core aspect of ensuring the product effectiveness through innovative product development. The most of the hidden lean management 

principles are indirectly linked with the cGMP aspects.  

It was decided to study the depth of implementation process of the cGMP / LEAN aspects reflected in the table 2. Based on the initial 

survey / discussion, it was observed that lot the lean management principles exist in the various pharmaceutical industries.  

Most of the Pharma industries are concerned about the product quality with respect to cost and productivity.  

RESEARCH STUDY / SURVEY – THROUGH QUESTIONNAIRE / DIRECT INTERVIEW 

 
About 8 pharmaceutical Industries were surveyed through Questionnaire / Direct interview with the senior / middle level peoples in 

Hyderabad city, Andhra Pradesh to understand the Existing / Hidden lean management principles and cGMP practices in the Pharma 

manufacturing environment.  

The following management aspects are identified which in turn improves the product quality. The major aspects which are identified 

in cGMP environment as well as LEAN management principles are  

Reducing Waste, Create Value, Value Stream, Quality balances with productivity, Reduce cost, Process design, Reducing the 

process variations, Error Proofing, Risk analysis, Implementation of quality tools etc. 
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The above factors will immensely contribute to the Pharma industry in many ways for the operational excellence with balanced 
productivity and Quality. 
 
5.1 METHOD OF SURVEY: 
 
To understand current scenario in the Pharma industry, the survey questionnaire are prepared as per the research study requirement. 
Then, the selected Pharma firms were identified and visited. The prepared questionnaire was distributed to the respective department 
peoples and taken back with the comments. Further, the direct interview was performed at each senior level and information was 
collected and scrutinized as per the study requirement.  
 
This research study provides a framework for assessing the use of lean production (LP) practices in cGMP manufacturing. This study 
includes many stages: (a) defining Lean Practices applicable to cGMP, based on criteria such as the inclusion of practices that workers 
could observe, interact with and use on a daily basis; (b) defining attributes for each practice, emphasising the dimensions which were 
typical of their implementation in LP in cGMP environments; (c) defining a set of evidence and sources of evidence for assessing the 
existence of each lean attribute – the sources of evidence included direct observations, analysis of documents, interviews and a 
feedback meeting to validate the assessment results with company representatives; (d) drawing up a model of the relationships among 
the Lean Practices, based on a survey. This study supports the identification of improvement opportunities in cGMP performance 
based on the analysis of their interfaces. 
 
Some peoples were not properly effectively during the course interview but few suggestions were taken as a part of research study. 
 
Overall the responses / informations / suggestions received from the Pharma companies were found to be adequate for the 
research study and tabulated in Table 3. 
 

Table 3 Focus of LEAN aspects in cGMP environment: 
 

cGMP Prospective /  
Hidden Lean 
management principles 

Name of Companies surveyed (% given based on implementation) 

A B 
 

C D E F G H 

Ensure product 
effectiveness 

75% 75% 75% 75% 75% 75% 75% 50% 

Product Design & 
Development 

75% 50% 50% 50% 75% 50% 75% 25% 

Manufacturing capability 50% 50% 50% 50% 75% 25% 50% 75% 
Reduce complaints / 
Deviations 

75% 50% 75% 50% 75% 50% 75% 50% 

Reduce Waste 50% 25% 25% 50% 25% 50% 50% 25% 
Validated processes   50% 50% 75% 75% 75% 50% 75% 25% 
Minimize inventory  
or stocks 

50% 50% 50% 25% 75% 25% 50% 50% 

Create Value / Value 
stream 

50% 25% 25% 25% 25% 50% 25% 25% 

Reduce cost 25% 
 

50% 
 

50% 
 

25% 
 

50% 
 

75% 
 

50% 
 

50% 
 Quality balanced with 

productivity 
50% 25% 50% 25% 50% 25% 25% 50% 

Effective Implementation 
of LEAN principles in 
cGMP environment 

25% 25% 25% 25% 50% 25% 50% 25% 

Source: Primary data, % calculated from survey. 

 
Information about the surveyed companies in Hyderabad:  

A) XXXX Pharma limited:   
   * Formulation Unit  
   * Manufacture of the solid oral dosage forms e.g. Tablets 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013   856 
ISSN 2250-3153  
 

www.ijsrp.org 

 

   * Facility approved by USFDA, ISO 9001:2008 standards  
 

B)  XXXX Pharma limited:   
   * Research & Development & Formulation Unit  
   * Manufacture of the General category & solid oral dosage forms e.g. Tablets, capsules  
   * GMP Facility  

C) XXXX India limited:   
   * Formulation Unit  
   * Manufacture of the solid oral dosage forms e.g. Tablets 
   * Facility approved by USFDA standards 

D) XXXX limited:   
   * Formulation Unit  
   * Manufacture of the solid oral dosage forms e.g. Tablets and Injections 
   * Facility approved by USFDA standards 

E) XXXX Pharma limited:   
   * Formulation Unit  
   * Manufacture of the solid oral dosage forms e.g. Tablets and Injections 
   * Facility approved by USFDA standards 

F) XXXX Labs limited:   
   * Formulation Unit  
   * Manufacture of the Eye Drops / Injectables 
   * Facility approved by USFDA standards 

G) Dr. XXXX Laboratories ltd:   
   * Formulation Unit  
   * Manufacture of the Injections & R&D 
   * Facility approved by USFDA, MHRA standards 

H) XXXX laboratories limited:   
   * Formulation Unit  
   * Manufacture of the solid oral dosage forms e.g. Tablets, Capsules 
   * Facility approved ISO 9001:2008 standards 
 

IMPLEMENTATION STATUS OF LEAN PRINCIPLES IN cGMP ENVIRONMENT,  
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INFERENCE FROM THE ABOVE SURVEY: Lack of LEAN implementation (around 25% only)  
 
IDENTIFICATION + IMPLEMENTATION OF LEAN in cGMP = PRODUCT QUALITY  
 
Effective quality management systems for the companies are the integral part of the company because it enables them to provide 
products and services that are useful for the targeted consumers. Based on the survey data analysis, it was observed that most of the 
companies are focus in ensuring the product effectiveness and patient safety. Some of the companies are in lack of research and 
development activities but existing process validation data helps them in improving product quality. Core lean aspects like reducing 
the waste, create value principle are not much improved. The main cause for the same is due to the lack of training and business 
process was not clearly defined. Minimum inventory and quality balanced with productivity aspects are marginally applied to the 
quality systems in the existing cGMP environment. 
 
The most important fact to be viewed in the survey was the lack of understanding and weak implementation of the lean 
methods around 25% of implementation in the cGMP environment. Most of the pharmaceutical companies focus on the product 
quality thereby looking into the other aspects like reducing the cost, creating value etc. The management should realize that effective 
product quality will be achieved only through the effective quality management system through the implementation of the lean 
methods. In current scenario, many companies are following some process steps to achieve the best quality products. Based on the 
survey it was clearly understood that identified lean principles or methods to be implemented in cGMP environment with proper 
guidance to improve operational excellence to ensure that system will yield the desired results.  
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VI. CONCLUSIONS 

                        Change is the only constant in today’s world and every industry has to implement the quality management systems and 
sustain in the ever changing environment. Pharmaceutical field is no exception to this. During the course of the study, it was found 
that there was a Hidden lean management principle in cGMP environment which was not clearly identified and implemented. Based 
on the research study & data, it was clearly states that in the recent years more focus given to the product quality area. Moreover, 
some % of people was not aware completely about the lean method and nature of the impact. But, if we look into the % business 
process for the awareness of the lean management it was found to be less and this would be the area for the scope of improvement.  
 
Many of the people in the industry were not involved in the quality system implementation activity. Based on the guidelines and 
training activities most of the lean principles to be implemented. Further, the higher management people are not completely 
transparent on their policies and procedures to implement the lean management principles in the cGMP environment. So, the 
Employees should need complete education and training about lean methods implementations in the cGMP area.  
 
Based on this research study, primary data review & research survey of the Pharma we have derived that employee knowledge on the 
lean management to be improved and senior level people should implement the lean management principles in cGMP environment. A 
well-designed implementation of a cost of quality system not only reduces the costs but also enhances the reliability of product 
quality. 
 
The following hidden lean management principles derived from this research study are represented below which are to be 
implemented effectively in the cGMP environment to enhance the operational excellence and product quality.  
 
1) Identify the Product life cycle and Process variations – Create value 
2) Implement Lean methods effectively in cGMP environment  
3) Ensure effective product development   
4) Implement quality systems to ensure product quality & safety 
5) Reduce inventory / Error Proofing / Reducing Risks 
6) Process design / Create value 
     

Outcome of the study 

A constant effort is essential to implement the LEAN management principles in the cGMP environment for the manufacturing of the 

pharmaceutical products to ensure that the product quality and safety for the patients.   
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     Abstract— Ample amount of knowledge in respect of pattern 
discovery of web usage mining shall be provided in this paper. 
Users behavior of page browsing should be in hand with the 
website designers. They can even study about the visitor’s 
activities through the web analysis and find patterns of the 
visitor’s activities. This kind of web analysis involves not only 
involves the change and interpretation of the web log records to 
locate the hidden information or predictive pattern by the data 
mining and knowledge discovery technique, but also offers a 
great prospect coupled with the web warehousing. 
 
     Index Terms- Web Log File, Web Usage Mining, Data 
Preparation, Pattern Discovery 
 

I. INTRODUCTION 

     WWW is a very popular and interactive medium for 
propagating information today. Due to the vast, varied and 
dynamic nature of web it raises the scalability, multimedia data 
and temporal issues respectively. The development of the web 
has given rise to large quantity of data that is freely available for 
user access. Management and organization of data should be 
done in such a way that they can be accessed by different users 
effectively and efficiently. That is why; the number of 
researchers in the field of application of data mining techniques 
on the web is increasing.  
 
     The Web Mining is the set of techniques of Data Mining 
applied to extract useful knowledge and implicit information 
from Web data. As more organizations rely on the Internet to 
conduct daily business, the study of Web mining techniques to 
discover useful knowledge has become increasingly important. 
However, with the magnitude and diversity of available 
information from the Internet, it is not insignificant to locate the 
relevant information to satisfy the requirements of people with 
different backgrounds. To assist Web surfers in browsing the 
Internet more efficiently, one of the topics that have attracted 
much attention is modeling the Web user’s browsing patterns and 
making recommendations. Web mining enables one to discover 
web pages, text documents, multimedia files, images and other 
types of resources from web. 
 

II. WEB MINING CATEGORIES 

     Web mining can be categorized into three different classes 
based on which part of the Web is to be mined. These three 
categories are: 
1) Web content mining, 
2) Web structure mining and 

3) Web usage mining. 
     Web content mining describes the discovery of useful 
information from the web contents. However, what consist of the 
web contents could encompass a very broad range of data. 
Basically, the web content consists of several types of data such 
as textual, image, audio, video, metadata as well as hyperlinks. 
The web content data consist of unstructured data such as free 
texts, semi-structured data such as HTML documents, and a 
more structured data such as data in the tables or database 
generated HTML pages. 
 
     Web structure mining tries to discover the model underlying 
the link structures of the web. This model is based on the 
topology of the hyperlinks with or without the description of the 
links. This model can be used to categorize web pages and is 
useful to generate information such as the similarity and 
relationship between different web sites. Web structure mining 
could be used to discover authority sites for the subjects and 
overview sites for the subjects that point to many authorities. 
 
     Web usage mining tries to make sense of the data generated 
by the web surfer’s session or behaviors. While the web content 
and structure mining utilize the real or primary data on the web, 
web usage mining mines the secondary data derived from the 
interactions of the users while interacting with the web. The Web 
Usage mining includes the data from the web server access logs, 
proxy server logs, browser logs, user profiles, registration data, 
user sessions or transactions, cookies, user queries, bookmark 
data, mouse clicks and scrolls, and any other data as the results of 
interactions. 
 

III. WHY WEB USAGE MINING 

     Web Usage Mining is the discovery of meaningful patterns 
from data generated by client-server transactions on one or more 
Web localities. In this paper we will give emphasize on Web 
usage mining. As the explosive growth of E-commerce, the law 
of business of companies has been changed. Now a day the web 
is not the place where only transaction has occurred. Millions of 
visitors interact with the web in daily life which generates an 
enormous amount of data. Web usage mining helps to know 
information about users’ behaviors and their usage patterns, can 
lead to interesting results that go over descriptive tasks; such 
examples are dynamic content Web sites which perform mass 
customization and personalization by discovering clusters of 
users with similar access patterns and by adding navigational 
links and hints on the fly. Also, information mined from Web 
usage data allows restructuring and better management of the 
site, giving more effectiveness to it; also the network system can 
gain benefits from this discovery process. 
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Algorithm: DataPreparation 
1. Start 
2. Check for data available in server log 
3. If raw data is available goto step 4 else goto step 2 
4. Cleaning data by removing gap, .jpg , .gif or sound file. 
5. Execute UserIdentification. 
6. Execute SessionIdentification. 
7. Divide the session in transaction with a certain duration. 
8. If any data available goto step 4 else goto step 9 
9. exit 

 

IV. SOURCES OF DATA FOR WEB USAGE MINING 

 
     Web Usage Mining applications are based on data collected 
from three main sources: (i) Web servers, (ii) Proxy servers, and 
(iii) Web clients. 
 

A. The Server Side 

     Web servers are surely the richest and the most common 
source of data. They can collect large amounts of information in 
their log files and in the log files of the databases they use. These 
logs usually contain basic information e.g. name and IP of the 
remote host, date and time of the request, the request line exactly 
as it came from the client, etc. This information is usually 
represented in standard format e.g.: Common Log Format, 
Extended Log Format, and LogML. When exploiting log 
information from web servers, the major issue is the 
identification of users’ sessions. Apart from web logs, users’ 
behavior can also be tracked down on the server side by means of 
TCP/IP packet sniffers. Packet sniffers are rarely used in practice 
because of rise scalability issue on web servers with high traffic, 
and the impossibility to access encrypted packets like those used 
in secure commercial transactions a quite severe limitation when 
applying web usage mining to e-businesses. Probably, the best 
approach for tracking web usage consists of directly accessing 
the server application layer. 
 

B. The Proxy Side 

     Many internet service providers (ISPs) give to their customer 
Proxy Server services to improve navigation speed through 
caching. In many respects, collecting navigation data at the proxy 
level is basically the same as collecting data at the server level. 
The main difference in this case is that proxy servers collect data 
of groups of users accessing huge groups of web servers. 
 

C. The Client Side 

     Usage data can be tracked also on the client side by using 
Java Script, java applets, or even modified browsers. These 
techniques avoid the problems of users’ session identification 
and the problems caused by caching (like the use of the back 
button). In addition, they provide detailed information about 
actual user behaviors. However, these approaches rely heavily on 
the users’ cooperation and rise many issues concerning the 
privacy laws, which are quite strict. 
 

V. WEB USAGE MINING PROCESS 

     Web usage mining is a powerful tool to analyzing, designing 
and modifying a Web site structure as well as it is also useful to 
understanding and analyzing the site visitor’s behavior in two 
aspects: i) The interest and information one access. ii) The way 
to access this information. Web usage mining activities pacify 
two different aspects: how designers expect to be used the site by 
the visitors and the way visitors effectively using the site.  

 
     Web usage mining can be divided in at least three different 
phases namely 
1) Data preparation, 
2) Pattern discovering 
3) Pattern analysis and visualization. 
 

A. Data Preparation 

     In Data Preparation phase the web log data must be cleaned, 
filtered, integrated and transformed in such a way that the 
irrelevant and redundant data can be removed, user session and 
transaction can identified. 
 
     In this paper we provide some algorithm for Data preparation 
process. 
 
     Data cleaning: The first step of data preparation is data 
cleaning or filtering. It is very important as there have many 
unnecessary entries in the log files. Elimination of irrelevant 
items can be accomplished by checking the suffix of the URL 
name, which tells one what format these kinds of files are. For 
example, the surrounded graphics can be filtered out from the 
Web log file, whose suffix is usually the form of “gif”, “jpeg”, 
“jpg”, “GIF”, “JPEG”, “JPG”, can be removed. In the same way 
the unwanted sound files can be removed. 
Figure: Algorithm for Data Preparation 
 

     User Identification: Once HTTP log files have been cleaned, 
next step in the data preparation is the identification of the user, 
through heuristics. (i) By converting ip address to domain name 
exposed some knowledge. For example, one can estimate where 
visitors live by looking at the extension of each visitor’s domain 
name, such as .ca (Canada); .au (Australia); cn (China), etc. (ii) 
the web server randomly assigned an Id to the web browser while 
it connects first time to the site. This is called cookies. The Web 
browser sends the same ID back to the Web server, effectively 
telling the Web site that a specific user has returned. Cookies 
help the Web site developer to easily identifying individual 
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visitors, which results in a greater understanding of how the site 
is used. Cookies also help visitors by allowing Web sites to 
recognize repeat visits. (iii) Cache prevents much user access to 
be recorded in the log file when a page hit by the user already in 
the cache. Cache busting is one solution of this problem. 
 

Figure: Algorithm for User Identification 
 
     Session Identification: Session identification can be 
performed using time interval between consecutive log entries. If 
two accesses from the same user are separated by an interval 
longer than a threshold they considered as different session. 
Sometimes threshold considered as 30 minutes time interval. 
Another way to identify session is using a time out to identify the 
end of the session. 
 
     After data preparation the server log file data have to be 
prepared for pattern discovery. This data is more organized, 
classified which we called web warehousing. 
 

 
     Figure: Algorithm for Session Identification 
 

VI. PATTERN DISCOVERY 

     After data preparation phase, the pattern discovery method 
should be applied. This phase consists of different techniques 
derived from various fields such as statistics, machine learning, 
data mining, pattern recognition, etc. applied to the Web domain 
and to the available data.  
 
     The task for discovering the patterns offer some techniques as 
statistical analysis, association rules, sequential pattern analysis, 
clustering and so on. Here we will briefly describe some 
techniques to discover patterns from processed data.  
 
     To determine the visitor’s location converting the IP address 
into its domain name is a good way. Looking up the extension of 

the domain name one may figure out the country of the visitor. 
Then the server administrator can assume about the most active 
countries visited at a particular site and he can provide the useful 
information relevant to that country. 
 

Most Active Countries 
 Country Hits Visitors 
1 United States 8,791 1,788 
2 France 2,908 302 
3 China 810 248 
4 Germany 3,016 240 
5 United Kingdom 2,552 231 
6 Russian Federation 1,010 166 
7 Italy 1,565 142 
8 Canada 1,126 119 
9 Netherlands 805 76 
10 Sweden 605 73 
11 Australia 626 70 
12 Switzerland 448 57 
13 India 495 55 
14 Brazil 510 52 
15 Spain 441 51 
16 Singapore 165 41 
17 Phillippines 315 40 
18 Latvia 36 35 
19 South Africa 128 33 

 
     Using the path analysis technique, the information offers a 
valuable imminent of user navigation problems. To analyze the 
path the administrator can understand what pages the visitors like 
most or how long path they like to visit in a web site. For e.g. If 
65% of visitors who accessed /sustTube/video.php by starting at / 
sustTube and proceeding through /sustTube /view_video.php ,or 
/sustTube/video.php, decided to make a decision after seeing the 
sample video. Since many user leave the web site after visiting 
four pages, the important information (for example, sample 
video) should contained within four pages. 
 
     After data pre processing from the server log file we get the 
access page link of the visitor. If the pages link are from the same 
IP address so the system can decide that the user is same person 
but increases the page hit count. If the pages link is from 
different IP address so the system increase the number of visitor. 
When the system provides the number of hits and visitor 
corresponding to page link, the admin can realize which pages 
are most popular. In our experimental web site ‘Sust Tube’ we 
can see the number of hits and visitors count of the site. 
 
Pages Home Hits Visitors 
Home 
Page/sustTube.php 

Index.php 149 3 

 Index.php 117 2 
 Index.php 52 2 
Video Video.php 25 3 
 Video.php 10 3 
 View_video.php 11 2 
 View_video.php 7 2 

Algorithm: SessionIdentificaton 
 
1. Start 
2. Take time of the first log entries. 
3. Calculate the threshold time from the starting time. 
4. if threshold >30 min session change else same session 
5. exit 

Algorithm: UserIdentificaton 
1. Start 
2. Take data from cleaned HTTP log file. 
3. while any data is available do 
i. converting ip address to domain name by reverse DNS       
lookup. 
ii. Sending cookies to identify user 
iii. Busting cache to prevent use of cache. 
iv. Referring URL. 
4. Exit 
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 View_video.php 5 2 
 View_video.php 9 2 
Log in Login.php 21 3 
Sign up Sign up.php 20 3 
 Sign up.php 4 2 
     Figure: Highest Click-Through Rates for Each Page 
 
     By the highest click the administrator can also estimate about 
the daily activities. We show this by a sample graph. 

 
     Figure: Daily Activities 
 
     From server log file’s user agent portion we get the browsers 
name and the number of users uses a particular browser. So the 
system can decide from which browsers most number of visitors 
hit the site. It’s also suitable to determine the operating system of 
the visitors. 
 

 
 
 
 

 
 
 

VII. CONCLUSIONS AND FUTURE WORK 

     The web is a most important medium to conduct business and 
commerce. Therefore the design of web pages is very important 
for the system administrator and web designers. These features 
have great impact on the number of visitors. So the web analyzer 
has to analyze with the data of server log file for detecting 
pattern. In this paper we tried to give a clear understanding of the 
data preparation process and pattern discovery process. Web 
usage patterns and data mining can be the basis for a great deal 
of future research. More research needs to be done in E-
Commerce, Bioinformatics, Computer Security, Web 
Intelligence, Intelligent Learning, Database Systems, Finance, 
Marketing, Healthcare and Telecommunications by using Web 
usage mining. 
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Abstract: The economic growth and demographic changes in Indian cities are posing a serious challenge to 

urban local authorities. By the year 2020, Indian urban centers including Bangalore will witness a huge 

increase in population. With the rapidly growing urban population, the need for infrastructure services 

increases manifold. The increase in per capita income and the concomitant industrial and service activities 

have resulted in a high increase in consumption and consequently, in the quantum and complexity of the 

composition of the solid waste generated. 

Solid Waste Management (SWM) in the expanding cities is affected by all kinds of problems associated 

with a constant population influx from surrounding rural communities, uncontrolled sprawl dominated by 

illegal settlements, extensive slums in the central and other areas, and traffic and population congestion in 

and around all major access points to the city. Both financially and physically, a city finds it difficult to 

provide facilities for waste collection, especially with regard to the urban poor. The urban poor are often left 

to contend with waste disposal on their own. Support given to the urban poor in slums and squatter 

settlements has serious deficiencies adversely affecting their health and generally the urban environment 

itself. Thus, the management of solid waste is an issue of vital importance to urban sustainability. 

Slums and squatter settlements are characterized by a gross deficiency of basic services such as proper 

housing, provision and supply of safe potable water, sanitation facilities such as latrines and disposal of 

human excreta, drainage of sullage water, paved roads including accessibility etc. Often, even rain water 

does not get drained off from their regions. In the absence of these facilities, the quality of life in slums and 

squatter settlements is highly miserable and these dirty areas, whether legalized or not, should be given 

special attention and provided satisfactory SWM services. Keeping this in view, the authors describe the 

existing state and identify the shortcomings in various aspects of SWM and propose improved planning 

strategies which will make for a cleaner and more aesthetic city, reducing environmental pollution and 

protecting precious groundwater and land resources in the city of Bangalore.  

 

Index Terms: Slums and squatter settlements, solid waste, environmental pollution, urban poverty, Urban 

Local Bodies, ecological characteristics 
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I. INTRODUCTION 

ith the increase in population and related activities, the demand for essential services namely water 

supply, drainage/sewerage, garbage collection and disposal, transportation, etc. far exceeds supply. 

Also, land use distribution patterns are unsatisfactory. While taking up developmental activities, the 

sustaining capacities of the environment are rarely considered. The Master Plans although allocate land for 

various uses, don’t specify the extent and intensity of activities amidst all their contingencies in each of the 

land uses which would be inconsonance with environmentally satisfactory development. For example, the 

slums and squatter settlements are scattered in and around the cities. The environmental pollution problems 

in urban areas are hence becoming complex and are highly risky. The solutions for waste management 

problems, particularly in slums and squatter settlements areas, are increasingly difficult due to ever-

increasing gap between generation, accumulation and removal.  

 

The growth of metropolitan cities in India has been largely unplanned and haphazard and this can be seen 

from the fact that nearly a quarter of the total urban population lives in slums and squatter settlements. In all 

these cities slums and squatter settlements mushroomed on public and private land and are characterized by 

high population density. The population of urban slums is composed largely of rural migrants to the city. 

When migrants reach the city, they invariably find themselves pushed into slums and squatter settlements. 

The local governments are totally unprepared in tackling these problems, mainly because of meager 

resources as also lack of expertise and proper planning. The Habitat – II conference at Istanbul in 1996 once 

again reiterated the need for ensuring adequate shelter for all and making human settlements safer, healthier, 

more livable, equitable, sustainable and more productive. Despite such exhortations, little attention has been 

given to solid waste disposal, particularly in urban slums.  

 

There is a growing concern about how to make the city safe and sustainable. The city which makes vital 

contributions in social and economic development is struggling with serious challenges such as 

environmental pollution, congestion, increasing incidence of urban poverty, inadequate access to shelter and 

basic services, increasing inequality in income levels resulting in the proliferation of slums and squatter 

settlements with overall deterioration in the quality of life. And more so are the inequalities in the facilities 

to dump, collect and dispose of garbage and such other waste adding to the vast ugliness and intractableness 

of urban misery. Solid Waste Management (SWM) is one of the important obligatory functions of Urban 

Local Bodies in India. However, this service is poorly performed resulting in problems of health, sanitation 

and environmental degradation. Lack of financial resources, institutional weakness, improper choice of 

technology and public apathy towards SWM have made this service far from satisfactory (Supreme Court of 

India Report, 1999, p. 7). Adding to these difficulties of resource paucity at the public level is the growing 

W
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inequalities in incomes and earning opportunities forcing the poor into slums and deprives them of access to 

supraminimal level of sanitary, waste disposal and drinking water facilities.  

 

This paper examines ways to improve waste clearing and management in slums and squatter settlements in 

the city of Bangalore. The ecological characteristics of the slums are highly conspicuous and have received 

wide publicity and attracted hostile reaction from town planners, government officials and administrators. 

II. BACKGROUND OF THE STUDY AREA 

Bangalore, the capital of Karnataka, has history of 400 years. The origin of Bangalore city can be traced 

back to 1537 when it was founded by Late Magadi Kempegowda. The eastern portion of the city was 

however developed by the British early in the 19th century. Perhaps, the most spectacular growth of the city 

started after independence of the country in 1947 (see Fig. 1).  

 

Bangalore is located at the Centre of the South Indian Peninsula, equidistant from both the eastern and the 

western coasts with an elevation of about 931 meters above the mean sea level and latitude 120 58’ north and 

longitude 76036’ east in the southern corner of the Karnataka State in India. Bangaloredeveloped not only as 

a headquarters of administration and an educational center of Karnataka but also has tremendous growth as a 

prominent industrial center in the country. Presently, it is the Silicon Valley of India. 

Fig.2.1 Existing Land Use in Bangalore Metropolitan Area 
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Source: Revised Comprehensive Development Plan, 2005, B.D.A 

 

Topographically, the city has slopes towards east and west with a smooth ridge running north to south. The 

city gets moderate rainfall of around 900 mm largely between June and October. On account of its elevation, 

Bangalore is bestowed with salubrious and equable climate comparable to those of temperate regions.  

 

The population of the Bangalore Metropolitan Area (BMA) was 8.47 million, according to the 2011 Census, 

as against 5.69 million in the 2001 census. As per the 2011 Census, Bangalore ranks 5th among the largest 

Metropolitan Cities in India. Now it is estimated that the population of the BMA by the year 2021 would be 

12.6 million in addition to floating population around 1.5 to 2.00 million daily in the city (see Table 1). The 

ever-increasing population would add to the problems of the already strained infrastructure facilities 

associated with environmental decay and decline in the quality of life in the city. The intra-city population 

density has witnessed a rapid increase.  

 

The City is expanding from city center towards BMA and is growing in all directions. Development is in an 

irregular radial pattern. The Revised Master Plan for 2016 is proposed for an area of 1279 sq. km wherein 

area for development (Conurbation limits) is 531 sq. km and green belt is 742 sq. km. 

Table 1. The Population growth, density and spatial development of Bangalore 
Census 
Year 

Pop.  
in Mn 

%  
Increase 

Area  
(Sq. Km) 

% 
Increase 

Density of 
Pop./sq. km 

1901 
1911 
1921 
1931 
1941 
1951 
1961 
1971 
1981 
1991 
2001 
2011  
2021 
(Est.) 

0.22 
0.26 
0.31 
0.39 
0.51 
0.99 
1.20 
1.65 
2.91 
4.13 
5.69 
8.47 

12.60 

- 
14.5 
19.2 
27.5 
28.9 
94.9 
21.4 
37.0 

76.72 
39.89 
37.77 
48.85 
48.76 

144.78 
156.43 
160.94 
174.55 
181.24 
193.08 
255.62 
285.95 
366.39 
466.63 
531.00 

1279.00 
1279.00 

- 
8.05 
2.88 
8.76 
3.84 
6.53 

32.39 
11.87 
28.13 
21.14 
19.05 

140.00 
- 

1517 
1666 
1925 
2228 
2817 
5130 
4688 
5760 
7950 
8843 

10704 
6622 
9851 

Source: Census book – 2011 and BDA, Bangalore. (Compiled by Authors) 
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Bangalore population has been growing rapidly in the last three decades. Today, Bangalore has gained all-

round importance as an administrative center and a trading and industrial center, along with large IT and BT 

industries and also as a center of strategic importance due to the concentration of defense establishments. 

With the establishment of Indian Space Research Organization (ISRO) and several high technology 

electronics industries, it has become the seat for scientific and technological advancement. Naturally, 

Bangalore has become the focus of migration of population from rural areas and other centers, both within 

and outside the state.  

 

Water is being supplied from a distance of 90 km and is being pumped around 600 meters up spending an 

enormous amount of energy. In addition to the above, nearly 40 percent of population of Bangalore solely 

depends on underground water. Ground water recharge depends on the harnessing of rainwater. Therefore, 

the protection and maintenance of these watersheds and tanks are vital. The ever-increasing population 

would add to the problem of the already strained infrastructure facilities associated with environmental 

decay and solid waste management.  

 

The industrialization of Bangalore is apparently co-related to migration and the spurt in the number of slums 

in the city. Ever since the factories were established and commercial activities developed, the slums too 

began to come into existence. Day by day the number of slums is on the increase by leaps and bounds. 

According to reliable sources there were 230 slums in Bangalore in 1975, 401 in 1989 and 545 in 1992; but 

presently there are over 778 of them. It is estimated that in 1981, 10.5 percent of Bangalore population were 

slum-dwellers. As per the estimates presently 30 percent of the Bangalore population is slums and squatter 

settlements-dwellers. It cannot be denied that considerable efforts are being made on a large scale to provide 

shelter to the urban poor. In spite of this the number of pavement dwellers, slums and squatter settlements 

are increasing every day. There seems to be two basic reasons for the failure of these schemes – location 

discrepancy and unaffordability. When the migrants move into a city, they settle themselves at a particular 

place where they have managed to secure for themselves a source of income and employment - nearness to 

the place of work and affordability of accommodation. 

 

2.1 Defining the Slums and Squatter Settlements 

As per the Section 3 of the Karnataka Slum Areas (Improvement and Clearance) Act, 1973, the slum means; (a) any area is or 

likely to be a source of danger to health, safety or convenience of the public of that area or of its neighborhood, by reason of the 

area being low lying, insanitary, squalid, over-crowded or otherwise; or (b) the building in any area, used or intended to be used 

for human habitation are, - (i.) in any respect unfit for human habitation; or (ii) by any reason of dilapidation, over crowding, 

faulty arrangement and design of such building, narrowness or faulty arrangement of streets, lack of ventilation, light or sanitation 
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facilities, or any combination of these factors, detrimental to safety, health or morals, it may, by notification declare such area to 

be a slum area (Unpublished- Document, 1999, p. 3).  

  

2.2 Actions by State Agencies 

The three agencies concerned with the improvement of the living status of low-income people in Bangalore 

City are – (a) Bangalore Development Authority (BDA), (b) BruhatBangalore Mahanagara Palike 

(BBMP), and (c) Karnataka Slum Clearance Board (KSCB). These three agencies have different 

jurisdictions, which sometimes overlap. Because of the multiplicity of State agencies undertaking similar 

work, a mess has been made of the slum clearance programs.  

 

BDA’s main functions and responsibilities are – land acquisitions, layout planning and development, which 

includes construction of roads, bridges and surface drains, parks, open spaces, etc.; providing services such 

as water supply, underground drainage, street lighting, etc.; housing, which includes other amenities such as 

markets, hospitals, schools etc. The BDA proposes new layouts and allocates plots. Improvement of slums 

located within the metropolitan boundary is carried out by the BDA. A certain percentage of plots in the 

newly developed areas are allocated to the economically weaker sections. The BDA provides developed 

plots to slum dwellers at low cost, the repayment being spread over a number of years.  

 

The BBMP has been mainly concentrating on upgrading the basic services of the slums under the 

Environmental Improvement Programs. No improvement of the individual hutments is undertaken as part of 

this program. The corporation regularizes the slums and re-allots the plots to the individual residents, but no 

financing is provided. In some cases the corporation undertakes the construction of houses in the same areas 

but since the cost is often beyond the means of the slum dwellers, they often rent out the house assigned to 

them and continue to squat elsewhere. Hence the corporation has not been able to check the growth of slums 

within the corporation boundary. This ineffectiveness goes to show that, concurrent with slum improvement 

efforts, there requiresbeing measures to increase incomes and skills of the poor. 

 

Though Karnataka Slum Clearance Board (KSCB) is a statutory body, most of its executive directives come 

from the Government Secretariat. According to the terms of the Improvement and Clearance Act, 1973, the 

KSCB can declare areas to be slum on the basis of overcrowding, insanitary conditions, and unfitness of 

buildings for human habitation. The slums thus designated are taken up for development under the Slum 

Clearance and Improvement Scheme financed by the Central Government (Krishnamurthy, Nalini& Kumar, 

S. Shiva, 1983, p. 21). 
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III. MAJOR REASONS FOR CREATION OF SLUMS: HOUSING SHORTAGE 
Bangalore is a low-rise city with individual plots and many open spaces in the residential areas. The city’s large new 

extensions, which are far away from the Central Area embodying the main functions, do not serve low-income people owing 

both to the cost of land and to distances from their places of work. Hence the large housing shortage is being made good, 

though unsatisfactorily, by the slums which have been serving the purpose of providing basic shelter without any other basic 

amenities, but with the advantage of being located closer to people’s places of work. Owing to the informal nature of jobs 

taken up by most people, there have been no housing schemes meant for them satisfying their economic needs. The need for 

domestic labor in the higher-income residential areas has given rise to slums in the vicinities. The villages, which have been 

absorbed into the city as the latter grew, have also developed into slums. One finds these pockets within the metropolitan 

boundary among the well-developed surrounding areas. It is estimated that almost one-third of the city’s population are living 

in the slums and squatter settlements. These slums are essentially characterized by economically weak low-income population 

with low occupational status e.g., constriction worker, daily wage laborers, service workers; and socially weaker section viz. 

scheduled castes, scheduled tribes, backward castes, minorities; and have a high migrant resident ratio. Thus, the slum is much 

more than living in a miserable shelter or environment and the problem of slum is not just the problem of housing shortage, or 

even substandard living. It is one of low skills, low and uncertain incomes and unfavorable social connections. 

 

IV. EXISTING CONDITIONS OF SWM IN SLUMS AND SQUATTER SETTLEMENTS  

Bangalore produces over 3000 tones of solid waste per day and the Municipal Corporation is miserably 

inadequate in managing the disposal of solid waste generated. It is estimated that the per capita generation of 

solid waste works out to 0.35 kg/day. Specifically, the amount of solid waste generated in all the slums and 

squatter settlements works out to be 0.3 kg per capita per day. This aggregates to about 762 tons per day, for 

the total slums and squatter settlements population of 2.53 millions or 30 per cent. The solid waste generated 

in slums is proportionately less because the consumption levels of the slum people are far lower than that the 

generality of the people. The sources of waste generation, and the amounts generated at each source are the 

table 2: 

Table 2. Different sources of SW generation in Bangalore 

Sl. 
No. 

Source Quantity (in 
MT/day) 

1 Households (including Slums and Squatter 
Settlements) 

1620 

2 Shops, Establishments, Offices, Institutions  510 
3 Markets and function halls 600 
4 Others 270 
 Total 3000 

 
 Source: Dept. of SWM, Bruhat Bangalore Mahanagara Palike, Bangalore, 2011. 
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The storage, collection, conveyance and disposal of solid wastes in Bangalore city are under the control of 

the Bangalore City Corporation. The SWM involves activities associated with generation, storage, 

collection, transportation and disposal of solid wastes, keeping in view the economy, aesthetics and energy 

conservation. The SWM is important from the point of view of safeguarding the public health, environment 

and aesthetics of the city. SWM in Bangalore is faced with innumerable problems associated with a constant 

population influx from the surrounding rural communities, uncontrolled sprawl dominated by illegal 

settlements (unauthorized construction), extensive slums and squatter settlements, traffic and population 

congestion in and around all major access points to the city.  

 

In Bangalore, there are 542 slums and squatter settlements at present. Out of these 246 are declared by the 

KSCB under Slum Clearance Board Act (I&C) 1973. The remaining slums and squatter settlements are 

spread around on the city outskirts which are not notified so far. There is a distinct pattern as far as the 

location of slums is concerned viz., on low-lying areas, by the side of railway tracks, on the sides of open 

drainage, on tank beds, on the river banks, around/adjacent to apartments, in or adjacent to burial grounds, 

below high tension wires, on hillocks, at the base of hillock and in market places.   

 

The squatter settlements are either on public or private land. The main occupations of these dwellers are 

construction work, road work, rickshaw pulling, taking children to school, vegetable vending, kerosene 

hawking, shoe repairing, hamali work in bus stand and railway stations, etc.  

 

The slum locations are generally found to be least desirable from the point of view of living or staying. The 

authorities have been unable to clear the garbage from most of the slums. And this is due to the slum 

dwellers’ practice of throwing their waste into drains and only a part of the waste generated is available for 

collection.  

  

Many slum communities are located near open drains and for the inhabitants, it may be seen that the flowing 

water is the best place for consigning the waste especially if the waste is to move away from time to time by 

large flow of storm water. The slums are normally the filthiest and drains generally open. Water is usually 

stagnating because of poor gradients and the choked drains present sickening sights with offensive odor. 

Refuse is everywhere. Absence of adequate and earmarked space for the disposal of household garbage and 

other solid wastes in most of the slums is causing a major problem to the residents. As a result, the garbage 

and other solid wastes dumped in nearby small open spaces beside hutments are a common scene in these 

slums and squatter settlements. This has resulted in piled up garbage mixed with drain water in low lying 

areas. These dumpsites are attracting different animals such as dogs, pigs and rodents. The dump itself is a 
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breeding ground for house flies.  The garbage containing human excreta can be a center for the outbreak of 

different communicable diseases. The municipal sweepers may even dump refuse into the drains and the 

slum people usually use them as latrines.   

 

In the absence of a functioning sewage system, dirty water from the huts flow over the ground, not only 

making the place slushy but also causing serious health and hygiene problems. Some households have dug 

up small drains through their houses for the water to flow through but such arrangements offer no proper 

solutions and therefore hardly help to keep the place clean. Stagnating water from various sources gives rise 

to problems of mosquito breeding; fly nuisance and insanitary conditions around about human habitations 

affecting the health of the people. In addition to that there are large numbers of open storm water drainage 

channels running in the west to east direction. Liquid effluent whether by way of sewage, sullage and other 

domestic wastewater are flowing out from the tenements?  

V. THE PROBLEMS OF SWM IN SLUMS AND SQUATTER SETTEMENTS 

 
Generally, the physical condition of the slums presents a picture of neglect, with woefully inadequate water 

supply, bath and toilet facilities and in front of most of the houses cesspools are stagnating. A special study 

on the existing conditions of 60 slums on either side of Railway tracks in Bangalore City reveals that 98 per 

cent of the sample house holds were without toilets, 92 per cent without bathrooms and 61 per cent without 

kitchens. Out of the total, 37 slums have no latrine facilities and the residents use the railway tracks and 

nearby open spaces. The remaining 23 slums are provided with latrines by corporation (BBMP)- 10, 

residents- 12 and slum association- 1 (APSA & Janasahayog, 1999). The problem is that improper upkeep 

and lack of regular maintenance due to lack of water facility inside or near the community latrine has 

resulted in the accumulation of filth and garbage. This has led to disuse of these latrines.  

 

Improper and inadequate garbage collection system; lack of adequate open spaces and green areas; improper 

land uses; institutional and financial crisis; lack of awareness and political will are causes for the present 

conditions in slum areas. The provision of urban infrastructure becomes exorbitantly costly and will become 

unmanageable in slums and squatter settlements. Thus the entire system of WM is outdated, unscientific and 

highly inefficient. Institutional arrangements in Bangalore are inadequate and inefficient. There is lack of 

professionalism in the administration of this service. The laws governing the Urban Local Bodies do not 

have adequate provisions to deal with the situation effectively and local bodies do not have the necessary 

powers to punish defaulters (Supreme Court Report, 1999, p. 9). SWM should be tackled by continuous 

supervision, planning and monitoring on a day to day basis. Therefore there is need to have adequate 

infrastructure and active participation of community in civic affairs.  
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In this connection, we have to emphasize the need for reducing migration into the city. Provision of 

minimum basic facilities per unit population in metropolitan cities is far more expensive and 

administratively taxing than in smaller far away urban settings. Not only is development thus gets 

decentralized, but urban immiserisation gets drastically controlled by such a change in strategy. 

VI. PLANNING FOR WASTE MANAGAEMENT 

A well-prepared plan can have a positive influence on economic and social development while it takes 

sufficient care of the environmental protection in slums and squatter areas. Preparation of SWM plans for 

the slums and squatter settlement areas can go a long way in solving the accumulated problems and to 

prevent future problems. For preparing such plans, the causes of the problems needs to be identified and 

solutions envisaged for short-term mitigation measures and long term prevention measures. This may be 

done through environmental management plans. Pockets of squatter settlements destroy the image of clean 

and planned city and create urban form deterioration. Encroachment on prime land creates obstacles to the 

intended development and use of that land. Squatter settlements with poor sanitation, drainage and garbage 

disposal systems degrade the environment. It creates low rise and high-density residential pockets. 

 

6.1 Regulatory Legal Measures, Constitutional and Statutory Provisions 

Laws and regulations must be enforceable, which means that the organizational machinery for their 

enforcement be created. The National Housing Policy Document has pointed out as early as in 1994 to (1) 

encourage slum renovation and progressive housing development with occupancy rights; (2) extend water 

supply, sanitation and other facilities to slums; (3) ensure maintenance of civic amenities through 

community involvement; and (4) provide night shelters and sanitary facilities for the pavement dwellers and 

the homeless. And pressure has to be exerted so that the above measures are carried out in a time bound and 

phased manner.  

 

The following are some of the recommendations of the Supreme Court Committee to improve SWM in 

Class I Cities that are going to be mandatory (both for citizens and municipalities): (a) no garbage dumping 

on roads, (b) waste to be retained by all for 24 hours for doorstep collection, (c) curbs on cattle movement 

on streets; permitting only stall feeding, (d) debris must be stored within own premises until collected, not 

dumped on road or footpath, (e) decentralized composting of local waste is the best, (f) street should have 

litter bins for use by pedestrians and others, (g) silt overflowing from drains should not to be left on road for 

drying for more than 24 hours, (h) ban on burning of leaves and waste in streets, (i.) daily sanitary treatment 

of any un-cleared waste, storage-sites to control odor and uncontrolled rotting (by spraying of composting 

bio-cultures), (j) computerized  weigh-bridges and management information systems, (k) payment on weight 

basis only for garbage transport contracts, (l) temporary toilet at all construction sites as soon as the work 
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begins, (m) to prevent open defecation construct pay and use individual or group toilets, and (n) encourage 

private sector to participate up to 50 per cent in SWM (Swabhimana, 1999, p. 3) 

 

Constitutional and other legal provisions are: (a) Article 47 of the Constitution of India enjoins, as a 

Directive Principle of State Policy that it shall be the primary duty of the State to raise the level of nutrition 

and standard of living and to improve public health. (b) Article 243-W of Indian Constitution directed the 

State Government to devolve powers and responsibilities to Municipalities for implementation of schemes 

as may be entrusted to them including those in relation the 12th Schedule which was added in 74th 

Constitutional Amendment Act, 1992. 

 

The Karnataka Slum Areas Improvement and Clearance Act, 1973: The Act in its preamble envisages to 

provide for the removal of unhygienic and insanitary conditions prevailing in slums, for better 

accommodation and improved living conditions for slum dwellers, for promotion of public health generally 

and for the acquisition of land for the purpose of improving, developing or redeveloping slum areas, 

clearance of slum and rehabilitation of slum dwellers. According to the provisions of the Act, the people 

living in slums have right to access BASIC AMENITIES including garbage disposal and maintenance 

(Document by People from Valmiki Nagar & Janasahayog, 1999, p.3).  

 

6.2 The NGOs and Institutional Measures 

A number of NGOs are in Bangalore under the Swabhimana Core Group. Swabhimana is a people’s 

movement. Through this organization, the spread of general awareness regarding waste management and the 

importance of keeping the environment clean by way of screening films and putting up posters to make the 

learning process more interesting. Out of that Centre for Environment Education - South (CEE) provides 

assistance to several resident groups in setting up waste management systems, integrating its efforts with 

other Swabhimana NGOs especially in waste management.  

 

INTECH Waste Network provides engineering and technical inputs in the waste management process, 

suggesting policy changes and specific procedures for hotel/hospital/domestic waste, disposal grounds and 

sanitary landfills. 

 

Rag-pickers Education and Development Scheme (REDS) is concerned with organizing rag-pickers for 

door-to-door collection and composting of garbage, and creating networks with the BCC, resident groups 

and individual households to institute waste collection systems. It also provides training to rag pickers and 

residents on practices and incentives for the sustainability of the various systems. Methods for rational 

disaggregation of solid waste with a view to recycling have to be emphasized. 
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Mythri Sarva Seva Samiti works for the development of slum communities, rehabilitation of waste pickers, 

and, through its program, Waste Wise, is involved in the development of waste management systems in 

various locations in the city using participatory techniques and value systems to improve community 

ownership and local initiatives. The objective is to develop a comprehensive waste management system with 

technical assistance from INTECH, CEE and REDS (Swabhimana, 1999, p.8).  

 

The institutional measures such as training, incentives, enforcement, communications, public information, 

cleanliness campaign are the important factors in proper planning through planning department, local 

authority, architects/planners/developers, Ministry of Urban Development, political/interest groups, research 

& development organizations and media.  

 

6.3 Financial Problems and Management 

Slums and squatter settlements are in an unplanned and haphazard manner, which require high investments for providing 

necessary infrastructure facilities. Political will is necessary to achieve the proper management of waste through a greater degree 

of financial assistance. As per section 7 of the Karnataka Slum Areas (improvement and Clearance) Act 1973, the KSCB is 

providing basic amenities namely drinking water, street light, community latrines, community bathroom, drains, roads, storm 

water drain to the declared slums. Under the ‘Basic Services to Urban Poor’ (BSUP) scheme, during 2009-10, the Board has spent 

Rs. 645 million (Rs. 50/- = US$ 1) and Rs. 690 million under plan expenditure towards construction of housing for the slum 

dwellers. (KSCB Annual Report, 2009-10, p. 3). This amount is too meager in comparison with the total sanitation budget of the 

BBMP – Rs. 2620 million during 2010-11. 

VII. CONCLUSIONS, FUTURE STRATEGIC ACTIONS AND SUGGESTIONS  

The first strategy is ‘slum improvement’ or ‘slum up-gradation’ to improve the environment and access to 

utilities in existing settlements. The second strategy called the ‘sites and services’ is to open up serviced 

plots in planned sites, on which people could gradually develop their own housing. 

The suggestions for SWM are: 

• The authorities should provide suitable site and other facilities for disposal of household garbage and 
other SW within or nearby the slum. And arrangements for timely and regular clearance of garbage 
collected in the bins for disposal. The effort has to enhance the awareness among the residents to use 
the specific space earmarked and/or garbage bins for dumping household garbage and other solid 
wastes.  

 
• Developing, implementing and evaluating a community managed environmentally friendly and 

viable waste management system. The plan will include the various steps from collection to sorting, 
storage and disposal of different types of solid waste. An independent local authority should be 
created to plan and implement a long-range solid waste management program.  
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• Ensure sufficient quantity of water supply for domestic purposes by increasing availability time and 
number of taps. Organizing for bringing the problems to the notice of the concerned authorities and 
to put pressure for the provision of a sufficient number of community latrines along with adequate 
water facilities. And taking responsibility for maintaining cleanliness in the existing community 
latrines.  

 
• Define, develop and implement cost effective plans and programs for SWM, which best serve the 

public health and environment.   
 
• Encourage community-based and non-governmental organizations in their role of assisting and 

facilitating proper waste management.  
 
• Keeping the slums and squatter settlements’ environment clean healthy and pollution free is 

undoubtedly a major challenge. For this sustained awareness has to be created. The supply of water 
has to be monitored regularly. There is definitely a need to tackle the work of slum up-gradation on a 
war footing. Motivating students and also schools and colleges to take up slum up-gradation work for 
at least 10 to 15 days a year. 

 
• States, local authorities and statutory bodies have to play a more active role in organizing the effort 

of mass production of cheaper building materials. It is necessary to discourage the plot development 
with individual tenements. Semi-detached housing, row housing and group housing should be 
resorted to. A phased up-gradation of the slums and squatter settlements has to be carried out and a 
civic sense inculcated among the people. 

 
• While migration to the cities in search of job opportunities has to be discouraged, this can only be 

done if small and medium towns in the peripheral and neighboring areas of the core city are 
developed as growth centers.  

 
• Urban poverty alleviation schemes should be implemented vigorously so that their living standard 

improves. One percent of the family income should be spent on solid waste services.  
 
Slums and squatter settlements are characterized by the absence of basic services such as proper housing, provision and supply of 

safe potable water, sanitation facilities such as provision of latrines and disposal of human excreta, SWM, drainage of sullage 

water, paved roads etc. In the absence of these facilities, the quality of life in slums and squatter settlements is highly miserable 

and these dirty areas, whether legalized or not, should be given special attention and provided full SWM services.  
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Abstract— Services which are recommended to the mobile 
devices like PDAs, Cellular Phones, smart phones and Laptops 
while moving using ISAP (Information Service and Application 
Provider) are increased by accurately predicting user usage 
pattern. But these discovery may not be always be good enough 
since the differentiated mobile behaviors among users and 
temporal periods are not considered simultaneously in the 
previous works. User relations and temporal property are used 
simultaneously in this work. Here CTMSP-Mine (Cluster-based 
Temporal Mobile Sequential Pattern - Mine) algorithm is used to 
mine CTMSPs. Cluster-Object-based Smart Cluster Affinity 
Search Technique (CO-Smart-CAST) generates user clusters and 
similarities between mobile sequences are evaluated by 
Location-Based Service Alignment (LBS-Alignment).The 
specific time intervals to group the huge mobile logs are found 
using Genetic Algorithm based method called GetNTSP (Get 
Number of Time Segmenting Points).CTMSP-Mine technique, 
which creates CTMSPs utilizes Co-Smart-Cast and time intervals 
results. These patterns are used to predict the mobile user future 
behavior and service recommendations are given accordingly. 
 
Index Terms— mining methods and algorithms, mobile 
environments, Location Based Services, mobile sequential 
patterns 

I. INTRODUCTION 

ue to the popularity of mobile devices, mobile users can 
requests services through their mobile devices via 

Information Service and Application Provider (ISAP) from 
anywhere anytime [1].The advancement of wireless 
communication techniques and the popularity of mobile devices 
such as mobile phones, PDA, and GPS-enabled cellular 
phones[17], have contributed to a new business model. This 
business model is known as Mobile Commerce (MC) [2] that 
provides Location-Based Services (LBS) through mobile phones. 
MC is expected to be as popular as e-commerce in the future and 
it is based on the cellular network composed of several base 
stations. The communication coverage of each base station is 
called a cell as a location area. The average distance between two 
base stations is hundreds of meters and the number of base 
stations are usually more than 10,000 in a city. When users move 
within the mobile network, their locations and service requests 
are stored in a centralized mobile transaction database [2], [3]. 
Obviously, the behavior pattern, in which the location and the 
service are inherently coexistent, of mobile users becomes more 
complex than that of the traditional web systems [4]. 

Fig. 1 shows an MC scenario, where a user moves in the mobile 
network and requests services in the corresponding cell through 
the mobile devices. Fig. 1a shows a moving sequence [2] of a 
user, where cells are underlined if services are requested there. 
Fig. 1b shows the record of service transactions, where the 
service s1 was requested when this user moved to the location A 
at time 5. In fact, there exists insightful information in these data, 
such as movement and transaction behaviors of mobile users. 
Mining mobile transaction data can provide insights for various 
applications, such as prediction of subsequent locations visited 
by user and user’s service requests and service recommendations 
[5]. 
A mobile transaction database is complicated since a huge 
amount of mobile transaction logs is produced based on the 
user’s mobile behaviors. Data mining is a widely used technique 
for discovering valuable information in a complex data set and a 
number of studies have discussed the issue of mobile behavior 
mining. To achieve a quick response from the system, data 
mining, which has been used successfully in many applications, 
is one of the most promising technologies used to fulfill a 
dynamic service request. Previous works addressed the problem 
of mining associated service patterns in mobile web network [4]. 
Previous works also proposed methods to efficiently mine users’ 
sequential mobile access patterns, based on the FP-Tree. 
Path traversal patterns for mining mobile web user behaviors 
have been proposed. To increase the accuracy of predictions, the 
moving path was taken into consideration in the above studies. 
However, mobile behaviors vary among different user clusters or 
at various time intervals. The prediction of mobile behavior will 
be more precise if it is possible to find the corresponding mobile 
patterns in each user cluster and time interval. 

 

II. ANALYSIS 

A. Existing System  
 In a mobile network consisting of cells with a base station for 
each, users of wireless mobile devices move from one location to 
another in a random manner. The mobile users are served by 
ISPs and ISAP to access the World Wide Web, to get necessary 
information in their daily life [17]. When user’s movement and 
their service requests are predicted in advance, it helps to provide 
customized and efficient service to the users [3]. To help the user 
get desired information in a short time is one of the promising 
applications, especially in the mobile environments, where the 
users do not have much time to surf the web pages. Efficiency is 
increased to help mobile users experience the usage of web 
applications and web pages as if they access from a PC. The 

D
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Existing system for prediction uses the moving paths of users or 
the time a user requests for a service. This system does not 
consider groups of users in mining, but it considers only 
individual users. This did not provide efficient Prediction of 
mobile user behavior and it consumes more time to predict and 
also it lacks in accuracy. Therefore a new system is proposed to 
solve the problems in prediction. 
 
B. Limitations of Existing System  
         

• Most of prediction systems only consider location as 
prediction parameter.  

• The prediction results are inefficient. 
• Prediction process consumes more time.  
• No precise prediction of mobile user behavior.  

 
C. Proposed System  
A novel method, named Cluster-based Temporal Mobile 
Sequential Pattern Mine (CTMSP-Mine)[6], for discovering 
CTMSPs in LBS environment is proposed. In addition, novel 
prediction strategies are proposed to predict the subsequent user 
mobile behaviors using the discovered CTMSPs. When mobile 
users move within the mobile network, the information which 
includes time, locations, and service requests will be stored in the 
mobile transaction database. In the data mining mechanism, two 
techniques and the CTMSP-Mine algorithm are designed to 
discover the knowledge. First, the CO-Smart-CAST algorithm is 
proposed to cluster the mobile transaction sequences. In this 
algorithm, the LBS-Alignment is used to evaluate the similarity 
[7] of mobile transaction sequences. Second, a Genetic 
Algorithm based time segmentation method called GetNTSP 
(Get Number of Time Segmenting Points) [17] to find the most 
suitable time intervals [8] is introduced. After clustering and 
segmentation, a user cluster table and a time interval table are 
generated, respectively. Third, the CTMSP-Mine algorithm is 
used to mine the CTMSPs from the mobile transaction database 
according to the user cluster table and the time interval table 
which are essential in discovering the complete information 
concerning personal mobile behaviors. The entire procedure of 
CTMSP-Mine algorithm can be divided into three main steps: 1) 
Frequent-Transaction Mining, 2) Mobile Transaction Database 
Transformation and 3) CTMSP Mining.  
There are three prediction strategies for selecting the appropriate 
CTMSP to predict the mobile behaviors of users: 1) the patterns 
are selected only from the corresponding cluster a user belongs 
to; 2) the patterns are selected only from the time interval 
corresponding to current time; and 3) the patterns are selected 
only from the ones that match the user’s recent mobile behaviors. 
If there exist more than one pattern that satisfies the above 
conditions, we select the one with the maximal support. 

 
 
Fig. 1 Mobile transactions (a) Moving sequences, (b) Mobile Transaction 
Table.[6] 
 
 D. Proposed System Benefits 

• It is very precise and efficient 
• It consumes less time.  
• Considering User clusters and time segmentation 

simultaneously, complete information concerning 
personal mobile behaviors is predicted.  

 
Fig. 2 Overall Proposed System [6] 

 
E. System Features  
The system helps to predict the mobile user’s behavior. This 
prediction helps the mobile service providers to enhance their 
services. The prediction method uses temporal periods and user 
clusters simultaneously. This methodology provides efficient and 
precise results.  
Such Prediction helps in the following: 
i) Related Services can be efficiently recommended [9] to users 
to help them receive desired information in a short time. 
ii) Related items can also be prefetched to reduce the search cost 
for increasing the access efficiency of Web service servers. 
iii) The organization of the services provided by the web can be 
restructured to fit the mobile user’s interest. 
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III. MOBILE BEHAVIOR PREDICTION SYSTEM 

 
The objective is to predict the mobile user behavior in the near 
future, to improve the quality of service provided by the 
Information Service and Application Provider to the wireless 
mobile device [5]. 
A. System Implementation  
The implementation consists of four modules. The Mobile 
transactions and behavior generation module logs the complete 
transactions of mobile users. The clustering and segmentation 
modules generate the required patterns. The final module uses 
the new mining technique to predict the future behavior of the 
mobile users. The modules are described below.  
 
1) Mobile Transactions and Behavior Generation: A mobile 
network of cells is created with a base station in each cell. 
Multiple mobile users are created in several cells. The mobile 
users move in random from one location to another and access 
more services from the Web through ISAP [1]. The user’s 
movement from one cell to another, their requested services and 
the current time are monitored and logged into huge databases. 
Such logs make the Mobile transaction database and it is used in 
the next two modules.  
 
2) Usage of Clustering Method: Users in the different user 
groups may have different mobile transaction behaviors. 
Location-Based Service Alignment (LBS-Alignment) technique 
measures the similarity   ]among multiple users and provides it to 
CO-Smart-CAST technique. Clustering method named Cluster 
Object-based Smart Cluster Affinity [11] to Search Technique 
(CO-Smart-CAST) builds a cluster model [14].  
 
3) Usage of Segmentation Method: In a mobile transaction 
database, similar mobile behaviors exist under some certain time 
segments [8]. To discriminate the different time segments, where 
the user’s behaviors are found to be similar, Get Number of Time 
Segmenting Points (GetNTSP) algorithm is used. It is a Genetic- 
Algorithm based method [9].  
The segmented time intervals and the corresponding users’ 
mobile transactions are made as entries in the time segmentation 
table. The output of this module and the second module are 
provided as input for the fourth module.  
 
4) Applying CTMSP-Mine Technique: User cluster from the 
second module and time interval table from the third module are 
used as input in this module. User clustering and temporal 
property are considered simultaneously, such that the complete 
mobile sequential patterns are discovered. This module generates 
patterns called CTMSPs. The patterns and recent behavior of 
users with current time are provided to the Prediction Strategy. 
The prediction methods provide the mobile user’s behavior in the 
near future.  The Cluster Temporal Mobile Sequential Pattern-
Mine algorithm can be divided into three main steps:  

• Frequent-Transaction Mining,  
• Transaction Database Transformation 
• CTMSP Mining. 

5) Prediction Technique: The CTMSPs are selected from the 
corresponding user cluster and time interval. 
Three prediction strategies are proposed for selecting the 
appropriate CTMSP to predict the mobile behaviors of users: 1) 
the patterns are selected only from the corresponding cluster a 
user belongs to; 2) the patterns are selected only from the time 
interval corresponding to current time; and 3) the patterns are 
selected only from the ones that match the user’s recent mobile 
behaviors. 
Whenever a user submits a service request at some place, the 
user’s information including current location, currently requested 
service and the recent behavior (sequential movement associated 
with requested services) are input to the prediction component. 
B. Algorithm Description 
The techniques used for the implementation of the proposed 
system, like Location-Based Service Alignment (LBS-
Alignment), Cluster Object-based Smart Cluster Affinity to 
Search Technique (CO-Smart-CAST), Get Number of Time 
Segmenting Points (GetNTSP) algorithm, Cluster Temporal 
Mobile Sequential Pattern-Mine (CTMSP-Mine) algorithm are 
described below. 
1) LBS Alignment Algorithm: Input data include two mobile 
transaction sequences [5]. Output data are the similarity between 
two mobile transaction sequences, with the degrees in the range 
from 0 to 1. The base similarity score is set as 0.5. Dynamic 
programming is used to calculate Mi, j where Mi, j indicates the 
value of matrix M in column i and row j, where M is the score 
matrix of LBS-Alignment [15]. If the locations of two 
transactions are the same, both the time penalty and the service 
reward are calculated to measure the similarity score. Otherwise 
the location penalty is generated to decrease the similarity score. 
Finally, M(s.length,s’.length) is returned as the similarity score of 
the two mobile transaction sequences where S and S’ are two 
MTSs. This process goes on till similarity between all MTSs is 
calculated. 
 

2) The CO-Smart-CAST algorithm: The input data are an N-by-N 
similarity matrix S. The output data are the clustering result. CO-
Smart- CAST can automatically cluster the data according to the 
similarity matrix without any user-input parameter. First, the 
CAST method [9] that takes a parameter named affinity 
threshold t is used as the basic clustering method. Second, use a 
quality validation method, called Hubert’s Γ Statistics, to find the 
best clustering result. Third, use a hierarchical concept to reduce 
the sparse clusters. For a clustering result, use Hubert’s Γ 
Statistics to measure its quality by taking the similarity matrix 
and the clustering result as the input. In each clustering result, 
calculate its Γobj  and  Γclu which represent the clustering qualities 
measured by the original object similarity matrix S and the last 
cluster similarity matrix S0, respectively. The initial values of S0 

and S are the same since let every object be an independent 
cluster. 
Use the F1 score which is the harmonic mean to combine Γobj  

and  Γclu as ΓCO. A higher value of ΓCO represents the better 
clustering quality. To determine the most suitable t, the easiest 
way is varying t with a fixed increment and iterating the 
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executions of CAST to find the best clustering result with the 
highest ΓCO. 
The main drawback of this way is that many iterations of 
computation are required. For this reason, try to reduce the 
number of computations by eliminating unnecessary executions, 
and then, obtain a “near-optimal” clustering result. That is, try to 
perform a minimal number of CAST executions. 
 
3) The GetNTSP algorithm: The input data are a mobile 
transaction database D and its time length T. The output data are 
the number of time segmenting points. For each item, accumulate 
the total number of occurrences at each time point. Draw a curve 
of count distribution. Count occurrences of all these time points, 
and find out the satisfied time points whose counts are larger 
than or equal to the average of all occurrences from these ones, 
and then, take these satisfied ones as a set of the time point 
sequence. In the time point sequence, calculate the average time 
distance a between two neighboring time points, calculate the 
number of neighboring time point pairs, in which the time 
distance is higher than a. The result represents the time 
segmentation count. 
 
4) CTMSP Mining: User cluster from the second module and 
time interval table from the third module are used as input in this 
module. User clustering and temporal property are considered 
simultaneously, such that the complete mobile sequential patterns 
are discovered. This module generates patterns called CTMSPs 
[6]. The patterns and recent behavior of users with current time 
are provided to the Prediction Strategy. The prediction methods 
provide the mobile user’s behavior in the near future.  
There are three prediction strategies for selecting the appropriate 
CTMSP to predict the mobile behaviors of users: 1) the patterns 
are selected only from the corresponding cluster a user belongs 
to; 2) the patterns are selected only from the time interval 
corresponding to current time; and 3) the patterns are selected 
only from the ones that match the user’s recent mobile behaviors. 
The Cluster Temporal Mobile Sequential Pattern-Mine algorithm 
can be divided into three main steps:  
 

• Frequent-Transaction Mining,  
• Mobile Transaction Database Transformation,  
• CTMSP Mining.  

 
The Frequent-Transaction mining finds the frequent transactions 
that are similar. The mobile transaction database is then 
transformed to remove the noise and outliers. The CTMSP-Mine 
technique is used to discover the Cluster Temporal Mobile 
Sequential Patterns. This CTMSP-Mine[6] technique uses the 
results of CO-Smart-CAST algorithm and GetNTSP algorithm. 
The CO-Smart-CAST provides the user clusters. Each user 
cluster is made as an entry in the User cluster table. The 
GetNTSP algorithm provides the time intervals [8] that have 
similar mobile user behavior. Each time interval is made as an 
entry in the Time interval table.  
The User cluster table and the Time interval table are provided as 
input to the CTMSP-Mine Technique. The Cluster Temporal 

Mobile Sequential Patterns are generated as output of the 
CTMSP-Mine technique.  
The prediction strategy takes the mined patterns CTMSPs and 
the current transaction of the specific user (like current time, 
current location, current service) as input. The results of  
Prediction Strategy provides the future mobile behavior (like 
location, service) of the specific user. To select the CTMSPs to 
provide as input to the Prediction Strategy: The user clusters to 
which the user belongs to, is considered. The CTMSPs that are 
generated from such user cluster are used as input. The CTMSPs 
that are generated from the time interval which matches the 
current time are selected as the input to the Prediction Strategy. 
 

IV. OVERVIEW 
 
A. Problem Definition  
The problem we are addressing in the proposed system is 
formulated as follows: Given a user’s current mobile transaction 
sequence S and the current time tc, the objective is to develop a 
framework to predict the mobile subsequent behaviors. The aim 
is to predict the subsequent mobile behaviors using not only S 
and tc but also using all the mined CTMSPs.  
The problem of CTMSPs mining is formulated as follows: Given 
a mobile transaction database D containing a large number of 
mobile transaction sequences of users and a specified support 
threshold, the problem is to discover all the CTMSPs existing in 
the database. In this paper, the CTMSP-Mine algorithm and the 
behavior prediction mechanism are introduced for solving the 
problem of prediction.  
 

B. Overview of the Project  
The services which are provided to the wireless mobile devices 
(such as PDAs, Cellular Phones, and Laptops) from anywhere, at 
any time using ISAP (Information Service and Application 
Provider) are enhanced by mining and prediction of mobile user 
behaviors. This business model of mobile services is referred as 
Mobile Commerce [13]. 
Mining and prediction of mobile movements and associated 
transactions is the core of the project. The project focuses on 
discovering mobile patterns from the whole logs. But such 
discovery may not be precise enough for predictions since the 
differentiated mobile behaviors among users and temporal 
periods are not considered simultaneously in the previous works. 
User relations and temporal property are used simultaneously in 
this work to provide more accuracy, and scalability.  
Prediction strategy is used to predict the subsequent mobile 
behavior [13]. Here CTMSP-Mine (Cluster-based Temporal 
Mobile Sequential Pattern - Mine) algorithm is used to mine 
CTMSPs. In CTMSP-Mine requires user clusters, which are 
constructed by Cluster-Object-based Smart Cluster Affinity 
Search Technique (CO-Smart-CAST) and similarities [8] 
between users are evaluated by Location-Based Service 
Alignment (LBS-Alignment) to construct the user groups. 
The temporal property is used by time segmenting the logs using 
time intervals [7]. The specific time intervals to segment the 
huge data logs are found using Genetic Algorithm based method 
called GetNTSP (Get Number of Time Segmenting Points). The 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013     883 
ISSN 2250-3153  

 

www.ijsrp.org 

 

time intervals will have mobile users with similar behavior. For 
example, the users who access the information about restaurants 
in the evening. This example have similar users who access the 
restaurant information. Such users fall in the same time interval. 
The GetNTSP [7] technique uses the idea behind the genetic 
algorithm. The user cluster information resulting from CO-
Smart-CAST and the time segmentation table are provided as 
input to CTMSP-Mine technique, which creates CTMSPs. The 
prediction strategy uses the patterns to predict the mobile user 
behavior in the near future. The mobile behavior prediction helps 
ISPs [1] to improve their QoS given to mobile users. 
 

VI. SIMULATION 
 
A. Simulation Tool for Prediction 

The Data Mining Simulation tool Matlab 10 is used. This 
simulation tool could be used in multiple platforms. This tool 
could utilize data accesses such as ODBC, Excel, plain ASCII 
files. The data preprocessing methods used here are pick mix, 
sampling, partitioning, field reordering, table fusion, recoding 
numeric intervals. The association rules are mined using Apriori 
[16] method. The visualization methods are statistical graphics, 
3D, animation, interactive and hierarchical navigation. 
 
                                 VII. CONCLUSION  

 
In this paper, a new method is proposed and named as CTMSP-
Mine, for discovering CTMSPs in LBS environments. Further, 
prediction strategies to predict the subsequent user mobile 
behaviors using the discovered CTMSPs are introduced. In 
CTMSP-Mine technique, transaction clustering algorithm named 
CO Smart-CAST is used to form user clusters, based on the 
mobile transactions using the proposed LBS-Alignment 
similarity measurement. Then, GetNTSP method is utilized to 
generate the most suitable time intervals. Using temporal periods 
and user clusters simultaneously for prediction, enhances the 
prediction results. Such prediction results are used by the 
corresponding mobile service providers to enhance their services.  

 
V. FUTURE WORK 

 

By implementing prioritization, it is possible to provide priorities 
for selected users among the complex user behavior. Many users 
utilize the mobile services every day but their interest and 
priorities are different from other user. Such users are prioritized 
over other mobile users. These prioritized services help to satisfy 
the needs of mobile users completely when resources are limited. 
Further, this could be implemented for group behavior too. 
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Abstract: The power of Nuclear Magnetic Resonance spectroscopy (NMR) in structure elucidation derives in large part from its ability 
to establish bonding connectivity (via J- coupling interaction) or through space proximity (via dipolar coupling interactions) of nuclei. 
The amount of time consumed in elucidating a structure depends on the rate at which these interaction can be detected by NMR and 
analyzed.1D NMR methods most often explore interactions between only few nuclei at a time: spin-spin decoupling measurements are 
used to demonstrate through-bond connectivity; and NOE measurements are used to probe inter-nuclear distances, 2-Dimensional 
NMR experiments provide much more structural information in a given time period. Correlation spectroscopy was used to elucidate 
the aromatic proton position in NMR spectra. 
Index Terms: NMR, J-coupling, dipolar coupling, NOE, 2 dimensional NMR 

I. INTRODUCTION 

a) Introduction to Glimepiride: 
     Glimepride is a medium- to long-acting sulfonylurea antidiabetic drug. It is sometimes classified as either the first third-generation 
sulfonylurea, or as second-generation. Glimepiride is indicated to treat type 2 diabetes mellitus; its mode of action is to increase 
insulin production by the pancreas. It is not used for type 1diabetes because the pancreas is no longer able to produce insulin.Its use is 
contraindicated in patients with hypersensitivity to glimepiride or other sulfonylureas, and during pregnancy. Side effects from taking 
glimepiride include gastrointestinal tract (GI) disturbance, and rarely thrombocytopenia, leukopenia, hemolytic anemia, and 
occasionally allergic reactions occur. In the initial weeks of treatment, the risk of hypoglycemia may be increased. Alcohol 
consumption and exposure to sunlight should be restricted in patients taking it because they can worsen the side effects. With 
glimepiride, GI absorption is complete, with no interference of meals. Significant absorption was seen within 1 hour, and distributed 
throughout the body, bound to the plasma protein to an extent of 
99.5%. It is metabolized by oxidative biotransformation, and 60% is excreted in the urine, the 
remaining being excreted in the feces. Like all sulfonylureas, glimepiride acts as an insulin secretagogue. It lowers blood sugar by 
stimulating the release of insulin by pancreatic 
beta cells and by inducing increased activity of intracellular insulin receptors.Not all secondary sufonylureas have the same risks of 
hypoglycemia. Glimepiride likely binds to ATP sensitive potassium channel receptors on the pancreatic cell surface, reducing 
potassium conductance and causing depolarization of the membrane. Membrane depolarization stimulates calcium ion influx through 
voltage sensitive calcium channels, this increase in intracellular calcium ion concentration  induces the secretion of insulin.   
 

b) Introduction to Correlation Spectroscopy:  
 
The key point in all this is that magnetisation transfer occurs between coupled spins. To appreciate the outcome of this in the final 
COSY spectrum, consider the case of 
two J-coupled spins, A and X, with a coupling constant of JAX  and chemical shift offsets of √A and √ x. The magnetisation associated 
with spin A will, after the initial 900pulse, precess during t1 according to its chemical shift offset, √A. The second 900 pulse  then 
transfers some part of this magnetisation to the coupled X spin, whilst some remains associated with the original spin A. That which 
remains with A will then precess in the  detection period at a frequency √A  just as it did during t1, so in the final spectrum, will 
produce a peak at √A in both dimensions, denoted (√A, √A). This peak is therefore equivalent to that observed for the uncoupled AX 
system  and because it  represents the same frequency in both dimensions, it sits on the diagonal of the 2D spectrum and is therefore 
referred to as a diagonal peak. In contrast, the transferred magnetisation will precess in t2 at the frequency of the new ‘host’ spin X and 
will thus produce a peak corresponding to two different chemical shifts in the two dimensions (√A, √X). This peak sits away from the 
diagonal and is therefore referred to as an off-diagonal or, more commonly, a crosspeak This is the peak of interest as it provides 
direct evidence of coupling between spins A and X. The whole process operates in the reverse direction also, that is, the same 
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arguments apply for magnetisation originally associated with the X spin, giving rise to a diagonal peak at (√x, √x) and a crosspeak at 
(√x, √A). Thus, the COSY spectrum is symmetrical about the diagonal, with crosspeaks on either side of it mapping the same 
interaction. 

 
Figure-1: Sample containing two uncoupled spins, A and X, of offsets √A and √X. Each produces a 2D peak at its corresponding 

chemical shift offset in both dimensions. 
 

 
 

Figure-2 : The COSY spectrum of a coupled, two-spin AX system. Diagonal peaks are equivalent to those observed in the 1D 
spectrum whilst crosspeaks provide evidence of a coupling between the correlated spins. 

 
     Theory of polarisation transfer in the INEPT experiment, it was shown that the basic requirement for the transfer of polarization 
was an anti-phase disposition of the doublet vectors of the source spin, which for INEPT was generated by a spin-echo sequence. 
Magnetisation components that were in-phase just before the second 900  pulse would not contribute to the transfer, hence the ∆  
period was optimised to maximise the anti-phase component. The same condition applies for magnetisation transfer between two 
protons as in the COSY experiment. This requires that the proton–proton coupling be allowed to evolve to give a degree of anti-phase 
magnetisation that may be transferred by the second pulse, whilst the in-phase component remains associated with the original spin. 
The coupling evolution period for COSY is the t1 period so that the amount of transferred magnetisation detected in t2 is also 
modulated as a function of t1 (sin 180Jt1). Likewise, the amplitude of the in-phase, non-transferred component is also modulated in t1 
by the coupling (cos 180Jt1), and this produces the coupling fine structure of the diagonal peak in f1. 
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\ 
Figure-3: Coupling evolution during t1 produces in-phase and antiphase magnetisation components. Only the anti-phase component 

contributes to magnetisation transfer and hence to crosspeaks in the 2D spectrum. 
 

 
Figure-4: Schematic energy level diagrams for the coupled two spin AX system. 

 
     As for 1D data, f1 quadrature detection requires two data sets that differ in phase by 900 to 
be collected, thus providing the necessary sine and cosine amplitude-modulated data. Since the 
f1 dimension is generated artificially, there is strictly no reference rf to define signal phases, so it 
is the phase of the pulses that bracket t1 that dictate the phase of the detected signal. Thus, for 
each t1 increment, two data sets are collected, one with a 90x preparation pulse (t1 sine 
modulation) and the other with 90y (t1 cosine modulation), both stored separately These two sets are then equivalent to the two channel 
data collected with simultaneous acquisition, which produces the desired frequency discrimination when subject to a complex FT (also 
referred to as a hypercomplex transform in relation to 2D data). The rate of sampling in t1 or, in other words, the size of the t1 time 
increment, is dictated by the f1 spectral width and is subject to the same rules as for the simultaneous sampling of one-dimensional 
data. This method is derived from the original work of States, Haberkorn and Ruben and is therefore often referred to in the literature 
as the States method of f1  quad detection. 
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Figure-5: The States method of f1 quadrature detection requires two data sets to be acquired per increment to generate separate sine- 

and cosine  modulated data sets. 

II. METHODOLOGY 

     The success of any NMR experiment is, of course, crucially dependent on the correct setting of the acquisition parameters. In the 
case of 2D experiments, one has to consider the parameters for each dimension separately, and we shall see that the most appropriate 
parameter settings for f2 are rarely optimum for f1. Likewise, one has to give rather more thought to the setting up of a 2D experiment 
than is usually required for 1D acquisition to make optimum use of the instrument time available and data storage space. spectral 
widths, which should be the same in both dimensions of the COSY experiment, should be kept to minimum values with transmitter 
offsets adjusted so as to retain only the regions of the spectrum that will provide useful correlations. It is usually possible to reduce 
spectral widths to well below the 10-ppm or so proton window observed in 1D experiment. The use of excessively large windows 
leads to poorer digital resolution in the final spectrum or requires greater data sizes, neither of which is desirable. The spectral widths 
in turn define the sampling rates for data in t2, in exact analogy with 1D acquisition, and the size of the t1 increment, again according 
to the Nyquist criteria. The acquisition time (AQt), and hence the digital resolution (1/AQt), for each dimension is then dictated by the 
number of data points collected in each. For t2, this is the number of data points digitised in each FID, whilst for t1  this is the number 
of FIDs collected over the course of the experiment. The appropriate setting of these parameters is a most important aspect to setting 
up a 2D experiment, and the way in which one thinks about acquisition times and digital resolution in a 2D data set is, necessarily, 
quite different from that in a 1D experiment. As an illustration, imagine transferring the typical parameters used in a 1D proton 
acquisition into the two dimensions of COSY. The acquisition time might be 4 s, corresponding to a digital resolution of 0.25 Hz/pt, 
with no relaxation delay between scans. On, for example, a 400-MHz instrument, with a 10 ppm spectral width, this digital resolution 
would require 32K words to be collected per FID. The 2D equivalent, with States quad detection in f1 and with axial-peak suppression, 
requires four scans to be collected for each t1 increment. The mean acquisition time for each would be 6 s (t2 plus the mean t1 value), 
corresponding to 24 s of data collection per FID. If 16K t1 increments were to be made for the f1 dimension (two data sets are collected 
for each t1 increment remember), this would correspond to a total experiment time of about 4.5 days. Furthermore, the size of the 
resulting data matrix would be a little over 1000 million words, and with a typical 32-bit-per-word computer system, this requires 
some 4GB of disk space! We will agree that 4 days for a basic COSY acquisition is quite unacceptable, let alone the need for such 
disk space per experiment; so acquiring data with such high levels of digitisation in both dimensions is clearly not possible. 
The key lies in deciding on what level of digitisation is required for the experiment in hand. The first point to notice is that adding data 
points to extend the t2 dimension leads to a relatively small increase in the overall length of the experiment, so we may be quite 
profligate with these (although they will lead to a corresponding increase in the size of the data matrix). Moreover, adding t1 data 
points requires that a complete FID of potentially many scans is required per increment, which makes a far greater increase to the total 
data collection time. Thus, one generally aims to keep the number of t1 increments to a minimum, which is consistent with resolving 
the correlations of interest and increasing t2 as required when higher resolution is necessary. For this reason, the digital resolution in f2 
is often greater than that in f1, particularly in the case of phase-sensitive data sets. The use of smaller AQt1 is, in general, also preferred 
for reasons of sensitivity since FIDs recorded for longer values of t1 will be attenuated by relaxation and so will contribute less to the 
overall signal intensity. The use of small AQt1 is likely to lead to truncation of the t1 data, and it is then necessary to apply suitable 
window functions that force the end of the data to zero to reduce the appearance of truncation artefacts. 
For COSY in particular, one of the factors that limits the level of digitisation that can be used is the presence of intrinsically anti-phase 
crosspeaks, since too low a digitisation will cause these to cancel and the correlation to disappear The level of digitisation will also 
depend on the type of experiment and the data one expects to extract from it. For absolute-value COSY, one is usually interested in 
establishing where correlations exist, with little interest in the fine structure within these crosspeaks. In this case, it is possible to use a 
low level of digitisation consistent with identifying correlations. As a rule of thumb, a digital resolution of J to 2J Hz/pt (AQ of 1/J to 
1/2J s) should enable the detection of most correlations arising from couplings of J Hz or greater. Thus for a lower limit of, say, 3 Hz, 
a digital resolution of 3–6 Hz/pt (AQ of  300– 150 ms) will suffice. The AQtI is typically half that for t2 in this experiment, with one 

level of zero- filling applied in t1 so that the final digital resolution is the same in both dimensions of the spectrum (as required for 
symmetrisation). 
For phase-sensitive data acquisitions, one is likely to be interested in using the information contained within the crosspeak multiplet 
structures, and a higher degree of digitisation is required to adequately reflect this, a more appropriate target being around J/2 Hz/pt or 
better (AQ of 2/J s or greater). Again, digitisation in t2 is usually two or even four or eight times greater than that in t1. In either 
dimension, but most often in t1, this may be improved 
by zero-filling, although one must always remember that it is the length of the time-domain acquisition that places a fundamental limit 
on peak resolution and the effective linewidths after digitisation, regardless of zero-filling. The alternative approach for extending the 
time domain data is to use forward linear prediction when processing the data. The rule as ever is that high resolution requires long 
data-sampling periods. 
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Having decided on suitable digitisation levels and data sizes, one is left to choose the number of scans or transients to be collected per 
FID and the repetition rates and hence relaxation delays to employ. The minimum number of transients is dictated by the minimum 
number of steps in the phase cycle used to select the desired signals. Further scans may include additional steps in the cycle to 
suppress artefacts arising from imperfections. Beyond this, further transients should be required only for signal averaging when 
sensitivity becomes a limiting factor. Since most experiments are acquired under ‘steady-state’ conditions, it is also necessary to 
include ‘dummy’ scans prior to data acquisition to allow the steady state to establish. On modern instruments that utilize double 
buffering of the acquisition memory, dummy scans are required only at the very beginning of each experiment to make a negligible 
increase to the total time required. On older instruments that lack this feature, it is necessary to add dummy scans for each t1  
increment, and these may then make a significant contribution to the total duration of the experiment. The repetition rate will depend 
upon the proton T1s in the molecule, and since the sequence uses 900 pulses, the optimum sensitivity is achieved by repeating every 
1.3 T1s. 
Returning to the example of 400MHz acquisition discussed above, we can apply more appropriate criteria to the selection of 
parameters. Table 1 compares the result from above with more realistic data, and it is clear that under these conditions, COSY 
becomes a viable experiment, requiring only hours or even minutes to collect, rather than many days. The introduction of PFGs to 
high-resolution spectroscopy allows experiments to be acquired with only one transient per FID where sensitivity is not limiting, thus 
further reducing the total time required for data collection. The data storage requirements in these realistic examples are also well 
within the capabilities of modern computing hardware and are likely to become increasingly less significant as this develops further.  
 

Table-1:  Illustrative data tables for COSY experiments 
 

 
 
Scenario (a) transplants acquisition parameters from a typical 1D proton spectrum into the second dimension leading to unacceptable 
time requirements, whereas (b) and (c) use parameters more appropriate to 2D acquisitions. All calculations use phase cycles for f1 
quad detection and axial-peak suppression only and for (b) and (c), a recovery delay of 1 s between scans. A single zero-filling in f1 
was also employed for (b) and (c). 
 

III. RESULTS & DISCUSSION 

     For the current study sample of Glimpride was taken for the analysis and than the data was interpreted using the correlation 
spectroscopy NMR technique. Proton NMR data was acquired in DMSO solvent and the result was found to be :- 
s(1H;10.38);t(1H;8.37);d(2H;7.81);d(2H;7.46);d(1H;6.36);s(2H;4.16);q(2H;3.52);q(1H;3.18); 
t(2H;2.89);q(2H;2.20);s(3H;2.01);m(4H;1.69);s(1H;1.24);q(2H;1.12);t(3H;1.10);t(2H;1.04); d(3H;0.95) 
 



International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013     889 
ISSN 2250-3153  

 

www.ijsrp.org 

 

 
 
 

Figure-6:- Proton NMR Spectrum of Glimpride in DMSO (Bruker-400 MHz) 
 

 
Figure-7:- Expanded view (aromatic region)of  proton NMR Spectrum of Glimpride in DMSO (Bruker-400 MHz) 
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Figure-8:- Expanded view (aliphatic region)of  proton NMR Spectrum of Glimpride in DMSO (Bruker-400 MHz) 

 
Figure-9:-   COSY NMR Spectrum of Glimpride in DMSO (Bruker-400 MHz) 
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Figure-10:-  Expanded view of  COSY NMR Spectrum(aromatic region) of Glimpride in DMSO (Bruker-400 MHz) 

 
Figure-11:-  Expanded view of  COSY NMR Spectrum(aliphatic region) of Glimpride in DMSO (Bruker-400 MHz) 

 
Figure-12:-  Expanded view of  COSY NMR Spectrum(aliphatic region) of Glimpride in DMSO (Bruker-400 MHz) 
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Figure-13:-  Expanded view of  COSY NMR Spectrum(aliphatic region) of Glimpride in DMSO (Bruker-400 MHz) 

 
Figure-14:- Structure of glimpride 

IUPAC name of glimpride:  3-ethyl-4-methyl-N-(4-(N-(((1r,4r)-4-methylcyclohexyl)carbamoyl)sulfamoyl)phenethyl)-2-oxo-2,5-
dihydro-1H-pyrrole-1-carboxamide. 
From the spectral analysis we were able to deduce all the protons of the drug, the three protons coming at 10.38 
ppm(1H;s);8.37ppm(1H;t);6.36ppm(1H;d) are for the NH protons j,e,k respectively 

 
Figure-15:- Structure of glimpride showing NH protons. 

 
Figure-16:- Structure of glimpride showing labeling of all the protons. 

From the analysis we were able to deduce that protons ‘i’ and ‘h ’ are coming as doublets at 7.81 ppm and 7.46 ppm respectively. 
There are three CH3(methyl protons) ‘a’; ‘c’ & ‘q’ which are coming as triplet(0.97 ppm), singlet (2.01ppm) and doublet(0.82ppm) 
respectively. Rest of the protons are provided as under: 

S.No Proton Chemical Shift 
 1 b 2.17ppm 
 2 d 4.16ppm 
 3 f 3.49ppm 
 4 g 2.89ppm 
 5 l 3.17ppm 
 6 m 1.69ppm 
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 7 n 1.10ppm 
 8 o 0.89ppm 
 9 p 1.60ppm 
 10 r 1.24ppm 

Table 2: Table showing all the labeled protons value of Glimepride drug, rest protons value are provided in the above para. 
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Abstract- Plant fossil-bearing mudstones of Jurassic age are present in a small faulted basin within the Precambrian basement rocks at 
Tabbowa village, in the North Western province of Sri Lanka. The present study was conducted in the Tabbowa sedimentary beds and 
reports discovery of two new plant species that could probably be affiliated to Otozamites of Bennettitales group that prevailed in the 
Jurassic period. The reported fossils of this study are included under this plant group on the basis of leaf size, leaflet shape, and venation 
patterns, in the absence of diagnostic cuticle details. The discussed features are a comparison with those of Type Specimens of 
Bennettitales and the details found in the literature. 
 
 There are no previous records on these plant species from Sri Lanka or published reports elsewhere, the purpose of reporting the 
species is to document their systematic position in the plant world. Thus, the proposed names for new taxa are Otozamites latiphyllus Sri 
Lanka et.sp.nov.2012 and Otozamites tabbowensis Sri Lanka. et.sp.nov.2012. We consider that the proposed names of new taxa and 
descriptions expand the details of plant group of Jurassic Bennettitales facilitating advancement of scientific knowledge about this plant 
group. 
 
Index Terms- Early Jurassic Plants, Tabbowa Sri Lanka, Bennettitales, Otozamites 

 

I. INTRODUCTION 

lmost all Jurassic (195-141 my ago) sedimentary rocks contain plant fossils some of which reveal the palaeo-environmental and 
climatic conditions under which the plants grew and evolved. Some comparable plant fossils are known to occur wide-spread and 

found in North America, South Africa, China, Russia, Australia, India, Antarctica and Madagascar; the fragments of Gondwanaland 

[10], though these lands are presently situated several thousand km apart from each other.  Sri Lanka has also been a part of the 
Gondwanaland, though the Jurassic sedimentary rocks are of extremely limited occurrence, yet rich in a variety of plant fossils. 
 
 The genus Otozamites is an important component of fossil Bennettitalean plant during Mesozoic (225 - 65 my ago) Era [10]. 
This genus originated in the Late Triassic, thrived in the Early Jurassic and then decreased in diversity during middle and late Jurassic 
and finally became extinct in the late Cretaceous [15]. The biodiversity records and morphological patterns of foliage provide valuable 
information for understanding the evolution of plant species. Furthermore, it is helpful to reconstruct the palaeo-environment and 
palaeo-climate of Sri Lanka prevailed during the Mesozoic era. 
 
 The first description of Sri Lankan fossil Otozamiets was documented by [13] in 1942 from the Jurassic flora (Upper 
Gondwana) from Tabbowa area (Fig.1). Since then, no additional species have been identified from this area until the present study. 
During the present study seven species of Otozamites with different foliage types have been identified. Among these Otozamites, two 
are new to Sri Lanka and the present study identifies them to their species levels. The study mainly focuses on similar plant species by 
making observations on pinnule and their pattern of venation on world-wide literature. 

           II.    OBJECTIVES  

 The objective of this paper is to present the evidence of new two plant fossils found in the Jurassic sedimentary rocks of 
Tabbowa, Sri Lanka and to document their systematic position in the plant world. 
 

     III.   METHODOLOGY 

Analysis of Sri Lankan Samples: The fossil plant materials collected in the study area (Fig.1) are mostly fragmentary and 
preserved as impressions in mudstone. Leaf damages prior to fossilization were also noted. Some samples however, are well preserved 
even with clearly visible venation patterns, though cuticles are rare. 

A
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Collected samples were studied under the microscope with reflected light. All specimens were photographed using light filters to 
enhance contrast using low angle lighting to reveal surface details. Sketches were made using CorelDraw graphics software. Fossil 
imprints were identified based on feature observations and comparing them with material available at the Natural History Museum of 
London, and the known examples given in the literature. Morphological terminology used by [8], [1] and [13] was used in the present 
study. All illustrated specimens are lodged in the Herbarium, National Botanical Department, Royal Botanical Garden, Peradeniya, Sri 
Lanka (PDA - type) and (GMU- holotype) - Museum, Department of Geology, university of Peradeniya for future reference. Specimens 
were numbered under “Tabbowa Mudstone Collection - SL/TB/PDA/T-J/2013/Oto./1-2” and Holotype:  SL/TB/GMU/T-
J/2013/Oto.(holotypus)/1-17 
 
Abbreviations: 
 
SL  - Sri Lanka    TB    - Tabbowa,   PDA .- Peradeniya National Botanical Department   
T-J - Triassic - Jurassic   2013 - Published year    Oto.  -  Plant name (Genus) 
GMU – Geology Museum University of Peradeniya                    1-7  - Collection No. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
   
 
 
 

 

 

Figure 1.    Location and the Geology of the Study Area. (Modified After Wayland 1925) 
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        IV. GEOLOGICAL BACKGROUND 

 
The Jurassic beds in Tabbowa, Sri Lanka (Fig. 1) are spread over an area of few tense of square kilometers forming a slightly 

elevated flat terrain. The beds are confined to a faulted basin within the Precambrian crystalline basement rocks, mainly granitic 
gneiss. The beds consist of a series of sandstone, feldspathic sandstone, siltstone and mudstone with occasional thin bands of nodular 
limestone.  

The sediments vary in color from light gray, dark brown to purplish red while texture varying from fine to coarse grains. The 
rocks are well bedded, and jointed with variable strike and dips. This variation of the dips may be due to faulting within the basin and 
consequent tilting [12]. Evidence of faulting is clear in the gneissic rocks that surround the Tabbowa beds. Plant fossils are present 
only in the Mudstone and siltstone beds. 
 
 
 

V.  FINDINGS 
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Figure 2   Otozamites sp from Tabbowa, Sri Lanka. (Scale Bar =5mm) Part of a leaf showing a bifurcate secondary veins (note arrow Y) 
and auriculate acroscopic basal margin (note arrow X) (A).  Portion of apical region of a leaf (B). Line Drawings Depicting Specimens in 
Fig. 2. Showing the Variations of Pinnule. 
 

 

Systematic Palaeobotany 

 
Division  : Cycadophyta  
Order  : Bennettitales 
Genus   : Otozamites Braun, 1843 
Species  :Incertae Sedis 

 
Etymology  : The species name compound of Latin adjective “lati-” meaning large and broad and Latin   
    adjective “phyllus” meaning for leaf (latiphyllus – large or broad pinnule). 
Sri Lanka             : Species name refers to the locality :Sri lanka 
Type species  : Otozamites  latiphyllus Sri Lanka Dharma et Geetha sp.nov. 2012 (Fig.2A) 

 
Diagnosis – Rachis completely covered by pinnules. Pinnules alternate, thick, convex adaxially, arising at 35-400  . Pinnule margins  
reflexed. Acroscopic angle overlapping by diagonal basiscopic angle of pinnule. Pinnule apex  obtuse to rounded, Veins radiating 
from pinnule attachment, secondary veins  forked, vein density  high, Length/ width ratio; 1.3 -1.5:1 
 
Preserved in  : Ferruginous Mudstone deposited in a faulted basin of Crystalline basement rocks  
Type Locality : Tabbowa sedimentary basin, Northwestern province, Sri Lanka    
Repository        : Herbarium, National Botanical Department, Royal Botanical Garden, Peradeniya, Sri Lanka (PDA - type) and 
(GMU- holotype) - Museum, Department of Geology, university of Peradeniya                                                                        
Age   : Early to Middle Jurassic 
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Otozamites latiphyllus Sri Lanka et.sp. nov.2012 
 
Material Examined: 1 specimen as follows: Figure 2 A ( 17 specimens Examined) 
 

 Description: Fragment of a leaf about 15.0 mm wide (Fig. 2 A.), not complete. Three pairs of pinnules and one is damaged in 
apical region. The rachis is narrow; pinnules are partly concealed with acroscopic auricle base extending over the rachis (Fig.2 A - note 
arrow X). They are inserted at 35-400 angle to the upper side of rachis spirally or alternately by a short petiole.  Pinnules are typically 
rounded to obovate, can be triangular or fan or rhombic shape, asymmetrical, serrated or dentate margin. The lamina is thin. Acroscopic 
margin is thick, convex and rounded to obovate- rhomboid. Pinnule base is acute and asymmetrical. Apex is rounded or obtusely 
rounded. Pinnules are closely spaced and slightly overlapping in the apical region. Average of pinnule length is 5.0 - 7.0 mm and the 
width is about 4.0-5.0 mm. Average length/ width ration is 1.2 -1.5 :1 
 

Veins arise from a point at basiscopic margin at the pinnule base. They are distinct, dense, radiating from the point of pinnule 
attachment throughout the lamina, bifurcate regularly and continue to the pinnule margin. Secondary veins are dichotomized or forked 
once (Fig. 2A -note arrow Y) before they reach the margin. Cuticles are not preserved. 
 

 Order  : Bennettitales 
Genus  :Otozamites Braun, 1843 
Species  :Incertae Sedis 
 

Etymology : Latin name for species refers to the locality :Tabbowa as tabbowensis 
Type species : Otozamites tabbowensis Sri Lanka Dharma et Geetha sp.nov. 2012 (Fig.2B) 
 

Diagnosis – well preserved incomplete single fragment of fossil frond with strong rachis, small triangular pinnule in apical 
region as rhombic or deltoid to ovate or lobed deltoid on basal region which are consist with short petiole. Alternate or opposite 
pinnule scars present on left side of the frond. Veins’ radiating from pinnule attachment, vein density is high, dichotomized secondary 
veins are present. 
 
 
Preserved in         :Ferruginous Mudstone deposited in a faulted basin of Crystalline basement rocks  
Type Locality : Tabbowa sedimentary basin, North-western province, Sri Lanka                       
Repository  : Herbarium, National Botanical Department, Royal Botanical Garden, Peradeniya, Sri Lanka (PDA - type) and 
(GMU- holotype) - Museum, Department of Geology, university of Peradeniya                                                                                                  
Age   : Early to Middle Jurassic  

 
 Otozamites   tabbowensis Sri Lanka et. sp.nov.2012  

    

Material Examined: 1 specimen as follows: Figure 2 B 
 

Description: Incomplete but well preserved frond with four pinnule along right side. Specimen is 40.0 mm long and 13.0mm 
wide. Petioles are short. Rachis is prominent and about 2.0 mm thick in basipetal region and about 1.0 mm thick in the acropetal region. 
Pinnule scars are visible on adaxial side of the rachis. Pinnules are laterally inserted to the rachis at an angle of 850 – 900. Pinnule shape 
varies from ovate, lobed deltoid, to deltoid, rhombic from basal region to apical region. Pinnule base is flat and attached to short stalk or 
petiole. Base is symmetrical have acroscopic convex margin while basiscopic margin is slightly convex or auriculate. Apices are 
obtusely rounded. The size of the pinnule decreases from basal region to apical region. Overall length of mature pinnule is about 8.3mm 
while the breadth is about 4.5 mm. Veins are distinct, dense and arise from a point close to the basiscopic pinnule base. Veins radiate 
acropetally and basipetally throughout the lamina. Bifurcate veins continue to the pinnule margin, first basiscopic vein continuous to the 
rachis than the acroscopic vein. Pinnule length /width ratio ~ 2:1. 

 
 
VI. DISCUSSION 
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Comparison of Otozamites latiphyllus: So far, there are four reported specimens which have rounded to obovate pinnule with 

reflexes, convex ,thick  margin similar to O.bunburyanus, O. tenuatus, O. boolensis, O. beanie [14] [16] and [17].  Of these O.latiphyllus 
is similar to O.bunburyanus, veins initiate from a point close to the basiscopic side densely and radiating throughout the lamina, 
bifurcating regularly, and persisting to the pinnule margin [4]. However, the size of the pinnule and the number of veins are much 
smaller in  O. latiphyllus, O. tenuatus from Aslenian of Yorkshire is different by having an entire margin with smaller pinnule. 
O.boolensis from Jurassic of Australia and Antarctica sometimes has rounded to obovate pinnule [6]. 
 

The O.latiphyllus best resembles with O.beanie from Yorkshire Jurassic specimen which has large pinnule, dense and distinct 
radiating veins with serrate or dentate margins these are similar features to those of O. beanie. Therefore the specimen (Fig.2A) more 
closely resembles O.beanie. Absence of cuticles in Tabbowa specimens makes it difficult to place them under any of these species.  
Therefore, based on morphological characters, Tabbowa sample is named as a new species Otozamites latiphyllus Sri Lanka (Fig. 2A) 
with some reservations allowing for future investigations. 
 

Also this species has been compared with fern family Osmundaceae, however, characteristic features of O.latiphyllus show great 
different with Osmundacea key characters. 
 
Key features of Osmundaceae :  
 

Pinnule base: Pinnule are attached to the main rachis by their broad base and they are interconnected by thin sheath.  In some of 
the species Todites thomasii [9] pinnule bases are contracted and interconnected but not as in O. latiphyllus.  

 
Venation: Neuropteris or Cladophlebis type. Lateral veins are simple or forked once. But in some species lower most basal vein 

forks three times.  Mid-vein is prominent and persist along the whole length of the pinnule [5]. 
 

Key feature to ascribe the present sample in Bennettitales and in Genus Otozamites : Secondary veins are un-forked in 
cycads. If secondary veins forked once, they are considered as Bennettitalean [5]. The present specimens can be ascribed to Genus 
Otozamites: on the basis of auricularly expanded acroscopic margin (X), forked secondary veins and continuous first basiscopic vein to 
the rachis than the acroscopic vein [11]. Ascribe to species O.latiphyllus is having broad/large pinnule. 
 

Comparison of Otozamites  tabbowensis: Similar species of O. bunburyanus and O.beanie [17] and [16], have been reported 
from India and UK. Otozamites bunburyanus is a slightly larger pinnuled species compared to Indian and European species that are 
smaller pinnule named as Otozamites beanie [2]. 
 

O.bunburyanus veins initiate from a point close to the basiscopic side densely and radiating acropetally and basipetally 
throughout the lamina, bifurcating regularly, and persisting to the pinnule margin [4]. The specimen (Fig. 2B) of O.tabbowensis though 
has more deltoid pinnule with short stalk or petiole compared to O. bunburyanus,has large sessile pinnule, dense and distinct radiating 
veins. Pinnule length/width ratio 1.5 - 2.3 :1 in O. bunburyanus. Since cuticles are the main feature that distinguishes between O. 

bunburyanus and O.beanie [15], absence of cuticles in Tabbowa specimens make it difficult to name them under any of these 
species.According to morphological characters however, O. bunburyanus, takes priority over O. beanie, for the Tabbowa sample (Fig. 
2B) to name it as Otozamites  tabbowensis Sri Lanka with some reservations. 
 

Key Featuresof O.tabbowensisascribedto Genus Otozamites: bifurcating secondary veins are radiating throughout the lamina 
and persisting to the pinnule margin, mid vein is not present. Pinnule bases are auriculate. Ascribed to species tabbowensis is having 
large deltoid, lobed deltoid pinnule with short-stalk or petiole, pinnule Length /width ratio ~2:1. 

VII. CONCLUSIONS 

The systematic attributions of the new taxa were discussed in all possible directions of frond of Otozamites of Bennettitales. 
The fossil flora discussed in this study, from Tabbowa sedimentary basin of Sri Lanka is unique and does not match with any other 
plant group characters that are described in the literature. 

 
Present study shows that Otozamites of the Tabbowa rocks of Sri Lanka have a vast range of morphological variations among the 

species and also pinnules of the same species. The species Otozamites latiphyllus Sri Lanka Dharma et Geetha sp.nov. 2012 and 
Otozamites tabbowensis Sri Lanka Dharma et Geetha sp. nov. 2012 are new findings from this study and has not been reported before. 
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Abstract- A study of the after-ripening of ‘egusi’ melon 
[Citrullus lanatus (Thunb.) Matsun and Nakai] fruits was 
undertaken at the Teaching and Research farm of the University 
of Agriculture Makurdi in the wet and dry season productions of 
2005 and 2007. The aim was to monitor its effects on seed 
quality. Fruits were harvested at two leaf colour stages [i.e. when 
leaves started turning yellow (LTY), and when all leaves were 
dry (ALD)]. Whereas, some of the fruits were processed 
immediately, others were left to after-ripen for seven and 14 days 
respectively before processing. Results revealed that fruits from 
plants harvested when all plant leaves were dry (ALD) were 
significantly heavier, contained significantly more seeds and 
produced higher seed yield. Seed yield was generally higher in 
the wet than in the dry season. There was significant increase in 
100-seed weight and germination of seeds from fruits after-
ripened for seven and 14 days. Seeds from after-ripened fruits 
also stored better than from non-after-ripened fruits. It was 
therefore concluded that Citrullus lanatus should be harvested 
when all leaves are dry, harvested fruits should be stored to after-
ripen for about seven days and seed crop should be preferably 
produced during the wet season. 

I. INTRODUCTION 

gusi’ melon [Citrullus lanatus (Thunb.) Matsun and Nakai] 
is a protein rich food used mainly as a soup condiment in 

most West African countries. Its uses are however, highly 
diversified some of which include oil extraction and the varied 
medicinal uses of the white often bitter pulp (Schippers, 2000). 
‘Egusi’ melon is a fruit vegetable whose seed germination ability 
has been a major problem to farmers over the years. Farmers 
resort to use of high seed rate and further thinning when seedling 
emergence is impressive. This practice is not only labourious but 
also wasteful. There has been no recommended harvest age for 
‘egusi’ melon seed crop. Farmers therefore harvest at different 
ages depending on the level of pressure on the land. Whereas 
others harvest as soon as the leaves senesce, others do not gather 
the fruits until much later even to a stage that weeds overtake the 
farm. Even after harvest, fruits are subjected to differing seed 
extraction treatments. While others break the fruits immediately 
after collection to initiate the decomposition process, others wait 
until they are less busy from other demanding assignments. 
Determination of an accurate time of harvest has been reported as 

being a major factor in ensuring high seed quality of some crops. 
(TeKrony et al., 1980; Oladiran and Kortse, 2002; Demir et al., 
2004; Khatun et al., 2009). In addition, post harvest dry storage 
of fruits (also referred to as after-ripening) has also been reported 
as having the ability to improve or cause negetive impacts on the 
quality of seeds. (Demir and Ermis, 2004; Commander et al., 
2009; Passam et al., 2010).  
    This study was therefore undertaken to determine what effects, 
the different harvest stages have on melon seed quality and to 
determine if after-ripening produces a positive or negative effect 
on melon seed quality.  

II. MATERIALS AND METHODS 

    Early and late season crops of ‘egusi’ melon [Citrullus lanatus 

(Thunb.) Matsum and Nakai] were produced at the Teaching and 
Research farm of the University of Agriculture Makurdi in 2005 
and 2007. Planting was done on 4th May and 2nd September in 
2005, and on 25th April and 1st September in 2007 for the early 
and late season crops respectively. Bulk crop was established and 
harvesting of fruits were done at two different colour stages i.e. 
when leaves started turning yellow (LTY) and when all the 
leaves dried (ALD). Harvests were conducted at 80 and 100 days 
respectively in respect of LTY and ALD stages. Fruits harvested 
at each of the two leaf colour stages were divided at random into 
three lots. Fruits of the first lot were broken the same day to 
initiate the decomposition process (control - 0 day after-ripening 
duration). In the second lot, fruits were allowed to after-ripen at 
ambient temperature for seven days while those of the third lot 
were subjected to after-ripening duration of 14 days before 
breakage. The seeds were thereafter, extracted washed and sun 
dried. Data were collected on fruit weight, number of seeds per 
fruit, and dry seed weight per fruit. Furthermore, data were also 
collected on 100-seed weight before germination tests were 
conducted. The experiment was therefore a 2 x 3 factorial in each 
season/year. 
Seeds produced in 2005 were packed in polyethylene bags and 
stored in an ambient environment (approx. 32oC and 40% 
relative humidity). Germinability was then tested after one, two, 
and three years of storage. Germination tests made immediately 
before and during storage, were conducted on four replicates of 
50 seeds each, spread over distilled water-moistened absorbent 

E
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paper in Petri dishes and incubated at 300C for 28 days. Counts 
were taken every other day. 

III. RESULTS 

    Citrullus lanatus data was averaged over the two years of 
production and analysis indicated that leaf colour (LC) 
significantly influenced (P < 0.05) all parameters in 2005 (Table 
1). After-ripening duration (AR) significantly influenced 100-
seed weight and germination percentage. Furthermore, planting 
season (S) significantly affected fruit weight, number of seeds 
per fruit, seed weight per fruit, 100-seed weight and germination 
percentage. The interaction between AR and LC significantly 
influenced 100-seed weight only while AR x S interaction only 

influenced seed weight per fruit. In addition, LC x S interaction 
significantly influenced fruit weight, dry seed weight per fruit 
and germination percentage. AR x LC x S interaction was non-
significant.  
    In 2007, AR significantly influenced all parameters except 
fruit weight. LC also significantly affected all parameters except 
100-seed weight and germination percentage. Furthermore, 
planting season had significant effects on all parameters except 
100-seed weight. The interaction between LC and S significantly 
influenced all parameters except number of seeds per fruit and 
100-seed weight while AR x LC and AR x S interactions had 
significant effects on 100-seed weight. AR x LC x S interaction 
was non-significant.  

 
Table 1 Mean square values for some attributes of Citrullus lanatus fruits produced in the two seasons of 2005 and 2007, 

harvested at LTY and ALD stages and subjected to different after-ripening durations. 
 
Sources of variation Fruit weight No.of seeds/fruit Dry seed wt./fruit 100-seed wt. Germ.% 

2005      

Replications 0.0028 ns 2263.1 ns 5.525 ns 0.2049 ns 111.90 ns 

After-ripening (AR) 0.0019 ns 2382.7 ns 6.499 ns 1.8849 ** 692.53 ** 

Leaf colour (LC) 0.3249 ** 12844.4 ** 741.382 ** 51.1225 ** 1593.7 ** 

Season (S) 0.2209 ** 6507.1 * 327.067 ** 15.3664 ** 2428. ** 

AR x LC 0.0034 ns 1693.4 ns 2.865 ns 1.4332 * 73.16 ns 

AR X S 0.0001 ns 182.5 ns 12.053 * 0.0782 ns 168.74 ns 

LC x S 0.1024 ** 0.4 ns 5.406 ns 3.8025 ** 110.69 ns 

AR x LC x S 0.0048 ns 697.9 ns 1.237 ns 0.3252 ns 19.72 ns 

Error 0.0085 887.6  2.315 0.2987 60.43 

Total 40.6221 6.5644 0.0296 0.4131 0.0056 

2007      

Replications 0.2347 ns 357.7 ns 7.517 ns 1.042 ns 57.25 ns 

After-ripening (AR) 0.1998 ns 2941.4 ** 47.988 ** 1.435 ns 1115.6 ** 

Leaf colour (LC) 1.0575 * 11484.7 ** 321.844 ** 22.562 ** 100.17 ns 

Season (S) 1.8632 ** 22250.7 ** 90.757 ** 4.203 ns 1961.7 ** 

AR x LC 0.1288 ns 215.5 ns 1.542 ns 1.086 ns 55.19 ns 

AR X S 0.1829 ns 803.0 ns 7.478 ns 1.398 ns 2.38 ns 

LC x S 0.8070 * 1431.4 ns 156.834.** 6.167 * 316.42 * 

AR x LC x S 0.2987 ns 821.9 ns 0.726 ns 0.210 ns 73.23 ns 

Error 0.1709 476.5 7.393 1.284 50.67 

Total 3.6553 6.2579 0.0406 0.4894 0.0070 
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ns, *,** = non significant or significant at P = 0.05 and P = 0.01, respectively, AN0VA 
 
In 2005, the superiority of fruits harvested at ALD stage over 
those at the LTY stage was only observed in the wet season 
(Table 2). Whereas in the wet season, fruits were significantly 
heavier from plants harvested when all plant leaves were dry 
(ALD), compared with the value obtained in fruits harvested 
when leaves turned yellow (LTY); no such difference was 
recorded in the dry season production. 
    In 2007, there was no significant difference between LTY and 
ALD in both planting seasons. However, ALD fruits harvested 
during the wet season were significantly heavier than the LTY 
and ALD fruits produced in the dry season.  
 

Table 2 Interaction effects of season and leaf colour on fruit 
weight (kg) of Citrullus lanatus harvested at the LTY and ALD 

stages in the wet and dry seasons of 2005 and 2007 and subjected 
to different after-ripening durations. 

 
  Production year 
Season (s) Leaf colour (LC) 2005 2007 
Wet       LTY 0.73 b 1.18 ab 
       ALD 1.02 a 1.82 a 
    
Dry       LTY 0.99 a 1.03 b 
       ALD 1.07 a 1.07 b 

Means followed by the same alphabet in each year and LC / S are 
not significantly different using DMRT at 5% probability level. 
 
In both years, fruits harvested at the ALD stage contained 
significantly more seeds than those harvested at the LTY stage 
(Table 3). However, whereas dry season fruits contained 
significantly more seeds than those produced in the wet season in 
2005, the reverse was the case in 2007. Furthermore, after-
ripening of fruits for seven days resulted in significantly greater 
number of seeds per fruit than other after-ripening durations.   
    Significantly higher seed yield was obtained at the ALD than 
at the LTY stage in 2005. In addition, fruits produced in the dry 
season yielded more seed than those in the wet season. 
 
Table 3 Effects of leaf colour, season and after-ripening duration 

in 2005 and 2007 on the number of seeds per fruit of Citrullus 

lanatus. 
 

    Season  
Leaf colour (LC) Wet Dry Mean 
2005    
LTY 168 195 182 b 
ALD 205 233 219 a 
Mean 187 b 214 a  
After-ripening (AR) ns   
2007    
LTY 208 171 190 b 
ALD 256 194 225 a 
Mean 232 a 183 b  

    
AR Means (days)    
         0 196 b   
         7 225 a   
         14 201 b   

Means followed by the same alphabet in each year and LC / S are 
not significantly different using DMRT at 5% probability level. 
 
Table 4 shows that whereas AR did not significantly affect seed 
yield in the wet season, fruits after-ripened for seven days 
following dry season production, yielded more seed than those 
not after-ripened at all or after-ripened for 14 days. 
 
Table 4 Interaction effects of after-ripening duration and season 

on dry seed weight (g) of Citrullus lanatus in 2005. 
 
After-ripening duration 
(days) 

Season Dry seed weight 
(g) 

                    0 Wet           17.84 c 
 Dry           21.97 b 
                    7 Wet           17.18 c 
 Dry           25.31 a 
                    14 Wet           17.13 c 
 Dry           22.96 b 
Means followed by the same alphabet in each year and AR / S 
are not significantly different using DMRT at 5% probability 
level. 
 
In 2007, though seed yield at ALD stage was generally 
significantly higher than at the LTY stage and yield was 
generally higher in the wet than in the dry season the trend may 
not always be consistent. For example, as revealed in Table 5, in 
the wet season production, ALD value was significantly greater 
than LTY value whereas the differences between the values for 
these two leaf stages were not significant in the dry season 
production. Similarly, whereas there was no significant season’s 
effect when fruits were harvested at the LTY stage, seed weight 
was significantly higher in the wet than in the dry season when 
fruits were harvested at the ALD leaf stage. 
 
Table 5 Interaction effects of Leaf colour and season on dry seed 

weight (g) of Citrullus lanatus in 2007. 
 

Leaf colour Season Dry seed weight (g) 
LTY Wet          19.40 b 
 Dry          20.40 b 
ALD Wet          29.56 a 
 Dry          22.21 b 

Means followed by the same alphabet in each year and LC / S are 
not significantly different using DMRT at 5% probability level. 
 
Although after-ripening of fruits for seven and 14 days generally 
increased 100-seed weight, the differences were only significant 
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when harvesting was done at the LTY stage; even at this stage, 
the differences in the values obtained following seven and 14 

days after-ripening was not significant (Table 6).  
 

Table 6 Interaction effects of AR and LC, and LC and S on 100-seed weight (g) of Citrullus lanatus in 2005. 

 
    Season   
AR(days) LC Wet Dry LC mean AR mean 
       0 
        

LTY 8.50 8.60 8.55 c  
ALD 10.57 12.2 11.65 a  

     10.10 b 
       7 LTY 9.43 10.33 9.88 b  

ALD 10.70 12.49 11.60 a  
     10.74 a 
       14 LTY 9.23 10.14 9.67 b  

ALD 11.03 12.95 11.99 a  
Season means  9.90b 11.21 a  10.83 a 
      
LC means      
LTY 9.36 b     
ALD 11.75 a     

Means followed by the same alphabet in each year and AR/LC / S are not significantly different using DMRT at 50% probability 
level. 
 
Fruit production during the dry season may not always yield 
seeds that are heavier than in the wet season. Table 7 shows that 

seeds obtained at the ALD stage in the wet season of 2007 were 
heavier than the dry season seeds obtained at the LTY stage. 

 
Table 7  Effects of LC and S on 100-seed weight (g) of Citrullus lanatus in 2007. 

 
     Season  
Leaf colour After-ripening duration Wet Dry Leaf colour mean 
LTY                0 9.63  11.57   
                7 11.43  12.07   
                14 10.53  12.50   
    11.29 b 
ALD                0 13.03   12.70   
                7 13.47  12.73   
                14 12.33  12.97  
    12.87 a 
 Season means 11.74 b 12.42 a  

Means followed by the same alphabet in each year and LC / S are not significantly different using DMRT at 5% probability level 
 
It is however obvious from Table 8 that whereas LC did not 
influence 100-seed weight significantly in the dry season 
production, seeds were heavier when fruits were harvested at the 
ALD stage in the wet season. In addition, whereas the season of 
production did not significantly affect 100-seed weight in fruits 
harvested at the ALD stage, seeds were heavier in the dry than in 
the wet season when harvesting was done at LTY stage. 
 
 
Table 8 Interaction effects of leaf colour and season on 100-seed 

weight of Citrullus lanatus in 2005 and 2007. 
 

  100-seedweight (g) 
Leaf colour Season 2005 2007 
LTY Wet 9.03 c 10.53 b 
 Dry 9.69 c 12.04 ab 
    
ALD Wet 10.77 b 12.94 a 

 Dry 12.72 a 12.80 a 
Means followed by the same alphabet in each year and LC / S are 
not significantly different using DMRT at 5% probability level. 
 
Seeds from fruits after-ripened for seven and 14 days 
significantly germinated better than those from non after-ripened 
fruits (Table 9). Also harvesting of fruits at the ALD stage 
resulted in significantly higher seed germination than harvesting 
at the LTY stage. Furthermore, dry production gave significantly 
better germination season.  
 

Table 9 Effects of after-ripening durations (AR), leaf colour 
(LC), and season (S) on the germination of Citrullus lanatus in 

2005. 
 

      Season  
AR (days) LC Wet Dry AR Means 
0 LTY 53 66.5  
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 ALD 70.5 80.5  
       68 
7 LTY 60.5 91.5  
 ALD 77.5 95.5  
       81 
14 LTY 56 86.5  
 ALD 88 97.5  
       82 
Season mean 68 86  

 
In 2007, AR, S as well as LC by S interaction significantly 
influenced seed germination level (Table 10). After-ripening of 
fruits for 14 days resulted in a significant improvement in 
germination over after-ripening for seven days which in turn 
gave seeds that significantly germinated better than in fruits that 
were not after-ripened. Table 11 shows that whereas leaf colour 
at harvest did not significantly affect the germination of the seeds 
produced in the dry season, seeds from fruits harvested at the 
ALD stage germinated significantly higher than those harvested 
at the LTY stage in the wet season. 
 

Table10. Interaction effects of leaf colour (LC) and season on 
the germination of Citrullus lanatus in 2007. 

 
Leaf colour Season Percentage germination 
LTY Wet               47 b 
 Dry               76 a 
   
ALD Wet                60 ab 
 Dry                75 a 

Means followed by the same alphabet in each year and DAA / S 
are not significantly different using DMRT at 5% probability 
level. 
 

Table11. Interaction effects of leaf colour (LC) and season on 
the germination of Citrullus lanatus in 2007. 

 
Leaf colour Season Percentage germination 
LTY Wet               47 b 
 Dry               76 a 
   
ALD Wet                60 ab 
 Dry                75 a 

Means followed by the same alphabet in each year and DAA / S 
are not significantly different using DMRT at 5% probability 
level. 
 
A delay in fruit harvesting until all leaves were dry resulted in 
improved seed germination even during storage (Figure 12). An 
improvement in germinability was recorded even after two years 
of storage. Though a decline in viability was recorded following 
three years of storage, values were highest from fruits harvested 
when all leaves were dry. In all cases, post-harvest ripening of 
fruits for 14 days gave the best results. Figure 13 also shows that 
when production was done during the dry season, early harvest 
resulted in poorer germination and longevity and fruit after-
ripening following harvesting at the two-leaf stages resulted in 
better seed quality. 
 

 
 

Fig. 12 Variations in percentage germination of wet season 
Citrullus lanatus harvested in 2005 when leaves started turning 
yellow and when all leaves dried and tested before storage and 
after storage for one and two years under ambient conditions. 

 

 
 

Fig. 13 Variations in percentage germination of dry season 
Citrullus lanatus harvested in 2005 when leaves started turning 
yellow and when all leaves dried and tested before storage and 
after storage for one and two years under ambient conditions 

 

IV. DISCUSSION 

    The significant increase in the weight of fruits harvested at the 
ALD stage relative to that recorded at the LTY stage in the wet 
season of 2005 is an indication that fruit filling continued beyond 
the latter stage. This is in agreement with reports by Mayer et al. 
(1991), Goldberg et al. (1994), Raz et al. (2001) and Bentsink 
and Koornneef (2008) that as an embryo undergoes maturation, 
there is food reserve accumulation. Natrajan and Srimathi (2008) 
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also reported an increase in Petunia pod weight with increase in 
days after anthesis due to the development from zygote to 
matured seeds. The lack of significant differences in the size of 
fruits harvested at the two stages in the dry season indicates that 
maximum fruit growth was already attained at the LTY stage and 
this suggests that fruits might have developed faster in the dry 
season. 
    The number of filled seeds per fruit, which were, contained 
more in ALD than in LTY fruits is also an indication that 
different seeds within a fruit do not mature at the same rate. 
Immature seeds would normally decompose and or float off 
during processing. This view agrees with that of Nielsen (1996) 
who reported that seeds on the same fruit may not normally be of 
the same age. This is expected since pollen grain may not 
germinate at the same rate and pollen tube growth, zygote 
formation and seed development and maturation may not proceed 
at the same rate (Silvertown, 1984; Delph et al., 1998). The 
improvement recorded when fruits were stored for some days 
before processing suggests that seed filling continued in stored 
fruits. This explanation agrees with that of Passam et al. (2010) 
who also recorded seed filling in-situ and hence higher seed 
weight of after-ripened fruits of eggplant. Furthermore, the 
higher seed yield recorded for Citrullus lanatus in the wet season 
of 2007 could be attributed to the lower temperature regime 
during fruit development. Lower temperature is known to 
enhance seed development (Duthion and Pigearie, 1991). The 
reversed trend in 2005 is an indication that other factors may be 
involved. If Citrullus lanatus was grown in the dry season, fruits 
could be harvested at any of the two leaf stages without 
compromising seed viability. This is in agreement with an earlier 
statement that seeds might have developed faster in the dry than 
in the wet season.  
    Seeds from after-ripened fruits stored better than those from 
the non-after-ripened ones. The increase in seed vigour that 
normally accompany after-ripening (Alan, and Eser, 2008; 
Passam, et al., 2010) might have been responsible for the 
improvement in longevity. The improvement in the germination 
percentage of seeds that were produced in the wet season and 
stored for one year is an indication of the presence of dormancy 
when seed were freshly harvested. The dormancy must have been 
broken with time. This is in agreement with the results recorded 
for watermelon by Nerson (2002) and for pepper (Capsicum 
annum L.) by Oladiran and Kortse (2002) in which seed 
germination increased with storage period. It is not known why 
the seed produced in the dry season behaved differently. 
However, the fact that the freshly harvested wet season-produced 
seeds exhibited some level of dormancy might be suggesting the 
accumulation of some germination inhibitors, which was 
depleted as storage, progressed (Baskin and Baskin 1998). Seed 
dormancy has been positively related with absicic acid (ABA) 
presence or the sensitivity of seeds to this phytohormone (Finch-
Savage and Leubner-Metzger, 2006). The current study revealed 
that seedlots that exhibited greater dormancy also recorded 
slower deterioration during storage. This is in agreement with the 
findings of Debeaujon et al. (2000) and Contreras (2008) who 
recorded better survival in more dormant seed. Contreras (2008) 
attributed the trend to structural defects such as missing layers or 
modified epidermal layer in the less dormant seed lots. 

    It is concluded from this study that, fruits of Citrullus lanatus 
should be harvested when all leaves on the plant are dry. For 
higher seed quality still, harvested fruits should be stored to 
after-ripen for about seven days. Furthermore, seed crop of 
Citrullus lanatus should be preferably produced during the wet 
season for high seed vigour.  
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Abstract- Women in Central Asia in general and in Tajikistan in 
particular during Soviet period lived a very diverse life. In a 
patriarchical society she remained all obedient to the male 
members of her family, in daughter to father, wife to husband, 
etc. In tribal societies she worked shoulder to shoulder in the 
fields for production purposes with the male members of her 
family and in a Communist setup she lived as good a life as her 
male counterpart. However, the overall status of the Soviet 
women in Tajikistan though remained highly respectable but 
secondary to her male counterpart. 
 
Index Terms- Soviet Central Asia, Tajikistan, Women, Family, 
Society, Status. 

I. INTRODUCTION 

omen in Central Asia, like elsewhere in the world, have 
gone through different stages of development. In pre-

Soviet period Central Asian family was of patriarchal type in 
which father was to be followed by all members in all domestic 
matters. Nevertheless, woman in mother’s role enjoyed 
independence in maintaining her home in a way that suited her. 
But her contact with males was limited, even in joint families she 
could hardly meet freely with her relatives like cousins etc. she 
always went veiled outside her home.i However, the women of 
nomads and semi nomads enjoyed freedom in personal lives for 
they contributed much in everyday economy, they went out 
unveiled and could interact freely with men folk.ii The people of 
these regions would practice polygamy, women would cover 
their faces in the presence of men and husbands would never 
allow their wives to be treated by the male doctors.iii Woman was 
subjected to the practice of bride purchase and bride price 
(kalym), child marriage, etc.iv She was also subjected to 
isolation, suppression and discrimination through the practices of 
veil (paranja), polygamy, violence and complete domination. She 
was considered as the acquired property of her husband.v In 
addition, female health and hygiene was appalling for women 
were considered impure and daughters a burden. In the field of 
education, women were left behind and instead were engaged as 
productive labour in carpet weaving, animal husbandry, etc.vi 
By and large, women in Central Asia lived in a social setup 
which was male dominated and her status was comparatively 
low. Despite being engaged in continuous domestic production 
activities, women were socially isolated, and economically 
dependent. It was only during the Soviet rule that they 
experienced a marked change in their status. Apart from stressing 
equality between men and women, their improvement in socio-
cultural, economic and political fields became a part of the 
Soviet reconstruction programme.  

In this paper an attempt has been made to highlight the major 
areas in which Central Asian women in general and Tajik women 
in particular have improved their lot during the Soviet period. 
 

II. SOCIO–ECONOMIC UPLIFTMENT 

          As a part of the Soviet policy to Russianise the people of 
Central Asia, Soviets embarked on a rigorous policy of atheism 
as an attack on the Islam as well as on Christianity. Due to this 
reason the other things related to religion were also influenced. 
Among these the liberation of woman from veil, seclusion and at 
the top from the domination of the men folk. All this put a 
special emphasis in the Muslim areas to emancipate women. For 
Soviets, the “tradition” in whatever form, was to be abolished: 
marriage age was raised to eighteen; polygamy was almost 
abolished, and marriage without mutual consent of the couple 
and the practice of bride price were declared as crime.vii Divorce 
was simplified and women got equal access and right on the 
property. Education in particular was pivotal in bringing 
changes; erected a massive educational-institutional structure, 
western in form and secular in content. It is because of the 
education that new ideas were exchanged. Give and take in the 
socio-cultural field was possible particularly through this 
channel. The cumulative effect of the new system was that 
women acquired equal and active role in the society through the 
opportunity of educationviii and employment. Lead in female 
education was given by Kazakh and Kyrgyz women who were 
more attracted towards higher education, which in turn led to the 
up-gradation of their status in comparison with the women of 
other three republics especially during 1960’s.  
          In Tajikistan by the end of 1930s, women was allotted land 
where they worked equally with men in the process of production 
and by 1980, they contributed 39% of the total workforce of the 
republic.ix The educational change, however, was not brought in 
one go. Since women in Central Asia, particularly in Tajikistan, 
belonged to orthodox culture, therefore, they did not accept the 
change at once. After the World War II, women started attending 
schools at primary level though their attendance until 1970s 
remained low in the secondary and higher educational institutes.x 
But after 1970s, their number increased and those who attained 
modern education, secured larger proportions in the employment 
outside home which resulted in accepting modern education as a 
means of change, both for economic reasons as well as for socio–
cultural milieu.xi This is also revealed by the statistical figures 
given in the following table. 
 
 
 
 

W
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Level of Education of Men and Women in Tajikistan. 
(Per 1000 population of the respective sex with education). 

 
Years  Higher & Secondary 

(complete & incomplete) 
Higher Secondary 

Men Women Men Women Men Women 

1939 53  25 4 1 49 24 

1959 381 275 19 12 362 263 

1970 471 374 39 20 432 354 

1979 625 534 64 35 561 499 

Population engaged in Economy       

1939 55 30 5 3 50 27 
1959 424 385 26 21 398 364 

1970 633 566 64 42 569 524 
1979 801 736 103 62 698 674 

 

Source: National Economy of Tadjekistan SSR in 1979, p. 186. Cited in Shiela Gujral, Asian Republics: U.S.S.R, Gowarsons 
Publishers (p) Ltd., Gulab House, New Delhi, 1987, p. 48. 
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          Soviet authorities, through various incentives, encouraged 
(Muslim) women in Central Asia to come out of the traditional 
seclusion and their customary veils,xii which resulted into an 
increase in the women working outside their homes. However, 
the house hold work / labour and the care of children and infants, 
to a large extent, hurdled them to take strenuous or non-strenuous 
jobs and thus denying them equality with the men folk in 
employability. In case of Tajikistan, this was more evident. 
However, the situation changed with the opening of 
kindergartens and relaxed pre-neonatal and post- neonatal leaves 
with full salaries, introduced by Soviets. 
          Apart from stressing equality between men and women the 
Soviet system also provided legal safeguards to women. As a 
constitutional provision Soviet Union laid restrictions on heavy 
and underground work or work in dangerous conditions for 
women, besides limits were put on working over time, night 
shifts and business trips. Such provisions helped women to work 
on higher positions. For example, during the concluding years of 
the 20th century, out of 482 private enterprises of Khujand, 
women occupied 25% of legal and senior management posts.xiii 
An important development in the status of women in Central 
Asia was that they also occupied policy making positions. In 
1970s, there were 123 women members in the Tajik Supreme 
Soviet out of its total number of 350.xiv In 1980, one-third of all 
deputies of Supreme Soviet of Tajikistan were women.xv In 1981, 
as many as 20.5% of the members of the CPSU of Tajikistan 
were women.xvi These facts reveal that women became an 
important part in the political life of the country.xvii 
 

III. CONCLUSION 

          During the Soviet rule women in Tajikistan like other 
republics of Central Asia, received a special attention: polygamy 
was abolished; education, equal opportunities to work, medical 
and health practices, etc. not only improved the health standards 
but also raised their life expectancy by several years. Education 
system was remodeled on the western lines and literacy rate 
touched the highest water mark. In sum, it can be safely 
concluded that the Soviet era was a blessing for the Central 
Asian women. Remolded on modern western forms with 
scientific outlook, Tajik women became torch bearer of socio-
economic development of Soviet era. Post-independence 
environment painful, frustrating and not so congenial, posed new 
challenges to her as a gender as well as citizen of Tajikistan. Her 
upbringing and scientific temperament eased the passage of the 
transaction. 
 

IV. IDENTIFY, RESEARCH AND COLLECT IDEA 

It's the foremost preliminary step for proceeding with any 
research work writing. While doing this go through a complete 
thought process of your Journal subject and research for it's 
viability by following means: 
1) Read already published work in the same field.  
2) Goggling on the topic of your research work.  
3) Attend conferences, workshops and symposiums on the 

same fields or on related counterparts.  

4) Understand the scientific terms and jargon related to your 
research work.  
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Abstract- Kashmir’s conflict with India started immediately after 
the partition of the country in 1947.  The protest movements / 
peaceful struggle for right to Self Determination continued till 
1988-89. Thereafter resistance to Indian rule in Kashmir was 
taken up by some Muslims of the state who very often resorted to 
violent means to achieve their objective of Independence. By and 
large people supported the cause. In 1990s several mass rallies 
were conducted which led to the imposition of president’s rule. 
The government of India brought around 700,000 military and 
paramilitary troops to suppress the movement in Kashmir.  This 
all resulted in frequent curfews, crackdowns, search operations, 
arrest, torture, custodial killings, and disappearances of youth, 
firing, shelling  and the implementation of draconian laws like 
Armed Forces Special Powers Act (AFSPA), Prevention of 
Terrorist Activities (POTA) and Public Safety Act (PSA) which 
in turn gave birth to various kinds of human rights violations in 
Kashmir. 
 
Index Terms- Kashmir, Conflict, Military, Militant, Families, 
Compulsions, Employement. 
 

I. INTRODUCTION 

he armed conflict in Kashmir valley led killing and 
displacement of people, destruction of infrastructure, and 

crumbling of support systems, etc. The general consequences of 
armed conflict in Kashmir (which started in 1947)xviii are military 
harassment, deaths, human rights violation,xix loss of security, 
disrupted schooling, displacements and the like. Every section in 
the society was affected badly. The impact has put into challenge 
the major consequences for survival, development, health and 
overall well being. In this paper we will try to discuss the major 
problem faced by people like social disruption, loss of service 
access, impoverishment, civil and political violations, 
transformation in roles and responsibilities and vulnerability to 
children. 
 

II. IMPACT 

           Since 1989 when armed conflict started in the valley, 
property worth hundreds of thousands was raised to the ground 
or else destroyed. It led to social disorder, disorganization, 
educational backwardness, physical and mental health 
deterioration, mass psychological depression, mass humiliation 
and extreme helplessness and the degenerated cultural 
aggression.xx The conflict had resulted in loss of a significant 
number of people. According to conservative official estimates 
nearly 40,000 people have been killed since 1989, however 

unofficial estimates put the figure around 80,000 (half of them 
were civilians).xxi The death to family member has created a 
challenge to the family as a whole, socially as well as 
economically.xxii Most alarming aspect of the conflict is that 
prominent victims of violence during the last two decades were 
the youth. They at once become the targets, perpetrators as well 
as survivors of conflict.xxiii While their childhood was lost in the 
incidents of armed conflict, they could not be socialized in 
proper cultural and religious ethos of Kashmir.xxiv  
           During the last two decades the Kashmir society has 
scattered, leaving children either orphaned or as household 
heads.xxv The loss of a family member generated a number of 
problems which has to be reflected practically in a number of 
ways in day to day life of the leftovers. More commonly the 
widows has to be psychology under stress and economically 
dependent on the labour of their children.xxvi  
           Conflict destroys the safe environment provided by a 
house and a family, leads to inadequate nutrition, education and 
inemployment.xxvii The civic services became inaccessible. 
Education, civic amenities and health care,xxviii etc. remained 
there in name. As many as 891 schools have been destroyed 
since 1989 in Kashmir during the course of military 
confrontation.xxix Strikes, security threats, bomb blasts, arrest of 
teachers and absenteeism have left the educational performance 
and Health care facilities in the Valley paralyzedxxx on the one 
hand and on the other hand the number of patients is increasing 
constantly. A large percentage of population is on medication 
these days. In this conflict-ridden society, some dreaded disease 
could not be stopped to emerge with dangerous implications. At 
average every family on an average the conflict has rendered 
family members as patients of cardio logical, neurological, 
oncological, cancer related and other dreaded diseases.xxxi 
However, the most common disorder developed as a 
consequence of the conflict is of psychological nature. The 
number of patients who visited Srinagar’s only psychiatric 
hospital increased from 6 per day in 1990 to 250-300 in 2000 per 
day. The total number of patients rose from 1,760 in 1990 to 
18,000 in 1994, to over 50.000 in 2003.xxxii And in 2006 the 
number patients had increased to 82000.xxxiii 
           The armed conflict in the Kashmir valley has resulted in 
the impoverishment of the Kashmiri society through the channels 
of reduction of the capital, income and employment, physical 
destruction of agricultural resources, reduced investment and 
mass displacement of human resources.xxxiv In addition to falling 
within “grey zone”, death, conscription, injury, disappearance, 
curfew and other mobility restrictions have added fuel to the fire. 
Perhaps the real story of the deaths and destruction is well 
expressed in the following couplet composed by a Kashmiri 
poet.xxxv 

T
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"I cannot drink water 

It is mingled with the blood of young men who have died up in 

the mountains. 

I cannot look at the sky; It is no longer blue; but painted red.  

I cannot listen to the roar of the gushing stream 

It reminds me of a wailing mother next to the bullet-ridden body 

of her only son. 

I cannot listen to the thunder of the clouds It reminds me of a 

bomb blast. 

I feel the green of my garden has faded Perhaps it too mourns.  

I feel the sparrow and cuckoo are silent Perhaps they too are 

sad." 
 
           The impoverished families have a direct impact on their 
children in a number of ways such as compelling young kids to 
work, at the expense of their schooling, under-nourishment and 
malnutrition.xxxvi On the other side the loss of revenue from 
tourism due to the two decade long armed conflict also added in 
impoverishment of people in the valley.xxxvii Thus result in the 
overall backwardness of the valley and particularly of those 
families who are the victims of the two decade long conflict in 
Kashmir. 
           Yet another impact of the conflict is the human rights 
violations. The excessive presence of security forces on the one 
side and militants on the other side has resulted in human rights 
violations in Kashmir. Movement of both of these is 
characterized by the strain of life under constant vigilance, 
restrictions of movement, frequent harassment and intimidations 
leading to direct violation of civil and political rights. 
Meanwhile, the check points, surveillance operations, 
interrogations, search of homes and at places of work, 
restrictions on the press and other activities all have affected 
normal interactions and community life in Kashmir. 
 

III. CONCLUSION 

           In the last two decades of conflict, Kashmir has witnessed 
transformation of families and communities for survival, like 
children were employed, very often on exploitative basis and at 
hazardous occupations,xxxviii potential of youth was not properly 
cultivated for a kind of psychological fear was set permanently in 
their minds, and the net result was therefore the wastage of 
human resources. Since 1989 Kashmiris have lost in both men as 
well as material, and needed to turn to their children as an 
economic resource instead of letting them on recreation and play 
and education.xxxix  
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