
November 2012  
Online Print Version 

 
International Journal of Scientific 
and Research Publications 
 
 
 
 
  
 
 

Print Version, Volume 2, Issue 11 

November 2012 Edition 
 ISSN 2250-3153 

 
 
 
 
 
 
 
 
 
IJSRP 
www.ijsrp.org 

 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      1 

ISSN 2250-3153  

www.ijsrp.org 

 

International Journal of Scientific and Research Publications 
 

GENERAL INFORMAION: 

IJSRP, International Journal of Scientific and Research Publications publish monthly journal under ISSN 

2250-3153. 

 

ONLINE VERSION 

http://www.ijsrp.org/e-journal.html 

 

PRINT VERSION 

http://www.ijsrp.org/print-journal.html 

 

 

All the respective authors are the sole owner and responsible of published research and research papers 

are published after full consent of respective author or co-author(s). 

For any discussion on research subject or research matter, the reader should directly contact to 

undersigned authors. 

 

 

COPYRIGHT 

Copyright©2012 IJSRP.ORG 

 

All Rights Reserved. No part of this publication may be reproduced, stored in a retrieval system, or 

transmitted, in any form or by any means, electronic, mechanical, photocopying, recording, scanning or 

otherwise, except as described below, without the permission in writing of the Publisher. 

Copying of articles is not permitted except for personal and internal use, to the extent permitted by 

national copyright law, or under the terms of a license issued by the national Reproduction Rights 

Organization. 

 

All the published research can be referenced by readers/scholars/researchers in their further research with 

proper citation given to original authors.  

 

 

DISCLAIMER 

Statements and opinions expressed in the published papers are those of the individual contributors and not 

the statements and opinion of IJSRP. We assumes no responsibility or liability for any damage or injury 

to persons or property arising out of the use of any materials, instructions, methods or ideas contained 

herein. We expressly disclaim any implied warranties of merchantability or fitness for a particular 

purpose. If expert assistance is required, the services of a competent professional person should be sought. 

 

 

Contact Information: 

Editor: editor@ijsrp.org 

Website: http://www.ijsrp.org 

 

 
 

 

http://www.ijsrp.org/e-journal.html
http://www.ijsrp.org/print-journal.html
mailto:editor@ijsrp.org
http://www.ijsrp.org/


International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      2 

ISSN 2250-3153  

www.ijsrp.org 

Table of Contents 
 

Classification of Power Quality Disturbances using Features of Signals ............................................................... 7 
Subhamita Roy and Sudipta Nath ........................................................................................................... 7 

DVR Control Strategy for Dynamic Power Quality Disturbance Mitigation ....................................................... 16 

Sanjay A Deokar*, Laxman M Waghmare** ...................................................................................... 16 
Flexure of Thick Simply Supported Beam Using Trigonometric Shear Deformation Theory ............................. 25 

Ajay G. Dahake
*
, Dr. Yuwaraj M. Ghugal

**
 ........................................................................................ 25 

P-Fuzzy Algebra with Congruence Class ............................................................................................................. 33 
G.Nirmala

1
, S. Priyadarshini 

2
 ............................................................................................................... 33 

Environmental awareness among senior secondary students of Maheshwar and Mandleshwar, Dist.-Khargone 

(M.P.) .................................................................................................................................................................... 36 
Dr. Shri Krishna Mishra ........................................................................................................................ 36 

Phenology of Some Broad Leaved Kharif Weeds of Alluvium Zone of West Bengal ........................................ 39 

Dr. Ashim Chakravorty and Dr. P.D. Ghosh ....................................................................................... 39 
Inclusion of e-Assist to increase Agile Adoption ................................................................................................. 44 

Radha Shankarmani
1
, Dr. S. S. Mantha

2
, Dr. Vinaya Babu

3
 ............................................................. 44 

Will climate change pose serious threat to crop pest management: A critical review? ........................................ 51 
Babasaheb B. Fand

1
, Ankush L. Kamble

2
 and Mahesh Kumar

3
 ....................................................... 51 

Gender Mainstreaming in Water Management ..................................................................................................... 66 
Goutam Sadhu

*
, Nayan Chakravarty

**
 ................................................................................................ 66 

Stakeholders’ Analysis: A Proposed Model for Libyan Chemical and Petrochemical Industries ....................... 75 

Milad Abdelnabi Salem, Dr. Norlena Hasnan and Dr. Nor Hasni Osman ....................................... 75 
Maternal and Environmental Factors Affecting the Nutritional Status of Children in Mumbai Urban Slum ...... 81 

Saiprasad Bhavsar
*
, Mahajan Hemant

**
, Rajan Kulkarni

***
 ............................................................. 81 

TPM Implementation in a Food Industry-A PDCA Approach ............................................................................. 90 

P.K.Suresh ............................................................................................................................................... 90 
Time Measurement and new theories in a Clepsydra-Driven World ................................................................... 99 

Allan Zade................................................................................................................................................ 99 
Hamiltonian Fuzzy Cycles on K 2n+1 Fuzzy Graph .......................................................................................... 103 

Dr.G.Nirmala
*
, M.Vijaya

 **
 .................................................................................................................. 103 

Power Quality Improvement in a PMBLDCM Drive Using a forward Buck Converter ................................... 109 
T.Venkateswara Rao, B.Mahesh Babu ............................................................................................... 109 

Studies on Phytoplankton Diversity of Bay of Bengal at Puri Sea-Shore in Orissa ........................................... 118 

Suchismita Mohapatra And A.K.Patra
*
 ............................................................................................. 118 

Human Development and Economic Growth: A Case Study on Traditional Assamese Fisherman of Niz-Saldah 

village, Sarthebari Revenue Circle, Barpeta District, Assam ............................................................................. 125 
Swarup Jyoti Baishya ........................................................................................................................... 125 

The Effectiveness of Computer Assisted Instruction in Teaching Arithmetic ................................................... 130 
Pramila Ramani

*
, Harsha Patadia

**
 ................................................................................................... 130 

Polymorphisms of Calpain 10 (Capn10) In Type 2 Diabetes Mellitus – A Review........................................... 139 

Resal Raj, Pramod W Ramteke ........................................................................................................... 139 
Microabrasive Technology for Minimal Restorations ........................................................................................ 143 

Dr. Vipin  Arora
*
, Dr. Pooja Arora 

**
, Dr. S.K. Jawa

***
 ................................................................... 143 

A Notational Composition of Bird Species of Nilgiri Western Slope Forests - A Paradise of Avifauna in the 

Southern Western Ghats ..................................................................................................................................... 150 
M. G.Sanalkumar, S.Nandakumar, S.Vaisakh, R.S.Balamurali and S. Sankar ............................. 150 

Seasonal Variations in the Zooplankton Diversity of River Achencovil ............................................................ 152 
Reeja Jose, M.G. Sanalkumar ............................................................................................................. 152 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      3 

ISSN 2250-3153  

www.ijsrp.org 

Bi-Seasonal Variation in the Piscian Diversity In Relation To Physico-Chemical Parameters of Pallickal River- 

Kerala, India ........................................................................................................................................................ 157 

V. Jayalekshmy and M.G. Sanalkumar .............................................................................................. 157 
Effect of Supplementation of Drumstick (Moringa Oleifera) and Amaranth (Amaranthus Tricolor) Leaves 

Powder on Lipid Profile in Postmenopausal Women ......................................................................................... 162 
Shalini Kushwaha

1
, Paramjit Chawla

2
 and Daljit Singh Khurana

3
 ................................................ 162 

A Study of Changing Urban Landscape and Heat Island Phenomenon in Guwahati Metropolitan Area .......... 169 
Monjit Borthakur

1
, Bhrigu Kr. Nath

2
................................................................................................. 169 

Classification and Aanalysis of clone attack detection procedures in mobile wireless sensor networks ........... 175 
M.H Ansari

*
, V. TabatabaVakily

*
 ....................................................................................................... 175 

Joompondej Bamrungwongtaree
*
, Mongkol Mongkolwongrojn

**
 .................................................. 182 

Design and Implementation of CPLD based Solar Power Saving System for Street Lights and Automatic Traffic 

Controller ............................................................................................................................................................ 193 
Dr. D. Asha Devi 

*
, Ajay Kumar .Y.L 

**
 ............................................................................................. 193 

Synthesis Characterization and Biological Studies of Novel Isonitroso Phenyl 2 Propanone and it’s complexes 

with Cu(II), Ni(II) and Co(II) ............................................................................................................................. 197 
N.V.Saraf

1
, R.D.Raut

2
,  M.D.Choudhary

3
 .......................................................................................... 197 

Study the effect of temperature and substarate concentration on the rate of hydrolysis of 2 ethyl-6-methyl anline 

phosphate monoester ........................................................................................................................................... 202 

Raut R. D
1
, Ridhorkar B. D

2
, Gholse S.B.

3
 ......................................................................................... 202 

Assessment of Awareness about HIV/AIDS and Operationalization of Interventions in Rural Population of 

Raigad District, India .......................................................................................................................................... 205 

Sachin Solat
*
, GD Velhal

**
, Hemant Mahajan

***
, Amrita Rao

****
, Bhuwan Sharma

*****
 .............. 205 

Cellulolysis: A transient property of earthworm or symbiotic/ingested microorganisms? ................................ 219 

Ms Shweta, PhD .................................................................................................................................... 219 
Application of ETL Tools in Business Intelligence ............................................................................................ 226 

Nitin Anand ........................................................................................................................................... 226 
The Epistemological concept of the True Space-Velocity Detector ................................................................... 230 

Allan Zade.............................................................................................................................................. 230 
Investigating the Dissimilar Weld Joints of AISI 302 Austenitic Stainless Steel and Low Carbon Steel ......... 247 

R.K Rajkumar*, Fatin Hamimi**, Nachimani Charde* .................................................................. 247 

Occurrence of Pseudophyllid Cestode, Senga maharashtrii  n.sp. in Mastacembellus armatus from 

Chandrabhaga River at Daryapur in Maharashtra .............................................................................................. 252 

B.W. Sawarkar ...................................................................................................................................... 252 
Automatic Speed Control of Single Phase Induction Motor with the Variation of Ambient Temperature ........ 255 

Rabisankar Roy
1
, Susmita Das

2
, Jayanta Kumar Ray

3
, Shreyashi Barat

4
, Biswarup Neogi

5
 ....... 255 

Fingerprint Verification of ATM Security System by Using Biometric and Hybridization .............................. 259 
Pramila D. Kamble, Dr.Bharti W. Gawali ......................................................................................... 259 

Spatio-temporal SPOT VGT image analysis for crop mapping in India ............................................................ 262 

Avadhesh Kumar Koshal ..................................................................................................................... 262 
A Study of My Own Idea and Curiosity in Teaching of Pre Service Teachers of Middle Level ....................... 272 

Dr. Shri Krishna Mishra
*
, Mr. Badri Yadav

**
 ................................................................................... 272 

Static Deformation Due To Long Tensile Fault Embeded in an Isotropic Half-Space in Welded Contact with an 

Orthotropic Half-Space ....................................................................................................................................... 283 
Meenal Malik

*
, Mahabir Singh

**
 and Jagdish Singh

***
 .................................................................... 283 

Out Put Characteristics (Id–Vd) &A Numerical Modeling (3-D) of a GaAs MESFET as photo detector ........ 295 
Sanjay.C.Patil

*
, B.K.Mishra

**
 .............................................................................................................. 295 

Ethano-Medicinal use of Plants Belonging to Families Fabaceae and Solanaceae, Hamirpur District (H.P.) ... 303 
Seema Devi*, Dr. AK Gupta**, Meenu Singh** ............................................................................... 303 

Inhibitory Effect of E-RH-06 on HDM-induced Secretion of IL-6 and IL-8 in rhinitis ..................................... 308 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      4 

ISSN 2250-3153  

www.ijsrp.org 

Dr. Shalini Srivastava
*
 and Dr. Sachin R. Dighe

**
 ............................................................................ 308 

MPLS Architecture for evaluating end-to-end delivery ..................................................................................... 314 

Nikita Wadhera ..................................................................................................................................... 314 
Regression Analysis and Optimization of Material Removal Rate on Electric Discharge Machine for EN-19 

alloy steel ............................................................................................................................................................ 321 
Manish Vishwakarma*

1
, Vishal Parashar*, V.K.Khare* ................................................................. 321 

The Effects of Macroeconomic Factors on Stock Return of Energy Sector in Shanghai Stock Market ............ 326 
Bing Zhu ................................................................................................................................................ 326 

The Relationship between Communication Satisfaction and Performance Indicators in Palestinian 

Governmental Organization ................................................................................................................................ 331 
Alaedin Khalil Alsayed

*
, Mohammad Hossein Motaghi

**
, Intan Binti Osman

***
 .......................... 331 

The Use of the Multifactor Leadership Questionnaire and Communication Satisfaction Questionnaire in 

Palestine: A Research Note ................................................................................................................................. 340 
Alaedin Khalil Alsayed

*
, Mohammad Hossein Motaghi

**
, Intan Binti Osman

***
 .......................... 340 

Load Flow Analysis on IEEE 30 bus System ..................................................................................................... 349 
Dharamjit

*
, D.K.Tanti

**
 ....................................................................................................................... 349 

An Input-Output Analysis to Estimate Embodied Energy of Goods .................................................................. 355 

Sudhakar Jain ....................................................................................................................................... 355 
An Analytic Hierarchy Process Modeling for Technological Innovation Capability Appraisal for Thai 

Automotive Part firms......................................................................................................................................... 367 
Detcharat Sumrit

*
, Pongpun Anuntavoranich

*
 ................................................................................. 367 

Figure 4: Comparison of each TICs appraisal criteria among three companies ................................................. 374 

Improve Fuzzy-PSO PID Controller by Adjusting Transfer Function Parameters ............................................ 381 
Abdullah J. H. Al Gizi *, M.W. Mustafa** ........................................................................................ 381 

Environmental Restoration around the Rihand Dam .......................................................................................... 386 
Sandeep K. Shukla

1
 and Devendra N. Pandey

2
 .................................................................................. 386 

Companies in the cloud: Cloud Computing ........................................................................................................ 392 
Jyoti Rathee

*
,  Tamanna

**
,  Nitin Nara

***
 .......................................................................................... 392 

Comparative Study of Basaltic and Granitic Aquifers of Dharmabad Taluka of Nanded District, Maharashtra 

from Groundwater Quality Perspective .............................................................................................................. 397 
Shivshankar Sangole, Balasaheb Deshmukh and D. B. Panaskar ................................................... 397 

Condition Monitoring of Induction Motor Ball Bearing Using Monitoring Techniques ................................... 406 
B.Hulugappa

*
 , Tajmul Pashab

**
, Dr.K.M.Ramakrishnac

***
 ........................................................... 406 

Application of RS & GIS in Flood Management - A Case Study of Mongalkote Block, Burdwan, West Bengal, 

India .................................................................................................................................................................... 414 

Kartic Bera, Moumita Pal & Dr. Jatisankar Bandyopadhyay ......................................................... 414 
Enhancing Cache Performance Based on Improved Average Access Time ...................................................... 418 

Sheshappa S.N.¹, Ramakrishnan K.V.² and G. Appa Rao³ ............................................................... 418 
New Algorithm for Optimized Cluster Heads with Failure Detection and Failure Recovery to Extend Coverage 

of Wireless Sensor Network ............................................................................................................................... 424 
Abdo Saif Mohammed

*
, M.N.Shanmukhaswamy

**
 ........................................................................... 424 

An Information Retrieval Method for Digitally Communicated Datasets to Address High Recall Requirements

............................................................................................................................................................................. 428 
Venkata Krishna Kota and Umamaheswaran S ................................................................................ 428 

Esthetic Rehabilitation of a Crown Fracture with Glass-Fibre-Reinforced Posts: A Case Report ..................... 432 
Dr Patil Anil

*
, Dr Aparadh Aparna

 **
 ................................................................................................. 432 

Fuzzy C- Means Algorithm- A Review .............................................................................................................. 440 
R.Suganya, R.Shanthi ........................................................................................................................... 440 

Urinary Placental Growth Factor: A Promising Marker for Screening Preeclampsia ........................................ 443 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      5 

ISSN 2250-3153  

www.ijsrp.org 

Betsy Varughese
*
,  Rajesh Kumar 

**
,  Neerja Bhatla 

***
,  S.N Dwivedi 

****
,  Manoj Dhingra

*****
,  

Renu Dhingra
*
 ....................................................................................................................................... 443 

Tolerance Ring Improvement for Reducing Metal Scratch ................................................................................ 450 
Pattaraweerin Woraratsoontorn*, Pitikhate Sooraksa** ................................................................. 450 

Effect of Kappa Distribution with General Loss Cone Distribution Function on EMIC Waves in Magneto-

Plasma ................................................................................................................................................................. 455 

G. Ahirwar ............................................................................................................................................. 455 
Alfven Waves in the Presence of Parallel Electric Field in Saturn’s Magnetosphere-Particle Aspect Approach

............................................................................................................................................................................. 460 
G. Ahirwar ............................................................................................................................................. 460 

Composite Material: A Review over Current Development and Automotive Application ................................ 463 

G.V.Mahajan
*
, Prof. V. S. Aher

**
 ........................................................................................................ 463 

A Survey on need for Semantic web................................................................................................................... 468 
Jenice Aroma R

*
, Mathew Kurian

*
 ..................................................................................................... 468 

Monopole Slotted Patch Antenna for Microwave Communication .................................................................... 472 

Bipa Datta
1
, Arnab Das

2
, Samiran Chatterjee

3
, Moumita Mukherjee

4
, Santosh Kumar 

Chowdhury
5
 ........................................................................................................................................... 472 

Role of Innovation in Business - Delivery of “Social Security Pensions” by Innovative Method of Electronic 

Money Order ....................................................................................................................................................... 480 

Maazuddin Khan
*
, Dr. L.Vijayashree

**
 .............................................................................................. 480 

Appraisal of Patient Satisfaction in Shija Hospital and Research Institute, Manipur, North-East India ............ 482 
Nandita Laishram

*
, Dr. Robita Sorokhaibam

**
 ................................................................................. 482 

Gain Optimization of EDF Optical Amplifier by Stages Enhancement and Variation in Input Pumping Power

............................................................................................................................................................................. 486 

Sunil Kumar Panjeta
1
, Onkar Chand

2
, Danvir Mandal

3
 .................................................................. 486 

Dignity and Professional Interest of B.Ed. Teacher Trainees ............................................................................. 491 

V.Sasikala .............................................................................................................................................. 491 
M.Sc, M.Ed,M.Phil (Ph.D in Education) ............................................................................................ 491 

Islamic Finance: Study, Analysis and Impact on the World Academia in the Present Century ......................... 494 
Dr.Showkat Hussain ............................................................................................................................. 494 

Implementation of Spark Cluster Technique with SCALA ................................................................................ 499 

Tarun Kumawat
1
,  Pradeep Kumar Sharma

2
, Deepak Verma

3
, Komal Joshi

4
, Vijeta Kumawat

5

................................................................................................................................................................. 499 

Provenance and Tectonic Setting of Late Archaean Greywackes from Dharwar Craton: Karnataka, India ...... 504 
R.Y.Budihal, G.S.Pujar ........................................................................................................................ 504 

Design of Sample & Hold Circuit ....................................................................................................................... 512 
Amit Rajput, Seema Kanathe .............................................................................................................. 512 

Adaptive PID Controller Based on Real Base Function Network Identification, and Genetic Algorithm in 

Automatic Voltage Regulator System ................................................................................................................ 515 

M.W. Mustafa*, Abdullah J. H. Al Gizi1* ,Malik A. Alsaedi** ...................................................... 515 
Development of Natural Language Processing Library in Nemerle using Dotnet Framework .......................... 526 

Animesh Pandey*, Siddharth Shrotriya** ......................................................................................... 526 

Strength of Cations in Different types of N-Containing bases ........................................................................... 532 
G.Ravi

*
, Prof.A.Ravinder Nath

*
, Jampaiah Amanaganti

*
, Ch.Sathish Kumar

**
 ........................... 532 

Detecting Forgery in Duplicated Region using Keypoint Matching .................................................................. 537 
N. Suganthi* , N. Saranya**, M. Agila*** ......................................................................................... 537 

Congenital Granular Cell Epulis (Neumann’s Tumour): A Rare Case Report ................................................... 542 
Nilam Ahire* ,  N. V. Dravid* , Smita Pawar* , D.V. Newadkar* , Rajesh Oswal** .................... 542 

Novelist Margaret Mitchell’s Role as Reporter: A Case Study .......................................................................... 545 
Rabia Noor ............................................................................................................................................. 545 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      6 

ISSN 2250-3153  

www.ijsrp.org 

A Study on Efficiency of Water Use for Paddy and Banana and the Relationship between the Characteristics of 

the Respondents .................................................................................................................................................. 553 

Darling.B.suji
*
 and J.Vasanthakumar

**
 ............................................................................................. 553 

A Review on Stress Analysis of an Infinite Plate with Cut-outs 

Patel Dharmin
 *

, Panchal Khushbu
**

, Jadav Chetan
 **

 ..................................................................... 558 
Intrusion Detection: An Energy Efficient Approach in Heterogeneous WSN ................................................... 565 

Pankaj Kumar Srivastava
*
, Priyanka Rai

**
, Upama Singh

***
 .......................................................... 565 

Resource Reservation In Advance ...................................................................................................................... 570 
Aware Sachin Bhaskarrao ................................................................................................................... 570 

Reduction of Mimicry Attacks on Host -Based Intrusion Detection System using Argument Abstraction....... 574 
M.Lakshmi Deepthi, Dr.N.Kumarathan............................................................................................. 574 

Relationship of Selected Kinematics Variables with the Performance of Back Court Spike in Volleyball ....... 580 
Mr.Harish Kumar Tiwari .................................................................................................................... 580 

Studies on the Effect of Feed Gas Temperature on Ranque-Hilsch Vortex Tube .............................................. 585 

Rajarshi Kar, Oindrila Gupta, Mukunda Kumar Das ..................................................................... 585 
Automatic Adaptive Image Enhancement Algorithm in the Field of Medical science ...................................... 594 

Abhijeet Ranjan
*
, Chetan Toshniwal

**
, Aman Kumar

*
 .................................................................... 594 

Influence of Study Skills and Academic Achievement of B.Ed. Teacher Trainees ........................................... 597 
V.Sasikala .............................................................................................................................................. 597 

Advanced Technique to Improve Dynamic Response of a Direct Torque Controlled Induction Motor ............ 600 
Alekya N, Mohan B ............................................................................................................................... 600 

An Approach to Increase Customer Retention and Loyalty in B2C World ....................................................... 606 

Roopa Singh, Imran Akhtar Khan ...................................................................................................... 606 
 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      7 

ISSN 2250-3153  

www.ijsrp.org 

Classification of Power Quality Disturbances using 

Features of Signals 

Subhamita Roy and Sudipta Nath 

 
Department of Electrical Engineering, Netaji Subhash Engineering College, Garia, Kolkata-700152, India. 

 

 
Abstract- This paper proposes a power quality disturbance 

classification technique based on the energy of the distorted 

signals. The multi-resolution analysis technique of DWT is 

employed on the distorted signals to extract the energy 

distribution features at different levels of resolution. To identify 

the different power quality disturbances the energy difference at 

each decomposition level is calculated with respect to the energy 

of the pure sinusoidal signal. Then probabilistic neural network is 

applied to classify the power quality disturbances. The 

simulation results validate the accuracy and efficiency of the 

proposed method. 

 

Index Terms- Power Quality, Wavelet Energy, Probabilistic 

Neural Network. 

 

I. INTRODUCTION 

oor quality of electric power is normally caused by power 

line disturbances, such as impulses, notches, glitches, 

momentary interruption wave faults, voltage sag, swell, harmonic 

distortion and flicker resulting in misoperation or failure of end 

use equipment.  A feasible approach needs to be introduced [1] 

so that the signals of interest will be recognized, captured and 

classified automatically. Poor power quality may cause many 

problems that affect the load such as malfunction, instability, 

short lifetime and so on. According to the survey by IEEE 

Transactions on Industrial Applications, power quality 

disturbances lead to losses of $4 billion to $10 billion in the USA 

alone [2]. Therefore, the research of power quality issues has 

captured ever increasing attention in the power engineering 

society. 

        The wavelet transform can be used to detect power quality 

problems and identify their occurrences in terms of time, 

generating data in both time and frequency domains via 

multiresolution analysis. Fourier transform can be used with 

wavelet transform to extract unique features that characterize 

power quality events from voltage or current waveforms [3].  

These features are important to assist power engineers in 

pinpointing the cause of a disturbance event. Among various 

power quality assessment methods, one of the important 

methodologies is disturbance classification. A novel power 

disturbance classifier using a rule based method and a wavelet 

packet based hidden Markov model has been presented in [4]. 

This method classified six types of actual recorded power quality 

disturbances. Another novel approach for the classification of 

power quality disturbances based on inductive learning by using 

decision trees has been presented in [5]. The wavelet transform 

has been utilized to produce representative feature vectors that 

can capture the unique and salient characteristics of each 

disturbance. A new fast processing method based on 

mathematical morphology theory combined with threshold 

theory is proposed in [6] to denoise and locate the disturbance of 

the power quality signals corrupted by noise. Wavelet transform 

can be used in conjunction with Kalman filter for online real-

time detection and classification of voltage events in power 

systems [7]. Wavelet analysis has been used for detection and 

estimation of the time related parameters of an event and the 

extended Kalman filtering is used for confirmation of the event 

and for computation of the voltage magnitude during the event. 

        A lot of research works have been carried out in the 

classification of power quality events using intelligent techniques 

including rule based fuzzy expert system [8]. The authors in [9] 

proposed the design of a tool to quantify power quality 

parameters using wavelets and fuzzy set theory. Wavelet 

transform extracts features of power quality events and fuzzy 

classifiers classify events using these features. A wavelet based 

fuzzy reasoning approach to power quality disturbance 

recognition and identification has been presented in [10]. To 

extract power quality disturbance features the energy distribution 

of the signal at each wavelet decomposition level is considered. 

A hybrid technique for characterizing power quality disturbances 

based on discrete wavelet transform and Kalman filter for 

extracting features from the captured distorted waveform has 

been discussed in [11]. The fuzzy expert system has been used to 

characterize the power quality events in the captured waveform.      

        Artificial neural network can be used to solve power quality 

problems particularly when traditional approaches have difficulty 

in achieving the desired speed, accuracy and selectivity. It also 

plays a vital role in classification of faults [12]. The concept of 

discrete wavelet transform for feature extraction of power 

disturbance signal combined with artificial neural network acts as 

a powerful tool for detecting and classifying power quality 

problems [13, 14]. An effective wavelet based feature extraction 

method for classification of power quality disturbances is 

presented in [13]. The detection and classification of transient 

signals are widely applied in many fields of power system. 

Power system transients can also be classified using wavelet and 

neural network [16, 17].  A neural fuzzy technology based 

classifier for the recognition of power quality disturbances have 

been proposed by the authors in [18]. The classifier adopts neural 

networks in the architecture of frequency sensitive competitive 

learning and learning vector quantization. A wavelet based 

feature extraction method for classification of power quality 

disturbance signals have been presented in [19]. In [20] the 

wavelet transform and multiresolution analysis technique have 

been employed to detect and locate disturbances. In order to 

classify these disturbances an algorithm grouped them into 

P 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      8 

ISSN 2250-3153  

www.ijsrp.org 

classes by applying artificial neural network resulting in a hybrid 

system. More recently S-transform has been proposed in power 

quality analysis to overcome the drawbacks of the wavelet 

transform [21]. S-transform based neural network classifier can 

effectively detect and classify different power quality events [22] 

and [23].  

        In this paper different stationary and nonstationary power 

quality disturbances such as sag, swell, interruption, flicker, 

oscillatory transient, harmonic, sag with harmonic, swell with 

harmonic, notch and spike are considered for pattern recognition 

and classification. The distorted signals are analyzed by db4 

mother wavelet upto 12 levels of decomposition. The energy 

values of all the detail levels are given as input to the neural 

network.  

 

 

II. WAVELET TRANSFORM 

            Wavelet transform is used as a feature extraction tool to 

identify power quality disturbances. It finds applications in 

different areas of engineering due to its ability to analyze 

stationary and non-stationary disturbances in signals. The major 

advantage of this method includes two aspects; the first one is 

that it can significantly reduce the dimensionality of the analyzed 

data for i levels of decomposition. The second advantage is that 

this method keeps all the necessary characteristics of the original 

waveform for analysis. 

 

The basic formula for continuous wavelet transform is 

dt
s

t

s
tfsW 







 
 






 *1

)(),(

                             (1) 

 

where ψ(t) is the mother wavelet. The transformed signal is a 

function of two variables, translation ( ) and scale (s).
s

1

  is 

called the normalization factor.  Analysis of a signal at different 

frequencies with different resolution is called Multi Resolution 

Analysis. Here every spectral component is not resolved equally. 

MRA is designed to give good time resolution and poor 

frequency resolution at high frequencies and good frequency 

resolution and poor time resolution at low frequencies. This 

approach makes sense especially when the signal at hand has 

high frequency components for short duration and low frequency 

components for long duration.  

    

2.1 Theory of Discrete Wavelet Transform (DWT)           
            Calculation of wavelet coefficients at every possible scale 

is a fair amount of work and it generates a lot of data. The 

analysis becomes more efficient and very accurate if we choose 

scales and positions based on powers of two which are called 

dyadic scales and positions. We obtain such an analysis from the 

discrete wavelet transform. For most of the signals the low 

frequency content is the most important component which gives 

the signal its original identity. The high frequency component 

imparts flavor or nuance. We identify the high frequency 

component by ‘details’ and low frequency component by 

‘approximations’. The details are the low scale high frequency 

components and the approximations are the high scale low 

frequency component. The original signal ‘S’ passes through two 

complementary filters and emerges as two signals as shown in 

figure 1. But unfortunately if we perform this operation on a real 

digital signal then if original signal ‘S’ contains 1000 samples of 

data, each of approximation and detail will contain 1000 

samples, for a total of 2000. To overcome this problem the 

notion of down sampling is introduced. This simply means 

throwing away every second data point resulting in 500 samples 

of data for each of approximation and detail as shown in figure 2.  

 

 

 

 

 
Figure 1: Approximation and detail containing 

Figure 2: Approximation and detail twice the data as the 

original one using notion of down sampling 

 

            Figure 3 shows a one stage discrete wavelet transform of 

a signal. The signal under consideration is a pure sinusoid with 

high frequency noise added to it. The decomposition process can 

be iterated, with successive approximations being decomposed in 

turn so that one signal is broken down into many lower 

resolution components. This is called wavelet decomposition tree 

as shown in figure 4.  
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Figure 3: Decomposition of signal with high frequency noise 

 

 
Figure 4: Multilevel decomposition 

 

       Since the analysis process is iterative, theoretically it can be 

continued indefinitely. In reality the decomposition can proceed 

only until the individual details consist of a single sample. In 

practice a suitable number of levels are selected based on the 

nature of the signal or on a suitable criterion like entropy.  

 

2.2 DWT for Feature Extraction   

       The major power line disturbances are sag, swell, harmonics, 

flicker, interruption, harmonics with swell, harmonics with sag, 

notch, oscillatory transient and spike. In this paper these power 

quality disturbance signals are generated by using the algebraic 

equations given in table I. The advantage of using algebraic 

equations is that it introduces the flexibility of covering a wide 

range of parameters. 

       In this section wavelet transform is used for feature 

extraction of different power quality disturbances. The signals 

are decomposed in 12 levels by DWT. The Daubechies 4 wavelet 

function is adopted as mother wavelet. The energy of detail 

coefficients at each level of the decomposed signals is calculated. 

Those energy values are used to calculate the energy difference 

values.  

       To calculate the minimum decomposition level, the level 

where the maximum energy deviation can be achieved with 

respect to the reference signal is required. On the basis of that 

number of decomposition level is required to specify.  

       The procedure for the determination of the minimum level of 

decomposition has been discussed by authors in [2]. If fs is 

sampling frequency and fref is the frequency of the reference 

signal then 

)(log1)(log 22

ref

S

ref

S

f

f
N

f

f


                      (2)    

where  fs = 5KHz and fref =50Hz.                                       

 

From Eq.2 we get 5.64 < N < 6.64                            (3)  

Hence N can be considered as 6.           

Now Nmin = 2*N                                                        (4)                                                                                                                                                      

Therefore we get N min = 2 * N =2*6= 12.  

 

       Hence we have chosen 12 levels of decomposition and the 

maximum deviation is at 6
th

 level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table I: Different types of Power Quality Disturbances 

 

DISTURBANCES 

 

EQUATION  

 

PARAMETERS 

Pure 

 

   y(t)=   

Sag 

 

     
 Swell 
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III. NEURAL NETWORK 

        A neural network is a system composed of many simple 

processing elements operating in parallel whose function is 

determined by network structure, connection strengths, and the 

processing performed at computing elements or nodes. Artificial 

neural networks offer a completely different approach to problem 

solving. An artificial neural network is a model built through 

learning from a number of examples of this behavior. It 

transforms the given data pertaining to a problem into a model or 

predictor, and then applies this model to the present data to 

obtain an estimate. Following are some of the advantages of 

neural networks:  

 

 Ability to account for complex functional dependency. 

 One goes straight from the data to the model without 

simplification or questionable interpretation.  

 No conditions on the predicted variable. 

 Insensitivity to (moderate) noise or unreliability in the 

data. 

 The final model is continuous and derivable and lends 

itself easily to further work. 

 Speed: 10 microseconds when hardwired, a few 

milliseconds on a 1 GHz computer. 

 

        Probabilistic neural networks (PNN) are a kind of radial 

basis network suitable for classification problems and the 

architecture is feed forward in nature. PNN is supervised learning 

algorithm but includes no weights in its hidden layer. Instead 

each hidden node represents an example vector, with the example 

acting as the weights to that hidden node. Figure 5 illustrates a 

sample PNN structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5:  Architecture of PNN 

 

        Basically, PNN consists of an input layer, which represents 

the input pattern or feature vector. The input layer is fully 

interconnected with the hidden layer, which consists of the 

example vectors. The actual example vector serves as the weights 

as applied to the input layer. The output layer represents each of 

the possible classes for which the input data can be classified. 

The hidden layer is not fully interconnected to the output layer. 

The example nodes for a given class connect only to that class's 

output node and none other. The other important element of the 

PNN is the output layer and the determination of the class for 

which the input layer fits. This is done through a winner-takes-all 

approach. The output class node with the largest activation 

represents the winning class.  

        In PNN algorithm, calculating the class-node activations is a 

simple process. For each class node, the example vector 

activations are summed, which are the sum of the products of the 

example vector and the input vector. The hidden node activation, 

shown in Eq. 5 is simply the product of the two vectors (E is the 

example vector, and F is the input feature vector). 

FEh ii                                          (5)     

 

High frequency 

signal 

 

(t)=  

 

 
  

Flicker 

 
  

 Interruption 

 
  

 High frequency 

with swell 

 

   

 

 
0.  1 , 

 T  

 High frequency 

with sag 

 

 

 

 
0.1  

 Spike 

 

  

 

 

0  
Oscillatory 

transient 

 

 

 

 

 
 

Notch 
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The class output activations are then defined as 

N

e

C

N

i

h

j

i






 1

1
2

                                                                       (6)  

             

        where N is the total number of example vectors, hi is the 

hidden-node activation and γ is a smoothing factor. The 

smoothing factor is chosen through experimentation. If the 

smoothing factor is too large, details can be lost; again if the 

smoothing factor is too small, the classifier may not generalize 

well. In this paper PNN has been considered for the classification 

of power quality disturbances.  

 

IV. METHODOLOGY 

The inputs to the neural network are the preprocessed distorted 

signal. Discrete wavelet transform is applied to the signal to 

extract the energy features. Feature extraction is the key for 

recognizing the exact nature of the disturbance present in the 

signal. A feature extractor should reduce the pattern vector 

(original waveform) to a lower dimension which contains most 

of the useful information from the original vector.  

        In this paper db4 mother wavelet has been considered to 

decompose the signals considering the sampling frequency to be 

5 kHz. The minimum level of decomposition is found to be 12. 

The energy of the detail coefficients at each decomposition level 

i.e. d1 to d12 is calculated and it is divided by the energy of the 

original signal. The energy at detail level i is calculated 

according to the following formula: 

 

Energy =
2

2

))((

))((
*100

k

i

xnorm

Dnorm

                (7) 

 

where Di is the detail wavelet coefficient at level i and xk  is the 

amplitude of the signal at kth sampling instant. 

 

Norm Di = 


2

ijD
,   j = 1, 2, ……, m                       (8) 

 

where m is the total number of ith detail level coefficients. 

Norm xk = 
 2

kx
,  k = 1, 2, ……………, n.                 (9) 

 

        where n is the total number of samples in the signal. As the 

sampling frequency is 5000Hz and the total duration of the signal 

considered is 1 sec the total number of samples is 5000.  

        A pure sinusoidal signal at 50 Hz. is considered as reference 

and the energy of the pure signal at all the 12 levels of 

decomposition are calculated according to the formula given in 

Eq. 7. Hence if Epure is the energy of the signal then 

 

Epure = [E1pure, E2pure,        , E12pure]            (10) 

If Esignal is the energy of the distorted signal then 

 

Esignal = [E1signal, E2signal,        , E12signal].                     (11) 

puresignal EEE 
                                               (12) 

 

        The resultant feature vector ΔE obtained by subtracting the 

detail energy values of the distorted signal at each level from that 

of the pure signal is considered as the input to the artificial neural 

network. Probabilistic neural network model is considered for 

classification since the learning speed of this model is very fast 

making it suitable for signal classification problems in real time.    

 The authors in paper [2] have used the energy of the detailed 

information for pattern recognition of the signals. They have not 

considered the per unit energy values. In this paper the energy 

refers to the per unit energy value contained in the detail level of 

a particular distorted signal. The advantage of considering per 

unit values is that the per unit energy being of lower order can be 

easily handled using digital computer. Hence the computational 

effort is much reduced. 

 

V. PATTERN RECOGNITION OF POWER QUALITY 

DISTURBANCES    

        Different types of power quality disturbances are considered 

for pattern recognition and the signals are generated in 

MATLAB. Table I gives the signal generation models and their 

control parameters. Using the parameters given in Table I the 

training and testing signals can be generated in a wide range and 

the signals thus simulated are very close to the real situation. 

Sampling frequency of the signals is 5 kHz. The total simulated 

time is 1second and fifty power frequency cycles is considered. 

The energy difference values of each power quality disturbances 

are plotted considering energy difference values in y axis and 

number of decomposition levels in x axis.  

 

5.1 Energy Pattern for Signal with Sag and Interruption  

 

 

 
Figure 6:  Signals with (a) sag and (b) interruption 

 

        Figure 6 represents pure sine wave with sag and 

interruption. Figure 7 represents the energy difference values for 

different sag and interruption signals. It shows negative 

deviations at 6
th

, 7
th

 and 11
th

 levels. 6
th

 level shows the maximum 

deviation.  

(a) 

(b

) 
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Figure 7:  Energy difference patterns for different signals 

with sag and interruption 

     

5.2. Energy Pattern for Signal with Swell 

 

 
Figure  8:  Signal with voltage swell 

 

        Figure 8 shows a pure sine wave with swell. The energy 

difference patterns are given in figure 9. It represents the positive 

deviations at the levels of 4, 5, 6, 7 and negative deviation is at 

11
th

 level.      

 

 
Figure 9: Energy difference patterns for signal with swell 

 

5.3. Energy Pattern for the harmonics and harmonics with 

amplitude deviations 

        Signal with harmonics, harmonics with swell and harmonics 

with sag is shown in figure 10. Figure 11 shows the energy 

difference patterns. Energy difference values show the pattern 

where the positive deviations are at 4
th

, 5
th

 and 11
th

 level and 

negative deviations are at 6
th

 and 7
th

 levels for the signal with 

harmonics and harmonics with amplitude deviations.  

 

 

 

 

 

 

 

 

 

 

 
Figure 10. (a) Harmonic signal (b) harmonics with swell (c) 

harmonics with sag 

 

 
Figure 11:  Energy difference patterns for harmonics, 

harmonics with swell, and harmonics with sag 

 

5.4. Energy pattern for flicker 

 
(a) 

 

 
(b) 

 

Figure 12:  (a) Flicker and (b) Energy difference patterns for 

flicker 

 

        Figure 12 (a) shows a signal with flicker and the 

corresponding energy difference pattern for flicker is given in 

figure 12 (b). Flicker of frequency greater than 13 Hz shows the 

positive deviations are at 3
rd

, 5
th

 and 7
th

 levels and negative 

(a) 

(b

) 

(c) 
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deviations are at 6
th

 and 11
th
  levels.  The flickers with the 

frequency less than 13 Hz shows the negative deviation 7
th

  level.  

 

5.5. Energy pattern for notch 

 

 
(a) 

 

 
(b) 

 

Figure 13:  (a) Notch and (b) Energy difference patterns for 

different signals with notch 

 

        A signal with notch and its energy difference pattern is 

given in figure 13 (a) and figure 13 (b) respectively. When the 

notch occurs for 3 samples or more than that, it shows negative 

deviations at 6
th

, 7
th

 and 11
th

 levels. For the signals with notch for 

brief period of time i.e. less than 3 samples give the positive 

deviations of energy value at 7
th

 level. 

 

5.6. Energy pattern for oscillatory transient 

 

 
(a) 

 

 
(b) 

 

Figure 14:  (a) Oscillatory transient and (b) Energy 

difference patterns for oscillatory transient 

        The signal consisting of oscillatory transient is shown in 

figure 14 (a). Oscillatory transient shows the positive deviations 

at 1
st
, 2

nd
, 3

rd
 and 4

th
 levels and negative deviations at 5

th
, 6

th
 and 

7
th

 levels as shown in figure 14 (b).  

  

5.7. Energy pattern for spike 

        Figure 15 (a) shows sinusoidal signal with spike. The signal 

with spike in 3 samples or less than 3 samples signifies positive 

deviations at 1
st
 to 9

th
 levels and negative deviations at 10

th
 and 

11
th

   levels. When the spike occurs for greater than 3 sampling 

instant, it gives negative deviation of energy difference value at 

7
th

 level. The energy  difference pattern for signals with spike 

occurred in different samples are shown in figure 15 (b). 

 

 
(a) 

 

 
(b) 

 

Figure 15:  (a) Spike and (b) Energy difference patterns for 

different spike signals 

 

From the above analysis the following observations can be made: 

 For sag signal we obtain the highest negative energy 

deviation at 6
th

 level. In case of interruption signals, the 

energy difference patterns are following the same 

pattern like sag. The only difference from sag is that the 

range of maximum deviation is greater than the sag 

signals. 

 For swell signal we get reverse pattern of sag that is 

highest positive energy deviation at 6
th

 level.  

 Harmonics implicate the negative energy difference at 

6
th

 level and a slight positive difference after the 6
th

 

level. 

 Major deviation, for flicker is at 6
th

 level which is 

negative and positive deviation at 7
th

 level.  

 The energy difference patterns for the signals harmonic 

with swell and sag follow the pattern of harmonic 

signals. 

 Notch signals represents the major negative deviation at 

6
th

 level and positive variation at the preliminary levels 

such that 1, 2, 3 
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 For oscillatory transient we get maximum positive 

deviation at 6
th

 level and negative variation at the 11
th

 

level.  

 Spike follows the energy deviation pattern of oscillatory 

transient. 

 

        Since noise is omnipresent in electrical power distribution 

networks, the proposed method has been tested on the power 

quality disturbances in the noisy environment. Gaussian white 

noise with SNR 20 dB, 40 dB and 60 dB has been considered for 

pattern recognition. The energy difference patterns remain same 

for all the different types of power quality disturbances in noisy 

condition. Hence the pattern recognition method is immune to 

noise. 

 

VI. CLASSIFICATION   

        Probabilistic neural network is used to classify the power 

quality disturbances. The energy difference values computed for 

pattern recognition are used to construct the training and testing 

data to model the PNN program with the help of Matlab R2009b. 

Here the size of the input vector is 12 *11 *80 which comes to 

10560, where the number of coefficients for each 11 types of 

distortions is 12. 80 sets of data are given for training in each 

class. The targets of this expert system are given as 1 2 3 4 5 6 7 

8 9 10 11 which represents pure, sag, swell, harmonics, flicker, 

interruption, harmonics with swell, harmonics with sag, notch, 

oscillatory transient and spike signals respectively. For testing of 

signals by this expert system 648 distorted signals are used. Here 

84 signals with sag, 100 signals with swell, 46 signals with 

harmonics, 54 signals with flicker, 64 signals with interruption, 

31 harmonic signals with swell, 31 harmonic signals with sag, 64 

signals with notches, 31 signals with oscillatory transients and 64 

signals with spike are taken. Table 2 shows the classification 

results of power quality disturbances. In this expert system an 

accuracy of 92.28% is obtained. Out of 650 test signals 45 

signals are not identified appropriately and rest 605 signals are 

identified. 

        In case of harmonics the expert system gives lesser accuracy 

i.e. 76%. It can be justified as the PNN program is modeled using 

the energy difference values and the energy difference patterns of 

harmonic signals are close to the harmonic signals with sag and 

swell. Therefore the expert system shows classes 7 or 8 i.e. 

harmonic signals with sag or harmonic signals swell in place of 

harmonics i.e. class 4. If we combine the three classes 4, 7 and 8 

in to a single class then the expert system will classify the 

particular class with the accuracy of 98% and the overall 

accuracy of the system will increase to 95%.  

 

 

 

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 

 

Table II:  Classification results of PNN 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VII. CONCLUSION 

In this paper, an attempt has been made for pattern recognition 

and classification of power quality disturbances. The pattern 

recognition methodology is based on wavelet transform. The 

energy values of different power quality disturbances are 

computed and compared with that of the pure signal. It has been 

found that the energy difference patterns remain same in noisy 

environment. Hence the pattern recognition method is immune to 

noise. The disturbance classification is performed by PNN. This 

PNN model is capable of identifying 11 different types of 

ACTUAL CLASS 1 2 3 4 5 6 7 8 9 10 11 ACCURACY 

PURE (1) 

 
80 0 0 0 0 0 0 0 0 0 0 100% 

SAG (2) 
 

2 80 0 0 0 2 0 0 0 0 0 95% 

SWELL (3) 

 
1 0 97 0 0 0 0 0 0 0 2 97% 

HIGH FREQUENCY (4) 

 
0 0 0 35 0 0 5 6 0 0 0 76% 

FLICKER (5) 7 0 0 0 47 0 0 0 0 0 0 87% 

INTERRUPTION (6) 

 
2 0 0 0 0 62 0 0 0 0 0 97% 

HIGH FREQUENCY 
WITHSWELL (7) 

 

0 0 0 2 2 0 25 2 0 0 0 80% 

HIGH FREQUENCY 

WITH SAG (8) 
 

0 0 0 3 0 0 1 27 0 0 0 87% 

NOTCH (9) 0 0 0 0 0 0 0 0 64 0 0 100% 

OSCILLATORY 
TRANSIENT (10) 

 

4 0 0 0 0 0 0 0 0 26 0 86% 

SPIKE (11) 
 

 

6 0 0 0 0 0 0 0 0 3 55 86% 
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disturbances present in a signal including transient disturbance, 

short duration disturbance and harmonic distortion with high 

accuracy. Consequently the proposed approach has the potential 

for diagnosis of power quality disturbances in the area of power 

quality. 
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Abstract- The dynamic voltage restorer (DVR) is a series connected device for mitigating voltage sag/This paper presents with feed 

forward pre-sag/swell voltage control method to regulate the output voltage of pulse width modulated (PWM) voltage source 

converter (VSC). The proposed controller maintains a constant load voltage under the multiple balanced/unbalanced dynamic PQ 

disturbances. The proposed DVR control scheme based on park’s transformation is a simpler, lower cost. It is able to compensate   

multiple sag/swell accurately and can achieve fast response under dynamic load conditions. The detail simulation of 440 volts, 50 Hz 

distribution system has been carried out to evaluate the performance of DVR for the mitigation of multiple voltage sag/swell with the 

help of Mathworks Matlab/Simulink for both balanced and unbalanced load conditions. The simulation results are presented for 

various combinations of dynamic PQ problems. 

 

    Index Terms- Power Quality, voltage sag, dynamic voltage restorer, voltage source converter, custom power devices, phase looked 

loop. 

I. INTRODUCTION 

n the recent years PQ issues have received much more attention. All categories of power consumers are becoming increasingly 

sensitive to PQ problems. The increasing use of all electronic voltage sensitive devices has made industrial processes susceptible to 

the sag/swell. The dynamic PQ problems like voltage sag/swell are always occurring in electrical power distribution system. These are 

caused by switching of large loads, capacitor switching and remote faults. When such PQ disturbances occur, results in damage to all 

voltage sensitive equipments, the production which results in huge financial loss. The DVR, which is the most efficient and effective 

modern custom power device, has been used in power distribution networks to mitigate voltage sag / swell [1]. These PQ disturbances 

are caused by remote faults or switching of large loads (e.g. motor starting and energize capacitor or transformer). Even though the 

voltage sag/swell lasts within a few cycles, they can disrupt some sensitive loads such as adjustable speed drives (ASD), 

programmable logic controllers (PLC), and fine industrial process like semiconductor plants. It was observed that for a load up to few 

MVA, good solution for sag/swell mitigation is the installation of custom power device such as DVR [2]. Applications of DVR are 

mainly for protecting the sensitive loads that may be considerably affected by fluctuation in distribution voltage. A fast control 

strategy is desirable to increase the performance of DVR [1], [2]. The control strategy of DVR can be classified into two parts namely 

detection of voltage sag/swell and injection of the voltage component [3]. The proportional-integral (PI) control scheme is commonly 

used in conventional control system due to simple algorithm and structure [4]. The synchronous PI decoupling control scheme is 

adopted as control strategy for driving DVR against voltage disturbances. This control strategy is derived on the basis of the 

restoration of linearity in control performance using control variables such as inductor currents in the ripple filter and compensating 

voltages injected through transformer [5].   Nielsen et. al, proposed various system topologies and are verified and compared for 

checking the DVR performance [6]. The post fault method control strategy for DVR has been presented by Vilathgamuwa and Perera 

[7].  In this either minimum voltage or minimum energy DVR operation has been achieved based on using phase-locked loop (PLL).  

Marei et.al, presented minimum voltage control strategy for DVR based on the symmetrical components [8]. A simple DVR was 

proposed, in which the Fourier Transform (FT) has been applied for the sag detection [9]. The H-bridge multilevel IGBT VSC with 

closed loop control scheme is used for mitigation of balanced/unbalanced voltage sag only. In this, DVR structure based on a cascaded 

H-bridge multilevel inverter topology to eliminate the need of insertion transformer has been used [10]. In the work of M. I. Marei 

et.al, an energy optimized control scheme for a transformer less DVR has been presented [11]. The D.C. link minimum energy 

injection control method is presented the work of Il-Yop Chung et.al. The DVR is connected in series with the load and it is a direct 

voltage control method. The shunt connected compensators are indirect controller in which line current is controlled. Hence DVR is 

an effective compensator for dynamic PQ disturbances [12]. The design and analysis of the inverter- side filter used for DVR has been 

presented in the work of S. S. Choi et.al [13].  C. Zang  et. al work presents a three dimensional voltage space vector PWM algorithm  

to analyze the four-wire DVR[14]. Minimum power operation of DVR and its new cascade converter control technique have been 

presented in [15], [16]. The techniques of the supply voltage compensation with minimum energy are presented in the work of M.R. 

Banaei et.al [17]. 

           This paper presents a result of proposed controller which is designed for compensating multiple voltage sag/swell. The 

proposed controller causes DVR to reacts quickly to maintain constant load voltage both for a balanced and unbalanced multiple 

sag/swell conditions in the distribution systems. One of the main advantages of DVR is that it inject (absorb) energy during sag (swell) 

I  
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to maintain load voltage constant. The DVR, which is a series compensator, protects a sensitive load from the distortion and unbalance 

in the supply side voltage. 

II. DVR:  A BRIEF REVIEW 

           The concept of custom Power was introduced by N.G. Hingorani in 1995. Like Flexible AC Transmission Systems (FACTS) 

for a power transmissions system, the term custom power uses power electronics controllers in a distribution system, especially, to 

deal with various power quality problems [2]. The power electronic controllers that are used in the custom power solution can be a 

network reconfiguring type or a compensating type. The network reconfigurating devices are usually called switchgears which include 

current limiting, current breaking and current transferring devices. The compensating devices are used to compensate load power 

factor, unbalance conditions or to improve the power quality of supplied voltage. These devices are either connected in shunt or in 

series or a combination of both. This class of devices includes the distribution static compensator (D-STATCOM), DVR, and unified 

power quality conditioner (UPQC)[2]. DVR is the most efficient and effective modern custom power device used in power 

distribution networks. DVR is a recently proposed series connected solid state device that injects voltage into the system in order to 

regulate the load side voltage [2]. It is normally installed in a distribution system between the supply and the sensitive loads connected 

at the point of common coupling (PCC).      

    A. Basic Configuration of DVR 

The schematic diagram of DVR system is shown in “Fig.1”,. The DVR has mainly two parts, a) Power circuit b) Control circuit and PI 

controllers. Power circuit consists of   voltage source converter (VSC), series connected injection transformer, passive filter and 

energy storage device. In DVR, control circuit is used to derive the parameters like magnitude, frequency and phase shift of the 

control signal that has to be injected through DVR. As per this control signal, an injected voltage is generated by the power circuit. 

The DVR corrects voltage sags/ swells for both balanced and unbalanced conditions to maintain the load voltage to sensitive loads 

within acceptable tolerances. The DVR is designed to mitigate voltage sags /swells of a various magnitude for various durations. As 

the connection of transformer in distribution network is of delta-star type, zero sequence voltage will not propagate through 

transformer; hence only restoration of positive sequence and compensation of negative sequence voltage is required [14]. The VSC 

utilizes insulated gate bipolar transistors (IGBTs).  It is supplied from an energy source, and provides compensated AC voltage with 

the help of PWM modulator. A passive filter is used to suppress the switching harmonics and corrects the shape of voltage to be 

injected. Connection of DVR with the distribution line is made through an injection transformer that is connected in series with the 

line. The three single phase injection transformer is used to inject the missing voltage at the PCC. The D.C. link capacitor and energy 

storage battery injects or absorbs the required power to compensate the identified voltage sag/swell. An equivalent circuit diagram of 

the DVR and the principle of series injection for sag/swell compensation are shown in “Fig. 2”,.  
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Figure 1.  Schematic  diagram of DVR System.                                                                                          Figure 2.  DVR equivalent circuit 

 
 

The injected voltage by DVR is mathematically expressed by the following equation 

                                                                                         sLLLDVRInj VIZVV  .)(
                                                                          (1)                                                                                                                              

Where, 

LV  is the load voltage, 
sV  is supply voltage during sag and 

)(DVRinjV  is the voltage injected by DVR.  Under normal voltage 

conditions, the load current can be written using the following equation  
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Where, 
LI  is the load current, and

LP , and 
LQ  are the active and reactive power taken by the load respectively during a sag/swell. 

When DVR inject voltage, then the complex power is given by the following expression 

                                                                                        

)( InjsL SSS 
                                                                               (3)                                                                                                                                                                                            

 And the load current can be given by the following equation 

                                                                                        
     LInjInjssL VjQPjQPI /                                                        (4)                                                                                                                          

The vector diagram of the pre-sag voltage compensation is shown in “Fig. 3”,. It shows the supply voltage vector during the pre-sag 

stage. The rotating phase angle (RPA) t   is obtained from the phase locked-loop (PLL). This method is used to track the supply 

voltage continuously and it can compensate load voltage during sag to pre-sag conditions. 
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Figure  3.    Compensation strategy of DVR for voltage sags.                  Figure  4.    Compensation strategy of DVR for voltage swells. 

                  

 

The phasor diagram of pre-swell voltage compensation for different magnitude of swell is shown in “Fig”, 4.   
 

 

From the vector diagram, injected voltage magnitude by the DVR for sag and swell compensation is given by the equations (5) and (6) 

respectively. 

                                                                                         tSLSLinj VVVVV cos222                                                                   (5)                                                                                                                                         

                                                                                         tSLLSinj VVVVV cos222                                                                (6)                                                                                                                                              

In this mitigation method, load voltage can be compensated ideally but the injected active power cannot be controlled and is 

determined by external load conditions. 

III. DVR CONTROL STRATEGY 

In order to mitigate the multiple voltage sag/swell, the PWM-based control scheme is implemented. This control system only 

measures the RMS voltage at supply side or load side and no reactive power tracking is required. The  open-loop feed forward pre-

sag/swell voltage control method is used to restore the load voltage.  A 440 volts distribution system is simulated using Mathworks 

Matlab/Simulink. The discrete proportional plus- integral (DPI) controller has been used in this open-loop feed forward control system 

to regulate output voltage of the PWM inverter. The measured voltages are given to the input of regulator unit which perform the 

function of dqoabc  and abcdqo  transform. The regulator also consists of discrete phased locked loop (DPLL), discrete 

proportional and integral controller (DPI).  The DPLL is particularly used to detect amplitude and phase of +ve sequence components 

of the three phase source voltages. The DPLL must work satisfactorily under abnormal conditions in the power systems such as 
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unbalanced voltage sags/ swells and frequency variations. The response time of the controller is also an important factor. The 

controller parameters   )( pK   and )( iK are selected properly to fulfill this condition. The DPI controls this variable and the output of 

this DPI is the supply frequency. The DPI calculates source voltage angle by integrating the source frequency.   When the measured 

supply voltages differ from the reference voltages (kept at 1p.u. constant value) then it gives signal to control unit to trigger the PWM 

controller for compensating supply voltage. The sag/swell is detected by measuring the error between dqo voltage of the supply 

voltage and the reference voltage. The d-component is set at rated value and q-component at zero. The park’s transformation 

( dqoabc  ) has been used to convert stationary frame to rotating frame which can detect the phase angle and magnitude of supply 

voltages [2], [4]. This transformation method gives the voltage sag/swell depth (direct axis) and phase shift (quadrature axis) 

information with start and end time. The difference between reference and supply voltages is applied to PWM controlled VSC for 

injecting proper voltages in series with line by converting again this abcdqo   frame. These quantities are expressed as an 

instantaneous space vectors and zero sequence component is ignored for simplicity. The park’s transformation method is based on 

error between supply voltage events and reference voltage. This error is used as a modification signal that allows generating a 

communication pattern for the self commutating IGBT’S VSC. The commutation pattern is generated by using the sinusoidal PWM 

techniques to control VSC. The DPLL is synchronized with supply voltages to provide the synchronous reference required by the 

dqoabc   transformation. The control strategy for DVR is shown in “Fig.5”,.  
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Figure 5.  Control scheme for PWM inverter 

 

The PWM inverter can effectively reduce the output voltage distortion and achieve fast dynamic response [7].  As DPI is used in the 

proposed controller, its sampling frequency can be given by the following relations [11], [12].  

ss TF 1 ,     where  sT  is the sampling time. 

In order to remove errors in non-linearity, noise in the measurements, the DPI is proposed in the controller. The proportional )( pK  

and integral )( iK  voltage controller gain can be calculated using the following relations [17]. 

sfp TCK /    , isii TTKK /.  , where fC is the LC filter capacitance. 

The DPI controller is a controller which drives IGBT inverter based on difference between the output and the desired set point and the 

integral of that errors are determined.  The main aim of controller is to keep voltage at PCC constant. Hence voltage injected by the 

DVR is given by the following equation [12], [17]. 

                                                                                        

dq

usSynchronou

dq

L

dq

DVR VVV                                                                                 (7)                                                                                                                                                

Where 
dq

usSynchronouV  is synchronous reference frame supply voltage,  
dq

LV  is load reference voltage and 
dq

DVRV   is missing voltage 

injected through series connected transformer by the DVR. 

 The RPA t   obtained from the PLL is provided to the PWM generator to generate desired firing sequences. The firing pulses for 

VSC have to be synchronized to the supply/load voltage. Under non-disturbance steady state condition, the voltage injected by VSC 

leads the supply/load voltage by the control angle .   This synchronization is achieved by a PLL whose output is the phase angle of 

the bus /supply voltage.  The RPA t   obtained from the PLL and voltage reference from the synchronous frame is compared with the 

instantaneous voltages of the utility to obtain PWM controlled signal. The output of the regulator represents the modulating signal that 

drives the PWM inverter. The proposed control system measures supply voltage and no reactive power measurement is required.  The 

VSC switching strategy is based on a sinusoidal PWM technique which offers good response and simple to understand. This PWM 

technique is an efficient one, because high switching frequencies can be used to improve the efficiency of the converter without 

incurring significant switching losses. The sinusoidal voltage is phase modulated by means of  RPA  t  and are represented by the 

following equations 
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)( 0   tSinVa                                                                                          (8)                                                                                                                                                              

              
)32( 0   tSinVb                                                                             (9)                                                                                                                              

              
)32( 0   tSinVc                                                                           (10)

                                                                                             

In this t0   is the supply frequency in radians/sec. This control strategy converts the voltage from abc  synchronous frame to dqo  

rotating reference frame in which zero phase sequence component is ignored for simplicity. The dqo  rotating reference quantities are 

represented by the following equations 

                                                                                      
0)(310  cba VVVV                                                                         (11)                                                                                                                                              

 

  
                                                                                    

])32sin(32sin(sin[(32   cbad VVVV                                             12)                                                                                                                      

 

                                                                                      
)]3/2sin()3/2sin(sin[(32   cbaq VVVV                                               (13)                                                                                                                          

Converting balanced three phase voltages aV , bV and cV , two constant voltages dV and qV are obtained and controlled by DPI 

controller. The voltages at PCC can be obtained using the following equation 

                                                                                      













)cos(

)sin(
23),(

t

t

PCC VqdV



                                                               (14)                                                                                                                                            

   

Where )(00 dst tt    

 In this   is the rotating phase angle of the base voltage which is difference between the supply voltage and direct axis rotating 

phase angle. The main parameters of the sinusoidal PWM scheme are the amplitude modulation index ( m ) of the signal, and the 

frequency modulation index of the triangular signal. By setting the modulation index ( m ), constant, the output voltage dV  is 

controlled by PWM controller. The amplitude index is kept fixed at 1p.u. in order to obtain the highest fundamental voltage 

component dV at the VSC output.   

IV. SIMULATION RESULTS     

A 440V, 50Hz, power distribution system configuration is simulated using Mathworks Matlab/Simulink to study the effectiveness and 

response of suggested DVR control strategy under different supply disturbances. The experimental power distribution system 

parameters and other constant values are listed in Table 1.  A DVR is connected to the system through a series transformer with a 

transformation turns ratio equal to 1:1. The DVR operation is based on three phase voltage PWM inverter with LC output filter to 

remove high frequency voltage components. An inductive nature R-L load (R =200Ω, L =1microh) is considered. The simulation 

results for the both balanced and unbalanced cases of sags/swells are shown below.  

TABLE I.   
EXPERIMENTAL SYSTEM  PARAMETERS FOR SIMULATIONS 

Parameters Designed Values 

Supply Voltage(Vs) 440V 

Supply frequency(F) 50Hz 

Load Resistance (R) 200 ohm 

Load inductance (L) 1microhenery 

Filter  inductance (LF) 2microhenery 

Filter Capacitance(LF) 300microfarad 

Proportional Gain(Kp) 0.4 

Integral  Gain(Ki) 500 

Sampling Time(Ts) 2microsec. 

Carrier frequency(KHz) 2KHz 

DC link voltage(V) 250V 

Circuit breaker resistance (R) 0.001ohm 

Series Transformer Turns Ratio 1:1 

 

A. Balanced Multiple Voltage sag 

The “Fig.6”, shows response of DVR for a balanced multiple voltage sag.  In this, 40% and 20% multiple voltage sags are initiated at 

0.05s and 0.25sec respectively.  It can be seen, from the results, that the DVR is able to produce the required compensating voltage 
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components for different phases rapidly and help to maintain a balanced and constant load voltage (The load voltage is always kept at 

440 volts RMS value.). In the case of voltage sag, which is a condition of a temporary reduction in supply voltage, the DVR injects an 

equal positive voltage component in all three phases, which are in phase with the supply voltage to correct it. For unbalanced 

conditions, the DVR injects an appropriate unbalanced three-phase voltage components positive or negative depending on whether the 

condition is an unbalanced voltage sag or unbalanced voltage swell. 
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 Figure 6.  Simulation result of DVR response to balanced multiple voltage sags (a) supply voltage, (b) DVR injected voltage, (c) load voltage,(d) load current. 

B     Unbalabced Multiple Voltage Sag 

The simulation results of DVR response to the unbalanced multiple voltage sag is shown in “Fig.7”,. Only in R phase of three phase 

voltages ‘40% and 20% sag is created for a durations of 0.1seconds for a different time periods. As in the balanced voltage sag, the 

proposed control method drives the DVR to compensate for unbalanced voltage sags. During load rejection also the DVR is able to 

quickly injecting the required unbalanced voltage component to maintain load voltage at it nominal value.  

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
-500

-150
0

150

500

S
o
u
rc

e
V

o
lt
a
g
e
 [
V

]

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
-500

-150
0

150

500

In
j

V
o
lt
a
g
e
 [
V

]

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
-500

-150
0

150

500

L
o
a
d

V
o
lt
a
g
e
 [
V

]

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
-5

0

5

Time [sec]

L
o
a
d

C
u
rr

e
n
t 
[A

m
p
]

 

Figure 7. Simulation result of DVR response to an unbalanced multiple voltage sags (a) supply voltage, (b) DVR injected voltage, (c) load voltage,(d) load current. 

C      Balanced Multiple Voltage Swell 

“Fig.8”, gives simulation results of DVR response for a balanced multiple voltage swell. In this simulation balanced multiple voltage 

swell is created i.e. 60% and 30% for duration of 0.1 second. For a multiple voltage swell case, which is a condition of a temporary 

increase in supply voltage, the DVR injects an equal negative voltage in all three phases. This injected voltage is always in anti-phase 

(180 degree opposite) with the supply voltage. During multiple swells also, DVR reacts quickly and maintains voltages at PCC 

constant. 
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Figure 8.  Simulation result of DVR response to balanced multiple voltage swell (a) supply voltage, (b) DVR injected voltage, (c) load voltage,(d) load current. 

D   Unbalanced Multiple Voltage Swell 

“Fig.9”, gives simulation results of DVR response to the unbalanced multiple voltage swell. In this simulation, 60% and 30% 

unbalanced swell is initiated at 0.05 second and at 0.25second respectively in R phase only. In this type of PQ disturbances also, 

proposed control method drive DVR effectively and is able to compensate load voltage correctly. 

E    Balanced Multiple Voltage Sags/Swells 

“Fig.10”, gives simulation results of DVR response to the balanced multiple voltage sag/swell. In this simulation 40% sag is generated 

for a 0.05 second durations and multiple swells are generated (i.e.30% and 40%) during 0.15second to 0.2second and from 0.25second 

to 0.35second. In this case also, proposed DVR mitigate these PQ disturbances effectively.  
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Figure 9.  Simulation results of DVR response to unbalanced multiple voltage swell (a) supply voltage, (b) DVR injected voltage, (c) load voltage,(d) load current. 
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Figure 10.  Simulation results of DVR response to balanced multiple voltage sag/swell (a) supply voltage, (b) DVR injected voltage, (c) load voltage,(d) load current. 
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F     Unbalanced Multiple Voltage Sag/Swell   

“Fig.11”, gives simulation results of DVR response to the unbalanced multiple voltage sag/swell in one phase of three phase systems. 

In this case 40% and 20% sag is initiated in phase R at 0.05 second and 0.25second respectively. In Y phase of the same system, 40% 

and 20% swell is initiated during the same durations. The DVR react quickly for this PQ disturbance also. 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

-300-1500
150300

S
o
u
r
c
e

V
o
lt
a
g
e
 [
V

]
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

-300
-1500
150
300

In
j

V
o
lt
a
g
e
 [
V

]

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

-300
-1500
150
300

L
o
a
d

V
o
lt
a
g
e
 [
V

]

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
-5

0

5

Time [sec]

L
o
a
d

C
u
r
r
e
n
t 
[A

m
p
]

 
Figure 11.  Simulation results of DVR response to unbalanced multiple voltage sag/swell (a) supply voltage, (b) DVR injected voltage, (c) load voltage,(d) load current. 

V. PERFORMANCE COMPARISION OF PROPOSED DVR     

In Wang et.al. work [10], H-bridge multilevel IGBT VSC is used. For detection of sag/swell, dqoabc  rotating frame parks 

transformation has been used.  The controller based on closed loop control scheme is used for mitigation of balanced/unbalanced sag 

only. It is particularly suitable for high power applications. In the proposed DVR control strategy, six pulse, three legs IGBT ,VSC is 

used. The feed forward open loop voltage control method is used for mitigation of multiple balanced as well as unbalanced sag/swell 

magnitude. It is simple and fast except. In the proposed method even though open loop feed forward method is used, it can mitigate 

balanced and unbalanced multiple voltage sag/swell for various combinations. The DVR response time of the proposed control 

strategy is less than one cycle (>2msec).  Before application of DVR, the simulated load current total harmonic distortion (THD) was 

in the range of 12 to 14% in all phases for balanced/unbalanced three phase load conditions.  After compensation using DVR, the 

current THD has been reduced in the range of 3.2% to 4.4% and the voltage THD reduces from 2.1% to 1.2%.    

VI. CONCLUSIONS 

      The modeling and simulation of proposed DVR in mitigating multiple voltage sags/swells is presented. A controller based on a 

feed-foreword technique is used to trigger the switches of an inverter using a Pulse Width Modulation (PWM) scheme. The presented 

controller strategy uses the d-q-0 rotating reference frame i.e parks transformation, as it offers higher accuracy as compared to other 

techniques. In the case of voltage sag/swells, the DVR injects an equal positive/negative voltage component in all three phases to 

compensate for the supply system.  It is also observed that if the sag on one phase results in a swell on another phase, such PQ 

disturbances in the distribution system is also compensated effectively by the proposed control strategy . 

     

REFERENCES 

[1] A. Ghosh,and G. Ledwich, “Power Quality Enhancement using Custom Power Devices.” Kluwer Academic Publishers, United States America(USA), 2002. 

[2] N. G. Hingorani,“Introducing Custom Power.” IEEE Spectrum,vol. 32, no.6, pp. 41-48, 1995.  

[3] D. M. Vilathgamuwa, A. A. D. R. Perera, and S. S. Choi, “Performance improvement of the dynamic voltage restorer with closed-loop load voltage and current 
mode control,” IEEE Trans. On Power Electronics, vol.17, pp. 824-834, 2002. 

[4] A. Ghosh, A. K. Jindal and A. Joshi, “Inverter control using output feedback for power compensating devices,” ,Conference on Convergent Technologies for Asia-

Pacific Region(TENCON 2003), pp.48-52, 2003.  
[5] H. Awad, J. Svensson and M. H. Bollen, “Static series compensator for voltage dips mitigation,” IEEE Bologna PowerTech Conf, Bologna, 2003. 

[6]  J. G. Nielsen, F. Blaabjerg, “A detailed comparison of system topologies for dynamic voltage restorers,”IEEE Trans. Industrial Appllication, vol.41, pp. 1272-
1280, 2005. 

[7] D. M. Vilathgamuwa, A. A. D. R. Perera, S. S. Choi,“Voltage sag compensation with energy optimized dynamic voltage restorer,” IEEE Trans. Power Delivery, 

vol. 18 ,pp. 928-936, 2003.  
[8] M. I. Marei, E. F. El-Saadany, M. M. A. Salama, “A new approach to control DVR based on symmetrical components estimation,” IEEE Trans. Power 

Delivery,vol. 22, pp. 2017-2024, 2007.  

[9] I. Tarek, E. F. EI-Shennawy, A. -M. Moussa and M. A. EI-Gammal, “A Dynamic Voltage Restorer for Voltage Sag Mitigation in a Refinery with Induction 
Motors Loads,”American J. of Engineering and Applied Sciences ,vol.3, no.1, pp. 144-151, 2010.  

[10] N. H. Woodley, L. Morgan, and A. Sundaram, “Experience 
 with an inverter-based dynamic voltage restorer, IEEE               Trans. Power Delivery, vol. 14, no. 3, p. 1181, Aug. 1999.  

[11] Electric Power Systems Research, vol. 83,  pp. 110-118, 2012.. Marei, Ayman B. Eltantawy and Ahmed EI-Sattar, J Pedra, “An energy optimized control scheme 
for a transformerless DVR,” Electric Power Systems Research, vol. 83,  pp. 110-118, 2012. 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      24 

ISSN 2250-3153  

 

www.ijsrp.org 

[12] Il-Yop Chung, Dong-Jun Won, Sang-Yong Park, Seung-II Moon and Jong-Keun Park, “The DC link energy control method in dynamic voltage restorer system,” 
Electric Power Systems Research, vol. 25, pp. 525-531, 2003. 

[13] S. S. Choi, D. M. Vilathgamuwa, and B.H. Li, “Design and analysis of the inverter- side filter used in the dynamic voltage restorer,” IEEE Trans. On Power 

Delivery, vol.17, no.3, 2002. 
[14] C. Zhan, A. Arulampalam, N. Jenkins,“Four-wire dynamic voltage restorer based on a three dimensional voltage space vector PWM algorithm,” IEEE Trans. On 

Power Electronics, vol.18, no.4, 2003. 

[15] H. K. Al-Hadidi, A. M. Gole, D. A. Jacobson, “A novel configuration for a cascade inverter-based dynamic voltage restorer with reduced energy storage 
requirements, ” IEEE Trans. On Power Delivery, vol.23, pp. 881-888, 2008. 

[16] H. K. Al-Hadidi, A. M. Gole, D. A. Jacobson, “Minimum power operation of  cascade inverter-based dynamic voltage restorer, ” IEEE Trans. On Power Delivery, 
vol.23, pp. 889-898, 2008. 

[17] M. R. Banaei, S. H. Hosseini, S. Khanmohamadi, G. B. Gharehpetian, “Verfication of a new control strategy for dynamic voltage restorer by simulation,” 
Simulation Modelling Practice and Theory, vol. 14,  pp. 112-125, 2006. 

AUTHORS 

First Author – Sanjay A. Deokar, M.E (Power System), Research Scholar, ZES, Dnyanganga College of Engineering and Research, 

Pune. Email:  s_deokar2@rediffmail.com 

Second Author – Laxman M. Waghmare , Ph.D, Director, SGGS, Institute of Engineering and Technology, Nanded. Email: 

lmwaghmare@yahoo.com 

Correspondence Author – Sanjay A. Deokar, s_deokar2@rediffmail.com, +91-9823141287, 020-24390330. 

 

mailto:s_deokar2@rediffmail.com


International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      25 

ISSN 2250-3153  

www.ijsrp.org 

Flexure of Thick Simply Supported Beam Using 

Trigonometric Shear Deformation Theory 

Ajay G. Dahake
*
, Dr. Yuwaraj M. Ghugal

**
 

 
* Research Scholar, Applied Mechanics Department, Govt. College of Engineering, Aurangabad (MS), India, 431 005 

** Professor, Applied Mechanics Department, Govt. College of Engineering, Karad (MS), India, 415110 

 
    Abstract- A trigonometric shear deformation theory for flexure 

of thick beams, taking into account transverse shear deformation 

effects, is developed. The number of variables in the present 

theory is same as that in the first order shear deformation theory. 

The sinusoidal function is used in displacement field in terms of 

thickness coordinate to represent the shear deformation effects. 

The noteworthy feature of this theory is that the transverse shear 

stresses can be obtained directly from the use of constitutive 

relations with excellent accuracy, satisfying the shear stress free 

conditions on the top and bottom surfaces of the beam. Hence, 

the theory obviates the need of shear correction factor. 

Governing differential equations and boundary conditions are 

obtained by using the principle of virtual work. The thick simply 

supported isotropic beams are considered for the numerical 

studies to demonstrate the efficiency of the. Results obtained are 

discussed critically with those of other theories. 

 

    Index Terms- Equilibrium equations flexure, principle of 

virtual work, trigonometric shear deformation, thick beam. 

 

I. INTRODUCTION 

t is well-known that elementary theory of bending of beam 

based on Euler-Bernoulli hypothesis disregards the effects of 

the shear deformation and stress concentration. The theory is 

suitable for slender beams and is not suitable for thick or deep 

beams since it is based on the assumption that the transverse 

normal to neutral axis remains so during bending and after 

bending, implying that the transverse shear strain is zero. Since 

theory neglects the transverse shear deformation, it 

underestimates deflections in case of thick beams where shear 

deformation effects are significant.  

          Bresse [1], Rayleigh [2] and Timoshenko [3] were the 

pioneer investigators to include refined effects such as rotatory 

inertia and shear deformation in the beam theory. Timoshenko 

showed that the effect of transverse vibration of prismatic bars. 

This theory is now widely referred to as Timoshenko beam 

theory or first order shear deformation theory (FSDT) in the 

literature. In this theory transverse shear strain distribution is 

assumed to be constant through the beam thickness and thus 

requires shear correction factor to appropriately represent the 

strain energy of deformation. Cowper [4] has given refined 

expression for the shear correction factor for different cross-

sections of beam. The accuracy of Timoshenko beam theory for 

transverse vibrations of simply supported beam in respect of the 

fundamental frequency is verified by Cowper [5] with a plane 

stress exact elasticity solution. To remove the discrepancies in 

classical and first order shear deformation theories, higher order 

or refined shear deformation theories were developed and are 

available in the open literature for static and vibration analysis of 

beam.  

        Levinson [6], Bickford [7], Rehfield and Murty [8], Krishna 

Murty [9], Baluch, Azad and Khidir [10], Bhimaraddi and 

Chandrashekhara [11] presented parabolic shear deformation 

theories assuming a higher variation of axial displacement in 

terms of thickness coordinate. These theories satisfy shear stress 

free boundary conditions on top and bottom surfaces of beam and 

thus obviate the need of shear correction factor. Irretier [12] 

studied the refined dynamical effects in linear, homogenous 

beam according to theories, which exceed the limits of the Euler-

Bernoulli beam theory. These effects are rotary inertia, shear 

deformation, rotary inertia and shear deformation, axial pre-

stress, twist and coupling between bending and torsion.  

        Kant and Gupta [13], Heyliger and Reddy [14] presented 

finite element models based on higher order shear deformation 

uniform rectangular beams. However, these displacement based 

finite element models are not free from phenomenon of shear 

locking (Averill and Reddy [15], Reddy [16]).  

       There is another class of refined theories, which includes 

trigonometric functions to represent the shear deformation effects 

through the thickness. Vlasov and Leont’ev [17], Stein [18] 

developed refined shear deformation theories for thick beams 

including sinusoidal function in terms of thickness coordinate in 

displacement field. However, with these theories shear stress free 

boundary conditions are not satisfied at top and bottom surfaces 

of the beam. A study of literature by Ghugal and Shimpi [19] 

indicates that the research work dealing with flexural analysis of 

thick beams using refined trigonometric and hyperbolic shear 

deformation theories is very scarce and is still in infancy.   In this 

paper development of theory and its application to thick simply 

supported beam is presented.    

II. DEVELOPMENT OF THEORY 

I.            The beam under consideration as shown in Fig. 1 

occupies in 0 x y z   Cartesian coordinate system the region:   

 

II. 0 ; 0 ;
2 2

h h
x L y b z        

III.  

IV. where x, y, z are Cartesian coordinates,  L and b are the length 

and width of beam in the x and y directions respectively, and h is 

I 
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the thickness of the beam in the z-direction. The beam is made 

up of homogeneous, linearly elastic isotropic material.  
 

 

 

 

 

 

                                   

 

 

 
Fig. 1 Beam under bending in x-z plane 

 

A. The displacement field 

The displacement field of the present beam theory is of the form: 

 

( , ) sin ( )

( , ) ( )

dw h z
u x z z x

dx h

w x z w x





  


 

                             (1)      

 

where u  is the axial displacement in x direction and w is the 

transverse displacement in z direction of the beam. The 

sinusoidal function is assigned according to the shear stress 

distribution through the thickness of the beam. The function   

represents rotation of the beam at neutral axis, which is an 

unknown function to be determined. The normal and shear 

strains obtained within the framework of linear theory of 

elasticity using displacement field given by “(1)” are as follows. 

 

Normal strain:   

2

 
2

= sinx

u d w h z d
z

x h dxdx

 





  

  

            (2)  

 

Shear strain: coszx

u dw z

z dx h
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The stress-strain relationships used are as follows: 

                   ,x x zx zxE G                                            (4) 

B. Governing Equations and Boundary Conditions  

“Using (2) through (4)” and using the principle of virtual 

work, variationally consistent governing differential equations 

and boundary conditions for the beam under consideration can be 

obtained. The principle of virtual work when applied to the beam 

leads to: 
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(5) 

 

where the symbol   denotes the variational operator. 

“Employing Green’s theorem to (4) successively”, we obtain the 

coupled Euler-Lagrange equations which are the governing 

differential equations and associated boundary conditions of the 

beam. The governing differential equations obtained are as 

follows: 

 

 
4 3
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dx dx




                                     (6)  
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The associated consistent natural boundary conditions 

obtained are of following form:  

 

At the ends x = 0 and x = L 

 
3 2
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dx dx




    or w  is prescribed                    (8)               
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   or  

dw

dx  
is prescribed             (9) 

2
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24 6
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M EI EI
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    or 

 
is prescribed         (10) 

 

Thus the boundary value problem of the beam bending is 

given by the above variationally consistent governing differential 

equations and boundary conditions.  

C. The General Solution of Governing Equilibrium Equations 

of the Beam 

The general solution for transverse displacement w(x) and 

warping function (x) is obtained using “(6) and (7)” using 

method of solution of linear differential equations with constant 

coefficients. Integrating and rearranging “(6)”, we obtain the 

following expression  

                                                   

 3 2

3 3 2

24 Q xd w d

EIdx dx




                                                              (11) 

where Q(x) is the generalized shear force for beam and  it is 

given by   1

0

x

Q x qdx C  .  

Now “(7)” is rearranged in the following form:      

       

 
3 2

3 24

d w d

dx dx

 
                                                         (12) 

 

A single equation in terms of  is now obtained using “(11) and 

(12)” as:  

 
2

2

2

( )d Q x

EIdx


 


                                                              (13)  

 

where constants ,   and   in “(12) and (13)” are as follows  

q(x) 

x
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24
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4 48

GA
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The general solution of “(13)” is as follows: 

  2 3

( )
( ) cosh sinh

Q x
x C x C x

EI
  


                                 (14) 

The equation of transverse displacement w(x) is obtained by 

substituting the expression of  x  in “(12)” and then 

integrating it thrice with respect to x. The general solution for 

w(x) is obtained as follows 
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        where
1 2 3 4 5 6, , , , and C C C C C C are arbitrary constants and 

can be obtained by imposing boundary conditions of beam.  
 

III. ILLUSTRATIVE EXAMPLES 

In order to prove the efficacy of the present theory, the 

following numerical examples are considered. The following 

material properties for beam are used  

     E = 210 GPa, μ = 0.3 and  = 7800 kg/m
3
, where E is the 

Young’s modulus,   is the density, and μ is the Poisson’s Units 

A. Simply supported beam subjected to varying load,  
The simply supported beam is having its origin at left support 

and is simply supported at x = 0 and x = L. The beam is 

subjected to varying load, on surface z = +h/2 acting in the 

downward z direction with maximum intensity of load 0q . 

 

 

                              

 

 

 

 

 

 

 

          Figure 2: Simply supported beam with varying load 

 

 

 

 

General expressions obtained for  w x  and  x  are as follows: 
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The axial displacement and stresses obtained based on above 

solutions are as follows 
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IV. RESULTS 

    In this paper, the results for inplane displacement, transverse 

displacement, inplane and transverse stresses are presented in the 

following non dimensional form for the purpose of presenting the 

results in this work. 

 
For beams subjected to parabolic load, q(x) 

  0

x
q x q

L
  

x, u 

q0 

z, w 
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Table I: Non-Dimensional Axial Displacement ( u ) at (x = 

0.75L, z = h/2), Transverse Deflection ( w ) at (x = 0.75L, z =0.0) 

Axial Stress (
x ) at (x = 0.75L, z = h/2) Maximum Transverse 

Shear Stresses CR

zx
 
and EE

zx (x = 0, z = 0.0) of the Simply 

Supported Beam Subjected to Varying Load for Aspect Ratio 4. 

Model u  w  
x  CR

zx  EE

zx  

TSDT -5.6081 0.6891 -5.4746 -1.0320 0.9968 

HPSDT -5.5950 0.6885 -5.4532 -0.9968 0.9959 

HSDT -5.5985 0.6889 -5.4589 -1.0000 0.9971 

FSDT -5.4708 0.6877 -5.2500 -0.1436 1.0000 

ETB -5.4708 0.5811 -5.2500 — 1.0000 

 

Table II: Non-Dimensional Axial Displacement ( u ) at (x = 

0.75L, z = h/2), Transverse Deflection ( w ) at (x = 0.75L, z = 

0.0) Axial Stress (
x ) at (x = 0.75L, z = h/2) Maximum 

Transverse Shear Stresses CR

zx
 
and EE

zx  (x = 0, z = 0.0) of 

the Simply Supported Beam Subjected to Varying Load for 

Aspect Ratio 10. 

Model u  w  
x  CR

zx  EE

zx  

TSDT -86.7057 0.5983 -33.0371 -2.5801 2.4987 

HPSDT -85.7922 0.5983 -33.0156 -2.4922 2.4984 

HSDT -85.8009 0.5983 -33.0214 -2.5000 2.4988 

FSDT -85.4818 0.5981 -32.8125 -0.8974 2.5000 

ETB -85.4818 0.5811 -32.8125 — 2.5000 
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Figure 3: Variation of axial displacement ( u ) through the 

thickness of simply supported beam at (x = 0.75L, z) when 

subjected to varying load for aspect ratio 4. 
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Figure 4: Variation of maximum transverse displacement ( w ) of 

simply supported beam at (x = 0.75L, z = 0) when subjected to 

varying load with aspect ratio S. 
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Figure 5: Variation of axial displacement ( u ) through the 

thickness of simply supported beam at (x = 0.75L, z) when 

subjected to varying load for aspect ratio 10. 
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Figure 6: Variation of axial stress ( x ) through the thickness of 

simply supported beam at (x = 0.75L, z) when subjected to 

varying load for aspect ratio 4. 

 

-40 -20 0 20 40

x

-0.50

-0.25

0.00

0.25

0.50

z/h

Present TSDT

HPSDT

HSDT

FSDT

ETB

 
 

Figure 7: Variation of axial stress ( x ) through the thickness of 

simply supported beam at (x = 0.75L, z) when subjected to 

varying load for aspect ratio 10. 
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Figure 8: Variation of transverse shear stress ( zx ) through the 

thickness of simply supported beam at (x = 0, z) when subjected 

to varying load and obtain using constitutive relation for aspect 

ratio 4. 
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Figure 9: Variation of transverse shear stress ( zx ) through the 

thickness of simply supported beam at (x = 0, z) when subjected 

to varying load and obtain using constitutive relation for aspect 

ratio 10. 
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Figure 10: Variation of transverse shear stress ( zx ) through the 

thickness of simply supported beam at (x = 0, z) when subjected 

to varying load and obtain using equilibrium equation for aspect 

ratio 4. 
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Figure 11: Variation of transverse shear stress ( zx ) through the 

thickness of simply supported beam at (x = 0, z) when subjected 

to varying load and obtain using equilibrium equation for aspect 

ratio 10. 

V. DISCUSSION OF RESULTS 

The comparison of results of maximum non-dimensional axial 

displacement  ( u ) for the aspect ratios of 4 and 10 is presented 

in Tables I and II 26 for simply supported beams subjected to 

linearly varying and parabolic load (see Figure 2). The values of 

axial displacement given by present theory are in close 

agreement with the values of other refined theories for aspect 

ratio 4 and 10. The through thickness distribution of this 

displacement obtained by present theory is in close agreement 

with other refined theories as shown in Figures 3and 5 for aspect 

ratio 4 and 10. 

The comparison of results of maximum non-dimensional 

transverse displacement ( w ) for the aspect ratios of 4 and 10 is 

presented in Tables I and II for simply supported beams 

subjected to linearly varying load. The values of present theory 

are in excellent agreement with the values of other refined 

theories for aspect ratio 4 and 10 except those of classical beam 

theory (ETB) and FSDT of Timoshenko.  The variation of w  

with aspect ratio (S) is shown in Figure 4. The refined theories 

converge to the values of classical beam theory for the higher 

aspect ratios.  

 The results of axial stress ( x ) are shown in Tables I and II for 

aspect ratios 4 and 10. The axial stresses given by present theory 

are compared with other higher order shear deformation theories. 

It is observed that the results by present theory are in excellent 

agreement with other refined theories as well as ETB and FSDT. 

The through the thickness variation of this stress given by all the 

theories is linear at x = 0.75L. The variations of this stress are 

shown in Figures 6 and 7.   

The comparison of maximum non-dimensional transverse shear 

stress for simple beams with varying load obtained by the present  

theory and other refined theories is presented in Tables I and II 

zx

 

zx

 

zx
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for aspect ratio of 4 and 10 respectively. The maximum 

transverse shear stress obtained by present theory using 

constitutive relation is in good agreement with that of higher 

order theories for aspect ratio 4 and for aspect ratio 10. The 

through thickness variation of this stress obtained via constitutive 

relation are presented graphically in Figures 8 and 9 and those 

obtained via equilibrium equation are presented in Figures 10 

and 11. The through thickness variation of this stress when 

obtained by various theories via equilibrium equation shows the 

excellent agreement with each other. The maximum value of this 

stress occurs at the neutral axis.  

VI. CONCLUSION 

The variationally consistent theoretical formulation of the theory 

with general solution technique of governing differential 

equations is presented. The general solutions for beam with 

varying load are obtained in case of thick simply supported 

beam. The displacements and stresses obtained by present theory 

are in excellent agreement with those of other equivalent refined 

and higher order theories. The present theory yields the realistic 

variation of axial displacement and stresses through the thickness 

of beam. Thus the validity of the present theory is established.  
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APPENDIX 

Notations 

A    Cross sectional area of beam = bh 

b   Width of beam in y directions 

E, G, μ                Elastic constants of the material 

h Thickness of beam 

I Moment of inertia of beam 

L Span of the beam 

q Intensity of uniformly distributed 

transverse load 

S Aspect ratio for beam = L / h 
w  Transverse displacement in z direction 

w  Non-dimensional transverse displacement 

u  Non-dimensional axial displacement 

x, y , z                 Rectangular Cartesian coordinates 

x
 

Non-dimensional axial stress in x 
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directions 
CR

ZX
 

Non-dimensional transverse shear stress 

via constitutive relations 
EE

ZX
 

Non-dimensional transverse shear stress 

via equilibrium equation 

 x
 

Unknown functions associated with the 

shear slopes 

 

List of abbreviations 

ETB Elementary Theory of Beam 

CR Constitutive Relations 

EE     Equilibrium Equations  

TSDT Trigonometric Shear Deformation Theory 

HPSDT Hyperbolic Shear Deformation Theory 

HSDT Third Order Shear Deformation Theory 

FSDT First Order Shear Deformation Theory 
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Abstract- The concept of P-fuzzy algebra is elaborated in this 

paper with conjugate fuzzy sets, congruence and pseudo fuzzy 

cosets. Well known existence theorem in algebra is proved under 

P-fuzzy algebra in new manner. Some properties in P-fuzzy 

algebra are introduced. 

 

Index Terms- P-fuzzy algebra, Conjugate fuzzy subsets, Pseudo 

fuzzy cosets, t-level set, Fuzzy normal subgroup 

 

I. INTRODUCTION 

s it well known, in the “classical” fuzzy theory established 

by L.A.Zadeh in 1965, a fuzzy set A is defined as a map 

from A to the real unit I=[0.1]. the set of all fuzzy set on A is 

usually denoted by IA. In its trajectory of stupendous growth, it 

have also come to include the theory of fuzzy algebra. Several 

researchers have been working on concepts like fuzzy groups, 

fuzzy rings etc. 

          Fuzzy algebra is developed to the concept of P-fuzzy 

algebra with conjugate fuzzy subsets and pseudo fuzzy cosets. 

We unify and generalize these in this paper. 

 

I. PRELIMINARIES 

          Definition2.1 A P – fuzzy set μ Є P
A
 is called a P – fuzzy 

algebra or fuzzy subalgebra on the algebra A, if 

 

 For any n – ary ( n≥1 ) operation f Є F 

  μ(f(x1………..xn)) ≥ μ(x1)……………..μ(xn)  for all 

x1………..xn Є A 

 

 For any constant ( nullary operation) C 

   μ(c) ≥ μ(x)        for all x Є A. 

          Definition2.2 Let μ be a fuzzy subgroup of a group G and 

aЄG, then the pseudo fuzzy coset (aμ)
p
 is defined by 

((aμ)
p
)(x)=p(a)μ(x) for every xЄG and for some pЄP. 

 

          Definition2.3 Let λ and μ be two fuzzy subsets of a group 

G. We say that λ and μ are conjugate fuzzy subsets of the group 

G if for some gЄG, We have λ(x)=μ(g
-1

xg) for every xЄG. 

 

          Definition2.4 A fuzzy subgroup μ of a group G to be fuzzy 

normal subgroup of a group G if μ(xy)=μ(yx) for every x,yЄG. 

 

          Definition2.5 Let μ be a fuzzy subset of a set X. For 

tЄ[0,1], the set X
t
μ={xЄX/μ(x)≥t} is called a t-level subset of the 

fuzzy subset μ. 

Result2.6 P-fuzzy algebra is a fuzzy subgroup. 

 

II. RESULTS 

          Theorem3.1 Let λ and μ be two fuzzy subsets if an abelian 

group G from P-fuzy algebra, then  λ and μ are conjugate fuzzy 

subsets if the group G if λ=μ. 

 

          Proof:Let G be a fuzzy group from P-fuzzy algebra A. 

          Here  λ and μ are two fuzzy subset of the group G then λ 

and μ are conjugate if 

 

λ(x1)……………..λ(xn)= μ(x1)……………..μ(xn)  for all 

x1………..xn Є A 

 

using conjugacy 

 

λ(f(x1………..xn)) =μ(g(x1………..xn)) for all x1………..xn Є A 

 

λ(x1)……………..λ(xn)= μ(gx1g
-1

)……………..μ(gxng
-1

) 

 

relating the coefficient of x1 

 

  λ(x1)= μ(gx1g
-1

) for every xЄG   

 

                 = μ(g
-1

gx1)  for every xЄG   

 

  λ(x1)= μ(x1) for every xЄG   

 

Similarly for n values, 

 

We get,   λ(x2)= μ(x2) 

  .  . 

    λ(xn)= μ(xn) 

 

In general,  λ(x)= μ(x) 

 

       λ= μ 

 

Conversely, Here λ= μ 

 

Then, λ(x)= μ(x) extending x as a function of n variables, 

 

We get, 

 λ(f(x1………..xn)) =μ(g(x1………..xn)) 

λ(x1)……………..λ(xn)= μ(x1)……………..μ(xn) indicates 

the condition for conjugate. 

A 
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          Theorem3.2 Let μ be a fuzzy subgroup of P-fuzzy algebra 

A then the pseudo fuzzy coset (aμ)
p
 is a fuzzy subgroup of the P-

fuzzy algebra A for every aЄA. 

 

          Proof: Let μ be a fuzzy subgroup of A,Using result 1,  

          Consider a P – fuzzy subalgebra on the algebra A then 

there exists a P –fuzzy set  μ Є P
A
 then for 

(i) n – ary operation 

μ(f(x1………..xn)) ≥ μ(x1)……………..μ(xn)  for all 

x1………..xn Є A-----(1) 

 

from (1) let x2 = y 

 

μ(f(xy)) ≥ μ(x)μ(y)----------------------(2) 

 

since μ(xy) ≥ min {μ(x) , μ(y)}-------(3) 

 

 from (2) and (3) 

 

μ(x)μ(y) = μ(xy) ≥ min {μ(x) , μ(y)}-----(4) 

 

Let μ: X→[0,1] 

          Here μ is a function defined that X is a set which map it 

each and every element between 0 and 1. 

          Also the set of all elements of X
-1

 maps the values between 

0 and 1. 

 

Therefore μ: X
-1

  →[0,1]. 

          This implies μ(x
-1

) = μ(x)-----------------------------(5) 

(ii)  nullary operation ( for any constant) 

If there exist any constant μ(c) then  

μ(c)  μ(x) = μ(c  x) ≥ min {μ(c) , μ(x)}= μ(x)------(6) 

           μ(c) ≥ μ(x), for all x Є A. 

          Since all the elements of μ(x) lies between 0 and 1. Also 

μ(c) is any constant and it is greater than or equal to 1. Using 

the results (4), (5) and (6), it is clear that P – fuzzy subalgebra is 

a subgroup. 

 

Let x1,x2ЄA 

          Aμ(f(x1x2))
p
=aμ(f(x,y

-1
)

p
)  using pseudo fuzzy coset 

          =p(a)[μ(x)μ(y
-1)

] 

          ≥p(a)μ(x,y
-1

) 

         ≥p(a) min{μ(x),μ(y)} 

         =min{p(a)μ(x),p(a)μ(y)} 

       ≥min{(aμ)
p
(x),(aμ)

p
(y)} for every x,yЄG 

 

          Theorem3.3 Let λ and μ be any two fuzzy subset of a set X 

from P-fuzzy algebra A, then for aЄX, (aμ)
p
С(aλ)

p
 iff μ С λ 

 

Proof: If λ and μ be two fuzzy set. 

 Let (aμ)
p
С(aλ)

p
 

 [aμ(f(x1…………xn))]
p
С[aλ(g(x1………… xn)]

p 

 

Using pseudo fuzzy coset 

 p(a)[μ(x1)……………..μ(xn)] С  

p(a)[λ(x1)……………..λ(xn)] 

 

using cancellation law, 

 

μ(x1)……………..μ(xn) Сλ(x1)……………..λ(xn) 

using theorem 1 

 

 μ(x)Сλ(x) 

 μСλ 

Conversly, Let μСλ, implies μ(x)Сλ(x) 

 μ(x1)……………..μ(xn) Сλ(x1)……………..λ(xn) 

 

Premultiply by p(a) on both sides 

 p(a)[μ(x1)……………..μ(xn)] С 

p(a)[λ(x1)……………..λ(xn)] 

 p(a)[μ(f(x1……………..xn))] С p(a)[λ(g(x1……………..xn))] 

 (aμ)
p
С(aλ)

p
. 

 

Theorem3.4(Existence Theorem) 

          Let be a fuzzy subgroup of a group G from P-fuzzy algebra 

A. The congruence class [x]μ of μt containing the element x of 

the group G exist only when μ is a fuzzy normal subgroup of the 

group G. 

 

Proof: Let μ be a fuzzy subgroup of a group G from P-fuzzy 

algebra A. 

          If μ is a fuzzy normal subgroup of a group G then the t-

level relation μt of μ is a congruence relation on the group G and 

hence the congruence class [x]μ of μt  the containing the 

element X of the group G exist. 

          Now, We prove that for the existence of the congruence 

class [x]μ we must have the fuzzy subgroup μ of the group G to 

be fuzzy normal subgroup of group G. 

          i.e., if μ is not a fuzzy normal subgroup of the group G, 

then the congruence class [x]μ of μt containing the element X of 

the group G does not exist. 

 

          To prove this conside the alternating group A4 

 Choose P1, P2, P3 Є[0,1] 

 Such that 1> P1>P2> P3≥0 

 Define μ: A4→[0,1] by 

1 if x=e 

μ(x)=            P1   if x=(12)(34) 

P2   if x=(14)(23),(13)(24) 
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P3   otherwise 

   

The t- level subset of μ are given by  

{e},{e,(12),(34)},{e,(12)(34),(13)(24),(14)(23)} and A4. 

 μ  is a fuzzy subgroup of A4 

 

For x=(123) y=(143) 

μ(xy)=μ((123)(143)) 

         =μ((12)(34)) 

          =P1 

 

μ (yx)= μ((143)(123)) 

          = μ((14)(23)) 

 =P2 

 

Therefore μ(xy)≠ μ(yx) 

For x=(123) and y=(143) 

Μ is not a fuzzy normal subgroup of P4 

 

Let x=(14)(23) 

       Y=(13)(24) 

t-level set 

 μ(xy)=(12)(34)=P1 

 μ(yx)= (12)(34)=P1 

 μ(xy)= μ(yx)=P1=t 

  

Thus by definition of t-level relation of μ we have (x,y)Єμt 

 

For a=(123) 

 μ((ax),(ay
-1

))=P2<P1 

  

          So by the definition of t-level relation of μ we have (ax,ay) 

not belongs to μt  for t=P1 and α=(123). 

          Hence it follows that μt  is not a congruence relation on the 

alternating group A4. So by the definition of congruence class, 

[x]μ does not exist. That is if μ is not a fuzzy normal subgroup of 

the group G then the congruence class [x]μ of μt containing the 

element X of the group G does not exist. 

 

III. CONCLUSION 

        In this paper we studied some special properties in P-fuzzy 

algebra using fuzzy group. Also we proved existence theorem 

under P-fuzzy algebra. 
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I. INTRODUCTION 

nvironment is, in general terms, a surrounding or conditions 

influencing development and growth of all the living beings.  

         For the last several decades nature and environment have 

always been a source of human reflection and investigation as the 

environmental pollution has reached to such a critical stage that 

we find ourselves passing through an irreversible climate change 

and are not able to retrieve the previous climate back. 

         It can be said that environmental education is education 

through environment, about environment and for environment. It 

is both a style and subject- matter of education. In so far as the 

style is concerned, it means teaching for environment that 

include components and issues such as controlling the 

environment, establishing proper ecological equilibrium which 

entails proper use and conservation of resources and also 

involves control of environment  is not only functionally useful 

but is also aesthetically enjoyable. The aspect would include 

horticultural planning, rural planning and urban planning.  

         Further, environmental education should be a lifelong 

process and should aim at merely imparting knowledge and 

understanding man’s total environment and of the methods and 

their application for improving our near and distant surroundings 

but it should also aim at including skills, the attitudes and values 

necessary to understand, appreciate and improve our biosphere 

and troposphere. 

         Now the liability lies on the next generation and I am sure 

that environmental awareness among the senior secondary 

students will lead the next generation towards restraining the 

unstoppable environment changes.  

 

II. RELATED INVESTIGATIONS 

          Singh(1973) observed the effect of age and school 

environment on the fluid and crystallized intelligence of high 

school children selecting two groups for this investigation (first-

906 students, second -566 students and teachers). 

 

III. ACCOMPLISHMENTS 

A.  Stimulated environment group achieved higher significance 

in crystallized and fluid intelligence in both the test. 

B.  Means of personality variable were also high for the 

stimulated environment group. 

Gupta, Grewal and Rajput (1981) invested the environmental 

awareness among 115 children of rural and urban schools and 

non formal education centres through ‘t’ test. 

 

IV. CONCLUSIONS 

A.  In environmental awareness, there is a significant difference 

between the students of rural and urban, non formal educational 

centres. 

B. There is a significant difference between a non formal rural 

and a formal citizen. 

C. There is no significant difference between a non formal and 

formal rural. 

 

V. NEED AND IMPORTANCE OF THE STUDY 

 Environment is a global concept today. Environmental 

education is an approach to learning. 

 It makes the pupil’s education problem related to 

understanding the environment and hazards of its 

pollution. 

 It helps us as how unchecked and unplanned 

development pollutes air, water and soil and thereby 

threatening our subsistence and existence. 

 As the problem is one, of the people, for the people, a 

proper understanding and support of the people will go 

a long way in carrying out antipollution measures. 

 A number of environmental problems related to use of 

water, electricity, detergents, chemicals, plastic, wood, 

sanitation etc. have just a local dimension both in rural 

and urban areas people. Should be made aware of these.  

            People should be encouraged in tree plantation 

and maintenance, social forestry, environment 

education, extension programmes etc. In industrial 

towns the problems of industrial wastes and effluents on 

the one hand and growth of slums and related 

urbanization problems on the other, assume importance. 

 

VI. OBJECTIVES OF THE STUDY 

1. To know the level of knowledge and compare environmental 

awareness among students of government and public schools. 

2. To compare environmental awareness among male students 

belonging to government and public schools. 

E 
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3. To compare environmental awareness among female students 

of government and public schools. 

4. To compare environmental awareness among students of arts 

and science groups of government schools. 

5. To compare environmental awareness among students of arts 

and science groups of public schools. 

6. To compare environmental awareness among high and low 

achieving students. 

7. To compare environmental awareness among students who 

have and don’t have an access to media. 

 

VII. HYPOTHESIS 

1. There exists a significant difference in the environmental 

awareness of students of government and public schools. There 

exists a significant difference in the environmental awareness 

among male students belonging to government and public 

schools. 

2. There exists a significant difference in the environmental 

awareness among the male students belonging to government and 

public schools. 

3. There exists a significant difference in the environmental 

awareness among the female students belonging to government 

and public schools. 

4. There exists a significant difference in the environmental 

awareness among the arts and science students of government 

schools. 

5. There exists a significant difference in the environmental 

awareness among the arts and science students of public schools. 

6. There exists a significant difference in the environmental 

awareness among high and low achieving students. 

7. There exists a significant difference in the environmental 

awareness among students who have and don’t have an access to 

media. 

 

VIII. DELIMITATIONS OF THE STUDY 

1. The present study in limited to a very small regions i.e. 

Maheshwar and Mandleshwar (Dist.Khargone, Madya Pradesh) 

2. It has been further limited to students studying in Secondary 

schools only. 

3. Students belonging to science and arts streams have been 

selected for the study. 

4. The test of environmental awareness by Praveen Kumar Jha 

has been used for the collection of data. 

5. The sample is limited to 160 students of Maheshwar and 

Mandleshwar (Distt-Khargone. Madhya Pradesh) for the study. 

6. More often the researcher/investigator fails to do a thing as 

perfectly as he or she wishes to, due to the lack of resources, 

knowledge and expertise. 

7. Study can also be done at college level and university level. 

But due to paucity of time and funds, it could not be possible. 

 

IX. RESEARCH METHODS 

        The development of the problem for the present study has 

been traced in the light of theoretical and research background 

and the following steps of method and procedure adopted in 

conducting the study. 

 

1.  Design of the study:- 

Under a broad canvas of survey method of research a 

questionnaire is made for survey.  

2.  Selection of sample:- 

160 (80 from govt. schools and 80 from public schools) students 

at +2 level from various schools of Maheshwar and 

Mandleshwar. 

3.  Tools used:- 

“Environment Awareness Ability Measure (EAAM) Test” by 

Praveen Kumar Jha is used for checking awareness towards 

environment. 

4.  Procedure of Data collection:- 

# The test has 51items (including 43 positively and 8 negatively 

worded). A numerical weightage of 1 is assigned to the category 

agree in case of positive items and disagree in the case of 

negative items. 

# To collect the data the investigator visited the various schools 

of Maheshwar and Mandleshwar personally. 

5.  Reliability of test 

6. Validity of test  

7. Statistical treatment 

# The data were analysed with the help of suitable statistical 

techniques like Mean, Standard Deviation (SD), Standard Error 

of Mean and t-ratio. 

# The following formulas were used to find out ……….. 

 M(Mean)=  X/N,      SD ( σ= √  x2/N 

 

X. SAMPLE SELECTION 

- List of the school surveyed  

1 Govt. Boys Sr. Secondary School, Maheshwar. 

2 Govt. Girls Sr. Secondary School, Mandleshwar.  

3 Kunvartara Sr. Secondary School, Mandleshwar. 

4 St. Paul Sr. Secondary School, Mandleshwar. 

 

XI. FINDINGS 

There is not significant difference on environmental 

awareness among students of public and govt. schools. 

There is no significant difference on environmental awareness 

among male students of government and public schools at Sr. 

secondary level. 

There is no significant difference on environmental awareness 

among male students of government and public schools at Sr. 

secondary level. 

The science students are significantly higher than arts students 

of govt. schools. Science students are more aware about 

environmental problems in comparison to arts students. 

The science students are significantly higher than arts students 

of public schools. Science students are more aware about 

environmental problems in comparison to arts students. 
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Students with 60% marks (high achieving) are more 

enlightened than the average students getting marks in the range 

of 50-60%. 

The high achieving students are significantly higher than low 

achieving students on EAAM. 

There is not significant difference on environmental 

awareness among average achieving and low achieving students. 

There is no significant difference among students who have an 

access to media and those who do not have an access to media. 

 

XII. CONCLUSIONS 

(a) Students of Govt and public schools have similar 

environmental awareness ability. 

(b) Male and Female students of govt. and public schools 

have similar environmental awareness ability. 

 

XIII. IMPLICATIONS OF THE STUDY 

         The findings of the study are of crucial importance in 

protecting environment. However, some of its practical 

implications can be pooled together to consider its importance. 

On the basis of the findings of the study, the following 

implications emerge out : 

1. To enhance the chances of creating more awareness about the 

environment, the education process has to play more a practical 

role. 

2. The subject of environmental education should be included as 

compulsory subject in curriculum. 

3. Special emphasis should be given on students at lower school 

level because they are tomorrow’s citizens and educating them 

means educating a generation. 

4. For creating environmental awareness among students and 

general public, various campaigns can be launched from time to 

time. In school, essay writing competition, painting competition, 

debates, on the topic of environment can be organized. 

5. The causes of environmental pollution should be brought to 

the notice of the children so that remedial measure can be taken. 

6. Environmental education should be made more effective in 

rural areas. 

7. Students can contribute significantly in conserving the 

environment. 

 

XIV. SUGGESTIONS FOR FURTHER STUDY 

1 A similar study can be conducted on a larger sample selected 

from all the districts of the state of M.P. 

2. The study can also be undertaken on a sample at college and 

university level. 

3. To verify the findings of the present study inter-state and cross 

cultural studies can be conducted. 
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Abstract- The present paper deals with the phenological study on 

broad leaved kharif weeds of randomly selected fifty one  species 

of angiosperms from the agricultural farm of Zonal Adaptive 

Research Station, Krishnagar, Nadia and different blocks and 

village area like Bhaluka, Nabadwip and other adjoining areas of 

Krishnagar, Nadia, West Bengal during June 2008 to May 2011. 

The emergence of weeds took place from June to September 

showing early arrival in case of Amaranthus spinosus, Croton 

bonplandianum and Jatropa multifida and late arrival in case of 

Aerva lenata, Utricularia bifida and Wahlenbergia marginata. 

Initiation of flower bud blooming was early in  Evolvulous, 

Bacopa, Hydrilla and Bromus while late emerging weeds had late 

initiation of floral buds and blooming. The earliest 

commencement of fruiting was in July in E. alsinoides while it 

was as late as December in seven species. Percentage of 

dicotyledonous plants was more than that of  the monocots. Most 

of the members are edible and have more or less good local 

medicinal uses in the village areas. A good number of weeds 

belonging to the families which are prevalent in this alluvial zone 

are Amaranthaceae, Rubiaceae, Liguminaceae, Pappilionaceae, 

Solanaceae, Malvaceae, Labiateae, Scophularaceae and 

Compositeae. 

 

Index Terms- Phenology, Nadia, weeds, scophulariaceae, 

solanaceae, medicinal value 

 

I. INTRODUCTION 

he weeds are found everywhere both in urban and rural 

surroundings; their contact with human is unavoidable. The 

families which were prevalent in Alluvium zone of West Bengal 

viz. the Nadia district include Campanulaceae, Compositeae, 

Malvaceae, Convolulaceae, Euphorbiaceae, Labiateae, 

Scophulariaceae, Polygonaceae, Rubiaceae and Liguminaceae. 

Among these, some broad-leaved weeds pose serious problems 

both in arable and non-arable areas including pasture lands. 

Limited work on the phenology of weeds flora of this zone has 

been carried out. Such studies help in understanding the biology, 

ecology, floristic composition and the local uses of weeds and 

also provide information regarding scheduling of weed 

management practices. This study will also provide information 

on economic value of these weeds which are prevalent but their 

uses are still very little known or unknown. 

 

II. MATERIALS AND METHODS 

       Regular survey were made from June 2008 to May 2011 at 

the Research Farm of Zonal Adaptive Research Station, 

Krishnagar and the other allied village areas attached to 

Krishnagar, Nadia, West Bengal. Among the collected weed 

plants, 51 broad-leaved species of Kharif season were randomly 

selected based on propagation by seeds, for the study of 

phenology (Table 1). Data on the time of emergence (E), flower 

bud initiation (Fi), cessation of shoot elongation(C), 

commencement of flowering (F), commencement of fruiting  

(Fr), seed dispersal (Sd) and complete death (D) of the plants 

were recorded . The present survey work was also done to know 

the local uses of the plants. It has been found that member of 

some families like Scophulariaceae, Hydrocharitaceae, 

compositeae, Xyridaceae, Gentianaceae and Commelinaceae are 

used as medicinal plants while members of some family viz. 

Polygonaceae, caryophylaceae, campanulaceae and gramineae 

are used as fodder and are edible. 

 

III. RESULTS AND DISCUSSION 

       Emergence: Out of 51 weed specie, 27 came up during 

June, 16 in July, 5 in August and 3 in September. Weeds such as 

Amaranthus spinosus, Croton bonplandianum and Jatropa 

multifida were early to the season (Table 1). 

       Commencement of floral bud: Floral buds initiated in five 

plants such as Evolvulous, Bacopa, Hydrilla and Bromus during 

Jun while in 30 species during July, 11 during August, 5 during 

September and one species like Wahlenbergia during October 

(Table 1). In general, late emerging species bud late initiation of 

floral buds. 

       Commencement of Blooming : The early occurring five 

species bloomed early, that is, during June while 29 species 

during July, 10 in August, 5 in September and two species viz., 

A. lenata L. and Wahlenbergia  among late emerging weeds 

commenced blooming during October. 

       Cessation of Shoot Elongation : The elongation of shoot 

was ceased in two species, viz Mollygo and Evolvulous during 

July while in 13 species in August, 22 in September, 

11inOctober, 2 in November and in Melochia corchorifolia  it 

took place in December. 

       Commencement of fruiting: Fruiting commenced during 

July in E. alsinoides while it commenced in 11, 20, 12 and 7 

species during August, September,October and November 

respectively  

T 
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       Seed dispersal: Seed dispersal started during September in 

10 species while it commenced during October in 15, November 

in 18 and during December in 8 species. All the long duration 

species were non synchronous in seed dispersal. 

       Death of Weeds: Death of Gnaphalium indicum took place 

in October (earliest), 16 species took place in November  while 

in E. alsinoides  and Sida cordifolia died as late as in May. 

 

       A total of 51 species belong to 23 different families. It was 

found during investigation that species which belong to the 

families like Euphorbiaceae, Liguminaceae, Labiateae, 

Scophulariaceae, Amaranthaceae and Compositeaea are more 

frequently available to the area of collection. Most of the species 

have either medicinal uses or have the capability of fixing 

nitrogen. Many species are also used as a fodder. So there is a 

requirement to have a holistic research on these different plant 

collections. Further analysis based on biochemical or molecular 

aspect is necessary to find out their distribution, diversity and 

uses which will be beneficial to the nation. 
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Table 1. Phenology of the weeds during different months. C, Ceasation of shoot elongation; D, Death; E, Emergence; F, 

Commencement of flowering; Fi, Floral bud initiation; Fr, Commencement of fruiting; Sd, Seed dispersal. 

 

Sl.No. Family Weed Species Jun July Aug Sep Oct Nov Dec Jan Feb Mar Apr May 

1 

 

    

Amaranthaceae 

Aerva lenata L. 

Juss 

   E,C, Fi,  F Fr 

Sd,  

D      

Amaranthus 

spinosus L. 

E F,Fi C, Fr Sd  D       

2 Commelinaceae Amischophacelus 

axillaries L. 

  E,Fi C,F Fr,Sd D       

Murdannia 

nudiflora (L.) 

Brenan 

E F,Fi  C Fr Sd  D     

3 Rubiaceae Borreria 

articularis (L.f.) 

F.N. Will. 

E Fi,F  C,Fr Fr, 

Sd 

Sd D      

  Oldenlandia 

biflora L. 

E F,Fi  C Fr  Sd D     

  O.corymbosa L. E Fi  C,Sd Fr, 

Sd 

 D      

  O. umbellate L.  E, Fi, 

F 

C, Fr Sd D        

4 Burmanniaceae Burmannia 

coelestis D.Don 

   E, Fi C,Fi Fr Sd,D      

5 Liguminaceae Desmodium 

gangeticum(L.) 

DC 

E F,Fi  C  Fr Sd D     

  Teprhosia 

purpurea (L.) 

Pers. 

 E Fi,F Fr C,Sd        

6 Eriocaulaceae Ericaulon 

quinquangulare 

L. 

  E Fi,F C,Fr  Sd D     

7 Euphorbiaceae Croton 

bonplandianum 

Baill 

E F,Fi  C  Fr, 

Sd 

D      

  Tragia 

Involucrata L. 

 E F,Fi 

,C 

Fr Sd D       

  Jatropa multifida 

L. 

E F,Fi Fr, C  Sd  D      

8 Convolvulaceae Evolvulous 

alsinoides (L.)  

E,Fi,F C,Fr   Sd       D 

  E. nummularius 

L. 

 E,Fi,F C Fr  Sd     D  

9 Gentianaceae Hoppea 

dichotoma willd. 

E F,Fi  C Fr Sd D      

  Centaurium 

roxburghii 

(G.Don) Druce 

E F,Fi   CFr Sd D      

10 Labiateae Salvia coccinea 

Juss. Ex Murr. 

And Sage 

E F,Fi  C Fr Sd D      

  Hyptis 

suaveolens (L.) 

Poit 

 E C,Fi,F Fr,Sd    D     

  Leonurus 

sibricus L. 

E F,Fi  C Fr Sd D      

11 Scophulariaceae Lindernia ciliate 

Pennel 

 E  Fi,F,Fr C,Sd D       
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  L. crustacean 

(L.) F. 

 E Fi,F C,Fr,Sd  D       

  Scoparia dulcis 

L. 

E F,Fi   C, Fr Sd D      

   Lindernia indica 

L. 

 E F,Fi  C Fr,Sd D      

  

 

 

Table 1 Continued. 

Sl.No. Family Weed Species Jun July Aug Sep Oct Nov Dec Jan Feb Mar Apr May 

  Antirrhinum 

majos L. 

E F,Fi Fr Sd C D       

  Bacopa 

monnieri (L.) 

E, 

F,Fi 

 C,Fr  Sd  D      

12 Sterculiaceae Melochia 

corchorifoliaia 

indica L. 

E Fi,F Fr   Sd C  D    

13 Loganiaceae Mitrasacme 

alsinoides R. 

Br. 

E F,Fi Fr C,Sd  D       

14 Polygonaceae Mollygo stricta 

Linn.  

 E,Fi.C,F Fr Sd  D       

  Rumex 

dentatus L. 

E F,Fi Fr C,Sd  D       

15 Caryophyllaceae Polycarpaea 

corymbosa 

Lamk. 

  E,Fi,F C,Fr   Sd,D      

  Stellaria media 

(L.) vill. 

 E F,Fi,C Fr Sd D       

16 Polygalaceae Polygala 

chinensis L. 

 E F,Fi,C  Fr, 

Sd 

 D      

17 Malvaceae  Sida cordifolia 

L. 

E Fi,F  Fr C Sd     D  

   S. glutinosa 

Cav. 

E F,Fi  C,Fr  Sd,D       

18  Latibulariaceae Utricularia 

bifida Linn. 

   E,Fi,F C,Fr Sd  D     

19 Compositeae Vernonia 

cinerea (L.) 

less. 

E Fi,F Fr C  Sd D      

  Tridex 

procumbens L. 

 E Fi,F Fr  C Sd     D 

  Gnaphalium 

indicum L. 

 E, F,Fi  C,Fr Sd,D        

  G. Luteo-

album L. 

 E, F,Fi  C,Fr Sd D       

  Grangea 

maderaspatana 

(L.) Poir 

E F,Fi C,Fr Sd  D       

20 Campanulaceae Wahlenbergia 

marginata 

(Thunb) A.DC. 

   E Fi,F C,Fr Sd D     

21 Hydrocharitaceae Vallisneria 

spiralis L. 

 E, F,Fi  C,Fr Sd  D      

22 Gramineae Hydrilla 

verticillata 

(L.f.) Royle. 

E, 

F,Fi 

 C,Fr Sd  D       
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  Agrostis alba  E, F,Fi C          

  Bromus 

inermis 

E, 

F,Fi 

 C,Fr  Sd  D      

  Leptochloa 

panicea 

E F,Fi  C,Fr  Sd D      

23 Xyridaceae Xyris indica L.   E, 

F,Fi 

 C Fr Sd D     

  Xyris 

pauciflora 

Willd. 

  E Fi,F,Fr  C,Sd D      
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Abstract- Agile methodology promises quality deliverables in 

frequent intervals. In Agile project development, user stories 

(requirements) entered in Product backlog is prioritized and 

according to priority few of them are selected for the current 

iteration (sprint). These user stories have to be implemented 

within that sprint. Hence the project team demands experts in the 

relevant domain for successful completion. Software 

development organizations have limited number of experts with 

them and hence the number of projects that follow agile 

methodology is restricted. This paper first discusses the risk 

involved if moderately skilled members are chosen for agile 

software development and then the methods to mitigate the risk 

so that more number of projects can adopt agile methodology 

 

Index Terms- Agile adoption; Scrum; Risk; Mentors; Expert 

 

I. INTRODUCTION 

n software development change in requirements are inevitable. 

Changes can occur because of business conditions, global 

market, and technology growth to name a few. In traditional 

software development methodology, risk management is based 

on avoidance of requirement changes whereas agile methodology 

adapts to requirement changes. In agile the requirements are 

taken as user stories. All the user stories are added to product 

backlog and are prioritized. According to the priority user stories 

are taken for implementation in the current iteration (sprint) 

planning. User stories low on information is not taken into the 

current plan. The benefit of agile is early delivery of partial 

product to customers. Customer feedback is taken once a week to 

incorporate changes. And so "Defects" in requirement are found 

early in agile and late in other software development 

methodologies which make it expensive to fix.  

         Defect leads to rework. The metric of rework is defined as 

time spent on fixing the defects as a percentage of time spent on 

its development [3]. The survey says amount of rework generally 

lies between 20 to 30% in other methodologies [4] whereas in 

agile the amount of rework is much less than 20%. Agile also 

reduces retrofit because the customer representative (a.k.a. PO-

Product Owner) is part of the agile team and PO is well informed 

about what the end product is going to be, at the time of building 

the product itself. Therefore “good agile practices” not only 

avoid rework but also reduces retrofit.  

 

II. CHALLENGES IN AGILE ADOPTION 

         In the beginning Agile has a lot of challenges because of 

uncertainty and so most of the time Software quality is not 

visible in the early sprints [1]. Agile is self-organizing hence as 

the team progresses towards more sprints, it learns and adapts in 

attaining the required quality. Code testing cannot find all the 

defects because defects can exist in the product, specifications, 

design and plans. So other testing methods need to be used to 

find defects as soon as they are created. 

         The “test first” concept in agile makes the Quality 

Assurance Analyst work with Product Owner to analyse the user 

story point in many ways and inform developer where the code 

might break even before the developer writes the code. Everyday 

code is run through “automated build and test system” to verify 

whether it runs correctly on the required operating environment. 

During the sprint release if the code does not have the required 

quality it is placed in the product backlog and taken in the next 

sprint. The team collects data about risk mitigation over the 

course of sprints, and work out their strategy for managing risks 

more effectively. 

         Scrum is one of the agile project management techniques. 

Scrum insists on daily stand-up meeting to help the team identify 

the road blocks (impediments) to the work completion planned 

for the previous day.  It is the duty of scrum master to get the 

impediments resolved. All these factors make agile follow 

inherent risk mitigation methods. 

         Strong communication exists between developers and 

stakeholders from the start of the project. Agile process consists 

of design and development, daily discussion of road-blocks 

(impediments) to development if any, deliver completed work to 

stakeholder and get their weekly feedback, define the work and 

deliverables for the next week and repeat the entire process [9].  

Early release of partial product for customer evaluation is the 

biggest positive about agile methodology.  For early release the 

necessary development and test environment is mandatory.  

         Whether it is traditional or agile the challenges in project 

management related to people are (i) effect of human error (ii) 

departure of key personnel (iii) impact of incompetent personnel 

[2]. In agile all the above have to be rectified without exercising 

control because the principle of agile is “people over process” 

and having a “self- organizing team”. Needless to say agile 

ensures that the team has all the necessary skills for successful 

completion of the project.  

         Source of barriers leading to risks in agile discussed here 

are: (a) Lack of development and test environment, (b) Team 

members are neither expert in their domain nor generalists (take 

multiple roles). For example, developer takes the role of a tester 

for a peer developer.  Having generalist in the team without 

proper guidelines can lead to increased risk as they tend to create 

more technical debts (extra efforts required to complete the work 

in design or code). The reason behind this is, most of the code is 

peer-reviewed and few are unit tested (with no marking on which 

I 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      45 

ISSN 2250-3153  

www.ijsrp.org 

of them are unit tested!) and so there are chances that defects 

may go unnoticed in review. 

 

(a) Lack of development and test environment  

         Deployment testing which is testing the infrastructure or 

operating (production) environment for the application takes 

almost the same effort as coding. Design patterns are chosen 

taking into account the scale of operation of business or business 

condition, the technical constraints, skill set of the team etc. 

Infrastructure used for early integration testing is smaller than 

those required during production. The early sprint releases may 

fail in later sprints during build.   

         Solution: Infrastructure based on virtualization platforms 

introduces the possibility of environments that can be re-scaled 

based on the needs [5]. Build if it happens on cloud can expedite 

the integration process and the commitment (also investment) to 

the architecture need not be done initially as architecture 

maturity comes in later sprints. Developers can take build images 

existing on cloud and test [17]. 

 

(b) Team members are neither expert in their domain nor 

generalists. 

         Agile has small time-boxed delivery, say 4-6 weeks. Hence 

there is no time to train people if they lack required skill. To 

develop people into being better than they were, a generic 

strategy need to be followed to suit everyone’s personality. Some 

work under pressure, some work if patted on their back and some 

are good if they are left alone. Apart from this the team has to be 

risk-taking and need to know how to deal with failure. 

 

A. Quality Metrics in Agile 

         Quantitative metrics in Agile are velocity, burn-rate, 

defects, unit test coverage, and technical debt, work in progress 

and story cycle time. Velocity is the measure of amount of work 

completed in that sprint and story cycle time is stories started in 

one iteration and completed in a subsequent iteration. [8].  

         Solution: Knowledge sharing and networking helps to a 

great extent In order to reduce the story cycle time, e-Assist or e-

Mentors can be included in the project. 

         Qualitative Metrics: Propositions are made and stated as 

Hypothesis to increase agile adoption. If experimentation 

conducted gives an expected outcome or the required credibility 

then hypothesis is not rejected [6]. 

         Hypothesis 1: Increase agile adoption with e-Mentors if the 

reason for low agile adoption is “enough experts are 

unavailable”. 

         Hypothesis 2: Select team with closest skill if experts are 

not available. Identify developers with closest skill since it is 

easy to train them to the required skill - Comparison of known 

technology to unknown and delivering required material in order 

to raise the level of average developer to expert level. This also 

increases work satisfaction of developer, creates a sense of 

achievement and in a way reduces attrition. An increase in IT 

assets is an additional benefit.  

         Hypothesis 3: Provide online resources to suit multiple 

roles – Developers will have more test-cases when they play the 

role of a tester to find errors in unit testing. An integration 

environment set up is done on cloud and code is run there to find 

build errors. Use of patterns can reduce the architectural errors.  

          Hypothesis 4: Use e-Mentors to resolve impediments. The 

experts having required skill but unavailable can act as e-Mentor 

from outside the team. Their identity can be withheld and bonus 

points can be given to them for sustaining their assists. This has 

two benefits there will not be any ego clash since the identity is 

not revealed and bogus request will not be created just to earn 

points. 

         Hypothesis 5: Product owner to work with QA to refine 

user stories – product owners when they work with QAs can find 

all possible scenarios of user story, a kind of test harness can be 

done.  

         Hypothesis 6: Additional resources by way of e-Mentors 

can reduce the effort in rework. 

         Hypothesis 7: Recognizing the assist by mentors to create 

team spirit. The online mentor can be one within the team or 

from any other team to help in solving the impediment. In agile 

code is owned by the team and not by an individual. Performance 

assessment in agile can be twofold one for the individual task 

completion and second for the assist made to their team 

 

Improving Quality using e-Assists in Agile 

         Create / provide resources as references to assist the project 

development team to have a better understanding of the domain, 

to foresee issues related to customer and tools, to solve 

technology related issues.   

 

Improving Quality using e-Mentors in Agile 

         The subject matter experts (SMEs) who are presently busy 

with other projects but have the required skill set for this project 

can act as an e-Mentor.  

 

III. METHODOLOGY 

          Acquire resources and extract information using NLP, 

semantic tagging etc. Create patterns using error / defect – log, 

customer related UI specifics, best practices, lessons learned 

from retrospection meetings. Knowledge from this can be shared 

and reused. Have a support team to find patterns, tool 

compatibility, customer related issues etc. An alternate way is to 

automate the process using semantic agent. 

         Encourage experts to register as e-Mentor. Assess the assist 

and award them accordingly to sustain their involvement. 

Identify mentors based on three factors (i) Rank, depending on 

the number of times he /she solved the query (ii) Criticality of the 

project in which the mentor is currently working and (iii) Period 

of association, the time he/she has to complete the ongoing 

project. If the time is more, they can render more help [10].  

 

 
Fig. 1  Attributes of team members 

 

        Fig. 1 shows various attributes of team members namely - 

Skills, Proficiency and multiple roles. Skill set required for a 
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developer are implementation language, framework, 

development tools, domain expertise (experience in the domain). 

The proficiency level in these skill set can be average to expert. 

Developer needs to play multiple roles, for example, test peer 

code; a QA can verify completeness of user story (use case in 

OOAD terminology). 

 

Agile works well if the team has 

• Proficiency in skill-set -Number of experts to average 

has to be a minimum ratio of 2:1 in the team[16] 

• Team selection -Team has to have experts in language,  

domain, framework and tools 

• Team member can play multiple roles.  

 

         Agile team normally has 7 + 2 members.  Let us take the 

team consist of six (PO, Architect, 3 Developers and a QA) 

members. Traditionally out of six there has to be minimum 4 

experts and maximum 2 moderately proficient members. 

Assuming the expert team completes the user story 

implementation for release in one sprint. A moderately proficient 

member completes the user story within one sprint duration or 

later depending on where from he/she has to rework. Velocity is 

a measure of the amount of work the team completes in one 

sprint [7]. Story Cycle-Time, will expose problems with stories 

started in a sprint and completed in a subsequent sprint [8]. The 

phases of user story implementation are given in the Fig. 2 

below. 

 

 
Fig. 2  Phases of User Story  implementation 

 

A. Sample Calculation to find expert equivalent for 4:2 

         The six phases of testing required in agile software 

development from user story prioritization in Product backlog -> 

sprint backlog -> user story implementation (Design, Code, Test) 

to release of that user story as shown in Fig. 3. 

         In phase 1 User story description, prioritization and initial 

architecture are tested. Changes in user story description can 

change the initial architecture. 

         In phase 2 estimation of current sprint (user stories) is done. 

Since agile is time-boxed, if estimation goes wrong story(s) 

might remain incomplete at the end of the sprint.  

         In phase 3 design and phase 4 coding have to be tested, 

both at unit level and build level by peers and then in phase 5 by 

quality assurance person.  

         Phase 6 demands the approval of Product owner who is the 

customer representative. Then the user story implementation is 

said to be accepted (Definition of Done – DoD in scrum) [19]. 

 

 
 

         Assuming an expert gets a 6 on 6 (100%) on user story 

completion within time-box. For EVERY moderately proficient 

member, effort depends on his/her rework. Agile methodology 

needs 4 experts (minimum) + 2 average (maximum) members. 

The last two scenarios appear if the two average members are 

Product Owner and Architect.   

 

Table II find EXPERT EQUIALENT OF TEAM 

 

Rework 

From 

 

Rework To Team 

Expertise 

Expert 

Equivalen

t 

Code & 

test 

Debug/Refactor (5/6) * 2 + 4   5.7  

Build  Debug/Refactor (4/6) * 2+ 4  5.3  

Build 

unsucces

sful or 

system 

test fails 

Cause 

identified/ 

Resolved, 

implementation 

completed in 

next Sprint 

-(1/6) * 2+ 4  3 .7 

Impleme

ntation 

issues 

Unresolved, 

Added to 

Product Backlog 

and taken in 

later sprints 

-(2/6) * 2+ 4  3.3 

 

 

B. Sample Calculation to find expert equivalent for 3:3 

         Instead of 2:1, assume1:1 ratio initially i.e., 3 experts and 3 

average + e-Mentor to Assist (adding e-Mentor can reduce the 

rework efforts to half, therefore 0.5 factor is added for each type 

of assist viz., code, test/tool and domain are added).  The factor 

of 0.5 was taken as it was seen with reference code students’ 

effort in programming reduced to half. Further experimentation 

needs to be done assuming the effort will follow normal 

distribution; the standard deviation can be taken as a correction 

factor. 
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Table 2 fIND EXPERT EQUIALENT OF TEAM 

 

Rework 

From 

Rework To Team 

Expertise 

Expert 

Equivalen

t 

Code & 

test 

Debug/Refactor (5/6) * 3 + 

3+0.5  

 6 

Build  Debug/Refactor (4/6) * 3+ 

3+1.0 

6 

Build 

unsucces

sful or 

system 

test fails 

Cause 

identified/ 

Resolved, 

implementation 

completed in 

next Sprint 

-(1/6) * 3+ 

3+1.5  

4 

Impleme

ntation 

issues 

Unresolved, 

Added to 

Product Backlog 

and taken in 

later sprints 

-(2/6) * 3+ 

3+1.5  

3.5  

 

C. When an Employee Leaves the organization, it is important  

to capture the Knowledge he had diligently developed during 

his tenure[15] 

         Brain drain is what happens when the talent that has been 

so diligently cultivated leaves the organization. Capturing valued 

employee’s critical knowledge can play a key role in increasing 

project success. Knowledge has to accessible from anywhere 

hence the learning repository can be placed on cloud.  By using 

knowledge capture efficiently training costs can be reduced. This 

can also supplement job-shadowing and to some extent peer to 

peer mentoring. Capturing useful information can bring 

knowledge about platform, content and solutions together. 

Knowledge capturing is considered to be extremely useful for 

creating seamless employee transition.  

About 80% of learning comes through peers [18]. This 

centralized repository of learning material can bring the 

assistance of globally located peer group to the team members. 

 

IV. IMPLEMENTATION 

          o implement the methodology in order to increase the 

suitability of agile adoption for candidate project by providing e-

Assist / e-Mentors in the form of semantic agent is given in Fig. 

4. Agile principle stresses on face to face communication. The 

references provided by e-Assist and e-Mentor are no substitute 

for face to face communication rather it creates confidence in a 

team member during daily standup meeting. This is very useful 

especially if the team is distributed where face to face 

communication is not possible.  

 

 
 

Fig 4 Solving impediments using semantic search 

 

         The role of the semantic agent is to analyze and collect 

relevant resources suitable for the agile team for executing their 

task successfully in the given time period.  Normally team is 

selected based on the skill set and proficiency required for the 

project in hand. Agile projects require highly proficient skill set 

since it commits to quality product delivered at regular intervals. 

The resources who have the required skill and proficiency but are 

unavailable can act as an external mentor to the team.  In this 

paper we have suggested to select moderately proficient 

members and provide them enough assistance to make them 

work like an expert. The reference material to be provided for 

them can be in the form of documents related to domain, tutorial 

and demos for tools, sample and reusable code for technology. 

Depending on the chosen members’ skill set and proficiency 

various references are attached to the task.  Apart from the 

references for domain, tool and technology QA can provide test 

cases and test data which will help them do peer testing. 

Understanding the domain with the given resource material can 

make them derive test cases on their own. Further all these 

customized references can be saved and indexed for future use. 

Thus searching time for the second time for similar requirement 

is reduced.   

         Web logs (blogs) have abundant treasure of hidden 

information for most of the queries that a developer comes 

across. Content summarization of the relevant solution for a 

query can be done from the blog archives and can be used as a 

reference to solve technological impediments. This can definitely 

save a lot of time during implementation. Recurrent use of the 

same solution to the problem can help to create patterns. Using 

natural language processing (NLP) we can rank the bloggers who 

give the best solution and add it to the list of experts.  

         Agile does not recommend heavy documentation. Hence 

not much of structured documentation is available in case of 

agile projects. The documentation that gets developed by way of 

logs is unstructured. NLP is used to extract information from 

unstructured data.  

 

 Goal: Analyze and collect the available organizational 

resources (team, reference material, etc) against the 

required tasks to be implemented. 

 Select from available resources, the ones with closest skill 

set and proficiency using ontology. Calculation of simc and 

simp [11][12] can be used for this. 

 Generate reference resources (e-Assist) from available 

documents and logs to resolve impediments. Information 

from logs can be extracted using GATE (General 

Architecture or Text Engineering) [13].  
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  Personalize references according to proficiency, skill-set 

and role. These reference documents can be stored in a 

hierarchical tree and tree search can be made faster using 

signature graphs [14] or ID3 data mining algorithm.  

 Contact e-Mentor for solution (provider’s identity 

withheld). A model to reward e-Mentor for sustainability 

can be developed. 

 Capture SME’s (subject matter expert) critical knowledge 

to prevent brain-drain [15]. 

 

A. Selection of team with closest skill[20] 

         Ontology based approach is used to calculate the similarity 

between two items and retrieve all relevant items. Here ontology 

is used for storage of actual skill profiles and reference profiles 

to gain perfect or nearly perfect profile matches. Sample skill – 

ontology created using Protégé is shown in Fig. 5. 

 

 
Fig. 5 Sample skill-ontology created using Protégé [20] 

 

         Actual skills required for the project is given in the Table 3 

below followed by  

 

Table 3 actual skills required for the project 

 

Domain Skill Competency 

Programming  JADE 5 

Programming  C 5 

Programming  C++ 5 

Scripting JSP 5 

Web Application Design 

(WAD) 

X Query 5 

Web Application Design XPath 5 

 

Table 4 Actual Snapshot OF EMPLOYEE DATABASE 

 

Emp

loye

e ID 

Domai

n 

Skill Domai

n 

Skill Domai

n 

Skill 

E1 Progra

mming  

C, 

C++ 

Scriptin

g 

Pytho

n 

WAD XSD 

E2 Progra

mming  

C++, 

JAD

E,  C 

Scriptin

g 

JSP WAD X 

Query 

X Path 

E3 Progra

mming  

C++, 

Java, 

JAD

E,  C 

Scriptin

g 

JSP WAD X 

Query 

X Path 

 

The similarity measure is given by 

simc(c1,c2)=1-dc(c1,c2) [12] 

 

The competency level similarity is determined by the following 

formula [12]: 

 

simp(cl1,cl2)=1- α(cl1-cl2) when cl1-cl2≥0 

  simp(cl1,cl2)=1 when cl1-cl2<0 

 

where 0≤α ≤ 0.25. Using the above formulae on the sample 

database, we get the following result shown on the Table 5 

below. 

 

Table 5 Calculation of simc*simp 

 

Employee 

ID 

simc simp simc*simp 

E1 0.617 0.6 0.37 

E2 1 0.8886 0.886 

E3 1 0.8 0.8 

 

         The employees having high simc*simp value are the ones 

who have the closest skill and proficiency, hence they are chosen 

for the team. 

 

B. Personalize Resources and Indexing them 

         Using NLP libraries and NLTK toolkit, a list of keywords 

and association of keywords table are made. Log traces of 

references used by experts are used to find the relevant material 

for reference.  If an average skill person does not find it adequate 

he/she can add more. Semantic agent uses AI rules and filtering 

mechanism to find which of reference material was really used 

by the developer and adds it to repository as shown in Fig. 6.  

 

 
Fig. 6.  Extraction of Personalized references from 

repository. 

 

         The resources can be organized into a hierarchy according 

to the nested structure (called the aggregation hierarchy). Part of 

this hierarchy structure can be common for a class of developers 

who have the same skill set and proficiency level. This can be 
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taken as an index to retrieve files faster from resource repository 

[14]. 

• A new index structure i.e. signature file hierarchies and 

signature graph is proposed for storing information of 

people and the references they have used. 

• A unique signature will be created for each class of 

resource.  

• Using signature graph as the index the resource will be 

retrieved for each person and stored for reference.  

 

C. Selection of SMEs as e-Mentors [10] 

         The mentor having the highest sum of the three factors: 

Rank, Criticality of the project and Period of Association would 

be selected. 

 

         Rank:  The rank of the mentor would be determined using 

two factors Success rate and Help rate; a ratio of 7:3 can be given 

to Success rate and Help rate 

Success rate = NoOfSuccess / NoOfTimesReplied 

Help rate = NoOfTimesReplied / NoOfTimesApproached 

 

         Criticality of the project in which the mentor is 

currently working: If the project on which the mentor is 

currently working has enough of time to complete it, then it is 

assumed that the mentor as time to spare hence assigned a high 

rank. 

 

         Period of Association: This is given by Module Query 

Time / Project Time, where Module Query Time is the time that 

a module that raised the query has for completion and Project 

Time is the time required by mentor to finish his current work in 

his project. 

 

V. CONCLUSIONS 

         Agile methodology adoption need not be restricted to a few 

projects because of lack of skilled employees. It can be extended 

to moderately skilled people by providing adequate resources to 

assist and relevant material with information extracted from logs 

and other documents mentioned. Assist from e-Mentors (SME) 

can help resolve impediments. Creating deployment 

infrastructure (production environment) on cloud for testing on 

various architectures can reduce build errors. 
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Abstract- Abiotically stressful environment in changing climate 

is predicted to impact negatively the diversity and abundance of 

insect-pests; and ultimately the extent of damage caused in 

economically important agricultural crops. This may affect 

perilously the agricultural production and the livelihood of 

farmers especially in tropical and subtropical countries where 

larger proportion of work force is directly depending on climate 

sensitive sectors such as agriculture. In this article, we enlighten 

through the extensive literature survey, the climate change 

induced challenges that the crop growers have to face in near 

future in managing harmful insect pests of their crops along with 

its socio-economic impacts on farming community. We feel it is 

timely and important that further studies pertaining to climate 

change driven changes in serious insect-pests of crops and 

planning and development of adaptive strategies needs to be 

undertaken to lessen the yield losses and safeguard the food 

security of nation. 

 

Index Terms- Biodiversity, climate change, climate resilience, 

crop pests, food security 

 

I. INTRODUCTION 

n recent decades, climate change resultant global warming has 

become issue of serious concern worldwide for existence of 

life on the earth (Abrol et al. 1996; IPCC, 2007). Over past 

hundred years, the global temperature has increased by 0.8
0
C and 

is expected to reach 1.1-5.4 
0
C by the end of next century. On the 

other hand, CO2 concentration in the atmosphere has increased 

drastically from 280 ppm to 370 ppm and is likely to be doubled 

in 2100 (IPCC, 2007). This change is attributed mainly to the 

overexploitation and misuse of natural resources for various 

anthropogenic developmental activities such as increased 

urbanization, deforestation and industrialization resulting in 

aberrant weather events like changes in rainfall patterns, frequent 

droughts and floods, increased intensity and frequency of heat 

and cold waves, outbreaks of insect-pests and diseases, etc. 

affecting profoundly, many biological systems and ultimately the 

human beings (IPCC, 2007).  

       Agro-ecosystem environment is largely governed by 

interactions between abiotic (temperature, humidity, rainfall, soil 

factors, pollutants etc.) and biotic (crop-plants, weeds, insect-

pests, pathogens, nematodes, etc.) components. The abiotic stress 

factors modulate the effects of biotic stresses and are most 

harmful when occur in combination (Mittler, 2006), greatly 

influencing crop growth and productivity to the extent of 80% 

(Oerke et al. 1994; Theilert, 2006). Climate change resultant 

abiotic environment especially changes in hydrological cycles 

(Rowntree, 1990) and temperature regimes may alter the 

composition of agro-ecosystems resulting in altitude wise shift in 

distribution and range of animals and plant species (Porter et al. 

1991; Sutherst et al. 1991; NACCAP, 2008). Hence, in the 

context of global climate change, it is an utmost need of hour to 

address multiple stresses threatening sustainability of agricultural 

production systems.  

       Pest menace under the influence of climatic factors, at 

various stages of crop growth is one of the factors limiting 

agricultural productivity (Oerke et al. 1994). In India, pest 

damage varies considerably in different agro-climatic regions 

across the country mainly due to differential impacts of several 

abiotic factors such as temperature, humidity and rainfall (Reed 

and Pawar, 1982; Sharma et al. 2005, 2010). This has major 

implication for the intensification of yield losses due to potential 

changes in crop diversity and increased incidence of insect-pests 

in the context of impending climate change.  

       Insect-pests of crop plants are the real candidates most 

affected by global climate change. Complex physiological effects 

exerted by the increasing temperature and CO2 may affect 

profoundly, the interactions between crop plants and insect-pests 

(Hare, 1992; Caulifield and Bunce, 1994; Roth and Lindroth, 

1995). It has been reported that, global climate warming may 

lead to altitude wise expansion of the geographic range of insect-

pests (Hill and Dymock, 1989; Parry and Carter, 1989; 

Elphinstone and Toth, 2008), increased abundance of tropical 

insect species (Cannon, 1998; Patterson et al. 1999; Bale et al.  

2002; Diffenbaugh et al. 2008), decrease in the relative 

proportion of temperature sensitive insect population (Petzoldt 

and Seaman, 2010; Sharma et al., 2005; 2010), more incidence of 

insect transmitted plant diseases through range expansion and 

rapid multiplication of insect vectors (Petzoldt and Seaman, 

2010). Thus, with changing climate it is expected that the 

growers of crops have to face new and intense pest problems in 

the years to come. 

       The climate change lead changes in insect-pest status will 

perilously affect agricultural production and the livelihood of 

farmers in the country where larger portion of work force is 

directly dependent on climate sensitive sectors such as 

agriculture (Chahal et al. 2008; Deka et al. 2008). This envises 

an urgent need to modify crop protection measures with changed 

climate in order to attain the goal of food security of the nation. 

In this article, we emphasize that the impacts of climate change 

on crop production mediated through changes in populations of 

serious insect-pests need to be given careful attention for 

planning and devising adaptation and mitigation strategies for 

pest management.  

 

I 
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II. CLIMATE CHANGE IMPOSED CHALLENGES FOR 

INDIAN AGRICULTURE 

       The Indian climate has undergone significant changes 

showing increasing trends in annual temperature with an average 

of 0.56°C rise over last 100 years (IPCC, 2007; Rao et al. 2009; 

IMD, 2010). Warming was more pronounced during post 

monsoon and winter season with increase in number of hotter 

days in a year (IMD, 2010). Even though, there was slight 

increase in total rainfall received, number of rainy days 

decreased. The rainfed zone of the country shown significant 

negative trends in annual rainfall (De and Mukhopadhyay, 1998; 

Lal, 2003, Rao et al. 2009). The semi arid regions of the country 

had maximum probability of prevalence of droughts of varying 

magnitudes (20-30%), leading to sharp decline in water tables 

and crop failures (Lal, 2003; IMD, 2006, Rao et al. 2009; Samra, 

2003). By the end of next century (2100), the temperature in 

India is likely to increase by 1-5
0
C (De and Mukhopadhyay, 

1998; Lal, 2003; IPCC, 2007; IMD, 2010). According to the 

estimates of NATCOM (2004), there will be 15-40% increase in 

rainfall with high degree of variation in its distribution. Apart 

from this, the country is likely to experience frequently occurring 

extreme events like heat and cold waves, heavy tropical 

cyclones, frosts, droughts and floods (NATCOM, 2004; IPCC, 

2007). 

       Being a tropical country, India is more challenged with 

impacts of looming climate change (Chahal et al. 2008). Already, 

the productivity of Indian agriculture is limited by its high 

dependency on monsoon rainfall which is most often erratic and 

inadequate in its distribution (Chand and Raju, 2009). The 

country is experiencing declining trend of agricultural 

productivity due to fluctuating temperatures (Samra and Singh, 

2004, Aggarwal, 2008; Joshi and Viraktamath, 2004), frequently 

occurring droughts and floods (Samra, 2003), problem soils, and 

increased outbreaks of insect-pests (Joshi and Viraktamath, 2004; 

Srikanth, 2007; Dhawan et al. 2007; IARI News, 2008; IRRI 

News, 2009) and diseases. These problems are likely to be 

aggravated further by changing climate which put forth major 

challenge to attain a goal of food security.  

 

III. IMPACTS ON INSECT-PESTS OF AGRICULTURAL 

IMPORTANCE 

       Insects being poikilotherms, temperature is probably the 

single most important environmental factor influencing their 

behaviour, distribution, development, survival, and reproduction 

(Yamamura and Kiritani 1998; Bale et al. 2002; Petzolet and 

Seaman, 2010). Therefore, it is highly expected that, the major 

drivers of climate change i.e. elevated CO2, increased 

temperature and depleted soil moisture can impact population 

dynamics of insect-pests (Figure 1) and the extent of crop losses, 

significantly (Caulifield and Bunce, 1994; Petzoldt and Seaman, 

2010). Impact of climate change on interactions between crop 

plants and insect-pests has been extensively reviewed 

(Yamamura and Kiritani 1998; Rao et al. 2006; Deka et al. 2008; 

Diffenbaugh et al. 2008; Petzoldt and Seaman, 2010). The major 

predictions about impacts of climate change on insect-pests are 

compiled and presented below: 

 

Loss of ecological biodiversity  

       The biodiversity signifies the biological wealth of habitat by 

means of species richness in an ecosystem. For sustainable 

agriculture development in any given country, biodiversity is of 

paramount importance (UN-HABITAT, 2004; Murugan, 2006). 

South Asia in general and India in particular is blessed with 

ecologically rich natural and crop-related biodiversity due to its 

unique geographic location and diversified climatic conditions. 

India is one of the 12 mega-biodiversity centres with three out of 

34 biodiversity hotspots in the world (Myers et al. 2000; UN-

HABITAT, 2004; Murugan, 2006). Due to change in the climate 

pattern in recent decades owing to increasing industrialization 

and over-exploitation of natural resources for various 

anthropogenic developmental activities, many species of plants, 

animals and insects are decreasing at an alarming rate (Costanza 

et al. 1987; Murugan, 2006; Sachs, 2008). The loss of biological 

diversity is still accelerating which may reduce the ecosystem’s 

resilience to the climatic changes (Roy and Roy, 2008; 

Venkatraman, 2008).   

       Insects comprise the largest group of animal kingdom and 

play vital role in providing various ecosystem services (Kremen 

et al. 1993; Kannan and James, 2009). The insect diversity in a 

habitat indicates the health status of an ecosystem as they are 

very good indicators of environmental change (Gregory et al. 

2009), play an important role in food chains, are excellent 

pollinators for many of the economically important crops 

(Ingram et al. 1996; Klein et al. 2007; Ricketts et al. 2008) and 

contribute directly to the human economies through valuable 

products like silk, lac, honey and wax (Myers et al, 2000; 

Murugan, 2006; Sidhu and Mehta, 2008). About 6.83% of world 

insect species are inhabitant in India (Alfred, 1998). The climate 

change may affect the relative abundance of different insect 

species and the species unable to adapt the changes may be lost 

in the due course of time (Thomas et al. 2004). The Western 

Ghats in India is the only habitat to many rare, endemic and 

exotic species of colourful butterflies in the world (Hampson, 

1908; Anand and Pereira, 2008). In the present day scenario, 

many butterfly species are under a real threat due to depletion of 

the natural vegetation for various anthropogenic developmental 

activities (Costanza et al. 1987; Sachs, 2008; Sidhu and Mehta, 

2008).  

       The negative effects of climate change are accelerating the 

rate of biodiversity loss, worldwide. According to the 

Millennium Ecosystem Assessment (2005), more than one-third 

of species in the world are at the risk of extinction and an 

estimated 60% of the Earth’s ecosystems have been degraded in 

the last 50 years, with negative consequences for the ecosystem 

flow. Nearly 99.9% of all species that ever existed have become 

extinct. Up to 50% of the Asia’s total biodiversity is at risk due 

to climate change. Many other species could also be extricated as 

a result of the climate change and habitat fragmentation 

(Ishigami et al. 2005). According to the estimates of IUCN 

(1994), around 22 species of invertebrates (insects, earthworms, 

nematodes, crustaceans, spiders, etc.) are at the risk of extinction 

(Figure 2). This species extinction is largely driven by human 

activities (Costanza et al. 1987; Sachs, 2008; Sidhu and Mehta,  
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Figure 2. Number of threatened animal species per group (Source: IUCN threat categories, 1994)  
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2008). The loss of biodiversity may impact negatively the 

structure, composition and functioning of ecosystems and 

wildlife habitat leading to outbreaks of destructive insect-pests 

and diseases (Timoney, 2003; UN-HABITAT, 2004; IPCC, 

2007).  

 

Expansion of geographic ranges  

       The geographic distribution and abundance of plants and 

animals in nature is determined by species specific climate 

requirements essential for their growth, survival and 

reproduction. Altered temperature and rainfall regimes with the 

predictable changes in climate will determine the future 

distribution, survival and reproduction of the species (NACCAP, 

2008). The differential rates of range adjustments between 

annual and perennial plant species along with local extinctions 

will definitely affect distribution and survival of insect fauna 

associated with them(Thomas et al. 2004). Earlier researches 

have shown that altitude wise shifts in insect distributions along 

with their host plants in response to changing climate are already 

in progress (Table 1).  

       With rise in temperature, the insect-pests are expected to 

extend their geographic range from tropics and subtropics to 

temperate regions at higher altitudes along with shifts in 

cultivation areas of their host plants (Figure 3) (Hill and Dymock 

1989; Parry and Carter 1989; Kuchlein et al., 1997; Rosenzweig 

et al. 2001; Parmesan and Yohe, 2003; Logan et al., 2003; 

Elphinstone and Toth 2008; Sharma et al., 2005; 2010). This may 

lead to increased abundance of tropical insect species (Cannon, 

1998; Patterson et al. 1999; Bale et al.  2002; Diffenbaugh et al. 

2008) and sudden outbreaks of insect-pests can wipe out certain 

crop species, entirely (Kannan and James, 2009). At the same 

time; warming in temperate region may lead to decrease in 

relative abundance of temperature sensitive insect population 

(Petzoldt and Seaman, 2010: Sharma, 2005; 2010). Mostly the 

Polar Regions are constrained from the insect outbreaks due to 

low temperature and frequently occurring frosts (Volney and 

Fleming, 2000). In future, projected climate warming (Carroll et 

al. 2004) and increased drought incidence (Logan et al. 2003) is 

expected to cause more frequent insect outbreaks in temperate 

regions also. 

       Global warming resultant altitudes wise range expansion and 

increased overwintering survival of corn earworms Heliothis zea 

(Boddie) and Helicoverpa armigera (Hubner) may cause heavy 

yield loss and put forth major challenge for pest management in 

maize, a staple food crop of USA (Diffenbaugh et al. 2008). 

Range extension in migratory species like Helicoverpa armigera 

(Hubner), a major pest of cotton, pulses and vegetables in North 

India is predicted with global climate warming (Sharma et al. 

2005; 2010). Subsequently, these ongoing shifts in insect-pest 

distribution and range due to changing climate may alter regional 

structure, diversity and functioning of ecosystems (Timoney, 

2003; UN-HABITAT, 2004; IPCC, 2007). 

 

Increased overwintering survival 

       Being poikilotherms, insects have limited ability of 

homeostasis with external temperature changes. Hence they have 

developed a range of strategies such as behavioural avoidance 

through migration and physiological adaptations like diapause to 

support life under thermally stressful environments (Bale and 

Hayward, 2010). Diapause is a period of suspended 

developmental activities, the manifestation of which is governed 

by environmental factors like temperature, humidity and 

photoperiod. As an adaptive trait, diapause plays vital role in 

seasonal regulation of insect life cycles because of which the 

insects have better advantage to survive great deal of 

environmental adversities. There are two main types of insect 

diapause; aestivation and hibernation to sustain life under high 

and low temperature extremes respectively (Chapman, 1998).  

       The studies have shown that, global warming is occurring 

notably in winter than in summer and is greatest at high latitudes 

(IPCC, 2007, IMD, 2010). Looking at the past 100 years climate 

profile of India, warming was more pronounced during winter 

season and it was the minimum and not the maximum 

temperature where significant increase was observed (IMD, 

2010). The temperature in India is expected to increase by 1-5
0
C 

within next 100 years (De and Mukhopadhyay, 1998; Lal, 2003; 

IPCC, 2007; IMD, 2010). Thus, insects undergoing a winter 

diapause are likely to experience the most significant changes in 

their thermal environment (Bale and Hayward, 2010).  

       Accelerated metabolic rates at higher temperatures shorten 

the duration of insect diapause due to faster depletion of stored 

nutrient resources (Hahn and Denlinger, 2007). Warming in 

winter may cause delay in onset and early summer may lead to 

faster termination of diapause in insects, which can then resume 

their active growth and development (Figure 4). This gives an 

important implication that increase in temperature in the range of 

1
0
C to 5

0
C would increase insect survival due to low winter 

mortality, increased population built-up, early infestations and 

resultant crop damage by insect-pests under global warming 

scenario (Harrington et al. 2001; Sharma et al. 2005; 2010). Very 

few studies have concentrated on the direct effects of higher 

winter temperatures on rates of development and reproduction in 

insects (Coulson et al. 2000; Konestabo et al. 2007; Bale and 

Hayward, 2010).  

 

Increase in number of generations 

       As stated earlier the temperature being the single most 

important regulating factor for insects (Yamamura and Kiritani 

1998; Bale et al. 2002; Petzolet and Seaman, 2010), global 

increase in temperature within certain favourable range may 

accelerate the rates of development, reproduction and survival in 

tropical and subtropical insects. Consequently, insects will be 

capable of completing more number of generations per year and 

ultimately it will result in more crop damage (Yamamura and 

Kiritani 1998; Petzoldt and Seaman, 2010). The impacts of 

climate change on seasonability of insects have been studied by 

many workers (Porter et al. 1991; Bale et al. 2002; Walther et al. 

2002).  

 

Risk of introducing invasive alien species  

       Even though the causes of biological invasions are manifold 

and multifaceted, changes in abiotic and/or biotic components of 

the environment (climate change, biological control) are 

recognised as primary drivers of species invasion (Dukes and 

Mooney, 1999; IPCC, 2007). Globalization and liberalization of 

world agricultural trade coupled with the rapid transport and 

communication means nowadays, have substantially and 

plausibly increased the chances of exotic introductions.  
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Figure 3. Thematic presentation of range expansion of insect-pests due to climate change 

 

 

 

 
 

Figure 4. Thematic presentation of impact of climate change on insect survival and population built-up  
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Table 1. Published reports of empirical studies on impact of climate change on future geographic range and distribution of insect pests 

 

Insect pest Order/ Family  Host plant/ s Impact on insects/ behavioural response Reference 

Corn earworms  

Heliothis zea (Boddie) and Helicoverpa 

armigera (Hubner) 

Lepidoptera: Noctuidae Maize  Altitudes wise range expansion and increased 
overwintering survival in USA 

Diffenbaugh et al., 

2008 

European corn borer  

Ostrinia nubilalis 

 Maize  Northward shifts in the potential distribution up to 
1220 km are estimated to occur 

 An additional generation per season  

Porter et al, 1991 

104 common microlepidoptera species 

inhabitant in Netherlands 

Lepidoptera Many crops of 

agricultural importance 
 Changing patterns in phenology and distribution of 

microlepidoptera in theNetherlands 

 Advancement of flight peak dates almost by 12 
days since 1975-1194 

 Changes in the species composition of the local 
fauna 

Kuchlein and Ellis, 

1997 

Old world Bollworm 

Helicoverpa armigera (Hubner) 

   Phenomenal increase in the United Kingdom from 
1969-2004 and outbreaks at the northern edge of 
its range in Europe 

Cannon, 1998  

Cottony cushion scale  

Icerya purchasi 

   Populations appear to be spreading northwards  Cannon, 1998 

Oak processionary moth Thaumetopoea 

processionea 

   Northward range extension from central and 
southern Europe into Belgium, Netherlands and 
Denmark 

Cannon, 1998 

Cottony camellia scale  

Chloropulvinaria  floccifera 

   More abundant in the United Kingdom,  

 Extending its range northwards in England and 
increasing its host range in the last decade 

Cannon, 1998 

35 species of non migratory European 

butterflies 

Papilionidae, 

Lycaenidae, 

Nymphalidae, 

Satyrinae 

  Pole ward shift of the geographic range and 
distribution  

Parmesan and Yohe, 

2003 

Cotton bollworm/ Pulse pod borer 

Helicoverpa armigera (Hubner) 

Lepidoptera: Noctuidae Cotton, Pulses, 

vegetables 
 Expansion of geographic range in Northern India 

 Adult flights/ migratory behaviour 

Sharma et al., 2005; 

2010 
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       According to the Convention on Biological Diversity (CBD), 

invasive alien species are the greatest threat to loss of 

biodiversity in the world and impose high costs to agriculture, 

forestry and aquatic ecosystems by altering their regional 

structure, diversity and functioning (Mooney and Hobbs, 2000; 

Sutherst, 2000; Timoney, 2003). 

       It is expected that global warming may exacerbate ecological 

consequences like introduction of new pests by altering 

phenological events like flowering times especially in temperate 

plant species (Fitter and Fitter 2002; Parmesan and Yohe, 2003; 

Willis et al. 2008) as several tropical plants can withstand the 

phenological changes (Corlett and LaFrankie 1998). Invasion of 

new insect-pests will be the major problem with changing 

climate favouring the introduction of insect susceptible cultivars 

or crops (Gregory et al. 2009). 

 

Impact on pest population dynamics and outbreaks 

       Climate change resultant abiotic environment (increased 

temperature, elevated CO2 and depleted soil moisture) will affect 

significantly the diversity and abundance of insect-pests through 

geographic range expansion, increased overwintering survival 

and more number of generations per year, thereby increasing the 

extent of crop losses. It may result in upsetting ecological 

balance because of unpredictable changes in the population of 

insect-pests along with their existing and potential natural 

enemies (Rao et al. 2006; IPCC, 2007).  

       Changes in climatic variables have led to increased 

frequency and intensity of outbreaks of insect-pests. Outbreak of 

sugarcane woolly aphid Ceratovacuna lanigera Zehntner in 

sugarcane belt of Karnataka and Maharashtra states during 2002-

03 resulted in 30% yield losses (Table 2). These situations of 

increased and frequent pest damage to the crops have made 

another big hole in the pockets of already distressed farmers by 

increasing the cost of plant protection and reducing the margin of 

profit. 

 

Breakdown of host plant resistance 

       Host plant resistance is one of the ecofriendly options for 

managing harmful insect-pests of crops wherein the plant can 

lessen the damage caused by insect-pests through various 

mechanisms like antixenosis, antibiosis and tolerance (Painter, 

1968; Dhaliwal and Dilavari, 1993). However, expression of the 

host plant resistance is greatly influenced by environmental 

factors like temperature, sunlight, soil moisture, air pollution, etc. 

Under stressful environment, plant becomes more susceptible to 

attack by insect-pests because of weakening of their own 

defensive system resulting in pest outbreaks and more crop 

damage (Rhoades 1985). Thermal and drought stress associated 

breakdown of plant resistance have been widely reported (Table 

3) (Rhoades 1985; Sharma et al. 2005; Volney and Fleming, 

2000; Logan et al. 2003). With global temperature rise and 

increased water stress, tropical countries like India may face the 

problem of severe yield loss in sorghum due to breakdown of 

resistance against midge Stenodiplosis sorghicola (Coq.) and 

spotted stem borer Chilo partellus Swinhoe (Sharma et al. 2005).  

Development of insect resistant transgenics opened new avenues 

for exploiting host plant resistance in integrated pest 

management. A gene encoding delta-endotoxin proteins from 

entomopathogenic soil bacterium Bacillus thuringiensis is 

deployed in transgenic plants (Kranti et al. 2005). However, 

expression of Bt toxins in transgenic plants is greatly influenced 

by environmental factors like temperature, soil moisture and 

plant age (Dhaliwal and Dilavari, 1993; Sachs et al. 1998; Kranti 

et al. 2005). The environmental factors like high temperature 

have been found affecting transgene expression in Bt cotton 

resulting in reduced production of Bt toxins. This lead to 

enhanced susceptibility of the crops to insect-pests like 

bollworms viz., Heliothis virescens (F.) (Kaiser, 1996), 

Helicoverpa armigera (Hubner) and Helicoverpa punctigera 

(Wallen) (Hilder and Boulter, 1999).   

 

Impact on crop-pest interactions 

       The increasing temperature and CO2 have been found to exert 

both bottom-up and top-down effects on the tri-tropic 

interactions between crops, insects and natural enemies by means 

of certain physiological changes especially related to host-

suitability and nutritional status (Table 3) (Hare, 1992; Caulifield 

and Bunce, 1994; Roth and Lindroth, 1995; Coviella and 

Trumble, 1999; Gutierrez, 2008). The CO2 enriched environment 

reduces the nitrogen content of the plant tissue due to widening 

of Carbon: Nitrogen (C: N) ratio, thus cause a slight decrease in 

nitrogen-based defenses like alkaloids and in turn may increase 

in carbon-based defenses such as tannins (Hare, 1992; Caulifield 

and Bunce, 1994; Roth and Lindroth, 1995; Coviella and 

Trumble, 1999; Gutierrez, 2008). This enhances the feeding by 

insect herbivores in order to obtain sufficient nitrogen for their 

metabolism (Lincoln, 1993; Coviella and Trumble 1999). 

Ultimately, it slows down the insect development and increases 

the length of life stages resulting in more foliage feeding than the 

normal (Lincoln et al. 1984; Coviella and Trumble, 1999; 

Gregory et al. 2009).  

       In CO2 enriched atmosphere water use efficiency of plants 

increases owing to the reduced water loss through less stomatal 

opening (Groninger et al. 1996). Increased water content in 

plants is beneficial for most of the herbivorous insects as it helps 

in nutrient assimilation and digestion especially nitrogen (Reitz 

et al. 1997). Increased water use efficiency enables the plants to 

extend their life spans providing longer periods of habitat 

suitability for transient insects. Contrary, under elevated 

temperature, the concentrations of certain allellochemicals like 

terpenes and phenolic compounds increases in plants that act as 

defensives against attacking insect-pests (Hare, 1992; Caulifield 

and Bunce, 1994; Roth and Lindroth, 1995; Coviella and 

Trumble, 1999; Gutierrez, 2008). 

       Temperature and photoperiod have been found to affect 

profoundly the critical events such as stem elongation, flowering 

and fruiting in the life cycle of plants (Cleland et al, 2007). 

Global warming lead increased temperatures may accelerate the 

life cycles in some of the plant species (Parmesan and Yohe 

2003: Fitter and Fitter 2002: Willis et al. 2008) which may affect 

significantly, feeding and reproduction patterns in associated 

insect-pests like aphids, jassids, mealybugs, etc. Such increases 

can greatly exacerbate the negative ecological and economical 

consequences (Timoney, 2003, Millennium Ecosystem 

Assessment, 2005).  

 

 

Increased incidence of insect vectored plant diseases 
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Table 2. Recorded instances of recent insect pest outbreaks in relation to changing climate scenario in India 

 

Insect pest Order/ Family  Host plant/ s Region/ location Probable reason/ s Impact of pest 

outbreak 

Reference 

sugarcane woolly aphid 

Ceratovacuna lanigera 

Zehntner 

Hemiptera: 

Aphididae 

Sugarcane Sugarcane belt of 

Karnataka and 

Maharashtra States 

during 2002-03 

 Recent abnormal 
weather patterns  

 Insecticide misuse 

 30% yield losses  

 Reduced cane 
recovery 

Joshi, and 

Viraktamath, 2004;  

Srikanth, 2007 

 

Rice plant hoppers   

Nilparvata lugens (Stal) and  

Sogatella furcifera 

(Horvath) 

Hemiptera: 

Fulgoridae 

Rice North India - do-  Crop failure over 
more than 33,000 ha 
paddy area 

IARI News, 2008 

IRRI News, 2009 

 

Mealybug,  

Phenacoccus solenopsis 

Tinsley 

Hemiptera: 

Pseudococcidae 

Cotton, 

Vegetables 

and 

ornamentals 

Cotton growing belt 

of the country 
 Recent abnormal 

weather patterns  

 Insecticide misuse 

 Changed cropping 
environment 
(introduction of 
Bt cotton) 

 Heavy yield (30-40 
%) loss to the cotton 

 Increased cost of 
crop protection due 
to overuse of 
pesticides 

Dhawan et al., 2007 

Papaya mealybug 

Paracoccus marginatus 

Hemiptera: 

Pseudococcidae 

Papaya Tamil Nadu, 

Karnataka, 

Maharashtra 

 Recent abnormal 
weather patterns  

 Insecticide misuse 

 Significant yield loss 
to the papaya 
growers 

Tanwar et al., 2010 
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Table 3. Published reports on empirical studies on crop-insect pest interactions in the context of climate change 

 

Insect pest/ s Order/ Family  Host plant/ s Climatic factor/ 

s studied 

Impact on host plant Impact on insect pest Reference 

Many foliage 

feeding 

Lepidopterans  

Lepidoptera: 

Lymantridae, 

Noctuidae, 

Pyralidae 

Economically 

important 

agricultural 

and forest 

species 

Increased CO2  

 
 Reduced nitrogen content 

of the plant tissue due to 
widening of Carbon: 
Nitrogen (C: N) ratio 

 Decrease in nitrogen-based 
plant defenses like alkaloids  

 Increase in carbon-based 
defenses such as tannins  

 Enhanced feeding by 
insects in order to obtain 
sufficient nitrogen for 
their metabolism 

 Slower development  

 Increased length of life 
stages 

 More foliage feeding 
than the normal 

Lincoln et al., 

1993; Coviella 

and Trumble, 

1999; Gregory et 

al., 2009 

 Less stomatal opening  

 Increased water use 
efficiency  

 Reduced water loss through 
stomata 

 Extension of plant life spans  

 Ease in nutrient 
assimilation and 
digestion especially the 
nitrogen  

 Longer periods of habitat 
suitability for insects 

Groninger et al., 

1996; Reitz et al., 

1997 

 

Gypsy moth 

Lymantria dispar L. 

Lepidoptera: 

Noctuidae 

Red maple  

Acer rubrum L.  

Sugar maple 

Acer 

saccharum 

Margh. 

Temperature x 

CO2 

combination 

(Ambient and 

elevated) 

 Reduced leaf water content  

 Increased concentration of 
soluble sugars 

 Declined nutritional quality 
of foliage 

 Reduced larval weight 
gain 

 Increased larval feeding 

 Prolonged development  

Williams et al., 

2000 

Midge 

Stenodiplosis 

sorghicola (Coq.) 

and  

Spotted stem borer 

Chilo partellus 

Swinhoe 

Diptera: 

Cecidomyidae 

 

Lepidoptera: 

Pyralidae 

Jowar  

Sorghum 

bicolor L. 

High 

temperature, 

Drought/ water 

stress 

 Breakdown of resistance 
against target insect pests 

 Heavy loss in yield due to 
increased pest damage 

 

- Sharma et al., 

2005; 2010 

Bollworms 

Heliothis virescens 

(F.) Helicoverpa 

armigera (Hubner) 

and Helicoverpa 

punctigera 

(Wallen)  

Lepidoptera: 

Noctuidae 

Cotton High 

temperature, 

Drought/ water 

stress, 

Photoperiod 

 Negative impacts on 
transgene expression in Bt 
cotton  

 Reduced production of Bt 
toxins 

 Enhanced susceptibility of 
the crops to insect-pests 

- Kaiser, 1996 

Hilder and 

Boulter, 1999 
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       Climate change may lead to more incidence of insect 

transmitted plant diseases through range expansion and rapid 

multiplication of insect vectors (Petzoldt and Seaman, 2010; 

Sharma, et al., 2005; 2010). Increased temperatures, particularly 

in early season, have been reported to increase the incidence of 

viral diseases in potato due to early colonization of virus-bearing 

aphids, the major vectors for potato viruses in Northern Europe 

(Robert et al. 2000). 

 

Reduced effectiveness of biological control agents 
       Biological control of insect-pests is one of the important 

components of integrated pest management, safeguarding the 

ecosystem. Natural enemies of crop pests viz., predators, 

parasitoids and pathogens are prompt density responsive in their 

action subjected to the action of abiotic components. Being tiny 

and delicate, natural enemies of the insect-pests are more 

sensitive to the climatic extremes like heat, cold, wind and rains. 

Precipitation changes can also affect predators, parasites and 

pathogens of insect-pests resulting in a complex dynamics. With 

changing climate, incidence of entomopathogenic fungi might be 

favoured by prolonged humidity conditions and obstinately be 

reduced by drier conditions (Newton et al. 2011). Natural enemy 

and host insect populations may respond differently to changes in 

climate. Hosts may pass though vulnerable life stages more 

quickly at higher temperatures, reducing the window of 

opportunity for parasitism which may give great set back to the 

survival and multiplication of parasitoids (Gutierrez, 2000; 

Petzoldt and Seaman, 2010). 

 

Disruption of plant-pollinator interactions 

       Insects play vital role in providing various ecosystem 

services, a foundation for human life on earth (Kremen et al. 

1993; Kannan and James, 2009). One of the important ecosystem 

service provided by insects is pollination as they are excellent 

pollinators for many of the economically important crops (Myers 

et al., 2000; Murugan, 2006; Sidhu and Mehta, 2008). The 

majority of the flowering plants require insect pollinators like 

flies, butterflies, moths, beetles and especially bees for their 

reproduction and formation of fruits and seeds (Ingram et al., 

1996; Ricketts et al., 2008). Honey bees are perhaps the best 

known pollinators because of their floral fidelity. Insect 

pollination, mostly by bees, is necessary for 75% of all crops that 

are used directly for human food worldwide. Thus the 

entomophilies pollination is a fundamental process essential for 

the production of about one-third of the world human food (Klein 

et al., 2007).  

       According to Millennium Ecosystem Assessment report 

2005, pollination is one of the 15 major ecosystem services 

currently under threat from mounting pressures exerted by 

growing population, depleting natural resource base and global 

climate change (Costanza et al., 1987; Sachs, 2008). Earlier 

studies have clearly shown that the population abundance, 

geographic range and pollination activities of important 

pollinator species like bees, moths and butterflies are declining 

considerably with changing climate (FAO, 2008). The climatic 

factors like temperature and water availability have been found 

to affect profoundly the critical events like flowering, pollination 

and fruiting in the life cycle of plants (Cleland et al., 2007). 

Many pollinators have synchronised their life cycles with plant 

phenological events. Impending climate change is expected to 

disrupt the synchrony between plant-pollinator relationships by 

changing the phenological events in their life cycles and may 

thus affect the extent of pollination (Kudo et al., 2004; Ingram et 

al., 1996; Ricketts et al., 2008). The quality and the quantity of 

pollination have multiple implications for food security, species 

diversity, ecosystem stability and resilience to climate change 

(FAO, 2008).  

       Although pollination is a critical issue it appears to be 

neglected and overlooked for other ecosystem services such as 

water and air quality, climate regulation and food availability. 

The pollination services and associated risks are not addressed 

properly in determining the actions needed for conserving 

pollinators. The high degree of uncertainty regarding the risks 

related to pollination services implies the need for well focused 

research to understand scientifically the pollination processes. 

 

IV. SOCIO-ECONOMIC IMPACTS OF CHANGING 

PEST SCENARIO 

       Climate change driven changes in populations of insect-pests 

and resultant crop losses will have serious environmental and 

socio-economic impacts on rural farmers whose livelihoods 

depend directly on the agriculture. How the climate mediated 

pest scenario will affect the farming community are discussed in 

the following paragraphs. 

 

New and intense pest problems  

       The growers of crop have to face new and intense pest 

problems due to spread of insect-pests to new areas along with 

shift in cultivation areas of their host crops (Rosenzweig et al. 

2001; Elphinstone and Toth 2008; Petzoldt and Seaman, 2010). 

Hence, insect management strategies need to be changed in 

accordance with the projected changes in pest incidence and 

extent of crop losses in view of the changing climate.  

 

Reduced effectiveness of pest management strategies 

       Certain effective cultural pest management practices like 

crop rotation, early/ late planting, etc. will be less or no effective 

with changed climate because of shrinking of crop growing 

seasons, colonization of crops by early insect arrival and or 

increased winter survival (Harrington et al., 2001; Sharma et al., 

2005; NACCAP, 2008; Petzoldt and Seaman, 2010). Disruption 

of synchrony between insect-pests and their natural enemies may 

upset the natural biological control (Petzoldt and Seaman, 2010). 

Certain pesticides like pyrethroids, organophosphates and 

especially the biopesticides being highly thermo-unstable 

degrade faster at higher temperatures. Altered temperature 

regimes may render many of these products to be less or no 

effective in pest control, necessitating frequent insecticide 

applications for effective control (Musser and Shelton 2005). 

This may intensify the pest problems due to the increased 

chances of resistance development in insects. Ultimately it will 

add to increased cost of crop protection to the farmers and in turn 

environmental cost. (Musser and Shelton 2005; NACCAP, 2008; 

Petzoldt and Seaman, 2010). The forewarning models for 

predicting insect arrival/ infestations based on earlier climate 

profiles need to be revised in accordance with location specific 
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changes in climate in order to provide precise and accurate 

forecast of the pest incidence.  

 

Implications for Food Security 

       The greatest challenge for humanity in the coming century is 

to double the present levels of food production to meet the needs 

of ever increasing population by sustainable use of shrinking 

natural resource base (Deka et al., 2008). The aggravating pest 

problems under changing climate regimes are expected to 

intensify the yield losses; threatening the food security of the 

countries with high dependency on agriculture (Patterson et al., 

1999; Gutierrez, 2000; Parry et al., 2004; IPCC, 2007; Chahal et 

al., 2008). The climate change is likely to affect the extent of 

entomophilies pollination by disrupting the synchrony between 

plant-pollinator life cycles (Kudo et al., 2004), with an estimated 

risk of reduction in world food production by one-third (Klein et 

al., 2007). This has major implication for food and nutritional 

security (FAO, 2008). This may have direct bearing on the 

livelihood of the rural poor as their survival is directly linked to 

outcomes from food production systems. The increased food 

prices resulting from declining food production may also impact 

negatively the urban population (IPCC, 2007; Chahal et al., 

2008). 

 

Adaptation of agriculture to changing pest scenario due to 

climate 

       No doubt, understanding and dealing with the problem of 

abiotic stresses and crop insect pest interactions under the 

influence of changing climate is difficult task. Some of the 

strategies that we feel useful in tackling the issue are pointed out 

below. 

 

Sensitization of Stakeholders about Climate Change and its 

Impacts 

       Considering the impacts of future climate change on 

sustainability and productivity of agriculture, especially in the 

developing countries like India, there is an urgent need to 

sensitize the farmers, extension workers and other stakeholders 

involved in supply chain management about the climate change 

associated changes in incidence of pests and diseases of major 

crops in their regions and the different adaptation strategies to 

cope with the situation. This can be achieved through 

organization of awareness campaigns, training and capacity-

building programmes, development of learning material and 

support guides for different risk scenarios of pest, etc. 

 

Farmers’ Participatory Research for Enhancing Adaptive 

Capacity 

       The decision making ability and adaptive capacity of farmers 

can be enhanced through the integration of a farmers' 

participatory and multidisciplinary research approach involving 

research and developmental organizations and farmers as equal 

partners. This will help to improve the channels of 

communication between researchers and farmers for 

dissemination of knowledge and information regarding the 

current advances in the provision of weather and climate 

information, weather based agro-advisory services for facilitating 

operational decisions at farm level. A decision support system 

(DSS) involving mechanisms for collection and dissemination of 

information on insect-pest data under diverse environmental 

conditions for improved assessments well in advance needs to be 

developed. In view of changing pest scenario due to climate, we 

recommend that our future research programmes should focus on 

the search for more general forms of resistance against various 

classes of insects or diseases under abiotically stressful 

environments.  

 

Promotion of Resource Conservation Technologies  

       Shrinking resource base due to anthropogenic developmental 

activities is a major challenge ahead for humanity. Conservation 

of natural resources can be promoted by giving incentives to the 

farmers those who are adopting environmental conserving pest 

controlling activities such as organic farming, bio-control, 

integrated pest management, habitat conservation for important 

insect pollinators, etc. Strategies for adaptation and coping could 

benefit from combining scientific and indigenous technical 

knowledge (ITK), especially in developing countries where 

technology is least developed. ITK is helpful to adapt the adverse 

effects of changing climate. e.g. application of natural mulches 

helps in suppression of harmful pests and diseases besides 

moderating soil temperatures and conservation of soil moisture. 

Further more study towards integrating indigenous adaptation 

measures in global adaptation strategies and scientific research is 

required. 

 

V. CHALLENGES AHEAD 

       In addition to the strategies discussed above, we need to 

decide the future line of research for combating the pest 

problems under climate change regimes.  

 

Breeding Climate-Resilient Varieties 

       In order to minimize the impacts of climate and other 

environmental changes, it will be crucial to breed new varieties 

for improved resistance to abiotic and biotic stresses. 

Considering late onset and/ or shorter duration of winter, there is 

chance of delaying and shortening the growing seasons for 

certain Rabi/ cold season crops. Hence we should concentrate on 

breeding varieties suitable for late planting and those can sustain 

adverse climatic conditions and pest and disease incidences. 

 

Rescheduling of Crop Calendars 

       Global temperature increase and altered rainfall patterns may 

result in shrinking of crop growing seasons with intense 

problems of early insect infestations. As such certain effective 

cultural practices like crop rotation and planting dates will be less 

or no effective in controlling crop pests with changed climate. 

Hence there is need to change the crop calendars according to the 

changing crop environment. The growers of the crops have to 

change insect management strategies in accordance with the 

projected changes in pest incidence and extent of crop losses in 

view of the changing climate. 

 

GIS Based Risk Mapping of Crop Pests 

       Geographic Information System (GIS) is an enabling 

technology for entomologists, which help in relating insect-pest 

outbreaks to biographic and physiographic features of the 

landscape, hence can best be utilized in area wide pest 
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management programmes. How climatic changes will affect 

development, incidence, and population dynamics of insect-pests 

can be studied through GIS by predicting and mapping trends of 

potential changes in geographical distribution (Sharma et al., 

2010) and delineation of agro-ecological hotspots and future 

areas of pest risk (Yadav et al., 2010).  

 

Screening of Pesticides with Novel Mode of Actions 

       It has been reported by some researchers that the application 

of neonicotinoid insecticides for controlling sucking pests 

induces salicylic acid associated plant defense responses which 

enhance plant vigour and abiotic stress tolerance, independent of 

their insecticidal action (Gonias et al., 2003; Thielert, 2006, Horii 

et al., 2007; Chiriboga et al., 2009; Ford et al., 2010). This gives 

an insight into investigating role of insecticides in enhancing 

stress tolerance in plants. Such more compounds needs to be 

identified for use in future crop pest management. 

 

VI. CONCLUSIONS 

       Climate change now a day is globally acknowledged fact. 

Considering the declining production efficiency of agro-

ecosystems due to depleting natural resource base, serious 

consequences of climate change on diversity and abundance of 

insect-pests and the extent of crop losses, food security for 21
st
 

century is the major challenge for human kind in years to come. 

Being a tropical country, India is more challenged with impacts 

of looming climate change. In India, pest damage varies in 

different agro-climatic regions across the country mainly due to 

differential impacts of abiotic factors such as temperature, 

humidity and rainfall. This entails the intensification of yield 

losses due to potential changes in crop diversity and increased 

incidence of insect-pests due to changing climate. It will have 

serious environmental and socio-economic impacts on rural 

farmers whose livelihoods depend directly on the agriculture and 

other climate sensitive sectors. 

       Dealing with the climate change is really tedious task owing 

to its complexity, uncertainty, unpredictability and differential 

impacts over time and place. Understanding abiotic stress 

responses in crop plants, insect-pests and their natural enemies is 

an important and challenging topic ahead in agricultural research. 

Impacts of climate change on crop production mediated through 

changes in populations of serious insect-pests need to be given 

careful attention for planning and devising adaptation and 

mitigation strategies for future pest management programmes. 
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Abstract- This paper offers an outlook on gender mainstreaming 

in water management in India by investigating the linkages 

between ‘gender’ and selected practices of drinking water 

management. Experience from several water projects have shown 

that gender is not mainstreamed effectively if restricted to 

practices that only try to make women visible or simply add a 

gender component in an intervention program. One of the 

successful community owned water project ‘Aapni Yojna in 350 

villages of three districts of Rajasthan, India is taken up as a case 

for investigation to analyze the various dimensions of gender in 

the context of water. Prospects for effective gender 

mainstreaming in water management will be the turning point on 

how the principal agenda can address the change of gender 

relations and water as a human right so as to realize the 

Millennium Development Goals (MDGs) in developing 

countries. 

 

I. INTRODUCTION 

ater is probably the most critical of natural resources in 

the context of human life. The relation between people 

and water is primal and has a long history that spans both ancient 

and current cultures. Restraints with water reflect the cultural 

values and social differences entrenched in societies, including 

gender differences. Worldwide, 1.1 billion poor people in rural 

areas and slums around big cities 70 per cent of them women, 

still use unsafe drinking water sources. (Source UNDP 1995)  

Women are most affected by poor water supply.  

         Gender refers to the errands of men and women and the 

relationship concurring different roles, responsibility and rights. 

Gender does not simply refer to women or men, but to the way 

their qualities, behaviors and identities evolve through the 

process of socialization. It is generally associated with unequal 

power and differential access to choices and resources. In Indian 

society the different positions of women and men are influenced 

by historical, religious, economic and cultural realities. These 

relations and responsibilities can and do change over time. 

         World Health Organization (2009) defines gender as a 

concept that refers to socially constructed roles, behavior, 

activities and attributes that a particular society considers 

appropriate and ascribes to men and women. These distinct roles 

and the relations between them may give rise to gender 

inequalities where one group is systematically favored and holds 

advantages over another. 

         In developing countries, women and girls spend an 

estimated 40 billion hours every year hauling water. They spend 

as much as 8 hours a day carrying up to 40 kg of water on their 

heads or hips where water is not supplied by a piped system. The 

age-old social hierarchy in Hindu society has historically 

positioned women as eternally polluted, feared to pollute sacred 

water sources (Joshi and Fawcett 2006). The water sources are 

also prohibited to caste Hindu menstruating women until they are 

purified on the fifth or the seventh day. If the water level 

suddenly drops or sources dry up, it is whispered that the water 

was polluted by menstruating women and purification 

ceremonies are performed to forgive the pollution and to get 

purified. 

 

II. GENDER BARRIERS 

         40 per cent of the world’s population lives in conditions of 

water stress. Competition among users is often goaded by 

droughts, climatic variation, over-extraction, misuse and 

contamination. When conflicts arise the most powerful group 

usually has the advantage when it comes to accessing good 

quality water. Women are in an especially disadvantaged 

position in this competition for water if they have little or no 

water rights. During times of scarcity or increased competition, 

men’s water use often takes priority, forcing women and children 

to travel further to find water for the household. Women in 

general have a committed role in ensuring productive uses of 

household water, though this role is not always recognized. The 

primary stake of women implies that logically a sound gender 

approach could bring benefits to water resources management. 

However, women still face major obstacles in participating in 

and benefiting from water resources. The main barriers to 

adoption of this approach are: 

 

 Gender Sightlessness: Many men and women involved 

in decision making relating to water as a common 

property resource especially in policy making or 

implementation still question the relevance of gender. 

They fail to recognize differences in the perspectives of 

men and women with regard to demands, access and 

control of water resources and capacities. The primary 

obstacle is a traditional point of view that assumes that 

all communities are homogeneous. In reality, it is rather 

a heterogeneous assortment of individuals and groups 

who command different levels of power, wealth, 

influence and ability to express their needs, concerns 

and rights. 

 

 Gender Neutrality: Governments and citizens tend to 

assume that all government policies and legislation, and 

their associated budgets and programs are gender-

neutral, even though this does  not imply: 

 Fairer access to water 

 Participation and empowerment of both women and 

men 

W 
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 Gender analysis on the distribution of benefits 

and impacts of  water allocation, use and 

control 

 

III. WHY GENDER MATTERS 

         When there is no explicit mention and identification of the 

different roles, responsibilities and circumstances of men and 

women, boys and girls, rich and poor, the ensuing programs will 

probably benefit powerful group. A lack of differentiation hides 

differences in the impacts of land and water rights, education, 

employment, etc. on women and men. Though many gender 

stereotypes exist around water and its uses but some of the most 

common misconceptions are: 

 

 Many women, and ethnic, caste or age groups find it 

hard to speak out about their water problems and needs. 

Allowing participation in water management will not 

remedy this situation alone. In the absence of efforts to 

promote self confidence and the expression of their 

ideas, inclusion is far from effective.  

 

 Although some governments have included gender 

issues in the water agenda, implementation efforts have 

been insufficient and merely a tokenism. In many 

projects gender is considered a marginal issue, and 

gender concerns are relegated to be handled by separate 

programme officer (women participation). 

 

 Water institutions and decision-making processes 

include women based on quota policies, which fail to 

empower such representatives to raise gender issues and 

make a difference 

 

 Millennium Development Goals target relating to water, 

are unlikely to be achieved unless gender perspectives 

are integrated into planning and implementation 

activities. 

 

 Reduced time, health, and care-giving burdens from 

improved water services give women more time for 

productive endeavors, adult education, empowerment 

activities. 

 

 Higher rates of child survival are a prerequisite for the 

demographic transition to lower fertility rates; having 

fewer children reduces women's household 

responsibilities and increases their opportunities for her 

own empowerment. 

 

IV. GENDER RESPONSES IN POLICY 

         Gender in Water Policy is the starting point for gender 

mainstreaming, as this is when a government demonstrates its 

intention to redress inequality and adopt a gendered approach. 

The policy in spin forms the documented basis for strategy 

development and resource allocation. 

         The intention behind women and gender policies has 

evolved over past decades. Taking an historical dimension, until 

the early 1970s, policies addressed the needs of women entirely 

in the context of their role as wives and mothers. Policies shaped 

by this paradigm took the welfare approach, and focus was on 

mother and child health, childcare, and nutrition. The weakness 

was that policy objectives treated women as passive recipients of 

benefits, rather than partners. 

         From the 1970s and 1980s, a ‘women in development’ 

(WID) policy was mostly pursued, which aimed to integrate 

women into the existing development process by targeting them, 

often through women-specific activities. Although many WID 

initiatives improved health, income, or resources in the short 

term, they did not address the more fundamental issues of 

unequal relationships, and the structures enforcing these, which 

in turn negatively affected project sustainability.  

         From the late 1980s on, the ‘gender and development’ 

(GAD) approach was developed with the objective of removing 

disparities in social, economic, and political spheres and to 

achieve better balance between women and men as a pre-

condition for achieving people centered development. In more 

recent years, a gender and empowerment philosophy has 

attempted to transform existing gender relations by stressing 

women’s self-empowerment. 

         Water utilities and other water supply systems often fail to 

recognize the complexity of administration, especially at the 

community level. It takes time, extensive social efforts and 

continued support to build a community water management 

system. In many societies, formal administration and decision-

making are misconceived as men’s work even though women 

may manage water in practice. In these situations, women’s 

interests and concerns are ignored and their roles within the 

water system are lost. Many administrative failures at the 

community level occur when women’s commitment and interest 

are not recognized.  

         Rodda (1991) says that women do numerous water-related 

tasks at home. When water sources are far from their homes, 

unclean, or in short supplies, women are the first to suffer from 

the resulting fatigue and disease that inevitably affect both 

themselves and their families. When children or other family 

members are sick on account of water-borne or water related 

diseases women take care for those who are ill, thus having less 

time to care for the other family members, to support their 

children’s schooling, to work in the field and do other activities. 

There are significant gender differences in use, access and 

management of water.  It was seen that in many cases, gender 

discrimination can limit the women’s and men’s chances to 

access vital water resources, by putting restriction in their 

autonomy. Attitudes such as, “Women should or should not do 

this and that” or “Men are supposed to do this but not that”, may 

prevent either women or men from acting on water use, access or 

management. These practices often result in unfair and self-

perpetuating impacts on the lives of both women and men as it 

reduces the benefits of development among underprivileged 

groups and marginalizes their contribution to society.  

         Addressing gender and water together acknowledges these 

imbalances and seeks to ensure that the contributions of both 

men and women are recognized to manage water effectively and 
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sustainably.  Re-examining how women and men manage water 

will allow us to: 

 Share benefits from use of water 

 Make progress towards more sustainable use of water; 

and 

 Maximize social and economic benefit from sustainable 

use of water. 

 

         Water practitioners have recognized the importance of 

incorporating a gender perspective based among others, the 

below observations: 

         Women and girls are most often the primary users, 

providers and managers of water in their households and are the 

guardians of household hygiene. If a water system falls into 

disorder, women are the ones forced to travel long distances over 

many hours to meet their families’ water needs. 

         The water can contribute to redressing inequality and can 

impact positively on the social, political and economic position 

of women. Well targeted services can improve the health and 

security of women and their families, and free them to engage in 

social, economic, and political activities, thus tackling ‘time 

poverty’  the situation where women’s time is inflexible, 

consumed by routine and non-productive tasks, perpetuating their 

absence from decision making and other profitable pursuits 

(World Bank, 2006). 

         A gendered approach can create a framework of 

cooperation between men and women, so that the insights and 

abilities of both men and women are available to shape programs 

and meet sector objectives. Common societal practices that 

determine men as property owners, heads of households and 

main decision makers in the public sphere often result in 

marginalizing the views and preferences of women and girls. 

Yet, studies have shown that equal involvement of men and 

women is positively correlated with improved sustainability of 

water supplies (Narayan, 1995), as well as improved 

transparency and governance in management. 

 

V. INTERRELATIONSHIPS BETWEEN GENDER CASTE AND 

WATER 

         Deepa Joshi focuses on the multifaceted interrelationships 

between gender caste and water, given the historic role of these 

factors in defining a persisting disparity in India (Joshi and 

Fawcett 2006; Kapoor 2007). Tamang (2002) argues that the 

politics at the category of developing poor women in third world 

expediently “destroy ethnic, religious gendered differences 

among heterogeneous communities and construct an [illusory] 

category of women generically poor, backward and needy yet 

willing, capable and committed” to make projects work. This 

analysis applies glowing to the drinking water sector. Disparity 

by gender is not only deeply cross-cut by many social vectors; it 

is never absent (Whitehead 1979). 

         Several decades of gendered interventions in the sector 

have made little dent in women’s tasks of “carrying water” home 

(O’Reilly et al 2009). No water project, however rhetorically 

grounded in gender, applauds or encourages the sharing of 

unequal gendered water burdens. Instead, as Molyneux (2007) 

mentions, there is a contrary feminizing of these tasks and a 

layering of additional project-related burdens on women. 

However, along with age and social status, caste in particular 

intertwines with the ingrained local patriarchy making some 

women far more constrained than others in the meeting of their 

water burdens. 

         Developing institutional arrangements to manage water in 

the form of India’s drinking water management, governance and 

policy framework evolved from community to colonial to 

centralized state management to more recent “fluid, fast-

changing terrains” of “neo-liberal prescriptions” (Baviskar 

2007). Comparing three specific periods, pre-colonial or 

“traditional” Water management, centralized state interventions 

and recent neo-liberal interventions, pre-colonial orthodoxy 

describes “harmonious traditional communities, ecologically 

sensitive resource users of women as primary keepers of a 

special conservationist ethic” (Sinha et al 1997). Yet, as Mosse 

(2008) argues, these stories were mostly “veins of myth and 

memory”. Colonialism shifted the ownership and management of 

water from the community to centralized state water institutions, 

a practice that continued in subsequent nationalization. The 

effectiveness and appropriateness of the state’s role in water 

management is much disputed. On the one hand, arguments 

presented by authors like Cullet (2009) conjure notions of a 

welfare state and its official intent to address the fundamental 

right to water. Others like Shiva (2001) find little to give a round 

of applause in the state, which she sees as “institutions 

constituted to achieve colonial economic and political ambition, 

and now intervening through policies, rules, laws, investment, 

and technology to facilitate privatization and globalization”. By 

romanticizing the community in water “Traditional or pre-

colonial Indian society is generally eulogized as far less 

burdened by gender, economic and environmental exploitation” 

(Sinha et al 1997: 67). However, there are few “real” accounts of 

water rights and management which can be traced prior to 

independence. Narratives of collective action or equitable 

governance, as well as women’s inherent knowledge of nature 

(water) are drawn from later critiques of the “perceived” damage 

and loss of traditional technical inventiveness at the hands of 

exploitative colonial bureaucracies.  

         In the different veins of praise for traditional 

environmentalism, the uniqueness of Hindu culture is acclaimed, 

in particular the sacredness and femininity of water (Shiva 1989; 

Agarwal and Narain 1997; Rawat and Sah 2009). Agarwal and 

Narain’s (1997) seminal anthology on traditional water systems 

in India noted a mutually beneficial entwining of Hindu ritualism 

and conservation which served to conserve both the source and 

the system. 

         A clause giving priority coverage of drinking water supply 

to Schedule Caste was applied in policy in the early 1980s. This 

acknowledged a debilitating lack of access to drinking water for 

the lower castes which was said to be furthered by deep-rooted 

caste connivance between local officials and villagers of identical 

castes (Agarwal 1981). However, no strategy was identified to 

challenge this deep-rooted connivance. It is therefore no surprise 

that after two decades of prioritized access, Tiwari (2006) quotes 

official data from the 2001 Census to show how dalit households 

continue to have reduced access to and also travel significantly 

longer to fetch drinking water. 
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         Unfortunately these changes did not happen in the drinking 

water sector. As Iyer (2007) notes, the official intent in relation 

to basic rights to water has been no more than a “mere 

declaration on paper”. Mosse (2008) points out that the “twenty-

first-century neoliberal reverse ‘rolling-back’ of the state focuses 

on the ‘revival’ of community [read women] water 

management”, however the intent was primarily to enhance 

economic efficiency. 

         Transferring operational costs and managerial 

responsibilities to voluntarily participating women significantly 

reduced the costs of delivering water with few real gains to the 

women themselves (Cleaver 1997). Thus, contrary to Cullet’s 

concerns on a loss of equity, the emphasis on involving women is 

much more prominent in neo-liberal approaches to managing 

domestic water. 

         However, rather than attempt to analyze or correct these 

drawbacks, the report called for, “an urgent shift from supply-

driven to demand-oriented approaches, an explicit engagement of 

non- government stakeholders in sector activities with an aim to 

achieving financial viability of service delivery” (World Bank 

1998). The report advocated the multiple social and financial 

merits of a demand responsive approach (DRA). 

         There was an overwhelming belief that, in place of 

overstaffed, corrupt, politicized state government implementing 

organizations who practiced an inflexible technology, NGOs and 

private consultants would empower village communities, 

especially women, and provide evidence of the effectiveness of 

community ownership of water infrastructure (World Bank 

1996).  

 

VI. GENDER PERSPECTIVE IN AAPNI YOJNA 

         In order to measure participation of women in decision 

making at Aapni Yojna (An integrated water sanitation and 

health education project funded by KfW Germany and 

Government of Rajasthan) in three districts of Rajasthan, India, 

namely Churu, Hanumangarh and Jhunjhunu due to availability 

of water at their door steps in 350 odd villages. The uniqueness 

of the project is to involve the community at every step in 

decision making. Water and Sanitation committee of the villages 

pay 50 million India rupees per year to GoR as water revenue. 

Community Base Organisation (CBO) also takes care of the 

operation and maintenance, upkeep of assets, dispute resolving 

and issues related to water and sanitation.  

         To understand women empowerment in the project area, 

researcher through Focus Group Discussion (FGD) asked women 

to report who in their households makes decisions. Analysis 

suggested that, women in project villages were most likely to 

participate in the decision about what to cook: 66 per cent of 

women made this decision on their own and another 16 per cent 

made this decision jointly with their husband or someone else in 

the household.  However, 18 per cent were not involved in the 

decision regarding what to cook. In addition, about three out of 

every five women were not involved at all in decisions about 

seeking health care for themselves (59 per cent), purchasing 

jewellery or other major household items (57 per cent), and 

going and staying with parents or siblings (61 per cent). 

         In the project villages, about 81 per cent of women reported 

that they have been shared the project information by the project 

officials, where as 91 per cent respondents shared that they have 

been involved in selecting the women’s representative for 

WHCs. Similarly 96, 94 and 89 per cent women reported 

participating in social mapping exercise, selection of site for 

Public Stand Post (PSP) and Cattle Water Trough (CWT) 

respectively. 

 

Table 1: Involvement of women in decision making 

 

Sn Questions only to women of 

project area 

n=4942.Frequency 

(in percentage) 

Yes No 

1 Did anybody from project meet you 

to share project information with 

you? 

81.2 18.8 

2 Are you a member in   

WHC/VWHC? 
4.2 95.8 

3 Did you participate in a group 

meeting to select women 

representative in WHC/VWSC? 

91.9 8.1 

4 Are there any 

WG or SHG in 

your village? 

 

(A)Yes, only 

WG 
18.6 

30.0 
(B) Yes, only 

SHG 
11.4 

(C )Both WG & 

SHG 
6.7 

5 Are you a 

member of WG 

or SHG? 

 

(A )Yes, only 

WG 
15.5 

26.5 
(B )Yes, only 

SHG 
11.0 

(C )Both WG & 

SHG 
5.5 

6 Is your group involved in some 

economic activity? 
13.9 86.1 

7 Did you participate in social 

mapping exercise? 
96.3 3.7 

8 Did you participate in selection of 

site for PSP and CWTs? 
93.6 6.4 

9 Are you a member of user group? 89.0 11.0 

10 Are you contributing towards 

household income? 
69.5 30.5 

11 Do you have better say in household 

matter? 
88.5 11.5 

12 Have you been able to save time 

now? 
90.9 9.1 

 

         A majority (91 per cent) of the women were found to save 

time due to easy access to water and now more likely to 

participate in decisions about their own health care, contributing 

directly and indirectly towards household income and a better 

say in household matter and decisions. 
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Utilization of the Saved Time 

Table 2: Utilization of the saved time 

 

Sl. 

No 

Mode of utilization of save 

time 

Percentage of women 

population. n = 4942 

1 Economic activities 
3.2 

(158) 

2 To relax 
8.2 

(405) 

3 With family 
25.1 

(1240) 

4 Household chore 
72.3 

(3573) 

5 Other 
1.0 

(49) 

 

         Above table 2 shows that 72 per cent women were involved 

in household activities whereas 25 per cent women reported to 

have spent more time with family members with the saved time. 

It is noteworthy that the proportion of women not involved in 

any decision making varies little by education, religion, cash 

employment, and standard of living. Schedule tribe women are 

less likely than other women to participate in household decision 

making. This is particularly true for decisions regarding their 

own health care. 

         In Focus Group Discussion (FGD), researcher tried to 

understand the desire to invest in improving the quality of 

children. It has been asked to married women about how much 

education should, in their opinion, be given to a girl or a boy. 

Women’s responses to these questions also provide an indication 

of the extent of preference for son prevailing at the time of the 

survey. 51 per cent of women believed that a boy should be 

given as much education as he desires compared to only 29 per 

cent who believed that a girl should be given as much education 

as she wants. Twenty-one per cent of women told that education 

above high school (higher secondary school, graduate and above, 

or professional degree) is appropriate for boys compared to only 

12 per cent who felt that it is appropriate for girls. Notably, four 

per cent women reported that girls should not be given any 

education, and 33 per cent replied that girls should be given an 

education but not beyond middle school. The corresponding 

proportions for boys were less than one per cent and six per cent, 

respectively. Nine per cent women did not specify a level of 

education appropriate for girls, and 14 per cent did not specify an 

appropriate level for boys. 

Case study 1: Women’s voices 

"Extreme water scarcity in the village had given it a bad name... 

People from other villages were reluctant to get their daughters 

married to our boys... We wondered if young men in our village 

would remain bachelors for life – But the situation has changed 

now. We have Aapni Yojna – water year round!!" 

"The drudgery of fetching water from far away sources had taken 

away all joy from our life – even the joy of having a beautiful 

daughter-in-law! She too had to spend long hours in scorching heat 

to fetch water... water supply was scarce and erratic. The smile on 

her face had gradually turned into a chronic frown. What wrenched 

my heart was that she too had started having the mark on her head 

from carrying heavy pots over long distances. But today all this is 

over – Aapni Yojna has given us filtered drinking water at our door 

step!" –Village Godas, Taranagar, Churu, Rajasthan 

 

VII. INVOLVEMENT OF WOMEN IN WDM 

         Maithreyi Krishnaraj (1986) has argued that despite the 

policy initiatives and attendant programmes to expand access to 

water users, given our hierarchical society, the conversion of 

drinking water into a private good, where the market plays an 

important role in who can benefit and who pays the cost, 

adversely affects women, lower castes and classes. While power 

and authority are nominally granted to women to manage water 

resources in the new decentralized governance structures on the 

assumption that domestic water supply is the legitimate domain 

of women, there remain many questions. 

         To what extent does women’s representation in decision 

making bodies empower them or does it only reinforce 

traditional social hierarchies in subtle ways? Does the emergence 

of women’s visibility in the public sphere hold the promise of 

emancipation and greater gender equality?  

         There is often a euphoric and idealistic recital of the 

traditional knowledge of water management, which is not 

supported by any empirical or historical data. There certainly 

were community managed systems, but claims of social equity 

for such practices cannot be sustained because of un-equitably 

sharing such village resources. While many caste households had 

a well, the lower castes could not draw water from these wells. 

 

VIII. ALTERNATIVE VIEWS 

         There are some who now argue that treating water as a 

public good does not address problems of distribution and equity. 

Water has the characteristics of an “impure” public good. Why is 

it an impure public good? It is a common pool resource that is 

non-excludable yet in actual consumption it has a competitive 

element. Mehta (2006), using a human development approach, 

makes a case for moving away from regarding water purely in 

bio-physical terms to focusing on socially constructed scarcity. 

We need to disaggregate users and their entitlements and to look 

at the politics of distribution within a political economy. If 

scarcity is constructed as a lack of supply or an excess of 

demand, the solution is to increase supply or organize more 

efficient use. Participation of women in the planning, 

implementation and monitoring phases of the Aapni Yojna 
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Project was an important aspect in the project implementation 

stage. 

Table 3: Women’s involvement in water distribution 

management 

 

Sn 

Activities in 

relation to 

water 

distribution  

management 

Percentage of women’s involvement 

(n=4942) 

Preparation Implementation Maintenance 

1 
Allocation of 

water tariff 

38.5  

(1903) 

37.3  

(1843) 

37.5  

(1853) 

2 
Collection of 

water tariff 

38.5  

(1903) 

37.3  

(1803) 

37.5  

(1853) 

3 

Keeping 

account of 

water 

charges 

collected 

21.3  

(1053) 

21.3  

(1053) 

21.3  

(1053) 

4 
Maintenance 

and repair 

22.8  

(1127) 

22.7  

(1122) 

43.8  

(2165) 

5 
Fault 

reporting 

5.0  

(247) 

48.4  

(2392) 

78.3  

(3870) 

6 
Awareness 

generation 

23.0  

(1137) 

22.6  

(1117) 

22.6  

(1117) 

7 
Health 

education 

22.0  

(1087) 

22.0  

(1087) 

22.0  

(1087) 

8 Motivation 

campaign for 

an adoption 

of hygienic 

behavior 

22.4  

(1107) 

22.3  

(1102) 

22.2  

(1097) 

     

 

         As the table 3 shows, only over one third of the total 

women members participated in water distribution management 

in all the three stages of   the project viz., planning, 

implementation and monitoring.  Over 30 per cent women 

participated in awareness generation during monitoring stage 

where as only 20 per cent created awareness during 

implementation stage.   

         Though the participation of women in the programme had 

not been as much as expected but women members have played 

some roles in planning and implementation of the project. 

According to the women members, because of the project now 

they have a better say in household matters. 

         Participation in social mapping has also been encouraging 

in the project villages. Even after considering the background of 

the area an overall average close to 71 and 76 per cent 

respectively in project villages can be considered as a good step 

and an achievement for the project. 

 

 

 

 

 

 

 

 

 

Table 4:  Participated in social mapping exercise 

 

Sn District 

Participation in social mapping 

exercise 
Total 

Yes No 
Don’t 

know 

Per 

cent 
n 

Per 

cent 
n 

Per 

cent 
n 

Per 

cent 
n 

1 Churu 70.6 744 14.9 157 14.5 153 100 1054 

2 Hanumangarh 76.1 213 13.2 37 10.7 30 100 280 

3 Sikar* 5.3 37 82.7 577 12 84 100 698 

Total 48.9 994 38.0 771 13.1 267 100. 2032 

Z* Value 
 

8.586 
      

P Value 
 

<0.05 
      

*Sikar is the control district 

Note : * Alpha = 0.05, two tailed. Z (critical) = ± 1.96 

 

Table 5: Social mapping 

Caste/Sub-caste Participated Total Per cent 

Jat 57 584 9.7 

ST 4 60 6.7 

SC 25 239 10.4 

OBC 22 154 14.3 

Others 50 366 13.7 

Total 158 1403 11.3 

 

         Participation of women in the planning, implementation 

and monitoring phases of the project was an important aspect in 

the project implementation stage. It can be observed from the 

table 5, that the women of the SC category have turned out to  be  

leaders  in  more  occasions  than  the  women  of  the  higher  

caste,  though participation of lower caste has been much less 

than higher caste. A similar trend was observed in case of social 

mapping as well. The maximum participation here is observed 

from the Other Backward Classes (Jat) who are the dominant 

caste in the area. 

         To assess the significance of the difference in proportions 

among project villages and non project villages regarding 

participation in social mapping exercise, Z test was applied. The 

Z values indicate the participation in social mapping in project 

villages and non project villages differ significantly (p<0.05). 

More importantly the same is statistically significant with the Z 

value being 8.586. 
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Table 6:  Site selection for the installation of the PSP 

 

Sl District 

Selection of site for installation of the PSP 

Total Women members 

of the village 
WHC/ VWSC PMC/ PHED Others 

  
Per cent n Per cent n Per cent n Per cent n Per cent n 

1 Churu 77.0 812 12.7 134 1.3 14 8.9 94 100 1054 

2 Hanumangarh 72.5 203 20 56 0.4 1 7.1 20 100 280 

3 Sikar 2.9 20 32.8 229 12.6 88 51.7 361 100 698 

Total 50.9 1035 20.6 419 5.1 103 23.4 475 100 2032 

Z value 
 

0.69 
 

-11.07 
 

0.18 
 

7.22 
  

P value 
 

>0.05 
 

<0.05 
 

>0.05 
 

<0.05 
  

 

         As women were the end users of the water, hence 

researcher tried to understand the involvement of women in site 

selection of Public Stand Post (PSPs). Analyzing the data on 

same, it was found that in project villages, three fourth of the 

PSPs have been selected by the women through PRA exercises 

whereas in non project villages it was found very less,  only three 

per cent; otherwise in half the cases it was selected by other 

influential people. One can say that the projects had given an 

opportunity to women to decide the location of PSPs. The same 

was supported by the statistical analysis. The statistical Z test of 

difference in proportions (involvement of women in site selection 

of Public Stand Post) between project villages and non-project 

villages shows site selection by women and VWSC makes 

statistically significant difference. 

 

IX. RESPONSIBILITY TO COLLECT WATER 

         More than half of the households(refer table 7)  in both the 

project districts reported both male and female members being 

responsible to collect water, where as in non project villages in 

71 per cent of the houses only females were found to be 

responsible to collect water for house-chore activities. In VAP 

projects in other parts of Rajasthan also we have observed that in 

more than 90 per cent cases women were found to be responsible 

to collect water for their households needs. 

 

Table 7:  Responsible to collect water 

Sl District 

Responsibilities for water collection 

Total 
Male Female Children 

Both Male and 

Female 
Others 

per 

cent 
n 

per 

cent 
n 

per 

cent 
n per cent n 

per 

cent 
n 

per 

cent 
n 

1 Churu 5.4 57 35.6 375 1.6 17 57.2 603 0.2 2 100 1054 

2 Hanumangarh 12. 34 33.6 94 2.5 7 51.8 145 0 0 100 280 

3 Sikar 2.3 16 70.8 494 0.4 3 26.4 184 0.1 1 100 698 

Total 5.3 107 47.4 963 1.3 27 45.9 932 0.1 3 100 2032 

Z value 
 

0.72 
 

-8.07 
 

0.21 
 

5.22 
    

P value 
 

>0.05 
 

<0.05 
 

>0.05 
 

<0.05 
    

 

The Z test showed that in both the project districts both male and 

female collected water and the same was statistically significant 

in comparison with non-project villages, whereas in non project 

villages females were found responsible for water collection. 

 

X. GENDERED COSTS OF DRINKING WATER’S 

COMMODIFICATION: “THEY ARE NOT OF THIS HOUSE” 

         The Aapni Yojna, drinking water project began in the early 

1990s and was completed in 2005, having connected 

approximately 350 villages and two towns to drinking water 

through public stand posts (taps). The Government of Rajasthan 

(GoR) owns the water supply but as per decentralization, 

villagers manage and maintain the system inside their own 

village (O’Reilly and Dhanju in review). Villagers also now pay 

for water that they previously got for free (O’Reilly 2006a). The 

GoR relies on community participation through village water 

committees for village scale infrastructure maintenance (e g, tap 

replacement) and bill collection. Every village has a single meter 

at its entrance that measures the amount of water the village uses 

monthly. Each household pays a portion of the metered bill based 

on the number of members and livestock per family. A dedicated 

group of NGO workers of Community Participation Unit was 

responsible for generating participation of the society during the 

implementation phase that would support decentralized 

management and payment for water.  

         Project plans assumed a gendered division of labor that 

naturalized women’s water work (e g, water collection for use in 

housework), and built on those assumptions by expecting that 

women, because they were those who relied on the system the 
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most, would be the most eager and reliable to maintain it 

(O’Reilly 2006a). Women’s participation would, serve the 

purpose of making the water supply system sustainable in the 

long run” (CPU, Handbook on Women’s Participation). 

         Community Participation Unit (CPU) staff involved women 

in the project in a variety of activities, including: representatives 

to village water committees; public tap caretakers; members of 

women’s groups; income-generating activities and health 

education. A majority of CPU staff signaled through their words 

and practices some about the importance of women’s 

participation in the project (O’Reilly 2006). Through their 

discourses and practices, however, they forwarded assumptions 

that all women were responsible for drinking water supply and 

payment. O’Reilly (2006) said that there was no field notes 

indicating that CPU staff suggested girls should be excluded as 

household members who pay for water.  

         The drinking water supply payment system was based on 

anga, a traditional system of water payment that divides the cost 

of water consumed by the total number of water consumers 

(people and livestock) in the village, giving a unit price. Each 

household pays the unit price multiplied by its number of 

members and livestock. In most villages, one animal counted as 

one person. Anga as a traditional village payment system was 

somehow expected to be more egalitarian than other ways of 

paying for drinking water.  

         The GoR set a price range for water with the maximum 

price at Rs 16 for 40 litres per day. Households paid an average 

of Rs 3 to Rs 8 per head, per month. A young man acting as 

payment collector attested that they had trouble getting some 

households to pay saying that people would argue about paying 

and would lie about how many number of cattle they had. In a 

meeting with a group of 30 men, some of whom were on the 

village water committee, told us that people who lived far from a 

public tap threatened not to pay, but through neighbor-hood 

pressure, they eventually paid. They said, “People try to lie to 

pay less but we have angas listed”. 

         Payment for water is at the heart of controversies over 

whether water is a human right or an economic good (Bakker 

2007). In terms of gender, the economic condition of water users 

is a critical consideration since women cannot pay for water with 

the same ability as men (Zwarteveen 1998). In this case study 

from Rajasthan “We consider the intersection of gender and 

poverty in terms of who is charged for water and who pays for 

water. On the one hand, collective payment for girls gives 

assistance to poor families who have girls. On the other hand, it 

also means that a poor family with sons and no daughters 

subsidizes wealthy families who have daughters. While girls 

were discriminated against in terms of payment, there were no 

further discriminatory subdivisions along caste and class lines. 

 

XI. ISSUES OF GENDER EQUITY  

         The forms of neo-liberal water governance include the 

decentralization of water management to the village scale, 

democratization in the form of community participation in 

village water committees and commodification of water that 

begins with the onset of payment. 

         As villagers were quite sharp on the issue of water bills, 

households certainly realized that not charging girls for water 

meant the overall price per person and head of livestock went up, 

since the village water bill was then divided by fewer heads. 

Village size where girls were not charged for water varied from 

350-7,500 people, with a mean of 1,360 (n=10). In villages 

where girls did not pay, most households paid Rs 3-Rs 8 per 

anga, with one of 10 villages reporting paying Rs 2. In villages 

that did charge girls for water, most households paid between Rs 

3-Rs 8 per person for water, with four of 43 villages reporting 

paying Rs 2, and six reporting a range of Rs 3 to Rs 8. Whether 

girls paid or not, the price range was roughly the same. Payment 

was not only intended to empower villagers as customers vis-à-

vis the Rajasthan state as provider (O’Reilly and Dhanju), but 

also enabled the further marginalization of girl children. By their 

exclusion from participatory activities from management 

decisions to water payment, they are the least likely to develop 

the water conservation awareness and feelings of system 

ownership that the GoR depends on for sustainability. If, as 

Agrawal (2001) suggests, it takes only a tiny portion of daily 

experience over time to alter environmental beliefs, then an 

opportunity is lost in not attempting to affect girls’ relationship to 

the use and care of drinking water systems. Concealing social 

relations, CPU staff left that heteronormative belief unquestioned 

when they targeted women for women’s participation. Project 

plans took for granted that it was married women who would be 

approached in their roles as mothers and homemakers (Cleaver 

2001; O’Reilly 2006a). Cleaver (2001) and Wallace and Coles 

(2005) argue that participatory approaches treat gender as a 

different kind of technical problem, one that can be solved by the 

inclusion of women in projects. Too much attention to “women” 

and not “gender” means that projects focus on what women do, 

not on men and women in relationship to each other. Agarwal 

(2001) suggests that separation may not sharpen gendered 

segregation, nor do separate groups seem to impact behaviors in 

mixed groups. 

         Furthermore, as Cleaver (2001) points out, a failure to 

closely examine water use would suggest that girls should be 

included in participatory approaches, because they do the work 

of fetching water. Drawing on these ideas, we must allow that 

gendered relationships with respect to drinking water have been 

impacted through the components of women’s participation in 

the project. The focus on efficiencies through women’s 

participation in the drinking water project begs the question then 

of how women’s participation could be a prime feature, but girls 

could be marginalized. When their own families recognized the 

importance of their labor, how/why did project plans overlook 

the contributions of girls? 

 

XII. CONCLUSIONS 

         It can be concluded that multi-tasking of women in water 

projects and excellent financial performances is not an indicator 

of success in tackling gender discrimination. Moreover it is not 

able to dismiss the existent imbalances. 

         Participation in water supply provided an easy and 

relatively reliable way to “make projects work”. Indeed, it is for 

this reason that neo-liberal demand- led projects seem focused on 

“engaging women” far more than welfare-based supply-driven 

approaches. 
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         This view of involving women has persisted in evolving 

policies, resulting in the situation in which fundamentally diverse 

policies and institutional arrangements have produced strangely 

similar outcomes of a persisting inequity. When social identities 

and responsibilities limit engagement or result in ineffectual 

representation, the victims are readily blamed for their 

disinterest.  

         There may be excellent instruments for developments to 

address changing objectives. The question now posed is, what 

skills are required to enable them for multi tasking. Saving 

practices and credit may be an entry point for mobilization, but 

the long-term objectives have to be overall development which 

includes gender balancing. 

         There is also another issue of people with differential 

interest who cannot sustain common interests together for a long 

term sustainability, the institutes should built the capacity of its 

members and focus on the overall development. The success of 

water project has no doubt encouraged multi-tasking, but 

effective strategies need to be evolved before women are 

entrusted with additional roles. Caution has to be taken not to 

dismantle the successful strategy with excess pressure. 
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Abstract- Nowadays, companies face great pressure from 

different actors to behave in particular way. These actors have 

great impacts on the ability of organizations to achieve their 

objectives. These impacts are variety in their power according to 

the variety of the actors. The limited time and resources make it 

is difficult to give the same attention of the different actors. This 

has led to the need of a tool that can be used to classify the 

different actors and identify their positive and negative 

influences on the companies, which is called stakeholder 

analysis. This paper provides in brief some of the characteristics 

of this analysis, and how this analysis can benefit the company. 

In addition, it presents example of how stakeholder analysis can 

be conducted. The results of this papers indicates that the 

stakeholder analysis is useful tool, which can help the managers 

in giving particular attention to particular stakeholders for the 

purpose to achieve particular objectives. The stakeholders can be 

classified into different groups depending on their possession, 

influences on the organization, power, legitimacy, and urgency 

of claims. The stakeholder analysis is a useful tool that enables 

the managers to focus on particular group and giving different 

levels of attention to different types of stakeholders. This can 

enhance the efficiency of decisions. Conducting stakeholders’ 

analysis requires the identification of potential stakeholders and 

determination of their interests, influences, and interactions with 

the organization. 

 

Index Terms- stakeholder analysis, stakeholder theory, Libyan 

chemical and petrochemical industries. 

 

I. INTRODUCTION 

ompanies in their search to achieve their objectives have to 

maintain its relationships with different actors. Those actors 

play different rules, which can affect the company. The focus of 

companies today on what called stakeholders instead to 

shareholders. The term stakeholders mean any person or 

organization, which can be positively or negatively affected by, 

or cause an impact on the action of the company (www.en-

wikipedia.org). The achievement of company objectives will not 

only depend on shareholders satisfaction. It extends in many 

cases to incorporate other players such as governments, 

suppliers, employees, competitors...Etc. This results in that 

companies have to identify their stakeholders to understand their 

positions, influence with other groups, and their interests in 

particular reform. The identification of stakeholders requires 

specific treatment to determine the main stakeholders of the 

company.  

      Although the importance of stakeholder’s identification, this 

concept seems to be neglected in developing countries such as 

Libya. View studies have addressed the actual practices and the 

role of corporations’ activities toward their stakeholders 

(Bayoud, et al., 2012; Elmogla, 2009).  For instance, Elmogla 

(2009) found that the amount of corporate social responsibility 

disclosed by Libyan companies is low when compared to the 

disclosure practices in developed countries. Bayoud, et al. (2012) 

concluded that within the Libyan companies there is a significant 

and positive relationship between the total of social and 

environmental disclosure and the financial performance. 

However, none of previous mentioned studies has provided the 

actual picture of stakeholders of Libyan corporations. Therefore, 

this paper can improve the knowledge by highlighting the most 

actors those can affect or be affected by corporations’ actions. By 

doing so, corporations can direct their efforts to satisfy their 

stakeholders instead to focus on specific group of shareholders.  

      Noticeable is that this paper is a part of a project for 

integration of environmental issues with the strategy 

management of chemical and petrochemical industries, for the 

purpose to assess the organizational performance.  

 

II. THEORETICAL CONSIDERATIONS 

Stakeholder theory 

        Stakeholder theory was originally detailed by  Freeman and 

Reed (1983). The idea of the theory is that corporations should 

be run in ways that are sustainable. In other words, companies 

should be accountability not only to shareholders but also to the 

broader set of stakeholders. The theory grew in response to the 

economic theory of the firm, but contrasted with theory E, which 

assumed that economic value is dramatically and quickly 

enhanced through restructuring-tough, results-driven actions such 

as payoffs and closing facilities. Flak and Dertz (2005) pointed 

out that the stakeholder theory is a primarily management 

instrument; the attributes of power, urgency, and legitimacy of 

claims defining the corporations’ stakeholders. The theory 

assumes that the corporation can enhance the interests of its 

stockholders without damaging the interests of its wider 

stakeholders. Therefore, it takes into account both groups 

stockholders and stakeholders. 

        Stakeholder theory defines a corporate stakeholder as a 

party that can affect or be affected by the actions of the business 

as whole. Moreover, the World Health Organization defines 

stakeholders as persons, groups or institutions with interests in a 

project or program. These definitions are too proad and considers 

almost everyone. This can be complex to managers to apply 

(Mitcheel, Agle, & Wood, 1997). One of the difficulties of 

C  
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stakeholder’s theory is allocating importance to the values of 

different groups of stakeholders. Mitcheel et al (1997) believe 

that the identification of stakeholders can be narrow, and it can 

be found in the degree to which managers gives priority to 

competing stakeholder claims. Golder and Gawler (2005) defines 

stakeholders as “any individual, group, or institution who has a 

vested interest in the natural resources of the project area/ or who 

potentially will be affected by project activities and have 

something to gain or lose if conditions change or stay the 

same”(p.1). Freeman defines stakeholder as"any group or 

individual who can affect or is affected by the achievement of the 

organization's objectives" (1983: 46). The previous definitions of 

stakeholders exclude the actors those have no claims or powers 

on the organizations. Those difinitions depends on the narrow 

view to identify stakeholders, this view bases on that the 

identification of stakeholders should be done in terms of thier 

direct relationship to the company’s core economic interests.  

        The definition of stakeholders can be differentiated between 

broad view of stakeholders and narrow view of stakeholders. 

According to Mitchell et al(1997) that broad view of 

stakeholders bases on the empirical reality which emphasize that 

organizations can indeed by vitally affected by, or they can 

vitally affect. This view becomes complex and even confuse for 

manages to apply. In contrast, the narrow view of stakeholders 

depends on the practical reality that there are limitations in the 

resources and manager’s patient for dealing with external 

constrains. 

 

Stakeholder analysis 

        Stakeholder analysis is term used to describe the process 

that aims to identify the individuals, actors, or groups those are 

likely to affect or be affected a proposal action. Those groups are 

selected according to both their impact on the firm and the 

impact will have on them (www.en-wikipedia.org). Rottger and 

Fritz (2006) define stakeholder analysis as “an approach, a tool, 

or set of tools for generating knowledge about actors- 

individuals and organizations- so as to understand their 

behavior, intentions, interrelations and interests, and for 

assessing the influences and resources they bring to bear on 

decision- making or implementation processes”(p 33). This 

analysis provides a clear picture about all actors related to the 

organization’s activities. This helps mangers in focusing on those 

are highly salience and develop strategies to deal with their 

requirements. The World Health Organization considers the 

stakeholder analysis as a tool to identify the representatives those 

will influence the organization either positively or negatively, for 

the purpose of develop strategies to get the most effective 

support and reduce any obstacles to successful implementations.  

        The stakeholder analysis gives the mangers information 

about all primary and secondary stakeholders who have a vested 

interest in the organization’s issues. This can help to assess who 

the interests of those stakeholders should be addressed in the 

activities and plans of the organization. 

        The aim of stakeholder analysis is the identification of those 

stakeholders and their interests and relationships with the 

organization. Therefore, to conduct this analysis deferent 

constituents have to be found and steps have to be followed. 

According to Golder and Gawler (2005) this analysis can be done 

by three common methods workshops, focus group and 

interviews. They add that that there is three basic steps to 

conduct stakeholder analysis (1) Identifying the key stakeholders 

and their interests (positive or negative) (2) assessing the 

influence of, importance of, and level of impact upon each 

stakeholder.(3) Identifying how best to engage stakeholders. Flak 

and Dertz (2005) believe the stakeholder analysis’s components 

are: (1) Identification of stakeholder and their representative 

formers. (2) Position analysis- analysis of stakeholders’ 

perception of the project and its potential consequences, of 

attitude to the other stakeholders, a picture of who has the actual 

power and influence, and a picture of stakeholders’ expectations 

with the respect to influence. (3) Analysis of the company 

consequences for each stakeholder. This will also provide a 

picture of the anchoring and organizational change task. (4) 

Analysis of the need of influence the opinion, and attitude of the 

stakeholders, as a part of planning the anchoring and 

organizational change process. (5) Analysis of congruency of 

interests with a view to identifying potential coalitions for and 

against the company. (6) Analysis of the conflicts of interests and 

areas of tension, as a basis for planning the decision making 

process.  

 

Salience of stakeholders  

        The emergency of stakeholders have represented in different 

forms. One view of the classification of stakeholders classifies 

stakeholders into three groups; primary stakeholders, are those 

who ultimately affected by an organization’s actions; secondary 

stakeholders,are the intermediatries, which affected in indirect 

way by an organization’s actions; the third group is the key 

stakeholders, which represents those who have significant 

influence with the organization’s actions (www.en-

wikipedia.org). In addition, Kochan and Rubinstein (2000), 

believe that the emergency of stakeholders depends on the role 

they play. They added that there are three criteria to identify the 

potential stakeholders. These criteria are the extent to which they 

contribute valuable resources to the organization, the extent to 

which they put these resources at risk and would realize costs 

were the enterprise to fail or their relationship with the 

organization terminate, and the third criteria is the power they 

have over the organization .  

        One of the most famous and poplar typology of stakeholders 

definition is the typology prepared by Mitchell et al (1997). They 

note that stakeholders can be identified depending on their 

influences or impacts. Those attributes represent in one, two, or 

all three of the following (1) the power of stakeholder to affect 

the firm (2) the stakeholder’s legitimacy relationship with the 

firm (3) the claim’s urgency of stakeholders on the firm. They 

believe that such typology can answer the main questions related 

to stakeholders, which group are stakeholders requiring 

manager’s attention, and which are not?. Mitchell et al (1997) 

articulated that mangers can determine which stakeholders are 

salience and therefore, will receive the management focus and 

attention. The property of one, two, or three of the previous 

attributes (power, urgency, legitimacy) determine the class of 

stakeholders. Mitchell et al note that the analysis of stakeholders 

by adoption of previous attributes will result in three types of 

stakeholders (1) Latent stakeholders; who have only one of the 

attributes. This group incorporates three types of stakeholders- 

dormant stakeholders; they only have the power in their relevant 

http://www.en-wikipedia.org/
http://www.en-wikipedia.org/
http://www.en-wikipedia.org/
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attributes- discretionary stakeholders; they possess the attributes 

of legitimacy- demanding stakeholders; the urgency is the main 

relevant attribute of this group of stakeholders. (2) Expectant 

stakeholders; who have two of the attributes (legitimacy and 

power, legitimacy and urgency, power and urgency). This group 

can be classified into three types of expectant stakeholders- 

dominant stakeholders where the stakeholder are powerful and 

legitimate – dependent stakeholders those stakeholders who have 

legitimacy and urgency claims but they don’t have power on the 

firm- dangerous stakeholders where the stakeholders have the 

power and the urgency in their relationship with the firm, thin, 

become dangerous stakeholders. (3) Definitive stakeholders; the 

stakeholders salience becomes high where the stakeholders have 

the three attributes (power, urgency, legitimacy) in their 

relationships with the firm. Mitchell et al (1997) concluded that  

 

“we have argued that a definition of “ the principle of who or 

what really counts” rests upon the assumption, first, the 

managers who want to achieve certain ends pay particular kinds 

of attention of various classes of stakeholders; second, that 

managers’ perceptions dictate stakeholder salience; and third, 

that the various classes of stakeholders might be identified based 

upon the possession, or the attributed possision, of one, two, or 

all three of the attributes: power, legitimacy, and urgency” (p 

872).  

 

Table (1) represents the Mitchell typology of identification 

the stakeholders and their different degrees of the power, 

legitimacy and urgency as well as, the table provides the basis 

for this typology. 

 

 

Table (1) The Mitchell typology of stakeholders 

Stakeholder 

category 

Stakeholder 

salience 

Attributes Stakeholder 

subcategory 

Latent 

stakeholders 

with only one 

of the three 

attributes 

 

Low 

legitimacy 
Discretionary 

stakeholders 

power 
Dormant 

stakeholders 

urgency 
Demanding 

stakeholders 

Expectant 

stakeholders 

with two of the 

three attributes 

moderate 

power and 

legitimacy 

Dominant 

stakeholders 

legitimacy 

and urgency 

Dependent 

stakeholders 

power and 

urgency 

Dangerous 

stakeholders 

Definitive 

stakeholders 

with all the 

three attributes  

high 

power, 

legitimacy 

and urgency 

 

 

 

        Interestingly, Agle, Mitchell, Sonnenfield (1999) tested 

empirically the Metchell typology of stakeholder and confirmed 

this typology. They used unique data of large 80 US firms to 

exam the relationship among the stakeholders attributes of 

power, legitimacy, urgency, and salience, and corporate 

performance. The study concluded that there is significant 

relationship between stakeholder attributes and salience and 

corporate performance.  

 

Stakeholders power analysis 

        The identification of the interactions between the 

stakeholders and the organization for the purpose of 

understanding of how those stakeholders affect policies and the 

organizations, and how the policies and organizations affect 

those stakeholders requires stakeholder power analysis. 

According to Mayers (2005) “Stakeholder power analysis is 

particularly useful for assisting in decision-making situations 

where various stakeholders have competing interests, resources 

are limited, and stakeholder needs must be appropriately 

balanced”(p.2). He added that the identification of key 

stakeholders can be done by staff of key agencies and other 

knowledgeable individuals, population data, stakeholders’ self- 

selection, or identification by other stakeholders. Rottger and 

Fritz (2006) mention that stakeholders can be classified into tow 

group internal/external, and direct/ indirect stakeholders. They 

add that internal stakeholders can represented by group 

incorporates all employees working in the organization, external 

stakeholders represents are those actors exerting influence on the 

organization (e.g. local population, local authorities), direct 

stakeholders are those exert direct influence on the organization 

such as the staff, and indirect stakeholders are those who exert 

indirect influence on the organization such as national 

government- see Table (2). Applying stakeholder power analysis 

requires following the next steps (1) identifying potential 

stakeholders. (2) determine the nature of their relationships with 

the firm; what are the influences they have on the firm, and how 

they impacted by the activities of the firm. (3) Determine the best 

way to engage stakeholders. 

 

Table (2) types of stakeholders 

 

View point category 

 Internal stakeholders. 

 External stakeholders. 

 Direct stakeholders. 

 Indirect stakeholders. 

 

Resource: Rottger and Fritz (2006) p.33. 

 

III. METHODOLOGY 

        This study adopted qualitative approach by conducting 12 

interviews with the environmental related departments in Libyan 

chemical and petrochemical corporations. The interview 

questions are adopted from Schmeer (1999), and replicated by 

the researcher to be suitable to use with the community of the 

study. Regarding the aexcpected stakeholders list is adopted from 

previous studies (Ahmad & Mousa, 2010; Salder et al., 2008; 

EU- Libyan Trade sustainability impact assessment; 2009).  

 

IV. CONCLUDING  

        The paper presents the baselines of the stakeholder analysis. 

Most stakeholders’ definitions agreed that the term stakeholders 

represent any organizations or persons, which can influence 
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positively or negatively the activities of the company, and can be 

affected by the company’ activities. This definition represents the 

broad view of stakeholders. In contract, the narrow view of 

stakeholders assumes that the identification of stakeholders 

should be done in terms of thier direct relationship to the 

company’s core economic interests. Therefore, this view 

excludes the actors those have no power or claims on the 

company.  

       The stakeholders can be classified into different groups 

depending on their possession, influences on the organization, 

power, legitimacy, and urgency of claims. The stakeholder 

analysis is a useful tool that enables the managers to focus on 

particular group and giving different levels of attention to 

different types of stakeholders. This can enhance the efficiency 

of decisions. Conducting stakeholders’ analysis requires 

identification of potential stakeholders and determination of their 

interests, influences, and interactions with the organization. The 

results of this study can provide the chemical and petrochemical 

industries with the main actors; those may affect their actions 

toward the environment. 
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Appendixes 

 

Stakeholder power analysis of Libyan chemical and 

petrochemical industries       

          The Libyan chemical and petrochemical companies’ 

websites do not mention clearly their stakeholders. Therefore, the 

researcher depended on the previous literature, which related to 

such subjects about the stakeholders of these companies. The 

main resources of this determination are   the EU- Libyan Trade 

sustainability impact assessment (2009), Ahmad and Mousa 

(2010), and Salder et al (2008). These resources have mention to 

the potential stakeholders of these industries see Table (3). 

 

Table (3) the potential stakeholder of Libyan chemical and petrochemical industries and their interests and influences. 

 

Potential stakeholders: 

internal, external, direct, 

indirect 

Characteristics 

Involvements in 

the company. 

Interests in the 

company 

Degree of 

influence (power) 

kind  

Impact of the 

company on the 

actor 

Staff     

Industrial mineralization 

secretary  

    

Institute of public sector      

General planning board     

Libyan central bank     

Secretary of economic      

Environmental general 

authority 

    

suppliers     

competitors     

Customers     

Researchers     

People living adjacent to 

the company  

    

Shareholders      

Creditors     

International      

Others      

 

Interview guidelines of chemical and petrochemical 

industries stakeholder analysis 

 

1. Introduction to the interview  

        This study considers the integration of environmental issues 

with the strategy management of chemical and petrochemical 

industries, for the purpose to assess the organizational 

performance. Since the organizational performance can be 

represented by the satisfaction of stakeholders, this interview 

aims to identify the main stakeholders. It aims to explore the 

opinions of several important actors who are interested in the 

improved performance of Libyan chemical and petrochemical 

industries. It is important for us to get your opinion; we plan to 

conduct 12 interviews to produce general report on the opinions 

of the major Libyan chemical and petrochemical industries 

actors. The information obtained through these interviews will be 

for the direct use of the analysis. 

2. Interview’ questions 

        We would now like to ask you a few questions about your 

opinion regarding the integration of environmental issues with 

the strategic management of chemical and petrochemical 

industries. 

1- What do you understand “the integration of environmental 

issues with the strategic management” to mean? 

2- What are the potential benefits to you and your organization of 

the integration of environmental issues with the strategic 

management? 

3- What are the potential disadvantages to you and your 

organization of the integration of environmental issues with the 

strategic management? 

4- Which of the following categories best describes your opinion 

on the integration of environmental issues with the strategic 

management? 

a) I  strongly support it 

b) I somewhat support it 

c) I do not support nor oppose it 

d) I somewhat oppose it 

e) I strongly oppose it 

 

If answers a, b, or c, continue below. If answers d or e, pass 

to question 7. 

5- for the issue that you support, 

a) In what manner would you demonstrate this support? 
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b) Would you take the initiative in supporting the 

integration of environmental issues with the strategic 

management, or would you wait others to do so? 

c) Do you have financial or human resources available to 

support this issue? 

d) Which resources are available and how quickly can they 

be mobilized?  

e) Would this support be public? 

f) What conditions would have to exist for you to express 

this support? 

g) Would you ally with any other persons or organizations 

in these actions? 

h)  If yes, which persons/ organizations? 

6- Under what conditions would you choose not to support the 

integration of environmental issues with the strategic 

management? 

 

For those who answered d or e to question 4, 

7- for your opposition, 

a) In what manner would you demonstrate your 

opposition? 

b) Would you take the initiative in opposing the integration 

of environmental issues with the strategic management, 

or would you wait others to do so? 

c) Do you have financial or human resources available to 

oppose this issue? 

d) Which resources are available and how quickly can they 

be mobilized?  

e) Would this opposition be public? 

f) What conditions would have to exist for you to express 

this opposition? 

g) Would you ally with any other persons or organizations 

in these actions? 

h) If yes, which persons/ organizations? 

8- Under what conditions would you choose to support the 

integration of environmental issues with the strategic 

management? 

 

 

 

 

 

 

 

 

 

 

 

 

Other supports: 

 

9- What other organizations, departments, within an 

organization, or persons do you think would support the 

integration of environmental issues with the strategic 

management? 

10- What do you think these supports would gain from the 

integration of environmental issues with the strategic 

management? 

11- Which of these supports would take the initiative to actively 

support the integration of environmental issues with the strategic 

management? 

 

Other opposes 

12- What other organizations, departments, within an 

organization, or persons do you think would oppose the 

integration of environmental issues with the strategic 

management? 

13- What do you think these opponents would gain from the 

integration of environmental issues with the strategic 

management? 

14 Which of these opponents would take the initiative to actively 

support the integration of environmental issues with the strategic 

management?  

 

Stakeholder’s distribution matrix 
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Abstract- India has made huge strides in the past decades in 

warding off the spectre of famine. The Green Revolution should 

have gone a long way to tackling child malnutrition, Norman 

Borlaug’s creation of dwarf spring wheat strains in the 1960s 

meant that India could feed itself at last. Better farming 

techniques and food security policies have made mass starvation 

a thing of the past. Yet the problem of child malnutrition remains 

critical, and the reasons it deserves concerted attention are many. 

Besides the obvious moral obligation to protect the weakest in 

society, the economic cost to India is and will be staggering. The 

present study was carried out to find out Maternal and 

Environmental Factors affecting the nutritional status of 

Anganwadi children in Rafiq nagar urban slum of Mumbai. This 

is a Descriptive Epidemiological study conducted at Rafiq Nagar 

urban slum which is a field practice area of Department of 

Preventive and Social Medicine, TN Medical College, Mumbai, 

India. All children below 6 years of age attending 6 Anganwadi 

were included. The information was gathered by personal 

interview of mothers using semi-structured proformas. Out of 

194 children 93 (47.9%) were males. According to WHO 

malnutrition grading, 59.8% children were malnourished and 

only 90 (46.4%) were completely immunized. Parents’ higher 

education, exclusive breast feeding for 6 months, proper 

weaning, immunization and higher socioeconomic status had 

beneficial effect on nutritional status of children.  Also 

environmental conditions, birth order and total number of 

children in family had effect on nutritional status of children. 

Malnutrition was prevalent in the age group of 1-2 years. Thus 

mother should be properly educated regarding the nutritional 

needs of the growing children and importance of complete 

immunization. Importance of exclusive breastfeeding, timely 

weaning, providing proper protein rich, energy dense 

complementary food should be stressed. Proper sanitation of the 

drinking water should be promoted in the community to prevent 

the water born diseases in the children.  Mothers can be taught 

regarding the treatment of the common ailments in the house 

such as diarrhoea using homemade ORS. Regular de-worming of 

the child in the Anganwadi should be done. 

 

Index Terms- Environmental factors, Immunization, 

Malnutrition, Maternal Factors, Urban slum 

 

 

I. INTRODUCTION 

hildren are in a constant phase of development. Their body 

is in a phase of constant wear-tear and repair, their brain is 

developing, bones are growing. These growing children require 

constant supplementation of calories, proteins and micronutrients 

to keep the pace of increased demands of the body. Since 

childhood is the most vulnerable phase in the life of human 

being, nutritional inadequacies will result in the hampering of the 

development of the body. If this nutritional inadequacy is 

continued for a long period of time it results in the growth 

faltering manifested in the form of low weight, small height, low 

IQ. Future of the country is determined by the growing 

generation of the country. It is the health status of children of any 

country that represents the health status of people of that country. 

Since this growing generation is going to be the future productive 

citizens, they should be healthy enough to make use of the full 

potential of their productive age. Scientific evidence has shown 

that beyond the age of 2-3 years, the effects of chronic 

malnutrition are irreversible. Child malnutrition is the single 

biggest contributor to under-five mortality due to greater 

susceptibility to infections and slow recovery from illness. 

Misconception prevalent in the present time is the unavailability 

of the enough food. Between 6-18 months, young child requires 

only 200-300 kcal food to maintain normal growth and 

development; but because of insufficient knowledge of parents 

about feeding practices they don’t provide enough food to their 

children leading to faltering of growth and consequently illness 

and death of child.
(1)

 

         India is by no means the poorest country on earth; it doesn’t 

have the lowest life expectancy or literacy, or the highest rate 

HIV/AIDS. India isn’t at war, there is considerable foreign direct 

investment, and there is a large buffer stock of food grains. But it 

is far from the whole story. Mumbai, India’s commercial capital 

is in many ways a microcosm of the country. Next to the 

breathtaking opulence of the down town area and the booming 

financial services industry, lies Asia’s largest slum, the bustling 

Dharavi and Govandi, home to two million people – many of 

whom lack clean drinking water and basic sanitation. 

         According to the state government's data, 3.5% of Greater 

Mumbai's slum children under six die every year because of poor 

nutrition and increased risk of infections - a figure largely 

accepted by academics and social workers. The city has about 7.3 

lakh slum children below the age of four (according to the 

government National Family Health Survey), so at least 25,550 

(3.5% of 7.3 lakh) children die of malnutrition and related 

C 
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illnesses every year. 'Malnutrition kills 56,000 children annually 

in urban slums' sources according to Times of India opinion 

dated 10/1/11. About 25,000 slum children in Mumbai die 

of malnutrition every year, a sad fact brought to focus by the 

recent deaths in Mumbai's Rafiq Nagar locality where the study 

was conducted.
(2)

 

         These deaths occurred in a community of rag pickers that 

lives off Mumbai's biggest garbage dump. If they don't spend 

their day sorting out and selling garbage, they can't eat. The 

women are anaemic; their children are born underweight, and 

often don't survive beyond two months. Amongst those that do, 

their nutritional status keeps going down because they live only 

on breast milk. 

        Hence there is an urgent need to address the serious issue of 

why are malnutrition levels in India so high? 

 

II. MATERIALS AND METHODS 

        The area selected for study was Rafiq Nagar, Govandi 

which has been declared as urban slums of Mumbai, situated in 

the areas besides the eastern Express Highway to Vashi. This is 

situated about 3 km from Govandi railway station and 1.5 km 

towards the north of Shivaji nagar Urban health Center. It comes 

under the jurisdiction of M (east) Ward of Municipal Corporation 

of Greater Mumbai. 

        Rafiq Nagar is the area where all the garbage from Mumbai 

is dumped and called as dumping ground of Mumbai. This area 

has the population which has migrated from different areas of the 

country like West Bengal, Uttar Pradesh, Bihar, Tamil Nadu and 

various parts of Maharashtra. This area has predominantly 

Muslim population. Most of the people are rag pickers and 

depended on this occupation for their daily living. This area has a 

total population of 9500 of which total child population under 6 

years of age is 1600 (Data available from ICDS Mumbai office) 

        Study population comprises of children below 6 years of 

age registered under Anganwadi situated In Rafiq Nagar. All 

children from age 0-6 years are included in the study and subject 

selection is based on the inclusion and exclusion criteria. 

        Study was carried in the community of Rafiq Nagar which 

has a total of 12 Anganwadi in the area. Out of those twelve 

Anganwadi six Anganwadi were selected by using the simple 

random technique using lottery method. All the children 

attending the Anganwadi were included into the study provided 

they fulfil the inclusion and exclusion criteria. 

        Total population of 0-6 years children in six Anganwadi 

was 230 out of which 194 were selected for the study as they 

fulfilled the study criteria. There was a loss of 36 children as the 

mothers were not available during the study as mothers were 

involved in rag picking activity during the morning hours. Still 

efforts were made to motivate the mothers to attend the 

Anganwadi center and get enrolled into the study. When not 

responded by those mothers, their children were excluded from 

the study. Mothers were interviewed using a preformed semi 

structured questionnaire and the children were examined and 

weight and height taken to determine the nutritional status of the 

child. 

        The collected data was numerically coded and entered in 

Microsoft Excel 2007 and then transferred to SPSS version 15.0 

Added data was analyzed with appropriate test like Chi-square 

test to see the association among various parameters, with p 

value 0.05 considered as significant. 

 

III. RESULTS 

        Total 194 children were selected for the study. There were 

in all 230 children enrolled in total six Anganwadi. There was a 

dropout of 36 children due to various reasons and thus were 

excluded from the study. Table 1 shows, 101 (52.1%) females 

and 93 (47.9%) males participated in the study. According to the 

WHO growth card, 78 (40.20%) were found to be of normal 

nutritional status whereas 116 (59.80%) children were suffering 

from malnutrition. Of these 116 children 73 (37.60%) children 

were suffering from moderate acute malnutrition (MAM) and 43 

(22.20%) children were suffering from severe acute malnutrition 

(SAM). Moderate malnutrition was more prevalent in females 

and severe malnutrition was more prevalent amongst the males. 

Out of 194 children, 111 children (57.20%) were suffering from 

chronic malnutrition as they were below 5
th

 percentile for their 

height for age. Amongst these 55 (49.5%) were females and 56 

(50.5%) were males. 84 (43.30%) were wasted as they were 

below 5
th

 percentile for weight for their height. Females had seen 

more to suffering from wasting disease. 

        Table 2 shows, though the nutritional status of the child had 

no significant association with the age of the child, as the age of 

the child increased the nutritional status of the child goes on 

deteriorating, with less than 1 year age group was the least 

sufferer from malnutrition 22.2%. As child crosses 1 year age, 

malnutrition rate rises sharply to 61.6% (114 out of 185). 

        Similar was the picture shown by the association between 

height for age of the child where 11.1% of the children were 

suffering from chronic malnutrition (i.e. stunting in age group of 

1 year) whereas the rate of stunting rises steeply to 59.4% by 2 

years of age (i.e.110 out of 185). 

        A significant association was noted between the age of the 

child and history of the child suffering from worm infestation as 

none of the child gave the history of suffering from worm 

infestation in below 1 year age and the percentage rises to 23.3% 

in 1-2 years of age and 55.6% above two years of age. Similarly 

pallor was noted in 11.1% of the children below 1 year of age 

and the prevalence rises to 61.1% above 1 year of age (i.e. 113 of 

185). There was no significant association between the age of the 

child and history of chronic diarrhoea, LRTI (lower respiratory 

tract infection) and admission in hospital for any reason in the 

past. 

        Significant association was noted between the age of the 

child and history of rashes with or without fever in the child. 

None of the child had history of rashes below 1 year of age and 

the approximately 30% of the mothers in the age group of 1-2 

years gave the history of rashes with fever and 52.7% of the 

mothers of the children above 3 years gave the history of rashes 

over the body in the past. It cannot be conclusively proved that 

the rashes that the child suffered were from measles.  

        TABLE 3, 4 show, parents’ higher education, higher 

socioeconomic status, less birth order, small family size, 

minimum three ANC visits, high birth weight more than 2500 

grams, early initiation of breastfeeding within 1 hour of birth, 

exclusive breastfeeding for 6 months, weaning at 6 month, 

breastfeeding along with supplementary food upto 2 years, 
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complete immunization status had favourable effect on 

nutritional status. Significant association was seen between these 

factors and nutritional status. Also environmental factors have 

the direct impact on growth of the child. Tap water supply in 

houses, children staying in pucca house, houses using sanitary 

type of latrines had significant relationship with healthy 

nutritional status.  

        TABLE 5 shows, 58.8% of the children were suffering from 

pallor (anaemia), 46.90% of the children had the history of 

worms in stools, 41.20% of the children had the history of 

suffering from rashes all over the body with or without the 

history of fever (not conclusively suffered from measles), 

41.20% of the children had the history of admission in the past 

for various reasons, 28.40% of the children had ear discharge at 

the time of initial general examination, 26.80% of the children 

had the history of admission due to LRTI in the past and 25.80% 

of the children had history of passed loose stools more than 3 

times a day in the past. Significant association was found 

between these variables and the nutritional status of the child 

 

 

 

TABLE 1: Distribution of patients according to age of the child and nutritional grades 

 

Variables 
 

Female  (n-101) Male (n-93) Total 

Age 

Up to 1 year 3 (3%) 6 (6.5%) 9 (4.6%) 

1-2 years 13 (12.9%) 17(18.3%) 30 (15.5%) 

2-3 years 24 (23.8%) 21(22.6%) 45 (23.2%) 

More than 3 years 61 (60.4%) 49(52.7%) 110 (56.7%) 

ICDS grade  

(Integrated child 

Development Service 

Scheme grading) 

Grade I 44(43.6%) 31(33.3%) 75 (38.7%) 

Grade II 24(23.8%) 25 (26.9%) 49 (25.3%) 

Grade III 8 (7.9%) 3 (3.2%) 11(5.7%) 

Grade IV 0 (0%) 1 (1.1%) 1 (0.5%) 

Normal 25 (24.8%) 33 (35.5%) 58 (29.9%) 

WHO grades 

2-3 SD (MAM) 42 (41.6%) 31 (33.3%) 73 (37.6%) 

> 3 SD (SAM) 19 (18.8%) 24 (25.8%) 43 (22.2%) 

Normal 40 (39.6%) 38 (40.9%) 78 (40.2%) 

Height for age 

< 5
th

 percentile 55 (54.5%) 56 (60.2%) 111 (57.2%) 

> 5
th 

percentile 46 (45.5%) 37 (39.8%) 83 (42.8%) 

Weight for height 

< 5
th

 percentile 45 (44.6%) 39 (40.9%) 84 (43.3%) 

> 5
th 

percentile 56 (55.4%) 54 (58.1%) 110 (56.7%) 
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TABLE 2: Association of age with malnutrition 

 

 

Age 

Chi-square test 
< 1 year (n-9) 1-2 yr(n-30) 2-3 yr(n-45) > 3 yr (n-110) 

WHO 

grading 

Malnutrition 2 (22.2%) 17 (56.7%) 29 (64.4%) 68 (61.8%) P value-0.11;  Non-

significant 
Normal 7 (77.8%) 13 (43.3%) 16 (35.6%) 42 (38.2%) 

Weight for 

height 

< 5
th 

percentile 6 (66.7%) 20 (66.7%) 24 (53.3%) 60 (54.5%) 
P value- 0.57; Non-

significant 
>  5

th
  percentile 3 (33.3%) 10 (33.3%) 21 (46.7%) 50 (45.5%) 

Height for 

age 

< 5
th 

percentile 1 (11.1%) 19 (63.3%) 25 (55.6%) 66 (60%) 
P value-0.03; 

Significant 
>  5

th
 percentile 8 (88.9%) 11 (36.7%) 20 (44.4%) 44 (40%) 

Worm 

infestation 

in past 

Yes 0 (0%) 7 (23.3%) 25 (55.6%) 64 (58.2%) 
P value < 0.01; 

Significant 
No 9 (100%) 23 (76.7%) 20 (44.4%) 46 (41.8%) 

Pallor 
Yes 1 (11.1%) 8 (26.7%) 30 (66.7%) 75 (68.2%) 

P value < 0.01; 

Significant No 8 (88.9%) 22 (73.3%) 15 (33.3%) 35 (31.8%) 

Rash with 

or without 

fever in 

past 

Yes 0 (0%) 9 (30%) 13 (28.9%) 58 (52.7%) 
P value< 0.01; 

Significant No 9 (100%) 21 (70%) 32 (71.1%) 52 (47.3%) 

 

Table 3:  Association of Malnutrition with various Epidemiological factors 

 

Variables 
Malnutrition Chi-square 

value  
Association 

Present (116)  Absent (78) 

Sex of the child 
Male 55 (47.4%) 38(48.7%) 

0.032 
P value- 0.86; 

Non-significant Female 61 (52.6%) 40 (51.3%) 

Mother’s 

Education 

Illiterate & primary school 87 (75%) 42 (53.8%) 
9.37 

P value < 0.01; 

Significant Middle school & above 29 (25%) 36 (46.2%) 

Father’s Education 
Illiterate & primary school 75 (64.7%) 37 (47.4%) 

5.67 
P value- 0.02; 

Significant Middle school & above 41 (35.3%) 41 (52.6%) 

Birth Order 
2 and less 60 (51.7%) 58 (74.4%) 

10.02 
P value < 0.01; 

Significant 3 and more 56 (48.3%) 20 (25.6%) 

Total children in 

family 

2 and less 38 (32.8%) 44 (56.4%) 
10.69 

P value < 0.01; 

Significant 3 and more 78 (67.2%) 34 (43.6%) 

Total family 

income 

Below 4893 68 (58.6%) 41 (52.6%) 
0.7 

P value – 0.4; 

Non-significant 4894 and above 48 (41.4%) 37 (47.4%) 

Total family 

members 

4 or less 31 (26.7%) 35 (44.9%) 
6.84 

P value < 0.01; 

Significant 5 or above 85 (73.3%) 43 (55.1%) 

Socio-economic 

status 

Class I, II, III 23 (19.8%) 27 (34.6%) 
7.08 

P  value-0.02; 

Significant Class IV, V 93 (80.2%) 51 (65.4%) 

ANC Registration 
Yes 83 (71.6%) 64 (82.1%) 

2.8 
P value –0.09; 

Non-significant No 33 (28.4%) 14 (17.9%) 

 Minimum 3 ANC 

Visits 

Yes  56 (48.3%) 53 (67.9%) 
7.3 

P value < 0.01; 

Significant No  60 (51.7%) 25 (32.1%) 

Place of Birth Home Delivery 37 (31.9%) 21 (26.9%) 0.55 P value-0.46; 
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Hospital Delivery 79 (68.1%) 57 (73.1%) Non-significant 

Source of Water 

supply 

Tap water 64 (55.2%) 60 (76.9%) 
9.57 

P value < 0.01; 

Significant Tanker water 52 (44.8%) 18 (23.1%) 

Type of house 
Pucca 13 (11.2%) 19 (24.4%) 

5.86 
P value-0.01; 

Significant Kuccha 103 (88.8%) 59 (75.6%) 

Defecation 

practices in house 

Closed sanitary type 68 (58.6%) 56 (71.8%) 
3.51 

P value - 0.04; 

Significant Open space defecation 48 (41.4%) 22 (28.2%) 

 

TABLE 4: Association of Malnutrition with Breastfeeding, Immunization status and birth weight 

 

Variables 
Malnutrition Chi-

square 

value 

Association 
Present (116) Absent (78) 

Initiation of 

Breast-Feeding 

Within 1 hr of delivery 41 (35.3%) 45 (57.7%) 

18.57 
P value < 0.01; 

Significant 
Within 24 hr of delivery 21 (18.1%) 20 (25.6%) 

After 24 hr of delivery 54 (46.6%) 13 (16.7%) 

Duration of 

Exclusive 

Breastfeeding 

6 month 36 (31%) 53 (67.9%) 

25.65 
P value < 0.01; 

Significant 
Less that 6 month 62 (53.4%) 20 (25.6%) 

More than 6 month 18 (15.5%) 5 (6.4%) 

Duration of 

Breastfeeding 

2 years and more 40 (34.5%) 36 (46.2%) 

14.9 
P value < 0.01; 

Significant 
Less than 2 years 62 (53.4%) 21 (26.9%) 

Continued breast feeding 14 (12.1%) 21 (26.9%) 

Immunization 

Status 

Completely Immunized 43 (37.1%) 47 (60.3%) 

10.09 
P value < 0.01; 

Significant 
Partially Immunized 63 (54.3%) 27 (34.6%) 

Non-immunized 10 (8.6%) 4 (5.1%) 

Birth Weight in 

grams 

< 2500 30 (25.9%) 6 (7.7%) 

14.09 
P value <0.01; 

Significant 
>  2500 38 (32.8%) 43 (55.1%) 

Others** 48 (41.4%) 29 (37.2%) 

Water sanitation 

Practices 

Boiling 1 (0.9%) 2 (2.6%) 

6.46 
P value- 0.04; 

Significant 
Filtering 74 (63.8%) 61 (78.2%) 

None 41 (35.3%) 15 (19.2%) 

**Others - where birth weight could not be determined due to home delivery of child 

 

Table 5: Association of malnutrition with various diseases 

 

Variables Total 
Malnutrition Chi-

square 

value 

Association 
Present (116) Absent (78) 

History of (H/O) Ear 

discharge 

Yes 55 (28.4%) 40 (34.5%) 15 (19.2%) 
5.31 

p value-0.02; 

Significant No 139 (71.6%) 76 (65.5%) 63 (80.8%) 

H/O Worm infestation 
Yes 91 (46.9%) 66 (56.9%) 25 (32.1%) 

11.56 
P value < 0.01; 

Significant No 103 (53.1%) 50 (43.1%) 53 (67.9%) 

Pallor 
Yes 114 (58.8%) 84 (72.4%) 20 (25.6%) 

39.2 
P value < 0.01; 

Significant No 80 (41.2%) 32 (27.6%) 58 (74.4%) 

H/o Lower Respiratory 

Tract Infection 

Yes 52 (26.8%) 40 (34.5%) 12 (15.4%) 
8.67 

P value < 0.01; 

Significant No 142 (73.2%) 76 (65.5%) 66 (84.6%) 

H/O Chronic 

Diarrhoea 

Yes 50 (25.8) 38 (32.8%) 12 (15.4%) 
7.36 

P value < 0.01; 

Significant No 144 (74.2%) 78 (67.2%) 66 (84.6%) 

H/O hospital Yes 80 (41.2%) 58 (50%) 22 (28.2%) 9.41 P value < 0.01; 
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admission in Past No 114 (48.8%) 58 (50%) 56 (71.8%) Significant 

H/O rash with or 

without fever 

Yes 80 (41.2%) 60 (51.7%) 20 (25.6%) 
12.04 

P value <0.01; 

Significant No 114 (48.8%) 56 (48.3%) 58 (74.4%) 

 
 

IV. DISCUSSION 

          The present study is the community based descriptive 

epidemiological study carried out in Rafiq Nagar which is an 

urban slum dumping ground of Mumbai, which come under the 

field practice area of department of preventive and social 

medicine of the parent institution. It was conducted during the 

period of August 2011 to October 2011 and the sampling method 

adopted was the simple random sampling method.  

         Out of 194 children 58 (29.90%) were having normal 

nutrition status while the rest 136 (70.10%) children were found 

to be suffering from malnutrition according to ICDS grade card. 

According to the WHO growth card 78 (40.20%) were found to 

be of normal nutritional status whereas 116 (59.80%) children 

were suffering from malnutrition. 111 children (57.20%) were 

suffering from chronic malnutrition as they were below 5
th

 

percentile (less than 2 SD) for their height for age. 84 (43.30%) 

were wasted as they were below 5
th

 percentile (less than 2 SD) 

for weight for their height and shows that these children had been 

suffering from wasting. 

         M.K. Goel et al. conducted a study in Rohtak, a city in 

Haryana on 540 children aged 1-6 years. The study found that 

57.4% children were malnourished. Out of which Grade I 

107(19.8%), Grade II 137(25.4%), Grade III 45 (8.3%) & Grade 

IV 21 (3.9%)
(3)

. 

         Steinohff MC et al (1983) conducted a cross sectional 

survey of the nutritional status of 1223 preschool age children in 

a development area in the southern Indian state of Tamil Nadu. 

They found that 45% of the children were underweight (low 

weight for age), 51% were stunted (low height for age) and 21% 

were wasted (low weight for height).
(4) 

         Present study has shown that only 22.20% of the children 

below 1 year of the age suffered from malnutrition which rose 

drastically to 56.70% in the age group of 1-2 years of age, 

64.40% in 2-3 years of the age, and 61.80% in the age group of 

above 3 years. It is very clear that as the age of the child 

increased the nutritional status of the child went on deteriorating. 

Insufficient duration of exclusive breastfeeding, improper 

weaning and complementary feeding practices, exposure to 

various infectious diseases like diarrhoeal and respiratory 

diseases may be the responsible factors for such finding.  

         Shubhada S. Avachat et al. conducted a study in six 

villages of rural Maharashtra in the year 2009. The study reveals 

that malnutrition is a problem that affects 56.93% children in the 

age group 1-2 yrs and 52.8% children in the age group 2-3 yrs. 

The prevalence of malnutrition was significantly more in 1-3 

year age group
(5)

. Rao S et al carried out a longitudinal study to 

investigate changes in nutritional status and morbidity over time 

among pre-school slum children. They studied 845 children in 

the age group of 0-5 years from three slums in Pune, Maharashtra 

for a period of 2 years. Peak prevalence of malnutrition was 

observed around 18 months and shorter period (3.5 months) of 

exclusive breastfeeding was probably responsible.
(6)

  

         Sex of the child and the nutritional status showed non-

significant association. Though the present cultural practices had 

always favoured males, here in this study almost equal 

percentage of males and females was suffering from 

malnutrition. As earlier noted stunting was more prevalent in 

males and wasting was more prevalent amongst the females.  

         A Mittal et al. had done study to determine the effect of 

various maternal factors on the prevalence of underweight and 

stunting among 1-5-year-old children in urban slum population 

Tripuri Town, Patiala. Lower grades (I and II) were more 

common among males than females (35.29% vs 32.85%), 

whereas severe grades (III and IV) were common in females 

(5.71% vs 2.94%). However, the results were statistically 

insignificant
(7)

. M.K. Goel, R. Mishra, D. Gaur& A.Das 

conducted a cross sectional study in the urban slums of Rohtak, a 

city in Haryana on 540 children aged 1-6 years. There was no 

significant association between nutritional status and sex of the 

child (p=0.928).
(3)

 

         In our study, it is clearly seen that the immunization has 

definite protective role against malnutrition. It protects the child 

from 6 vaccine preventable diseases namely polio, tuberculosis, 

diphtheria, pertusis, tetanus, and measles. 

          ‘Malnutrition and infectious disease morbidity among 

children missed by the childhood immunization program in 

Indonesia’ a study done by Semba RD et al.  showed 73.9% of 

children received complete immunizations (3 doses of 

diphtheria-Pertusis-tetanus, 3 doses of oral poliovirus, and 

measles), 16.8% had partial coverage (1-6 of 7 vaccine doses), 

and 9.3% received no vaccines. Of children with complete, 

partial, and no immunization coverage, respectively, the 

prevalence of severe underweight (weight-for-age Z score < -3) 

was 5.4, 9.9, and 12.6%, severe stunting (height-for-age Z score 

< -3) was 10.2, 16.2, and 21.5%, and current diarrhoea was 3.8, 

7.3, and 8.6% (all p < 0.0001), respectively. In families where 

the child had complete, partial, and no immunizations, the history 

of infant mortality was 6.4, 11.4, and 16.5%, and under-five child 

mortality was 7.3, 13.4, and 19.2% (both p < 0.0001).
(8)

 

‘Effectiveness of measles immunization on diarrhoea and 

malnutrition related mortality in 1–4 year olds’ by S. K. 

Kappor and V. P. Reddaiah shows that at the end of 2 years and 2 

rounds of immunization with measles, significant reductions 

were observed in 1–4 year old mortality due to diarrhoea and 

malnutrition in the study area in contrast to control area.
(9)

 

         A significant association noted between the parent’s 

educational status and the nutritional status, stunting and wasting 

of children as the education of parent’s increases the nutritional 

status of the child tend to be in a normal range of the WHO grade 

card. 

         Parents’  education are  associated with the awareness 

about the proper child rearing practises, better health seeking 
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attitude, better knowledge about breastfeeding and 

complementary feeding, updated knowledge about 

immunization. Higher education and the occupation status are 

associated with better living conditions of the family and 

improved environmental conditions. Higher education is 

associated with the better awareness about the child rearing 

practices. 

         A study was conducted by Chakraborty S et al in children 

(0-6 year) in rural population of Jhansi district in the state of 

Uttar Pradesh found significant difference (2=12.53, p<0.05) 

between the per cent of PEM in children of mother who are 

illiterate or having primary education in comparison to those of 

having education up to middle school and / or above.
(10)

 

         A Mittal, J Singh, SK Ahluwalia had done study to 

determine the effect of various maternal factors on the 

prevalence of underweight and stunting among 1-5-year-old 

children in urban slum population Tripuri Town, Patiala. 

Mother‘s education seemed to play a protective role against 

child‘s malnutrition. Overall 70.75% of the mothers were literate 

though up to different levels. Prevalence was the highest where 

mothers were illiterate (60.9%) vs. value of 21.2% where mother 

had education more than high school. Differences were 

statistically significant.
(7)

 Dwivedi SN, Banerjee N, Yadav OP 

conducted a cross-sectional study in Bhopal slum children. The 

prevalence of malnutrition was significantly higher among those 

children whose fathers were illiterate (p<0.05).
(11)

Ray S.K., Roy 

P., Deysarkari et al. conducted a study to determine the extent of 

malnutrition among young children in an urban slum community 

in India in 1986. 64.71% of the undernourished and 51.35% of 

the nourished had illiterate parents.
(12)

 

         In our study children having high birth order had poor 

nutritional status. Similar results were found in Dwivedi SN, 

Banerjee N, Yadav OP study conducted a cross-sectional study in 

Bhopal slum children. The birth order of the children was 

positively associated with their grades of malnutrition (p 

<0.05).
(11)

 R. Verma, P. Khanna et al. conducted a study on 

Assessment of Nutritional Status And Dietary Intake Of Pre-

School Children In An Urban Pocket of Rohtak city in the year 

2006. 5 anganwadis of Rohatak city were selected randomly. A 

significant association (p < 0.001) was observed between birth 

order and the nutritional status of the child. Highest prevalence 

of malnutrition (76.2%) was observed in children with birth order 

4 and above.
(13)

 

         Ray S.K., Roy P., Deysarkari S. et al. conducted a study to 

determine the extent of malnutrition among young children in an 

urban slum community in India in 1986. The sample included 

103 families and 88 children 0-5 years old. 70% of children with 

3 or more siblings and 58.85% of children with less than 3 

siblings were undernourished.
(12)

 

         The present study clearly depicts the association between 

birth weight of child, times of initiation of breastfeeding after 

delivery; duration of exclusive breast feeding, duration of breast 

feeding had significant association with the nutritional status of 

the child. Continued breast feeding definitely has protective role 

in prevention of malnutrition. However the type of food to be 

given at the start of weaning was not significantly associated 

with nutritional status of the child. The children given those 

given liquid food or the children those given semisolid food 

during weaning both showed the similar prevalence of 

malnutrition. There are many socio cultural taboos and the 

misbelieves in the community about the time of starting the 

breast feeding hence the people tend to withhold giving the 

colostrums to the child which is the most nutritious and 

appropriate diet to the newly born child. They tend to give the 

child the various other feeds like the plain water, janam ghutti 

and the honey, sugar water etc which are delirious to the health 

of the child. These feeds introduce the child to the various 

external infectious agents and child falls prey to the diseases in 

the early stages of the life. It has been previously mentioned that 

the various gastro intestinal and other morbidities are responsible 

for making the child to land in the malnutrition grade. These 

children are devoid of the nutritious proteins present in colostrum 

which are the building block of the body. Child does not get 

antibodies, various anti infective agents and the immunoglobulin 

A present in the colostrums which protect the child from various 

infection.  

         Dinesh Kumar, N.K. Goel et al. conducted a study to study 

the nutritional status of under-five children and to assess whether 

infant feeding practices are associated with the undernutrition in 

Anganwadi (AW) areas of urban Allahabad. Initiation of breast 

feeding after six hours of birth, deprivation from colostrum and 

improper complementary feeding were found significant (P < 

0.05) risk factors for underweight.
(14)

 

         Suman Chakrabarty, Rohini Ghosh et al.  conducted a cross 

sectional study among Shabar tribal community in Khurda and 

Cuttack districts of Orissa found  the prevalence of underweight 

was found to be higher among children (58.0%), who were 

initiated breast milk after 24 hours of birth than those who 

received within 24 hours of birth (43.1%) but the difference was 

not significant. They also found the proportions of underweight 

among children who had exclusive breastfeed for less than 6 

months were significantly higher (p<0.01) than those who were 

breastfed more than 6 months. When exclusive of breast feeding 

6 months and above 35.4 % children are underweight with odds 

ratio is 1. While those children with exclusive of breast feeding 

was less than 6 months 64.2% children were underweight with 

odds ratio 2.97.
(15)

 

         Prevalence of malnutrition and its relation with feeding 

practices was studied in 605 tribal under five children in 

Ahmednagar District, Maharashtra by Chirmulay D et al (1993). 

There was a significant relation of nutritional status of preschool 

children with feeding practices. Exclusive breastfeeding was 

beneficial upto 6 months of age. After this age, it lost its 

advantage. Children greater than 1 year who are exclusively 

breast fed had a higher prevalence of malnutrition.
(16)

 

         In the present study it was found that as the socio economic 

status of the family improved, the malnutrition rates in the family 

decreased. Dwivedi SN et al. conducted a cross-sectional study 

in Bhopal slum children. An inverse correlation was observed 

between socioeconomic status and the prevalence of malnutrition 

(p <0.05).
(11)

 Shubhada S. Avachat et al. conducted a study in six 

villages of rural Maharashtra in the year 2009. Majority of 

Children from the socioeconomic status IV (58.03%) and V 

(64.84% ) were malnourished. (χ2=39.2 d.f.=4 p<0.01 highly 

significant).
(5)

  

         In the present study it is found that the total income of the 

family had no significant association with the nutritional status of 

the child. It can be concluded from the finding that only money is 
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not needed to lead a healthy life, but even more things are 

required like better educational status of the parents, better 

occupation, better living conditions and awareness about the 

proper child rearing practices.  

         No significant association was established between the 

nutritional status of the child and the history of registration of 

their pregnancy. It was found that appropriate number of the 

ANC visits is associated with the better health status of the child. 

It shows the health seeking attitude of the mother for the 

betterment of herself, and her child. More ANC visits had proved 

tract record of better monitoring of the pregnant mothers, better 

chances of taking iron and folic acid supplementation for longer 

period, better monitoring of the growth of the fetus and better 

pregnancy outcome. 

         A Case Study from Goundam Cercle, Timbuktu Region 

showed that Children whose mother went for prenatal 

consultation shows 24.8% prevalence of malnutrition, while 

those not shows 35.3% prevalence of malnutrition.
(17)

 

         Children having poor environmental conditions like kuccha 

house, open defecation practices, no tap water, had poor 

nutritional status. The study conducted by Sayed NE et al. found 

that good environmental condition was associated with a lower 

stunting rate (OR=0.83, CI=0.72-0.96). Increased age of child 

and living in a non-squatter area were associated with wasting 

(OR=1.02, CI=1.001-1.03 and OR=0.38, CI=0.15-0.97 

respectively).
(18)

 

         A Case Study from Goundam Cercle, Timbuktu Region 

found that children whose family had latrine facility at their 

home shows prevalence of 27.8% of undernutrition, while those 

families with open air defecation had 40.7% of prevalence of 

undernutrition.
(17)

 

         Children having ear discharge, pallor, history lower 

respiratory tract infection, worm in stool or history of admission 

in hospital had poor nutritional status. These infections make the 

child susceptible to land up in malnutrition. It can be viewed the 

other way round too that the malnourished children are also 

weaker in the immune status and are thus exposed to the repeated 

infections. Thus malnutrition is a vicious cycle where a 

malnourished child has a weak disease fighting ability and this 

lower immunity in the child makes the child more susceptible to 

malnutrition. 

         Dwivedi SN, Banerjee N, Yadav OP conducted a cross-

sectional study in Bhopal slum children. The prevalence of 

malnutrition was significantly (p <0.05) higher among the 

children with a history of infection (81.8%) and worm infestation 

(77.0%) in comparison to those without history of infection 

(13.1%) and worm infestation (61.9%), respectively.
(11)

 

         Bhatia V, Puri S et al. conducted a community-based cross-

sectional study found that there is a statistically significant 

relationship between acute ailments (diarrhoea, ARI) with 

malnutrition was observed where 73.08% children were suffering 

from malnutrition in comparison with 42.08% children when no 

acute ailment had occurred (p < 0.001). It was observed that 

among these children, 20.45% children were passing worms in 

stools in the last 6 months and 25.24% gave history of pica with 

or without abdominal pain. Some children were having both the 

problems (worms in stools and pica).
(19)

 

         Ray S.K., Roy P. et al. conducted a study to determine the 

extent of malnutrition among young children in an urban slum 

community in India in 1986. 41.18% of the undernourished had 

upper respiratory tract infections, 52.82% had diarrhoea, and 

97.37% had parasitic infections. The respective proportions for 

nourished children were 59.46%, 40.54%, and 78.57%. 

Statistically significant differences occurred only for parasitic 

infections.
(12)

 

 

V. CONCLUSION 

        Mother should be properly educated regarding the 

nutritional needs of the growing children and importance of 

complete immunization. Importance of exclusive breastfeeding, 

timely weaning, providing proper protein rich, energy dense 

complementary food should be stressed. Uses of non expensive, 

culturally acceptable nutritious recipes have to be promoted and 

demonstrated. Appropriate dietary modifications should be done 

to ensure the increased calorie & protein intake as per the 

recommendations. That means nutritional education should be 

considered as major intervention to reduce problem of PEM. As 

the education status of the mothers cannot be improved further 

still there is lot of scope to improve the knowledge level of these 

mothers regarding proper child rearing practices. Anganwadi 

workers, local mahila mandals, community based organizations 

and volunteer groups can help organize regular meetings of these 

mothers in order to address the issues regarding proper child 

rearing practices. Mothers should be encouraged to 88nrol at the 

earliest to the nearest ANC clinic so that the mothers can be 

taken care of during ANC period. Propaganda on a wide scale in 

regard to importance of early ANC registration, regular follow up 

and importance of administration of iron, B complex etc. will go 

a long way to decrease the incidence of Low Birth Weight which 

will help in reducing PEM. Anganwadi worker, Community 

Health Volunteers and other health functionaries, and community 

based organization can be motivated to take up the task of early 

registration of further follow up. 

        Proper sanitation of the drinking water should be promoted 

in the community to prevent the water born diseases in the 

children. Filtering the drinking water, boiling the water should be 

promoted.  Mothers can be taught regarding the treatment of the 

common ailments in the house such as diarrhoea using 

homemade ORS. Regular de-worming of the child in the 

Anganwadi should be done. 

        Mother should be taught to monitor the growth of their 

children by regular weighting their children and noting on the 

WHO growth charts, so that the growth faltering can be 

diagnosed at an earlier stage and the necessary timely 

interventions can be taken. 
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Abstract- Liberalization of global economy has resulted tough 

competition in global market and for the sustainability in market 

for any product or service, the optimization of resources and 

costs in all sorts is required.The global competition is based on 

the innovation of advanced products, processes etc. and 

technology support is the essential requirement for any 

advancement in product or process. The advancement in 

technology had lead to the industrial revolution and higher level 

competition for survival.  

        In today’s situation, the importance of the upkeep of 

equipment has its own importance since the condition and 

performance of the equipment have large role in the quality and 

availability of the products.  

        So the concept of ‘Total productive maintenance ‘(TPM) 

has very much relevance today.This concept was introduced by 

Mr.Seiji Najakima ,a Japanese Engineer in 1971.  

        TPM focus on improvement in equipment availability, 

performance and quality with assuring health and safety of 

employees and protection of environment.  

        The study is conducted in a food industry in South India 

which is engaged in the manufacture of egg related  products. 

The implementation factors and performance are compared with 

that in TPM awarded industry and the correlation is found 

significant. This study will help the management team to focus 

on the areas for improvement to improve the system level.  

        The company already started some TPM initiatives by 

making awareness and training to operators for engaging in 

routine  maintenance activities.  

        A Plan-Do-Check-Act concept is introduced for the further 

steps.  

Plan-It includes the leadership role and their strategic decisions 

to fix the objectives, assigning the responsibilities ,providing the 

resources etc. 

        Do –It is the efforts of utilizing all the inputs like 

plant/equipment /process inputs ,utilization of human resources 

by giving proper training, motivation ,availing the necessary 

methods and information with the support of computerized 

maintenance management system etc..for achieving the planned 

objectives and targets. 

        Check & act-It includes the measurement, analysis and 

implementation system for monitoring the processes and as well 

as the results, doing proper analysis and taking the improvement 

steps etc. 

        The employee attitude change or the organizations cultural 

change is the hurdles in TPM implementation and it need a time 

period. The implementation of these P.D.C.A approach will 

make results definitely and the time period for getting results will 

depends upon how fast the organization is adopting the changes 

as well as the effectiveness of this implementation. 

 

Index Terms- TPM, P.D.C.A approach, implementation factors, 

TPM pillars, Correlation 

 

I. INTRODUCTION 

mportance of TPM (Total Productive maintenance) 

Liberalization of global economy has resulted tough 

competition in global market and for the sustainability in market 

for any product or service, the optimization of resources and 

costs in all sorts is required. .The global competition is based on 

the innovation of advanced products, processes etc. and 

technology support is the essential requirement for any 

advancement in product or process. The advancement in 

technology had lead to the industrial revolution and higher level 

competition for survival. For sustainability in the market, the 

factors like product quality, availability, costs etc. are the some 

of the basic parameters considered. Technological advancements 

resulted sophisticated, automated equipment’s by which the 

operations can be perform by even semi skilled or unskilled 

operators. Also the liberalization of economy supports the 

industries for the availability of high quality raw materials with 

competitive prize.  

        In today’s situation, the importance of the upkeep of 

equipment has its own importance since the condition and 

performance of the equipment have large role in the quality and 

availability of the products.  

        So the concept of ‘Total productive maintenance ‘(TPM) 

has very much relevance today.This concept was introduced by 

Mr.Seiji Najakima ,a Japanese Engineer in 1971.  

        TPM focus on improvement in equipment availability, 

performance and quality with assuring health and safety of 

employees and protection of environment.  

        TPM helps for eliminating equipment breakdown and 

improving quality performance of equipment, thus the 

achievement in TPM strongly supports in attaining the lean 

concepts which includes the elimination of waiting time, defects 

in process etc. 

 

II. PILLARS OF TPM 

TPM is stands on its 8- eight pillars 

        1. Autonomous Maintenance-This pillar is geared towards 

developing operators to be able to take care of small maintenance 

I 
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activities, thus freeing up the skilled maintenance people to 

spend time on more value added activity and technical repairs. 

        2. Planned maintenance-It is aimed to have trouble free 

machines and equipments, producing defect free products for 

total customer satisfaction. It breaks maintenance down into 4 

families or groups as 

a. Preventive Maintenance b. Breakdown Maintenance c. 

Corrective Maintenance d. Maintenance Prevention. 

        3.Quality Maintenance-Quality maintenance activities are 

to set equipment condition that preclude quality defects, based on 

the basic concept of maintaining perfect equipments to perfect 

quality products. 

        4. Focussed improvements-Target is to achieve and sustain 

zero losses with respect to minor stops, measurement and 

adjustments, defects and un avoided down times.  

        5. Development management-Planning project strategies, 

analyzing the factors influencing project decision, design new 

products with customer focus, reduce lead time from design to 

production to market. 

        6. Education and Training-It is aimed to have multi skilled 

revitalized employees, whose morale is high and who has eager 

to work and perform all required functions effectively and 

independently. 

        7. Safety, Health &Environment- Focus on targets, actual 

data, and gaps in implementation of systems for ensuring safety, 

occupational health and clean and safe environment. 

        8. Administrative Improvements- To improve 

productivity, and efficiency of administrative functions and to 

eliminate the losses.  

 

III. INTRODUCTION OF TPM 

Stage-A :Preliminary or Preparation stage; 

        Step-1; Announcement by management about TPM 

introduction: This includes the organizing awareness programme 

for the senior management..Then give wide publicity through 

various modes like notice boards,meetings etc.  

        Step 2: Some selected persons who will be playing 

important role can be given intensive training. Besides awareness 

the selected important people can be taken to an organization 

which is successfully practicing TPM and show it to them. 

        Before going to a full scale implementation ,select an area 

for trial implementation. Once an organization is convinced ,best 

way will be to carryout a trial to avoid any misunderstanding 

among workers and union leaders.  

        Step-3- Setting up TPM and departmental committee 

        Step-4: Establishing the TPM working system: Analyzing 

the present level of functioning and setting up of realistic 

objectives based on the bench marking etc. While setting 

objectives ,the present conditions of plant and other situations to 

be considered for making it realistic. 

        Step-5 –Generating a master plan- This is the final stage of 

the planning stage and this is the integrated plan to 

institutionalize the concept 

 

Stage-B :Initial implementation stage:  

        Step-6: Starting TPM  

This is the ceremony of the starting programme by associating all 

the people from all departments, vendors, customers and other 

important people to communicate the message 

 

Stage-C: Full implementation or full development stage:  

        These are the implementation of all TPM pillars effectively 

 

Stage-D Maturity stage-This is the stage of getting TPM 

awards. 

Success factors of Management systems: 

        As per the researchers of quality management systems like 

TQM,TPM , etc, the success of any quality management system 

is depends upon 1. Awareness and commitment from top 

management and strategic planning 2. Process management  

including plant and equipments 3. Education,training and 

motivation of employees 4.Information architecture 5. 

Measurement , Analysis and Improvement systems. 

 

IV. MEASURE OF TPM PERFORMANCE 

        TPM can be measured on the basis of 1.Productivity 

2.Quality 3. Delivery 4. Cost 5.Safety &Health 6.Environment. 

To attain these results through TPM, the each pillars have its own 

contributions. According to the book ‘TPM Reloaded ‘ by Joel 

Levitt, the each pillars have its own objectives .This includes 

        1. Autonomous Maintenance Pillar: 1.Reduction of 

scheduled down time 2.Reduction of unscheduled down time 3. 

Increase in speed of the machine 4. Decrease in product/process 

variability 5. Increase in the number of flexible operators to 

operate and maintain the equipment 6. Reduction in lubrication 

oil consumption 7. Increase in small group activities etc. 

        2. Planned maintenance pillar: 1.Reduction in scheduled 

down time 2. Reduction in schedule miss due to operations 3. 

Reduction in breakdown 4. Increase in zero breakdown areas etc 

        3. Quality Maintenance; 1.  Reduction in process defects 

2.  Reduction in final defects  3.Zero defects areas/zero customer 

complaint areas identified etc. 

        4. Focussed improvements- 1. Increase number of 

lean/kaizen projects 2.No. of waste areas identified 3.Easiness of 

operation achieved 4.Reduction in incidents of fire/explosions 5. 

Plant/Machine flexibility achieved for new product 

manufacturing /small volume of production of multiple items etc. 

        5. Development management 1. Intellectual property 

rights/patent applications being obtained, 2.Innovative 

products/processes/equipments etc. 

        6. Education and Training 1. Reduction in absenteeism of 

employees  2. Increase in suggestions per employee 3.Increase in 

quality circle participation 4. Improvements in skills per persons 

etc. 

        7. Safety, Health &Environment 1.Reduction in pollution 

level 2. Reduction in discharges 3. Reduction in accidents  4. 

Increase in recycling 5. Number of audit failures per total 

findings etc. 

        8. Administrative Improvements:    1.Reduction in 

overtime job  2. Reduction in inventory, 3. Reduction in holiday 

work 4.Improvements in equalizing of work load 5. Improvement 

of information processing etc. 

        As per the recommendations of  the book ‘TPM Reloaded ‘ 

by Joel Levitt, Education and training , Safety,health and 
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environment, and administrative improvements are considered as 

the plinths of TPM and in this study the administrative 

improvements are considered as an achievement of overall 

results. 

        As per the below diagram, the five implementation factors 

are influencing the two plinths and five pillars. The 

administrative improvement is the overall result from the plinths 

and pillars. 

As per the below diagram, the five implementation factors are influencing the two plinths and five pillars. The administrative 

improvement is the overall result from the plinths and pillars. 

 

 

 
 

 

V. PRESENT STUDY 

        The study is conducted in a food industry in South India 

which is engaged in the manufacture of egg related  products. 

The company has already introduced the quality standards like 

ISO 22000 and other food quality related certifications etc. and 

the management has the vision to implement the TPM level 

system in the organization for further performance improvement.  

        A checklist is prepared from the inputs from the 

questionnaire of ‘Japan Institute of Plant Maintenance’ for 

various TPM award criteria’s,previous research papers, and as 

well as the inputs from articles and books related with the 

effective implementation of TPM. The study is conducted by 

visiting the plant, and interviewing the relevant officials and by 

direct observation of the systems etc. The study objective is to 

identify, the relationship between the implementation factors and 

performance based on each pillar of TPM and how much gap 

exists in the present system with that TPM level and how much 

gap the present results with that in the proposed TPM level etc. 

The implementation factors and performance are compared with 

that in TPM awarded industry. This study will help the 

management team to focus on the areas for improvement to 

improve the system level. 

 

 

 

 

 

 

 

Correlation between the implementation factors and 

performance: 

 

Calculation of Correlation Co-efficient:   X-Implementation factors,  

Y- Performance  levels                                                  

  

.  

Results: 
Total 

Numbers :  
7

 

Correlation :  0.7010862492886
 

  
The correlation coefficient is 0.70 it can be considered as significant. 
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The correlation coefficient is 0.70 so it can be considered as 

significant and the graphical presentation also supports the 

correlation. 

 

VI. THE RESULTS OF GAP STUDY 

        As a result of this study the following are the gaps related to 

each pillar in implementation and performance. The level 5 is 

considered as the full TPM level in implementation and 

performance.  

        In this graph the level 5 is the full stage implementation 

with results 4 is the implementation stage,3 is the planning stage 

2 is only with primary awareness stage 1is even with out 

awareness stage. 

        The results categorisation are 5 is 80-100%, 4 is 60-79%  3 

is 40-59%  2 is 20 -39 % and 1 is 0-19%. 

 

Autonomous maintenance 

 

Implementation factors-present level                                                    Performance-Present level 

        
            

       Performance 1. Reduction in scheduled down time 2. Reduction in unscheduled down time 3. Decrease in product/process 

variability 4. Increase in number of flexible operators to operate and maintain the equipment 5. Reduction in oil consumption 

 

Planned maintenance 

 

Implementation factors-present level                                                Performance-Present level 

               
 

       Performance:  1. Zero break down areas 2. Reduction in schedule miss due to operations 3. Reduction in breakdown 4. Zero 

breakdown areas 5. Reduction in scheduled down time. 
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Quality maintenance 

 

Implementation factors-present level                              Performance-Present level 

           
 

        Performance:  1. Reduction in process defects 2. Reduction in final products 3. Zero defect areas/zero customer complaint areas. 

 

 

Focused Improvement pillar 

 

Implementation factors-present level                           Performance-Present level 

             
 

          Performance:  1.Number of lean./kaizen projects 2. Number of waste areas identified 3. Easiness of operation identified 4. Plant 

/machine flexibility achieved for new product manufacturing  

 

Development management pillar 

 

Implementation factors-present level                       Performance-Present level 

         
 

      Performance:  1. Intellectual property rights/patent applications being obtained 2. Innovative products/processes/equipments  
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HRD plinth  

 

                                      Implementation factors-present level                        Performance-Present level 

         
 

        Performance: Reduction in absenteeism of employees 2. Increase in suggestions/employee 3. Increase in quality circle 

participation 4. Improvements in skills/person 

 

Environment Safety plinth  

 

                                     Implementation factors-present level                     Performance-Present level 

       
 

         Performance: 1. Increase in recycling 2. Reduction in discharges 3. Number of audit failures per total findings 4. Reduction in 

pollution level 5. Reduction in accidents  6.Reduction in discharges   

 

Administrative improvements-Present level 

 

 
 

          Performance: 1. Reduction in inventory 2. Reduction in overtime job 3. Reduction in holiday work 4. Improvements in 

equalizing of work load 5. Improvements of  information  processing 

 

Based on various implementation factors, the following 

observations identified through each pillar: 

          The company already started some TPM initiatives by 

making awareness and training to operators for engaging in  

routine  maintenance activities.  

          Here introducing the  Plan-Do-Check-Act concept for the 

further steps.  

          Plan-It includes the leadership role and their strategic 

decisions to fix the objectives, assigning the responsibilities 

,providing the resources etc. 

          Do –It is the efforts of utilizing all the inputs like 

plant/equipment /process inputs ,utilization of human resources 

by giving proper training, motivation ,availing the necessary 

methods and information with the support of computerized 
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maintenance management system etc..for achieving the planned 

objectives and targets. 

          Check & act-It includes the measurement, analysis and 

implementation system for monitoring the processes and as well 

as the results, doing proper analysis and taking the improvement 

steps etc. 

 

a. Leadership &Strategic planning: The company already have 

objectives related with quality on the base of ISO 22000 system 

and an internal audit system and a system for review meetings.  

Top management have to implement a master plan for achieving 

TPM with a TPM policy and related objectives.The TPM targets 

can include the reduction of scheduled and unscheduled down 

time ,develop flexible operators for operating and maintaining 

equipments, reduction of consumable on equipments like 

lubricants etc.,by effective monitoring etc. as the Autonomous 

maintenance pillar and develop zero break down areas and 

eliminate preventive maintenance miss on the base of preventive 

maintenance pillar. 

          As the quality maintenance pillar ,the organization 

presently have the target of eliminating defective or inferior 

quality products at the processing and final stage and presently 

the achievement is in a positive level. However the organization 

can keep the objective to keep the achieved level and to identify 

any possibility for further improvements. 

          In the pillar of focused improvement ,the organization can 

keep the objective to identify the maximum possible kaizen 

projects and to eliminate all possible waste areas. Similarly keep 

target for smoothening of operations wherever possible. The 

possibility of flexibility of operations by improvement actions on 

equipment also to keep as targets. 

          In the development pillar ,presently the organization have 

attained some in house development of equipments. The 

organization can further develop by keeping targets for advanced 

equipments ,based on the inputs from the present equipments 

performance or with the latest technology developments in the 

environment. This development can be done on innovative 

equipments ,innovative products etc. 

          For attaining the above pillars ,the organization need a 

base called plinths which include the training and development 

of employees and to keep the plant and surroundings in a 

satisfactory level for the safety and health of employees. 

Presently the organization have a training system based on the 

implementation of the quality standard and this can be further 

improved by targeting to increase the quality circle participation 

or employee suggestions, improving the skills per persons, to 

reduce the absenteeism level of employees etc. The organizations 

operations are generally environmental friendly as food 

processing unit and only limited operations have influence on 

environment ,like generator operations etc. So the organization 

can targets for reducing the pollution level to the optimum level 

and to target for the possibilities for saving of resources like 

water, electricity etc. The discharge from the operations are 

limited and the organization can keep this in a optimum level. 

Similarly the safety related issues are also not significant with the 

present level that the incidents of accidents or the incident of fire 

or explosions are very negligible or in zero level. So this 

achievement can be keep as a target. 

          As an overall target, the organization can aim for the 

reduction of administrative improvements like reduction of 

inventory to a optimum level, reduction of overtime jobs or 

holiday jobs and equalizing work load which can achieved by a 

stabilized plant and equipment and competent and motivated 

work force. 

          The present review system to be further improved with 

including all these TPM related objectives and the responsibility 

and authorities to be suitably assigned to the staff. TPM 

recommends Production head for autonomous maintenance pillar 

and maintenance head for preventive maintenance pillar. This 

organization have the advantage that, both the production and 

maintenance is handled by the same head. Similarly for the 

updation of technology or innovation, the responsibility of 

development management pillar may be assigned to the top 

executive like GM or CEO. The responsibility of quality 

maintenance must be given to the quality head as usual. The 

suitable person for focused improvement pillar is the 

maintenance head. The HR head can take the responsibility of 

training and development pillar and the safety officer can take 

the responsibility of safety, health and environment pillar. 

          Top management can assign the duties including the 

maintenance jobs to be done by both operators and maintenance 

people. By suitable motivating methods like incentives, etc the 

mind set of employees to be changed. This generally need some 

time period, but a simple starting with selecting some sample 

equipments or plants this can bring to reality. The selection of 

these sample equipments must be on the basis that where there is 

big scope for improvements. Similarly other supporting systems 

like proper training resources, and allotting some percentage of 

sale value for innovation activities etc. also to be done from top 

management. 

 

Plant/Equipment/Process management; 

          For autonomous maintenance implementation the operator 

level actions  to be taken for removing the dirts, stains, scattered 

raw materials and oil leakages etc and to eliminate the causes. 

Measures have to be taken for difficult to handle areas. Cleaning 

materials and tools to be kept nearer to the machines as possible 

for smooth handling , considering the limitation in food industry. 

Lubrications can be monitored with the help of sensors for its 

optimum usage. Work place and onsite boards will help for 

knowing the status of activities , goals etc. 

          For Preventive maintenance pillar implementation, 

appropriate diagnostic technologies are being put to use for 

predictive maintenance and time based and condition based 

strategy can be adopted. Spares can be stored on SQC basis. 

Calibration of all equipments to be done periodically. By 

improving the maintenance technology, facility to be improved 

for ease of autonomous maintenance. 

          For attaining the quality maintenance pillar the raw 

material defects to be identified and the equipment to be keep in 

standard that it will not turnout defects. Presently the quality 

rejection in minimum level and a system is already established 

on the base of ISO implementation to verify the raw material, in 

process and final defects. 

          For focused improvement the usage of sensors visual 

images etc will support the monitoring the core production. 
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Maintenance free projects will improve the performance of 

equipment. 

          For development management, the existing equipment may 

be run at over speed to identify the failing parts for modification , 

and the equipments are to be developed with the development of 

new products. The introduction of computerized engineering 

design will support the process. The organization presently done 

some development activities on equipment and it to be further 

improved and a validation system for equipment can be done.   

For environment and safety presently the organization have no 

critical issues since as a food industry. A system exists for to 

keep the work places neat and clean. The waste of processing is 

effectively used in farming. The organization kept all the fuel 

and storage tanks in separate areas. Work place is developed with 

good work environment like lighting etc. However any further 

improvements the areas like reduction of odor, noise etc if any 

can be considered. If any physically demanding labor is existing 

in the company, a programme for reducing it can be considered. 

The system to be developed for monitoring and reducing the 

resources like energy, water etc.   

          Presently the company has accident level in very minimum 

level. For TPM implementation, a risk analysis hazard map can 

be generated based on all processes. A safety audit system can be 

implemented and emergency drill can be frequently done. The 

organization already have the system for keeping the personnel 

protective equipments, safety devices, safety covers, safety nets, 

safety signage etc. The safety system can be documented 

including operational control procedure for all identified 

environment and safety related aspects. 

 

Human resources management:  

          The organization has established a well human resource 

development system on the basis of ISO system implementation,. 

So a system for identifying the training requirements, training 

plan, verifying the training effectiveness etc, and on job training 

system is already available. However the system to be further 

developed for training the internal TPM instructors and the 

training can be conducted by professional associations, personnel 

from other TPM companies, lubricant vendors, consultants, 

equipment manufactures etc. Similarly the tour training to other 

TPM companies can also be done. The training disciples can 

include both mechanical and electrical etc which may include the 

areas like hydraulics, pneumatics, electrical, lubrication, 

coolants, bolts and nuts, software systems, measuring 

instruments ,safety etc. Similarly training can be organized on 

environment and resource saving also.   

 

Information architecture: 

          The information system is the lifeblood of any system. For 

the successful implementation of each TPM pillar, the relevant 

information to be provided to the concerned people. In 

autonomous maintenance pillar, the operators need the necessary 

information on the shop floor level regarding the working system 

of each machine with pictorial support, standard operating 

procedures, abnormal conditions and action to be taken, 

lubrication types and methods and frequencies, quantity of 

lubricants to be applied, and methods, etc. So for operators a 

mini manual can be provided and TPM -1 point lessons also to be 

provided. These manuals’ to be reviewed frequently for assuring 

its adequacy. The problem areas can tagged for identification and 

it can be recorded in log books. 

          In preventive maintenance pillar , the information on the 

storage of spares, moulds, measuring instruments ,its calibration 

frequencies are to be kept. The maintenance information like 

machine history etc. to be kept which may include the 

deterioration status of equipments, shut down hours, man hours 

spent for maintenance, maintenance costs, spares replaced and 

the jobs done etc. The maintenance requirements are to be 

published in advance for proper production planning, suitable 

work instructions also to be provided. Presently the company has 

not introduced any software system for computerized 

maintenance management system and its implementation will 

strongly support the TPM activities. 

          Information system to be needed for identifying the in 

process and final products defects for taking the immediate 

corrective actions. Similarly the information on the required 

materials specifications, etc. to be needed in the quality 

maintenance pillar. 

The internal information system to be strengthened to 

communicate the achievements horizontally in the organization. 

The contribution to these achievement are also to be 

communicated. This is required for the focused improvement 

pillar. 

          For the development management pillar ,the information 

on the technology advancements, market information on products 

, and the inputs from the operators and maintenance people are to 

be collected as an input for further development. The losses on 

product development management to be kept for further analysis 

and for any development the cost saving benefits, operability, 

environmental impacts etc to be collected. 

          In training and development pillar, the training curricular 

to be developed. Pictorial representation etc. will give good 

information support. 

          In safety and environment pillar, an emergency manual is 

to be prepared, all environment aspects and impacts to be 

assessed, inspection manuals for safety etc. to be prepared. 

Similarly the information on the emission areas and hazard 

storage areas to be provided. For all identified hazards ,operation 

control procedure to be developed for  managing the risks. 

 

Monitoring ,Analysis and Improvements: 

          The monitoring and analysis can be done both on the 

system and on the equipments. Presently the company has an 

internal audit system available. So this system can be extended 

for monitoring the TPM performance also. The objectives are to 

be reviewed frequently and the future goals are to be set. 

Maintenance costs are to be evaluated. In preventive 

maintenance the failure analysis to be done on the equipments for 

improved maintenance practices. The preventive maintenance 

system can be modified based on the age, life stage and 

performance of the equipments. For the product, process defects 

in quality maintenance as well as the failure of equipments in 

planned maintenance , the analysis tools like why-why analysis, 

pareto analysis, etc can be widely used. 

          For improvement in the focused improvement , all the 

losses are to be analyzed and to identify the relation between the 

loss and the cost by using loss map or loss tree analysis. This is 
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for recurring the problems of defects, minor stoppages, speed 

losses etc. 

          For development management, for any development the 

evaluation to be done on product cost saving benefit, operability, 

safety , environmental impacts, economic comparisons, etc. In 

the development management, the problem’s are to be extracted 

and review and debugging to be done in product and plant 

development management. A feedback system is required in the 

development process. 

          In training and development pillar, a system for analyzing 

the employee satisfaction is to be required. Training feedback 

and effectiveness to be measured. Training faculty evaluation can 

also done. 

          In safety, health and environment pillar, a system to be 

developed for analyzing all the labor accidents , plant disasters 

etc and  proper action plan to be developed for preventing the 

reoccurrences. The emissions, discharges etc to be analyzed 

frequently for effective monitoring and taking proper actions. 

 

 

VII. PRACTICABILITY IN IMPLEMENTATION 

TPM achievements 

 

 

 
 

 

 

 

 

 

          The P.D.C.A approach in TPM implementation starts from 

the initiatives from the top management. The strategic decision 

making and planning by fixing objectives and targets and by 

assigning responsibilities etc. Implementing the necessary steps 

for plant/process management  and by providing necessary 

supports by providing necessary information and by proper 

training to employees. Top management have to review the 

progress of implementation at frequent intervals and to take 

proper corrective measures for overcoming the hurdles. Similarly 

the monitoring and analysis system to be improved for TPM 

process improvement as well for the improvement of plant and 

equipments. 

          The employee attitude change or the organizations cultural 

change is the hurdles in TPM implementation and it need a time 

period. So simple solution is available for this attitude/cultural 

change and it depend upon several factors . So the management 

can take suitable tactics for overcoming these issues by providing 

the necessary awareness, incentive systems, motivational actions 

etc. 

          The implementation of these P.D.C.A approach will make 

results definitely and the time period for getting results will 

depends upon how fast the organization is adopting the changes 

as well as the effectiveness of this implementation. 

REFERENCES 

[1] TPM reloaded by: Joel levitt-Industrial Press Inc,New York 

[2] Total Productive Maintenance-Quality Circle Forum of India 

[3] Relationship between TQM and TPM implementation factors and business 
performance of manufacturing industry in Indian context: By Dinesh Seth 
and Deepak Tripathy,NITIE,India 

[4] Check list for  TPM –JIPM 

 

AUTHORS 

First Author – P.K.Suresh, Industrial Engineer with MBA in 

Operations Management. Research Scholar in School of 

management Studies ,Cochin University of Science & 

Technology,Kochi-22,Kerala,India Email; 

sureshpkputhalath@yahoo.com, Ph 94465 9180 

Second Author – Dr.Mary Joseph-MA,Phd.Dean ,Bharatha 

Matha Institute of Management,Thrikkakkara,Kochi,Kerala,India 

E mail: miriamjoseph@gmail.com 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      99 

ISSN 2250-3153  

www.ijsrp.org 

Time Measurement and new theories in a 

Clepsydra-Driven World 

Allan Zade 

 
    Abstract- Each new theory shares the same way in science. Its 

appearance is based on new experimental data and theoretical 

researches. They thought that experimental data are more 

valuable than theoretical research because any data can be 

proven by actual measurement and mathematical calculations. 

They believe also that agreement between physical measurement 

and mathematical calculations shows total proof for any way of 

thought. This paper shows inadequacy of that point of view and 

discusses well known facts from the history of science.    

 

    Index Terms- Space, Time, Clepsydra, Gravitation, 

Measurement, Theory.  

 

I. INTRODUCTION 

cientific method uses experimentation as sufficient proof for 

each theory.  No idea in any area of modern science can be 

recognized as a scientific one as long as they have no 

experimental proofs for that theory.  

 

As it well known, Galileo was the first person who introduced 

that point of view to the general population. “Galileo Galilei was 

Italian natural philosopher, astronomer, and mathematician who 

made fundamental contributions to the sciences of motion, 

astronomy, and strength of materials and to the development of 

the scientific method. His formulation of (circular) inertia, the 

law of falling bodies, and parabolic trajectories marked the 

beginning of a fundamental change in the study of motion. His 

insistence that the book of nature was written in the language of 

mathematics changed natural philosophy from a verbal, 

qualitative account to a mathematical one in which 

experimentation became a recognized method for discovering the 

facts of nature.”
1
  

 

Following generations of the scientists used the same way for 

their researches and shared the same advantage and disadvantage 

of that method. Many times problem appeared as a fundamental 

contradiction between experimental data, logic and philosophy 

because raw data are unable to produce satisfactory explanation 

of a new research by themselves.    

 

II. GALILEO’S WAY 

    To follow his own point of view Galileo used some 

instruments available to him. Those were the first attempts of 

humankind to “read the book of nature” by information that 

                                                 
1 Galileo. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 
Deluxe Edition.  Chicago: Encyclopædia Britannica. 

nature itself gives to the person who conducts an experiment. 

The most famous one among all Galileo’s experiments was a 

falling bodies experiment.  

 

Obviously any experiment in the field needs some distance for a 

body to fall. Moreover, each body has some duration of the entire 

process of free fall and that duration should be measured as well 

by a person who makes observations of the experiment. The 

primary reason for interest in that area was Galileo’s desire to 

examine Aristotelian postulate of falling bodies. Certainly that 

was a prolific plan to make a comparison between a postulate 

produced by the human mind and experimental data that are 

produced by the nature itself. “Galileo demonstrated, by 

dropping bodies of different weights from the top of the famous 

Leaning Tower, that the speed of fall of a heavy object is not 

proportional to its weight, as Aristotle had claimed. The 

manuscript tract De motu (On Motion), finished during this 

period, shows that Galileo was abandoning Aristotelian notions 

about motion and was instead taking an Archimedean approach 

to the problem.”
2
 

 

That point of view put Galileo under attack from the both sides. 

From the one hand, he was attacked by the humans. “… his 

attacks on Aristotle made him unpopular with his colleagues, and 

in 1592 his contract was not renewed. His patrons, however, 

secured him the chair of mathematics at the University of Padua, 

where he taught from 1592 until 1610.”
3
 That is the best example 

of traditional response of humans (regardless of their position in 

the society or science) on any new idea that stays in contrary to 

so called “well established point of view”, even if that point of 

view has support from the experimentation.     

 

From the other hand, Galileo was attacked by the nature itself. 

To make measurement of the process of falling bodies he needed 

some method that was able to do estimation of duration of that 

process. To reach a solution of that problem, he should use any 

other process that demonstrates constant duration to be used as a 

measure for any given duration. That was not easy task for 

Galileo, because there is not any suitable device that meets all 

requirements for a Galileo’s experiments in the 16
th

 century. 

Willingly or not he used a clepsydra to make measurement of 

duration of each process of free-fall. 

 

“Clepsydra, also called water clock, was ancient device for 

measuring time by the gradual flow of water. One form, used by 

                                                 
2
 Galileo. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 

Deluxe Edition.  Chicago: Encyclopædia Britannica. 
3
 Galileo. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 

Deluxe Edition.  Chicago: Encyclopædia Britannica. 

S 
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the North American Indians and some African peoples, consisted 

of a small boat or floating vessel that shipped water through a 

hole until it sank. In another form, the vessel was filled with 

water that was allowed to escape through a hole, and the time 

was read from graduated lines on the interior measuring the level 

of the remaining water. It may have been an invention of the 

Chaldeans of ancient Babylonia; specimens from Egypt date 

from the 14th century BC. The Romans invented a clepsydra 

consisting of a cylinder into which water dripped from a 

reservoir; a float provided readings against a scale on the 

cylinder wall. Clepsydras were used for many purposes, 

including timing the speeches of orators; as late as the 16
th
 

century, Galileo used a mercury clepsydra to time his 

experimental falling bodies.”
4
 

 

Everything went well that way. Galileo was able to demonstrate 

experimental support for his point of view and overpower 

Aristotelian teaching, but he was unable to determine cause and 

reason for events of his experiments. He did not know anything 

about purpose that was responsible for moving an object toward 

the Earth. Moreover, he was unable to explain clepsydra’s 

principle of operation. Those difficulties were probably used to 

make a critique for his experimentation from the others. 

Moreover, Galileo himself considered a process of free-fall and 

indication of a clepsydra (water or mercury drop from a 

reservoir) as two different physical processes. From Galileo’s 

point of view, a clepsydra shows the passage of Time and a 

falling body shows process of free-fall. In other words, operation 

of a clepsydra depends only on passage of Time and a process of 

free-fall depends only on motion.      

 

III. NEWTONIAN IDEAS IN A CLEPSYDRA-DRIVEN WORLD 

Sir Isaac Newton had made publication of his famous work about 

one century later. “Newton's Philosophiae Naturalis Principia 

Mathematica (Mathematical Principles of Natural Philosophy), 

1687, was one of the most important single works in the history 

of modern science.”
5
.  

 

“…Newton was able to show that a similar relation holds 

between the Earth and its Moon. The distance of the Moon is 

approximately 60 times the radius of the Earth. Newton 

compared the distance by which the Moon, in its orbit of known 

size, is diverted from a tangential path in one second with the 

distance that a body at the surface of the Earth falls from rest in 

one second. When the latter distance proved to be 3,600 (60 × 

60) times as great as the former, he concluded that one and the 

same force, governed by a single quantitative law, is operative in 

all three cases, and from the correlation of the Moon's orbit with 

the measured acceleration of gravity on the surface of the Earth, 

he applied the ancient Latin word gravitas (literally, “heaviness” 

or “weight”) to it. The law of universal gravitation, which he also 

confirmed from such further phenomena as the tides and the 

orbits of comets, states that every particle of matter in the 

                                                 
4 clepsydra. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 

Deluxe Edition.  Chicago: Encyclopædia Britannica. 
5
 Newton, Sir Isaac. (2008). Encyclopædia Britannica. Encyclopaedia 

Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 

universe attracts every other particle with a force that is 

proportional to the product of their masses and inversely 

proportional to the square of the distance between their centres.”
6
  

 

Everything went well again, and Newton’s work was accepted 

quite readily, because he was the only one person who was able 

to explain many phenomena from one easy point of view. In 

other words, the law of the nature described by Sir Isaac Newton 

has global range and becomes applicable to any object in the 

Universe.  

 

Suppose someone from the time of Newton had a decision to 

investigate the theory of Newtonian gravitation experimentally 

using well known “traditional instruments”, which were used by 

Galileo himself. Way of thoughts of that person could be fairly 

straightforward. If each body in the Universe makes attraction to 

any other body, then result of that attraction must be measurable 

and detectable by applicable experiments. As soon as the Earth 

has determined gravitational attraction from two celestial bodies, 

the Sun and the Moon, their interaction with the gravitational 

field of the Erath should be measurable at any point of the Earth 

surface. Moreover, that measurement should be accurate at the 

points with remote location from a celestial body. Because 

gravitation goes through any object without any changes, force of 

gravitational attraction between falling bodies and the celestial 

body at the night side of the Earth should be the same as their 

interaction at the day side of the planet.   

 

The person begins the examination to make support for his point 

of view. Figure 1 (see below) shows some steps of the 

experiment. 

 

In the figure 1, point O is the center of the Earth. Circle ABC or 

circle “L” is the projection of the latitude, where the experiment 

has a place, to the plane of the figure. Points A, B and C are 

some points where measurements of the experiment had place.  

 

According the person’s point of view the experimental data 

should give him some variation in the duration of free-fall 

process at each point of the Earth surface. As soon as the person 

has the only one laboratory, the Leaning Tower, he used rotation 

of the Earth to make measurements at different points. At each of 

those points, relative location between the tower, the center of 

the Earth and the celestial body has some variation. As a result, 

vector diagram of gravitational force applying to a falling body 

should be changed at those points. Hence, duration of the process 

of free fall for each body should be identical for the same point 

where the experiment took place, but different locations should 

show different duration of the same process. That relation can be 

clearly shown mathematically.  

 

                                       (1) 

 

Equation 1 means that force vector of gravitational acceleration 

of a falling body (FG) equals to the vector sum of two other 

vectors. Those are vector of gravitational interaction between the 

                                                 
6 Newton, Sir Isaac. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 
2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
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falling body and the Earth (FE) and vector of gravitational 

interaction between the falling body and the analyzing celestial 

body. In case of the Sun, that vector becomes a vector of 

gravitational interaction between the falling body and the Sun 

(FS). Scale between those vectors shown in the picture is not 

accurate.  

 
According to the person’s point of view, his experiment must 

show greater acceleration of a falling body at the point A that 

coincides with the midnight location of the Tower relatively to 

the Sun. Consequently, the Midday location of the Tower (point 

C) must show the slowest acceleration of a falling body, because 

the force of gravitational interaction between a falling body and 

the Earth slightly reduced by the opposite force of gravitational 

interaction between a body and the Sun. Measurement of 

acceleration of a freefalling body at any other point must show a 

value between those maximal and minimal values taken by 

measurements from the points A and C. Point B is one of the 

examples of those points in the fig. 1.  

 

Hence the person had strong theory and powerful instruments to 

conduct the experiment. After the experiment, the person makes 

comparison between his predictions and data from an actual 

experiment. To his utter amazement he had seen that. The 

conducted experiment shows no correlation with the theory of 

gravitation. Despite of the best explanation of motion of the 

planets around the Sun, physical experiment failed to produce 

direct measurement of elementary consequences of theoretical 

predictions.   

 

Obviously such a situation turns the person to the nonplus 

because of his inability to support the theory by means of a direct 

measurement. From the person’s point of view, he has done a 

strictly accurate measurement. The height of the Tower was 

constant all the time during the experimentation. The clepsydra 

shows the duration of the process of free-fall of each body and 

that duration was accurately measured each time by the person.  

 

However, despite all his efforts, experimental data was the same 

for each location of the Tower. The person had conducted the test 

again and again without any success. Moreover, after publication 

of his experimental data, the other laboratories confirm their 

failure to recognize theoretical predictions for freefalling bodies 

using any towers with any height and any clepsydras with any 

reservoirs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What should they do under such unusual discrepancy between 

theory and experimental results? Obviously they should suggest a 

hypothesis for the new theory that would be able to explain all 

experimental data. Had they any chance to find a suitable way? 

The most likely one was the way of a presumption of hidden 

interaction between so called Time, according to clepsydra’s 

indications, and so called Space.  

 

According to the new theory, location in the Space of each 

laboratory that conducts the experiment should change the rate of 

Time according to indication of each clepsydra. As a result, Time 

should run faster at the points with a greater value of 

gravitational attraction between a falling body and the celestial 

bodies. That theory should use basic equation for Time 

difference (estimation) according equation 2.  

 

                                (2) 

 

In the equation shown above, T0 is the speed or Time at the point 

of Morning or Evening (Sunrise - point M in the figure 1; or 

Sunset –point E); T is the rate of Time at any given location; φ is 

the angle between zenith and location of the Sun in the sky, at 

any given point on the Earth surface; Td is some variation of 

Time relatively to a given celestial body.       

 

Such a theory could provide an explanation of all test results and 

should be in use as long as a methodology of the experiments 

does not change. In that case, Newtonian theory of gravitation 

should be declined as a theory that cannot be proven by any 

experiments in an open or closed laboratory.   
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IV. MATTER OF MEASUREMENT AND PRECISION 

 

Such disagreement had not a place in the real history of science. 

There was the only one reason for that – invention of an 

escapement clock at the time when Sir Isaac Newton proposed 

his theory of gravitation. An escapement clock uses duration of 

its internal recurrent physical process to make its indications 

possible. 

 

The problem with experimental support of theory of gravitation 

mentioned above could have the only one reason. That is 

misunderstanding of clepsydra’s principle of operation. They 

believed that a clepsydra shows the passage of Time. Because 

Time is independent of any spatial dimension of the Universe, a 

clepsydra should indicate ever right Time, its passage and rate of 

changes (because Time changes ever).  

 

The whole situation was saved from development of additional 

theory only by the invention of escapement clock (as it 

mentioned above). They should call that theory as “relativistic 

gravitational theory”. Any other way cold lead to a great question 

of “inconsistency of theory of gravitation”, because any 

clepsydra, despite its precision, gives the same indication ever. In 

other words, it does not matter of the instruments precision. It 

does matter of methodology.  

 

Even through they produced a clepsydra with 1,000 times better 

accuracy, the instrument was unable to detect expected result of 

the experiment. That happened because the operation of a 

clepsydra depends on gravitational interaction between a 

clepsydra and celestial bodies. Same interaction is responsible 

for measurable property of a falling body. That is duration of 

process of free-fall and that process depends on the same level of 

interaction between a falling body and celestial bodies. As a 

result, both processes (process of a falling body and rate of 

changes of clepsydra indications) depend on the same physical 

property. That is force of gravitational interaction and its 

magnitude.              

 

That hidden interaction changes indications of a clepsydra 

according to its location relatively to celestial bodies. The same 

process makes a delusion for an experimenter about his inability 

to make experimental support for the theory of gravitation 

without “relativistic gravitational theory”.  

 

V. CONCLUSION 

Each time when an experimenter conducts an experiment, the 

person should use only methods and instruments that have not 

any connection (direct or indirect one) with a measuring value. 

Unfortunately, we cannot see such a mistake in some 

experiments until we reach some higher level of understanding of 

principle of operation of devices that make measurement in the 

experiments.  

 

Moreover, we should not create any new theory based on data of 

those experiments until we have correct knowledge of each 

physical process that was used in any given experiment. 

Otherwise, science would face the same problem again and 

again. Each new experiment put “a well established theory” 

under question. Moreover, that question cannot be answered until 

we see a new device that can be used in a different research 

methodology and practice. 
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Abstract- The concept of connectivity plays an important role in 

both theory and applications of Fuzzy Graphs. This paper 

discusses the Hamiltonian fuzzy cycle on K2n+1 fuzzy graph. 

Next we proved results on complement of fuzzy cycles . Finally 

we discusses cycles in cubic fuzzy graph. 

 

I. INTRODUCTION 

uzzy graph theory is now finding numerous applications 

modern science and technology especially in the fields of 

information theory, neural network, expert systems and cluster 

analysis, medical diagnosis, etc. Bhatta Charya [5] has 

established some connectivity concepts regarding fuzzy cut 

nodes and fuzzy bridges. Rosenfeld [12] has obtained the fuzzy 

analogues of several basic graph- theoretic concepts like bridges, 

paths, cycles, trees, and connectedness and established some of 

the properties. The concept of decomposition of graphs into 

Hamiltonian cycles, Hamiltonian paths decomposition of regular 

graphs was introduced by Klas Markstrom [11]. we introduce the 

concept of decomposition of Fuzzy graphs. Next we discuss the 

concept of Hamiltonian path & Hamiltonian cycle of fuzzy 

graphs. Some important results in cubic fuzzy graph, 

complement of fuzzy cycles are discussed.  

 

II. RESEARCH ELABORATIONS                                                                                                             

           Definition 2.1: A path P in a graph G
*
: (V, E) is said to be 

a Hamiltonian path if it covers all the vertices of G exactly once.                                                                                                                                               

           Definition 2.2:  A cycle in a graph G
*
: (V, E) is said to be 

a Hamiltonian cycle if it covers all the vertices of G exactly once 

except the end vertices.                                                                                                                  

           Definition 2.3: A fuzzy graph with S as the underlying set 

is a pair G: (σ, µ) where σ: S → [0, 1] is a fuzzy subset, µ: S x S 

→[0, 1] is a fuzzy relation on the fuzzy subset σ, such that µ (x, 

y) ≤ σ (x) ∧ σ (y) for all x, y ∈ S where ∧ stands for minium. The 

underlying crisp graph of the fuzzy graph G: (σ, µ) is denoted as 

G
*
: (V, E). Where E ⊆ = V × V.            

           Definition 2.4:  A path P of length ‘n’ is a sequence of 

distinct nodes u0, u1, ……un such that                   µ (ui -1, ui) > 0 

i=1, 2……n is called a fuzzy path and the degree of a 

membership of a weakest arc is defined as it’s strength.        

           Definition 2.5:  If u0 =  un and n≥ 3, then P is called a 

cycle and cycle P is called a fuzzy cycle (f- cycle) if it contains 

more than one weakest arc.                                                                                               

           Definition 2.6:  In a fuzzy graph G a fuzzy path P covers 

all the vertices of G exactly once then the path is called 

Hamiltonian fuzzy path.                                                                                                                

           Definition 2.7:  In a fuzzy graph G a fuzzy cycle C covers 

all the vertices of G exactly once except the end vertices then the 

cycle is called Hamiltonian fuzzy cycle.                                                                     

           Definition 2.8: A fuzzy graph  G: (σ, µ) is said to be 

Complete if µ(x,y)=σ(x)∧σ(y) for all x & y.                                                                                                                             

           Definition 2.9:  The complement of  a fuzzy graph is 

denoted by G
c
 :(σ

c
,µ

c
)  , where σ

c
 = σ and  

µ
c
 (x,y) = ∧[(x),σ(y)] -µ(x,y) .                                                          

 

III. APPLICATIONS AND RESULTS  

           Definition 3.1: K n is a complete fuzzy graph with ‘n’ 

vertices.  

            Example 3.2: Consider K5 a complete fuzzy graph on 

five vertices in figure.1, which has two Hamiltonian fuzzy 

cycles. Let it be 123451 and 135241. Here the membership 

values of each edge are greater than zero and it contains more 

than one weakest arc.        

                                                                                                                                

 
 

        Example3.3: In figure .2 K7 is decomposed into 3c7 .That is 

three hamiltonian fuzzy cycles. Lable  the vertices clockwise 

around the circle and always go to the next vertex in the first 

copy of the Hamiltonian fuzzy cycle (c7) . 

F 
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We get 12345671, 13572461, 14736251.   

           We can’t extend this to K9. As it turns out, K9 is 

decomposable into C9 any way. We just need a more clever trick 

called the turning trick.  

                                                                                                                  

Theorem 3.4:   For any  n≥ 1, K2n+1 fuzzy graph is 

decomposable into n Hamiltonian fuzzy cycles C2n+1.  

                                                                                                                                                                                 

Proof:  Let G =K2n+1   be a fuzzy graph. Label the vertices 

,0,1,2,3,….,2n-1. In this fuzzy graph form the Hamiltonian 

fuzzy cycles as follows.  

                                                                                                                              

 (C1) is a fuzzy cycle that is 

 (C1)  ,0,2n-1,1,2n-2,2,2n-3,…n-1,n,  

 (C2)  ,1,0,2,2n-1,3,2n-2, …,n,n+1,  

               (C3)   ,2,1,3,0,4,2n-1,…..n+1,n+2,   

                  .                                                                                                           

   .                                                                                                                                                                                             

   .                                                                                                                                                                                                 

 (Cn) ,n-1,n-2,n,n-3,n+1,n-4,…..2n-2,2n-1,   .                                                                                                                                        

(so each time we add 1 to every label and find the remainder 

modulo 2n ).  

For example, label vertices of K9 with   ,0,1,2,3,4,5,6,7 

(n=4) and decompose it into   

                   0 7 1 6 2 5 3 4 .                                                                                                                                                                                

    1 0 2 7 3 6 4 5 .                                                                                                                                              

    2 1 3 0 4 7 5 6 .                                                                                                                                                   

    3 2 4 1 5 0 6 7 .                                                                                                                                                                       

(you can visualize this by putting vertices 0 through 2n-1 

clockwise along a circle with   outside with circle.)   

                                                                                                                                                              

           Corollary 3.5:     For any n≥1 ,K2n is decomposable into n 

Hamiltonian fuzzy paths P2n-1 .                                                                                                                           

Proof: Take the composition of  K2n+1 of  theorem 1 and delete 

the   vertex.K2n+1  will become K2n, While each Hamiltonian 

fuzzy path P2n-1 of  K2n 

                           

IV. CYCLES IN REGULAR FUZZY GRAPH 

           Definition 4.1. A fuzzy graph G is called r – regular if 

every vertex of G has degree r       

           Definition 4.2: A 3- regular fuzzy graph is called cubic 

fuzzy graph      

 

Example 4.3   

           In the following example figure 3 is a cubic fuzzy graph. 

 

 
Fig.3. Cubic Fuzzy Graph 

 

 

       Definition 4.4 . A fuzzy graph g is called r – regular if every 

vertex of  G has degree r 

       Definition 4.5: 1-factor of a fuzzy graph is a spanning 1- 

regular fuzzy sub graph of  G. 

 

Example 4.6   

      In the following example figure 4 is a 1-regular fuzzy graph. 

 

 

 

v1 v2 

v3 

v4 

1 

 1 1 

v1 v2 

1 

1 1   

1 

v3 

v4 

1 

1 

1 

Fig.4. 1-Regular Fuzzy Graph 
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Theorem 4.7:  For any n≥1, K2n is decomposable into 2n-1 1-

factors.                                                                            

Proof: label vertices , 0,1,2,… ,2n-2. start with a 1-factor                                                                                                                               

  ,0;  1,2n-1;  2,2n-2;  . . .     n-1,n   

                                                                                                                    

use the turning trick to obtain the following decomposition:                                                                                        

 ,0;  1,2n-1;  2,2n-2;  . . .     n-1,n  

          ,1;   2,0;  3,2n-2;  . . .         n, n+1 

                                                                                                                               

  .                                                                                                                                                                                   

  .                                                                                                                                                                                                

  ,2n-2;  0,2n-3;  1,2n-4;    . . .  n-2,n-1. 

                                                                                                                            

          Theorem 4.8: Let G (σ,µ) be a fuzzy graph where G
*
: 

(V,E) is an odd cycle. Then G is regular iff  µ is a constant 

function.                                                                                                                                                                                

Proof: If  µ is a constant function , say  µ(uv)=c, for all uv∈E, 

then  d(v)=2c, for every  v∈V. 

So G is regular. 

           Conversely, suppose that G is a k-regular fuzzy graph . 

Let e1,e2,…,e2n+1 be the edges of G
*
 in that order.  

                                                                                           

 Let µ(e1) = k1. Since G is k-regular,  

                    µ(e2) = k-k1  

              µ(e3) = k- (k-k1)=k1 

                     µ(e4) = k- k1    

                                                                                                                                                                                                                                                           

 and so on.  

                                                                                                                                                                                          

Therefore  µ(ei) =       k1,               if     i is odd 

                          =       k-k1            if   i is even    

                                                                                                                                                                                                                                           

Hence  µ(e1) = µ(e2n+ 1)=k1.   

                                                                                                                                                                                                      

so if e1 and e2n+1 incident at a vertex u , then d(u)=k.                                                                                                                                                 

so  d(e1) + d(e2n+1)  = k 

                                                                                                                                                                                            

ie         k1 +   k1       = k  

           2k1      =  k   

            k1      = k/2. 

                                                                                                                                                                                                                   

Hence   k-k1
 
 =k/2. so µ(ei) = k/2, for all i. Hence µ is a constant 

function.  

 

Example 4.9 

           In the following example figure 5 G (σ,µ) be a fuzzy 

graph where G
*
: (V,E) is an odd cycle. Also G is regular if µ is a 

constant function.                                                                

 

 
 

 

         Theorem 4.10:  : Let  G (σ,µ) be a fuzzy graph where G
*
: 

(V,E) is an even cycle. Then G is regular iff  µ is a constant 

function or  alternate edges have same membership values. 

                                                                                                                                                                                                                                                                                                                                                                                         
Proof:   If either µ is a constant function or alternate edges have 

same membership values, then G is a regular fuzzy graph.                                                                                                                                                                                     

Conversely, Suppose G is a k-regular fuzzy graph. Let 

e1,e2,…,e2n be the edges of even cycle G
*
 in that order. 

Proceeding as in theorem, 

µ(ei)     =       k1, if     i is odd   

             =       k-k1  if   i is even   

                                                                                                                                           

If k1=  k-k1,  then µ is a constant function.  

                                                                                                                     

If k1≠  k-k1,  then alternate edges have same membership values.   

                                                                                                                     

Example 4.11  

         In the following example figure 6 is G (σ,µ) be a fuzzy 

graph where G
*
: (V,E) is an even cycle. Also G is regular if µ is 

a constant function or alternate edges have same membership 

values.          
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Fig.5.Fuzzy Graph  

Fig.6. Fuzzy Graph  
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        Theorem 4.12 : Let G be a cubic fuzzy graph where G
*
 is a 

cycle. Then G is a fuzzy cycle. It cannot be a fuzzy tree.                                                                                 

Proof :  Assume that G be a cubic fuzzy graph where G
*
 is a 

cycle. That is G be a 3- regular fuzzy graph on a cycle  G
*
  ,  then 

by theorem    theorem  , either µ is a constant function or 

alternate edges have same membership values.                                                                                                                                   

So there does not exist a unique edges  xy  such that 

µ(xy)=∧{µ(uv)/ µ(uv)>0}.  

 

Therefore G is a fuzzy cycle.  

Hence by lemma , G cannot be a fuzzy  tree. 

 

Example 4.13 

        In the following example figure 7 is a cubic fuzzy graph and  

G
*
 is a cycle. Then G is a fuzzy cycle. Also it cannot be a fuzzy 

tree. 

  

                                                                                                                                                                                                                                                                                                                                    
 

 

V. COMPLEMENT OF FUZZY CYCLES  

          Construct the complement of fuzzy cycles on 3, 4, 5 vertices 

as fuzzy cycles by choosing the membership values of vertices 

and edges suitably 

 

 

Example 5.1: n=3, G and G
c 
are both fuzzy cycles 
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Fig.7. Cubic Fuzzy Graph 
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Example 5.2: n=4, G and G
c
 are both fuzzy cycles 

                                                                                
 

Example 5.3: n=5, G and G
c 
are both fuzzy cycles 

          
 

         Theorem 5.4   Let  G :(σ,µ) be a fuzzy graph such that G
*

 

is a cycle with more than five vertices. Then (G
*
)

c
  cannot be a 

cycle. 

         Proof: Given G
*
 is a cycle having n vertices where n≥6. 

Then G
*
 will have exactly n edges. since all the vertices of G are 

also present in G
c
. Therefore number of vertices in G

c
  is n. Let 

the vertices of G and G
c
 be v1, v2, …,vn.. Then G

c
 must contain 

atleast  the following edges. 

 (v1, v3), (v1, v4), (v1, v5),…., (v1, vn); (v2, v4), (v2, v5),…., (v2, vn); 

(v3, v5), (v3, v6),…, (v3, vn ) 

since n≥6 the total number of edges in G
*
 will be greater than n. 

Thus G
c 
will not be a cycle. 

         Corollary:  Let G be fuzzy cycle with 6 or more vertices. 

Then G
c
 will not be fuzzy cycle.                                                                

 

 

VI. CONCLUSION 

In this paper we have introduced the concept of fuzzy cycle, 

fuzzy paths in a fuzzy graph. A complete analysis of Hamiltonian 

fuzzy cycle in K2n+1 fuzzy graph is presented. Next we are 

studying the properties of regular fuzzy graph and complement 

of fuzzy cycles. 
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     Abstract- Solid-state switch-mode rectification 

converters have reached a matured level for 

improving power quality in terms of power-factor 

correction (PFC), reduced total harmonic distortion at 

input ac mains and precisely regulated dc output in 

buck, boost, buck–boost and multilevel modes with 

unidirectional and bidirectional power flow. In this 

paper, an improved power quality converter 

employing conventional PI based & intelligence 

controlled( FLC) forward buck converter topology is 

used to feed a permanent magnet brushless DC motor 

(PMBLDCM) drive. Normally, the PMBLDCM drive 

consists of a three-phase voltage source inverter (VSI) 

and a PMBLDCM which is fed from single-phase AC 

mains through a diode bridge rectifier (DBR). In this 

proposed system a conventional pi and fuzzy logic 

controlled based forward buck DC-DC converter is 

used after the DBR and it performs power factor 

correction (PFC) at input AC mains and voltage 

control at DC link, in a single-stage. The proposed 

PMBLDCM drive is designed, modeled and its 

performance is evaluated in Matlab-Simulink 

environment for an air conditioner (Air-Con) load. 

The speed of the compressor is controlled for efficient 

operation of the Air-Con which results in controlling 

the temperature in the conditioned area at the set 

point, effectively. Obtained results are presented to 

demonstrate an improved power quality of PFC 

converter based PMBLDCM drive in wide range of 

the speed control. 

 

     Index Terms- Air conditioner, Forward Buck 

Converter, Speed Control, PFC, PMBLDCM, VSI, 

Fuzzy Logic Controller (FLC). 

I. INTRODUCTION 

LECTRIC Power quality is a term which has capture 

increasing attention in power engineering in the recent years, 

The measure of power quality depends upon the needs of the 

equipment that is being supplied. What is good power quality for 

an electric motor may not be good enough for a personal 

computer. Usually the term power quality refers to maintaining a 

sinusoidal waveform of bus voltages at rated voltage and 

frequency [1]. The waveform of electric power at generation 

stage is purely sinusoidal and free from any distortion. Many of 

the Power conversion and consumption equipment are also 

designed to function under pure sinusoidal voltage waveforms. 

However, there are many devices that distort the waveform. 

These distortions may propagate all over the electrical system. In 

recent years, there has been an increased use of non-linear loads 

which has resulted in an increased fraction of non-sinusoidal 

currents and voltages in Electric Network. Classification of 

power quality areas may be made according to the source of the 

problem such as converters, magnetic circuit non linearity, arc 

furnace or by the wave shape of the signal such as harmonics, 

flicker or by the frequency spectrum (radio frequency 

interference). The wave shape phenomena associated with power 

quality may be characterized into synchronous and non 

synchronous phenomena. Synchronous phenomena refer to those 

in synchronism with A.C waveform at power frequency [2],[3]. 

 

    Moreover, there are many international PQ standards such as 

IEC 61000-3-2 [5], IEEE 519 etc. which emphasize on low 

harmonic contents and near unity PF current to be drawn from 

AC mains by various loads. Therefore, an improved PQ 

converter based drive is almost essential for the PMBLDCM. 

There has been some efforts [7-9] for use of power factor 

correction (PFC) converters for the PQ improvement, however it 

uses, a two-stage PFC drives which consist of a boost converter 

for PFC at front-end followed by another DC –DC converter in 

second stage for voltage regulation. At second stage usually a fly 

back or a forward converter has been used for low power 

application and a full-bridge converter for higher power 

applications.. However, the high cost and complexity in 

implementing two separate switch-mode converters are the 

constraints of the two stage PFC converters which encourage use 

of a single stage PFC converter in many applications. 

 

    A forward buck DC-DC converter is employed as a single-

stage PFC converter for power quality improvement in the 

PMBLDCM driven Air-Con due to its simplicity and low cost 

among other single switch converters. Moreover, it has minimum 

cost, switching losses and voltage drop in the secondary winding 

of the high frequency transformer which results in improved 

efficiency of the PFC converter. The proposed single-stage PFC 

converter based drive needs a careful design to operate over a 

wide range of operating conditions for a PMBLDCM driven Air-

Con i.e. variable input AC voltage and speed of the motor.  

E 
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    Conventionally, PI, PD and PID controller are most popular 

controllers and widely used in most power electronic closed loop 

appliances however recently there are many researchers reported 

successfully adopted Fuzzy Logic Controller (FLC) to become 

one of intelligent controllers to their appliances [3]. With respect 

to their successful methodology implementation, control closed 

loop forward buck converter. This kind of methodology 

implemented in this paper is using fuzzy logic controller with 

feed back by introduction of voltage output respectively. The 

introduction of voltage output in the circuit will be fed to fuzzy 

controller to give appropriate measure on steady state signal. The 

fuzzy logic controller serves as intelligent controller for this 

propose. This paper deals with the detailed modeling, design and 

performance evaluation of the proposed drive with conventional 

PI controller and intelligence controller (FLC) and simulation 

work is carried out in MATLAB/SIMULINK platform. 

 

II. PROPOSED CONTROL SCHEME FOR PFC CONVERTER 

The proposed control scheme for improved PQ converter i.e. the 

forward buck converter or PFC converter is shown in Figure 1 

which uses average current control with current multiplier 

approach. The forward buck converter controls the DC link 

voltage as well as performs PFC action by its duty ratio (D) at a 

constant switching frequency (fs). The proposed PFC control 

scheme employs a current control loop inside the voltage control 

loop in the continuous conduction mode (CCM) operation of the 

PFC converter. 

 

 
 

A proportional-integral (PI) controller forms an 

integral part of this controller which processes the 

voltage error resulting from the comparison of set 

voltage reference and sensed voltage at DC link. The 

resultant control signal of PI controller is multiplied 

with a unit template of input AC voltage and 

compared with DC current sensed after the DBR. The 

resultant current error is amplified and compared with 

a saw-tooth carrier wave of fixed frequency (fs) for 

generating the PWM pulses for controlling switch of 

PFC converter. Use of a high switching frequency 

results in a fast control of DC link voltage and 

effective PFC action along with additional advantage 

of reduced size magnetics and filters. The optimum 

switching frequency is decided by various factors 

such as the switching device, switching losses and 

operating power level. A metal oxide field effect 

transistor (MOSFET) is used as the switching device 

for the proposed PFC converter. 

III. DESIGN OF PFC FORWARD BUCK CONVERTER 

 

    The proposed PFC forward buck converter is 

designed for a PMBLDCM drive with an objective of 

PQ improvement at AC mains. It consists of a DBR, a 

forward buck converter and an output ripple filter. The 

DBR has average output voltage (Vin) for a given AC 

input voltage (Vs) related as 

 

                                   = 2√2Vs/                                    

(1) 

    The forward buck converter controls the DC link 

voltage at a set reference value given as, 

 

        = (N2/N1)  with (1+N3)/ N1<1                     

(2) 

 

    Where N1, N2, N3 are number of turns in primary, 

secondary and tertiary windings of the high frequency 

(HF) isolation transformer, respectively. The tertiary 

winding is used for resetting the flux in the 

transformer core during turnoff time, which returns 

stored energy back to DC source. The high frequency 

AC voltage is rectified using half wave rectifier. A 

ripple filter is designed for constant output voltage 

with inductance (Lo) and capacitance (Cd) so that the 

peak to peak ripple of inductor current (ΔILo) and 

capacitor voltage (ΔVCd) is maintained within 

specified value for the given switching frequency (fs). 

The values of output filter inductor and capacitor are 

calculated as, 

 

                                                

(3) 

                                                            

(4) 
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IV. MODELING OF PROPOSED PFC CONVERTER BASED 

PMBLDCM DRIVE 

    The modeling of PMBLDCM drive involves 

modeling of the PFC converter and PMBLDCM drive 

in the form of mathematical equations. The 

combination of these individual models represents a 

complete model of proposed PFC drive. 

A. PFC Converter 

    The modeling of PFC converter consists of the 

modeling of a DC link voltage controller, a reference 

current generator and a PWM controller. 

1. DC Link Voltage Controller         

    The DC link voltage controller is a PI controller 

which outputs a control signal (Ic) to minimize the 

input voltage error. If at k
th  

instant of time, V*dc(k) is 

reference DC link voltage, Vdc(k) is sensed DC link 

voltage then the voltage error Ve(k) is calculated as, 

                                                   

(5) 

The controller output Ic(k) at k
th

 instant is given as, 

 

                                                                                                                 

                                                                                            

(6) 

 

where Kpv and Kiv are the gains of the voltage PI 

controller 

2. Reference Converter Current 

    The reference input current of the PFC converter 

(i*d) is given as, 

                                                                                       

(7) 

    where uvs is the unit template of the voltage at 

input AC mains, calculated as, 

                              

(8) 

    Where ω is the frequency in rad/sec at input AC 

mains. 

3. PWM Controller 

    The reference input current of the PFC converter 

(i*d) is compared with its sensed current (id) to 

generate the current error Δid = (i*d - id). This current 

error is amplified by gain kd and compared with fixed 

frequency (fs) saw-tooth carrier waveform md(t) to get 

the switching signals for the MOSFET of the PFC 

converter as, 

 

         If  then S =1                                  

(9) 

     If  then S = 0                            

(10) 

 

where S is the switching function representing ‘on’ 

position of the MOSFET of the PFC converter with 

S=1 and its ‘off’ position with S=0. 

 

B. PMBLDCM Drive 

    The PMBLDCM drive has a speed controller, a 

reference winding current generator, a PWM current 

controller, a VSI and a PMBLDC motor as the main 

components. 

 

1. Speed controller 

     The speed controller is a PI controller which 

closely tracks the reference speed. If at k
th

 instant of 

time, ω*r(k) is the reference speed, ωr(k) is the rotor 

speed then the speed error ωe(k) can be calculated as, 

 

                                                  

(11) 

     This speed error is fed to a speed controller to get a 

control signal. The controller’s output at k
th

 instant 

T(k) is given as, 

 
                                                                                          

(12) 

     Where Kpω and Kiω are the proportional and 

integral gains of the speed PI controller. 

 

2. Reference Winding Current Generator 

     The amplitude of stator winding current is 

calculated as, 

                                                             

(13) 

     Where, Kb is the back emf constant of the 

PMBLDCM. The reference phase currents of the 

PMBLDCM are denoted by ia*, ib*, ic* for phases a, 

b, c respectively. For duration of 0-60º the reference 

currents are given as, 
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                 ,  and                          

(14) 

    Similarly, the reference winding currents during 

other 60º duration are generated in rectangular 120º 

block form in phase with trapezoidal voltage of 

respective phases. 

 

3. PWM Current Controller 

    Reference winding currents are compared with 

sensed currents (ia, ib, ic) in a PWM current controller 

to get the current errors Δia=(ia* -ia), Δib=(ib*- ib), 

Δic=( ic* - ic ) for three phases of the motor. These 

current errors (Δia, Δib, Δic) are amplified by gain k1 

and compared with a fixed frequency carrier 

waveform m(t) to generate the switching sequence for 

the VSI as shown for phase “a”, 

 

          If k1Δia > m (t) then Sa = 1 (IGBT ‘On’)               

(15) 

          If k1Δia ≤ m (t) then Sa = 0 (IGBT ‘Off’)              

(16) 

    The switching sequences Sb and Sc are generated 

using similar logic for other two phases of the motor. 

4. Voltage Source Inverter 

    The VSI bridge feeding PMBLDCM uses insulated 

gate bipolar transistors (IGBTs) to reduce the 

switching stress, because of its operation at lower 

frequency compared to PFC converter. Figure 2 shows 

an equivalent circuit of a VSI fed PMBLDCM. The 

output of VSI for phase ‘a’ is given as,  

       for Sa1 = 1, and Sa2 = 0                  

(17)           

     for Sa2 = 1, and Sa1 = 0                 

(18) 

      for Sa1 = 0, and Sa2 = 0                             

(19) 

 

    The voltages (vbo, vco, vbn, vcn) for other phases of 

the VSI fed PMBLDCM are generated using similar 

logic 

 

                                                            

(20) 

 

    where vao, vbo, vco, and vno are voltages of 3-

phases and neutral point (n) with respect to virtual 

mid-point of the DC link voltage shown as ‘o’ in 

Figure 3. The voltages van, vbn, vcn are voltages of 3-

phases with respect to neutral point (n). The values 1 

and 0 for Sa1 or Sa2 represent ‘on’ and ‘off’ condition 

of respective IGBTs of the VSI. The switching of 

other IGBTs of the VSI i.e. Sb and Sc are obtained in 

a similar way. 

 

 
 

5. PMBLDC Motor 

    The PMBLDCM is modeled in the form of a set of 

differential equations given as, 

                                                   

(21) 

                                                   

(22) 

                                                   

(23) 

 

    In these equations, p represents differential operator 

(d/dt), ia, ib, ic are currents, λa, λb, λc are flux linkages 

and ean, ebn, ecn are phase to neutral back emfs of 

PMBLDCM, in respective phases, R is resistance of 

motor windings/phase. Moreover, the flux linkages 

can be represented as, 

 

                                               

(24)                                 

                                               

(25)            

                                           

(26) 

 The developed torque Te in the PMBLDCM is given 

as, 

 

                                

(27) 

 

    Where motor speed in rad/sec, Since the 

PMBLDCM is has no neutral connection, therefore, 
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(28) 

 

    From Eqs. (20-26, 28) the voltage (vno) between 

neutral point (n) and mid-point of the DC link (o) is 

given as, 

               

(29) 

 

    From Eqs. (24-26, 28), the flux linkages are given 

as, 

   

(30) 

 

    From Eqs. (21-23 and 30), the current derivatives in 

generalized state space form are given as, 

 

                                

(31) 

 

    where x represents phase a, b or c. The back emfs 

may be expressed as a function of rotor position (θ) 

as, 

                                                            

(32) 

    Where x can be phase a, b or c and accordingly 

fx(θ) represents function of rotor position with a 

maximum value ±1, identical to trapezoidal induced 

emf given as, 

      = 1 for 0 < θ < 2π/3                                           

(33) 

     = {(6/ π)( π- θ)}-1 for 2π/3 < θ < π                    

(34) 

    = -1 for π < θ < 5π/3                                            

(35) 

    = {(6/π)(θ -2π)}+1 for 5π/3 < θ < 2π                   

(36) 

 

    The functions fb(θ) and fc(θ) are similar to fa(θ) 

with a phase difference of 120º and 240º respectively. 

Therefore, the electromagnetic torque expressed as, 

                            

(37) 

 

The speed derivative is given as, 

                                      

(38) 

 

The derivative of rotor position is given as, 

 

                                                                          

(39) 

    Where P is number of poles, Tl is load torque, J is 

moment of inertia (kg-m
2
) and B is friction coefficient 

(Nms/Rad). These equations (21-39) represent the 

dynamic model of the PMBLDC motor. 

V. INTRODUCTION TO FUZZY LOGIC CONTROLLER 

    L. A. Zadeh presented the first paper on fuzzy set theory in 

1965. Since then, a new language was developed to describe the 

fuzzy properties of reality, which are very difficult and Some 

time even impossible to be described using conventional 

methods. Fuzzy set theory has been widely used in the control 

area with some application to forward buck converter system. A 

simple fuzzy logic control is built up by a group of rules based 

on the human knowledge of system behavior. Matlab/Simulink 

simulation model is built to study the dynamic behavior of 

forward buck converter and performance of proposed controllers. 

Furthermore, design of fuzzy logic controller can provide 

desirable both small signal and large signal dynamic performance 

at same time, which is not possible with linear control technique. 

Thus, fuzzy logic controller has been potential ability to improve 

the robustness of converters. The basic scheme of a fuzzy logic 

controller is shown in Figure 3 and consists of four principal 

components such as: a Fuzzification interface, which converts 

input data into suitable linguistic values; a knowledge base, 

which consists of a data base with the necessary linguistic 

definitions and the control rule set; a decision-making logic 

which, simulating a human decision process, infer the fuzzy 

control action from the knowledge of the control rules and 

linguistic variable definitions; a de-Fuzzification interface which 

yields non fuzzy control action from an inferred fuzzy control 

action [1111]. 

 

 
 
    The fuzzy control systems are based on expert knowledge that 

converts the human linguistic concepts into an automatic control 

strategy without any complicated mathematical model [101111]. 
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Simulation is performed in buck converter to verify the proposed 

fuzzy logic controllers. 

 
 

 

A. Fuzzy Logic Membership Functions 

    Fuzzy controllers do not require an exact 

mathematical model. Instead, they are designed based 

on general knowledge of the plant. Fuzzy controllers 

are designed to adapt to varying operating points. 

Fuzzy Logic Controller is designed to control the 

output of boost dc-dc converter using Mamdani style 

fuzzy inference system. Two input variables, error (e) 

and change of error (de) are used in this fuzzy logic 

system. The single output variable (u) is duty gain 

signal of the converter. 

 

. 
(a). error (e) 

(b). 

change of error (de) 

 

(c) output variable (u) 

 
Figure5. The Membership functions for error(e), change in 

error(de),  output(u) 

B. Fuzzy Logic Rules 

    The objective of this dissertation is to control the 

output voltage of the forward buck converter. The 

error and change of error of the output voltage will be 

the inputs of fuzzy logic controller. These 2 inputs are 

divided into five groups; NB: Negative Big, NS: 

Negative Medium, ZO: Zero Area and PM: Positive 

Medium, PB: Positive Big and its parameter [10]. 

These fuzzy control rules for error and change of error 

can be referred in the table that is shown in Figure6 as 

per below: 

 

 

VI. MATLAB/SIMULINK MODELLING AND SIMULATION 

RESULTS 

          Here the simulation is carried out by two cases    

 1. A Proposed forward buck converter using    

     Conventional PI controller 

 2. A Proposed forward buck converter using fuzzy 

logic       

     Controller. 

 

Case 1: A Proposed forward buck converter using 

conventional PI controller: 
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 Figure 7: Matlab/Simulink model of proposed 

forward buck converter using conventional pi 

controller 

 

 

 
Figure 8: Output voltage of the forward buck 

converter  

 

 
Figure9: Power factor 

 

Figure8 shows the output voltage of the forward buck 

converter and Figure9. power factor, our voltage and 

current are in phase we and hence  unity power factor. 

 

 
Figure 10: Stator current and Back emf of the 

BLDC motor drive 

 

 
Figure 11: Speed of the BLDC motor drive 

 

 

Case 2: A Proposed forward buck converter using 

fuzzy logic controller 

 
Figure 12: Matlab/Simulink Model of Proposed 

forward buck converter using fuzzy logic controller 

 

 
Figure 13: Output voltage of the forward buck 

converter 

 

 

Figure13 shows the output voltage of the forward 

buck converter and Figure14. Power factor, our 

voltage and current are in phase and hence unity 

power factor 
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                      Figure14. Power factor 

 

 
 

 
 

            Figure15. Stator current and Back emf of the 

BLDC motor drive 

 

 
                   Figure16: Speed of the BLDC motor drive 

 

VII.  CONCLUSION 

    A single stage PFC control strategy of a VSI fed 

PMBLDCM drive using forward buck converter using 

conventional PI controller and fuzzy logic controller 

has been validated for a compressor load of an air 

conditioner. The current multiplier approach with 

average current control has been used for operation of 

a forward buck converter in continuous conduction 

mode. The PFC forward buck converter of the 

proposed drive has ensured nearly unity PF in wide 

range of the speed and the input AC voltage. 

Moreover, power quality parameters of the proposed 

drive are in conformity to the International standard 

IEC.  
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Abstract- Seasonal variations of Phytoplankton dynamics were 

noted both quantitatively and qualitatively at Puri Sea Shore of 

Bay of Bengal.  In total of Phytoplanktons, 45 species of 

Chlorophyta (53.60%), 17 species of Bacillariophyta (29.45%) 

and 12 species of Cyanophyta (16.75%) were identified. 

Phytoplanktons are producers or photosynthetic organisms as 

they bear photosynthetic pigments which converts solar energy 

into chemical sugars, consumed by consumers or heterophes. 

Thus they are vital to marine eco system. 

 

 

Index Terms- Seasonal Variations, Phytoplankton, Dominance 

species, Chlorophyta 

 

I. INTRODUCTION 

he term plankton refers to those microscopic aquatic forms 

having little or, no resistance to the water current and are 

free floating and suspended in open or pelagic waters.The 

planktonic plants are referred to as "Phytoplankton (microscopic 

algae and Bacteria) occurs as  unicellular, colonial or filamentous 

forms. Many carryon photosynthesis and are grazed upon by 

zooplankton and other aquatic organisms.The phytoplankton is 

an assemblage of heterogeneous microscopic algal forms of 

aquatic systems whose movement is more or less dependent upon 

water currents.    

       The present study deals with the marine resources (i.e. 

phytoplankton). 

 

II. MATERIALS AND METHODS 

       The planktons were collected by plankton net of standard 

bolting silk cloth no-25 (mesh size 0.03-0.04 mm) from different 

stations from 100 liter water sample on use of a plastic bucket of 

15 liter capacity. Finally the planktons were collected from the 

plankton net tube and preserved in 4% formaldehyde solution. 

The sample was thereafter taken to the laboratory for qualitative 

and quantitative analysis in Sedgwick rafter type counting cell ( 1 

ml capacity) and then the planktons were identified as per 

(Fritsch, 1965), (Adhikari, 2000) and (Adhikari & Sahoo 1992). 

After shaking the vial containing the concentrated plankton 

sample, a sub sample of 1 ml was quickly drawn with the help of 

a pipette and poured in the plankton counting cell. All organisms 

encountered were represented in absolute numbers. Three 

countings for each sample were made and the data represented in 

the text were average value of counting. The planktons were 

identified species wise and tabulated accordingly. 

       Puri is one of the coastal districts of Orissa, having a 

coastline of 155 Kms out of the total coast line of 480 Kms of the 

state. Puri is present between 18,450 E to 19,400W (Latitude) 

and 85,480N to 84,270S (Longitude).   

 

III. RESULTS AND DISCUSSION  

       Seasonal variations of phytoplankton was noted 

quantitatively and qualitatively. Table (1 - 4) of Fig. (1, 2). 

       Three groups of algae are identified viz. (1) Chlorophyta, (2) 

Bacillariophyta and (3) Cyanophyta.  In total 45 species of 

Chlorophyta, 17 species of Bacillariophyta and 12 species of 

Cyanophyta were identified. Of the total species 53.6%, 29.45% 

and 16.75% belonged to Chlorophyta, Bacillariophyta and 

Cyanophyta respectively.At station 1, out of 26 species 

identified, 12 species belonged to Chlorophyta (46.15%) 6 

species belonged to Cyanophyta (23.07%) and 8 species 

belonged to Bacillariophyta (30.76%).At S.2, out of 27 species, 

10 species were of Chlorophyta (37.03%), 8 species were of 

Cyanophyta (29.62%) and 9 species were of Bacillariophyta 

(33.33%). Phytoplankton showed their peak growth during 

winter 279.96 n/l at S1, 178.34 n/1 at S2. 

       In the present study, findings about three groups of the 

phytoplanktons viz. Chlorophyta, Cyanophyta and 

Bacillariophyta (Diatoms), agree with the findings of Pahwa and 

Mehrotra (1966), David et al., (1969) and Sreenivasan 

(1969).During the present investigation seasonal variations were 

observed in the compositions (n/l) of phytoplankton, with the 

maxima and minima of Chlorophyta, Cyanophyta and 

Bacillariophyta.  The maximum number of the phytoplanktons 

during winter (November to January) and during spring (March 

to April) indicates favourable physico chemical condition in 

relation to the phytoplankton population Kant and 

Kachroo(1975), Kant and Anand(1979).The dominance in the 

number and the percentage composition of Chlorophytic 

elements followed by diatoms in the present study indicated that 

they are the major components of the phytoplankton.   

       During the present investigation, phytoplanktons reach at 

their peak during winter., During winter, due to the clear weather 

light penetrates without much hindrance and helps in 

photosynthesis, increasing there by the dissolved oxygen content 

of water. During rainy season how ever, due to the cloudy 

weather and maximum of solid matter in water, there is less of 

light penetration and this is not sufficient for the photosynthesis 

and the growth of the phytoplankton thus resulting in low 

dissolved oxygen content of water. 

       Chlorophytic population consists of maximum number of 

species.  This observation is supported by the findings of, 

Munawar and Munawar (1976), Kant (1981) Kulkarni and 

Nibalkar (1981) in relation to other aquatic habitats.The 

concentration of dissolved oxygen and free carbonate are the 

T 
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controlling factors for the development of chlorophytic 

population and their distribution. 

 

 

Table-1 : Number of total phytoplankton species identified and their percentage belonging to various taxonomic groups in S1 

and S2 during 2009-2010. 
 

Species group S1  S2  

 No. of Species % No. of Species % 

Chlorophyta 12 46.15 10 37.03 

Cyanophyta 6 23.07 8 29.62 

Bacillariophyta 8 30.76 9 33.33 

 

 

Table-2 : Standing Stock and % distribution of phytoplankton during different months of 2009-2010 at S1 (in million liter) 

 

Months Total phytoplankton n/l Chlorophyta Cyanophyta Bacillariophyta 

n/l % n/l % n/l % 

Apr 195.31 181.87 93.22 Nil Nil 13.43 6.68 

May 75.34 68.50 90.91 Nil Nil 6.84 9.09 

Jun 75.34 68.50 90.91 Nil Nil 6.84 9.09 

Jul 60.24 50.23 83.37 Nil Nil 10.01 16.63 

Aug 75.24 58.55 77.81 Nil Nil 16.69 22.19 

Sept 74.37 27.07 36.37 20.27 27.27 27.03 36.36 

Oct 193.30 126.08 64.71 33.61 17.39 33.61 17.39 

Nov 80.24 58.12 72.43 5.52 6.88 16.60 20.69 

Dec 279.96 180.04 64.31 33.32 11.90 66.60 23.79 

Jan 210.03 76.41 36.37 70.00 33.33 63.64 30.30 

Fab 170.34 67.48 38.48 67.40 38.44 40.46 23.08 

Mar 110.26 102.90 93.33 Nil Nil 7.36 6.67 
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Table – 3 : Standing Stock and % distribution of phytoplankton during different months of 2009-2010 at S2 (in million liter) 

 
Months Total 

phytoplankton 

n/l 

Chlorophyta Cyanophyta Bacillariophyta 

n/l % n/l % n/l % 

Apr 80.36 26.78 33.33 26.78 33.33 26.95 33.34 

May 48.64 13.90 28.59 13.86 28.52 20.88 42.89 

Jun 52.32 19.62 37.52 13.04 24.93 19.66 37.55 

Jul 52.96 19.86 37.52 19.86 37.52 13.24 24.96 

Aug 42.24 14.10 33.38 14.06 33.30 14.08 33.32 

Sept 75.24 27.36 36.36 20.52 27.27 27.36 36.37 

Oct 128.46 47.32 36.84 33.78 26.30 47.36 36.86 

Nov 145.97 48.65 33.33 48.66 33.34 48.66 33.33 

Dec 178.34 68.58 38.46 54.87 30.77 54.89 30.77 

Jan 168.64 53.95 31.99 47.21 28.00 67.48 40.01 

Feb 95.47 40.92 42.87 20.46 21.44 34.09 35.69 

Mar 86.65 33.34 38.47 19.99 23.08 33.32 38.45 
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Table -4 : List of available species of phytoplankton identified from 3 different stations (S1 and S2) during 2009-2010.         

Present (+), Absent (-) 

 
CHLOROPHYTA S1 S2 

Euglena spirogyra Ehrenb + + 

Euglena acns Ehrenb - - 

Euglena viridis Ehrenb - + 

Euglena eliganas Ehrenb + - 

Volvox globater (L) Ehrenb - - 

Pandorina morum Mull - + 

Volvox aureas Klenin + - 

Chlorococcum humicolum (Naeg) Rabenh - - 

Hydrodictyon idium lyenger - - 

Cladophora profunda Brand + - 

Cladophora glomerata (L) Kutz + - 

Cladophora ephiophila Magnus and Wile - + 

Cladophora callicoma Ag + - 

Oedogonium coreatematum Wittr - + 

Zygnema vanans Kutz - - 

Zygnema peliosporum Wittr - - 

Zygnema pectinatum Vauch - - 

Spriogrya fluviatilis Holse Var Africana - - 

Desmidium cylindricum Grev. - - 

Spriogyra varians Kutz - - 

Spirogyra sctiformis (Reth) Kutz + - 

Sprogyra longata Vauch + - 

Spirogyra weberi Kutz - + 

Spirogyra majuscule Hilse + - 

Cosmarium sp. - - 

Closterium lannceolatum Kutz - + 

Cosmarium botrylis Menegh (after Dobarb) - - 

Cosmenum reniforme (Ralfs) Arch - - 

Clopterium parvulam Naeg + - 

Closterium venus Kutz - + 

Clopterium paravulam Naeg + - 

Closterium venus Kutz - + 

Closterium cambicum Arch - - 

Closterium ehrenbergii Menegh (after Lutman) - - 

Closterium leibleinii Kutz (after Steinecke) - - 

Closterium striolatum Ehrenb (after west) - - 

Estella botryoides W. West - - 

Scenedesmus quardricauda Lurb - - 

Ankistrodesmus spinulosam Naeg - - 

Sphaerozosma rotate Grev - - 

Ulothrix rodia Kutz + - 

Ulothrix variablilis Kutz - + 

Ulothrix oscilatoria Kutz - - 

BACILLARIOPHYTA   

Amphora ovallis Kutz  - + 

Cylotella comla (Her) Kuz var. affiris gum - - 

Baillaria paradoxa Gnel. - + 

Cymbella cistuba (Hempa) Grun + - 

Navicula mutica Kutz + + 

Gomphonema lanceolatum Ehrenb + - 

Pinnularia gibba f. Subandulata Mayr + + 

Kelosira ganulata (E hr) Raif. + - 
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Cyclotella comata (E hr) Kutz. - - 

Navicula laterostrate Hust. - + 

Gyrosignma attenuatum Kutz - - 

Gomphonema ventricosum. Greg. + - 

Pleurosignma spenceri Karston - - 

Pennularia major Kutz - + 

Pinnularia vindis Kutz + + 

Navicula cuspidate Kutz + + 

Pleurosigma gigantum Gran - + 

CYANOPHYTA   

Phormidium favosum (Bory) Gom. - - 

Anbaena circinalis Rabenh. - + 

Anabaena biasolatiana + + 

Synechocystis salansis Skuja - - 

Oscillatoria borneti Zukal + + 

Oscillatoria amphigranulata Van Goor - + 

Oscilatoria lenuis Ag. + + 

Microcystis aeruginosa Kutz + + 

Nostoc linckia (Rolth) Bornd Flah + + 

Nostoc commune Vauch - + 

Rivularia minulula (Kutz.) Bornd Flah + - 

Rivularia biasolettiana Monegh - - 
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Abstract- Human Development described as the ultimate goal of 

the development process with economic growth, or as a means 

towards improved human development. Economic growth is an 

important factor in reducing poverty and generating the resources 

necessary for human development and environmental protection. 

The human development is a process of expanding the real 

freedoms that people enjoy. There is a strong correlation between 

gross domestic product (GDP) per capita and indicators of 

development such as life expectancy, infant mortality, adult 

literacy, political and civil rights, and some indicators of 

environmental quality. However, economic growth alone does 

not guarantee human development. In fact, the performance of an 

economy or region has begun to be measured by how it fares 

with respect to its attainments in human development. The 

current study attempts to analyze the relationships among Human 

Development and Economic Growth for traditional Assamese 

fisherman of Niz-Saldah village in Sarthebari Revenue Circle of 

Barpeta District, Assam. The study will be able to draw a clear 

cut picture of the traditional Assamese fisherman in Niz-Saldah 

village and also analyse their various problems and prospects. It 

will help the researchers to carry out further study in state level, 

regional level and national level. Side by side the study will be 

helpful for up gradation and development of those communities 

and so on. SOI topographical maps, secondary data, field data, 

GIS and field observations will be used to carry out this study. 

 

 

Index Terms- Human Development, Economic Growth, 

Traditional Assamese Fisherman, GIS 

 

I. INTRODUCTION 

uman development has recently been advanced as the 

ultimate objective of human activity in place of economic 

growth. Human development has been defined as enlarging 

people's choices in a way which enables them to lead longer, 

healthier and fuller lives.  Clearly, there exists a strong 

connection between economic growth and human development. 

The greater freedom and capabilities improve economic 

performance; human development will have an important effect 

on growth. Similarly, to the extent that increased incomes will 

increase the range of choices and capabilities enjoyed by 

households and governments. The impact of economic growth on 

a nation’s human development level also depends on other 

conditions of the society. One important is the role of the 

distribution of income. The same level of GNP can lead to very 

different performance on human development according to the 

allocation of GNP among and within these institutions: 

household, government activity, civil society, community 

organizations and other non-governmental organizations. There 

exists a strong connection between economic growth and human 

development. On the one hand, economic growth provides the 

resources to permit sustained improvements in human 

development. On the other, improvements in the quality of the 

labor force are an important contributor to economic growth. The 

relationship between human development and economic growth 

may now be widely accepted. The purpose of this paper is to 

understanding the link between the Assamese Fisherman and 

their Economic Growth. This in turn permits us to analyze 

priorities in the phasing of policy and to examine the usual 

assumption that economic growth must precede progress on 

human development. 

 

II. OBJECTIVES 

          The study covers only a small part of the fishery 

community of Niz-Saldah Village of Barpeta District. Principal 

objectives of the present study are: 

i) To study the social behavior of the fisherman. 

ii) To know the seasonal change of fishing culture. 

iii) To study the causes and problems which influence 

the development of fishing community in the area. 

iv) To study the trend of change of occupation and 

culture among the fisherman. 

v) To suggest few remedial measures and suggestion 

for the development of the community in the study 

area. 

 

III. METHODOLOGY AND DATABASE 

          The entire study had involved nos. of steps: 

          i) Pre-fieldwork Stage: In this stage, the problem is 

formulated on the basis of studies of various published 

documents and personal field investigations. The secondary data 

and information will be collected from various sources. The base 

map for the study area will be prepared from the toposheet 

H  
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published by the Survey of India, Census Reports and different 

official maps.  

          ii). Fieldwork Stage: This is the stage of collecting primary 

data from the field. Field works are to be conducted though 

household survey, personal interview. Some data on socio-

economic condition like population structure, cropping pattern, 

fishing category, educational status, occupational structure, 

income pattern, expenditure pattern,problems of the fishing 

activities, etc. 

          The secondary data are collected from the Govt. offices 

within Sarthebari and also from different offices from Barpeta 

and Guwahati. 

 

The main secondary data sources are: 

a) Circle office, Sarthebari Revenue Circle. 

b) Assam Samabay Kahar Sangha, Sarthebari. 

c) District Census office,Barpeta 

d) Sarthebari town committee. 

e) Deptt. Of Economics and Statistics Govt. of Assam. 

f) Statistical Handbook of Assam. 

 

          iii). Post-fieldwork Stage: This stage deals with the 

processing and summarisation of raw data into various levels in 

the laboratory using computer applications with GIS. Various 

cartographic and quantitative techniques will be used to prepare 

maps, charts, tables, diagrams, etc. Inferences drawn from data 

analysis are to be verified again and again in the field itself for 

final validation. 

IV. A PROFILE OF THE STUDY AREA 

Geographical Setting of the study area:  

          The study area is a place under Sarthebari Revenue Circle 

in Barpeta District,Assam. The village Niz-Saldah is a low land 

area. The name Niz-Saldah “Sal” means a type of fish and “dah” 

means low land. In a time Sal fish are abundantly found here for 

this cause the area is named Niz-Saldah. The area is located at a 

distance about ten kilometers from the mighty river Brahmaputra 

therefore it is situated within the boundary of active floodplain. 

The area is locally called “Da”where the fish “Sal” (locally 

called) was available. Combinely the name “Saldah”came into 

existence among the people. The area is located at the 

geographical intersection of 26
o
48’N longitude and 91

o
16’E. The 

surface configuration is characterized by a multitude of dead and 

active rivers. The area is affected by flood waters by the river 

Kaldia. There are several bills surrounding the whole area and 

exhibit a marshy characteristics. 

          Physiographically this region is a flood plain. General 

height of the area is about 45ft from sea level and general 

gradient of the area is from north to south, for which the various 

local streams flow from north to south with local meandering. 

Basically whole of the Brahmaputra valley of Assam forms 

alluvial soil. It is the deposition of alluvial soil carried by the 

river Kaldia. The region is climatically dominated by four 

season1) Summer monsoon season 2)Retreating monsoon 

season, 3)Winter season, 4)Pre-monsoon season. 
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Fig.1: Location map of Niz-Saldah Village 

 

 

 

V. POPULATION STRUCTURE 

          The total population of the study area is 1638 of which 825 

are male and 813 are female with total households of 270 as per 

2001 census. The average household size of the village is 6.07. 

The percentage of scheduled caste population is 40.47% while 

scheduled tribe population is 0.18% and rest population are 

general caste population. The literacy rate is 68.7% with 57.6% 

of males and 42.4% of females being literate. About 98% of the 

total population are Hindu and very little portion of population 

are Muslim. The area is dominated by the people of Assamese 

community. 

 

VI. OCCUPATIONAL STRUCTURE 

          The occupation depends upon the man’s environment. The 

work of livelihood by which they fulfill their needs is 

occupation. Fishing is the main occupation of the people in the 

study area, 52.43% of the people are engage in fishing. 

Agriculture is another important occupation of the study area. 

About 30.48% people are engaged in agriculture. 6% are 

engaged in government services and 7.31% people are work as a 

daily labour. Only 3.65% people are directly engaged in business 

and other activities. 

 

Table 1: Occupational Structure of the study area 

 

Occupation People Engaged Percentage 

Fishing 860 52.43 

Agriculture 499 30.48 

Govt. Services 99 6.09 

Daily labourer 120 7.31 

Business and Others 60 3.65 

Total Population 1638 100 

 

 

Fig.2: Showing the occupational structure of Niz-Saldah 

village in percentage. 
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VII. MONTHLY INCOME PATTERN 

           The total monthly income of the Niz-Saldah village is 

about Rs1,00,98,000.Out of them Rs.61,56,000comes from 

fishing and fishery,Rs.15,62,500 form agricultural 

sector,9,94,000 from govt.services,Rs.7,78,000 as a labourer and 

about 6,07,500 from business and other activities. 

 

Table 2: Monthly Expenditure Pattern 

 

Item Amount(Rs.) Percentage 

Food 49,54,000 72.05 

Education 17,44,500 9.01 

Medical Treatment 11,0000 2.58 

Household 

Expenditure  

83,900 1.98 

Agricultural Inputs 9,49,500 5.51 

Labour Cost 102,800 2.68 

Clothing 6,67,000 6.15 

 

 

 

Fig.3: Expenditure Pattern of Niz-Saldah Village 

 

Other Facilities: 
          The village survey data shows that almost all houses were 

electrified except few poor families.The average hours of 

electricity available in the village is about 8hours. Distribution of 

common drinking water facilities shows that of the different 

sources 90 percent are private tubewell. Few families depened on 

pond and river for water. The sanitation status of the sample 

village shows that only18.52% families have pucca 

latrine,50.17%have kutcha latrines and about 31.31%uses open 

field.The village is loacted at distance of 6km from Dubi and 

about 2km from Bangaon.The important market centre is 

pathsala which is about 10km from the study area.Another 

important market centre is Barpeta which is 40km from the study 

area and Sarthebari is the another market which is 20km far from 

the study area.The connectivity status of the village shows that 

from Pathsala to Dubi, it have pucca approach road.From Dubi to 

Niz-Saldah it is kucca road.The Primary Health Sub-Centre is 

located within the village.However motorable roads are only for 

a limited periods of time during winter months.Same is the case 

with the medicine shops although they are better accessible than 

the health facilities.Thus,effectively the accessibility of the 

health services severely constrained. 

 

Social behavior of Fisherman 

          The traditional Assamese fisherman are simple and straight 

forward and visitors are pleased with their hospitability. The 

social behavior of the traditional Assamese fisherman in the 

study area are same with the Assamese traditional 

behaviour.They serves “Pan and Tamul” to their guest and also 

serves tea.The people in this area have their traditional dresses 

like Curia,Kames,Gamocha and shirt etc.Female are dressed with 

Machala Chador,Riha etc.Rice is the staple food in the study area 

and they also take other assamese dishes like fish, 

meat,vegetables  etc.’Gopinath Sabah’ is their most important 

festival held every year in the month of march.They also observe 

different types of Bihu and Pujas. 

 

Fishing as a source of Income: 

          For large proportion of world’s population,fishing is not 

only the way of getting the food, it is also the source of income.It 

is therefore the most vulnerable people who suffer most if water 

resources dry up as a consequence of overfishing or climate 

change.fishing is a global industry that employs upto about 200 

million people all over the world.Furthermore there are more 

people whob are in some way dependent on fishing for their 

survival. In Assam there are about 3.91 lake hectare of water area 

in the form of rivers,beels,derelict waterbodies and ponds and 

tanks.In the study area the main source of fish is the Kaldia river 

and the other source are from bils and ponds. Monthly  assamese 

fisherman in the study area earn an amount of about 

Rs.61,56,000. 

 

Seasonal Change of fishing area and fishing culture: 

          In the Niz-Saldah village the traditional Assamese 

fisherman change their fishing area from season to season.In 

rainy season they catch fish from the river kaldia and in winter 

season the main source of fish is Bils,Ponds. They capture fish 

from their village and also from the other nearest 

village.Common species are-Carp,Climbin fish,Mud water 

fish.Scorpion fishes,Eel,Sal etc.The traditional Assamese 

fisherman are economically backward.Their fishing culture also 

changes seasonally.They use different types of instruments like 

Jal/Net,Jakari,Pala,Jaoki,Chepa,Chorha,Barashi,Boa. These 

fisherman also depend on agriculture for their livelihood. 

 

VIII. CONCLUDING PART 

Identification of the problems: 

          The present study tries to identify some problems of socio-

economic backwardness of trditional Assamese fisherman of the 

area. These problems  are interrelated with each other.One is 

cause of another problem. These can be identified as: 

i) Excessive dependence on fishing. 

ii) Traditional method of Fishing. 
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iii) Illiteracy among the people. 

iv) Predominance of fishing in economy. 

v) Problem of immigration from Bangladesh. 

vi) Improper management of social resources like 

fields,fisheries,bridge,canals etc. 

vii) Transport facilities are not well developed. 

viii) Lack of nearest market. 

ix) People are not economically conscious. 

x) Modern culture also affects their traditional 

folk culture. 

xi) Low standard of living. 

xii) Lack of proper medical facilities. 

 

          After observation in the Niz-Saldah Village it is observed 

that traditional and environmental aspects determine the 

occupation of the fisherman.They were little aware of 

government schemes and policy.Unaware of scientific method of 

fishing.Their standard of living is also very poor.With the 

Human Development Index of 0.396 which are below the HDI 

value for the state as a whole (0.407).Barpeta ranks 9
th

 among the 

27districts in terms of capabilities to lead productive and 

satisfying lives. 

 

IX. REMEDIAL MEASURES CUM SUGGESTIONS 

          For the development of the traditonal assamese fisherman 

in the study area some points are included here which will helps 

not only the fisherman but also helps in the economic 

development of the area.The measures are: 

 

i) It is very essential to develop the fishing methods and 

techniques for the economic development of the study 

area. 

ii) Side by side it is essential to develope  agriculture 

methods and techniques. 

iii) There is urgent need for the development of transport 

and communication network to develop the area. 

iv) To remove illiteracy,the education  level must be 

higher.In elementary stage there should be provision of 

compulsory and free education facilities in the study 

area. 

v) Health is the primary and chief resource of human 

being.For the development purpose it is necessary to 

become a good health of locality.That is why the 

facilities of medicine,doctor and proper health care 

centres must be set up in the study area. 

vi) There is a need to change the social attitude and 

attributes for the development of fisherman in the area. 

The social system,social restrictions should be remove 

for better development of the fisherman in the area. 

vii) There are many other factors which helps in  improving  

the socio-economic condition of the fisherman like 

financial assistance by the government for proper 

development of the area and also arrangement of 

training programms to increase fish production etc. 

 

X. FUTURE PROSPECTS 

          Although the traditional Assamese fisherman depends on 

traditional methods for fishing,some future prospect have been 

noticed in their life and culture which are effecting the core of 

their culture to some extent.Changes are noticed in respect of 

religions,beliefs and practices.Also changes are noticed in their 

fish capturing methods.Recently emphasis has been given for 

scientific fish farming in bils and community tank through 

awareness,training,government support.There is positive trend in 

fish productivity during the recent past.With a view to achieve 

the goal towatrds self sufficiency in fish production the 

traditional Assamese fisherman should aware about the 

developmental program/schemes. So, economic growth itself will 

not be sustained unless preceded by improvements in human 

development. 
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Abstract- This True Experimental study compared academic 

performance of students in class VIII in one of the English 

Medium School of Vadodara, India among traditional 

instruction, only Computer Assisted Instruction (CAI) and 

Computer Assisted Instruction with simultaneous discussion. The 

design used in this study was posttest only control group design 

Three sections of class VIII students were selected and groups 

were randomly allotted. ANCOVA was used in data analysis. 

There was significant difference in the post test scores of 

students receiving traditional method, only CAI and CAI with 

simultaneous discussion. Bonferroni correction was used for Post 

hoc test. It revealed that traditional method is as effective as only 

CAI. CAI with simultaneous discussion is more effective than 

traditional method. CAI with simultaneous discussion is more 

effective than only CAI.   

 

Index Terms- Computer Assisted Instruction, Self Learning 

Material, Auto Instructional Method, Simultaneous Discussion 

and symbolic language 

 

I. INTRODUCTION 

Significant number of students find it difficult to learn 

mathematics.   Mathematics is a special subject symbol 

occupies a very important role in it. The nature of mathematics 

makes difficult for the students to learn. [1] Success or failure in 

a mathematics course has a strong influence on students' choice 

of major and whether they graduate and qualify for meaningful 

jobs. Mathematics is an abstract subject. [2]The reasoning in 

mathematics possesses a number of characteristics, namely, 

characteristics of accuracy, verification of results, certainty of 

results, similarity to reasoning in life, originality. All these 

characteristics automatically become a part and parcel of a child 

when he learns mathematics. Mathematics is a symbolic 

language. Students find it difficult to understand mathematics 

because of symbols and abstractness. [3]Patel in her study 

specifies that one of the reasons for the selection of commerce 

stream was that students felt science stream to be difficult, as it 

requires a lot of hard work to be put in. The study also stated that 

few of the students who earlier took up science stream later on 

got shifted to commerce stream, as they could not cope up with 

Physics and Mathematics. [4] Ours and previous few generations 

have failed to produce good mathematics teachers at school level 

in adequately large numbers. If a boy or girl is taught by a bad 

mathematics teacher he will be worse off than not being taught it 

at all. The corpus of this enormous knowledge that man built 

over the last few centuries will be too burdensome to carry into 

future on the shoulders of ill-equipped school Mathematics 

teachers. Currently, Science stream is divided into group A with 

Mathematics and group B without Mathematics. As 21st century 

progresses there will be two kinds of people - mathematically 

abled and mathematically disabled or disadvantaged. The latter 

takes orders from the former. Our country requires technically 

skilled manpower and in order to meet this objective 

mathematics plays an important part.  [5] In order to overcome 

the difficulties faced by the students, teacher should adopt 

different methodology in teaching of mathematics like drill 

method, using different audio visual aids, computer aided 

instruction, mathematical club etc. One of the methods is auto-

instructional method. It is a method of individualized instruction. 

One of its forms is CAI (Computer Assisted/Aided Instruction) 

auto instructional teaching. It is very useful to the teachers and 

the students as it lessens the burden of teaching and learning and 

it makes teaching and learning interesting. It also helps the 

students to learn at their own pace and at their own convenience. 

It motivates the students and increases the enthusiasm of the 

students.  In this method students read different frames and 

answer the questions that follow and by this way they learn 

automatically. Even the learning that takes place through CAI is 

accurate and untiring. The most beneficial part of CAI is it 

provides the mixture of wide range of visual, graphics and 

pictures to make the teaching learning more interesting. In this 

line investigators developed and implemented CAI and found its 

effectiveness. 

 

II. RATIONALE OF THE STUDY 

        Many studies have been conducted on low achievements in 

mathematics. [6]Author have studied the low results in 

mathematics at Secondary Examination in Rajasthan and found 

that the cause of failure was non-availability of mathematics 

teachers due to late appointments and frequent teacher transfers; 

lack of appropriate classrooms. [7]Author has found the causes 

responsible for under achievements were gaps in knowledge of 

concepts, difficulties in understanding of mathematics language. 

These studies clearly show that students find difficulty in 

learning mathematics and there is a need to develop some self 

learning material to make learning easy. Many studies have been 

conducted to find out the effectiveness of CAI in terms of 

achievement of the students in learning. [8] Author found that 

experimental group performed better on post test. The studies 

conducted by authors [9-18] showed that CAI was effective than 

conventional method. [20]Author in his study found that 

mathematics learning through CAI with Peer Instruction (CAIPI) 

A 
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was effective on posttest. [21]Author found that there was no 

statistically significant difference in the posttest scores of 

students receiving traditional instruction and traditional 

instruction supplemented with computer-assisted instruction. All 

the above stated research are conducted is subject other than 

mathematics. There were only three studies related to 

mathematics one was related to higher mathematics and other 

two are related to school mathematics and these two compared 

the traditional method and CAI. There was no research related to 

arithmetic part of mathematics and related to upper primary 

section. Investigators felt the need to conduct a research in 

arithmetic part of mathematic in upper primary section and with 

different modes.   

 

III. METHODOLOGY OF THE STUDY 

A. The Present Study Entitles  

  The Effectiveness of Computer Assisted Instruction in Teaching 

Arithmetic 

 

B. Objectives of the Study 

 To develop the CAI in Mathematics for Standard VIII 

students studying in schools affiliated to GSHSEB (Gujarat 

State Secondary and Higher Secondary Education Board). 

 To study the effectiveness of the developed CAI in terms of 

students’ achievement in Mathematics with one of the 

experimental groups (Group A) of standard VIII students. 

 To study the effectiveness of the developed CAI in terms of 

students’ achievement in Mathematics with another 

experimental group (Group B) of standard VIII students 

along with treatment of simultaneous discussion. 

 To study the relative effectiveness of learning mathematics 

in class VIII among the three groups A, B and C (Where C 

is the control group and A and B are experimental groups) in 

terms of achievement of the students. 

 

C. Hypotheses of the Study  

        • There will be no significant difference in the mean 

achievement scores of group C students and group A students. 

        • There will be no significant difference in the mean 

achievement scores of group C students and group B students. 

        • There will be no significant difference in the mean 

achievement scores of group A students and group B students. 

 

 D. Delimitation of the Study 

        The present study was delimited to standard VIII English 

Medium GSHSEB students and only arithmetic unit of the 

mathematics textbook in the year 2010 was covered during 

experimentation of the present study. 

 

E. Design of the Study 

  The study adopts the post test only control group design. 

 

F. Population of the Study 

        There are 61 grant-in-aid schools in the city of Vadodara, 

functioning under the Gujarat State Board of secondary and 

Higher Secondary Education (GSHSEB) following the rules and 

regulations laid by the Ministry of Human Resources of the 

Government of India. The population of the study consists of all 

the Standard VIII English medium students of GSHSEB of 

Vadodara city in the year 2010.   

 

G. Sample and Procedure of the Study 

        One school in the urban area was selected on the basis of the 

computer facilities available in their campus for con-ducting the 

experiment. Random sampling technique was used to select 

groups by the researchers in this study. The Experimental Group 

A consisted of 28 students and Experimental Group B consisted 

of 24 students and Control Group consists of 21 students 

Experimental Group A studied through the developed CAI. 

Experimental Group B studied through the developed CAI along 

with simultaneous discussions and Control Group studied 

through traditional method.  Students in all the groups learned 

the same topics viz ‘Profit and Loss’ and ‘Simple and Compound 

Interest' through the respective instructional strategy. Experiment 

time duration was 30 periods each period consisted of 35 minutes 

in each group for one month. 

 

H. Tools for Data Collection 

        1) Computer Assisted Instruction developed by the 

Investigator and modified according to the advice given by 

experts in mathematics, mathematics education, English and 

Computer Science. 

        2) Achievement tests developed by the investigator served 

as pre test and post test. 

 

I. Steps in data collection 

        Step 1: One of the English medium school of Vadodara, 

India following GSHSEB syllabus class VIII students were 

selected purposively having the required facility to conduct the 

experiment. 

        Step 2: Students were divided randomly into three groups 

control group taught by usual conventional method, 

Experimental Group A (only CAI) and Experimental Group B( 

CAI with simultaneous discussion).   

        Step 3: Class VII final examination mathematics marks 

were collected by the investigators for the purpose of calculation 

of ANCOVA. 

        Step 4: Students were taught in their respective methods for 

one month till the completion of the selected arithmetic unit. 

Control group students were taught by school mathematics 

teacher.  

Step 5: Post test was administered to the students and their 

response was collected and analyzed. 
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IV. DATA ANALYSIS AND INTERPRETATION 

 [22] ANCOVA Calculation 

 

Table 3: Calculation of ANCOVA Control Group (traditional Method) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
X Y X*X Y*Y X*Y 

S.No 

VII 

Marks  

out of 

100 

Post 

Test 

out of 

100 

   

1 70 33.33 4900.00 1111.11 2333.33 

2 54 40.00 2916.00 1600.00 2160.00 

3 57 46.67 3249.00 2177.78 2660.00 

4 39 53.33 1521.00 2844.44 2080.00 

5 99 53.33 9801.00 2844.44 5280.00 

6 37 60.00 1369.00 3600.00 2220.00 

7 58 53.33 3364.00 2844.44 3093.33 

8 75 46.67 5625.00 2177.78 3500.00 

9 39 40.00 1521.00 1600.00 1560.00 

10 37 60.00 1369.00 3600.00 2220.00 

11 57 33.33 3249.00 1111.11 1900.00 

12 91 46.67 8281.00 2177.78 4246.67 

13 56 60.00 3136.00 3600.00 3360.00 

14 77 26.67 5929.00 711.11 2053.33 

15 52 33.33 2704.00 1111.11 1733.33 

16 63 33.33 3969.00 1111.11 2100.00 

17 51 33.33 2601.00 1111.11 1700.00 

18 66 60.00 4356.00 3600.00 3960.00 

19 46 40.00 2116.00 1600.00 1840.00 

20 44 40.00 1936.00 1600.00 1760.00 

21 74 53.33 5476.00 2844.44 3946.67 

sum 1242 946.67 79388.00 44977.78 55706.67 

avg 59.14 45.08 
   

S.D. 17.22 10.73 
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Table 4: Calculation of ANCOVA Experimental Group A (only CAI ) 

 

 
X Y X*X Y*Y X*Y 

S.No 

VII 

Marks 

out of 

100 

Post 

Test 

out of 

100 

   

1 52 26.67 2704.00 711.11 1386.67 

2 51 33.33 2601.00 1111.11 1700.00 

3 43 40.00 1849.00 1600.00 1720.00 

4 35 33.33 1225.00 1111.11 1166.67 

5 43 40.00 1849.00 1600.00 1720.00 

6 35 33.33 1225.00 1111.11 1166.67 

7 40 40.00 1600.00 1600.00 1600.00 

8 59 40.00 3481.00 1600.00 2360.00 

9 38 46.67 1444.00 2177.78 1773.33 

10 78 40.00 6084.00 1600.00 3120.00 

11 84 60.00 7056.00 3600.00 5040.00 

12 37 46.67 1369.00 2177.78 1726.67 

13 90 100.00 8100.00 10000.00 9000.00 

14 79 20.00 6241.00 400.00 1580.00 

15 36 40.00 1296.00 1600.00 1440.00 

17 69 46.67 4761.00 2177.78 3220.00 

18 35 20.00 1225.00 400.00 700.00 

19 81 73.33 6561.00 5377.78 5940.00 

20 100 73.33 10000.00 5377.78 7333.33 

21 35 40.00 1225.00 1600.00 1400.00 

22 35 40.00 1225.00 1600.00 1400.00 

23 46 33.33 2116.00 1111.11 1533.33 

24 38 40.00 1444.00 1600.00 1520.00 

25 40 46.67 1600.00 2177.78 1866.67 

26 38 40.00 1444.00 1600.00 1520.00 

27 93 40.00 8649.00 1600.00 3720.00 

28 77 46.67 5929.00 2177.78 3593.33 

sum 1487 1180.00 94303.00 58800.00 70246.67 

avg 55.07 43.70 
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S.D. 21.85 16.68 
   

 

 

Table 5:  Calculation of ANCOVA Experimental Group B (CAI with simultaneous discussion) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6: ANOVA table for Adjusted X 

 

Source d.f. SS MS F-Ratio 

Between 

groups 
2 2972.085 1486.043 3.880082 

Within 

groups 
68 26043.49 382.9926 

 

     
Total 70 29015.58 

  
 

 

 
x y x*x y*y x*y 

s.n 
vii marks  

 out of 100 

post test  

out of 100    

1 38 93.33 1444.00 8711.11 3546.67 

2 35 80.00 1225.00 6400.00 2800.00 

3 42 73.33 1764.00 5377.78 3080.00 

4 41 93.33 1681.00 8711.11 3826.67 

5 55 66.67 3025.00 4444.44 3666.67 

6 52 73.33 2704.00 5377.78 3813.33 

7 35 93.33 1225.00 8711.11 3266.67 

8 64 73.33 4096.00 5377.78 4693.33 

9 36 60.00 1296.00 3600.00 2160.00 

10 96 100.00 9216.00 10000.00 9600.00 

11 40 60.00 1600.00 3600.00 2400.00 

12 55 66.67 3025.00 4444.44 3666.67 

13 44 73.33 1936.00 5377.78 3226.67 

14 95 100.00 9025.00 10000.00 9500.00 

15 45 73.33 2025.00 5377.78 3300.00 

16 61 60.00 3721.00 3600.00 3660.00 

17 35 46.67 1225.00 2177.78 1633.33 

18 56 46.67 3136.00 2177.78 2613.33 

19 42 60.00 1764.00 3600.00 2520.00 

20 94 93.33 8836.00 8711.11 8773.33 

21 93 60.00 8649.00 3600.00 5580.00 

22 48 66.67 2304.00 4444.44 3200.00 

23 76 80.00 5776.00 6400.00 6080.00 

24 100 100.00 10000.00 10000.00 10000.00 

sum 1378 1793.33 90698.00 140222.22 106606.67 

avg 57.42 74.72 
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Table 7: Result of One-Way ANCOVA 

 

ANCOVA  

Results (k=3)       

 
Source SS df MS F P 

 
adjusted means 14643.36015 2 7321.68008 37.516212 0.000000000010 

 
adjusted error 13270.90918 68 195.160429 

  

 
adjusted total 27914.26934 70 

   
Test for Homogeneity 

 of Regressions       

 
Source SS df MS F P 

 
between regressions 904.9218154 2 452.460908 2.4880619 0.090605826 

 
remainder 12365.98737 68 181.852755 

  
 

Table 8: Adjusted Means of the respective groups 

 

  

CV 

Observed 

DV 

Observed   Group 

Means   

 

Adjusted   

1 57.41666667 74.72222 74.61422 EXP B 

2 55.07407407 43.7037 44.27039 Control 

3 59.14285714 45.07937 44.4742 Exp A 

 

         At 5% level, the table value of F for v1 = 2 and v2 = 68 is 

3.132 this value is less than the calculated value (i.e. calculated 

value of 37.516 is greater than table value) and accordingly we 

infer that F-ratio is significant at 5% level which means the 

difference in group means is significant.  

         At 1% level, the table value of F for v1 = 2 and v2 = 68 is 

4.92 this value is less than the calculated value (i.e. calculated 

value of 37.516 is greater than table value) and accordingly we 

infer that F-ratio is significant at 1% level which means the 

difference in group means is significant.  

         Adjusted Mean of Experimental Group B(74.61422) with 

discussion is more than the other two groups namely 

Experimental Group A(44.4742) and Control Group(44.27039).   

 

[23] Post test results (Bonferroni correction) at 5% level 

 

Table 9: Mean and size of the sample of the respective groups 

 

  Comparison   Mean 1     Mean 2     N1     N2   

  1: Control GP and Exp A    + 45.08    + 43.70    21    28   

  2: Control GP and Exp B    + 45.08    + 74.72    21    24   

  3: Exp A and Exp B    + 43.70    + 74.72    28    24   

 

Mean Square= 382.9926    DF= 68 

 

Table 10: Calculation of confidence intervals 

 

  Comparison     Mean1 - Mean2     95% CI of difference   

  1: Control GP and Exp A   + 1.38   - 12.49  to  + 15.25   

  2: Control GP and Exp B   - 29.64   - 43.99  to  - 15.29   

  3: Exp A and Exp B   - 31.02   - 44.38  to  - 17.66   
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Table 11: Comparison of Statistical Significance of three groups 

 

  Comparison     Significant? (P <0.05?)   t 

  1: Control GP and Exp A No    0.244   

  2: Control GP and Exp B Yes    5.069   

  3: Exp A and Exp B Yes    5.698   

  

At 5% level of significance 

          1.There is no significant difference between the mean 

achievement scores of Control Group students and Experimental 

Group A (Only CAI) students. 

This shows that both the methods that is teaching by traditional 

method is as effective as teaching by only CAI. 

          2. There is significant difference between the mean 

achievement scores of Control Group students and Experimental 

Group B (CAI with simultaneous discussion) students. 

          From the above result it can be concluded that there is 

significant difference between teaching by traditional method 

and CAI with simultaneous discussion. Mean achievement score 

of students taught by CAI with simultaneous discussion is more 

than mean achievement score of students taught by traditional 

method. Therefore CAI with simultaneous discussion is more 

effective than traditional method. 

          3.There is significant difference between the mean 

achievement scores of Experimental Group A( Only CAI) 

students and Experimental Group B(CAI with simultaneous 

discussion) students. 

          From the above result it can be concluded that there is 

significant difference between teaching by only CAI and CAI 

with simultaneous discussion. Mean achievement score of 

students taught by CAI with simultaneous discussion is more 

than mean achievement score of students teaching by only CAI. 

Therefore CAI with simultaneous discussion is more effective 

than only CAI.  

 

[23] Post test results (Bonferroni correction) at 1% level 

 

  Comparison   Mean 1     Mean 2     N1     N2   

  1: Control GP and Exp A    + 45.08    + 43.70    21    28   

  2: Control GP and Exp B    + 45.08    + 74.72    21    24   

  3: Exp A and Exp B    + 43.70    + 74.72    28    24   

Mean Square= 382.9926    DF= 68 

 

Confidence intervals 

 

  Comparison     Mean1 - Mean2     99% CI of difference   

  1: Control GP and Exp A   + 1.38   - 15.81 to +18.57   

  2: Control GP and Exp B   - 29.64   - 47.43  to  -11.85   

  3: Exp A and Exp B   - 31.02   - 47.58  to  - 14.46   

  

Statistical Significance 

 

  Comparison     Significant? (P <0.01?)   t 

  1: Control GP and Exp A No    0.244   

  2: Control GP and Exp B Yes    5.069   

  3: Exp A and Exp B Yes    5.698   

  

At 1% level of significance 

         1.There is no significant difference between the mean 

achievement scores of Control Group students and Experimental 

Group A (Only CAI) students. 

This shows that both the methods that is teaching by traditional 

method is as effective as teaching by only CAI. 

         2. There is significant difference between the mean 

achievement scores of Control Group students and Experimental 

Group B (CAI with simultaneous discussion) students. 

         From the above result it can be concluded that there is 

significant difference between teaching by traditional method 

and CAI with simultaneous discussion. Mean achievement score 

of students taught by CAI with simultaneous discussion is more 

than mean achievement score of students taught by traditional 

method. Therefore CAI with simultaneous discussion is more 

effective than traditional method. 

         3. There is significant difference between the mean 

achievement scores of Experimental Group A( Only CAI) 

students and Experimental Group B(CAI with simultaneous 

discussion) students. 

         From the above result it can be concluded that there is 

significant difference between teaching by only CAI and CAI 

with simultaneous discussion. Mean achievement score of 

students taught by CAI with simultaneous discussion is more 

than mean achievement score of students teaching by only CAI. 

Therefore CAI with simultaneous discussion is more effective 

than only CAI.  
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V. FINDINGS OF THE STUDY 

         From the data analysis it can be concluded that teaching 

students of class VIII the arithmetic part of mathematics by 

traditional method is as effective as only CAI. Teaching students 

by CAI with simultaneous discussion is more effective than 

traditional method that is traditional method should be 

supplemented by self learning material like CAI so that 

maximum learning takes place. Teaching students by CAI with 

simultaneous discussion is more effective than only CAI that is 

presence of teacher is essential so that students can clear their 

doubts arising while learning. 

 

VI. EDUCATIONAL IMPLICATION OF THE PRESENT STUDY 

         Students enjoyed learning mathematics through CAI and it 

helped students as a supplementary material. Self learning 

material should be developed in mathematics where ever possible 

for all classes and should be used along with the conventional 

method to make learning enjoyable pleasant experience. 

VII. CONCLUSION 

        The results of this study indicate that class VIII students 

learned mathematics equally well with or without CAI .The mere 

presence of computers does not improve student learning. 

Computers have the potential to be useful tools to improve 

learning; however, it is the responsibility of the teachers to 

choose software that meets the needs of the students, to use it 

effectively, and to require its use. Educators can tap into this 

interest by using technology to deliver instruction and assess 

learning. Computer learning systems provide educators the 

opportunity to create lessons in a variety of alternative formats to 

the traditional lecture in order to address the different learning 

styles and preferences of students. And this supplement is also 

useful to the students whenever they are absent to the class 

during the content is taught. They can refer repeatedly until they 

understand thoroughly this facility is absent in the traditional 

method. Ultimately quality is essential in any mode of 

instruction. There is also limitations in preparing CAI person 

should know not only the content but also methods to prepare 

CAI. 
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I. INTRODUCTION 

ype 2 Diabetes Mellitus is a complex disorder due to the 

actions and interactions of many genetic and environmental 

factors. Although exercise and changes in the diet can reduce the 

complications of Type 2 Diabetes Mellitus, identifying the 

genetic risk factors and non-genetic risk factors may help treat 

the disease better with its known physiology and effective 

therapies. Recent identification of different genetic risk locus of 

chromosomes, disease susceptibility genes and the genetic 

variations of each gene is not only a step towards knowing the 

disease but also help treate the disease, Type 2 Diabetes Mellitus 

better.  

           The first positionally cloned gene for Type 2 Diabetes 

Mellitus, Calpain 10, located on chromosone 2q37.3(NIDDM1) 

has undergone detailed study, four nucleotide polymorphisms 

(SNPs); UCSNP43, UCSNP44, UCSNP19, and UCSNP63 in the 

recent past with respect to other susceptibility genes; INS, INSR, 

PPARG etc. for Type 2 Diabetes Mellitus. Inheritance of specific 

haplotype combination defined by SNP-44, -43 -19 and -63 is 

found to be in association with increased risk to Type 2 Diabetes 

Mellitus. Different haplotypes and haplotype combinations such 

as four-locus (1112) and three locus (112) representing different 

alleles (G/G, G/A, T/C etc.)  in different ethnic groups (South 

Indians, Africans-Americans, Samoans  etc.) of different 

countries (Africa, Asia, India, UK etc.) has undergone as far as 

posible a through analysis to show the correlation between the 

disease and the other factors such as quantitative traits (hip size, 

waist to hip ratio etc), insulin resistence, glucose tollerence etc. 

in different ethnic groups.  

         Although Insulin secretion, insulin action, insulin 

stimulated glucose transport and insulin stimulated glycogen 

synthesis are the significant metabolic activities related to the 

disease of an individual, evidences from the studies show that 

there are susceptibility genes controlling these metabolic 

activities and calpain 10 and its variants contribute to the 

metabolic activites and Type 2 Diabetes Mellitus. Calpains are 

hetero-dimers, 80 KDa and 30 KDa, catalytic and regulatory sub-

units respectively within the range of I to VI domains probably 

with calcium binding sites.  Calpain 10, a cytoplasmic cystein 

protease probably requires calcium and phospholipids for its 

activity, is among one of 16 genes, 14 genes from 80K family 

and 2 genes from 30K family is expressed ubiquitously having 

probably its main function, protease activity and cellular 

signaling. Although Calpain 10 is highly expressed in heart, 

brain, liver, kidney and pancreas, the main role of it is in the 

tissues such as skeletal muscles.  

 

II. SINGLE NUCLEOTIDE POLYMORPHISM 

           Calpain 10 has 15 exons, spanning around 31 kb with 

probably twelve SNP’s located in different intron regions, of 

which only four have undergone detailed study with respect to 

the disease, Type 2 Diabetes Mellitus. All the SNP’s are situated 

in the non-coding regions such as SNP-44: T/C  and SNP 43; 

G/A  in the third intron region, SNP-19;  2R/3R in the sixth 

intron region and  SNP-63; C/T in the thirteenth intron region.  

           Calpain 10 increases susceptibility to Type 2 Diabetes 

Mellitus because of the strong involvement of its SNP-43, -44, -

19 and -63. There is no uniformity on the study of SNP’s in 

different populations with respect to the disease. In one study, 

SNP-19 genotype was reported risk genotype to Type 2 Diabetes 

mellitus by regression analysis in Tunisian Arab population(7) 

but in an another study, SNP-43 affects intra-abdominal obesity 

and insulin sensitivity in offspring of patients with Type 2 

Diabetes Mellitus which differs between men and women after 

an adjustment for insulin sensitivity(25).  

 

 

 

T 
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III. GEOGRAPHY AND LINKAGE DISEQUILIBRIUM 

           The susceptibility variant at Calpain-10 showed an 

unusual pattern of geographic structure. The survey of Calpain 

10 susceptibility variants indicate a complex and remarkable 

geographic structure at the locus which is  in consistent with the 

effects of positive natural selection acting on the gene itself or on 

the closely linked sit or sites, a study on African, Asian and 

European populations (8). There is a strong Linkage 

Disequilibrium pattern reported to be increased susceptibility to 

disease. Linkage Disequilibrium pattern also differ substantially 

between the African and non-African Samples and showed that 

all three pairs of polymorphism were in strong Linkage 

Disequilibrium in polish population (13). Extensive Linkage 

Disequilibrium among sites SNP-56, -59, -19 and -30 are also 

found in appreciable frequencies of the main susceptibility 

genotype 111/221 in the samples of Asian and Native American 

origin and provide a strong evidence for the ancestral state of 

polymorphic site (8). The coding variants cause coding 

polymorphism, they are L34V, T504A, R555C and V6661 found 

in UK (6). Ala 504 allele of the polymorphism T504A of SNP 

110 is in perfect Linkage Disequilibrium with C allele at SNP 44 

(6). 

IV. POPULATION AND  HAPLOTYPE 

COMBINATIONS 

           Calpain 10 and its variants was studied in eleven different 

types of populations without much conclusion and the type of 

haplotype or allele involved in the increased risk to Type 2 

Diabetes Mellitus. Different haplotypes increase the risk to type 

2 Diabetes Mellitus in different ethnic groups.  In UK population, 

only the 2111 haplotype containing SNP 44, a rare allele showed 

greater than expected transmission to diabetes offspring in 

contrast to other haplotypes and populations and 1112 haplotype 

had lower frequency and 2111 haplotype had higher frequency 

than expected. However,  112/121 haplotype combination of 

SNP-43, -19 and -63 is associated with Type 2 Diabetes Mellitus 

in Mexican-American, German, Gaza Strips populations (22) and 

it appears to increase type 2 Diabetes Mellitus in Samoans 

also(20). But 112/121 haplotype was less common in UK 

population and was less risk to Type 2 Diabetes Mellitus(6) and 

112/121 haplotype was not associated with type 2 Diabetes 

Mellitus in Tunisian of Arab descent population(7) and Polish 

population (13). A well-established study shows that; haplotype 

combinations, 111/121 susceptible in Koreans and Northern 

Europeans, 112/221 susceptible in Chinese and 121/121 in Pan-

European and Scandinavians. Moreover, these associations to 

Type 2 Diabetes Mellitus is in contrast to Tunisian (South East 

Tunisia) populations where 121/221 diplotype is with increased 

risk of Type 2 Diabetes Mellitus (7). In Samoans of the western 

pacific, the most common haplotypes are 121, 111, and 112 (20). 

In addition, 121 haplotype were more prevalent in Type 2 

Diabetes Mellitus in Polish Population and 121/121 combination 

is associated with an increased risk of Type 2 Diabetes Mellitus 

in Polish Population, however the increased risk of Type 2 

Diabetes Mellitus in Polish population is only in the presence of 

111 haplotype (13). The analysis of the pooled data sets showed 

that SNP-43, SNP-19 and SNP-63 haplogenotypes were 

associated with type 2 Diabetes Mellitus in Europeans(21). The 

association of the 121/121 haplogenotype with type 2 Diabetes 

Mellitus was also observed by meta-analysis and the SNP-43 G 

allele and the 121 and 221 haplotypes showed significant 

association with type 2 Diabetes Mellitus in both the pooled and 

meta-analyses. The rare 112 haplotype reached significance in 

only the pooled analysis(21). The haplogenotypes 112/121 and 

121/121 were associated with significantly increased risk and 

111/221 with reduced risk in the pooled analysis (21). Finally, 

the knowledge of haplotypes is mostly limited to their presence 

like haplotype 121 were most common in non-African samples, 

haplotype 121 was not observed and haplotype 221 or 112 were 

much more common in two African samples (8).  

 

V. INSULIN AND CHOLESTEROL 

           Calpain 10 was found in association with measure of 

insulin action in Pima Indians with normal glucose tolerance 

showing susceptibility through its effects on oxidation of glucose 

in skeletal muscles. Calpain 10 mRNA levels were elevated in 

pancreatic islets of patient with Type 2 Diabetes Mellitus and 

there was a positive correlation between Calpain 10 expression 

and insulin release in response to arginine in non-diabetic but not 

in diabetic donors (10). Tissues other than muscles also may play 

an important role in insulin-regulated glucose disposal (23). This 

idea is consistent with the hypothesis that mice store a larger 

percentage of glycogen in liver than in muscle, as compared to 

humans. Calpain 10 expression correlates with insulin release in 

non-diabetic islets and the correlation is lost if it is in the case of 

Type 2 Diabetes Mellitus. SNP-19 significantly alters the insulin 

sensitivity index by synthesis of a mutant protein and/or altered 

transcriptional regulation, which could contribute to the diabetes 

risk. One of the main tests to Diabetes Mellitus is cholesterol 

test. The total cholesterol level in heterozygous patients was 

higher than in homozygous patients for G allele of Type 2 

Diabetes Mellitus. Patients with G/A type have higher total 

cholesterol levels in comparison with G/G allele  and SNP-19 

increases highest total cholesterol level (22); haplotype 

combinations, 111/111 has lowest total cholesterol, 121/221 has 

highest level of cholesterol and Control 111/121 has highest level 

of total cholesterol in the populations of Gaza Strip (22).  

 

VI.  NUTRI-GENETICS AND INSULIN RESISTANCE 

           Nutri-Genetics is a study of interaction of nutrients with 

gene. Calpain10 may be a fuel sensor, and a determinant of 

insulin exocytosis in the beta cells, with the actions in the 

mitochondria and plasma membrane. In diabetes, it is established 

that insulin resistance is the primary abnormality and that beta 

cell dysfunction is a late event that arises from the prolonged 

increased secretion of insulin. Lower level of Calpain 10 mRNA 

leads to insulin resistance (4). Gene-nutrient interaction modifies 

only insulin sensitivity but not insulin secretion. Although it is 

not possible to change the genetic constitution by interventions, 

environmental interventions such as dietary fat may play the 

same role (16). Saturated fatty acids may play a contributing role 
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in triggering insulin resistance by interacting with genetic 

variants at the Calpain 10 gene locus. It is found that the  

rs2953171 of Calpain 10 genetic variant influences insulin 

sensitivity by interacting with plasma saturated fatty acids in 

Metabolic Syndrome patients (16). Thus, the G/G genotype was 

associated with lower fasting insulin concentrations, lower 

HOMA-IR, and higher glucose effectiveness in subjects with low 

plasma saturated fatty acid concentrations than was the minor A 

allele (G/A and A/A). In contrast, higher fasting insulin and 

HOMA-IR and lower glucose effectiveness were observed in 

subjects with the G/G genotype with the highest  concentration of 

plasma saturated fatty acids than in subjects with the A allele 

(16). One of the evidences as Calpain 10 a diabetes 

predisposition factor is gene–fatty acid interaction between the 

rs2953171 polymorphism of Calpain 10 and the proportion of 

saturated fatty acids in the plasma. This SNP interacted with 

plasma-saturated fatty acids to determine insulin sensitivity, 

which suggests the potential sensitivity of this SNP to dietary 

factors (16). The beneficial effect of decreasing the amount of 

saturated fatty acids in the diet of persons with the G/G genotype 

in comparison with persons with the A allele may help to 

improve the therapeutic efficacy of dietary recommendations 

with a personalized nutrition approach, where the genetic profile 

may determine the choice of dietary therapy.  

 

 

 

VII. GLUCOSE TOLERANCE 

           There are haplotypes associated with even glucose 

tolerance test, 1112/1121 heterozygous haplotype combination of 

the 1112 haplotype with either 1121 or 1221 appears to influence 

susceptibility to glucose tolerance and confers both increase in 

risk of IFG/IGF and in Type 2 Diabetes Mellitus (1). The 

transmission of the 1121 haplotype to offspring was associated 

with a decrease in BMI and narrower hip size and was weakly 

associated with decreased fasting blood glucose, and 

transmission of 1121 haplotype was associated with larger hips 

(1). Analysis of traits in the urban survey found no association 

between either individual SNPs or haplotypes of Calpain 10 and 

quantitative traits: weight, height, BMI, waist circumference, hip, 

WHR, fasting blood glucose, and 2-h glucose and  association 

analyses of haplotype combinations were all negative (1). This 

polymorphism data alone strongly suggest that the protein is 

functionally important and probably harbors adaptive variation 

(8). The results of study of Calpain 10 from muscles suggest that 

Calpain-10 mRNA and protein levels in human skeletal muscle 

are not affected by insulin resistance (15). One of the main 

findings from this study was that insulin infusion reduced 

Calpain-10 mRNA content, and not by lipid infusion (15). 

Calpain 10 has an influence on insulin sensitivity and fasting 

glucose as one of several loci influencing the risk of Type 2 

Diabetes Mellitus. However, this increased risk in families, 

which was ascertained for a strong history of Type 2 Diabetes 

Mellitus, seems to be modest (5). No evidence was found for 

increased transmission of any allele for three variants of Calpain 

10, and found only marginal evidence for an increased risk of the 

111/ 221 haplotype combination (5) 

 

VIII. ALLELE AND ITS EFFECT 

           More specific to find out the susceptibility is to analyze 

the allele of Calpain 10. The C allele at SNP-44 was transmitted 

more often to affected offspring and was associated with 

increased risk of Type 2 Diabetes Mellitus, UK (6) and Gaza 

Strip (22). A allele of SNP-43 was associated with intra 

abdominal fat area even after the adjustment for insulin 

sensitivity (25). The high frequency of G allele in all populations 

surveyed suggest that the G is the true ancestral State at a 

specific site (8) and the uncommon T allele of SNP-63 was 

significantly increased risk in both IFG/IGT subjects to Type 2 

Diabetes Mellitus (1). In African-American, presence of G allele 

was slightly higher (24) but participants with G/G genotypes 

were more likely to have diabetes than those with at least one 

copy of A allele. Homozygocity G/G of  SNP-43 of Calpain 10 

gene is associated with modest increase in risk of Type 2 

Diabetes Mellitus. The association is independent of age, sex and 

BMI, and in continuation for nine years of follow-up, there are 

changes noticed from participants having G/G allele with 

increase in triglycerides and fasting glucose leading to insulin 

resistance when compared with other A alleles without affecting 

the other diabetes or obesity affected traits (24). There is a strong 

argument that the change in genotype is not possible due to 

extrinsic factors such as physical exercise or nutrition for a gene-

environment interaction (24). SNP-43 is associated with 

abdominal obesity in the waist circumference tent to be larger in 

carriers of the A allele than G/G (25). The G/G genotype has 

been associated with improved insulin action in isolated 

subcutaneous adipoctyes, and is associated with low calpain 10 

expression in fat which can have a role in adipocyte metabolism 

associated with abdominal obesity and adipocyte differentiation 

(25).  

 

IX. EXERCISE IMPROVES GLUCOSE UPTAKE 

           The effect of exercise is similar to the action of insulin on 

glucose uptake. Exercise training improves the insulin resistance, 

a study using rats and inhibition of calpain 10 using Calpain 10 

inhibitors lead to sever insulin resistance. Since Calpain 10 is a 

susceptibility gene to Type 2 Diabetes Mellitus, exercise 

decreases its expression and influence to regulate the related 

pathways of glucose transport in skeletal muscles. Decreased 

expression of Calpains is associated with glucose transport to the 

muscles of type 2 diabetes rats. Probably, increased body weight 

might up-regulate the Calpain 10 mRNA level and exercise 

might down-regulate and higher expression of Calpains mRNA is 

a risk factor for Type 2 Diabetes Mellitus (9).  

           In conclusion, the expression level of Calpain 10 is 

different in different tissues. The study in each population was 

not coordinated to a particular haplotype combination, even if 

searched for the same combination of haplotype in different 

population, no doubt, but will not yield a good result in 

considering the above studies and results. Since each SNP is 

involved separately and in-combination with one another to 

increase susceptibility to Type 2 Diabetes Mellitus in different 

haplotypes and populations, the effort to predict and treat the 

polymorphic effect of Calpain 10 on the disease is probably 

difficult. However, the treatment to a particular ethnic group is 
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probably possible with personalized therapy rather than universal 

therapy due to the available genetic knowledge on the disease 

with respect to the ethnic group.   
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Abstract- With the development of new dental restorative 

materials, advances in adhesive dentistry, better understanding of 

the caries process, the tooth’s potential for remineralization and 

changes in caries prevalence and progression; the management of 

dental caries has evolved from G.V. Black’s “extension for 

prevention” to “minimally invasive.” This concept includes early 

detection of lesions; individual caries risk assessment; 

nonsurgical interventions; and a modified surgical approach that 

includes  smaller tooth preparations with modified cavity designs 

and adhesive dental materials to repair rather than replacement of 

failing restorations. The goal is preservation of natural tooth 

structure.  

          Microabrasive technology for minimally invasive dentistry 

is based on a large body of scientific evidence that has been 

summarized and discussed. The future promises further evolution 

toward a more primary preventive approach, facilitated by 

emerging technologies for diagnosis, prevention and treatment. 

However, there are technical, cultural and economic obstacles 

that must be overcome for this to be fully realized in clinical 

practice. 

 

Index Terms- microabrasion, caries, restoration, minimal. 

 

I. INTRODUCTION 

uring the past few decades, scientific developments in 

cariology, dental materials and diagnostic systems have 

changed dentistry’s approach to diagnosis and management of 

dental caries. Dental adhesives and restorative materials, new 

understanding of the caries process and remineralization, and 

changes in caries prevalence have catalyzed the evolution in 

caries management from G.V. Black’s
1
 “extension for 

prevention” to “minimally invasive preparation”. 

        Mechanical instruments, such as a round bur or a hand 

excavator, have generally been used for caries removal. The 

micro air abrasion technique has recently been introduced as an 

alternative to these conventional mechanical techniques. Rotary 

instrumentation is a form of mechanical energy where as air 

abrasion is a form of kinetic energy. Kinetic energy applied in 

the form of micro air abrasion follows the path of least resistance 

seeking out unsound teeth structure and exposing the underlying 

decay. This method hinges on the principle of abrading or 

preparing tooth structure with powder particles expelled at a high 

speed
2
.  

        Air abrasion is a fine gentle spray of an air and powder mix 

that removes decay. It is so fine and accurate that it allows to 

target only the decay, leaving healthy tooth structure intact as 

well as eliminates objectionable heat, sound and vibrations 

associated with high speed instrumentation. Need for local 

anesthesia is also eliminated. An additional benefit is the 

elimination of the recognized side effect of micro-fracture and 

micro-crazing of enamel margins. Preparations achieved with air 

abrasion exhibit uniform roughness of enamel without the sharp 

internal line angles characteristic of drill preparations.  

        Air abrasion technology has the potential to prepare both 

dentin and enamel surface to provide superior bond strength to 

restorative materials thus paving the way for futuristic minimal 

preparations
3
. 

 

II. DEVELOPMENT OF AIR ABRASIVE 

TECHNOLOGY 

        The father of concept of air-abrasive micro dentistry is an 

American Dentist, Dr. J. Tim Rainey, from Refugio, Texas, 

USA
2
. He was a student and friend of late Dr. Robert Black, who 

actually invented and unsuccessfully introduced the first air 

abrasive machine in the 1950’s. Dr. Rainey was able to improve 

and combine this technology with the use of modern adhesive 

restorative material. 

        The instrument was first developed in the 1940’s by Dr. 

Robert Black. In 1951- S.S. White technology introduced Air-

Dent the first commercially available unit for preparing cavities 

in teeth with air abrasion
4
.  

         

 New technology for the 1990’s - Air abrasion resurfaced as an 

exciting “new technology” that acts in synergy with rapid 

evolution of adhesive dentistry, which has changed tooth 

preparation requirements and eliminated the need for mechanical 

retention. 

 

III. BASIC PRINCIPLE
5
  

Air abrasion is based on the formula for KINETIC ENERGY 

 

                                      E = ½ mv
2
 

M = mass 

V = Velocity 

 

        Essentially this equation underscores the fact that the cutting 

capability of air abrasive is attributable to the energy of mass in 

motion unlike conventional mechanical methods that depend on 

friction. 

        When that rapidly moving mass strikes its target, most of its 

energy is transferred to that material, if that material is hard the 

results is removal of small amount of material. If, on the other 

hand the material is soft, the energy is mostly absorbed by the 

material and then the mass rebounds. When the highly energized 

D 
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abrasive particles are directed at healthy enamel, dentin the 

kinetic energy is absorbed by the substrate and cuts or abrades 

rapidly. That is why the modality is sometimes referred to as  

 

KINETIC CAVITY PREPARATION (KCP)
6 
. 

 

IV. AIR ABRASION SYSTEMS AND FEATURES 

        Air abrasion devices include cart, table top and handheld 

models. Hand held devices are used to prepare tooth, metal, 

composite or porcelain surfaces for bonding. Some models have 

built in features and accessories, such as additional compressor, 

evacuation system and high intensity curing light. Operator 

controls are either mechanical or digital. Some  systems (eg. 

AIR-FLOW Prep K1) capture the aluminum oxide powder 

stream in water spray to reduce the pollution which increases 

comfort of operation.  

 

Two different types of machines are available 

o Continuous mode without exhaust 

o Continuous mode with exhaust 

 

Continuous mode without  exhaust. 

        These machines work in on/off mode and provide a 

continuous flow of abrasive particles. The machines will 

effectively cut for several seconds after the power is turned off. 

This continuous cutting causes peripheral collateral damage to 

sound tooth structure and increased hydraulic pressure within the 

dentinal tubules. This results in pain. It may also cut areas within 

the preparation without the operator’s anticipation. So the 

practitioners should avoid these machines. The continuous mode 

without exhaust is recommended only for extra oral procedures, 

such as preparing crowns for cementation. 

 

Continuous mode with  exhaust. 

        These machines provide a continuous flow of abrasive 

particles alongwith high volume evacuation system to remove 

particles. The continuous mode with exhaust is recommended 

only for intra oral procedures. 

 

        Commercially Air abrasive Equipment available are 

PrepMaster or EtchMaster (Groman Inc.), Airbrator (North 

Bay/Bioscience, LLC), PrepStart and PrepAir (Danville 

Engineering), or CrystalMark (CrystalMark Inc.) all of which 

work on the same principle. Some like the RONDOflex plus 

(KaVo) work on the principle of air abrasion technology with 

water spray. 

 

Optional accessories for the air abrasion system
7
 

        In addition to the different grades of the powder particles 

and the various tip diameter sizes and tip angulations for the air 

abrasion handpiece, there a few more accessories which will 

provide the clinician a better working environment: 

1. Air abrasion resistant intraoral mirror: Majority of air 

abrasion operative dentistry procedures “eat up” an 

average of two to three mirrors per procedure, 

particularly when indirect vision is used. In an effort to 

conserve mirrors, the dentists will have a tendency to 

migrate towards direct vision, which in turn leads to 

obvious long-term deleterious effects on one's back. 

This mirror designed by CrystalMark Dental Systems, 

Inc. can withstand the indirect blasts of abrasive powder 

that are part and parcel of air abrasion dentistry. These 

mirrors come gold-plated for ease of identification by 

the staff and fit the standard no. 5 cone socket handle. 

2. Sand trap: These are soft plastic spheres that slip onto 

office suction and have a top opening through which the 

air abrasive system tip is introduced. This device traps 

the abrasive particles within the sphere from where they 

can be evacuated through the suction. This prevents the 

abrasive particles from entering the patient's oral cavity 

Sandtrap placed on mandibular molar demonstrating 

ease of debris evacuation 

3. Power plus booster: Available as an accessory to the 

Prep Start (Danville Engineering) recompresses the 

compressed air up to 135 psi to increase the air pressure 

to allow for faster cutting thus reducing the patient 

chair-time. 

4. Disposable air abrasion handpiece: The Airbrator
®
 

(North Bay/Bioscience, LLC) is a single-use air 

abrasion handpiece that connects to your existing air-

line. It is a direct alternative to traditional, expensive, 

self-contained air abrasion units. The Airbrator comes in 

three grades. 

 

High Performance – For small incipient lesions and cavity 

preparations. 

Medium Performance – For sealants, etching, bonding, and 

heavy stain applications. 

Light Performance – (Sodium Bicarbonate Powder) For 

removing stains, cleaning, and polishing. 

Others like the EtchMaster and PrepMaster
®
 (Groman Inc.) are 

pre-filled disposable air abrasion systems that can adapt to your 

handpiece connection for etching and intra-oral cavity 

preparations, respectively. 

5. Super high volume evacuation systems: Like the 

RapidVac or Union Medical Evacuation System is the 

ideal companion for all air abrasive systems. Delivering 

super high volume suction, these devices completely 

eliminate the chances of contamination of the dental 

operatory with abrasive particles. 

6. MicroVibe: Mechanical vibrations of the MicroVibe tip 

helps resin penetrate narrow gaps. It also improves the 

flow of pit and fissure sealants by increasing the contact 

between the sealant and tooth structure for effective 

restoration of cavities prepared using the air abrasives. 

 

V. AIR ABRASION VARIABLES
8-10

 

        Air abrasive units allow the clinician to focus a stream of 

aluminum oxide particles on a specific area of the tooth. The 

restorative capabilities of these techniques are wide ranging and 

dependent on how the operator controls the following variables. 

 

Air Pressure 

        The dentist should always use the lowest air pressure 

necessary to perform a procedure. Most available units operate 

between 40-140 psi (pounds per square inch).For fissure cleaning 
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prior to sealant application, a brief exposure of 40 psi is 

sufficient. While more extensive decay removal may require a 

nozzle pressure of 80 psi or more. Caution should be exercised 

when using air pressure higher than 80 psi. 

 

Nozzle diameter 

        Several nozzle designs are available. Nozzle range in 

diameter from 0.011 to 0.032 inch and are available in 458, 678 

and 908 angles. The larger the nozzle the larger the hole it 

creates. To remove large lesions and existing restorations, use a 

0.018 inch nozzle. For most small lesions a 0.014 inch nozzle is 

recommended. For precise cutting, diagnosis of occlusal pits and 

fissures, small class II and III lesions or for refining class IV and 

V restorations, use 0.11 inch nozzle. 

        Choose an angulation that provides the best access. Air 

abrasion handpieces  and nozzles are removable to facilitate 

sterilization and have working angles ranging from 0° to 120°. 

For precision cutting, as might be required for a preventive resin 

restoration, the 80° tip is more appropriate than the 45° tip. When  

shallow preparations are needed, as in the case of cervical 

erosion, the cutting patterns of the 45° tip are more appropriate. 

For facial and lingual preparations, a 60° angle produces a 

shallower preparation and allows for evacuation of reflected 

spray. 

 

Particle Type and Size. 

 

Standard sizes used are  

o 27 micrometers – more comfortable, less effective 

cutting 

o 50 micrometers – more aggressive cutting, but more 

discomfort. 

 

        The 50 micro meter white aluminum oxide particles are 

suitable for coarse surface finishing and are primarily used in 

extra oral micro etching procedures.If discomfort is encountered 

in deeper preparations, the use of smaller particle size and lower 

pressure is more comfortable for the patient. The smaller tip sizes 

are also more effective for decay removal.The unit performs a 

cutting action by impinging sharp edged powder particles against 

a surface. A cylindrical powder and air stream converges from 

the nozzle for a short distance (approximately 0.5 to 1.6 mm) and 

then diverges into a cone shape. The point of maximum 

convergence provides the maximum effect. 

        The dentist should have good magnification to diagnose and 

visualize. A caries detection dye can be used to detect the lesion 

Earlier it was thought that the anatomy of fissures is simple. It is 

now recognized that the fissure in teeth are complex structure, 

with areas of subsurface restrictions, hypo-calcification and 

restrictions with in the fissure that can effectively hide areas of 

subsurface hypo-calcification that may be the genesis of decay. 

Air abrasion has an unparalleled ability to expose and allow 

exploration of hypo-calcified internal characteristics of occlusal 

fissures. Unsound fissures are the focal point of the genesis of 

new decay 

        Cavity preparation design there for should be based on the 

anatomy of the occlusal surface with the optimal conservative 

approach. 

 

Cutting rate 

        The order of ease in cutting of tooth structures is hypo-

calcified enamel of the pit, fissures and grooves, enamel, dentin 

and caries. The cutting rate increases as the nozzle approaches 

the tooth surface more closely. The cutting rate also may be 

varied by adjusting the powder flow or airflow using different 

pressure settings and powder and by changing the nozzle 

diameter. 

        Most preparation procedures can be easily accomplished 

with approximately 40-60 psi and 2.5g/min powder flow. 

Sensitivity is dependent on many factors, especially air flow, 

procedure flow and dwell time. A setting of 80 psi is the 

threshold for sensitivity. Pulsing the stream with the foot pedal 

also helps to decrease dwell time and sensitivity. It may take 1 – 

2 minute to complete class I preparations on a molar, 5 seconds 

to complete a class V preparation on a pre molar. 

        Soft carious dentin absorbs and scatters the particle stream. 

The use of small round bur is recommended for soft decay. 

 

Directing the Particle stream. 

        The particle stream exits the end of the tip making it an end 

cutting device. For cutting efficiently it is best to hold the nozzle 

tip at a 30
0
 to 608 angle approximately 1 – 3 mm from the 

surface to be modified. This nozzle position will direct the flow 

of particles away from field instead of deflecting back into the 

oncoming stream. Scatter is also reduced. Directing the stream in 

to open pulp chamber and sulcus should be avoided as it can lead 

to an embolism. 

 

Patient  comfort. 

        The most important variable in patient discomfort is the 

depth of preparation. With deeper penetration in to vital dentin, 

patients are more likely to report sensations of coldness or pain. 

About 10% of preparations will require anesthesia. Patient 

should be informed about the amount of powder that ends up in 

the mouth. Most cavity preparations take between 30 sec to 15 

minutes. Using a high volume evacuator and a 4x4 gauge placed 

in the operative field will help in controlling the powder entering 

the patient mouth.Stream intensity or particle flow rate is 

variable from 0-8g/min. A good standard approximation is 

28g/min 

 

VI. MAIN INDICATIONS
11 

 

        Class I. The most popular  current use of Micro air abrasion 

cutting teeth that have suspicious occlusal grooves but are not 

overtly carious. If a tooth shows radiographic evidence of 

significant dental caries in the occlusal area, air-rotor cutting is 

faster, easier and probably better than Micro air abrasion, 

because Micro air abrasion does not cut leatherlike caries well. 

However, Micro air abrasion is especially fast and effective and 

relatively painless when Class I areas donot show radiographic 

evidence of significant caries, and teeth have many potentially 

fissured occlusal grooves. In such cases, conservative tooth 

preparation can be made easily. 

        Class III. Small Class III preparations are one of the most 

important indications for Micro air abrasion. Small Class III 

lesions, barely observable on a radiograph, can be penetrated 

easily and rapidly from the lingual or facial tooth surfaces, 
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usually without anesthetic. Of course, non carious adjacent teeth 

must be protected from being cut at the same time by placement 

of a piece of rubber dam or a 0.002- inch thick (50 μm) metal 

matrix band between the teeth. 

        Larger Class III lesions, especially those containing 

moderately soft leatherlike caries, may be prepared more 

efficiently with burs. 

        Class V. Small Class V lesions on enamel, dentin or both 

can be prepared easily and painlessly with Micro air abrasion 

Larger lesions with leatherlike dentin can be prepared faster and 

more easily using burs and spoon excavators. Rubber dam 

placement makes Class V preparations simple. Use of Micro air 

abrasion without a rubber dam stimulates blood presence, 

because Micro air abrasion  cuts gingiva, causing significant 

bleeding. 

        Class VI. Incisal potholes sometimes are called Class VI 

lesions. These preparations can be cut successfully with Micro 

air abrasion if meticulous care is taken and overcutting is 

avoided. 

         

        Margin repairs. Many intracoronal restorations—including 

amalgams, composite resins, cast gold inlays and onlays, and 

ceramic inlays and onlays—develop margin imperfections after a 

few years of service. Micro air abrasion is ideal for cutting away 

defective tooth structure, developing tooth preparations, and 

cleaning and roughening tooth and restoration surfaces. Micro air 

abrasion provides a conservative preparation that accommodates 

margin repair with an appropriate low-wear bonded composite 

resin restoration or a flowable resin. 

        Repair of larger defects containing significant dental caries 

may be accomplished more easily after an air rotor and bur are 

used to remove defective tooth structure and old restorative 

material. 

        Defective pits. Many teeth have defective facial or lingual 

pits, especially on lower molar facial surfaces and upper molar 

palatal surfaces, as well as upper lateral and central incisor 

palatal surfaces. When these pits contain only minimal caries, 

they may be prepared conservatively and ideally with Micro air 

abrasion. Congenitally defective, rough, unesthetic surfaces are 

also perfect candidates for Micro air abrasion. Minimal invasive 

tooth preparation on these surfaces with Micro air abrasion 

provides ideal conservatively cut surfaces for placement of either 

flowable resin or conventional filled restorative resin. 

 

VII. LESS-USED INDICATIONS FOR MICRO AIR 

ABRASIONTOOTH CUTTING
11

 

        Class II. For carious lesions deeper than minimal dentin 

penetration, Class II preparations with Micro air abrasion are 

possible, but difficult and unpredictable. Although some 

clinicians have mastered Class II tooth preparations with Micro 

air abrasion most would agree that cutting Class II preparations 

with an air rotor and bur is faster, more predictable and easier. 

        Class IV. Fractured anterior tooth angles or Class III 

preparations that have broken incisal 

angles and have become Class IV situations require significant 

effort and considerable time 

with Micro air abrasion. Rotary diamond or bur cutting is more 

appropriate. 

        Any larger tooth preparations requiring fine details— such 

as inlays, onlays, partial crowns and full crowns—are not 

suitable candidates for micro air abrasion. 

 

VIII. CONTRAINDICATIONS TO AIR ABRASION
11

 

 Severe dust allergy 

 Asthma 

 Chronic pulmonary disease 

 Recent extraction 

 Oral surgery 

 Any open wound, lesion, or sore, or sutures in the 

mouth 

 Recent periodontal surgery or advanced periodontal 

disease with a compromised periodontal attachment 

 Recent placement of orthodontic appliances with 

resulting oral abrasions 

 Sub gingival caries removal 

 Any condition that would place the patient at greater 

risk for emphysema by using compressed air in the 

mouth 

 

IX. CLINICAL PROCEDURE 
2,3, 11-15

 

        Diagnosis is the first step before initiating treatment and is 

done by using a caries detecting dye or DIAGNOdent laser. With 

caries detecting dye, only stained tooth structure needs to be 

removed. DIAGNOdent laser gives an accuracy of 90% in 

detecting caries. Sodium bicarbonate prophylaxis is essential 

before using caries detecting dyes or DIAGNOdent laser for 

detecting caries.  

        There are two types of decay - non vital caries and vital 

caries. It is important to minimize invasion in to the vital caries 

areas of carious lesions. The vital carious portion of a lesion, 

although de-mineralized, retains the ability to re-mineralize 

(Massler’s theory). Caries detection dyes allow the practitioner to 

differentiate between non-vital and vital structures. 

 

These are the typical steps in treating carious lesions with air 

abrasion 

1. Stain with caries- detection dye. Often in class V 

preparations the superficial layer contains oil which 

may not stain properly. It is always valuable to abrade a 

suspicious area lightly and restain. 

2. Select a medium tip diameter (0.0014 inch) and select 

the correct angulation. Start with a fairly low air 

pressure ( < 60 psi) and low flow rate (< 2 g/sec) 

3. If the suspicious area is carious, the moisture in the 

decayed area will pick up the aluminium oxide particles, 

and subsequent particles will bounce off, reducing the 

cutting effectiveness 

4. Attempt to point the stream with in confines of decay to 

avoid cutting sound areas. The carious area will begin to 

desiccate, making it easier to cut 

5. Remove decay 

6. Restoration: If one is having trouble maintaining 

moisture control and esthetics is not important, base the 

tooth with auto cure glass ionomer. In deep cavities that 
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can be bonded, a compomer base is a good compromise 

because it is harder, adheres better, still imparts caries 

resistance to the tooth, and has a fluoride- re uptake 

capability 

 

Non carious 

1. Determine major cause of the lesion : abrasion or 

abfraction 

2. When abfraction is the major cause, the restoration 

should have higher degree of flexibility than that for 

abrasion – micro fill anterior composite. If abrasion is 

the major cause, the best thing is a posterior composite, 

because it has the greater resistance to abrasion. 

3. If posterior composite with abfraction is used, it will 

likely pop out; if anterior composite with tooth brush 

abrasion is used, it will get worn away. 

4. In non carious class V preparations, the tubules of the 

superficial dentin are often sclerotic, particularly in 

abfraction type lesions, making adhesion difficult. 

5. The first goal is to remove any superficial contaminants 

6. Any such lesion found to be hyper sensitive is treated 

with a dentin bonding priming agent. If the tooth 

becomes less sensitive, it can possibly be controlled just 

by bonding. If it continues to be sensitive, the problem 

may be some form of irreversible pulpal hyperemia, and 

the patient needs to be warned of a possible root canal 

treatment. 

7. If hyperemia resolves with in 2 weeks, dyclone is 

applied to the tissue for a full 2 minutes. Use the 

smallest tip possible with low air pressure (40 psi) to 

abrade bio film and any bonding priming agent that was 

supplied previously, as a de sensitizing agent 

8. Acid etch the tooth first and then place priming agent 

9. Restoration: With abfraction, use flowable, flowable/ 

stackable or anterior micro fill (caries resistance less 

necessary, longevity more important). With abrasion, 

use a thick heavy posterior composite. 

10. Trim and polish with a high speed drill 

11. Polish 

12. Place sealer over the composite 

 

        For class V preparations and desensitization by kinetic 

burnishing, start with a smaller particle size (27 micro meter), 

lower air pressure (40 psi) and a lower powder flow (2g/min) for 

more comfort and a more effective dental seal. 

All class II and III preparations must have a matrix band or 

rubber dam segment and wood wedge in place before starting to 

protect the gingival and adjacent tooth.For inter-proximal caries, 

start with 60 psi aimed at the vertical axis of the tooth, 

approximately 1.5 mm from marginal rim contact and never 

aimed at the inter-proximal caries. The coronal cemento enamel 

junction tapes of the tooth will allow intersection of the caries. 

As the deeper recess is entered in the cavity preparation, reduce 

the pressure and particle size for comfort. 

 

Typical mistakes to avoid includes the following 

 Do not touch the surface of the tooth with the air 

abrasion tip 

 Do not back up 2.5 mm from the surface 

 Do not blast the whole surface from afar 

 Do not sweep the tip like a brush 

 

The adhesive restorative materials of choice following kinetic 

cavity preparation include 

 Glass ionomers 

 Auto cures 

 Light cures 

 Compomers 

 Composites 

 Flowables 

 Stackables 

 Anterior micro fills 

 Posterior micro fills 

 Condensables 

 

X. ADVANTAGES OVER CONVENTIONAL 

METHODS
2-15.17,18

 

o Reduced need for anesthesia  

o Reduced patient apprehension. 

o Rapid and efficient cutting. 

o Precise controlled cutting. 

o Less heat, noise and vibration, 

o Better bond strength. 

o Can work in all quadrants in the same appointment. 

o Minimally invasive access, conserves tooth structure. 

o No micro-fractures in tooth structure. 

o Static electricity produced is disposed over a large area 

in contrast to the pin point production in the case of 

high speed drill. 

 

XI. DISADVANTAGES OF AIR ABRASION
2-15

 

1. Ability to accomplish only some aspects of dentistry. 

2. Lack of tactile sensation when using the air abrasion 

handpiece, because the nozzle of air abrasion instrument 

does not come in contact with the tooth. 

3. Non contact based modality, leading to significant risk 

of cavity over preparation and inadequate carious dentin 

removal. 

4. Mess and spread of aluminum oxide around the dental 

operatory. 

5. Danger of air embolism and emphysema. 

6. Impaired indirect view because abrasive particles collect 

on mirror rapidly blocking the viewing surfaces. 

7. Damage to dental mirrors, optical devices like 

magnifying loupes, intraoral camera lenses or 

photographic equipment. 

 

XII. SAFETY ISSUES
16

 

1. The particles inhaled are more than 10μm in size and 

cannot enter the alveoli, they are readily swept away by 

normal ciliary action. To reduce respiratory exposure, 

the clinical staff should always use surgical face masks 

and use dry vacuum systems to reduce patient exposure. 
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2. Use rubber dam, protective eye glass and dead soft 

metal matrix to protect adjacent tooth structure. 

3. Use disposable mouth mirrors. 

4. Rinsing instead of rubbing the optical surfaces helps 

prevent scratches. 

5. High speed suction and an external vacuum system are 

necessary to capture the powder that escapes into the air 

and to enhance practitioner vision and patient comfort. 

 

XIII. LATEST ADVANCEMENTS
17

 

        Hydro abrasion: The cornerstone of Minimally Invasive 

Dentistry has been the use of air abrasion for preparation and 

surface texturing for resin bonding or glass ionomer placement. 

Due to the messy nature of the process of accelerating aluminum 

oxide particles at a tooth, the concept has come and gone various 

times throughout history. Recently, a modified and more 

practical concept has been introduced and termed as hydro 

abrasion 

        The term hydro abrasion itself is as much a misnomer as the 

term air abrasion is. Neither one of them uses water or air to 

abrade a tooth. Aluminum oxide particle acceleration is the 

source of abrasion and compressed gas is the propellant. In the 

process of "hydro abrasion" the difference is that the particles are 

accelerated along with a spray of water. This combination of a 

spray of water and particles allows the user to not only keep the 

particles from bouncing all over the patient, operators and 

operatory but also keeps the surgical site free of extra debris. The 

handpiece has a circumferential water stream around the centered 

aluminum oxide particle stream which keeps water around the 

dry particles. Moisturizing the particle stream accomplishes 

multiple enhancements to the use of particle abrasion. Not only it  

keeps  the scatter of dust down to a minimum but moisturizes the 

tooth during the delivery of the dry particles and keeps fluids 

within the open dentin tubules from being drawn out of the 

tubules and reduces the level of sensitivity. 

        The commercially available hydroabrasion unit is Danville's 

PrepStart H2O unit. Danville offers a conversion kit as well to 

change original PrepStart to a hydro-abrasion model.  

 

Bioactive glass air abrasion 
19.20

   

        The bioactive powders developed for air-abrasive use may 

be considered as innovative bioactive materials for therapeutic 

remineralization of dental hard tissues.  

        Bioglass removes healthy dentine at a higher rate than 

carious dentine - the difference however, being less than with 

equivalent alumina air-abrasion, thus making it a potentially 

more selective instrument for clinical caries excavation.The 

dentin   treated with bioactive glass shows lower roughness, and 

most of the dentinal tubules are completely occluded. 

Unnecessary over-preparation of carious enamel often occurs 

clinically during operative caries management. 

         Bio-active glass abrasion removes completely the 

demineralised enamel from lesions with clinically insignificant 

over-preparation of sound tissue, indicating technique selectivity 

towards grossly demineralised enamel. Alumina air abrasion 

results in substantial enamel removal in both sound and 

demineralised tissues indicating the operator selectivity required 

to use the techniques effectively in clinical practice. 

        Polyacrylic acid-Bioglass 45S5 (BAG) particles and  

bioactive glass modified with soda-lime spherical glass
21

 used for 

the abrasion procedures might be a suitable strategy to enhance 

the bonding durability. 

        Selective enamel  powder (SEP) air abrasion
22

. SEP is 

different in its ablative properties towards caries with dentin 

involvement or no dentin involvement. In terms of dental 

treatment, SEP seems to have a diagnostic potential for enamel 

lesions before operative intervention in patients with high caries 

risk. 

Helium propelled air abrasion
23

 

        Helium used as a propellant gas for air-abrasion produces 

greater cutting efficiency compared to the use of air as a 

propellant. Higher cutting rates, when desired, can reduce 

operative times. Helium air-abrasion is significantly more 

efficient in cutting the enamel at all pressures, with a 40% 

increase for 100PSI propellant pressure.  

 

XIV. SUMMARY 

        Researchers have conducted extensive studies using 

different abrasives to remove caries selectively. These adjuncts 

with convectional micro air abrasion are designed to allow the 

dentist to discriminate easily and selectively against unsound 

tooth structure. The goal of micro air abrasion is to allow the 

dentist to remove the unsound tooth structure discriminately. 

Kinetic energy applied in the form of micro air abrasion follows 

the path of least resistance, seeking out unsound tooth structure 

and exposing the underlying decay. 

 

XV. CONCLUSION 

        Microabrasive technology for minimally invasive dentistry 

is based on a large body of scientific evidence that has been 

summarized and discussed. The future promises further evolution 

toward a more primary preventive approach, facilitated by 

emerging technologies for diagnosis, prevention and treatment. 

However, there are technical, cultural and economic obstacles 

that must be overcome for this to be fully realized in clinical 

practice. 
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Abstract- Avifaunal composition of Nilgiri Western Slope forests 

was studied. A total of 160 species were identified of which 

9.38% are migratory. 56.25% were common, 35.46% were not 

common, 1.94% were rare, 1.25% were local migratory by status. 

Very high richness index (25.56846) and Shannon’s diversity 

index (4.822978) indicating a luxuriant bird species composition 

in this habitat. The low value of dominant index (0.008) 

indicating co-dominance of species and the evenness index value 

near to one indicating even distribution or continuous distribution 

of bird species in this locality. Lower anthropogenic 

disturbances, lack of hydroelectric dams, forest continuity and 

luxuriant vegetation of the area harbours good avian population 

in this locality and the area can be considered as a paradise for 

avian conservation in the Southern Western Ghats. 

 

Index Terms- Species composition, Forest habitat, Species 

richness, Species diversity, Avifauna. 

 

I. INTRODUCTION 

he Nilgiri Western Slope forests comprised of Attappady, 

Silent Valley and Nilambur forest skirting the Southern 

Western edge of the Nilgiris. It lies between 11ºN to 11º23' N 

latitude and 76 º 15 'E to 76 º 33' E longitudes. This tract of forest 

is essentially a series of parallel ridges starting from the Nilgiri 

edge and running down to the Attappady plateau in the average 

annual rainfall ranging from 2500-5000mm. This area has four 

dry months, higher reaches three dry months and the crest line of 

Kundar along the eastern edge of New Amarambalam only two 

dry months (Nair, 1988). The mean temperature in the hottest 

month is 35ºC and that of coldest month is 15ºC.  

       This forest tract is a paradise of avifauna. Common birds, 

rare birds, endemic and endangered birds are seen in this locality. 

Several migratory and local migratory birds are also found in this 

forest patches. A detailed investigation of bird species in this 

region was conducted with special reference to richness, 

dominance, diversity, abundance, evenness and habitat 

preference.  

 

II. MATERIALS AND METHODS 

       The selection of study plots was based on the differences in 

the vegetation structure. Forest tracts were used as baseline and 

plots were taken as belt transect of approximately 20-30 m width 

and with a length varying 2 Km – 5 Km. Observations were 

made on foot during day time between 6.30 12 h and were aided 

with a 10 x 40 super zenith binoculars. During each observation 

the following details were recorded. a) Name of the species, b) 

Location of sighting-ground, tree, shrub or at flight and c) 

activity. From this data species richness diversity, dominance and 

evenness were calculated as per Margalef (1958), Shannon-

weinner (1949), Simpson (1948) and Pielou (1975) index 

method.  

 

III. RESULTS 

       A total of 160 species were observed from this region. 

Almost all sightings were from vegetation. Species dwells on the 

ground were very few. 75% of the sightings from vegetation 

were from large trees and remaining from shrubs and bushes.  

       This area supports 15 migratory birds (9.38%). They were 

Indian Pitta                         (Pitta brachyura), Forest wagtail 

(Motacilla indica), Grey headed wag tail (Motacilla caspica), 

Common snipe (Gallingo gallinago), Cylon frog mouth 

(Batrachostromus moniliger), Blyth’s reed warbler 

(Acrocephalus dumetorum), Greenish leaf warbler (Phylloscopus 

trochiloides), Indian rose finch (Carpodacus crythrinus), little 

ring plover (Charadrius dubius), brown shrike (Lanius cristatus), 

Redbreasted flycatcher (Muscicapa parva), Blue throated 

flycatcher (Muscicapa rubeculoides), Large billed leaf warbler 

(Phylloscopus sp.), Richard pipit (Anthur novaescelandiae), 

Yellow wagtail (Motacilla flava). Cylon frogmouth is a tree 

resident of evergreen forests of the Western Ghats. Its nocturnal 

and shy habits make it more elusive in the forests.  

 Out of 160 species identified from this region 

90(56.25%) were common, 50 (32.46%) were not common, 3 

(1.94%) were rare, 15 (9.38%) were migratory and 2 (1.25%) 

were local migratory (Table 1). The rare birds were Crested 

hawk eagle (Spizactus cirrhatus), Blue rock thrush (Monticola 

solitarius) and Blue grey quail (Coturnix chinensis). Two local 

migrants were southern green pigeon (Treron phoenicoptera) and 

Indian nightjar (Caprimulgus asiaticus). 

       The common species include Emerald dove (Chaleophaps 

indica), Spotted dove (Streptopelia ehimensis), Blossom headed 

parakeet (Psittacula cyanocephalus), Blue winged parakeet 

(Psittacula krameri), Malabar lorikeet (Loriculus vernalis), 

White breasted kingfisher (Halcyon smyrtensis), Crow pheasant 

(Centropus sinensis), Small green bee-eater (Merops orientalis), 

T 
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Crimson breasted barbet (Megalamia haemacephala), Malabar 

grey horn bill (Tockus glisens), Golden backed wood pecker 

(Dinopium benghalensis), Golden oriole (Oriolus oriolus), Black 

drongo (Dicrurus adsimilis), Racket tailed drongo(Dicrurus 

paradisens), etc. 

       Species like Blue jay (Coracias bengalensis), Tailor bird 

(Orthotomis sutorius), Black bird (Turdus merula), Marsh sand 

piper (Tringa stagnatilis), Indian drongo cuckoo (Surniculus 

lugubris), Great horned owl (Otus bakkamoena), Palm swift 

(Cypsisurus parvus), Black headed wood pecker (Chrysocolapter 

festivus), Rufour bellied munia (Lonchura kelaatti), etc were not 

common. 

       Margalef’s richness index was 25.56846 and Hill’s abundant 

numbers were 125.1842 (N1) and 119.6489 (N2). The Shannon’s 

species diversity index was 4.822978 and Simpson’s dominant 

index was 0.008. The Pielou’s evenness index was 0.9516 (Table 

2). 

 

IV. DISCUSSION 

       The area is highly rich in avifauna. This high diversity may 

be attributed to the fact that this area supports good vegetation 

and human interferences is very low. Among the 160 species 

identified, 125 are abundant and 119 are very abundant. The 

value of Simpson’s dominant index is very low (0.008) 

indicating co-dominance of species structure. The diversity index 

is rather fair (4.8297) which is almost similar to the bird diversity 

index of other luxuriant Western Ghat forests. The bird species 

were more or less evenly distributed in this area as indicated by 

the evenness value close to one (0.9516). The development of 

forest plantation in the Nilambur region has depleted the floristic 

diversity which in turn reflects the low diversity of birds in 

plantation habitats. The region is free of hydroelectric projects 

due to geographical reasons. This has also increased bird species 

diversity in this region.  

 

Table 1. Status of bird species in the Nilgiri Western Slope 

 

Status Number Percentage 

Common 90 56.25 

Not common 50 32.46 

Rare 3 1.94 

Migratory 15 9.38 

Local migratory 2 1.25 

Total 160 100.00 

 

Table 2. Various alpha diversity indices of bird species at 

Nilgiri Western Slope. 

 

Indices Value 

Richness index 25.56846 

Hill’s abundant number (N1) 125.184 

Hill’s abundant number (N2) 119.648 

Simpson’s dominant index 0.008 

Shannon’s diversity index 4.8297 

Pielou’s evenness index 0.9516 
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    Abstract- Zooplanktons are heterotrophic planktonic animals 

floating in water. They serve as good indicators of changes in 

water quality. The present study was undertaken to observe the 

seasonal fluctuations in diversity of zooplanktons of Achencovil 

river, a significant freshwater body in Kerala. Both qualitative 

and quantitative analysis of were conducted from July 2009 to 

June 2010, by taking samples from 3 segments of the river. 

Zooplankton community of Achencovil river comprised of 28 

species belonging to Cladocera (11sps), Copepoda (9sps) and 

Rotifera (8sps). Cladocerans showed dominance both in number 

and diversity, followed by Copepods and Rotifers. This study 

also reveals that different groups of zooplanktons have their own 

peak periods of density, which is affected by local environmental 

conditions prevailing at that time. 

 

    Index Terms- Zooplanktons, seasonal variation, diversity, 

Achencovil river 

 

I. INTRODUCTION 

ooplanktons are minute aquatic animals that are non motile 

or are very weak swimmers. They contribute significantly to 

biological productivity of freshwater ecosystem. They serve as 

good indicator of changes in water quality, because it is strongly 

affected by the environmental conditions and it is quickly 

responded to changes in environmental quality (Gannon and 

Stemberger, 1978).  They are not only useful as bioindicators, 

but also helpful for ameliorating polluted waters. Zooplankton 

species are cosmopolitan in nature. They consist of fresh water, 

brackish and marine water forms. The freshwater zooplankton 

comprises Protozoans, Rotifers, Cladocerans, Copepods and 

Ostracods. 

    Planktonic protozoans are group of unicellular ciliated or 

flagellated organisms. They feed on either picoplankton or 

nanoflagellates and small nanophytoplanktons according to their 

size. Heterotrophic nanoflagellates are more abundant than 

ciliates in freshwater body.   Heterotrophic nanoflagellates are 

more abundant than ciliates in freshwater body.  Rotifers, the tiny 

wheel animalcules are considered nature’s water purifier. They 

are prominent group among the zooplankton of a water body 

irrespective of its trophic status. This may be due to the less 

specialized feeding, parthenogenetic reproduction and high 

fecundity. Among the zooplankton, rotifers respond more 

quickly to environmental changes and used as changes in water 

quality (Gannon and Stemberger, 1978). Cladocerans are tiny 

aquatic crustaceans and are also known as water fleas. They are 

highly responsive against pollutants and hence serve as good 

biological indicators of water pollution. Copepods have been 

known to the most abundant zooplankton in the river systems. 

They dominate most aquatic ecosystems because of their 

resilience and adaptability to changing environmental conditions 

and ability to withstand varying environmental stresses (Barnes 

et al, 1988). They are high in stable environmental conditions 

and disappear as pollution level increases (Das et al, 1996). 

Ostracods are mainly bottom dwellers of lakes. They live on 

detritus and dead phytoplanktons. 

 

Investigations of freshwater zooplankton community 

structure have significant potential for assessing aquatic 

ecosystem health. Their dominance and seasonality are highly 

variable in different water bodies according to nutrient status, 

age, morphometry and other locational factors. Therefore 

changes in aquatic environment accompanying anthropogenic 

pollution are a cause of growing concern and require monitoring 

of surface waters and organisms inhabiting them.  So the present 

study was carried out to understand the diversity and seasonal 

variation of zooplanktons in Achencovil river, a freshwater lotic 

perennial system in Kerala. 

 

II. MATERIALS AND METHODS 

A. Study Site 

Three segments of Achencovil river were selected for the present 

study. They were:  

a) Pandalam: This station selected for sampling is near to 

the bridge on MC road at Pandalam and located at 

latitude 9
o
 13’ 59.37’ N and longitude 76

o
 40’ 38.4’ E 

with an elevation of 66 ft above MSL.  

b) Kollakadavu: This station is located at latitude 9
o
 15’ 

16.19’ N and longitude 76
o
 35’ 15.15’ E with an 

elevation of 28 ft above MSL.  

c) Veeyapuram: This station is the point where the 

Achencovil river meets and merges with Pampa river in 

Alappuzha district and 6 km East of Harippad town. It is 

located at latitude 9
o
 19’ 29.07’ N and longitude 76

o
 27’ 

54.31’ E with an elevation of 6 ft above MSL.  

B. Sampling and Analysis 

            Monthly samples were collected from these study sites 

during July 2009 to June 2010 and the data were incorporated 

into seasonal data considering January, February, March as 

summer; April, May, June as pre monsoon; July, August and 

Z 
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September as monsoon; October, November and December as 

post monsoon. 

    Qualitative sampling of zooplankton was done with the aid of 

plankton net of mesh size 60-75µ. Quantitative samples were 

collected by filtering 200 L water. The collected specimens were 

carefully transferred to a tube, narcotized with 5% formalin 

and p r e s e r v e d  i n  f r e s h l y  p r e p a r e d  5 % f o r m a l i n .  

These were taken to the laboratory and first sorted out into 

different groups using a dissection microscope. Taxonomic 

identification was done with the help of Olympus Stereoscopic 

Dissection Microscope and using relevant literatures (Petersen, 

2010; Yule and Sen, 2004). The descriptive statistics were 

conducted while statistical significance of differences (P<0.05) 

was determined by analysis of variance (ANOVA). 

 

III. RESULTS AND DISCUSSION 

    Zooplankton community of Achencovil river comprised of 28 

species belonging to Cladocera (11sps), Copepoda (9sps) and 

Rotifera (8sps) (Table. 1). 

 

The relative abundance of zooplankton population in this river 

depicted in Fig. 1 shows during summer, rotifers were dominated 

(39.36%) followed by copepods (33.53%) and cladocera 

(27.11%). The cladocerans marked higher abundance during pre 

monsoon (41.41%) and monsoon (45%) while copepods formed 

the dominant group during post monsoon season (42.01%). 

A. Cladocera 

    The Cladoceran population identified from Achencovil river 

during the present study were represented by 11 species 

belonging to 7 genera and 6 families; Daphnidae, Bosminidae, 

Sididae, Moinidae, Chydoridae and Macrotricidae. Quantitative 

analysis during the period of study showed that the family 

Chydoridae exhibit maximum diversity of species. It is 

represented by 4 species; Chydorus ventricosus, Alona 

quadrangularis, A. rectangula and A. verrucosa.  Ceriodaphnia 

cornuta belongs to the family Daphnidae, found to be 

predominant species among the identified cladocerans. Among 

the family Bosminidae; Bosmina longirostris and B. fatalis were 

recorded. From all other families only a single species were 

recorded. 

 

    The percentage composition of the identified cladocerans 

varied between 0.67% and 24.94%. Among them, Ceriodaphnia 

cornuta (24.94%) dominated followed by Bosmina longirostris 

(15.65%),Diaphanosoma excisum (14.29%), B. fatalis (12.47%), 

Daphnia carinata(11.79%), Moina micrura (9.75%), Alona 

verrucosa (4.54%), Chydorus ventricosus (3.40%), Alona 

quadrangularis (1.59%), A. rectangula (0.91%) and Macrotrix 

spinosa (0.68%). In this study, minimum numbers of cladocerans 

were reported in summer (31N/L) and post monsoon season 

(29N/L) at segment 2 (Table. 2). This group exhibit highest peak 

at segment 3, during pre monsoon (45N/L) and monsoon with 

seasonal mean peak value of 42N/L. This observed maximum pre 

monsoonal density may be due to high phytoplankton density. 

Similar observation was earlier made by Santhanam and Perumal 

(2003). The decrease in the density of cladocerans may be due to 

seasonal variation. Therefore, a clear seasonal fluctuation was 

observed in the density of cladoceran population of Achencovil 

river. These seasonal variations in the density of cladocerans are 

statistically significant (P< 0.05). 

B. Copepoda 

    The Copepod population identified from Achencovil river 

during the present study were represented by 9 species belonging 

to 8 genera and 3 families. Among them, Mesocyclops leuckarti 

(24.57%) dominated followed by Eucyclops serrulatus 

(19.39%),Trophocyclops prascinus (14.66%), Mysis sps 

(12.29%), Pseudodiaptomus nostradamus (9.93%), Microcyclops 

varicans (8.51%), Mesocyclops hyalinus (4.96%), 

Filipinodiaptomus insulanus (3.54%) and Nauplius larvae 

(2.13%). In this study, cyclopoid copepods were dominant over 

calanoid copepods.  

 

    Copepoda exhibit highest peak at all 3 segments during post 

monsoon season and the seasonal mean peak value was 44.67 

N/L (Table.3). It can be explained as the result of settling of 

rainwater and return of favourable condition. The minimum 

number was found in monsoon season with seasonal mean value 

of 25.33 N/L. Similar observation was earlier made by 

Padmavati and Goswami (1996). This decrease in the density of 

copepod may be due to environmental variation. So there exists 

seasonal fluctuation in the density of copepod population of 

Achencovil river. The seasonal variations in the density of 

copepods are statistically significant (P< 0.05). 

C. Rotifera 

    The Rotifer population identified from Achencovil river 

during the present study were represented by 8 species belonging 

to 6 genera and 5 families; namely Branchionidae, 

Asplanchnidae, Trichocercidae, Lecanidae and Testudinellidae. 

Quantitative analysis during the period of study showed that the 

family Branchionidae exhibit maximum diversity of species. It is 

represented by 4 species; among them Brachionus angularis was 

found to be predominant species. From all other families only a 

single species were recorded. 

 

    The percentage composition of the identified rotifers varied 

between 5.69% and 20.54%. Among them, Brachionus angularis 

(20.54%) dominated followed by Brachionus calyciflorus 

(17.57%), Keratella tropica (15.84%), Asplanchna priodonta 

(13.37%), Trichocera rattus (10.89%), Lecane bulla (8.66%), 

Brachionus caudatus (7.43%) and Testudinella patina (5.69%). 

In this study, minimum numbers of rotifers were reported in 

monsoon (23N/L) at segment 2 (Table. 4). This group exhibit 

highest peak at segment 3, during summer (48N/L). Arora and 

Mehra (2003) while analysing seasonal dynamics of rotifers in 

relation to physico chemical conditions of lotic water body made 

similar observations in increased densities in summer and 

reduced densities in winter. In summer, the absence of inflow of 

water brings stability to the water body. The availability of food 

is more due to production of organic matter and decomposition. 

These factors contribute for high species density.  

 

    In most of the aquatic ecosystem different zooplankton groups 

acts as one of the major primary consumer as a result, their 

diversity, abundance and seasonality affects the other biotic 
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components there in. The zooplankton population of the 

concerned habitat was found to be dominated by cladocerans 

both in number and diversity followed by copepods and rotifers. 

Therefore the present study on qualitative and quantitative 

changes occurring in the riverine ecosystems is necessary in 

order to understand and preserve the biodiversity of Achencovil 

river.  
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Table 1: List of zooplankton 

species identified from 

Achencovil river during the 

study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sl.No: SPECIES/SEASONS SUM PRM MON POM 

A ROTIFERA     

 Family-Brachionidae     

1 Brachionus angularis + + + + 

2 Brachionus 

calyciflorus 

+ + + + 

3 Brachionus caudatus + + - + 

4 Keratella tropica + + + + 

 Family-

Asplanchnidae 

    

5 Asplanchna 

priodonta 

+ + + + 

 Family-

Trichocercidae 

    

6 Trichocera rattus + + + + 

 Family-Lecanidae     

7 Lecane bulla + + - + 

 Family-

Testudinellidae 

    

8 Testudinella patina + - - + 

B CLADOCERA     

 Family-Daphnidae     

9 Ceriodaphnia 

cornuta 

+ + + + 

10 Daphnia carinata - + + + 

 Family- Bosminidae     

11 Bosmina longirostris + + + + 

12 Bosmina fatalis + + + - 

 Family-Sididae     

13 Diaphanosoma 

excisum 

+ + + - 

 Family-Moinidae     

14 Moina micrura + + + - 

 Family-Chydoridae     

15 Chydorus ventricosus - + - + 

16 Alona quadrangularis - - + - 

17 Alona rectangula - + - - 

18 Alona verrucosa + + + - 

 Family-Macrotricidae     

19 Macrotrix spinosa - + - - 

C COPEPODA     

 Order-Cyclopoida     

 Family-Cyclopidae     

20 Mesocyclops 

leuckarti 

+ + + + 

21 Mesocyclops hyalinus + - - + 

22 Trophocyclops 

prascinus 

+ + + + 

23 Eucyclops serrulatus + + + + 

24 Microcyclops 

varicans 

+ + - + 

 Order-Calanoida     

 Family-Diaptomidae     

25 Filipinodiaptomus 

insulanus 

+ - - + 

 Family-

Pseudodiaptomidae 

    

26 Pseudodiaptomus 

nostradamus 

+ + - + 

27 Mysis sps + + + + 

28 Nauplius larvae + - - + 
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Fig 1: Relative abundance of zooplankton population in Achencovil river during different seasons 

 

Table 2: Seasonal variations in the density of cladoceran population in Achencovil river during the study. 

 

Season Segment 1 Segment 2 Segment 3 Seasonal Mean ± SE 

Summer 32 26 35 31 ± 2.64 

Pre monsoon 46 40 49 45 ± 2.64 

Monsoon 43 38 45 42 ± 2.08 

Post monsoon 28 25 34 29 ± 2.64 

Annual Mean ± SE 37.25 ± 4.31 32.25 ± 3.92 40.75 ± 3.71  

 

Table 3: Seasonal variations in the density of copepod population in Achencovil river during the study. 

 

Season Segment 1 Segment 2 Segment 3 Seasonal Mean ± SE 

Summer 42 38 35 38.33 ± 2.03 

Pre monsoon 31 34 33 32.67 ± 0.88 

Monsoon 27 24 25 25.33 ± 0.88 

Post monsoon 45 41 48 44.67 ± 2.03 

Annual Mean ± SE 36.25 ± 4.98 34.25 ± 4.28 35.25 ± 5.51  

 

Table 4: Seasonal variations in the density of rotifer population in Achencovil river during the study. 

 

Season Segment 1 Segment 2 Segment 3 Seasonal Mean ± SE 

Summer 48 42 45 45 ± 1.73 

Pre monsoon 31 28 34 31 ± 1.73 

Monsoon 27 23 28 26 ± 1.53 

Post monsoon 36 30 32 32.67 ± 1.77 

Annual Mean ± SE 35.5 ± 4.56 30.75 ± 4.03 34.75 ± 3.64  
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Abstract- Kerala is the synonym to biodiversity. Fresh water 

ichthyological diversity is the most crucial part of biodiversity as 

it is difficult to be estimated and protected. The study aimed to 

estimate the fish diversity of Pallickal River in relation to 

physico chemical parameters. The period of study was from 

March 2012 to October 2012. Fish samples and surface water 

samples were collected seasonally. Specimens were preserved in 

4% formalin. Identification of fishes was done with standard 

keys and water samples were analyzed by standard procedures. 

Statistical analysis of the data was done. 30 fishes belongs to 16 

families of 9 orders were obtained, in which the dominant family 

was Cyprinidae. One endangered species and 7 vulnerable 

species were recorded during the study. Biodiversity indices 

were calculated using Biodiversity pro and the values obtained 

showed rich and healthy ecosystem showing less over dominance 

and high diversity. Dominant species differed in relation to site 

and season. Physico chemical parameters indicated the 

ecosystem as a life sustainable one, except low pH recorded at 

site 1 during pre monsoon period. DO, PH and TDS were 

identified as the principal factors those influence the piscian 

fauna, using PCA.  

 

Index terms - Biodiversity, Cyprinidae, Ichthyology, Pallickal 

River, PCA 

 

I. INTRODUCTION 

arth is the blue planet, which holds the precious matter of the 

Universe, Water. 2/3 of the Earth’s surface is covered with 

water, comprises both marine and fresh water ecosystems. 

Though fresh water habitats occupy a relatively small portion of 

the earth’s surface, their importance to man is far greater than 

their area because they are the most convenient and cheapest 

source of water for domestic and industrial needs (Odum, 1971). 

Both lentic and lotic freshwater ecosystems support plenty of 

biotic forms from microscopic planktons to higher organisms 

(Thirumala et al, 2011). Among them, some act as the 

representatives of the ecosystem as their presence, abundance, 

characters and morphological features can accentuate the 

environmental parameters of that ecosystem. So, inland waters 

and fresh water biodiversity constitute a valuable natural 

resource in economic, cultural, aesthetic, scientific and 

educational terms (Vijayalaxmi et al, 2010).  

       Rivers of India harbor one of the richest fish genetic 

resources on the world (Vass et al, 2009). Kerala is rich with 44 

short and swift flowing perennial rivers, originating from 

Western Ghats, the hot spot of biodiversity. Fresh water 

ichthyological diversity is the most crucial part of biodiversity as 

it is difficult to be estimated and protected. The potential of fresh 

water fish extinction tends to concentrate in endemic species rich 

tropical and subtropical areas mostly due to anthropogenic 

activities, which led to habitat destruction, pollution, over 

exploitation, blocking of river flow, and other environmental 

problems like acid raining, global warming etc. Since the quality 

of aquatic life depends on the quality of water, fishes have been 

regarded as effective biological indicators of environmental 

quality (Bhat, 2003) and anthropogenic stress in aquatic 

ecosystems.  

       Pallickal River, one among the 44 major rivers of Kerala, 

originates from Kuttivanam, a part of Western Ghats, lies at the 

southern cliffs of Kalaritharakunnu in Adoor (Pathanamthitta) 

and flows through Nellimukal, Anayadi and Vattakkayal before 

merging with the Kozhikode canal, near Karunagapally, in 

Kollam district.  It is 42 Km long and holds 220km
2
 area. The 

two sides of the river show high population density since it flows 

through rural areas. Though there is enough literature on 

freshwater biodiversity of Western Ghats in general, there are no 

published works on the fish diversity of many rivers of Kerala 

including Pallickal River. The present study aimed to monitor the 

fish diversity of Pallickal river in relation to physico chemical 

character of river water, of premonsoon and monsoon seasons 

and thereby estimating the piscian population health and quality 

or river water concern to domestic uses of local people. 

 

II. MATERIALS AND METHODS 

I STUDY AREA: 

       a) Site I- Nellimukal: Sampling site at the upstream segment 

of the river, located at latitude 9
0
 05’ 06.2 N and longitude 76

0
 

37’ 69.3 E with an elevation of 53 ft above MSL. 

       b) Site II- Anayadi: Sampling site at the midstream segment 

of the river, located at latitude 9
0
 07’ 08.5 N and longitude 76

0
 

33’ 59.2 E with an elevation of 52 ft above MSL. 

       c) Site III- Vattakkayal: Sampling site at the downstream 

segment of the river, located at latitude 9
0
 01’ 21.4 N and 

longitude 76
0
 31’ 40.8 E with an elevation of 52 ft above MSL. 

 

       II WATER SAMPLING: Surface water samples for physico 

chemical analysis were collected in 1L sterilized plastic bottles. 

Fixation of the water sample was done according to APHA water 

collection techniques. Spot detection of temperature and pH of 

water was done using portable equipments. Samples were 

E 
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brought to the laboratory as early as possible and hardness, 

dissolved oxygen (DO), Total dissolved solids (TDS), 

Conductivity, free CO2 and BOD were detected using standard 

procedures (APHA, 2005). 

 

          III COLLECTION OF FISH SAMPLES AND 

IDENTIFICATION: Fishes were collected with the help of local 

fishermen, using gill net, cast net, hooks and lines and locally 

using equipments. Primary identification was done at the site and 

local names of the fishes were collected from fishermen. Fishes 

were preserved in 4% formalin. Healthy adults showing 

taxonomic characters were kept as standard specimens. 

Identification was done using standard keys of Jayaram(1999) 

and Easa and Shaji (2003). 

 

          IV STATISTICAL ANALYSIS: Statistical analysis of the 

data obtained has been done and the mean values of the triplicate 

samples with standard deviation were used for further analysis. 

The site wise variations in the ecological attributes of piscian 

population were calculated using the software, Biodiversity pro. 

Two way ANOVA was done to analyze the significance of 

variations observed in physico chemical parameters. 

 

 

III. RESULT AND DISCUSSION 

         30 fish species belongs to 16 families were collected during 

the study (table 1) and taxonomic identification and preservation 

were done. As per IUCN norms for ecological status, 11fishes 

were identified as 11 endemic to Indian subcontinent, 6 endemic 

to India, 8 endemic to Western Ghats and 3 endemic to Kerala. 

Eight species were identified as vulnerable and one (Horabagrus 

brachysoma) endangered.  The abundant genus was Puntius, with 

six species, Family Cyprinidae, having 10 species and order, 

Cypriniformes with 11 species of 2 families, followed by 

Siluriformes and Perciformes. Similar results were obtained for 

major ichthyological studies done in the rivers of Western Ghats 

(Bhat, 2003; Kumar et al, 2011; Patra et al, 2011). One esturian 

species, Glossogobius giuris giuris, was collected from 

Vattakkayal during the monsoon season. Ample collections of 

Dwarf puffer, Carinotetraodon travancoricus, were observed 

during pre monsoon season and the local people seldom consider 

it as a fish. Exotic species were not recorded during the study as 

the introduction of fish seeds were started in three stations of the 

river from July- August 2012 and the river under study has less 

connections with the neighboring rivers, Achencovil and 

Kallada, in the upstream and midstream level. Comparing the 

two seasons, the highest number of fishes were recorded during 

the monsoon season in all the sites. During the pre monsoon 

season, the river water level was too low due to reduction in 

rainfall at Pathanamthitta and Kollam districts in 2011(273.3mm) 

as compared to last two years; 313.4mm in 2010 and 407.1mm in 

2009. Decline in the water level reduced the accessibility of 

fishes during collection and will reduce the number and species 

of fishes in sampling. Onset of monsoon was in late May and the 

collection of fishes after that showed remarkable increase in 

diversity and abundance in all three sites. Among the sites, 

Vattakkayal (PM: 200, M: 448) was observed as more and 

Nellimukal (PM: 65, M: 123) was less diverse and abundant for 

ichthyological population. 

 

 

Table 1: List of fish species collected from Pallickal river 

 

No. Order Family Name of Fish IUCN 

status 

Endemism 

1  

 

 

 

 

 

 

 

CYPRINIFORMES 

Cyprinidae 
Puntius vitattus VU EN-WG 

2 Puntius filamentosus  EN-WG 

3 Puntius fasciatus  EN-WG 

4 Puntius sarana subnsutus VU EN-WG 

5 Puntius mahecola  EN-IS 

6 Puntius ticto  EN-WG 

7 Rasbora daniconius  EN-IS 

8 Devario malabaricus VU EN-WG 

9 Garra mullya  EN-I 

10 Barilius bakeri VU EN-I 

11 Cobiitidae Lepidocephalus thermalis  EN-IS 

12  

 

 

PERCIFORMES 

Anabantidae Anabas testudineus VU EN-IS 

13 Cichlidae Etroplus maculates  EN-IS 

14 Etroplus suratensis  EN-IS 

15 Gobiidae Glossogobius giuris giuris  EN-I 

16 Ambassidae Parambassis dayi  EN-K 

17  

 

 

SILURIFORMES 

Bagridae Mystus montanus  EN-I 

18 Mystus oculatus  EN-I 

19 Horabagrus brachysoma EN EN-K 

20 Heteropneustidae Heteropneustes fossilis  EN-IS 

21 Clariidae Clarias batrachus  EN-IS 

http://en.wikipedia.org/wiki/Perciformes
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22 BELONIFORMES Belonidae Xenentadon cancila  EN-IS 

23 Hemirhamphidae Hyporhambus xanthopterus VU EN-I 

24 CLUPEIFORMES Clupeidae Dayella malabaricus  EN-WG 

25 CYPRINODONTIFORMES Aplocheilidae Aplocheilus lineatus  EN-IS 

26 Aplocheilus blocki  Native 

27 ELOPIFORMES Megalopidae Megalops cyprinoides  Native 

28 SYNBRANCHIFORMES Mastacembulidae Mastacembelus armatus  EN-IS 

29 Macrognathus guentheri VU EN-IS 

30 TETRAODONTIFORMES Tetraodontidae Carinotetraodon 

travancoricus 
VU EN-K 

 

*EN-WG- Endemic to Western Ghats  *EN-IS- Endemic to Indian Subcontinent *EN-K- Endemic to Kerala.  

*EN-I- Endemic to India. VU Vulnerable. EN Endangered. 

 

         Biological indices for each site in two seasons were 

calculated using Biodiversity pro. The Shannon-wiegner 

diversity index was high at site 3 Vattakkayal (PM 1.26; M 1.45) 

in two seasons and low at site 1, Nellimukal (PM & M 1). For 

site 2, Thengamom, diversity index produced medium values 

(PM 1.23; M 1.30). All values showed poor fish diversity in the 

ecosystem and the onset of monsoon had a positive influence on 

diversity. In pre monsoon collection, Simpson’s dominance 

index was high at site 1(0.178) and low at site 2(0.085) followed 

by site 3(0.093) and during monsoon, site 1(0.163) recorded the 

highest value followed by site 2 (0.094) and site 3 (0.08). As the 

value reduces, the species diversity increases. Hence during 

monsoon, vattakkayal and during pre monsoon, Thengamom 

were estimated as more diverse. All the values lie below 0.5, 

show the fishes are equally distributed and the chances of 

presence of an over dominant species is less. 

         In two seasons, Margalef index of richness values were 

high at site 1 (PM 1.21; M 1.38) followed by site 2 (PM 1.13; M 

1.26) and site 3 (PM 0.96; M 1.09) revealed that the ecosystem is 

rich in fish population. Values obtained for McIntosh distance 

index ranges between 1.048 (for site 3) and 1.134 (for site 1), 

indicating that the ecosystem provides average space available 

for each species and hence the species show moderate clustering. 

K dominance and Hill number of dominance showed that in 

premonsoon season, 2 species (Rasbora daniconius and Etroplus 

maculates) at site 1, five species (Etroplus maculates, Clarias 

batrachus, Puntius filamentosus, Dayella malabarica and 

Devario malabaricus) at site 2 and six species (rasbora 

daniconius, Etroplus maculates, Puntius filamentosus, Daverio 

malabaricus, P. fasciatus and Xenentadon cancila ) at site 3 were 

found to be abundant and during monsoon, 2 species (P. 

filamentosus and Rasbora daniconius) at site 1, 5 species (P. 

filamentosus, Rasbora daniconius, P. ticto, Etroplus maculates 

and P. mahecola) at site 2 and 7 species (Parambassis dayi, P. 

filamentosus, Dayella malabaricus, E. maculates, P. ticto, 

Carinotetraodon travancoricus and R. daniconius) at site 3 were 

abundant in the population.  Based on the distribution studies, 

during pre monsoon, 15 species showed random and 8 species 

showed aggregated distribution and during monsoon, 13 species 

showed random and 17 species showed aggregated distribution.  

 

 

Table2: Parameters of Fish diversity in Pallickal River 

Biodiversity Indices Pre monsoon(PM) Monsoon(M) 

Site 1 Site 2 Site 3 Site 1 Site 2 Site 3 

No. of Fishes obtained 65 87 200 123 203 447 

No. of species obtained 10 17 18 10 20 26 

Shannon- Weiner index of diversity 1 1.23 1.26 1 1.30 1.45 

Simpson’s Dominance Index (D) 0.178 0.085 0.093 0.163 0.094 0.08 

Hill’s number of Abundance(H1) 2.09 5.9 6.04 2.42 5.99 7.30 

Margalef Index of Species Richness 1.21 1.13 0.96 1.38 1.26 1.09 

McIntosh Index of Distance(D) 1.134 1.113 1.073 1.095 1.073 1.048 

McIntosh Index of Evenness(E) 1.25 1.26 1.26 1.22 1.22 1.22 

 

         The seasonal and site wise variation of nine major 

hydrological parameters (table 3) and their influence on piscian 

diversity were also studied using ISO recommended standards of 

water quality parameters (WHO, 1971) and Principal Component  

 

analysis. The lowest pH value was recorded at site 1(6.46) during 

premonsoon, which lies below the normal range 6.5-8.5 and all 

other parameters were within the sustainable range. Minimum 

temperature was recorded at the downstream site in two seasons. 
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This may be due to the presence of rich vegetation, which can 

reduce the water temperature. TDS and conductivity were high 

during the pre monsoon period (Thirumala et al, 2011) and 

Dissolved Oxygen, hardness and BOD showed significant 

reduction with the onset of monsoon (Araoye, 2009; Patra et al, 

2011and Mahor, 2010). But salinity showed little fluctuation 

with the season.  Salinity (2ppt) and the presence of 

Glossogobius giuris giuris support to conclude the estuarine 

nature of site 3, vattakkayal. Principal Component Analysis, 

employed to identify the variants which control the piscian 

population characteristics, showed DO, pH and TDS as the 

principal factors and less affected by temperature as it has a 

synergestic effect with other parameters of the ecosystem 

(Hansson et al, 2012). 

 

 

Table 3: Physico-chemical parameters along the three different sites in two seasons of Pallickal River 

Physico-chemical 

parameters 

Pre monsoon(PM) Monsoon(M) 

Site 1 Site 2 Site 3 Site 1 Site 2 Site 3 

Temperature(  ْ C) 27.06 26.87 26.13 26.13 26.09 24.87 

pH 6.46 6.66 6.8 6.8 6.9 6.96 

DO (mg/l) 6.25 6.4 6.6 5.37 5.85 6.17 

Hardness(mg/l) 2 1.8 2.3 0.6 0.6 1 

Free CO2(mg/l) 1 1 2 1 2 1 

Conductivity(μmhos/cm) 75.2 82.5 90.9 63.6 60.1 79 

Salinity(ppt) 0.1 0.1 0.2 0.1 0.1 0.2 

BOD(mg/l) 2.1 1.8 0.67 1.15 1.32 1 

TDS(ppt) 53.3 68.2 73.23 42.17 40.63 64.17 
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IV. CONCLUSION 

        The database of fish diversity in relation to physic chemical 

properties of water of Pallickal River is essential to implement 

conservational and utilitarian programmes and to record the 

genetic diversity of the river as a part of freshwater ecosystems 

of Kerala. The data obtained can be primarily utilized for 

recording the biodiversity of the river, as a part of Western 

Ghats, one of the Hotspots Biodiversity, since less scientific 

studies had been done about the health of this riparian system.  
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Abstract- Menopause is a gradual three-stage process that 

concludes with the end of periods and reproductive life. The 

antioxidant enzyme system get affected in postmenopause due to 

deficiency of estrogen, which has got antioxidant properties. The 

objective of the present study was therefore, to analyze the effect 

of supplementation of drumstick and amaranth leaves powder on 

lipid profile and blood pressure. Ninety postmenopausal women 

aged 45-60 years were selected and divided into three groups viz. 

Group I, II and III having thirty subjects in each group. The 

subjects of group II and III were supplemented daily with 7g 

drumstick leaves powder (DLP) and 9g amaranth leaves powder 

(ALP), respectively for a period of three months in their diet. The 

subjects of group I was not given supplementation. Total 

cholesterol, triglycerides, HDL-C, LDL-C, VLDL-C were 

analyzed before and after supplementation. Blood pressure of the 

subjects were also recorded. The data revealed that 

supplementation of DLP and ALP significantly decreased total 

cholesterol (14.2 and 8.2%), triglycerides (5.9 and 4.6%), LDL-C 

(10.9 and 5.3%), VLDL-C (5.8 and 4.6%) whereas increase in 

HDL-C (15.3 and 7.2%) in postmenopausal women of group II 

and III respectively. SBP and DBP decrease by 3.6 and 2.1% in 

group II whereas 4.3 and 6.7% in group III. The results indicated 

that these plants possess hypolipidemic and hypotensive 

properties. 

 

Index Terms- Amaranth leaves powder, Drumstick leaves 

powder, Lipid profile 

 

I. INTRODUCTION 

enopause is associated with a wide variety of physical and 

psychological symptoms. It is a gradual three-stage 

process that concludes with the end of periods and reproductive 

life. When woman’s menstruation has ceased spontaneously at 

least for a year it is postmenopause. Most women experience 

menopause between 40 and 58 years of age, the median age 

being 51 years (Moilanen et al 2010). In postmenopause, ovaries 

stop making estrogen hormone. The antioxidant enzyme system 

seems to be affected in postmenopause due to deficiency of 

estrogen, which has got antioxidant properties. The beneficial 

effects of estrogen might be attributable to their free radical 

scavenging structures. Another benefit of estrogen is that it 

decreases low density lipoprotein (LDL) cholesterol and 

increases high density lipoprotein (HDL) cholesterol affecting 

lipid metabolism. Estrogen also plays a role in the increased 

production of neurotrophic growth factors, which modulate 

neuronal growth, survival and aging  (Srivastava et al 2005). 

          Damage caused by oxygen radicals is responsible for many 

of the bodily changes that come with age. Antioxidant offers 

protection against a wide spectrum of diseases. Antioxidant 

scavenges free radicals, provides cellular protection and fights 

against human diseases. Drumstick (Moringa oleifera) and 

amaranth (Amaranthus tricolor) are such promising plants which 

have both a medicinal and a functional property. Drumstick 

leaves had the highest proportion of essential amino acids and 

significant quantities of minerals (Sreelatha and Padma 2009). 

Lako et al (2007) reported that drumstick leaves have a high total 

antioxidant capacity (260 mg/100 g) and are rich in total 

polyphenol content (260 mg/100 g), quercetin (100 mg/100 g), 

kaempferol (34 mg/100 g) and β-carotene (34 mg/100 g). 

Amarnath leaves contain dietary fibre, folic acid and perhaps 

other bioactive nutrients such as bioflavonoids. Further, 

amaranth leaves contain magnesium, an antimutagen and 

chlorophyllin, a proven efficient antimutagen and antioxidants 

(Anilakumar et al 2006 ).  Hence, the present study was designed 

to see the effect of supplementation of dried drumstick and 

amaranth leaves powder on lipid profile and blood pressure in 

postmenopausal women.  

 

II. METHODOLOGY 

          Procurement of antioxidant powders: Fresh leaves of 

Drumstick (Moringa oleifera) and amaranth (Amaranthus 

tricolor) were procured from Department of Vegetable Crops, 

Punjab Agricultural University, Ludhiana. Fresh leaves were 

sorted and washed. Washed leaves were spread and dried in oven 

at 40˚C for 4-6 hours and then powdered. Powdered drumstick 

leaves were named as Antioxidant powder I (DLP) and amaranth 

leaves as antioxidant powder II (ALP). All other ingredients were 

purchased from the local market. 

          Selection of subjects and supplementation: Ninety healthy 

postmenopausal women aged between 45-60 years, who were not 

having their menstrual period from last 1-3 years were selected 

for the study. Women who had undergone hysterectomy or taken 

hormone replacement therapy were excluded from the study. The  

selected subjects were equally divided into three groups viz. 

group I, group II and group III i.e. 30 in each group. Subjects of 

group II and group III were supplemented with antioxiant 

powder I (Drumstick leaves powder: 7g) and antioxidant powder 

II (Amaranth leaves powder: 9g) in the recipes in daily diet for 

M 
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three months, whereas group I was not given any 

supplementation.  Information regarding physical activity and 

lifestyle related information were recorded for all the subjects 

through an interview schedule.  

          Analysis of blood samples: Blood samples were analysed 

before and after supplementation for total serum cholesterol 

(Richmond 1973), serum high density lipoprotein cholesterol 

(Lopes-Virella et al 1997) and serum triglycerides (Fossati and 

Principle 1982). Serum low density lipoprotein cholesterol was 

calculated based on the Friedwald equation (Frieldwalds et al 

1972).  

          Blood pressure of the selected subjects was recorded with 

the Sphygmomanometer (Maclead 1984) before and after 

supplementation.   

          Statistical analysis: The data on all the blood parameters 

was analyzed statistically. The mean standard error, analysis of 

variance and their statistical significance was ascertained using a 

computer programme package (Cheema and Singh 1990). 

 

III. RESULTS AND DISCUSSION 

          Ninety postmenopausal subjects were identified and 

divided into three groups. Information regarding physical activity 

and lifestyle related information revealed that walking was the 

most common physical exercise adopted by 70.0, 33.3 and 60.0 

per cent of subjects of control group I and experimental group II 

and group III while 33.3, 50.0 and 40.0 performed yoga. Time 

spent on yoga was 15-30 minutes by 96.7, 73.3 and 93.4 per cent  

subjects of three groups. Karolkiewicz et al (2009) showed that 

an 8-week aerobic exercise enhanced insulin sensitivity, and 

improved the balance between oxidants and antioxidants in 

healthy, postmenopausal women. It was observed that majority 

of subjects 93.3, 96.7 and 96.7 per cent of control group I and 

experimental group II and III used to sleep more than 6 hours 

while 6.7, 3.3 and 3.3 per cent of subjects of three groups used to 

sleep for 6-8 hours. Campos et al (2006) reported that oxidative 

stress status of postmenopausal women, probably due to the lack 

of estrogen and due to sleep disturbances. Chandla (2006) 

reported that 35% postmenopausal women sleep more than 6 

hours. It was observed in the present study that watching TV was 

the major relaxation mode adopted by all the subjects, while 

sitting idle was the second most popular way of relaxation among 

73.3, 60.0 and 40.0 per cent of subjects (Table 1). 

 

Lipid profile of the subjects before and after supplementation 

of Antioxidant powder I & II 

          Different blood lipid parameters of the subjects of the three 

groups were assessed before and after supplementation of 

Antioxidant powder I & II (Table 2) and their percentage 

distribution(Table 3). 

          The mean values of total cholesterol before and after 

supplementation period in group I, group II and group III were 

217.56±8.39, 207.13±6.50, 210.70±7.29 mg/dl and 215.93±7.96, 

177.80±5.03, 193.36±6.23 mg/dl. A highly significant (p≤0.01) 

decrease in TC was observed in experimental groups II and III 

whereas a non significant decrease in control group I. 

Distribution of subjects in group II and group III revealed that 

46.6 and 40.0 per cent of subjects were in desirable range before 

supplementation which increased 83.4 and 60.0 per cent after 

supplementation. Drumstick leaves contain atenol which has 

profound hypolipidemic activity by increasing excretion of fecal 

cholesterol (Ara et al 2008, Jain et al 2010). Krishnamurthy et al 

(2011) also reported hypolipidemic effect of amaranth leaves. 

          The initial and final mean values of triglycerides were 

173.56±10.07, 168.53±9.95, 145.73±9.69 mg/dl and 

171.96±9.48, 158.63±8.69, 138.90±7.66 mg/dl in group I, group 

II and group III, respectively. A significant decrease of 5.9 per 

cent was observed in group II (DLP supplementation) whereas 

4.6 per cent in group III (ALP supplementation). A non 

significant decrease was observed in control group I. Data 

revealed that before supplementation 30.0, 33.4 and 43.3 per cent 

of subjects were in desirable range which increased to 33.4, 60.0 

and 70.0 per cent after supplementation in group I, group II and 

group III respectively. Kapoor (2010) also reported decrease in 

triglycerides by 3.8 per cent after supplementation in 

postmenopausal women. 

          Before supplementation mean values of HDL-C were 

44.70±2.58, 45.30±2.52, 41.96±3.02 mg/dl which increased to 

45.13±2.62, 50.26±2.67, 45.00±2.53 mg/dl in group I, group II 

and group III, respectively. Significant (p≤0.01) increae in HDL-

C by 15.3 per cent was observed in experimental groups II  and 

by 7.2 per cent in group III whereas a non significant increase in 

control group I. Data on distribution of subjects revealed that 

before supplementation 56.6, 60.0 and 43.3 per cent were in 

desirable range which increased to 63.4, 76.6 and 56.6 per cent 

after supplementation in group I, group II and group III, 

respectively. Srivastava (2009) also reported increase in HDL-C 

by 8.19 per cent after supplementation of amla powder. 

          The mean initial and final values of LDL-C in group I, 

group II and group III were 113.26±7.16, 154.60±8.29, 

138.66±8.08 mg/dl and 115.16±6.72, 137.60±7.16, 131.30±6.77 

mg/dl, respectively. A highly significant (p≤0.01) decrease in 

LDL-C was observed in experimental groups II (10.9 per cent) 

and group III (5.3 per cent) whereas a non significant decrease in 

control group I. Distribution of subjects revealed that before 

supplementation 30.0 and 33.3 per cent were in desirable range 

which increased to 43.4 and 40.0 per cent after supplementation 

in group II and group III. Kabiri et al (2010) reported that extract 

of Amaranthus decreased the most important risk factors (serum 

lipoproteins, apoB and oxdised-LDL) of cardiovascular diseases 

and inflammatory factors. Kim et al (2006) reported that 

supplementation of amaranth improves lipid metabolism. 

Drumstick and amaranth leaves contain β-sitosterol which may 

be responsible for its hypolipidemic effect as well as antioxidant 

properties ( Rajanandh and Kavitha 2010, Baral et al 2011). 

          The initial mean values of VLDL-C were 34.71±2.01, 

33.70±1.99 and 29.14±1.93 mg/dl and after supplementation 

period, the values decreased to 34.39±1.89, 31.72±1.73 and 

27.78±1.53 mg/dl in group I,  group II and group III respectively. 

A significant decrease was observed in group II and group III 

while non significant decrease was observed in control group I.  

          The initial and final TC:HDL-C ratio in group I, group II 

and group III were 6.00±0.77, 5.31±0.54, 6.59±0.85 and 

5.80±0.67, 3.99±0.33, 4.94±0.44 respectively. A highly 

significant (p≤0.01) decrease in TC:HDL-C was observed in 

experimental groups II (24.9 per cent) and group III (25.0 per 

cent) whereas a non significant decrease in control group I. 
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          The mean ratio of LDL-C:HDL-C before and after 

supplementation were 3.16±0.78, 3.81±0.36, 4.20±0.57 and 

3.14±0.40, 3.03±0.28, 3.30±0.31 in group I, group II and group 

III respectively. A highly significant (p≤0.01) reduction was 

observed in group II (20.5 per cent) and group III (21.4 per cent), 

wheras a non-significant decrease was observed in control group 

I. Further data revealed that supplementation of DLP in group II, 

TC:HDL-C was reached upto desirable level. 

          The mean ratio of triglyceride:HDL-C before 

supplementation were 5.14±0.81, 4.63±0.68, 4.76±0.75 which 

decreased to 5.01±0.81, 3.77±0.48, 3.71±0.46 in group I, group 

II and group III respectively after supplementation. A highly 

significant (p≤0.01) reduction was observed in group II (18.5 per 

cent) and group III (22.1 per cent), wheras a non-significant 

decrease was observed in control group I. 

  

Blood pressure of the subjects before and after 

supplementation of Antioxidant powder I & II 

          Blood pressure of the subjects recorded before and after 

supplementation (Table 4) and their percentage distribution 

(Table 5). 

          Data revealed that mean value for SBP before 

supplementation were 130.76±10.42, 136.26±8.35, 134.56±11.51 

mm Hg which decreased to 130.26±10.39, 131.33±10.31, 

131.76±7.60 mm Hg in group I, group II and group III, 

respectively. A significant (p≤0.01) decrease of 3.6 per cent was 

observed in experimental groups II (DLP supplementation) and 

2.1 per cent in group III (ALP supplementation) whereas a non-

significant decrease was observed in control group I. Drumstick 

leaves contain nitrile, mustard oil glycosides and thiocarbamate 

glycosides which have blood pressure lowering effect (Anwar et 

al  2007). 

          The data recorded revealed that the initial and final 

diastolic blood pressure recorded were 90.36±1.65, 90.43±1.11, 

94.66±1.53 mm Hg and 88.23±1.23, 86.53±0.58, 88.30±1.15 mm 

Hg in group I, group II and group III respectively. A significant 

(p≤0.01) decrease of 4.3 per cent was observed in experimental 

groups II and 6.7 per cent in group III wheras a non-significant 

decrease in control group I. Morimoto et al (2008) explained that 

mental  stress causes sustained diastolic blood pressure elevation 

in postmenopausal women, accompanied by heightened 

oxidative stress. 

IV. CONCLUSION 

          It was concluded that supplementation of drumstick leaves 

powder (7g) and amaranth leaves powder (9g) per day for three 

months significantly decreased total cholesterol (14.2 and 8.2%), 

triglycerides (5.9 and 4.6%), LDL-C (10.9 and 5.3%), VLDL-C 

(5.8 and 4.6%) whereas increase in HDL-C (15.3 and 7.2%) in 

postmenopausal women. SBP and DBP decrease by 3.6 and 2.1% 

in DLP supplemented group whereas 4.3 and 6.7% in ALP 

supplemented group. Hence, it is recommended to consume 

drumstick leaves and amaranth leaves as they are rich source of 

antioxidants and possess hypolipidemic and hypotensive 

properties. 
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Table 1. Physical activity and lifestyle related information of the subjects 

S.No. Characteristics Group I 

(Control) 

Group II (DLP 

supplementation) 

Group III (ALP 

supplementation) 

1 Type of physical activity*    

 Walking 21(70) 10(33.3) 18(60) 

 Yoga 10(33.3) 15(50) 12(40) 

 Gym 2(6.6) 1(3.3) - 

2 Time spent on physical 

activity(mins) 

   

 15-30 29(96.7) 22(73.3) 28(93.4) 

 30-45 1(3.3) 8(26.7) 2(6.6) 

3 Sleep hours    

 <6 28(93.3) 29(96.7) 27(96.7) 

 6-8 2(6.7) 1(3.3) 3(3.3) 

4 Relaxation technique*    

 Sitting idle 22(73.3) 18(60) 12(40) 

 Listening music 1(3.3) 2(6.6) 1(3.3) 

 Watching TV 10(33.3) 22(73.3) 24(80) 

 Meditation 1(3.3) - - 

 Reading 1(3.3) - - 

Figures in parenthesis are percentages 

*Multiple Responses 
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Table 2. Effect of supplementation of Antioxidant powder I (DLP) and II (ALP) on lipid profile of the subjects (n=30) 

Parameters Group I 

(Control) 

Group II (DLP 

supplementation) 

Group III (ALP 

supplementation) 

C.D. at 

5% 

Standard 

range 

Total Cholesterol (mg/100ml)    

Baseline 217.56±8.39
a 

207.13±6.50
b 

210.70±7.29
c 

0.20 <200
^
 

After Exp. 215.93±7.96
a 

177.80±5.03 193.36±6.23
c 

18.34  

% change 0.7 14.2 8.2   

Paired t-value 1.52
NS

 6.10** 7.00**   

Triglycerides (mg/100ml)     

Baseline 173.56±10.07 168.53±9.95 145.73±9.69 NS <150
^
 

After Exp. 171.96±9.48
a 

158.63±8.69 138.90±7.66
c 

24.30  

% change 0.9 5.9 4.6   

Paired t-value 1.74
NS

 3.00** 2.25*   

HDL-C (mg/100ml)     

Baseline 44.70±2.58 45.3±2.52 41.96±3.02 NS >50
^
 

After Exp. 45.13±2.62
a 

50.26±2.67
b 

45.00±2.53 3.53  

% change 1.0 15.3 7.2   

Paired t-value 1.11
NS

 6.76** 4.09**   

LDL-C (mg/100ml)     

Baseline 113.26±7.16
a 

154.60±8.29
 

138.66±8.08
c 

19.80 <130
^
 

After Exp. 115.16±6.72
a 

137.60±7.16
b 

131.30±6.77
c 

5.12  

% change 1.7 10.9 5.3   

Paired t-value 1.72
NS

 4.08** 3.07**   

VLDL-C (mg/100ml)    

Baseline 34.71±2.01 33.70±1.99 29.14±1.93 NS <30
^
 

After Exp. 34.39±1.89 31.72±1.73 27.78±1.53 NS  

% change 0.9 5.8 4.6   

Paired t-value 1.74
NS

 3.00** 2.24*   

Total Cholesterol/ HDL-C     

Baseline 6.00±0.77 5.31±0.54 6.59±0.85 NS <4
ο
 

After Exp. 5.80±0.67
a 

3.99±0.33 4.94±0.44 1.42  

% change 3.3 24.9 25   

Paired t-value 1.18
NS

 5.52** 3.69**   

LDL-C/HDL-C     

Baseline 3.16±0.78 3.81±0.36 4.20±0.57 NS <3
ο
 

After Exp. 3.14±0.40 3.03±0.28 3.30±0.31 NS  

% change 0.6 20.5 21.4   

Paired t-value 0.78
NS

 3.42** 3.28**   
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Parameters Group I 

(Control) 

Group II (DLP 

supplementation) 

Group III (ALP 

supplementation) 

C.D. at 

5% 

Standard 

range 

Triglycerides/HDL-C     

Baseline 5.14±0.81 4.63±0.68 4.76±0.75 NS 1
ο
 

After Exp. 5.01±0.81 3.77±0.48 3.71±0.46 NS  

% change 2.5 18.5 22.1   

Paired t-value 1.022
NS

 3.59** 3.56**   

 

Values represent Mean ±SE 

**Significant at 1% level of significance  *Significant at 5% level of significance  

NS-Non Significant 

^
 Ghafoorunissa and Krishnamurthy (2007) 

ο 
American Heart Association (2004) 

 

a
 significant difference between group I and II 

b
 significant difference between group II and III 

c
 significant difference between group III and I 

 

Table 3. Percentage distribution of subjects based on lipid profile (n=30) 

Parameters Group I (Control) Group II (DLP 

supplementation) 

Group III (ALP 

supplementation) 

Baseline After Exp. Baseline After Exp. Baseline After 

Exp. 

Total Cholesterol (mg/dl)      

Desirable< 200 13 (43.3) 13 (43.3) 14 (46.6) 25 (83.4) 12 (40) 18 (60) 

Border line high 

200-240 

11 (36.7) 11 (36.7) 11 (36.6) 5 (16.6) 12 (40) 10 (33.4) 

High risk >240 6 (20) 6 (20) 5 (16.8) 0 (0) 6 (20) 2 (6.6) 

Triglycerides (mg/100ml)      

Desirable< 150 9 (30) 10 (33.4) 10 (33.4) 18 (60) 13 (43.3) 21 (70) 

Border line high 

150-500 

21 (70) 20 (66.6) 20 (66.6) 12 (40) 17 (56.6) 9 (30) 

HDL-C (mg/100ml)      

Desirable >50 17 (56.6) 19 (63.4) 18 (60) 23(76.6) 13 (43.3) 17 (56.6) 

High risk >35 13 (43.4) 11 (36.6) 12 (40) 7 (23.4) 17 (56.6) 13 (43.3) 

LDL-C (mg/100ml)      

Desirable< 130 20 (66.6) 19 (63.4) 9 (30) 13 (43.4) 10 (33.3) 12 (40) 

Border line high 

130-160 

4 (13.4) 5 (16.6) 11 (36.6) 9 (30) 10 (33.3) 13 (43.4) 

High risk >160 6 (20) 6 (20) 10 (33.4) 8 (26.6) 10 (33.4) 5 (16.6) 
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Table 4. Effect of supplementation of Antioxidant powder I (DLP) and II (ALP) on blood pressure of the subjects (n=30) 

Parameters Group I (Control) Group II (DLP 

supplementation) 

Group III (ALP 

supplementation) 

C.D. at 

5% 

Standard 

range 

Systolic BP (mmHg)     

Baseline 130.76±10.42
a 

136.26±8.35 134.56±11.51 4.02 120
@

 

After Exp. 130.26±10.39
a 

131.33±10.31
b 

131.76±7.60
c 

0.23  

% change 0.3 3.6 2.1   

Paired t-value 1.77
NS

 7.47** 3.65**   

Diastolic BP (mmHg)     

Baseline 90.36±1.65 90.43±1.11 94.66±1.53 NS 80
@

 

After Exp. 88.23±1.23 86.53±0.58 88.3±1.15 NS  

% change 2.3 4.3 6.7   

Paired t-value 3.31** 6.96** 5.83**   

Values represent Mean ±SE 

**Significant at 1% level of significance   

*Significant at 5% level of significance  

NS-Non Significant 

@
 Raghuram et al (2007) 

a
 significant difference between group I and II 

b
 significant difference between group II and III 

c
 significant difference between group III and I 

Table 5.Percentage distribution of subjects based on blood pressure (n=30) 

Parameters Group I (Control) 

 

Group II (DLP 

supplementation) 

Group III (ALP 

supplementation) 

Baseline After Exp. Baseline After Exp. Baseline After Exp. 

Systolic BP (mmHg)      

Desirable 120 4 (13.3) 4 (13.3) 8 (26.6) 11 (36.6) 6 (20) 10 (33.3) 

Risk >120 26 (86.7) 26 (86.7) 22 (73.4) 19 (63.4) 24 (80) 20 (66.7) 

Diastolic BP (mmHg)     

Desirable 80 5 (16.6) 4 (13.3) 10 (33.3) 15 (50) 8 (26.6) 12 (40) 

Risk >80 25 (83.4) 26 (86.7) 20 (66.7) 15 (50) 22 (73.4) 18 (60) 
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Abstract- Urbanization is undoubtedly the major transformation 

to land cover that profoundly influences biotic diversity. 

Changing urban landscape with high population growth and more 

demand for land is a major issue in Metropolitan Guwahati. The 

general pattern of urbanization in Guwahati is complex, diverse 

and fragmented which brings modification to natural land cover 

within the city. This complex urbanization process has altered the 

land surface characteristics within the city. An analysis of 

Landsat imageries has revealed subsequent decrease of land 

cover with a distinct spatial heterogeneity of land surface 

temperature from 1991 to 2008. To regulate the development, the 

proposed Master Plan for Guwahati 2025 has assigned some land 

use zoning. But the pressure of changing urban landscape has 

clearly seen over the eco-sensitive and Green belt areas, 

especially towards the periphery of the city. Due to scarcity of 

vegetation, some hotspots on surrounding hillocks were 

identified, the surface temperature of which is as high as the 

downtown. Thus, here an attempt has been made to correlate 

variation in temperature with land use type. The result of the 

present study is considered to be useful to develop 

countermeasure to thermal environmental problem in Guwahati 

metropolitan area. 

 

I. INTRODUCTION 

patial information on land use/land cover is a necessary 

prerequisite in planning, utilizing and management of natural 

resources. In the current context of development planning, 

information on land use/land cover and the changes over a period 

of time attain prominence because of its primary requirement in 

all the planning activities (NRSA, 2006). Land cover provides 

the interaction between the biotic and abiotic components of the 

ecosystem and thus changes to land cover also change 

biodiversity, evaporation, increase soil erosion and surface run 

off. Urbanization, characterized by a typical land use type of 

impervious surface area (ISA), and engineering structures has 

caused a major change to the land cover. The processes of 

urbanization govern the dynamics of global environmental 

degradation and thus draw attention to sustainable environment 

issues. 

        The ever increasing process of urbanization exerts pressure 

on natural vegetation cover and increase the atmospheric green 

house gases (GHG) through automobiles and industry. Because 

the heat storage capacity of ISA and engineering structures, as 

well as waste heat from automobile and industry, the temperature 

difference (ΔTu-r) between urban and in a rural area outside the 

urban settlement is found to be higher. Thus most of the areas of 

human disturbance such as towns and cities are characterized 

with closed isotherms indicating an area of the surface that is 

relatively warm. This process is well known as Urban Heat 

Island (UHI). The magnitude of ΔTu-r is greater at night, under 

clear skies and with little wind. The difference between urban 

and rural sites grows with time after sunset and reaches a 

maximum difference after about 4 hours (Mills 2004).  

        In India, many metropolitan cities have also experienced 

UHI in this decade (Deosthali, 2000; Amirtham et al. 2005; and 

Badrinath et al. 2005). Recently, estimation showed that Kolkata 

has experienced its warmest December 17 of this decade in 2009 

with 19.4°C of minimum temperature (Bhattacharyya, 2009). 

Like Kolkata, Guwahati the major city of North-East India has 

also experienced its warmest year in 2009 (“Hottest year in city 

since 1950”, 2009). Guwahati as a gateway to North-East India is 

characterized by a phenomenal change in urbanization in last few 

years. The population of Guwahati has increased from 809, 895 

in 2001 to 963,429 in 2011 with an increase in population density 

from 3736 persons per sq. km. to 4445 persons per sq. km. 

respectively (Census of India, 2011). The rapid rate of 

urbanization has its effect on the vegetation cover and thus to the 

atmosphere in the city. 

        During the last decade, the economic activities within the 

city were speeded up. Industrial establishment and concentration 

of new companies had changed the economic scenario of the city 

in the beginning of the 21
st
 century. The construction of new 

expressway from Jalukbari to Khanapara brought major land use 

change in the areas non adjacent to the traditional downtown 

centers. The high speed transportation system invited several 

industries, institution to set up their buildings alongside the 

expressway, most of which were earlier green belt or wetlands. 

Thus, the urbanization process within the city has accelerated at a 

high rate than ever before. The pressure of human settlement can 

be felt over the reserve forest, hills and the green belt areas of the 

city. 

        In this paper, an attempt has been made to investigate the 

impact of land use/land cover change on the thermal environment 

of Guwahati over the past 20 years. Quantitative remote sensing 

techniques have been adopted to investigate the change. The 

other objective of the paper is to relate the land use/land cover 

change study with the proposed Master Plan for Guwahati 

Metropolitan Area-2025, “Land Use Zoning and Development 

Control Regulation”. This will portray the human intervention in 

eco sensitive zones of the city and its impact to the thermal 

environment of the city. 

 

S 
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II. SIGNIFICANCE OF THE STUDY  

        As stated earlier the city has experienced a phenomenal 

population growth in the last two decades. To regulate the 

uneven urban development, the Guwahati Metropolitan 

Development Authority (GMDA) has proposed the Master Plan 

for Guwahati Metropolitan Area (GMA)-2025. The land use 

zoning and development control regulation of the plan has 

assigned some land use zones within the metropolitan limit. 

However, the Master Plan is still in a draft mode due to several 

political issues. Nevertheless, the overall urban development in 

Guwahati is being planned by two main authorities’ viz. GMDA 

and Guwahati Metropolitan Corporation (GMC). As there is no 

incentive or regulation for maintaining the Land use zoning, 

citizens are more or less reluctant in this regard. The Eco-

sensitive zones (Hills and Wetlands) and the Green Belt of the 

city are continuously intervened with residential structures. 

        The relation among urban land use and heat island effect 

may provide some insight in the development plans of the 

metropolis. If the relation between urban land use and heat island 

phenomenon can be properly articulated, the authorities may 

implement some counter measures to minimize the effect of 

micro climate change in their development plans. This study may 

have significant impact to the land use policy of the upcoming 

satellites towns of Guwahati Metro. 

 

III. STUDY AREA 

        The proposed study incorporates the Greater Guwahati in 

Kamrup (Metro) district of Assam as the study area. The region 

is located between the latitude of 26°2´ N to 26°16´ N and 

91°33´E to 91°52´E longitudes. The study area is situated on 

undulating plain with varying altitudes of 50 m to 55 m above 

mean sea level (MSL). To relate the study with the land use 

zoning of proposed Master Plan-2025, an extended boundary of 

Guwahati Metropolitan Area (GMA) with 328 sq. km is taken 

into consideration. The boundary of Greater Guwahati Area is 

coincided with the proposed modified boundary of Master Plan 

for Guwahati Metropolitan Area-2025. The region delineated 

under the proposed modified boundary constitutes of Guwahati 

Metropolitan Area, Sila-Matiya-Najirakhat-Bhulung area, 

Charmajulipam-Gandhmau-Ambari-BamunSoalkuchi area and 

Panchniyapara-Sajjanpara-Gariyapara-Alibari-Tarapatipa area. 

 

Fig 1: Location map of Guwahati Metropolitan area 

Land Use and Land Cover Mapping 

           To explore the changes to the land use/land cover within 

the study area, this study has considered three time period viz 

1991, 2000 and 2009 with an interval of 9 years. For this, the 

study has taken three Landsat images of the stated years; two of 

these are Landsat TM images of November 1991 and October 

2009, while the other one is Landsat ETM+ image of August 

2000. Before processing the land use/land cover maps, image 

geometric correction has been done using GCP derived from 

DGPS survey. As the Landsat TM and ETM+ images were taken 

by different sensors in different period, radiometric correction 

using relative radiometric normalization (Hall et al. 1991) has 

been carried out. 

           Then the ‘Supervised Classification’ method with 

‘Maximum likelihood’ has been adopted to define land use 

classes. The images are classified to nine land use classes viz. 

high dense Settlement, low dense Settlement, trees and shrubs, 

dense vegetation, Open land, water, river sand, agriculture and 

agricultural current fallow land. The Settlement class 

encompasses roads, buildings, and other build landscapes. 

Vegetation represents live growth that has a green color.  The 

open land class can conflict with some built up areas as it 

contains some bright cyan values. Water represents water bodies 

including river, swamp and “nala” (drain). 

 

Land use and land cover change in Guwahati, 1991-2009 

           The Land use and land cover change statistics have been 

derived for six major land use classes. From table1 it is clear that 

the highest change has occurred to high dense Settlement. In the 

year 2000, it was increased by 56 percent from 1991. 

 

Table 1: Percentage of Major Land Use and Land Cover 

Change in the Guwahati Metropolitan Area (1991 to 2009) 

 

 2000 2009 

 p.c. of change 

over '91 

p.c. of change 

over '00 

Trees & shrubs -22.53 -1.72 

Dense Vegetation -4.88 -26.23 

High dense Settlement 56.15 23.85 

Low dense Settlement -5.83 2.65 

Open Space -0.70 -16.71 

Water -9.44 -4.97 

 

         However, the low dense Settlement area decreased by 5.83 

percent in 2000, as most of the low density areas were converted 

to high dense Settlement areas. A most noticeable phenomenon 

that has arisen during 2000 is that the growth of new settlement 

areas along the national highway 37 from Jalukbari to 

Khanapara. The high dense Settlement has further increased by 

23.8 percent during 2009. The low dense Settlement areas along 

the national highway have changed to high dense Settlement 

areas till 2009. The modernization of LGBN International 

Airport at Borjhar has also caused major change to land cover in 

2009. 
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Figure 2: Land use and land cover maps of Guwahati Metropolitan Area 

 

         The pressure of increased urban built up land with high and 

low settlement over the vegetation cover can clearly been seen in 

the lad use/ land cover maps in figure 2.  The dense vegetative 

cover shows a declining rate with 4.8 percent in 2000 to 26.3 

percent in 2009. Most these areas are under the eco sensitive 

zone (Hills and Reserve Forest) of the proposed Master Plan-

2025. 

 

Land Cover change with reference to proposed Master Plan-

2025 

         For the Guwahati metropolitan area the GMDA (Guwahati 

Metropolitan Development Authority) has proposed a plan as 

“Master plan for Guwahati Metropolitan Area-2025”. The vision 

of the master plan 2025 is, “Guwahati city to be one of the most 

admired State capitals of India as Gateway to the North-East, 

with a unique image of its own”. Within the aspects of land use 

planning the master plan has the provision of green belt and eco 

sensitive zone as major land use types. Green belt characterized 

by open space, gardens and other recreational areas in the master 

plan. The hills and reserve forest of the city are considered as 

eco-sensitive areas. 

 

 

Table 2: Proposed land use break-up in GMA 

 

 

Sl. 

No 

Land Use Categories Area in 

Ha.(excluding 

new towns) 

% of 

Develop

ed areas 

Area in 

Ha.(including 

new towns) 

% of 

Develop

ed areas 

1 Residential 8646 31.9 10383 31.7 

2 Retail Commercial 360 1.3 447 1.4 

3 Wholesale Commercial 81 0.3 417 1.3 

4 Industrial 518 1.9 918 2.8 

5 Public and Semi-Public 3270 12.1 3606 11.0 

6 Composite use I 814 3.0 814 2.5 

7 Composite use II 300 1.1 841 2.6 

8 Recreation & Open Space (Green 

Belt) 

3324 12.3 3728 11.0 

9 Transportation 2853 10.5 3407 10.4 

10 Eco-Sensitive Zone 6919 25.5 8245 26.0 

 Total 27085 100.0 32806 100.0 
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Source: Master Plan for Guwahati Metropolitan Area-2025, Land Use Zoning and Development Control Regulation 

 

          To understand the land use zoning of Guwahati, the 

settlement data derived from the land use and land cover maps 

(1991 to 2009) are compared with the Land use zoning plan of 

GMDA. The data thus derived has clearly shown the pressure of 

changing urban landscape over the Green Belt and Eco-sensitive 

areas (Table 3). Many built up areas with high and low 

settlement categories are identified over the two land cover 

classes. The built up areas considered here are the combination 

of low and high dense settlement type of the classified land use 

maps. 

          Out of the total 3728 hectare of green belt area in the 

comprehensive master plan, 721.8 hectare (19.36%) of area can 

be traced as built-up zone during 1991. The percentage of eco-

sensitive zone which has been traced as built up area during that 

period was about 11% (900.83ha.). 

 

 
Figure 3: Built up areas on Green Belt and Eco-sensitive 

Area (1991) 

 

Table 3: Built Up areas on Green Belt and Eco-Sensitive 

Areas 

 

Year Built-up 

area on 

Green belt 

(hectare) 

% of the 

total 

proposed 

green belt 

area 

Built-up area on 

Eco-sensitive 

zone (hectare) 

% of the 

total 

proposed 

Eco-

sensitive 

zone 

1991 721.79 19.36 900.83 10.9 

2000 886.62 23.78 2128.73 25.82 

2009 1028.5 29.03 2227.5 27.01 

 

          While analyzing the land use patter of 2000 (figure 3), the 

built-up zone on the green belt has found to be further increased 

to 886.6 hectare (23.78%). The eco-sensitive zone has also 

changed significantly from 900.8 hectare to 2128.7 hectare. The 

pressure of increasing settlement has brought further changes to 

the green belt and eco-sensitive areas in 2009. In that year, the 

built up land on green belt and eco-sensitive zone increases to 29 

percent and 27 percent respectively. 

 
Figure 4: Built up areas on Green Belt and Eco-sensitive 

Area (2000) 

 

 
Figure 5: Built up areas on Green Belt and Eco-sensitive 

Area (2009) 

 

          A survey has been conducted during 2011 in some selected 

points of Guwahati metropolitan area to verify the continuous 

intervention of built up land over the green belt and eco-sensitive 

areas. The survey has revealed that more than half (56%) of the 

landowners have their legal ownership of these lands. The overall 

urban development in Guwahati is being planned by two main 

authorities’ viz. GMDA and Guwahati Metropolitan Corporation 

(GMC). Thus the failure to land use zoning regulation indicates 

lack of coordination between these two authorities. 

          As there is no incentive or regulation for maintaining the 

Land use zoning, citizens are more or less reluctant in this 

regard. The Eco-sensitive zones (Hills and Wetlands) and the 

Green Belt of the city are continuously intervened with 

residential structures. 

 

Land Surface Temperature Mapping 

          To calculate the surface temperature, Band 6 (10.4 to 12.5 

µm) of Landsat TM and ETM+ images was used. The first step 
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was to process the data by converting the DN to radiance. The 

radiance is calculated using the equation: 

 

Lλ = Gain × DN + offset …..(1) (Landsat 7 Science User 

Data Handbook Chap.11, 2002) 

 

The gain and offset are embedded in the header file associated 

with the image. 

 

Using the software the DN is converted to radiance (1), radiance 

to brightness temperature (2), and finally brightness temperature 

to surface temperature (3) in Kelvin: 

 

(2)  

 

(3)       Here,  

 

Lλ= radiance 

TB = brightness temperature 

St= land surface temperature 

 

ε= emissivity {  and 

} 

 

NDVI= Band4-Band3/Band4+Band3 

 

          The surface temperature data as derived from equation (3) 

is converted from Kelvin to Celcius. As the thermal imageries 

were taken at different period, the minimum and the maximum 

temperature in the land surface temperature maps vary 

significantly. For simplicity and to make the interpretation 

comparable among the study periods, the surface temperature 

difference has taken into consideration. Each pixel values of 

surface temperature has been subtracted from the minimum 

temperature found in the data and then categorized accordingly. 

From the surface temperature map of 1991 (Figure 4), it can be 

seen that the high temperature zones are lying in the central 

urban area and along the major roads in the city. Some industrial 

areas in the period have shown a temperature difference up to 

5°C. As the eco-sensitive zones in that period were less affected 

by urbanization, all these are within a temperature difference of 

1°C. 

          In the year 2000, as most of the low density areas were 

converted to high dense Settlement areas the inner urban 

settlements has shown a temperature difference of 6°C. Due to 

densely built urban landscape, the surface temperature of some 

settlement areas is found to be as high as the industrial area in 

that period. Due to massive decrease of vegetation cover the hills 

and reserve forest areas have shown a temperature difference of 

3°C and more. However the lower temperatures still occurred in 

the peripheral areas of the city. 

 
Figure 6: Surface temperature maps of Guwahati 

Metropolitan Area 

 

          The Guwahati metropolitan area has shown a prominent 

heat island in the year 2009. The high dense Settlement areas 

have a significant effect in the heat island formation. New 

industrial set up along the National Highway 37 has also 

increased the surface temperature in the periphery of the city. A 

patch of high surface temperature zone can also been traced 

around the newly modernized LGNB International airport. The 

most significant change to urban heat island phenomenon in that 

year is the spread of high temperature zones from inner to outer 

areas of the city. Moreover, due to scarcity of vegetation, some 

hotspots on surrounding hillocks were identified, the surface 

temperature of which is as high as the downtown. 

 

IV. CONCLUSIONS 

          During the last 20 years, the Guwahati metropolitan area 

has undergone phenomenal change in urban landscape that 

resulted in the loss of natural land cover. As a result, the surface 

temperature of the city has increased and a prominent urban heat 

island is formed in and around the settlement areas. All these 

have severe environmental and health consequences. The land 

use regulation plan of GMDA’s Mater plan can be a tool for 

sustainability of natural land cover. But the continuous 

intervention of human settlement to natural land covers in 

Guwahati metropolitan area has revealed the failure of land use 

zoning and regulatory action. The metropolitan development 

authorities should have strict regulation in the green belt and eco 

sensitive areas of the city. Social forestry in the green belt areas, 

light color surfaces in residential units, plantation in the roof of 

buildings and trees along by the roads, may be some 

countermeasures of the heat island effect in Guwahati 
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metropolitan area. Solution of such problem is an urgent need to 

sustain the quality of urban life. 
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    Abstract- In this paper, regarding accelerating development of 

mobile sensor nodes technology and increasing the utilization of 

them and alsothese networks are faced with security challenges; 

specially clone nodes attack, our focus is on exploiting optimum 

criteria of node clone intrusion detection procedures in mobile 

wireless sensor networks by using theoretical analysis of 

procedures. Since many of recommended protocols in this area 

have not been experimentalised and also no comprehensive study 

has been carried out on the possibility and capability of these 

procedures, in this paper all types of sensor network architecture, 

with the presence of mobile sensor node, are analyzed and then 

according to the type of architecture, the procedures of clone 

node intrusion detection is classified and meticulously 

scrutinized. Finally the conclusion is presented based on 

theoretical analysis. 

 

     Index Terms- wireless sensor network (WSN), clone attack, 

intrusion detection, mobility. 

 

I. INTRODUCTION 

tilizing WSNs in different environments, such as medical 

and military areas, because of the inexpensiveness, self-

organizing and not needing constant supervision of sensor nodes 

is increasing. But regarding the inexpensiveness of sensor nodes, 

lack of physical shield layer on these nodes and utilizing them in 

enemy environment without protection, usually these networks 

are at the exposure of different internal and external attacks [1-

4]. Because of the limited energy and memory sources of these 

sensor nodes, the security challenges in these networks are 

encountering more complexity as compared to other mobile 

telecommunication networks. These complexities are intensified 

if the sensor nodes have mobility. Regarding the structure and 

architecture of WSNs among different attacks introduced in 

papers [1-7], because of the clone node attacks capability in 

passing through encrypting layer and authentication and also 

proper conditions for other attacks, these attacks are considered 

as the most serious security threats for the WSNs. In clone node 

attacks, first the attacker compromises the network sensor node 

and then by using side channel attacking techniques exploits the 

information on the node in a certain amount of time and finally 

uploads the information on any number of nodes. Now the 

attacker can make any type of attack on the network by taking 

the control of these nodes. Because after compromising the node, 

the attacker exploits the confidential information, including 

secret keys and uploads it on other clone nodes. From point of 

view of other nodes, the clone nodes seem to be valid. To avoid 

these types of attacks, new defensive solutions are required as a 

second security layer. Regarding the importance of this subject, 

many researchers have focused their efforts on it and a lot of 

procedures have been recommended for this attack. By analyzing 

various procedures, it can be observed that different criteria and 

variant methods and sometimes impractical hypotheses are 

considered, in which, simulation by real conditions such as the 

life of the battery, lower layer protocol, and real mobility models 

can clearly prove this point. Furthermore, choosing criteria, 

hypotheses, and as the result, proper detection procedure in the 

networks is essential. 

     What we know so far, no precise and experimental 

investigation has been implemented on WSNs with mobile 

nodes, so because of the requirements and vast domain of 

architectures and WSNs configuration, in this paper, it has been 

concentrated on this type of network. In section , based on the 

presence of the mobile wireless sensor node, all types of 

configurations are assessed, then according to the type of 

wireless sensor nodes (static and mobile) a new classification is 

suggested and the hypotheses and the capabilities of the attacker 

and the network in each configuration are described. In 

section , with regarding to effective criteria and parameters, the 

intrusion detection procedures in mobile WSNs will be 

mentioned and accurately investigated. In fact, WSNs with 

mobile node are divided into three groups: static WSN with 

mobile attacker, static WSN with mobile intrusion detection 

nodes and mobile wireless sensor network. Then the intrusion 

strategy is divided by using the criteria of being centralized or 

distributed, homogeneous or hierarchical, of the network 

structure. In section , the intrusion detection procedures in 

WSN with mobile nodes, by taking into consideration the criteria 

of part  are accurately analyzed, and classification is carried 

out based on theoretical analysis. At the end, in section , the 

conclusion of the theoretical analysis is presented. 

 

V. NETWORK AND ATTACKER MODEL 

1)Network model 

The WSN usually contains hundreds and sometimes thousands of 

cheap and small size wireless sensor nodes, which are 

U 
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accidentally or in a pre-designed way distributed in a vast 

geographic area. In WSNs it is assumed that every moment there 

is the possibility that a number of sensor nodes get lost or be 

added to the network [1]. While in old networks, all the sensor 

nodes are static and have a base station for gathering data, today, 

respecting the robotics technology advancement and the 

emergence of mobile wireless sensor nodes, the structure of 

sensor networks has been changed. Different types of sensor 

networks with the combination of mobile and static are 

illustrated in figure (1). 

Therefore, here it is assumed that wireless sensor nodes are 

mobile and regarding this criterion, the networks are considered 

based on below architectures; 

i. Mobile-WSN (MWSN): in this network all of the nodes 

have mobile capability. 

ii. WSN with mobile attacker: in this network all of the 

network sensor nodes are static but the attacker has 

mobile capability. 

iii. WSN with mobile intrusion detection node: in this 

network all of the network sensor nodes are static but 

the intrusion detector nodes have mobile capability. 

 

Besides, here in hybrid networks it is supposed that mobile nodes 

have more potential and sources compared to static nodes. 

Because of the more intensity of security challenges in 

homogeneous networks, the general architecture of homogeneous 

networks is considered. 
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Figure1. Schematic diagram of all types of wireless sensor 

networks in terms of nodes mobility 

 

2) Attacker model 

With referencing to the definition of clone node attack [7-9], in 

this attack, the attacker compromises between one or some 

network nodes and exploits their stored information and 

replicates a preferred number of nodes from a certain node with 

specific identity and places them in appropriate locations in 

network, so that respecting the desired goals, it will be able to 

make different attacks including, eavesdropping, DoS, inject fake 

data and attacking the network protocols. Also it is assumed that 

the attacker is not able to allocate a new identity to the clone 

nodes and mostly the attacker can only compromise a small part 

of the network nodes. Otherwise, with referencing to clone 

attacks costs, there is no need for node replicate. In addition, it is 

assumed that the attacking nodes can communicate and even 

collude with each other. It is also possible that the attacker nodes 

have more capability and flexibility compared to the valid nodes 

of the network which is a reasonable hypothesis. Finally, it is 

supposed that the attacker nodes can use various mobility models 

for moving in the network. But, due to the RWM model is 

comprehensive and ideal, in this paper it is assumed that the 

attacker utilizes this model. Indeed, from a general point of view, 

the attacker node can be either mobile or static in the network. 

3) Framework for clone node intrusion detection 

Regarding to the point that in clone node attack, first the attacker 

compromises one or some nodes and then exploits the 

information, second, by reprogramming the information in 

desired number of nodes, next, places it in appropriate location in 

order to fulfill the desired goals.  Therefore, after the attack is 

implemented by the attacker, the clone node requires a reciprocal 

link between itself and the neighbors, then shares the session 

keys for creating secured link and eavesdrops the information 

which is sent by neighbors and attacks controlling protocol in the 

network. But before creating all these communications, all the 

nodes added to the network are forced to pass through intrusion 

detection protocol as the second security layer. In other words 

unless the attacker nodes have not passed the intrusion detection 

process, they are not able to fulfill their malicious goals. 

According to this framework, the attacker for being successful 

and reaching is desired goals should pass the detection protocols 

designed for the wireless sensor network. Consequently, real and 

exact analysis of the protocols and intrusion criteria, regarding 

the limitations of the WSN and simulating them with real 

protocol layers are essential. Hence, in order to assess the 

performance procedures with real hypotheses, they are 

theoretically analyzed and classified.  

 

VI. INTRUSION DETECTION PROCEDURES IN 

WIRELESS SENSOR NETWORKS WITH MOBILE 

NODE 

Regarding the hypotheses of the network model, in this paper, 

network configurations, in terms of combination of sensor nodes, 

are divided into three categories: 

i. All the nodes of mobile wireless network 

ii. mobile attacker node 

iii. Mobile detection node.  

iv. Then the suggested procedures, based on the criteria 
of being centralized or distributed, local detection or 
involvement of the whole network in detection 
process, or being based on conflict with more details 
are divided. Thus, from Fig.2 it can be observed that 
the intrusion procedures based on detection method, 
performing strategy and detection criterion, are 
divided.  

1) Clone node detection procedures in mobile wireless 

sensor network 

While all the nodes of WSN have mobility, 

considering the mentioned criteria in section 2, the 
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clone node detection attack procedures are divided as 

follow: 
A. Locally-distributed detection procedures, based on 

conflict 

According to our knowledge, first time in [12], a 

distributed clone detection procedure named as XED, 

has been proposed for MWSNs. 
 

 

 

 
Figure2. Classifications of WSNs detection procedures with mobile node 

 
Regarding to the previous experiences, because of high 

communication overhead in selecting witness nodes, energy 

limitations and continuous routing changes in MWSNs, XED 

ignores the location information criteria for identifying the clone 

node. Indeed, XED applies “challenge and remember” strategy 

for detecting the presence of the clone node. In fact, in the 

accepted strategy in XED, it has been supposed that the sensor 

node is equipped with a random number generator and has a 

unique identity. In this protocol when the  and  arrive at the 

communication domain of each other, any of them will produce 

the random numbers of  and  respectively and exchange 

them, then the received and sent numbers together with identities 

will be stored in any of the nodes. When  and  meet each 

other once again, at first the previous random numbers are 

exchanged and checked in any node, whether the received and 

stored numbers are equal or not. In this case if they are not the 

same, the clone intrusion is detected and node identity revoke 

message is broadcasted throughout the network. Otherwise the 

random numbers are exchanged and replaced with the previous 

ones. It is observed that the algorithm has low memory overhead. 

But the detection probability is not high. Also, because of the 

communication and storage error, there is the probability of 

negative and positive errors. Also, XED is vulnerable to smart 

attacker and collusion of the nodes. 

B. Central clone detection procedure based on the 

criteria of speed 

 In [9], due to the fact that the majority of wireless nodes speed 

are limited, authors has defined speed threshold as 

detection criteria. Central clone node intrusion detection 

procedure is proposed based on the location information for the 

MWSNs. In this paper because of the probability of increasing 

the positive and negative errors resulted by calculation error in 

measuring speed or lack of simultaneity among the nodes, SPRT 

mechanism is used. In fact the authors have proposed their 

procedures by assuming that the network nodes are aware of their 

location and RTM mobility model is used. Generally, in this 

procedure when the mobile sensor nodes reach the desired 

location, first by using localization protocols, positions are 

located and their claims  are 

sent to their neighbors. Secondly the claim message is 

authenticated and Neighbors with the probability of p send claim 

to BS. After authentication of the node  message, the base 

station calculates the speed at the moment, by using  and 

information and compares the results with . Then this 

procedure assumes distribution as Bernoulli random variable and 

by calculating the logarithmic probability rate for n samples 

received claim of the node , carries out the decision making 

process it. So when SPRT exceeds its higher bound, the clone 

node will be identified and the revocation message broadcasts in 

the network.  

C. Locally distributed clone node attack detection 

procedure, based on the time of exploiting the 

information on the compromised node 

To replicate clone nodes from a certain node of the network, we 

need to separate it from the network and then spend time for 

exploiting the information. In [16], by using this fact, the SDD 

procedure has been proposed for intrusion detection in MWSN. 

In reality the suggested solution in [16] is based on the fact that if 

node  does not meet node  twice in an  interval, we can 

probably conclude that the node b has been separated from the 

network by the attacker to be replicated. The accuracy of SDD 

procedure depends on an interval with high probability that 

nodes may meet each other. Indeed the detection takes place 

within a trade of detection time and rate of positive error. In SDD 

each node is considered as a witness for the rest of the network 

nodes and thus each node should send a message throughout the 

network for announcing its presence, which increases the 

communicative overhead and energy consumption. It is also 

observed that the detection probability of SDD is not high and to 

improve that, authors in [16] by using participation of the 
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neighbors and exchanging the information of the joint nodes, 

proposed CDD procedure. New procedure increases the detection 

probability and decreases the negative error; but increases the 

communication overhead and memory. 

 In [17] with an attitude different from [16] and regarding the fact 

that the number of the meets of two nodes in a certain interval 

with a high probability is restricted, EDD procedure is proposed. 

EDD procedure contains two phases; one of them is offline phase 

and deals with calculation of interval length and threshold of the 

meets of two nodes in a certain interval, and other one is online 

phase that deals with exchanging and comparing the messages of 

different nodes and detects node clone attack. By analyzing 

EDD, it is observed that this procedure is vulnerable to smart 

attacker, and also has high memory overhead. In order to solve 

the second problem, by using an exchange between the memory 

and the interval length, authors in [17] have proposed SEDD 

procedure. In SEDD each node analyzes only one set of nodes 

named monitor set and stores their messages; by doing this the 

memory of the nodes is saved. 

D. Locally-Distributed Detection procedure based on 

mobility 

Authors in [14], for the purpose of the clone node detection in 

mobile wireless sensor network, proposed UTLTSE procedure 

based on mobility and awareness of the node location. In this 

procedure it is assumed that after the witness nodes receive time-

location claim, instead of sending them, carry the claim all over 

the network and exchange the claims when the witness nodes 

meet each other. In fact the important advantage of this protocol 

depends on movement of the nodes and independence from 

downer layer routing protocol. In UTLSE protocol, each node is 

forced to trace a certain set of the nodes and all the witness nodes 

store only one location-time claim. So when witness nodes arrive 

at the radio domain of each other, exchange the claims and carry 

out the detection protocol. of course it must be noted that in this 

procedure, the detection process is always done with smaller ID 

nodes. With precise analysis it is observed that sometimes 

detection fails, because two witness nodes before they meet each 

other, they meet a third clone node. In order to solve this problem 

and increase the probability of detection, authors in [14], 

proposed MTLSD procedure, which benefits from ULTSE 

principles and uses of a queue with at least two lengths and the 

optimum of three lengths. 

E. Locally Distributed detection procedure based on the 

list of the neighbors 

In [11], by extending the routing problem with the help of 

mobility, authors proposed distributed intrusion detection 

procedure (SHD) for mobile wireless sensor network. Regarding 

that access to the location information is a strict hypothesis and 

the mobility models are different, SHD procedure dispenses with 

these two criteria. So SHD procedure uses the exchanging list of 

the neighbors among the mobile nodes and selects witness nodes 

for detection. This procedure is protected against the collusion of 

the attacker nodes. Generally, the detection process in SHD is 

based on sending the message of  to the 

nodes in its communication range at the first time the protocol is 

performed and then uses question and answer method. 

F.Centralized detection procedure based on key pre-

distribution 

Authors in [13], by using the pair-wise pre-distribution key and 

bloom filter have proposed a centralized detection procedure, 

which is independent from the location of wireless sensor nodes. 

Generally, by assuming that the base station is trusted, the server 

key method is applied and its confidentiality is always 

maintained. Then by using a two variable polynomial in 

,unique confidentiality pair-wise key is produced and 

loaded on each node. Also In this procedure, to decrease 

communication costs, alongside server key method, bloom filter 

method is used. Then, in order to communicate with the 

neighboring nodes and by using functions and filters, each node 

produces a pair-wise key and shares it with the neighbors. In the 

next phase, each node sends a ciphering report to the BS 

containing its ID and CBF. After receiving all the reports, BS 

deciphers them and counts the number of created keys of each 

node. Regarding that, at first the keys have been distributed 

uniformly and the mobility model is RWM; statistic of producing 

keys of legally nodes should be close to each other. Thus, if the 

number of keys of a node is more than the predetermined 

threshold, it can be concluded that the replicated node and the 

message of revoking it from network has been announced by BS. 

2) Clone node detection procedure, for static sensor 

networks with mobile detector node  

Regarding the limitation of energy consumption and high amount 

of communication overhead of detection procedures based on 

static nodes with progresses made in the technology of micro-

robots, authors in [18], proposed a clone node detection 

procedure by using mobile wireless sensor nodes. In Patrol 

procedure the network model is considered as a combination of 

mobile and static nodes. Also it has been supposed that the static 

nodes have access to their location information. So, regarding the 

attempt made by the attacker for compromising the static and 

patrol nodes and the possibility of presence of two mobile and 

static clone nodes, two criteria are introduced and utilized in the 

procedure: "each single node only is in one location in any 

moment" and "maximum speed of mobile node". 

 The Patrol procedure is based on assumption that for the purpose 

of providing a secured communication all the static nodes require 

exchange of confidentiality information among static nodes with 

the patrol nodes. By moving throughout the network and 

inspecting the static nodes, Patrol nodes collect their claim. It is 

supposed that when the static node cannot communicate the 

patrol in any round, the static node will be separated from the 

network in the next round. In addition, in [18] it is assumed that 

each static node is inspected by at least two patrol nodes in the 

network and any of them is considered as the reference node. In 

Patrol procedure the static node detection is carried out by 

receiving the nodes location claims with the patrol node and 

analyzes the location conflict among the nodes with identical 

IDs. Under these circumstances, communication cost in 

comparison with the traditional detection procedures such as 

LSM [7] and RED [21] decreases greatly. Besides for situations 

in which the attacker compromises the patrol nodes, the 

procedure uses the maximum speed criteria in central or 

distributed method and performs the detection by the static 

nodes. 
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3) Clone node detection procedure, for static sensor 

networks with mobile attacker 

Usually for attacking the network protocols like routing and 

clustering protocols, the attacker requires a large number of 

compromised nodes. For a lot of attackers it is hard and 

sometimes impossible to achieve this goal. Due to the above 

mentioned circumstances, if attacker uses mobile nodes and they 

become member in the list of different nodes neighbors at the 

time of preparing the list by the network nodes, the DDoS 

capability for the attacker is provided [4]. So, since the static 

detection protocols are not able to detect the DDoS attacks, 

imposing limitations to the attacker is not a reasonable 

assumption to confront the attacks made in the network. 

Therefore in [10], authors proposed a distributed procedure to 

detect the mobile attacker node and it has been supposed that the 

network applies the traditional methods like RED and LSM to 

detect the static attacker. In fact [10] has used an unusual silence 

criterion of the neighboring node in order to detect the clone 

node and has established a procedure independent from the 

location information. Also to increase the precision of detection, 

SPRT technique has been utilized. Furthermore the detection of 

the virtual mobile nodes is done by using RSSI technique. 

 

VII. THEORETICAL ANALYSIS OF THE DETECTION 

PROCEDURES 

In this section, we will discuss about the necessity of non-

deterministic and full distributed detection procedures and then 

represent security requirements that should be fulfilled by the 

detection procedures. 

1) Selecting the type of protocol 

First, we will discuss the procedures with the highest distribution 

rate against the procedures having central controlling node. 

Usually the central controlling node (BS) decreases the 

complexity of the detection procedures as compared to 

distributed procedures [7]. But worse problem in centralized 

procedures is the presence of BS as the error point, which leads 

to the extreme decrease of the energy of the neighboring nodes 

compared to the other nodes networks, and also causes security 

threats in the network. 

The next essential scrutiny is the analysis of the deterministic 

protocols in comparison with non-deterministic procedures. 

Because of the probability nature of non-deterministic protocols, 

attacking is difficult for any attacker [49]. In deterministic 

procedures, at the time of performing the protocol, the witness 

node protocols are considered unchangeable. Thus, if the enemy 

compromises and replicates a node and is in agreement with the 

witness nodes of that particular node, it can easily secure any 

number of the clone nodes. In this condition, the detection 

protocol is deficient. Therefore an optimum procedure should be 

non-deterministic and full distributed (NDFD), so as to detect the 

clone node in the mobile WSN reliable. The classification of the 

procedures is presented in table (1) according to these criterions. 

2) Requirements of clone node detection procedures 

Considering the studies conducted in different papers [7-20], and 

the inherent characteristics of the WSNs and the capabilities of 

the attacker, the analysis and classification of different 

procedures have been carried out according to the below criteria: 

1. The procedure to be NDFD  

2. The resistance capability against the smart attacker: in the 

smart attack, the enemy recognizes and inactivates the critical 

witness nodes (e.g. jamming). Thus for stopping the enemy from 

training the critical witness nodes, a security requirement should 

be designed, which by the detection protocol is fulfilled. The 

requirement: in each round for a node, all the nodes must have 

the same probability in order to be a witness node. Besides, if 

the enemy is able to delete some of the nodes, it cannot obtain 

anything about the nodes that have high probability of being as 

witness nodes of a certain node. 

3. Independent from the location information: Because the 

awareness of each node of its own location is a strict condition, 

to be independent from awareness location condition is important 

criteria of rationality of the detection procedure. 

4. Communication and memory overhead: Regarding the extreme 

limitation of energy and hardware sources in WSNs, these 

criteria are also considered as an effective factor for rationality of 

the detection procedure. 

Table1. Classification of node clone detection 

procedures 
Memory 

Cost 

Communication 

Cost 

Independent 

of 

 location 

Resistance 

against 

smart 

attacker 

NDFD Procedure 

  Yes No Yes XED[12] 

  Yes No Yes SDD[16] 

  Yes No Yes CDD[16] 

  Yes No Yes EDD[17] 

  Yes No Yes SEDD[17] 

  No No No ULTSE[14] 

  No No No MTLSD[14] 

  
No No No SPRT[9] 

  
Yes Yes Yes SHD[11] 

  Yes No No key  

Pre- 

Distribution[13] 

  No Yes Yes Patrol[18] 

  
Yes No Yes Mobile-

adversary[10] 

 

 In table (1), it is observed that the optimum procedure that could 

fulfill all the security requirements for MWSNs is the SHD 

procedure. Because SHD is independent from the location 

information and in comparison with other procedure for network 

with big dimensions has lower communication and memory 

overhead. But generally, communication and memory overhead 

are medium and in order to . Therefore we can conclude 

that coming up with a full optimum procedure is one of the open 

discussions in this area; Besides, the need for presenting 

theoretical analyses and modeling in this area is extremely felt. 

VIII. CONCLUSION 

In this paper all procedures presented for the detection of replica 

node attacks in sensor networks with mobile nodes is reviewed 

and analysis. Also, by using mobility criteria, a new 

classification for node replica detection procedures and attacker 

model are proposed. To compare and evaluate different 

procedures, different metrics are introduced and used for 

theoretical analysis and classification procedures. Moreover, 

results of theoretical analysis and metrics are used for assessment 

procedures. Finally, the theoretical analyses of different 

approaches are discussed. Analysis results demonstrate that the 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      180 

ISSN 2250-3153  

www.ijsrp.org 

procedures, based on location information (UTLSE, MTLSD, 

and SPRT) have a higher detection rate and low false alarm rate. 

But, here are two important notices; first, generally, due to the 

constraints of WSNs, access location information for all nodes is 

a strict assumption. Moreover, it can be seen that the energy 

overhead in this approach is too high. Therefore, regarding the 

theoretical analysis it can be seen that the SHD largely meets the 

criteria for a suitable solution and also shows good performance. 

However SHD energy consumption in large-scale WSNs still is 

high. Therefore, regarding limitations WSN, to achieve an 

optimal solution for node replica detection, there is an open area 

for researchers. 
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Abstract- Ball swaging is a material process used to assemble a boss tower and an arm aperture. A swage ball is inserted into the boss 

tower to swage and couple two components. The swage ball has a larger diameter than an inner diameter of the boss tower, applies a 

compression force to the inner surface of the boss tower to hold both components together with adequate holding force and without 

damaging the boss tower. This study proposes a new design of the boss tower by relief ring width optimization. It reduces the arm tip 

deformation while avoiding HSA resonance and allows similar swaging quality by using single ball. The 3-D FE method was used for 

analysis. The result analysis and experiment show boss tower deformation very similar. Although the variation of CTQ has been 

decreased, cleanliness has been improved. Moreover, non-circular arm aperture is able to reduce swage effect. 

 

    Index Terms- Ball Swaging, Finite Element, Head Stack Assembly, Spacer Key, Boss Tower 

 

I. INTRODUCTION 

n the hard disk drive (HDD) manufacturing process, ball swaging has long been a common process. The process assembles the 

Head Gimbal Assembly (HGA) base plates with actuator arm called the head stack assembly (HSA). A base plate includes a flange 

having a top surface and an opposing second surface; and a boss tower having a swage hole and extending from an area where the 

boss tower meets the top surface of the flange to an end surface of the boss tower. The base plate is a component of a swage coupling 

assembly that is coupled to a component having an arm aperture as shown in Figure 1. The Figure 2 shows the configuration of the 

boss tower and the figure 3 shows several types of the boss tower profile which consist of basic components. During the swaging 

process, the ball is inserted through the boss tower to swage couple the boss tower to the arm aperture that clamped by swage keys. 

The swage ball applies a compression force to the inner surface of the boss tower, therefore the boss tower expands to hold the second 

component to the first component with adequate holding force and without damaging the boss tower. The base plate and arm tip 

deformation cause an effect to many Critical To Quality parameters (CTQ). 

 

 
 

  

 
 

 

Figure 1: (a) Components of a base plate and (b) the Head Stack Assembly for swaging process 

I 

(a) 

(b) 
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Figure 2: Configuration of the Boss Tower 

  A = Boss ID, B = Boss OD, C = Backbore Dia., D = Boss Height, E = Relief Ring, F = Top 

Transition Angles,  

  G = Bottom Transition Angles, H = Back Angles and I = Backbore chamfer 
 

 
Figure 3: Boss Tower profiles 

At present, the hard disk drive (HDD) capacity is dynamically increased while its size becomes slimmer and 

the read-write head was tightened to move on the media. To reduce the swage effect of the new arm pad and 

head gimbal designed, all the configuration of the boss tower can be studied to reduce deviation after swaging 

process. The high deformation has occurred whilst the ball was passing through the boss tower as simply shown 

in Figure 4. The swaging process results in elastic-plastic deformation of boss tower and actuator arm hole. This 

deformation can cause disturbance in desired spring characteristic of the suspension on the actuator arm, known 

as the gramload changes from its design value, and change to desired torque out. Since gramload and torque out 

are the critical parameters affecting the slider flight height and op-shock performance of hard disk drives, 

investigating the swaging process that induced base plate and arm deformation, HSA property and torque out 

change are of main focus. However, it is necessary to clarify the dimension of the boss tower profile to reduce 

swage effect and for single ball swaging.  

The first study, Wadhwa [1] analysed the ball swaging process using an axially symmetric model, and 

Kittipong [2] numerically verified the deformation of the entire arm and HGA but the accuracy of the 

simulation has yet to be verified through experimentation. Aoki and Aruga [3] analysis using a three-dimension 

finite element was based on a symmetrical model for an actuator inner arm and two attached base plates. These 

studies provide a better understanding of the base plate deformation. In Jian Yang [4]’s analysis using a three-

dimension finite element to study gram load changes, helps to understand the relationship between deformation 

and gram load changes. Some recommendations on having a spacer key to reduce swage effect and resonance 

analysis by three dimensional finite element analysis model were given [5-8]. Athena Jiao et al. [9] found that 

the ball size introducing a 15% deformation is preferred for resonance performance.  

The aim of this research is to study the effects of the boss tower parameters and to optimize the use of single 

ball swaging process. The current boss tower will be developed to be used for a single ball in swaging process. 

The swaging process is investigated by performing explicit dynamic finite element analysis (FEA) using a 

commercial program ANSYS/LS-Dyna [10]. Initial study is on an arm coupon and validation then move into 

experiment with ten base plates and six arms in the assembly as a prototype in actual process. The clamping 

force in a single ball swaging process is considered constant; its velocity remains constant in the top-to-bottom 

direction. 
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II. GOVERNING EQUATION 

The Figure 4 shows the diagram of the swaging structure. Inherently, the swaging process is a sophisticated 

problem of metal transformation involving three objects which includes base plate, arm and swage ball that are 

different in shape and material properties.  

Thus, the complete model for the swaging process would be extremely complicated and will be affected by a 

number of parameters. Many factors are involved which all contribute to the shift of the HSA characteristics. In 

this paper, the focus is on how to use a one-ball to assemble HSA while maintaining the HSA characteristics. 

Many parameters relatively were varied. 
 

 

 

 

 

 

 

 

 

   

 

 

Figure 4: (a) Swaging schematic (b) Arm aperture model as thick cylinders 
 

The governing equation of swaging process can be written in equation 
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Where r and  are radial and circumferential stresses respectively and  is the Airy's stress function is in the form 
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To simplify the theoretical model and make it is reasonable, the deformation occurring in the swaging process is considered as thick 

cylinder as shown in Figure 4(b). In absence of body force for this axisymmetric, Lame formula can be used here to calculate the 

stress generated at different locations [9]. 

    
2

1

22

22)(

22

22

rab

baPp

ab

Pbpa












               (4) 

    
2

1

22

22)(

22

22

rab

baPp

ab

Pbpa

r








               (5) 

The displacement can be derived using the formula below. 
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With Tresca rules applied [9], then further relationship can be derived, material will begin to yield when max, the maximum shear 

stress, is equal to y the yield stress. Since  and r are principal stresses, yielding will begin when 
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Now define a radius rp so that region a ≤ r ≤ rp is in the plastic region and rp ≤ r ≤ b is in the elastic region then obtain 
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The ball size will affect the inner pressure applied to the boss tower and then further engage to an arm hole. The relationship between 

ball size and the inner pressure force is as well as the degree of plastic deformation of base plate and boss tower. In the actual swaging 

process, the base plate's boss tower is more complicated than in the simulation. Thus, the finite element analysis will be used to study 

for the single ball swaging to approach this behaviour. 

III. SWAGING NUMERICAL MODEL 

The finite element simulation of a single ball swaging process was performed with the commercial software 

package. The explicit dynamics simulation, the equilibrium equations in dynamic analysis can be written in the 

form 
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where [M] is mass matrix,  F is the vector of externally applied load and I is the vector of inertia forces. The mathematically 

equilibrium relation is a system of linear differential equations of second order. The solution can be obtained by finite difference 

expression to approximate the accelerations and velocities in terms of displacement which can be written as 
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The error of calculation depends on stable increment of time as the relation is shown below 
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where Lc is limited element edge length and c is velocity of longitudinal wave for an element is in the form 
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 and µ is Lame' constants can be written in terms of young's modulus and passion ratio as follows 

    
)21)(1( 







E
              (13) 

    
)1(2 





E

               (14) 

The stable time expression mentioned for only one element in practically the LS-DYNA solver automatically calculates the 

minimum time step for each element based on its characteristic length and density. The smallest of these element time steps is called 

the critical time step. The actual time step used during solution is the product of the current critical time step and a stability factor 

(usually 0.90). As elements distort during the analysis, their time steps are recalculated. However, an element’s time step is calculated 

based on its material properties (E,,) and characteristic length. The equation can be rearranged to find the required density of each 

element for a desired time step size. By adding the corresponding mass to these elements, the solution time will be reduced. This 

procedure is known as mass scaling and not recommended. In this paper, mass was not added to speed up run. A three-dimensional  

(3-D) and a cross-sectional view of the finite element (FE) model used for swaging process of actuator arms are shown in Figure 5 and 

6.  
 

 

 

 

 

 

 

Figure 5: Four base plate and three arms in the assembly for swaging simulation 
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Figure 6: Cross-sectional view of four base plates and three arms in the assembly for swaging simulation 

 

The swage torque out after the ball is driven through the boss tower the base plate and attached suspension 

was securely fastened to the actuator arm pad. The equation of swage torque can be derived from 
     rFT                 (15) 

Where  
     NF                 (16) 

And now substitution eq. (16) into eq. (15) got 

     



2

0

d

e
N

rL
PrT              (17) 

Simplify the eq. (17) obtain 
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where T  is HGA torque out,  is coefficient of friction, P is contact pressure, D is a diameter of swage hole, and 

Ne is the number of engaged element. Practically, an average pressure and contact area substitution in (18) to 

obtain HGA torque out. However, current process has standard swage and micro-swage; the swage torque out 

relation of both can start from (15). For standard swaging, 
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As for micro-swage start from eq. (15) 
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From Eq. (21) and (23) obtain 
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Equation (25) is theoretical micro-swage flange effect comparison where Ts  is standard HGA torque out, Tms  is micro-swage HGA 

torque out, rs  is radius of standard swage, rms  is radius of micro-swage. In this analysis, a nonlinear explicit dynamics analysis is 

performed. The swaged part of the base plate undergoes plastic deformation. Nonlinear material properties are considered. To save 

time consumption, the model is presented with three actuator arm tip, four base plates with part of hinges, four swage keys, and one 

swage ball. The inner spacer key was separated to two part of assembly for specific analysis, as shown in Figure 6. As for the 

experiment, six arms with ten headers are used. 

IV. BOUNDARY CONDITIONS AND CONTACT SURFACES 

During the swaging process, the constant clamping force at the outer key parts during swaging is constant 

and the arms are separated from each other by the spacer keys. In the FE model, the clamping pressure is 

applied as forces via force load curve. In other words, the swage keys, which are employed to simulate the 

clamping boundary at the arm contact condition, are partial modelled as rigid bodies and does not include 

spacer key’s tail while the other components including actuator arm tip, base plates and hinges are deformable 

parts. The simulation uses the same load curve for ball speed for each heads and swage ball; and is forced to 

move in Z direction only according to its load curve. The boss tower of the base plate is plastically deformed 

and joined to the arm. The contact surface between the ball and swaging boss, between the base plate and the 

arm, and the one between swaging boss and the clamp are taken into account in analysing the boss arm force. 

The friction coefficients for each contact surface are divided into two groups, contact surface of assembly and 

part-to-part contact. The base plate, hinge and the suspension are made of stainless steel while the arm is made 

of aluminum. The swaging ball is made of stainless steel with hardened coating. Thus, the ball is simulated as a 

rigid body. The material models defined in the analysis are bilinear isotropic material and bi-linear kinematics 

hardening. The properties of the materials used in the simulation are listed in Table 1. The interesting area will 

be defined as component name to recall in post processor. 

All the elements used in the analysis are eight-nodes brick elements. To further reduce the computing time, 

the model consists of both rigid bodies and deformable bodies. The actuator arm hole and the base plate’s boss 

tower are prepared and that the finer meshes are only required in the vicinity of the contact areas and the 

elements are coarser in the areas farther away. 
 

Table 1: Material properties for finite element analysis 

Material Properties 
Type of Materials 

Stainless steel Aluminum 

Elastic modulus, E (MPa) 190,000 71,016 

Yield stress, Y (MPa) 206 275 

Poisson ratio 0.32 0.33 

Mass density (kg/m
3
) 7,889 2,700 

V. FINITE ELEMENT MODEL VALIDATION 

The boss tower and arm tip deformation results from FEA simulations for inner and outer arms are evaluated 

from the displacements value that measured from specific nodes compared to the reference plane. For all 

simulated cases, the results have tendency to value from experimental data with strictly control the incoming 

part. However, the focus is on the effect of the boss tower to maintain the HSA characteristics with single ball 

which accompany with cost saving, there are some offset that must be controlled. These differences could be 

from some other effects that were not considered in the present analysis for sample swage shuttle. The 

illustration of boss tower deformation from swaging process is shown in Figure 7 and 8. 
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Figure 7: (a) DN Facing head (b) UP Facing head comparison boss tower X-section deformation and Veeco scan 

 

 
Figure 8: (a) Head #3 (b) Head #1 and 2 (c) Head #0 comparison boss tower X-section deformation 

 

 

VI. RESULTS AND DISCUSSIONS 

In this study, the behaviors and characteristics of the base plate's boss tower profile after a completed 

swaging process are studied. Table 2 shows comparison between simulation and experimental results. This 

paper presented the results of screening parameters on process optimization of key parameters for single ball 

swaging. The optimal parameter setting yield the optimum performance with three parameters after sereening 

from nineteen parameters. In this case, these parameters are main effect of the parameter variation. The main 

parameters that affected HSA characteristics are the base plate relief ring width both DN and UP Tab as shown 

in Figure 9. 

Table 2:  Simulation and experimental results 

Parameters 
Tip Height (inch) Tip Pitch (degree) 

FEA result Actual data FEA result Actual data 

Head 0 Outer arm -0.00123 -0.00102 -0.572 -0.672 

Head 1 Inner arm 0.00031 0.00027 0.473 0.537 

Head 2 Inner arm -0.0006 -0.0009 -0.520 -0.517 

(a) 

(b) 

(c) 

(a) 

(b) 
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Head 3 Outer arm 0.00122 0.00118 0.437 0.543 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 9: Main effect plot for (a) DN Tab, Tip_Ht  (b) UP Tab, Tip_Ht 

 

After the effects of three parameters i.e boss height, relief width and relief depth were screened from 

nineteen parameters, the result from the simulation will be used for optimal factor setting. The optimum 

parameter is shown in the Figure 10. The other two parameters were fixed at the same condition to find the 

proper relief ring width. Obviously from experiment, larger relief ring width provides torque out a bit higher 

both two tabs for outer arm and comparable with the middle arm. UP tab should be small relief ring width. On 

the other hand, DN tab should be large. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Optimization (a) UP Tab (b) DN Tab 

 

From this analysis, it leads to new design of the boss tower by relief ring width optimization. A relief ring is 

not identical width which distance A is more than that B as shown in Figure 11. Figure 12 shows cross section 

of the optimal relief ring width. Moreover, this design is able to avoid HSA resonance (Nyquist frequency of 

using 256 servo sectors) similar to using loctite HGA to arm. The experimental results reveal that the frequency 

shifted from 11kHz to 12kHz. The actual part of HGA torque out, actual cross section, the actual HSA for ten 

headers are studied and tested and those results reveal that arm tip deformation is reduced as shown in Figure 

13. The HSA ten header with single ball swaging was tested the resonance of FRF, the result are acceptable and 

(b) (a) 
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shift the 11.5kHz to lower frequency to avoid resonance. Also found that the single ball swaging process for ten 

headers approach to KPIV chart model. The effects of swage shuttle, spacer key land on swaging process will 

be used as STX DFM.  

 
 

Figure 11: Optimal relief ring width  

 

Figure 12: Cross section of the optimal relief ring width 

 

Figure 13:  Relief ring width (a) Optimized cause less deformation both TAB UP and DN (b) Non-Optimized  

(a) 

(b) 

B B 

A 

A 

A Cross Section B Cross Section 
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VII.   CONCLUSION 

In this paper, the behaviors and characteristics of the base plate's boss tower profile were studied. The 

analysis reveals that the relief ring width should be a main focus when using single ball in swaging process. The 

analysis leads to a new design of the boss tower by combination of optimal relief ring width together. Figure 11 

illustrates a schematic diagram of a perimeter of relief ring. In particular, Figure 12 and 13 illustrate how the 

perimeter varies from a minimum compression force to a maximum compression force. The experimental result 

also shows that the arm thickness is not related to HGA torque out. Still, the impact to arm tip deformation leads 

to resonance frequency. The new design of boss tower is able to apply with thin arm for reduction of the arm tip 

deformation. From analysis, the relief ring depth excessive results in flange effect. A small top transition angle 

can reduce the boss tower deformation. The very low bottom transition angle results in swage push out defect. 

The backbore diameter is used for boss tower hinging. Although relief ring is mainly a potential impact to HSA 

quality, for a single ball swaging, not only relief ring is improved, in actual process some parameters also are 

slightly adjusted to keep HSA characteristics CTQ and swage push out is decreased; thus a contact angle is 

recommended. Back bore chamfer is required to reduce suspension weight, right angle can be ignored for back 

bore. When re-work is considered, there is no impact to the installed head due the same ball size is used and just 

passed through. However, HSA lower header has lower impact to HSA characteristics because long distance 

has more chance to face swage damage if ball speed is increased. The dimension of spacer key land should be 

controlled to ensure that other defect will not occurred during swaging process.  From eq. 25, with STX boss 

tower the standard swage has HGA torque out approximately two times of micro-swage. 
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Abstract- Solar energy is one of the major renewable sources and 

is non polluted. Hence, the utilization of this energy is essential 

everywhere where the maximum possibility of utilization of solar 

energy is there. One of such possibility is solar power to street 

lights and traffic systems. Hence, an attempt is made to 

implement the solar power saver system for street lights and 

automatic traffic control unit. The proposed system is 

implemented with MAX3032 Altera CPLD with 32 macro cells. 

An infrared sensor array is installed on the streets to know the 

presence of traffic.  As there is a requirement of light only at 

night times, light detectors are used in the system to work it only 

in the absence of sun light when there is a presence of traffic. In 

this way the maximum power can be saved. Proposed cost 

effective system not only saves the power rather it reduces the 

usage of conventional energy. The proposed system logic is 

implemented using VHDL. 

 

Index Terms- Complex Programmable Logic Device (CPLD), 

Infrared Sensor (IRS), Very High Speed Integrated Circuit 

Hardware Description language (VHDL), Light Dependent 

Resistors (LDR). 

 

I. INTRODUCTION 

treet lighting provides a safe nighttime environment for all 

road users including pedestrians. Providing street lighting is 

one of the most important and expensive responsibilities of a 

city. Lighting can account for 10–38% of the total energy bill in 

typical cities worldwide. Street lighting is a particularly critical 

concern for public authorities in developing countries because of 

its strategic importance for economic and social stability. 

Inefficient lighting wastes significant financial resources every 

year, and poor lighting creates unsafe conditions. Energy 

efficient technologies and design mechanism can reduce cost of 

the street lighting drastically. 

        The implementation of street light intensity control using 

LUX meter, traffic sensor and complex sub control machines are 

in process in the Norway. (Oslo street light control)[6]. But the 

power consumption is reduced only by nearly 30%. There also 

exists a project in progress where in the street light power 

consumption is reduced using a remote controlled system, but the 

disadvantage is that it is not cost effective and that the initial 

investment is not economical.  

 

        The main objective of the present study is to reduce the 

power consumption and efficient utilization of renewable sources 

for the application of street lightening and traffic signaling. 

Hence, this paper is aimed at design and implementation of an 

automatic system to control the traffic and reduce energy 

consumption of a town’s public lighting system up to the 

maximum possible extent. The density of traffic is sensed by 

using an array of Passive Infrared Sensors (PIR), which senses 

the traffic movement. LDR is used to detect the presence of day 

light. The proposed system is able to control the traffic during the 

day as well as night. In this system, the streetlights are switched 

ON/OFF automatically during the presence of the traffic only 

during the nights.  

 

II. IMPLEMENTATION OF AUTOMATIC STREET 

LIGHT AND TRAFFIC CONTROL UNIT 

        The block diagram of proposed automatic street lightening 

and traffic control system     corresponding to road safety is as 

shown in Fig.2. In this system, light presence will be detected by 

the Light Dependent Resistor (LDR). LDR is used to switch ON 

and OFF the street lights based on detecting the light ambiance. 

Depending upon the illumination level the resistance of the 

sensing element varies, which varies the voltage at its output. 

 

 

 
 

Fig.2: Block diagram of Street light and Traffic controller 
 

                                                                                 
 

S  
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          An analog to digital converter converts this voltage into 

digital form which is proportional to the intensity of the sun light 

present in the atmosphere. In the proposed system this job is 

done by the built in analog to digital converter (ADC) present in 

the CPLD (Complex Programmable Logic Device). Here 

MAX3032 Altera CPLD with 32 macro cells is used. A Complex 

Programmable Logic Device (CPLD) is a programmable logic 

device with complexity between that of PALs and FPGAs, and 

architectural features of both. The maximum clock frequency is 

20 MHz and hence it is faster than microcontroller. In the 

proposed system, traffic control unit is used, in which traffic will 

be controlled in four way junction by lightning the signal lights 

(Green, Red, Yellow and Orange) depending on the density of 

the traffic  with the help of the passive infrared sensors. The term 

'passive' in this instance means the PIR does not emit energy of 

any type but merely accepts incoming infrared radiation. 

Apparent motion is detected using the variation in the IR rays 

emitted by the vehicles and this information is given to the 

CPLD. The Diver circuit drives the whole circuit with the help of 

Batteries which are charged with the help of Solar panels which 

absorbs the heat energy from the Sun.  

 

III. WORKING OF STREET LIGHT AND TRAFFIC 

CONTROLLER 

          The working of Street light and Traffic controller is 

explained with the help of flow chart as shown Fig.3. The 

proposed system will work only with the help of renewable 

source. The renewable source using here is sun light, the sun 

light is absorbed by solar panels. Through the photovoltaic 

effect, heat energy is converted in to electrical energy and it is 

stored in batteries. 

 

Fig.3: Flow chart of traffic and street light control 

 

         With the help of batteries the driver circuit can drive the 

street lights and traffic lights. Here with the help of renewable 

source, LDR and IR Sensor, CPLD makes the street lights to 

glow only at the absence of sun light and that to in the presence 

of traffic only. Even though in the presence of light or in the 

absence of light in the four way junction traffic controller the 

traffic density is measured by using IR sensors and that is passed 

to CPLD. If density of traffic is equal on four ways then priority 

is given to East side and the CPLD switch ON the green light on 

the East for prescribed time. If density of traffic is not equal on 

four sides then chooses any one of the following four conditions 

depending on traffic density. 

 

a) If traffic on East side is more then, it switches ON the 

green light on East side and yellow light on South side 

and red light on West and North side for the prescribed 

time and then again check the traffic density.                         

b) If traffic on South side is more then, it switches ON the 

green light on South side and yellow light on West side 

and red light on North and East side for the prescribed 

time and then again check the traffic density.                         

c)  If traffic on West side is more then, it switches ON the 

green light on West side and yellow light on North side 

and red light on East and South side for the prescribed 

time and then again check the traffic density.                               

                                 

d)  If traffic on North side is more then, it switches ON the 

green light on North side and yellow light on East side 

and red light on South and West side for the prescribed 

time and then again check the traffic density. 

 

IV. RESULTS AND DISCUSSION 

          The simulated result of various situations of the four way 

junction traffic signaling with the implemented system is shown 

in the following figures, to check the effectiveness and 

performance of the system.   

 

 
Fig. 4: Simulation results when more traffic on East 
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        The above results in Fig.4 indicate that when there is no Sun 

light (LDR=0) and traffic on East (TSE=1) then street light on 

East will glow (EL=1). Along with this, if traffic density on East 

(DE=(E1=E2=E3)=1) is more then, Green light on East and 

Yellow light on South and Red light on West and North will 

glow for prescribed time.  

        The results in Fig.5 indicate that when there is Sun light 

(LDR=1) and there is no traffic on streets. Along with this, if 

traffic density is equal on all sides 

(E1=E2=E3=S1=S2=S3=W1=W2=W3=N1= N2 =N3                       

=1) then green light on East and yellow light on South and red 

light on West and North will glow for prescribed time.  

 

 
Fig. 5: Simulation results when traffic is equal on all sides 

 

V. CONCLUSION 

        The design and verification of Automatic Street light and 

traffic control system is done successfully by using CPLD based 

system. The advantage of the present system is the utilization of 

solar energy in an efficient manner. It requires the initial cost 

only for designing and installation and not for utilization. Hence, 

such systems are very much useful for the government to reduce 

the utilization of conventional power (generated by hydraulic 

power stations).Therefore, such systems are once implemented 

on a large scale can bring significant reduction of the power 

consumption caused by street lights and traffic control lights. 

This initiative will help the government to save this energy and 

meet the domestic and industrial needs. It can overcome the 

drawback of conventional traffic controllers where, the traffic 

signaling is done in equal intervals of time but in the proposed 

system, with the capability of providing varying green cycle 

interval based on dynamic traffic load changes at every lane in a 

4-way junction control. 
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Abstract- Ligation properties of Isonitroso Phenyl 2 Propanone 

with Pt(II) & Pd(II) have been investigated.  The synthesized 

complexes are characterized on the basis of elemental analysis, 

magnetic, electronic & spectral studies.  The complexes confirm 

1:2 stoichiometries and are non electrolyte in nature.  The ligand 

has been found to coordinate to metal ion through two oximino 

nitrogen atoms.  Further two coordination sites of metal ion are 

satisfied by oxygen atoms.   

 

Index Terms- Magnetic susceptibility, Isonitroso Phenyl 2- 

Propanone, I.R. studies, Metal Complexes 

 

I. INTRODUCTION 

he coordination chemistry of Isonitroso ketones is an 

intensive area of study and numerous transition metal 

complexes of these ligands have been investigated
1
.  The 

development of  the field of bioinorganic chemistry has increased 

the interest in Isonitroso based complexes, since it has been 

recognized that many of these complexes may serve as models 

for biologically important species
2-4

.  Coordination compounds 

derived from numerous Isonitroso ketones have been reported 

because of their anti-tuberculosis, antimicrobial and corrosion 

inhibitors
5-7

.   Further legating behavior of Isonitroso ketones is 

of great interest since it has the ability to chelate metal ion 

through nitrogen and or oxygen donor centers.  Keeping the 

above facts in mind and in continuation of our research work
8, 9

 

on transition metal complexes with Isonitrosoketones, in the 

present paper we report the synthesis characterization and 

biological studies of transition metal complexes of Cu(II), Ni(II) 

and Co(II) with Isonitroso Phenyl 2 Propanone. 

 

I. MATERIALS & METHOD 

       The reaction was carried out with analytical reagent grade 

chemicals.  The glasswares used were made of pyrex glass.  The 

organic solvents were redistilled before use.  However melting 

point apparatus was used with open capillary tubes for the 

determination of melting points, which were uncorrected.    

Elemental analysis was done on Perkin Elemer elemental auto 

analyzer & CHNS thermoquest auto analyzer.  I.R. spectra were 

recorded on Perkin Elemer RX1  Spectrophotometer in 

Nujolmull/KBr pellets.  
1
HNMR spectra were recorded on 

Brucker FT 300 at 300 MHz Nmr spectrophotometer at CDRI 

Lucknow.  The chemical shifts were reported in δ units relative 

to TMS used as an internal standard.  The antifungal and 

antibacterial activity of ligand INP2P is determined by disk 

diffusion method using various biological strains accoding to the 

method described elsewhere
10

.   

 

II. EXPERIMENTAL  

       The ligand isonitriso Phenyl 2 Propanone was prepared in 

three steps as described in the literature.  The metal complexes 

are prepared in 1:2 ratios as follows 

 

Preparation of Metal complexes 

       1. Preparation of Cu(INP2P)2: 0.199gms of copper acetate 

was dissolved in minimum quantity of alcohol and equal volume 

of water was added.  Similarly 0.326gms of HINP2P was 

dissolved in minimum quantity of alcohol was added. The copper 

solution was added to reagent solution drop wise with constant 

stirring in a beaker.  The solid complex formed was digested on 

water bath for 2 Hrs. On cooling it was filtered through filter 

paper and washed with 50% alcohol.  

       2. Preparation of Ni(INP2P)2 : 0.326gms of HINP2P was 

dissolved in minimum volume of alcohol and equal volume of 

water was added.  Similarly 0.237gms Nickel acetate was 

dissolved in alcohol and water (1:1).  The nickel solution was 

added to reagent solution drop wise with constant stirring. The 

pH was adjusted to 5-5.6 with HCl/NH4OH. A green colour solid 

complex was formed, separated, recrystalised from chloroform.  

       3. Preparation of Co(INP2P)2 : Aqueous solution of Cobalt 

nitrate and HINP2P was mixed in the molar ration of 1:2 and pH 

of solution was maintained 6-6.5 by HCl/NH4OH.  On refluxing 

for an hour yellow colour complex was formed, filtered and 

recrystalised from chloroform. 

 

III. RESULTS AND DISCUSSION 

       Magnetic measurements of solid complexes were carried out 

from room temperature to liquid nitrogen temperature with 

Gouy’s balance. Dimagnetic corrections were calculated by the 

method given in the literature.  The physical and analytical data 

in Table-1 indicate that Cu (II), Ni (II) and Co (II) can be 

reported as M (INP2P) 2. The complexes are colored and have 

good thermal stability.  They are insoluble in water and dilute 

alkali solutions suggesting absence of free oxime group.  Due to 

removal of free oximino proton during complexation supported 

T 
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by I.R. studies.  The molar conductance value in nitro benzene 

indicates their non electrolytic nature.  

 

       Magnetic Measurements: The results of magnetic 

susceptibility measurements in a variable temperature data 

suggest that the Cu (II), Ni (II) complexes may be diamagnetic 

with square planner geometries.  And Co (II) complexes are 

diamagnetic which suggest a low spin octahedral coordination.  

The magnetic moment of Cu(II), Ni(II), Co (II) complexes are in 

the range of 1.49-2.05 B.M, 2-3.0 -3.67 B.M. and 3.90- 5.23 

B.M. respectively. These suggestions are in agreement with 

spectral data
11-12

. 

 

       Electronic Spectra:  The electronic spectra of INP2P in 

DMSO show as intense band at 211nm. It splits into two strong 

bands 241nm and 250nm. This can be explained by presuming 

that the symmetric  electron system cloud of INP2P becomes 

asymmetric by the dissociations of a proton.  

       The absorption spectrum of Cu(INP2P)2 could be examined 

in chloroform solution because it is insoluble in other solvents.  

In chloroform solution it exhibits bands at 216 nm, 345 nm and 

348 nm. The band at 216 nm shows  -  * transition and the 

band at 345 nm may be assigned to a charge transfer transition on 

the basis of its position and intensity. The colored Copper (II) 

complexes usually show an absorption band into range 210-340 

nm and it is made up of at least two or three overlapping 

symmetrical bands. The charge transfer band in the solid occurs 

at 345 nm suggests a distorted octahedral geometry. 

       The spectra of Co (INP2P)2 discloser  - * transitions at 

224 nm  and 227 nm. The appearance of  - * bands in the 

metal complex at different positions compared to  those of  - * 

bands of INP2P, indicates that the energy states of  electron 

system of iron INP2P suffer substantial alteration on complex 

formation Co(INP2P)2 which reveals a charge transfer band at 

298 nm in DMSO and chloroform solutions. The d-d transition 

bands are not observed because they are probably masked by 

high intensity charge transfer transitions. The spectrum of Co 

(INP2P)2 exhibits a broad maximum at 359 nm and a shoulder at 

298 nm which appear to be due to charge transfer transitions. 

      The nickel complex of HINP2P  in chloroform solution 

shows a band at 223 nm & 237 nm which is attributed to  - * 

transition and a shoulder at 348 nm which may be attributed to 

the charge transfer transitions. 
3
A2g  

3
T1g and 

3
A2g  

3
T2g Gray 

and Balhausen
13

 have discussed charge transfer transition in 

square planer cyanides of Ni(II), Pd(II) and Pt(II) on the basis of 

the molecular orbital theory and have demonstrated that three 

bands corresponding to the metal ligand transitions. 

 

Infrared Spectra: 
       They have been examined in the region 4000-400 cm

-1
. The 

infrared spectrum of free ligand HINP2P shows a broad band 

around    3190.17 cm
-1

 is known to be lowered due to the 

hydrogen   bonding
106, 107

.  Therefore the absorption near  

3190.17 cm
-1

 in HINP2P is assigned to the hydrogen bonded OH 

stretching.  This assignment is further confirmed by the presence 

of new band at 2925.18 cm
-1

 in the spectrum of the HINP2P.  

HINP2P  shows two picks at 1640.40 cm
-1

 and 1602.44 cm
-1

 

which may be attributed to the  C=O and  C=N respectively.   

In the infrared spectrum of the free ligand INP2P in KBr pellet a 

broad band is observed in the range 3190.17 cm
-1

 to 2925.18 cm
-1

 

due to hydrogen bonded OH of =NOH.  One of the important 

features of the infrared spectra of the metal complexes Co 

(INP2P)2, Ni (INP2P)2 and Cu (INP2P)2 in KBr  pellets is that 

they do not show the OH stretching frequency in the region.  The 

absence of OH stretching frequency in the above metal 

complexes indicates that the hydrogen of the oxime group is 

replaced by the metal atom on complex formation. 

 

       
1
HNMR: NMR Spectrum of Cu(INP2P)2, Ni(INP2P)2 & 

Co(INP2P)2 in DMSO solution  exhibit peak due to –CH,  

methylene and aromatic ring protons & do not show any proton 

signal due to =N-OH.  This suggest that these complexes have 

been formed by replacement of =N-OH group by the metal ion.  

It is interesting to note that the peaks Due to methylene proton in 

Cu(INP2P)2 appear at lower value compared to that of 

methylene proton in the  reagent INP2P.   

 

Antimicrobial activity: Antibacterial activity of the synthetic 

metal complexes of isonitroso phenyl 2 propanone was examined 

against E. coli, S. aureus, P. aeruginosa, B. subtilis, B. cereus 

and K. pneumonae. Antifungal activity of the same compounds 

was evaluated against C. albicans, A. niger and F. oxysporium. 

Assays were performed in agar media with final concentration of 

500 µg/mL  Complexes Co(INP2P)2, Ni(INP2P)2, Cu(INP2P)2 

were found to show moderate to good activity against all the 

tested strains of bacteria and fungi.  Though the ligand exhibited 

antibacterial and antifungal activity against all the tested strains, 

its activity is less when compared with its metal complexes and 

hence suggested its unsuitability against all the strains. None of 

the synthesized complex showed more activity as compared to 

the standard drug.  

 

Table-1: Elemental Analysis and Magnetic Moment of the 

Complexes 

 

Compou

nd 

% C % 

H 

% N %Me

tal  

 

        

INP2P 

 

66.4 

(66.2

5) 

5.70 

(5.5

2) 

8.31 

(8.53) 
------ -----

- 

Cu(INP2

P)2 

55.65 

(55.7

4) 

4.05 

(4.1

3) 

7.11 

(7.22) 

16.32 

(16.4

0) 

1.72 

Ni(INP2

P)2 

56.35 

(56.4

5) 

4.15 

(4.1

8) 

7.29 

(7.31) 

15.22 

(15.3

3) 

2.86 

 

Co(INP2

P)2 

56.15 

(56.4

0) 

4.09 

(4.1

7) 

7.26 

(7.31) 

15.19 

(15.3

9) 

4.66 

 

 

* Theoretical calculated value in parenthesis 
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Table-2: Infra Red Spectra of INP2P and Complexes. 

 

 

Table-3: NMR Spectra of INP2P and Complexes 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table-4: Antibacterial Activity Data of INP2P & Synthesized 

Complexes 
 

 

L = INP2P, IIIa = Cu(INP2P)2, IIIb = Ni(INP2P)2, IIIc = 

Co(INP2P)2, 

 

 

 

 

 

 

 

 

Table-5: Antifungal Activity Data of INP2P & Synthesized 

Complexes 
 

 

 

 

 

 

 

 

 

 

L = INP2P, IIIa = Cu(INP2P)2, IIIb = Ni(INP2P)2, IIIc = 

Co(INP2P)2, 

 

INFRARED SPECTRA OF Ni(INP2P)2 

 

 

 

INFRARED SPECTRA OF Co(INP2P)2 

 

 

INFRARED SPECTRA OF Cu(INP2P)2 

 
 

 

 

Assig

nmen

ts 

INP2

P 

Cu(IN

P2P)2 

Ni(INP2

P)2 

Co(INP2P)

2 

OH,  

Ar-H 

3190.

17 

----- ----- ---- 

Ar-H ---- 3474.22 3475.62 3475.62 

C=O 1640.

40 

---- ---- ---- 

C=N 1602.

44 

1607.96 1608.48 1608.48 

N- 

Oxid

e 

1047.

75 

1052.42 1052.21 1052.21 

N-O 924.1

9 

937.96 937.88 937.88 

Assignments INP2P Cu(INP

2P)2 

Ni(IN

P2P)2 

Co(INP

2P)2 

=N-OH 8.30 δ ----- ----- ----- 

-CH group 6.74 δ 6.17 δ 6.21 δ 6.74 δ 

-CH2 group 3.38 δ 3.40 δ 3.40 δ 3.38 δ 

Aromatic 

Ring 

7.18 δ 7.18 δ 7.18 δ 7.18 δ 

Co

mpo

und 

Bacteria along with zone of inhibition (mm) 

E. 

coli 

S. 

aur

eus 

P. 

aerugin

osa 

B. 

Subt

ilis 

B. 

Cer

eus 

K. 

Pneumo

nae 

L 10 12 11 11 12 10 

IIIa 14 16 15 14 17 16 

IIIb 14 15 16 13 17 16 

IIIc 13 16 14 14 16 17 

Compound Fungi along with zone of 

inhibition (mm) 

C. 

albicans 

A. 

niger 

Fusarium 

Oxysporium 

L 13 11 12 

IIIa 19 18 19 

IIIb 18 16 19 

IIIc 19 17 18 
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Abstract- The kinetic study, cover all the important aspects of 

chemical reaction including mechanism. The outcome of 

investigations indirectly explain the path of certain complex 

biochemical processes. The role of the organic phosphate ester in 

chemistry and particularly in biochemistry were recognized quite 

early because of common C—N—P linkages present in 

nucleotides. With this view, investigations of the kinetic study of 

the hydrolysis of 2-ethyl, 6-methylaniline phosphate ester has 

been made in a wide range of various experimental conditions at 

pH 1.24. The rate of coefficents of temperature effect have been 

determined. The reactive species has been found to undergo 

hydrolysis with common P—N bond fission, with bimolecular 

reaction path, since the entropy of a activation energy falls in the 

range. 

 

I. INTRODUCTION 

rganic phosphate ester play an important role in various 

branches of chemistry, recent biochemical    researches   on    

nucleotides    have    added    to    the organic compounds of 

phosphate esters
1,2

 are very important due to their wide range of 

applications in various branches of chemistry. They are essential 

constituent of protoplasm and play an significant role in the 

maintenance of life. They are artificially synthesised for their 

practical use as lubricants,
3
 oil additives,

4
 plasticizers

5
 and 

pesticides
6
. Thus, organophosphate esters have significant 

chemical,    physical   and   biological   properties.    Phosphate   

ester transformation being metabolic process appreciated 

biochemists as well as physico-organic chemists, to study the 

complexity and variety of mechanistic aspects of the ester 

reaction. Recent bio-chemcial researches on nucleotides
7
, which 

possess ester linkages, have proved the significance of chemistry 

of    phosphate    esters. There is a growing interest of 

investigators in the mechanism of biochemical processes, in 

which individual phosphate ester play important roles. Much 

work has been done on phosphate esters of C—O—p
8,9

 linkage 

and some of their paths have been understood, but the kinetic 

study of phosphates having C—N—p
10

 linkages have received 

comparitively less attention, even though, their significance as 

industrially important compounds has    been    recognized. 

 

II. MATERIAL AND METHODS 

        PREPARATION OF MONO-2-ETHYL, 6-METHYL-

ANILINE PHOSPHATE: 

        13.5 ml. of 2-ethyl, 6-methylaniline was dissolved in 200 

ml. of dry benzene in a round bottom flask, 10.0 ml. of 

phosphorus oxy-trichloride (POCl3) was added drop by drop with 

constant stirring to the ice-cooled amine with the help of 

separating funnel for about half an hour. After the addition of   

POCl3,    it   was   refluxed   for   about   50    hours   on the 

soxhlet heater at constant temperature 45°C in order to ensure 

complete reaction and then distilled at reduced pressure. The first 

fraction of benzene and unreacted POCl3 was removed by 

distillation at b66, 50-55°C. The second fraction was dichloridate. 

It was dissolved in 100 ml. of ice cooled water and kept at low 

temperature overnight. The 2-ethyl, 6-methylaniline 

phosphorodichloridate converted into 2-ethyl, 6-methylaniline 

dihydrogen phosphate, which was extracted with solvent ether. 

After removing the solvent ether a light brown coloured 

crystalline solid was obtained, which on recrystallisation with 

absolute ethyl alcohol gave a white crystalline solid and it was 

identified to be 2-ethyl, 6-methylaniline phosphate mono-ester   

with   the   following   physical   characteristics: 

 

Table 1 Analysis of elements 

 

Complex % C % H % O  % P M. pt. Yield % 

2E6MAPME 50.23 

(50.20) 

6.51 (6.48) 22.32 

(22.38) 

14.88 

(14.92) 

226°C 

 

15.02  

(14.62) 

 

 

 

 

 

O 
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Table 2 The infrared spectrum of mono-ester 

 

Complex N-H 

stretching 

C—H 

stretching 

Aromatic 

ester 

—C = C— —P=0 —P—

OH 

Substit. A. 

ring 

2E6MAPM

E 

3450 cm
-1

 2960 cm
-1

 1718 cm-
1
 1560 cm-

1
 1280 

cm-
1
 

1170cm
1
 

770  cm
1
 

 

III. RESULTS & DISCUSSION 

           Contribution of the hydrolysis via neutral species of 2-

ethyl, 6-methylaniline phosphate mono-ester has been found in 

acid and alkaline medium. The hydrolysis of neutral species has 

been found to associated with conjugate acid species as well as 

mononegative species in alkaline media respectively. Therefore, 

the hydrolysis of neutral species in acid region from 1.0 to 6.0 

mol. dm.
-3

 HCl. The overall rate of hydrolysis in alkaline region 

can be estimated at different hydrogen ion concentration,  Almost    

all    the    phosphate    mono-ester    have been found to 

dissociate almost completely at about pH 4.17. The maxima at 

pH 4.17, where the hydrolysis of mono-ester may be presumed to 

occur by exclusively it's mononegative species. Consequently, 

the fractions of mononegative species at this pH value may be 

taken to almost unity (0.999).  

 

IV. EFFECT    OF    TEMPERATURE 

           Kinetic study of the hydrolysis of 2-ethyl, 6-methylaniline 

phosphate mono-ester has been made at 97°, 90°, 85° and 80°C 

at pH 1.24, where major contribution to the overall hydrolysis is 

made by neutral species. A series of systematic kinetic runs were 

performed to ascertain the molecularity of the reaction or bond 

fission. The rate coefficients of temperature effect have been 

determined and    summarised    in    Table-3. 

Linearity of the plot shows the uniformity of the reaction in the 

temperature ranges used. The plot of (Fig. I) gave a negative 

slope, the values of which have been used to determine 

Arrhenius parameters by the equation Table-4 summarises the 

Arrhenius parameters for the neutral species. The reaction via 

neutral species have been found to hydrolyse bimolecularly, 

-30.74 e.u.) fall in the 

range of bimolecular hydrolysis, because    the    value    of   

entropy    is   found    to    be    highly negative, the value of 

frequency factor (A=4.01xl0
6 

sec
-1

) is not greater than 10
12

 and 

energy of activation (AE= 19.22 KcaLmol
-1

) is less than 25 

K.Cal.mol
-1

. Hence, the reaction proceeds via neutral species, 

shows bimolecular nature    of    hydrolysis. Fission of the P—N 

bond in the hydrolysis of neutral species may be difficult without 

the help of water because even conjugate acid species have been 

found to hydrolyse bimolecularly. Therefore, the probability of 

bimolecular hydrolysis via neutral species is more expected with    

the    above    range    of    the    Arrhenius    parameters. 

 

V. EFFECT OF SUBSTRATE CONCENTRATION 

           Determination of kinetic order has been done by carrying 

out kinetic runs at 1.24 pH using different substrate 

concentration. The rate coefficients have been summarised in 

Table-5, which have decreased the value of rate constant. The 

results show that the rate constants have been found to be 

independent of the initial concentration of mono-2-ethyl, 6-

methylaniline   phosphate,   which   is   apparent from the table. 

Consequently the solvatic reaction proceeds via. Pseudo first 

order reaction. 

 

TABLE-3  ARRHENIUS PLOT DATA FOR THE RATE OF HYDROLYSIS OF MONO-2-ETHYL. 6-METHYLANILINE 

PHOSPHATE AT DIFFERENT   TEMPERATURES    VIA   NEUTRAL    SPECIES. 

 

pH t°C T.K (abs.) 10
5
 X  10

5
.Ke (mol.dm.

-3
 min

-1
)       

(Obsd.) 

5+logKe 

1.24 97 370 270.3 107.03 2.03 

1.24 90 363 275.5 33.65 1.53 

1.24 85 358 279.3 13.50 1.13 

1.24 80 353 283.3 5.72 0.76 

 

TABLE-4 Arrehenius parameters fot the rate of hydrolysis of mono-2ethyl 6 methyl phosphate via neutral species 

 

HC1 

(mol.dm.
3
) 

PARAMETERS Entropy -
=
 

(e.u.) 

Energy of activation (E) (K.cal. 

mol.
-1

) 

Frequency 

factor (A) (Sec
-1

) 

1.24 19.22 10.39 x10
6
 30.74 

 

 

 

290 
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TABLE – 5 Effect of substarte concentration on the rate of hydrolysis of of mono-2ethyl 6 methyl phosphate via neutral 

species at 97 + 0.5ºC. 

 

pH Mono-ester Concentration (mol.dm.-3 ) 10
5
.Ke 

 (mol.dm.
-3

   min.
-1

) (Obsd.) 

1.24                                 

1.24                                 

1.24                      

0.00025 

0.00050 

0.00075 

109.00 

107.03 

106.17 

 

 

FIG. I Effect of temperature on the rate of hydrolysis of of mono-2ethyl 6 methyl phosphate via neutral species at 97 + 0.5ºC. 
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Abstract- We are living in an 'international' society, and HIV has 

become the first truly 'international' epidemic, easily crossing 

oceans and borders. It is disappointing that the global numbers of 

people infected with HIV continue to increase, despite the fact 

that effective prevention strategies already exist. The present 

study was carried out to assess the awareness of rural population 

about HIV/AIDS in Raigad district and operationalization of 

appropriate interventions to empower the community leaders 

with appropriate leadership skills, to control the spread of HIV 

infection. The present community based interventional study was 

conducted during January 2009 to December 2009 at Mahad 

Taluka of Raigad District, India. Total of 724 individuals were 

selected by using stratified random sampling. The information 

was gathered by personal interview using semi-structured 

proforma.  Total 724 individuals were interviewed with 202 

(27.9%) males and 522 (72.1%) females. Overall awareness 

about symptoms of HIV/AIDS, its transmission routes and 

preventive measures was very poor. Composite scores of 

Knowledge and attitude were low (below 50%) specifically in 

females, unmarried and illiterate individuals. Thus it is necessary 

to create suitable environments at community level to stimulate, 

support and sustain healthy lifestyle choices and fear and guilt 

free discussion on the issue of HIV / AIDS and condom. At the 

level of the individual, the interventions should focus on 

behaviour change, especially aimed at HIV / AIDS prevention.  

 

Index Terms- AIDS, Awareness, Intervention, HIV, Rural   

 

I. INTRODUCTION 

hen AIDS first emerged, no one could have predicted how 

the epidemic would spread across the world and how 

many millions of lives it would change. There was no real idea 

what caused it and consequently no real idea how to protect 

against it. Now we know from bitter experience that AIDS is 

caused by the HIV virus, and that it can devastate families, 

communities and whole continents. We have seen the epidemic 

knock decades off countries' national development, widen the 

gulf between rich and poor nations and push already stigmatized 

groups closer to the margins of society. We are living in an 

'international' society, and HIV has become the first truly 

'international' epidemic, easily crossing oceans and borders. It is 

disappointing that the global numbers of people infected with 

HIV continue to increase, despite the fact that effective 

prevention strategies already exist. Number of people living with 

HIV in 2008 was 33.4 million. Of these 33.4 million 2.7 million 

were newly infected patients in 2008 and AIDS related deaths 

were 2 million.
(1)

  

        The Government of India estimates that in 2007, about 2.31 

million Indians were living with HIV (1.8 – 2.9 million) with an 

adult prevalence of 0.34 percent.
(2) 

Demographically the second 

largest country in the world, India has also the third largest 

number of people living with HIV/AIDS. HIV estimates derived 

using globally comparable methods and findings from the 

independent Impact Assessment Study which shows that the 

National AIDS Control Programme is progressing steadily 

towards the objective of halting and reversing the HIV epidemic 

in India over the period 2007- 2012. Available evidence on HIV 

prevalence and future statistical projections shows signs of 

stabilization of HIV epidemic in India at national level. 

Provisional estimates show that there are 22.7 lakh people living 

with HIV/AIDS in India by the end of 2008 with an estimated 

adult HIV prevalence of 0.29 percent.
(3) 

        Maharashtra has the highest rate of urbanization i.e. 42%, 

major national highways pass through the state, it has a high rate 

of migrant and floating population, and there exists a well 

established sex industry in the state and industrialization leading 

to availability of cash money in the hands of industrial workers. 

The bed occupancy in many hospitals due to HIV positive 

persons has been as high as 25% to 30%, the ANC (Antenatal 

cases) HIV prevalence is around 1% and the HIV prevalence in 

STD clinics is 10.4%. There are 216748 registered HIV positive 

persons in the state today and an estimated figure of 8, 51,420 

people living with HIV / AIDS. The total number of AIDS cases 

is 47,386 and those who have died are 2958.
(4)

 

        Maharashtra ranks first nationally in the proportion of total 

migrants. Maharashtra is India’s leading industrial state and 

attracts male from almost all states of India. Census data suggest 

a predominance of inter-state migration to districts of Thane, 

Mumbai suburban, Nashik and Pune. A considerable volume of 

inter-state in-migrants come from some of the high prevalence 

districts of Karnataka and Andhra Pradesh. When comparing 

Maharashtra to Andhra Pradesh (Verma et.al. 2007) and 

Karnataka (Saggurti et.al. 2008) the relationship between 

migration and HIV is strong.
(5)

 

W 
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        Thane, Pune, Nashik, Mumbai (urban), Mumbai (suburban) 

and Nagpur districts received more than half of male migrants 

during 1991-2001. These districts also have recorded a high HIV 

prevalence among pregnant women attending ANC clinics. In 

addition, the primary out-migration districts such as Sangli, 

Satara, Solapur, Jalgaon and Bid have recorded a high HIV 

prevalence. Thus, both the origin and destination districts 

demonstrate a link to HIV.
(5)

 

        These facts indicate the transmission of HIV from urban to 

rural areas and from high risk to low risk behaviour groups. If 

left unattended, this problem may spread like a fire and all the 

gains of the project activities so far, are likely to get major 

setback. Hence it is necessary at this stage to plan and 

operationalize the appropriate preventive and control measures 

against HIV/AIDS to control the transmission especially from the 

migrants. 

 

II. MATERIALS AND METHODS 

        The present study was a community based interventional 

study carried out during January 2009 to December 2009 in 

Mahad Taluka in Raigad District of Konkan region of Western 

Maharashtra. District has sex ratio of 975 females per 1000 

males and literacy rate of 60.4%. Almost 41% of the population 

lies below poverty line.  

        For the purpose of present study, it was decided to include 

members from the important stakeholders as well as beneficiaries 

of PRIDE-India, who are also the influential members in the 

community, in the 40 villages covered by PRIDE-India. They are 

as follows:  

 

Self help groups members 3000 

Sponsored children 1500 

Adolescent boys 
400 

 

Adolescent girls 400 

No. of families where at least1 member has migrated 

to Mumbai 

1000 

 

Panchayat Raj Institutes members (Male) 
200 

 

Anganwadi workers 
150 

 

High school Teachers 60 

 

 Preschool Teachers         

   

 

35 

Total 6745 

 

        It was proposed to include at least, 10% i.e. 700 individuals 

from these groups for the purpose of survey for assessment of 

knowledge and attitude. Sampling technique was Stratified 

random sampling. Stratification was done according to the 

categories mentioned above. 724 individuals were selected by 

keeping inclusion and exclusion criteria in mind. 

        After finalizing the study design, it was thoroughly 

discussed and administrative approval was taken from PRIDE-

India officials at Mahad. Permission for the present study was 

taken from the Dean and Head of the Department of Preventive 

and Social Medicine TN Medical College, Mumbai. Ethics 

committee clearance for the present study was taken after 

submitting the study protocol. 

        Basic information about study area, study population and 

NGO activities was collected from PRIDE-India NGO by 

studying previous records. Data collection tools were prepared: 

consent forms and preformed, pretested, semi-structured, open-

ended questionnaire, all in the local language of communication 

i.e. Marathi. 

 

 

 

2.1 KNOWLEDGE 
         Knowledge was assessed by using the composite scale giving scores to different attributes of knowledge regarding STIs and 

HIV/AIDS presented in interview schedule.  

 

Sr. No. Questions Answer / Score 

Yes No / Don’t know 

1 Heard of STIs? 1 0 

2 Are STIs curable? 1 0 

3 Have you heard of HIV/AIDS? 1 0 

4 Is there any difference between HIV & AIDS? 1 0 

5 Is there any relation between HIV/AIDS & STIs? 1 0 

6 
Is HIV/AIDs completely curable? 0 

No=1 / 

Don’t know=0 

7 Availability of HIV testing facilities? 1 0 

8 Availability of HIV treatment facilities? 1 0 

9 Desire more information on HIV? 1 0 

10 Have you heard of condom? 1 0 

11 Do you discuss health and sex issues? 1 0 

12 Necessity of HIV testing in pregnant women? 1 0 
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13 Undergone HIV testing? 1 0 

  Correct Partially correct Wrong / Don’t know 

14 Meaning of STIs? 2 1 0 

15 Ways of transmission of STIs? 2 1 0 

16 Preventive measures for STIs? 2 1 0 

17 Symptoms of HIV? 2 1 0 

18 Symptoms of AIDS? 2 1 0 

19 Transmission of HIV/AIDS? 2 1 0 

20 Preventive measures for HIV/AIDS? 2 1 0 

21 Purpose of condom use? 2 1 0 

 

Maximum obtainable score was 29. 

Score of 0-13 considered as Poor score; Scores of 14 – 29 considered as Good Score 

 

2.2 ATTITUDE 
         Attitude was assessed by using the composite scale giving scores to different attributes of attitude regarding STIs and HIV / 

AIDS presented in the interview schedule.  

 

Sr. No. Statements 
Answer / Score 

Yes No Don’t know 

1 
STIs can be cured by having sex relation with young 

unmarried woman? 
0 1 0 

2 
It is mandatory to subjects both the partners for HIV testing 

before marriage? 
0 1 0 

3 It is dangerous to keep HIV infected individual at home? 0 1 0 

4 
Complete elimination of prostitution is necessary to prevent 

HIV transmission? 
0 1 0 

5 HIV infected females should never get conceived? 0 1 0 

6 
Those who are confirmed HIV negative after testing, have no 

risk of becoming HIV infected any time in the life? 
0 1 0 

7 It is possible to identify HIV infected individual easily? 0 1 0 

8 STIs & HIV/AIDS are transmitted by only females? 0 1 0 

9 It is necessary to test each individual for HIV infection? 0 1 0 

10 
It is dangerous to provide health care to HIV infected 

individual? 
0 1 0 

 

Maximum obtainable score was 10.  

Score of 0 – 5 is considered as poor score and 6-10 is good score. 

 

2.3 PLANNING OF SURVEY 

      The survey was planned in first week of January 2009. With 

the help of PRIDE-India officials the study population of 40 

villages was divided into 4 Zones, namely, Pachad zone, Vinhere 

zone, Jui zone, Mahad zone. 

 

2.3.1 Identification of surveyors and the 

supervisors 

      Total 40 surveyors were identified which were Community 

Organizers (COs) and Balsevikas. 20 pairs were formed, 

preferably one male and one female in each pair. 4 Assistant 

Zonal officers (AZOs) were identified, one for each of the four 

zones. Each AZO was supposed to supervise activity of 5 (or 6) 

pairs of the surveyors and help them in case of difficulties. 

 

2.3.2 Training of surveyors and supervisors 
      All the 40 surveyors (20 Community Organizers and 20 

Balsevikas) and the 4 Supervisors i.e. Assistant Zonal Officers 

were given 1 day training about how to ask the questions for 

interview schedule. This was done to have uniformity in 

questionnaire filling and avoid subjective errors. Their queries 

about some questions were solved on the spot. They were trained 

how to develop rapport with the respondents and how to get 

answers to certain embarrassing questions. 

 

2.3.3 Allotment of survey areas 
      The 40 surveyors were divided into 20 pairs, preferably one 

male and one female in each pair. Each pair was allotted 2 

villages in such a way that surveyors were from different villages 

of residence than the ones allotted to them. This was done to 

avoid any bias on the part of the surveyors. The surveyors were 

also intimated about the route and mode of transport for reaching 

their allotted villages. The surveyors were also informed to be in 

contact with the respective supervisors i.e. Assistant Zonal 

Officers (AZOs) in case of any difficulties. 
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2.3.4 Field survey 

      Field survey was carried out over a period of 2 days. 20 

villages were covered on day one and remaining 20 on the 

second day. Each pair covered one village on each day and 

completed interviews of the allotted participants. The surveyors 

introduced themselves to the participants, developed rapport, 

took their consent and then interviewed the participants. 

Interviews were taken in local language i.e. Marathi. It was made 

sure that each question was properly understood by the 

participants 

      Proper privacy was provided to all the participants. Care was 

taken that female participants were interviewed by the female 

surveyor and male participant by the male surveyor. An attempt 

was made to interview the spouse of the migrant, wherever 

applicable. High school teachers and preschool teachers were 

requested to fill the forms, instead of taking their interview. This 

was mainly because the teachers would not be very comfortable 

to get interviewed by the community organisers and it is also 

more likely that they would express in a better fashion if given an 

opportunity to respond independently. Only those who have not 

undergone any training on HIV/AIDS were included in this 

exercise. 

      The four supervisors i.e. Assistant Zonal Officers (AZOs) 

supervised the work in their respective zones. AZOs also helped 

the surveyors in case of any difficulties. It was made sure that all 

interviews in that village are completed on the same day and not 

kept pending. Efforts were made on the part of the surveyors as 

well as the supervisors to minimize the mistakes in filling up the 

questionnaires. 

 

2.3.5    Focus Group Discussions (FGDs) 

      Along with interview schedule Focus Group Discussions 

(FGDs), in 3 villages each on day 1 and day 2 were conducted. 

Focus group interviews are the most appropriate methods to 

understand general view of the villagers about HIV and AIDS as 

it brings together different people and gives the opportunity to 

verify some of the facts about HIV and AIDS in the village. It 

also generates hypotheses and ideas. Total 21 FGDs in 6 

randomly selected villages (5 each for males, females, adolescent 

boys and girls, and one combined for all categories of individuals 

at Bheloshi) were conducted. The participants of the FGDs were 

randomly selected from the community stake holders of PRIDE-

India which were not included in interview schedule. A good 

rapport was developed with the participants and they were 

encouraged to interact, raise questions and put their opinions on 

different issues related to STIs, HIV/AIDS and condoms. 

Average duration of a FGD was 45 minutes. A total of 176 

individuals participated in FGDs. FGDs were conducted to check 

consistency of the responses with interviews. 

 

2.3.6 Post survey feedback 

      All the surveyors and the supervisors were gathered at the 

PRIDE-India office at Mahad on the following day of the survey. 

The queries and difficulties from the surveyors were answered. 

All the filled up questionnaires were collected from them along 

with the list of the participants. It was made sure that all 724 

questionnaires were present and none was missing. All the 

questionnaires were checked for their completeness and 

correctness and then compiled in village wise stacks. 

      In the survey participants were asked whether they would 

like to undergo HIV testing voluntarily and those who were 

willing for the HIV test were promoted by counselling at health 

centre of PRIDE-India and referred for HIV testing at the ICTC 

at Rural hospital Mahad. All the individuals referred for HIV 

testing reported back to PRIDE-India health centre with their 

reports. The PRIDE-India functionaries facilitated this promotion 

process, as they have developed good rapport with the villagers. 

A total of 38 individuals, most of which were migrants, 

voluntarily underwent HIV testing during April to December 

2009 of which 10 were found to be HIV positive. As housewives 

are considered as low risk group, voluntary counselling and HIV 

testing was promoted in the married females, especially among 

spouses of the migrants, to assess the trend of HIV infection. 

HIV testing was promoted among pregnant women for the same 

reason. A total of 264 females were registered in ANC clinic of 

PRIDE-India health centre during April to December 2009, all of 

which were counselled by medical officer at health centre of 

PRIDE-India and referred for HIV testing at the ICTC at Rural 

hospital Mahad. All the pregnant women referred for HIV testing 

reported back to PRIDE-India health centre with their reports. 

None of the tested pregnant females were found to be HIV 

positive. Also 2 children aged more than 2 years, who had both 

parents HIV positive diagnosed in last 2 years were tested for 

HIV and 1 (50.00%) of them was found to be HIV positive. A 

total of 24 (23 adults, 1 child) persons living with HIV / AIDS 

(old as well as new) were identified during April to December 

2009. Also there were 2 deaths due to HIV / AIDS during the 

same period. Early detection and follow up of cases of STDs at 

Health centre and contact tracing was also included to facilitate 

early detection of HIV infected persons. 

 

2.3.7 To provide care and support to HIV infected individuals 
      An attempt was made with help of PRIDE-India functionaries 

to provide care and support to the individuals who are already 

infected with HIV. Those who were already infected with HIV 

were identified and referred to tertiary level health care institutes 

for further investigations, CD4 count and treatment / ART. The 

identified referring tertiary care hospitals are Dhirubai Ambani 

Hospital, Panvel, Bell Air Hospital, Panchgani and KEM 

Hospital Mumbai. A total of 23 HIV infected persons were 

referred for CD4 count and 10 were referred for ART during 

April to December 2009. The HIV infected individuals were 

given financial assistance for their travel to and from the tertiary 

care hospitals. Early detection of various Opportunistic infections 

– by periodic medical check up and screening for opportunistic 

infections of infected individuals at PRIDE-India health centre 

and referral of those having opportunistic infections to tertiary 

care hospitals was done at PRIDE-India health centre. A total of 

9 HIV infected persons were referred for treatment of 

opportunistic infections. Counselling of the HIV infected 

individual as well as his family members, was also carried out at 

PRIDE-India health centre at PRIDE-India health centre. 

      Social support to the HIV infected individuals such as home 

based care, prevention of discrimination and stigma, security of 

job etc was provided by PRIDE-India functionaries with help of 

Self Help Groups established in each villages. 

      Those families taking care of HIV positive family member 

were assisted financially, 10 such families were assisted during 
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April to December 2009. When there was death due to HIV / 

AIDS, the family members were helped financially, 2 such 

families were assisted during April to December 2009 with help 

of PRIDE-India functionaries. 

      Those children who were orphaned because of death of both 

parents due to AIDS were given financial assistance and 

educational support in the form of school stationary as well as 

medical assistance, 2 such children were assisted during April to 

December 2009. Early detection and treatment of STDs was also 

carried out at PRIDE-India health centre at PRIDE-India health 

centre. 

 

2.3.8 To empower the community leaders with appropriate 

leadership skills, to control the spread of HIV infection 

      Training workshops for key functionaries and other 

stakeholders: After the baseline survey it was decided to impart 

knowledge to key functionaries and other stakeholders of 

PRIDE-India Mahad, which are the community leaders and they 

would later help to control the spread of HIV infection. The 

training workshops were undertaken in February and March 2009 

with the help of PRIDE-India officials. Total 6 workshops were 

organised each of 2 days duration. Maximum number of 

participants per workshop was 40. The participants for the 

training workshops were identified by PRIDE-India officials. 

Total 217 (69 males and 148 females) individuals were involved 

in the training workshops. Contents of the 2 days training 

workshop were finalised by Department of Preventive and Social 

Medicine in consultation with PRIDE officials. 2 to 3 resource 

persons were present for each workshop. Logistics arrangement 

and financial support to the workshops was provided by PRIDE-

India. 

      Each workshop was hosted for different identified groups of 

community stake holders of PRIDE-India. E.g. members of self 

help groups (SHGs), members of Panchayat raj institute (PRIs), 

sponsored children, preschool and high school teachers, etc. 

These stake holders are influential people and act as community 

leaders for various community based activities, and are of great 

help for control of spread of HIV infection in the community. 

 

Contents of the training workshop 

 Adolescence: physical development and genital 

anatomy and physiology 

 Adolescence: mental development 

 HIV / AIDS basic information 

 Ways of transmission and prevention of HIV / AIDS 

 Condom importance and demonstration 

 Prevention of parent to child transmission of HIV 

 Signs and symptoms of HIV / AIDS 

 HIV and STIs 

 HIV and Tuberculosis 

 Laboratory diagnosis of HIV / AIDS 

 Treatment and care of People Living with HIV and 

AIDS (PLHAs) 

 Counselling, AIDS stigma and discrimination 

 HIV / AIDS: myths and misconceptions 

 National AIDS Control Programme 

 Addictions and their prevention and control 

 Interpersonal communication skills 

 Discussion with and among the participants 

      Each workshop was conducted over a period of 2 days, which 

was properly scheduled to cover all relevant topics. The topics 

were prepared in Microsoft Office PowerPoint, in local language 

i.e. Marathi and presented with the help of LCD projector. 

Transparencies along with overhead projector were also used 

wherever needed. Condom demonstration was done with help of 

condoms and dummy penis. 

      After all the topics were covered in workshop, the 

participants were divided in groups of 5 or 6, and were given a 

situation regarding HIV / AIDS and its social implications. They 

were given 15 minutes to discuss the issue among themselves 

and then come forward and present their views and how they will 

tackle such a situation. Those issues were later discussed by 

resource persons and the participants were trained exactly how to 

handle these situations. 

      The topic “Interpersonal communication skills” was added in 

the training so that the trained individuals will act as volunteers 

to form a peer group, develop rapport and impart the knowledge 

they have gained through training, to their friends, colleagues, 

neighbours and those who are need of the information. 

 

2.3.9 To monitor community based IEC activities facilitated by 

empowered community leaders 

      The community leaders which were empowered in training 

workshops were trained to undertake community based IEC 

(Information Education Communication) activities. These IEC 

activities were monitored through regular follow up visits to 

Mahad throughout the year. Expert help and support was given to 

these community leaders whenever and wherever needed. The 

list of IEC activities which were undertaken by empowered 

community leaders: 

      HIV / AIDS education sessions were held for the PRIDE-

India project staff, members of self help groups, Panchayat Raj 

Institute members, youth group members in the village, non 

school going adolescents, local industrial workers, spouses of 

migrants etc in respective villages. These sessions were 

organized and conducted by trained PRIDE-India stakeholders. 

These sessions were monitored and helped by regular visits to 

Mahad. 

      A total of 34 HIV / AIDS education sessions were held, 5 for 

high-school children, 8 for spouses of migrants, 2 for self help 

group females, 3 for Panchayat raj institute members, 8 each for 

adolescent boys and adolescent girls. 

      Posters showing various pictures and information about HIV 

/ AIDS were exhibited to ameliorate awareness about HIV 

among villagers. A total of two poster exhibitions were held in 

two villages. 

      World AIDS Day 2009 and World AIDS Week (1
st 

to 7
th

 

December 2009) were observed at PRIDE-India, Mahad as well 

as a few select villages. A total of four HIV / AIDS counselling 

sessions were held at PRIDE-India, Mahad Health centre for 

individuals practising high risk behaviour. They were informed 

about safe sex practices and risk reduction practices. Pregnant 

women in the villages were identified and motivated by PRIDE-

India Medical officer, to undergo HIV testing at nearby ICTC.As 

migrants working in Mumbai tend to visit their native villages in 

Mahad at the time of various festivals, dissemination of messages 

at the time of religious functions like Ganeshotsav, local fairs etc 

was carried out at a total of 7 gatherings. 
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2.3.10 Statistical Analysis 

      The data was checked for completeness. The data was coded 

and entered in Microsoft Office Excel. The data was filtered, 

processed and edited. The data was thoroughly analysed using 

SPSS 15.0 and Graph Pad Prism v5.01 statistical analysis 

software. Appropriate tests like Chi-square were applied. 

 

III. RESULTS 

      TABLE 1, 2 describe, total number of 724 individuals were 

interviewed with 202 (27.9%) males and 522 (72.1%) females. 

Most of them 615 (84.94%) were in the age group of 15 - 40 

years, Hindu by religion (710, 98.06%), backward class (294, 

40.60%), married (408, 56.35%), educated up to secondary 

school level (480, 66.29%), occupied as unskilled labourer 

(374/479, 78.8%) and socio-economic class IV (458, 63.26%). 

Out of these 724 families 238 (32.9%) had migrants who were 

migrated to various places for different reasons. Also, 547 

(75.55%) of participants have also reported various forms of 

addictions among their family members mainly tobacco 

consumption (504, 92.13%) in various forms. Only 99 (49.0%) 

males and 83 (15.90%) females mentioned that they were the 

decision makers on their health problems, while, only 87 

(43.07%) males and 288 (55.17%) females said that they discuss 

health and sexual issues with family members. TABLES 3, 4, 5 

show only 106 (14.6%) individuals had good knowledge 

(Composite knowledge score >14) about HIV/AIDS and 165 

(22.8%) individuals had right attitude (Composite score 6 to 10) 

towards HIV/AIDS. Good knowledge and right attitude was 

significantly more in males, married population, individuals with 

higher education, population with high per capita income. 

TABLE 6 shows various positive and negative findings of focus 

group discussion. Information obtained through FGDs and 

interviews of the individuals was consistent. TABLE 7 shows, 

total 264 pregnant women from general population were 

counselled at PRIDE-India health centre and tested at nearby 

ICTC at Rural hospital Mahad. None of them were found to be 

HIV positive. Total 38 migrant males from villages volunteered 

for HIV testing at ICTC at Rural hospital Mahad of which 10 

(26.32%) were found positive. Spouses of HIV positive migrants 

were also subjected to HIV testing and 2 (20.00%) of them were 

HIV positive. Also 2 children who were siblings, one aged 3 

years and other 5 years, who had both parents HIV positive 

(father was migrant and died) diagnosed in last 2 years, were 

tested for HIV and 1 (50.00%) of them was found to be HIV 

positive. TABLE 8 shows, there were 23 adults and 3 children 

living with HIV / AIDS of which 12 adults and 3 children have 

been diagnosed during period April to December 2009. During 

period April to December 2009 there were 2 deaths of adults, 

who were diagnosed previously before this study was carried out. 

TABLE 9 describes, care and support to the infected and affected 

people because of HIV/AIDS. In the present study during period 

April to December 2009, total 23 HIV positive individuals were 

referred to tertiary care institute at Panvel, Panchgani and 

Mumbai for regular CD4 count, while 12 newly diagnosed were 

also sent for ART and 9 individuals were referred for treatment 

of various opportunistic infections. An attempt was made to 

restore the families struck by HIV / AIDS. Financial support was 

given to families of 12 newly diagnosed PLHAs. Two families 

where death of earning member due to AIDS had occurred were 

also given financial support and their children were provided 

educational support. TABLE 10, 11 reveal that, an attempt was 

made to improve knowledge and awareness among the general 

population by training representatives from different social 

groups. A total of 6 workshops educating participants about HIV 

/ AIDS were held for 217 representatives of different PRIDE-

India functionaries. A total of 48 HIV / AIDS awareness sessions 

were held in different villages which educated 2057 individuals. 

 

 

 

TABLE 1: Demographic Profile of Study Population (n – 724) 

 
Socio-demographic Profile   Frequency  

Sex 
Male  202 (27.9%) 

Female 522 (72.1%) 

Age in years 

< 20 258 (35.6%) 

20 - 29  153 (21.1%) 

30 – 39 204 (28.2%) 

40 – 49 73 (10.1%) 

50 & above 36 (5%) 

Education 

Illiterate 41 (5.7%) 

Primary 112 (15.5%) 

Secondary 468 (64.6%) 

Higher Secondary 94 (13%) 

Graduation and above 9 (1.2%) 

Occupation 

Self employed 29 (4%) 

Public Private sector employee 59 (8.2%) 

Unskilled laborer 374 (51.7%) 

Unemployed 262 (36.6%) 

Religion 
Hindi 710 (98.06%) 

Muslim 7 (0.97%) 
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Others 7 (0.97 %) 

Caste 
Backward Class 294 (40.6%) 

Others 430 (59.4%) 

Marital Status 

Married 408 (56.4%) 

Unmarried 298 (41.2%) 

Divorced and Others 18 (2.4%) 

Per Capita income per month  

Class I 29 (4.01%) 

Class II 56 (7.73%) 

Class III 181 (25 %) 

Class IV 458 (63.26%) 

 

 

TABLE 2: Demographic Profile of Migrants (n-238) 

 

Demographic Profile  Frequency 

Sex 
Males 238 (100%) 

Females 0 (0%) 

Age group 

< 20 years 8 (3.4%) 

20 – 29 years 81(34%) 

30 -39 years 114 (47.9%) 

40-50 years 35 (14.7%) 

Education 

Illiterate 0 (0%) 

Primary 116 (48.7%) 

Secondary 43 (18.1%) 

Higher Secondary 66 (27.7%) 

Graduation and above 17 (7.1%) 

Marital Status 
Married 217 (91.2%) 

Unmarried 21 (8.8%) 

Reasons for Migration 

Work  215 (90.3%) 

Education 15 (6.3%) 

Other 8 (3.4%) 

 

 

TABLE 3: Composite score of knowledge (n -724) 

 

Questions 
Max 

marks 

Score 

 
Average score % 

Heard of STI? 1 327 0.45 45.17 

Are STIs curable? 1 87 0.12 12.02 

Have you heard of HIV/AIDS? 1 626 0.86 86.46 

Is there any difference between HIV & AIDS? 1 178 0.25 24.59 

Is there any relation between HIV/AIDS & 

STIs? 
1 198 0.27 27.35 

Is HIV/AIDs completely curable? 1 414 0.57 57.18 

Availability of HIV testing facilities? 1 195 0.27 26.93 

Availability of HIV treatment facilities? 1 222 0.31 30.66 

Desire more information on HIV? 1 637 0.88 87.98 

Have you heard of condom? 1 397 0.55 54.83 

Do you discuss health and sex issues? 1 404 0.56 55.80 

Necessity of HIV testing in pregnant women? 1 325 0.45 44.89 

Undergone HIV testing? 1 95 0.13 13.12 

Meaning of STIs? 2 110 0.15 15.19 

Ways of transmission of STIs? 2 166 0.23 22.93 
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Preventive measures for STIs? 2 160 0.22 22.10 

Symptoms of HIV? 2 208 0.29 28.73 

Symptoms of AIDS? 2 248 0.34 34.25 

Transmission of HIV/AIDS? 2 443 0.61 61.19 

Preventive measures for HIV/AIDS? 2 319 0.44 44.06 

Purpose of condom use? 2 435 0.60 60.08 

Total 29 6194 0.30 29.50 

 

 

TABLE 4: Composite score of attitude (n-724) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 5: Association of average score of attitude and knowledge with awareness of HIV/AIDS (n-724) 

 

Category Knowledge Chi-square 

test 

Attitude Chi-square 

test Poor(0-13) Good(14-29) Poor(0-5) Good(6-10) 

Sex 
Male  155 47 P < 0.01; 

Significant 

146 56 P – 0.049; 

significant Female 463 59 413 109 

Age group 

in years 

< 20  232 26 

P-0.09; 

Non-

significant 

220 38 

P < 0.01; 

significant 

20 – 29 130 23 118 35 

30 – 39 168 36 146 58 

40 -49  58 15 47 26 

50 & above  30 6 28 8 

Education 

Illiterate 41 0 

P < 0.01; 

Significant 

37 4 

P < 0.01; 

significant 

Primary 109 3 94 18 

Secondary 413 55 371 97 

Higher 

Secondary 55 39 57 37 

Graduate & 

above 0 9 0 9 

Occupation 

Self employed 

12 17 
P < 0.01; 

significant 

16 13 
P < 0.01; 

significant 
Public-private 

sector 

employee 43 16 40 19 

Statements Score Average score Percent 

STIs can be cured by having sex relation with young 

unmarried woman? 542 0.75 74.86 

It is mandatory to subjects both the partners for HIV testing 

before marriage?  28 0.04 3.87 

It is dangerous to keep HIV infected individual at home? 304 0.42 41.99 

Complete elimination of prostitution is necessary to prevent 

HIV transmission?  81 0.11 11.19 

HIV infected females should never get conceived? 269 0.37 37.15 

Those who are confirmed HIV negative after testing, have no 

risk of becoming HIV infected any time in the life? 384 0.53 53.04 

It is possible to identify HIV infected individual easily?  391 0.54 54.01 

STIs, & HIV/AIDS are transmitted by only females ? 427 0.59 58.98 

It is necessary to test each individual for HIV infection?  31 0.04 4.28 

It is dangerous to provide health care to HIV infected 

individual? 306 0.42 42.27 

Total 2763 0.38 38.16 
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Unskilled 

laborer 318 56 295 79 

Unemployed 245 17 208 54 

Religion 

Hindu 607 103 P – 1.1; 

Non-

significant 

549 161 
P-0.8; non-

significant 
Muslim 6 1 5 2 

Others 5 2 5 2 

Caste 

Backward 

Class 255 39 
P – 0.4; 

Non-

significant 

235 59 
p-2.1; non-

significant 
Others 363 67 324 106 

Marital 

Status 

Married 338 70 
p- 0.07; 

Non-

significant 

304 104 
p-0.14; 

Non-

significant 

Unmarried 265 33 241 57 

Divorced & 

others 15 3 14 4 

Per capita 

income per 

month 

Class I 14 15 

P < 0.01; 

Significant 

18 11 
P -0.23; 

non-

significant 

Class II 39 17 42 14 

Class III 159 22 140 41 

Class IV 406 52 359 99 

 

TABLE 6: Important finding of focus group discussion 

 

Sr. No. Positive findings 
Sr. 

No. 
Negative findings 

1. 
Majority of the people had heard of 

HIV/AIDS. 
1. 

Significantly low percentages of people had 

heard of STIs. 

2. 
People were aware of transmission of 

HIV/AIDS from migrants. 
2. 

Knowledge related to the transmission and 

prevention of HIV/AIDS was poor. 

3. 

Some of the adolescent boys and girls had 

received training at school level, from 

teachers. 

3. 
There was no awareness about diagnostic and 

treatment facilities. 

4. 

Most of the people expressed desire to obtain 

more knowledge about HIV/AIDS and STIs 

and their prevention. 

4. 

There was lot of hesitation to talk openly on 

the topic of HIV/AIDS and STIs and condom 

use, especially among adolescent girls. 

5. 
People accepted the prevalence of premarital 

and extramarital affairs in the village. 
5. 

Lack of knowledge about symptoms of 

HIV/AIDS and STIs. 

6. 
There was no evidence of sexual exploitation 

or trafficking. 
6. 

People were not aware about responsible 

behaviours. 

 

7. 
There was no consistency in understanding 

the issue.  

8. 
There was no clear understanding of 

importance of the issue. 

9. 
Role of condom in prevention of HIV/AIDS 

was less known. 

10. 
Participants were not inclined to accept the 

AIDS patient. 

 

TABLE 7: HIV positive among tested 

 

Sr. 

No. 
Cases Period 

No. 

tested 

No. 

positive 

Total 

tested 

Total 

positive 

Percent 

positive 

1 

ANC cases 

Apr to Jun 2009 106 0 

264 0 0.00% Jul to Sep 2009 75 0 

Oct to Dec 2009 83 0 

2 
Voluntary testing 

(Migrant males) 

Apr to Jun 2009 10 2 

38 10 26.32% Jul to Sep 2009 16 5 

Oct to Dec 2009 12 3 

3 Spouses of HIV 

positive migrants 

Apr to Jun 2009 2 0 
10 2 20.00% 

Jul to Sep 2009 5 1 
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Oct to Dec 2009 3 1 

4 Testing of 

children of HIV 

positive parents 

Apr to Jun 2009 0 0 

2 1 50.00% Jul to Sep 2009 2 1 

Oct to Dec 2009 0 0 

Total 314 13 4.14% 

 

TABLE 8: Morbidity and mortality due to HIV/AIDS (during April to December 2009) 

 

Morbidity / Mortality 
No. 

Subtotal Total 
Males Females 

Adults living with HIV / AIDS 17 6 23 
24 

Children living with HIV / AIDS 0 1 1 

Adult deaths due to AIDS (April to December 09) 1 1 2 
2 

Children deaths due to AIDS (April to December 09) 0 0 0 

 

TABLE 9: Care and support of infected /affected individual 

 

Activities Period No. Total 

Referral to tertiary care 

institute for CD4 counts 

April to June 2009 7 

23 July to September 2009 8 

October to December 2009 8 

Referral to tertiary care 

institute for ART 

April to June 2009 2 

12 July to September 2009 6 

October to December 2009 4 

Referral to tertiary care 

institute for treatment of 

opportunistic infections 

April to June 2009 2 

9 July to September 2009 2 

October to December 2009 5 

Financial support to families 

with PLHA 

April to June 2009 2 

12 July to September 2009 6 

October to December 2009 4 

Financial support to families 

with death of earning member 

April to June 2009 1 

2 July to September 2009 0 

October to December 2009 1 

Educational and financial 

support to orphaned children 

April to June 2009 1 

2 July to September 2009 0 

October to December 2009 1 

 

TABLE 10: Participants of training workshops 

 

Participants Male Female Total 

Self help group members 0 38 38 

Spouses of the migrants 0 40 40 

Adolescent boys 39 0 39 

Adolescent girls 0 40 40 

Panchayat raj institute members 13 8 21 

Pre-school and primary school teachers 17 22 39 

Total 69 148 217 

 

TABLE 11: IEC activities in Villages 

 

Activity Period Sessions 
Particip

ants 

Total 

Sessions Participants 

HIV / AIDS education 

sessions for high-school 

children 

Apr to Jun 09 2 76 

5 173 Jul to Sep 09 1 32 

Oct to Dec 09 2 65 
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HIV / AIDS education 

sessions for self help group 

females  

Apr to Jun 09 1 54 

2 103 Jul to Sep 09 0 0 

Oct to Dec 09 1 49 

HIV / AIDS education 

sessions for spouses of 

migrants 

Apr to Jun 09 3 65 

8 172 Jul to Sep 09 3 71 

Oct to Dec 09 2 36 

HIV / AIDS education 

sessions for Panchayat-raj 

institution members 

Apr to Jun 09 1 13 

3 32 
Jul to Sep 09 2 19 

Oct to Dec 09 0 0 

HIV / AIDS education 

sessions for adolescent boys 

Apr to Jun 09 3 101 

8 237 Jul to Sep 09 3 93 

Oct to Dec 09 2 43 

HIV / AIDS education 

sessions for adolescent girls 

Apr to Jun 09 3 78 

8 183 Jul to Sep 09 3 59 

Oct to Dec 09 2 46 

Poster exhibitions 

Apr to Jun 09 0 0 

2 325 Jul to Sep 09 1 140 

Oct to Dec 09 1 185 

Counselling sessions for 

individuals practising high 

risk behaviours 

Apr to Jun 09 2 39 

4 86 Jul to Sep 09 0 0 

Oct to Dec 09 2 47 

Dissemination of messages 

at religious festivals and 

fairs 

Apr to Jun 09 1 150 

7 690 Jul to Sep 09 3 210 

Oct to Dec 09 3 330 

World AIDS day and week Dec 2009 1 56 1 56 

Total 48 2057 

 

IV. DISCUSSION 

         A community based interventional study was carried out in 

40 villages adopted by PRIDE-India NGO in Mahad Taluka of 

Raigad District. The study period was January 2009 to December 

2009.  

         Total 724 individuals were interviewed with 202 (27.9%) 

males and 522 (72.1%) females. Most of them 615 (84.94%) 

were in the age group of 15 - 40 years, Hindu by religion (710, 

98.06%), backward class (294, 40.60%), married (408, 56.35%), 

educated up to secondary school level (480, 66.29%), occupied 

as unskilled labourer (374/479, 78.8%) and socio-economic class 

IV (458, 63.26%). Also, 547 (75.55%) of participants have also 

reported various forms of addictions among their family 

members mainly tobacco consumption (504, 92.13%) in various 

forms. Only 99 (49.0%) males and 83 (15.90%) females 

mentioned that they were the decision makers on their health 

problems, while, only 87 (43.07%) males and 288 (55.17%) 

females said that they discuss health and sexual issues with 

family members. 

         In the present study, 626 (86.46%) participants had heard of 

HIV / AIDS. In National Behavioural Surveillance Survey, 2006 

carried out by NACO, it was observed that percentage of 

respondents who had ever heard of HIV / AIDS in rural 

Maharashtra was 94.5%.
(6)

 The results from BBC World Service 

Trust’s HIV knowledge attitudes and practices in India, baseline 

survey done in 2005 with help of World Bank showed that 82% 

of the rural Indian population had heard of AIDS and 64% had 

heard of HIV, while 63% had heard of both HIV and AIDS.
(7)

 

         In this study level of awareness was significantly lower in 

females, individuals aged less than 20 years, illiterate, 

unemployed backward caste and unmarried population. Level of 

awareness about HIV / AIDS in males was 96.04% and in 

females 82.76%. Low level of awareness among females may be 

attributed to the fact that rural women have a barrier of shyness 

between them and the information providers and also they have 

less access to information and media in a male dominated 

society. The social values and customs also restrain the people 

from knowing and discussing about HIV/AIDS since it is mainly 

Sexually Transmitted Disease (STD). 

         In National Family Health Survey 3, 2005-06, coordinated 

by the International Institute for Population Sciences (IIPS) 

under the aegis of the Government of India, it was observed that 

92.5% males and 81.6% females in Maharashtra had heard of 

HIV / AIDS.
(8)

 

         In National Behavioural Surveillance Survey, 2006 carried 

out by NACO, it was observed that percentage of respondents 

who had ever heard of HIV / AIDS in rural Maharashtra was 

96.5% in males and 92.4% in females.
(6)

 In a study done by T. 

Subramanian, et al. in Tamil Nadu, it was seen that only 72% 

rural women had heard of AIDS.
(9)

 Similarly in a study done by 

D. Balk, S. Lahiri in 13 states of India, low rates of knowledge 

and awareness were reported more among rural women.
(10)

 In 

another study done by Tillich M. and Nilsson A. amongst 

pregnant women of rural Maharashtra, in 2002, it was observed 

that only 81% rural women had ever heard of HIV / AIDS.
(11)
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         In the present study Level of awareness was significantly 

lower in individuals younger than 20 years (200, 77.52%) as 

compared to those older than 20 years (426, 91.42%). This may 

be attributed to the fact that adolescent boys and girls are less 

open with the adults to talk about the issue of HIV / AIDS, and 

this might be the reason behind some of them avoiding to answer 

the questions about HIV / AIDS. Similarly, in another study done 

by D. Balk, S. Lahiri in 13 states of India it was seen that AIDS 

knowledge was more among those older than 20 years.
(12)

 In 

National Behavioural Surveillance Survey, 2006 carried out by 

NACO, level of awareness of HIV / AIDS in age group of 15 to 

24 years was found to be 88.5% and of 25 to 39 years was 

84.7%.
(6)

  

        In the present study level of awareness was significantly 

lower in illiterate (21, 51.22%) as compared to literates (683, 

88.58%). As the education level increases the awareness about 

HIV / AIDS increases, which is because of the fact that illiterate 

people are less exposed to informative material than educated 

and the level of understanding of the information increases with 

education. Similarly in a study conducted on AIDS awareness 

and knowledge of Indian women, done by D. Balk, S. Lahiri in 

13 states of India, low rates of knowledge and awareness were 

reported more among rural and illiterate women. Multivariate 

analysis found rural, poorly educated and poor women to be the 

least likely to be AIDS-aware and, if aware, to be having the 

poorest understanding of AIDS.
(10)

 In National Behavioural 

Surveillance Survey, 2006 carried out by NACO, it was seen that 

level of awareness about HIV / AIDS was lower in illiterates 

(45.8%) as compared to primary (77.7%), middle (91.6%), 

secondary and higher secondary (98.2%) and graduate and above 

(99.8%).
(6)

 

        In the present study level of awareness was significantly 

lower in unmarried (238, 79.87%) as compared to married (373, 

91.42%) and divorced (15, 83.33%). This may be attributed to 

the fact that most of the individuals in this study who are 

unmarried are adolescents and young adults, who are less open 

with adults to talk about HIV / AIDS and thus may have avoided 

answering to the questions about HIV / AIDS. In National 

Behavioural Surveillance Survey, 2006 carried out by NACO, it 

was seen that the level of awareness of HIV / AIDS in currently 

married 81.4%, unmarried 92.3% and formerly married 71.4 %.
(6)

 

        In this study, mass media i.e. television, radio, etc was 

major source of information of HIV / AIDS, as it contributed for 

316 (74.18%) of participants, while, peer group i.e. friends and 

colleagues contributed for 198 (46.48%) of participants and 

hospitals and doctors contributed for only 51 (11.97%) of 

participants. In a study done by D. Balk, S. Lahiri in 13 states of 

India, it was seen that AIDS knowledge was more among those 

who had greater exposure to mass media. Television was the 

greatest source of AIDS information.
(12)

 Similarly in another 

study done by T. Subramanian et al.in Tamil Nadu, television, 

radio and friends were reported as the main sources of 

information on AIDS.
(9)

 In National Behavioural Surveillance 

Survey, 2006 carried out by NACO, it was seen that mass media 

i.e. television, radio, etc was major source of information 

(86.6%) about HIV / AIDS in Maharashtra.
(6)

 In another study 

done by V. Bhatia et al. in Chandigarh, it was seen that major 

source of information about AIDS was mass media followed by 

friends.
(13)

 

        Maximum obtainable score from knowledge questionnaire 

was 29, which none of the participants achieved. Maximum score 

achieved by participant was 24 and minimum score was 2 and 

average score per person was 8.56. Composite score for 

knowledge was only 29.50%. This means, overall knowledge of 

all the individuals about HIV / AIDS is very poor. 

In the present study it was observed that majority 618 (85.36%) 

individuals had poor score on knowledge scale and only 106 

(14.64%) could score more than 13 on knowledge composite 

score scale.  

        Maximum obtainable score from attitude questionnaire was 

10, which none of the participants achieved. Maximum score 

achieved by participant was 8 and minimum score was 1 and 

average score per person was 3.81. Average composite score for 

attitude was 38.16%. 165 (22.8%) individuals had right attitude 

(Composite score 6 to 10) towards HIV/AIDS. Attitude of the 

participants towards HIV / AIDS was poor which may be 

attributed to lack of awareness about the disease. 

Composite score for attitude was significantly lower in females, 

individuals aged less than 20 years, illiterate and unemployed 

individuals as only 109 (20.88%) females, 38 (14.73%) 

individuals aged less than 20, 4 (9.76%) illiterate and 54 

(20.61%) unemployed individuals could score more than 5 on 

attitude scale. This reflects poor attitude and lack of acceptability 

of individuals towards HIV / AIDS. This can be attributed to 

various factors such as low levels of awareness, lack of access to 

information, low literacy and various misconceptions about HIV 

/ AIDS.  

        Focus group interviews were the most appropriate methods 

to understand general view of the villagers about HIV and AIDS 

as it brought together different people and gave the opportunity 

to verify some of the facts about HIV and AIDS in the village. It 

also helped to generate hypotheses and ideas. For this purpose a 

total of 21 FGDs in 6 randomly selected villages (5 each for 

males, females, adolescent boys and girls, and one combined for 

all categories of individuals at Bheloshi) were conducted. 

        In these FGDs it was observed that, there was awareness 

among the focus group participants about HIV / AIDS, but there 

was lot of hesitation to talk openly on the topic of HIV/AIDS and 

STIs and condom use, especially among adolescent girls. 

Significantly low percentages of focus group participants had 

heard of STIs. Knowledge related to the transmission and 

prevention of HIV/AIDS was also poor. Very less participants 

were aware about correct modes of transmission of HIV / AIDS 

and some also mentioned ‘mosquito bite’ and sharing food and 

clothes, coughing, water as modes of HIV / AIDS transmission. 

There is clearly lack of awareness about transmission and 

prevention of HIV / AIDS. Very few participants were aware 

correct ways of prevention of HIV / AIDS. Role of condom in 

prevention of HIV/AIDS was less known and very few 

participants also harboured misconceptions like use of mosquito 

nets, avoiding HIV infected persons and clean drinking water. 

Though awareness about symptoms of HIV / AIDS was very less 

among focus group participants, some of them knew few 

symptoms of AIDS, most commonly mentioning fever, 

diarrhoea, cough, vomiting, decreased appetite, weight loss, 

tuberculosis, and Herpes rash. A few reported that, AIDS 

patients’ skin gets blackened, and a few also mentioned that 

worms and boils over body. Positive finding was that most of the 
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participants expressed desire to obtain more knowledge about 

HIV/AIDS and STIs and their prevention. Some of the 

adolescent boys and girls had even received training at school 

level, from teachers. 

        The participants revealed that the cases of HIV / AIDS in 

villages were on rise in recent 2 to 3 years and a few deaths 

AIDS were also reported. Many of the participants attributed this 

to recent increasing trend of migration and mobility of young 

adults to Mumbai. Participants accepted the prevalence of 

premarital and extramarital affairs in the villages among 

adolescents and young adults. Some of them also felt this as the 

reason behind rise in number of HIV / AIDS cases recently. 

There was no evidence of sexual exploitation or trafficking in 

villages, as told by the participants. When probed about attitude 

and acceptance towards HIV infected persons, many participants 

were not inclined to accept the AIDS patients. Overall there was 

no consistency in understanding the issue HIV / AIDS and there 

was no clear understanding of importance of the issue among the 

participants. Similar findings from focus group discussions were 

observed in a study ‘HIV / AIDS in rural India: context and 

health care needs’ done by
 
Saseendran Pallikadavath et al. done 

in villages in Pune District of Maharashtra in 2001.
(14)

  

        In the present study total 264 pregnant women from general 

population were counselled at PRIDE-India health centre and 

tested at nearby ICTC at Rural hospital Mahad. None of the 

pregnant women were found to be HIV positive. Total 38 

migrant males from villages volunteered for HIV testing at ICTC 

at Rural hospital Mahad of which 10 (26.32%) were found to be 

positive. This high prevalence among male migrants indicates 

them as high risk group. Spouses of HIV positive migrants were 

also subjected to HIV testing and 2 (20.00%) of them were found 

to be HIV positive. It was clear from this finding that spouses of 

the migrants are very much susceptible to get HIV infection from 

their husbands. Also 2 children who were siblings, one aged 3 

years and other 5 years, who had both parents HIV positive 

(father was migrant and died) diagnosed in last 2 years, were 

tested for HIV and 1 (50.00%) of them was found to be HIV 

positive. This indicates perinatal transmission of HIV. There 

were total 23 adults and 1 child living with HIV / AIDS (old as 

well as new), of which 10 adults and 1 child had been newly 

diagnosed during period April to December 2009. During period 

April to December 2009 there were 2 deaths of adults, who were 

diagnosed as HIV positive previously before this study was 

carried out. 

        In the present study, during period April to December 2009, 

total 23 HIV positive individuals were referred to tertiary care 

institute at Panvel, Panchgani and Mumbai for regular CD4 

count, while 10 newly diagnosed were also sent for ART. All 

HIV positive persons were screened for opportunistic infections 

at PRIDE-India health centre and 9 of them were referred to 

tertiary care institutes for treatment of various opportunistic 

infections. 

        An attempt was made to restore the families struck by HIV / 

AIDS. Financial support was given to families of 10 newly 

diagnosed PLHAs. Two families where death of earning member 

due to AIDS had occurred were also given financial support and 

their children were provided educational support. 

        In the present study an attempt was made to improve 

knowledge and awareness among the general population by 

training representatives from different social groups. A total of 6 

workshops educating participants about HIV / AIDS were held 

and 217 representatives of different PRIDE-India functionaries 

participated in them. 

        A total of 48 HIV / AIDS awareness sessions were held in 

different villages which educated 2057 individuals. This included 

HIV / AIDS education programs for various social groups, in 

which 8 sessions for spouses of migrants (172 participants), 5 

sessions for high-school children (173 participants), 2 for self 

help groups (103 participants), 3 for Panchayat raj institution 

members (32 participants), 8 for adolescent boys (237 

participants), 8 for adolescent girls (183 participants) were 

held.Two poster exhibitions about HIV / AIDS were organized 

for villagers in 2 villages and 325 individuals benefitted from 

these. A total of 4 HIV / AIDS counselling sessions were held for 

individuals practicing high risk behaviours and 86 individuals 

participated in these activities. Dissemination of messages at 

religious festivals and fairs on 7 occasions and 690 individuals 

participated in these activities. World AIDS day and World 

AIDS week were celebrated at PRIDE-India health centre, 

Mahad in which 56 individuals participated. 

 

V. CONCLUSION 

       The knowledge of rural people about HIV / AIDS, its 

transmission and prevention should be improved with help of 

vigorous campaigning, training workshops, HIV / AIDS 

education sessions with special focus on migrant workers and 

their families. HIV / AIDS awareness campaigns should be 

increased at the time of religious festivals and fairs, as migrant 

workers tend to visit their native place during this period.  

       It is necessary to create suitable environments at community 

level to stimulate, support and sustain healthy lifestyle choices 

and fear and guilt free discussion on the issue of HIV / AIDS and 

condom. At the level of the individual, the interventions would 

focus on behaviour change, especially aimed at HIV / AIDS 

prevention. Capacity-building strategies for the diagnosis and 

treatment of HIV must be made available through the existing 

health care facilities. Training of health professionals is an 

essential part of a cost-effective, evidence-based strategy for HIV 

/ AIDS prevention and control because of their interaction with 

general as well as STI patients and pregnant women, as care 

providers and their role as health communicators in societies. 

Care and support activities for the HIV infected individuals and 

their families should be established through existing health 

facilities. 
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Abstract- The Cellulose is the most abundant polymer in nature 

and constitutes a large pool of carbon for microorganisms, the 

main agent responsible for soil organic matter decomposition. 

Cellulolysis is broughtabout by interaction of complex 

communities of micro-organisms namely, fungi and bacteria. 

Earlier studies have shown that the substrate cellulose is 

insoluble, therefore bacterial and fungal degradation occurs 

exocellularly either in association with the outer cell envelop 

layer or extracellularly. Earthworms play an important role in the 

degradation of substrate indirectly by affecting microbial 

population structure and dynamics and also directly simply 

because their gut is capable in undertaking cellulolytic activity. 

Thus, products of cellulose hydrolysis are available as carbon 

and energy sources for other microbes that inhabit environment 

in which cellulose is biodegraded, and this availability forms the 

basis of many biological interactions. Yet, there are still few 

questions to be answered as to whether cellulase comes from the 

earthworm or from symbiotic ingested microorganisms during 

the cellulolysis? Also, essentially nothing is known about the exo 

or extracellular assembly of complex cellulase symptoms of 

earthworm. This review, therefore, aims at providing existing 

information on the subject covering various aspects viz., 

structure of cellulose, secretion of cellulase and their activity in 

earthworm gut, interaction among the members of cellulose 

decomposing microbial communities with earthworm individual 

as well as in-combination and the origin of cellulase. Despite 

considerable literature available on the subject, still there are 

questions with regard to origin of cellulase either from gut or 

from symbiotic ingested micro-organism and the role of 

microorganisms in the biodegradation of cellulose that we 

understand take place in the gut of earthworm (Aira et al, 2006; 

Kumar et al, 2010). Therefore ,there is a need to further 

investigation to resolve these questions. Present review is an 

endeavor in this direction and updates the existing information to 

pave way for further research. 

 

I. INTRODUCTION 

ellulose is the most abundant of all naturally occurring 

organic compounds, probably comprising at least a third of 

all the matter on the earth that enters terrestrial ecosystems, and 

therefore, represents a huge source of energy for micro-

organisms, the main agent responsible for soil organic matter 

decomposition. In nature, cellulolysis occurs as a result of the 

combined action of fungi and bacteria with different substrates 

requirement that shift their biomass depending on what substrate 

is being metabolized (Aira et al, 2007).  The biological 

degradation of cellulose has been of paramount importance in the 

activities of the living systems. Each year photosynthetic fixation 

of CO2 yields more than 10
11

 tons of dry plant material 

worldwide (Schlesinger, 1991) and almost half of this material 

consists of cellulose (Eriksson et al, 1990).  The size of cellulose 

molecules (degree of polymerization) varies from 7000 to 14000 

glucose moieties per molecule in secondary walls of plants but 

may be as low as 500 glucose units per molecule in primary 

walls (Ljungdahl and Eriksson, 1985; Richmond, 1991).   

       Cellulose fibrils are embedded in a matrix of other polymers, 

primarily hemicellulose, pectins and proteins (Richmond, 1991). 

Often the most abundant hemicelluloses (xylan) have  β-1, 4 

linked xylopyranose backbone with attached side groups of 

acetate, arabinofuranose and O-methyl glucuronic acid (Biely, 

1985; Eriksson et al, 1990). Due to this molecule complexity, the 

degradation of cellulose is a slow process and limited by several 

factors involving celluloses, such as concentration, location and 

mobility of the enzymes (Kumar et al, 2010). The type of 

organisms involved in cellulolysis depends on the environmental 

conditions. Under aerobic conditions they are mainly fungi, 

bacteria and actinomycetes; and under anaerobic conditions, they 

are mostly bacteria (Richmond, 1991). 

       Earthworms represent an important portion of soil 

invertebrate biomass, and in many ecosystems they are 

undoubtedly the key organisms in organic matter decomposition, 

modifying soil nutrients and microbial dynamics with long 

history of uses. Five hundred years ago, Shizhen li compiled the 

famous medical book Compendium of Material, in which 

earthworm (Earth dragon) was recorded as a drug prescribed for 

antipyretic and diuretic purposes in the form of dried powder in 

clinic (Pan et al, 2010). Although, microorganisms are largely 

responsible for organic matter decomposition, yet earthworms 

may also affect the rate of decomposition directly by way of 

feeding and digesting organic matter along with microorganisms, 

or indirectly decomposing through their interactions with the 

microorganisms. This basically involves stimulation or 

deactivation of the microbial populations (Aira et al, 2007). Not 

surprisingly, over the years a wide range of equally varied 

cellulose degrading microbial communities have evolved. This 

article covers earthworms and microbes that have been studied 

most extensively in recent years, particularly focusing on those 

environments that contribute significantly to the cycling of 

carbon on global scale. The information included are: Physiology 

of cellulolytic microorganisms; the enzyme system produced by 

worms/micro-organisms and; their interactions with earthworms 

in degradation of cellulose. In addition, the review also attempts 

to draw attention to related aspects, needing further study. 

 

C 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      220 

ISSN 2250-3153  

www.ijsrp.org 

II. THE CELLULOSE 

       Cellulose is the most abundantly produced homopolymer in 

terrestrial environments, consisting of glucose units joined by β–

1, 4 bonds. The disaccharide cellulobiose is regarded as the 

repeating unit in cellulose as much as the glucose unit is rotated 

by 180
0
 relative to its neighbor. Cellulose molecules are strongly 

associated through inter and intra molecular hydrogen-bonding 

and Vander Waals forces that result in the formation of 

microfibrils, which in turn form fibers. Cellulose molecules are 

oriented in parallel, with reducing ends of adjacent glucon chains 

located at the same end of a microfibril. These molecules form 

highly ordered crystalline domains interspersed by more 

disordered amorphous regions. The degree of crystallinity in 

native cellulose is 60-90% (Leschine, 1995). Cellulose can take 

on at least four different crystalline forms as determined by X-

ray crystallography. The predominant and native form is referred 

to as cellulose I. The percentage and the crystalline form of 

cellulose depend on cell type and development stage. Cellulose 

almost never occurs alone in nature but is usually associated with 

other plant substances. This association may affect its natural 

degradation. Cellulose imparts tensile strength to the wall to 

resist turgor pressure. High compression strengths achieve the 

wall to resist turgor pressure when lignin replaces water in the 

matrix of cell walls. Lignification greatly increase bonding 

within the wall and produces rigid, woody tissues able to 

withstand the compressive force of gravity (Richmond, 1991). 

The hemicelluloses surround the cellulose microfibrils and 

occupy spaces between fibrils (Eriksson et al,1990).This polymer 

must be degraded, at least in part, before cellulose in plant cell 

walls can be effectively degraded by cellulolytic bacteria (Sinner 

et al,1976, 1979) and earthworms (Nozaki, 2010). Moreover, 

arabinofuranosyl groups may be esterified by aromatic acids such 

as ferulic and ϸ-coumaric acid (Hartley and Ford, 1989) and may 

participate in lignin hemicellulose cross-linkages (Scalbert et al, 

1985), further complicating the degradation. 

 

III. CELLULOLYTIC ENZYMES  

       Enzymatic activities have been widely used as an index of 

soil fertility or ecosystem status because they are involved in 

biological transformation of native and foreign compounds in 

soils (Tate, 2000). However, the enzymology of cellulose 

degradation has been an area of active research for more than 40 

years. Over the years,the focus of this research has frequently 

shifted. For example, the initial thrust to understand the 

mechanism of cellulose degradation was spurred by a fungal 

attack on the cotton clothing and tents of troops stationed in 

Southeast Asia during World War II. Research directed towards 

developing ways to inhibit fungal celluloses was carried out at 

the US Army Research and Development command in Natick, 

Massachusetts. Under the direction of Reese and Mandels, this 

work ultimately led to the development of seminal concepts 

related to the mechanism of cellulose degradation, including the 

role of synergism among components of the cellulase system 

(Gilligan and Reese, 1954; Reese and Mandels, 1971; Reese et 

al, 1950). With the energy crises, the focus of research on 

cellulose degradation shifted to developing systems and 

procedures to use cellulose and other polymers as a source of 

fuels and chemicals that could serve as a potential replacement 

for fossil hydrocarbons. The voluminous work that followed, 

aided by the development of recombinant DNA and nucleic acid 

sequencing techniques, has resulted in our current understanding 

of the enzyme systems produced by diverse cellulolytic 

organisms. 

       Lattaud et al. (1999) compared the origin and activities of 

cellulolytic enzymes present in the gut contents of some 

geophogous adult earthworms and demonstrated the mutualistic 

relationships with ingested micro-organism to cellulose. Zhang et 

al. (1993), Lattaud et al. (1997) and Lattaud et al. (1998) 

demonstrated the presence of complete cellulolytic enzymatic 

activities in the gut contents of geophagous adult earthworms. 

These enzymes allowed to degrade root and fungal substrates 

available in soils and this corroborates the observation that 

endogeic earthworms feed on litter debris and soils poor in 

organic matter. Glycolytic activities were evaluated both in the 

cultured gut wall tissues and in the culture media in order to 

compare the origin and activities of these enzymes and to 

determine whether they were released by the worms themselves 

or by the ingested microflora. Further, it has also been 

demonstrated that Pontoscolex corethrurus (Swift et al, 1979) 

from Palma sola, Veracruz  (Mexico) and Millsonia anomala 

(Ladd and Butler, 1972) from Lamto (Côte d’ Ivoire) require 

ingested microflora in order to degrade some substrates, such as 

cellulose and mannan (Zhang et al, 1993; Lattaud et al, 1997), in 

contrast to Polypheretima elongata (Michelsen, 1892) from 

sainte Anne (Martinique) which can synthesize intracellularly by 

themselves  or  extra and intracellularly enzymes of gut micro 

flora (Lattaud et al, 1997).  Garcia et al. (1994, 1995), Benitez et 

al. (2002, 2005) measured several enzymatic activities in 

decomposition of organic matter in two microbial driven 

processes, namely, composting and vermicomposting. However, 

Tate (2000) observed no correlation between cellulase activities 

and microbial biomass, but (Ceccanti and Garcia (1994), Alef 

and Nannipieri (1995) and Nannipieri et al, (2002) have stated 

that the enzymatic activities are due to enzymes which may be in 

a living or dead cell, cell debris, free enzymes and/or enzymes in 

clay or immobilized in humic acid complex, not on microbial 

biomass of earthworm gut. The studies of Garvin et al. (2000) 

and Zhang et al. (1993) have shown that cellulase cannot be 

produced in the gut of Hormogaster elisae and Pontoscolex 

Corethrarus to hydrolyze the cellulose since, these earthworms 

possess a ‘mutualistic earthworm microorganism digestive 

system’ (Trigo et al,1999). On the other hand, Polypheretima 

elongata has been shown to have a potential to synthesize 

cellulase (Lattaud, 1998). 

 

IV. CELLULASE ACTIVITY IN EARTHWORM GUT  

       Nozaki et al. (2009) studied the presence of endo-β-1, 4-

glucanase, EC3.2.1.4 cellulase in the gut of 

Pheretima(Metaphire) hilgendorfi and detected novel cellulase 

gene (phhEg) from the gut of this worm and concluded  that the 

earthworms themselves have the capacity to produce the 

endogenous and functional cellulase around the mid- foregut, and  

later use this cellulose for their cellulose digestion with the 

support of intestinal caecum. Nozaki et al. (2008) reported the 

amino-acid sequence of phhEG comprising 1606 nucleotides 
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including poly (A
+
) tail and contained a single ORF, encoding a 

protein of 449 amino acid. Thus indicating that the cellulolytic 

enzymes which play the functional role in degradation of 

cellulose in the gut of earthworm are secreted by the earthworm, 

and not by the symbiotic and ingested micro-organisms?   

       Mishra and Dash (1979) also demonstrated presence of 

cellulase in midgut of Lampito mauritii kinberg, Octochaetona 

surensis Michaelson. Drawida calebi Gates and Dichogaister 

boaui Michaelson. The cellulase activity was also recorded by 

Urbasek (1990) in Dendrobaena vejdovskyi, Denrobaena 

octaedra, Lumbricus castaneus, Lumbricus rubellus, 

Allolobophora caliginosa, Allolobophora rosea, Octolasium 

lacteum. Parthasarathi and Ranganathan (2000) quantified the 

cellulase in pressmud and sawdust in reared Lampito mauritii 

and Eudilus engeniae and concluded that the cellulase activity is 

also influenced by the type of food. Earthworms which feed and 

depend on microbes, litter, and grit present in soil should contain 

battery of enzymes. Flack & Hartenstein (1984), Ranganathan & 

Parthasarathi (1999) have further demonstrated that earthworms 

predate microbes as a source of their food. During their passage 

through the gut, microflora populations get enhanced which 

might be responsible to the increased cellulase activity in gut of 

earthworms. The significant correlation between cellulase and 

microflora of earthworm gut was recorded by Kumar et al. 

(2010).  

       Discrepancies with theories based on symbiotic cellulose 

digestion arose from apparent contradictions between cellulolytic 

activity and the locations or absence of symbiotes as enzyme 

sources (Strasdine and Whitaker, 1963). They reported  that 

cellulase activity in the digestive juice was significantly 

increased in proportion to body weight of snail and the total 

protein content of the hepato -pancreas, however, not in relation 

to the increases in digestive juice, bacterial counts; and therefore 

concluded  that these enzymes were produced endogenously. 

Similar arguments have also been put forward by other 

researchers based on contradictions observed between the 

presence or absence of cellulolytic activities and gut 

microorganisms in earthworms (Tracey,1951; Needham et al, 

1957; Parle,1963; Marialigetik,1979; Mishra and Dash,1980; 

Urbasek,1990; Urbasek and Pizl,1991; Vinceslas-Apka and 

Loquet, 1996). 

       Few studies on glycolytic enzymatic activities present in the 

gut contents of geophagous adult earthworms have demonstrated 

that these worms possess a complete cellulolytic system (Zhang 

et al,1993; Lattaud et al, 1997; Lattaud et al,1998) and  these 

enzymes allow them to degrade root and fungal substrates 

available in soils corroborating that endogeic earthworms feed on 

litter debris and soils poor in organic matter. However, among 

the cellulolytic activities studied in Pontoscolex corethrurus, 

Millsonia sp. and Lampito sp. of earthworms, cellulolysis has 

been observed without any correlation to the cellulobiasic 

activities (Zhang, 1993). 

       There are also few reports of cellulolytic activity in the gut 

of some epigeic earthworms (Urbasek and Pizl, 1991; Lattaud et 

al, 1997; Zhang et al, 1993; Zhang et al, 2000). They recorded 

their ability to digest cellulose, although the effect exerted by 

earthworms on cellulolysis lie fundamentally in their interactions 

with micro organisms. These interactions however are the subject 

of a certain amount of controversies, mainly because of the 

variety of species, substrates and experimental conditions 

assayed. It is generally agreed that microorganisms, especially 

fungi are part of the diet of earthworms (Dominguez, 2004). 

Moreover, earthworms have been shown to graze selectively on 

fungal species (Moody et al, 1995).  Schonholzer et al. (1999) 

reported that earthworms digest fungi & bacteria but there is an 

increase in the number of microorganisms during gut transit? 

This needed to be explained. 

       Recent experiments on cellulolytic activities in the gut of 

Eisenia fetida Andrei have clearly demonstrated that this species 

possess a complete cellulasic system for hydrolyzing cellulose 

(Hu et al, 2010). It is able to release by itself cellulose, whereas, 

a cellulase specific activity was detected in the cultured foregut, 

midgut and hindgut wall tissues and culture media; on the 

contrary cellulobiase was secreted by ingested soil microflora. 

The enzymatic system for degrading cellulose was species 

dependent and synergy between microflora and earthworm 

Metaphire anomala and Haplochaetela elisae  have been 

reported (Lattaud et al, 1999). The strong mutualistic relationship 

was reported with Metaphire sp. along with the ingested soil 

micro organisms for hydrolyzing cellulose. Lattaud et al. (1997) 

recorded the cellulase produced by ingested microflora is able to 

degrade cellulose to cellobiose. The released cellobiase by the 

earthworm itself breaks down  cellobiose into D-glucose. 

Absence of cellulase and cellobiase activities in gut wall tissues 

and culture media of Pentascolex corethrurus indicates that these 

cellulolytic enzymatic activities found in the gut are of microbial 

origin. Glycolytic enzymes produced by Pheretima elongata, 

Drawida terrae and Haplochetela africanus  possess a complete 

enzymatic system to hydrolyse cellulose. These glycolytic 

enzymes were cultured from gut wall tissues in culture media 

which indicates that they are extracellular enzymes. Some 

enzymes were released in the medium only after a latent period 

of culture and their secretion was perhaps induced. It is worth 

noticing that P. elongata can synthesize mannanse by itself, 

contrary to P. corethrurus and M. anomala which requires the 

microflora of the soil ingested to hydrolyse mannan. 

       However, the origin of cellulase production, whether it is by 

the earthworm or by the microorganism, has not been established 

at the molecular level thus far; even the presence of cellulose 

gene (endo Β-1, 4-glucanase (EGase, EC 3.2.1.4) suggests that 

cellulolytic enzymes which functionally degrade cellulose are 

secreted by earthworms themselves (Nozka, 2010). 

 

V. CELLULOLYTIC MICROFLORA IN EARTHWORM GUT 

       A large amount of information on the beneficial activities of 

earthworms has accumulated. The rich chemical composition of 

casts as well as the burrowing and ploughing action of worms is 

well known, but there are very few studies available on the 

microflora in the intestinal tract of earthworms. Louis Pasteur 

isolated Bacillus from the intestine of the earthworm (Cowan, 

1951). Basslik (1913) isolated more than 50 species of bacteria 

from the alimentary canal of earthworm, Lumbricus terrestris. 

He found no difference between the types of bacteria isolated 

from the gizzard, intestine and casts and those present and 

collected from  the soil. Bassalik (1913) also reported the 

isolation of a red-pigmented oxalate decomposing organism 

Bacillus extorquens from the excreta of an earthworm which had 
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ingested plant material containing calcium oxalate. Aichaberger 

(1914) observed that no diatoms, blue-green algae, desmids, 

yeasts or rhizopods were found alive in the alimentary canal of 

the worm. Jensen (1931) and Macfarlane (1952) considered 

earthworms as disseminating agents of spores of soil fungi like 

Fusarium and described the intestine of the worm as a breeding 

place for bacteria. Kelkar (1917) reported that earthworms play a 

part in spreading bacteria in deeper levels in the soil. According 

to Auel (1929) bacteria are responsible for the degradation of 

urea in the intestinal tract of earthworms. Hanstrom (1928) found 

a larger number of microorganisms present in worm casts than in 

soil. Henricic (1934) mentions that bacteria in the soil are 

brought to the surface in casts and visualized the possibility of 

the spread of the tetanus (Bacillus sp.). Hotchkiss and Waksman 

(1936) found a microorganism resembling the mucous capsulated 

bacteria and the semi-colon group, to be regularly present in 

Lumbricus terrestri. Smith and Clark (1938) isolated non-spore 

forming gram- negative bacteria from the earthworm intestine 

which displayed interesting phenomenon of rotating colonies. 

Russell (1950) pointed out the microflora present in the 

earthworm gut may bring about the break down of organic matter 

and thus make the casts richer in plant nutrients. He further stated 

that the earthworm intestine may be the site for lignin oxidation 

and humus-formation. Swaby (1950) states that the intestinal 

bacteria of earthworms produce gums which convert the casts 

into water stable aggregates. Khambata & Bhat (1953, 1955, and 

1957) have studied specific groups of bacteria in the worm 

intestines and isolated oxalate and cellulose decomposers. Joshi 

and Kelkar (1952) isolated viable thick-walled and thin walled 

fungal spores from worm gut and showed that the fungi were 

dispersed more rapidly in sterilized soil containing worms, than 

where worms were absent. Ruschmann (1953) isolated Nocardia 

Polychromgenes, Actinomyces species and Strepomyces colicolor  

isolated from the gut contents of earthworms. Hutchinson and 

Kamel (1956) isolated 17 species of viable fungi from alimentary 

canal and rectum of ten individuals of   Lumbricus terrestris. 

Kozlovskaya and Zndannikova (1961) reported that the ratios of 

different groups of microorganisms in soil differed from those in 

casts, so that the spore forming bacteria & actinomycetes 

predominated in casts, and number of Bacillus idosos and B. 

cerus were greater in casts than in soil but  B. agglutinates were 

recorded very few in number.A number of researches have 

shown increased proliferation of a variety of microorganism in 

the gut of earthworms viz:  actinomycetes in L. terrestris, A. 

longa and A. caliginosa (Parle, 1963), fungi in P. millardi 

(Ghosh et al, 1989), L. maruitii and E. engeniae (Ranganathan 

and Parthasarathi, 1998) bacteria in A. caliginosa (Scheu, 1987). 

Pedersen and Hendrikson (1993) reported qualitative and 

quantitative changes in the bacterial flora of ingested food 

material during gut transit. Populations of S. marcescens, E. coli, 

Salmonella enteritidis and B. cereus var. mycoides in L. terrestris  

have been observed decreasing during passage through gut 

(McLean and Parkinsen, 2000). 

       Singleton et al (2001) examined the bacteria associated with 

the intestine and cast of the earthworm Lumbricus rubellus 

Hoffmeister by direct counts, cultivability studies 16SrRNA gene 

clone libraries and, fluorescent in-situ hybridization and recorded 

a significant fraction (24-47%) of the total numbers of 

prokaryotes which remains in the intestine after the casting and 

were tightly associated with the intestinal wall. Bacterial 

16SrRNA gene clone libraries constructed from washed 

earthworm intestinal tissue suggested that the bacterial 

community was dominated by a few phylotypes that were either 

absent from or in low abundance, in the casts.  Parthasarathi et al.  

(2007) analyzed the diversity of fungi, bacteria, yeast, 

actinomycetes and protozoa in the gut and casts of Eudrilus 

eugeniae Lampito maruitii, Eisenia fetida and Perionyx 

excavatus both qualitatively and quantitavely as influenced by 

different feed substrates like clay loam soil, cow dung and 

pressmud. Actinomycetes (Streptomycess albus, S. somaliensis, 

Nocardia asteroides, N. caviae) were not digested by any of 

these species of worms. Protozoa (Amocba proteus, A. terriola) 

and yeast (Candida tropicalis, C. krusei, C. albicans) were 

totally digested. Certain fungi like Mucor plumbus, 

Cladosporium carrionni and bacteria like Pseudomonas 

aeruginosa, Bacterium antitratum, E. cloacae, Proteus vulgaris 

were compeletly digested.  Jyotsana et al, (2011) isolated twenty 

species of bacteria from the gut of earthworm (Eisenia foetida) 

and all the isolates were found positive for cellulase production. 

One isolate showing maximum activity was identified as Lysini 

bacillus sphaericus (formerly Bacillus spharius). Mishra et al. 

(2011) isolated Bacillus sp., Pseudomonas sp, Staphylococus sp., 

Bacillus subtilus, Bacillus lentus, Azotobacter sp., Micrococcus 

sp, Tlavobacterium sp., Brevibacterium sp. and Thiobacillus sp. 

from the tropical earthworm Glyphodrillus tuberosus, and 

recorded higher microbial load in gut section of the worm than 

undigested soil. Shankar et al. (2011) isolated cellulolytic 

bacteria from Eudrilus engeniae and assessed the cellulolytic 

activity in the microbes, isolated from the gut. The study has 

revealed that the bacterial community was responsible for the 

breakdown of cellulose and thereby, leading to decomposition of 

organic matter by earthworm. 

 

VI. CELLULASE GENE 

       There are several reports on the cDNA cloning of cellulases 

(Aira et al, 2006; Giritch et al, 2006) but few on the genomic 

structure and sequences of their cellulase gene. The reports on 

plant-parasitic nematodes and the higher termite N. 

takasagoensis have cohered entire genomic structure of their 

cellulase genes. Two cellulase genes form each of two plant 

parasitic nematodes G. rostochiensis and H. gluycines (GR-eng I, 

2492 bb and GR-eng2, 2388 bp; HG-eng I, 2151 bp and HG-eng 

2, 2324 bp respectively) were isolated from recombinant phage 

genomic DNA libraries by probing the EGc DNAs. These four 

genes had seven introns at exactly corresponding positions in the 

catalytic domain coding regions (Xu et al, 2000). Additionally, 

GR, and HG eng2 had one additional intron at corresponding 

positions in the putative CBD coding regions. An entire Nt EG 

gene was isolated from the higher termite N. takasaogenesis by 

combining PCR amplification of genomic DNA with sets of 

primers designed from Nt EG cDNA sequence. A complete 

13,005 bp gene including ten exons separated by nine introns 

was identified. In R. speratus, three introns of RsEG were 

identified interrupting exons at the corresponding positions and 

phases of NtEG (Tokuda et al, 1999). Other corresponding 

introns of RsEG and RsEG2 have also been identified from the 

genomic DNA of R. speratus. In addition to the presence of 
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introns, these animal cellulase genes maintain other qualities 

shared with other eukaryotic genes. They have all the TATA 

boxes in their upstream regions, polyadenylation and cleavage 

signals (GATAAA) in appropriate sites, and their exon/intron 

borders follow the eukaryotic GT/AG rule except for four minor 

cases in the nematode EG genes (GC instead of GU) at the 5’ end 

(Tokuda et al, 1999; Yan et al, 1998). 

       Nozaki et al. (2008) detected the cellulasic acitivity of the 

extracts from the intestinal tissues and contents of Pheretima 

(Metaphire) hilgendorfi as a single band with molecular weight 

of 51k Da, which indicates that one major cellulose functions in 

degrading cellulose. The cellulase gene detected has a species 

specific cellulase produced by species specific symbiotic 

microorganisms. The full length cDNA of the earthworm P. 

hilgendorfi a cDNA library was constructed from the intestine 

tissue of P. (M) hilgendorfi and screened to find a positive clone 

(phhEG). 

       The deduced amino-acid sequence of phhEG comprised 

1,606 nucleotides including poly (A
+
) tail and contained a single 

ORF encoding a protein of 449 amino acids. The N terminal of 

phhEG was found to contain 18 amino acids signal peptide based 

on likelihood predictions (Nielsen et al, 1997), resulting in the 

formation of a mature enzyme comprised  of 431 aminoacids 

with molecular weight of 47.1 kDa. Comparison of the deduced 

amino acid sequence with the available cellulase sequences 

showed that the phhEG sequence was closely related to the 

cellulase belonging to GHE9 of the other earthworm, Eisenia 

andarei and the Japanese Sea urchin, Strongylocentrotus nudus 

(Nishida et al, 2007). Moreover, the amino acid residues of 

phhEG have conserved the catalytic sites (Tomme et al, 1991; 

Tomme et al, 1992; Khademi et al, 2002) which are almost 

invariant among the glycoside hydrolase family (GHF) 9 of the 

Eukaryota (Davison and Blaxter, 2005). Nishida et al. (2007) 

concluded that the phhEG belongs to GHF9, and phhEG gene is 

found in the earthworm and not in the microorganisms of  their 

gut. However, few studies on the origin of the digestive enzymes 

in the gut of earthworm have shown that Hormogaster elisae 

(Garvin et al, 2000) and Pontoscolex corethrurus (Zhang et al, 

1993) cannot produce cellulase. 

       The historical debate concerning the presence of endogenous 

cellulase in earthworms may be settled by molecular evidence. 

There is no doubt that a cellulase is a protein that can be 

potentially produced in any life form, provided there is a 

corresponding gene encoding it. However, this conclusion does 

not answer the queries, ‘Why do some worms have endogenous 

cellulases and others not? or Why isn’t cellulase a common 

enzyme in animals like amylase or proteinase’? We believe 

further investigations based on molecular evidence into 

cellulolysis can eventually answer these questions. 

 

VII. CONCLUDING REMARK  

       The article has reviewed numerous earlier studies that deal 

with the degradation of cellulose by earthworms. 

Microorganisms that act as biological catalyst in degradation of 

cellulose are of enormous biotechnological interest for their 

hydrolytic enzymes. Great efforts have, therefore, been devoted 

over the years, studying microbial cellulose system, resulting in a 

fair understanding of the knowledge of enzymology of cellulose 

degradation. However, fundamental question remains 

unanswered  as to wherefrom cellulase came through, and largely 

unknown, whether the cellulose comes from the earthworm or 

from symbiotic/ingested microorganisms during the cellulolysis, 

and therefore, it is nearly impossible to recognize similarities or 

differences in the molecular mechanisms employed by different 

systems. Also, essentially nothing is known about the exo or 

extracellular assembly of complex cellulase system of 

earthworms. The biotechnological potential of cellulase in 

earthworms cannot be fully realized without knowledge of the 

genetics, which is virtually non-existent at present, and is 

therefore, there is a need to improve understanding of physiology 

of cellulase in earthworms at different level of ecological niches. 

The organisms producing endogenous cellulase components can 

be summarized on the basis of the distribution of cellulolytic 

activities in the digestive process of earthworm. Nevertheless, 

origin of cellulase as to from earthworm gut or ingested 

microorganism is still in doubt? Simple measurements of 

cellulolytic activities in particular excreting organ, cannot 

discriminate authentic endogenous activities from the production 

by intracellular symbiotes. Immuno-histochemical observations 

using an antiserum raised against purified cellulolytic 

components can provide reasonable accuracy (Watanabe and 

Tokuda, 2001).  

       However, ideally, a combination of molecular methods 

would be most desirable to meet today’s need to settle the debate 

about the origin of cellulase from the earthworms themselves or 

the symbiotic and/or ingested microorganisms. In addition 

mutualist earthworm microorganism’s digestive system has the 

‘capacity to degrade cellulose’. Hence, earthworm plays an 

important role in the nutrient cycling which is essential for 

environmental preservation and agricultural sustainability. It is 

hoped that this review will lead to better understanding of our 

knowledge on cellulose degradation by earthworms on open new 

vistas of research in this direction.  
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Abstract- Business intelligence (BI) is considered to have a high 

impact on businesses. Research activity has risen in the last 

years. An important part of BI systems is a well performing 

implementation of the Extract, Transform, and Load (ETL) 

process. In typical BI projects, implementing the ETL process 

can be the task with the greatest effort. Here, set of generic 

metamodel constructs with a palette of frequently used ETL 

activities, is specialized , which are called templates. 
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I. INTRODUCTION 

usiness intelligence (BI) has gained wide recognition in the 

last years. It also got high business impact and is seen as a 

\key enabler for increasing value and performance" [1]. 

        Unsurprisingly, the progress of BI is monitored by 

management and IT consultants [2]. It is recognized as having a 

high relevance for the profit of businesses [3]. Companies that do 

not operate business intelligence systems could get permission to 

make digital or hard copies of all or part of this work for personal 

or classroom use is granted without fee provided that copies are 

not made or distributed for profit or commercial advantage and 

that copies bear this notice and the full citation on the first page. 

To copy otherwise, to republish, to post on servers or to 

redistribute to lists, requires prior specific permission and/or a 

fee. It is agreed that a strategic business intelligence approach 

will be needed [4]. 

        At the same time, Business intelligence is a rather new 

discipline with a lot of research activity. Even though the term 

has been coined in 1958 [5]1, the number of published papers has 

risen considerably in the last few years. The rapid progress has 

also brought a high level of heterogeneity [6]; this causes both 

problems for businesses and offers research opportunities. It is 

possible to grasp the current state of BI [1] and practitioner's 

literature tries to lay out a roadmap on how to implement BI in a 

company [7]. There is no reliable roadmap for BI progress, 

though. 

        One important component of BI is the Extract, Transform, 

and Load (ETL) process. It describes the gathering of data from 

various sources (extract), its modification to match a desired state 

(transformation) and its import into a database or data warehouse 

(load). ETL processes take up to 80% of the effort in BI projects 

[8]. A high performance is thereby vital to be able to process 

large amounts of data and to have a up-to-date database. The 

term ETL is known for a while [9] and the relevant market is 

already divided by a number of major players [10]. While open 

source tools are competitive with commercial software in many 

areas, there is little published work on open source ETL tools 

(see Sect. 3) even though the practical relevance is given. Open 

Source BI tools recently gained more attention [2] and start to 

compete with commercial solutions [11]. Therefore, we present 

an analysis of open source ETL tools. We especially focus on the 

performance, which is a main criterion for ETL processes. Well 

performing open source tools could be alternatives to proprietary 

solutions. The contributions of our paper are the summary of the 

background, the considerations on how to design a study for 

performance comparison and the actual results including our 

decision advise. Moreover, with a general discussion of the study 

we contribute to the body of BI knowledge. 

 

II. BACKGROUND 

        Speaking of Business intelligence, many approached and 

technologies are addressed. We will give a brief introduction.  

        The core BI consists of Online Analytical Processing 

(OLAP) and Enterprise Information Systems (EIS).These 

components directly support decision making. In theory,a BI 

application can be built with these two components. Analysis-

oriented BI comprises various concepts and applications that 

allow model-based or method-based analyses of data. Besides the 

two core components, it can include ad hoc reporting and data or 

text mining components as well as advanced functionality such 

as an analytic Customer Relationship Management (CRM).The 

view of full BI not only extends the functionality by standard 

reporting but includes two components required for any powerful 

BI solution: a Data Warehouse to store the data for analysis, and 

ETL tools and processes to both make data accessible and to feed 

it into the data warehouse beforehand. An overview of the BI 

concepts and technologies with regard to their process-oriented 

aim and their orientation can be seen in Fig. 1. 

 
Figure 1: Overview of business intelligence components 

(inspired by [12]) 

 

 

 

B 
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        The ETL process is made up of its three core components: 

         Extraction: In the first phase, data is extracted of 

heterogeneous operative systems. The amount of data is reduced 

by omitting any non-relevant data sets. Extraction must not 

negatively affect the performance of productive systems. It runs 

as a background task or is executed at times of low activity (e.g. 

during the night). 

        Transformation: Any transformation needed to provide 

data that can be interpreted in business terms is done in the 

second step. Data sets are cleaned with regard to their data 

quality. Eventually, they are converted to the scheme of the 

target database and consolidated. 

        Loading: Finally, the actual loading of data into the data 

warehouse has to be done. The Initial Load which generally is 

not time-critical is distinguished from the Incremental Load. 

Whereas the first phase affected productive systems, loading can 

have an immense effect on the data warehouse. This especially 

has to be taken into consideration with regard to the complex 

task of updating currently stored data sets. In general, 

incremental loading is a critical task. ETL processes can either be 

run in batch mode or real time. Batch jobs typically are run 

periodically. If intervals become as short as hours or even 

minutes only, these processes are called near real time. Of 

course, the above phases and especially their near real time 

execution is extremely complex.benchmark. 

 

III. RELATED WORK 

        Business intelligence is no new emergence. Due to the high 

business impact of BI and the importance of open source 

software, there are some studies on ETL. However, they are 

typically done by business consulting forms such as Gartner [13] 

and capture the market situation.  

        Existing approaches for developing ETL process highlight  

two main axes: (i) designing ETL processes independently of a 

specifc vendor, and then (ii) implementing into an executable 

code tailored to a certain technology. 

        ETLprocesses can be adequately designed by a workow 

language. Furthermore, other approaches [14, 15] recommend the 

use of ontologies for describing data sources and targets, thus 

providing the necessary information for solving an adequate 

        ETL process design by inference. Other approaches as [16] 

apply graph operation rules in order to guide the ETL design 

steps, also by using ontologies. Unfortunately, building such 

ontologies is a tedious task since it requires a high correctness 

and a blow-by-blow description of the data stores. 

        Therefore, we advocate the use of a rich workow language 

that provides various enhancements for the designer work 

without requiring the definition of any ontology. 

        On the other hand, the implementation of the ETL design 

has been discussed from many points of view. For example, an 

attempt has been concerned about the optimization of the 

physical ETL design through a set of algorithms [17]. Also, a 

UML-based physical modeling of the ETL processes was 

introduced by [18]. This approach formalizes the data storage 

logical structure, and the ETL hardware and software 

configurations. Although both works deal with interesting 

adjacent issues about the implementation topic, they mainly miss 

to produce a code for executing ETL processes. Paradoxically, an 

exclusive ETL programming approach using the Python 

language has been claimed by [19]. Yet,this approach omits to 

supply an independent-vendor design which decreases the 

reusability and easy-of-use of provided framework. 

 

IV. MODEL-DRIVEN FRAMEWORK 

        The present work addresses the ETL process development 

using aModel-Driven Development (MDD) approach. In this 

section, we concretely show how this approach allows to 

organize the various components of this framework in order to 

efficiently perform the design and implementation phases of the 

ETL process development.[20] 

 

4.1 MDD-Based Framework 

        MDD is an approach to software development where 

extensive models are created before source code is written. As 

shown in Fig. 2, the MDD approach defines four main layers (see 

Meta-Object Facilities (MOF)20): the Model Instance layer 

(M0), the Model layer (M1), the Meta-Modellayer (M2), and the 

Meta-Meta-Model layer (M3). 

        The Model Instance layer (M0) is a representation of 

thereal-world system where the ETL process design and 

implementation are intended to perform. This may be 

represented, respectively, by a vendor-independent graphical 

interface and by a vendor-specifc ETL engine. At the Model 

layer (M1), both the ETL Process Model is designed and the ETL 

process code is derived by applying a set of transformations ions, 

thus moving from the design to the implementation. 

        The Meta-Model layer (M2) consists of the BPMN4ETL 

metamodel that defines ETL patterns at the design phase, and a 

4GL grammar at the implementation phase. Finally, the Meta-

Meta-Model level (M3), corresponds to the MOF meta-

metamodel at the design phase, while it corresponds to the 

Backus Naur Form (BNF) at the implementation phase. 

 

.  

 

Fig 2: MDD layers for the ETL development framework 
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V. TRANSFORMATIONS 

        Transformations are used for automatically generating the 

ETL code from an input ETL model. In this section, we define 

the transformations as matching statements between the 

metamodel and the grammar at the M2 layer, in order to be 

executed at the M1 layer. At the same time, we show how the 

abstract patterns for such transformations provide useful 

guidance when developing code generators for new ETL tools. 

Our approach uses OMG's model-to-text (M2T) standard for 

expressing the transformations. 

 

5.1 M2T Transformations 

        M2T organizes transformations in a set of templates, 

responsible for generating code for the input model elements. 

Each template contains the code portions corresponding to a 

single metamodel concept. This code may be static or dynamic. 

Static code is replicated literally during the execution. Dynamic 

code corresponds to OCL expressions specified using the 

metamodel concepts. These expressions are computed on the 

input model during execution. In practice, the input model 

elements are sequentially iterated, and  for each element, the 

corresponding template code is generated and appended to an 

output  file. Thus, the transformations between the BPMN4ETL 

metamodel and the OMB grammar are performed by means of 

templates. However, the template code depends on target ETL 

tool. For this reason, we show next how an abstract level for the 

transformation templates can be useful, since it specifies the 

required templates, and describes their common processing order 

across ETL tools.  

 

VI. APPLYING TRANSFORMATIONS 

This section describes the Eclipse-based implementation of our 

framework, specifically, the code generation. It emphasizes an 

excerpt of the transformation code that should be applied to the 

ETL model in Fig 3 in order to get the corresponding OMB code. 

[21]  

 

3.2.1 BPMN4ETL Model (M1) 

 

 
 

Fig3: ETL process model  for the Category _Fact _load 

 

 

        Eclipse is a software development environment comprising 

an extensible plug-in system. It provides the Eclipse Modeling 

Framework (EMF), which comprises a number of model- driven 

development capabilities like modeling, inter-model 

transformations, and code generation. More precisely, EMF 

allows the definition of models and metamodels by means of the 

Ecore tools. In practice, metamodels are created using the Ecore 

meta-metamodel, which is the implementation of MOF in 

Eclipse. From these metamodels it is possible to generate the 

genmodel, which is a set of Java classes that represent each 

metamodel concept. The genmodel is useful for building 

dedicated tools, such as editors, to create and manage the models 

corresponding to our metamodel. 

 

VII. CONCLUSIONS AND FUTUREWORK 

        Even though data warehouses are used since the early 

1990s, the design and modeling of ETL processes is still 

accomplished in a vendor-dependent way by using tools that 

allow to specify them according to the schemas represented in 

concrete platforms. Therefore, their design, implementation and 

even more their maintenance must be done depending on the 

target platform. In this paper, we have provided, to the best of 

our knowledge, the first modeling approach for the specifcation 

of ETL processes in a vendor-independent way and the automatic 

generation of its corresponding code in commercial platforms. 

This is done thanks to the expressiveness of our BPMN-based 

metamodel and to the model-driven development capabilities, 

provided by Eclipse and Acceleo, in code generation. 

        Our approach considers Oracle and Microsoft as 

representative target implementation and execution tools, 

although only Oracle's solution has been described in this paper 

for space reasons. Moreover, it o_ers some new techniques in 

order to guide developers in building other code generators for 

new platforms. Currently, our framework covers the design and 

implementation phases of the ETL process development. One 

future work expects to extend this framework in order to handle 

the whole ETL development life-cycle, i.e., by involving the 

analysis phase as well. This work should enhance the quality of 

the generated code by our approach by means of: i) enhancing 

the transformation implementation using some existing 

knowledge-based techniques, and ii) by building the necessary 

metrics for proposing the 'best' implementation related to a 

certain ETL process. 
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The Epistemological concept of the                               

True Space-Velocity Detector  

Allan Zade 

 

   Abstract- Light and its properties intrigued mankind for centuries. This paper gives answers on several questions related to light and 

its propagation through space. Famous Michelson-Morley experiment analyzed from the new point of view. New interpretation of 

experimental data of that observation is proposed.    

 

  Index Terms- the speed of light, Michelson-Morley experiment, theory of relativity, the true space-velocity detector, Z-Theory. 

 

 

I. INTRODUCTION 

Development of science, as well as development of human society, looks like a motion by a huge spiral. Almost each generation meets 

the same number of questions that was presented by nature to their parents, and each generation tries to provide answers on many 

questions that stimulate human progress for centuries. Science makes answers on those questions continuously but sometime a 

solution causes more advanced questions than provide explanations. The greatest problem that intrigued the humankind from its child 

days is the question about the nature of light. 

 

“This part of Aristotle's views about knowledge is an extension of what he says about sensation. According to him, sensation occurs 

when the sense organ is stimulated by the sense object, typically through some medium, such as light for vision and air for hearing.”
7
 

That was a key method for human thought for many centuries. In other words, everything that makes physical sense needs something 

(some medium) to propagate through it. There is a logical conclusion from that point of view. Any interaction between a human sense 

organ and a sense object is impossible without specific medium that is responsible for some sort of connection between a sense object 

and a sense organ.  

 

As it was found later with vacuum experiments, sound follows that point of view precisely, but light propagate through vacuum. 

Hence concept of air as a suitable medium for light and sound became inconsistent with the experimental data. They need a new idea 

and another point of view on the nature of light. Here, they met two different questions. What is light and what is medium that light 

uses to propagation? First question was answered shortly. 

 

“In 1873 the Scottish physicist James Clerk Maxwell showed that light is an electromagnetic wave with oscillating electrical and 

magnetic components. Maxwell's equations predicted that electromagnetic waves would travel through empty space at a speed of 

almost exactly 3 × 10
8
 metres per second (186,000 miles per second)—i.e., according with the measured speed of light. Experiments 

soon confirmed the electromagnetic nature of light and established its speed as a fundamental parameter of the universe.”
8
   

 

In the late 19
th

 century that decision caused no questions from anybody because theoretical approach meets exactly with experimental 

data that based on “measured speed of light”. To make that measurement they used a sophisticated device that was invented at the 

same century.  

 

“Measurements of the speed of light have challenged scientists for centuries. The assumption that the speed is infinite was dispelled 

by the Danish astronomer Ole Rømer in 1676. French physicist Armand-Hippolyte-Louis Fizeau was the first to succeed in a terrestrial 

measurement in 1849, sending a light beam along a 17.3-km round-trip path across the outskirts of Paris. At the light source, the 

exiting beam was chopped by a rotating toothed wheel; the measured rotational rate of the wheel at which the beam, upon its return, 

                                                 

7 epistemology. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 

“epistemology is the study of the nature, origin, and limits of human knowledge. The term is derived from the Greek epistēmē (“knowledge”) and logos (“reason”), and 

accordingly the field is sometimes referred to as the theory of knowledge. Epistemology has a long history, beginning with the ancient Greeks and continuing to the 

present. Along with metaphysics, logic, and ethics, it is one of the four main branches of philosophy, and nearly every great philosopher has contributed to it.” (from 
epistemology. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica.) 

8 relativity. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
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was eclipsed by the toothed rim was used to determine the beam's travel time. Fizeau reported a light speed that differs by only about 

5 percent from the currently accepted value. One year later, French physicist Jean-Bernard-Léon Foucault improved the accuracy of 

the technique to about 1 percent.”
9
   

 

“In 1849 Armand Fizeau sent light pulses through a rotating toothed wheel. A distant mirror on the other side reflected the pulses back 

through gaps in the wheel. By rotating the wheel at a certain speed, each light pulse that went through a gap on the way out was 

blocked by the next tooth as it came around. Knowing the distance to the mirror and the speed of rotation of the wheel enabled Fizeau 

to obtain one of the earliest measurements of the speed of light.”
10

 To make that experiment distinguishable from the other 

experiments (with light), I call it a Linear Detector Experiment and the device used in that experiment - a Linear Detector (LD). 

Obviously, any device that uses the same principle of operation becomes a Linear Detector.  

 

“The German-born American physicist A.A. Michelson set the early standard for measurements of the speed of light in the late 1870s, 

determining a speed within 0.02 percent of the modern value.”
11

 

 

Everything went well. Number of experiments gave to scientists possibility to make experimental support for a finite value of the 

speed of light. The Maxwell’s theory makes excellent support for the same idea and stays in full agreement with experimental data. 

However, the next attempt to understand the nature of light has made tremendous discrepancy between theory and practice.  

 

“Maxwell's remarkable result answered long-standing questions about light, but it raised another fundamental issue: if light is a 

moving wave, what medium supports it? Ocean waves and sound waves consist of the progressive oscillatory motion of molecules of 

water and of atmospheric gases, respectively. But what is it that vibrates to make a moving light wave? Or to put it another way, how 

does the energy embodied in light travel from point to point? 

 

“For Maxwell and other scientists of the time, the answer was that light traveled in a hypothetical medium called the ether (aether). 

Supposedly, this medium permeated all space without impeding the motion of planets and stars; yet it had to be more rigid than steel 

so that light waves could move through it at high speed, in the same way that a taut guitar string supports fast mechanical 

vibrations.”
12

 

 

As soon as an idea of a hypothetical medium existed, they try to get experimental support to prove that idea and perform measurement 

of relative motion between the Earth and the ether.  

 

“From the first speculations on the wave nature of light by Huygens through the progressively more refined theories of Young, 

Fresnel, and Maxwell, it was assumed that an underlying physical medium supports the transmission of light, in much the same way 

that air supports the transmission of sound. Called the ether, or the luminiferous ether, this medium was thought to permeate all of 

space. The inferred physical properties of the ether were problematic—to support the high-frequency transverse oscillations of light, it 

would have to be very rigid, but its lack of effect on planetary motion and the fact that it was not observed in any terrestrial 

circumstances required it to be tenuous and chemically undetectable. While there is no reference to the properties of a supporting 

medium in the mathematics of Maxwell's electromagnetic theory, even he subscribed to the ether's existence, writing an article on the 

subject for the 9
th

 edition of Encyclopædia Britannica in the 1870s. (See the Britannica Classic “Ether.”) In 1887 Michelson, in 

collaboration with American chemist Edward Morley, completed a precise set of optical measurements designed to detect the motion 

of the Earth through the ether as it orbited the Sun. 

 

The measurements in the Michelson-Morley experiment were based on the assumption that an observer at rest in the ether would 

determine a different speed from an observer moving through the ether. Because the Earth's speed relative to the Sun is about 29,000 

metres per second, or about 0.01 percent of the speed of light, the Earth provides a convenient vantage point for measuring any change 

in the relative speed of light due to motion. Using a Michelson optical interferometer, interference effects between two light beams 

traveling parallel to, and perpendicular to, the Earth's orbital motion were monitored during the course of its orbit. The instrument was 

capable of detecting a difference in light speeds along the two paths of the interferometer as small as 5,000 metres per second (less 

than 2 parts in 100,000 of the speed of light). No difference was found. If the Earth indeed moved through the ether, that motion 

seemed to have no effect on the measured speed of light.”
13

  

 

                                                 
9 light. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
10

 light. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
11

 light. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
12 relativity. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 

 
13 light. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
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The measurement of the speed of light in that experiment was done by a specific device. “The Michelson interferometer consists of a 

half-transparent mirror oriented at a 45° angle to a light beam so that the light is divided into two equal parts (A and B), one of which 

is transmitted to a fixed mirror and the other of which is reflected to a movable mirror. The half-transparent mirror has the same effect 

on the returning beams, splitting each of them into two beams. Thus, two diminished light beams reach the screen, where interference 

patterns can be observed by varying the position of the movable mirror.”
14

 To make that device distinguishable from the others, I call 

it a Planar Detector (PD). General Idea of the device was that. The Planar Detector used two Linear Detectors to make a comparison 

between their readings. The process of comparison was done using light interference on the screen.  

 

As it mentioned above “No difference was found”. That mysterious condition disturbed scientific community. Some physicists began 

to call that observation as the most famous "failed" experiment. Failure of that experiment can be described simply. Despite all 

precautions about the accuracy of the experiment, its result stays in vivid disagreement with theory of ether. We need to make a 

detailed analysis of both experiments to achieve the answer on that question.  

 

II. LINER DETECTOR. THE EARLY APPEARANCE. 

 

To understand the principle of operation of any device we should describe it action step-by-step. According to the point of view that 

was dominated one in the 19
th

 century, light in a light beam moves relatively to the source that emits that light, just like a bullet moves 

relatively to a gun after shot. It is extremely easy to make imagination that way of a light beam that travels through the space or ether 

from any source to any observer. Because of a relative nature of motion, that source of light and the observer forms the only one 

possible frame of reference in which all observations become possible.    

 

To make measurement of the speed of light in that frame of reference, they need to make familial experiment. It was the same 

experiment that gives the answer on the question about speed of any other object moving relatively to an observer. They had a 

definition of speed. “If a point moves a certain distance along its path in a given time interval, its average speed during the interval is 

equal to the distance moved divided by the time taken. A train that travels 100 km in 2 hours, for example, has an average speed of 50 

km per hour.”
15

 It can be written mathematically by a well known equation: 

 

                                                                                                       (1) 

 

In the equation given above, S is a distance moved and t is the time taken by a moving point to cover that distance. Hence estimation 

of the speed of a train has two consequent steps. First step includes measurement of length of the route, using for estimation, before 

experiment. Second step includes movement of a train by the same route that was measured before the experiment. After the 

experiment, the observer makes comparison between length of the route and time taken by a train to move from the first point of the 

route to its final point between which measurements of time were taken. After those measurements, value of distance divided by the 

time gives to the observer numeric value of average speed of the train. The same way was used to make measurement of the speed of 

light at the end of 19
th

 century.  

 

In case of a Linear Detector, we have situation shown in the figure 1.  

 

                                                 
14 Michelson-Morley experiment. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
15 velocity. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
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A linear detector has a light source located at the point A (see fig. 1) and a mirror located at the point B. Distance between those points 

is well known because it is a critical value for the experiment. Additionally, an observer has one device to make measurement of 

duration of the whole experiment, i.e., duration between the moment of emitting of light and its return after bouncing back from the 

mirror.  

 

According to methodology of the experiment, the speed of light should be calculated as its travel for distance A-B-A that doubled the 

length of a physical device between points A and B. As a result, the speed of light should be calculated by the following equation:   

 

                                                                                             (2) 

 

In that equation, S is the distance between points A and B. Because an observer has information from the experiment only by the time 

that was spent by the light beam to travel by the route A-B-A, and the distance of that route, an observer is able only to make 

estimation of the average speed of light in that experiment. The basic assumption of the experiment is that. Average speed of light 

taken as an experimental data from the experiment has the same value as the physical speed of light relatively to the device. 

Relative speed of light between a light beam and the observer should have the same value because the observer has null speed of 

motion relatively to the device.  

 

Later, that assumption raised another fundamental question about relative motion between the Earth and the ether. To see that problem 

in details and reach answers on some fundamental questions, we need to make one more thought experiment
16

.   

 

III. THE STREAM THOUGHT EXPERIMENT. 

 

Suppose someone (an observer) is examining motion of a boat powered by an engine. The person likes to make estimation of the 

speed of the boat in a lake. In that case, the observer should put the boat in the lake and mark some distance at the shore to use it for 

the experiment. Using the same way for the speed estimation that was mentioned before for a train, the observer told the boat driver to 

start motion from the first mark, reach the second mark, turn around and go back to the first mark again. At the observer’s start signal, 

the boat rushes forward and soon comes back again. The observer makes estimation of duration of the entire trip of the boat and makes 

the calculation of its average speed relatively to the observer by the equation (2). According the fig. 1 the boat starts from point A 

goes to the point B and moves back to the point A at the same speed V = V1 = V2.    

 

The observer understands that a moving boat makes interaction between its propeller and water to move relatively to the water. 

Moreover, as soon as the water in the lake has not any motion relatively to the shore (and the observer that has zero relative motion to 

the same shore) speed of the boat looks the same relatively to the observer and to the water of the lake. More than that, in that case, 

average speed of the boat has the same value as its true speed relatively to the water.       

 

Using the same considerations, the observer likes to make measurement of the speed of the nearest stream. The person makes the same 

preparations on the shore of the stream (made two marks with a certain distance between them) and asks the boat driver to go by the 

                                                 
16 Gedankenexperiment in German language.  
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circle route again up and down the stream. The observer makes measurement of duration of the entire experiment again. Figure 2 

shows that experiment in details.    

 

 
In the figure 2, point ‘A’ is the start point for the boat; point B is the point of return; vector Vb shows speed of the boat and vector Vs 

shows the speed of the stream. From the common point of view, duration of the experiment should depend on speed of the stream, and 

the observer shares that point of view too before experiment.  

 

However, close observation of the physical processes gives us some intriguing result. The experiment has two phases. The first one is 

motion of the boat up the stream (shown above X-axe in the fig. 2) and the second one is motion of the boat down the stream (shown 

below X-axe in the fig. 2).   

 

In case of the stream as well as in case of the lake physical interaction between the boat and the water has no changes. Hence entire 

process observable as one physical process can be split into two independent physical processes. First process is motion of the boat 

relatively to the stream by its interaction with the water. Second process is motion of the water of the stream relatively the shore and 

the observer. Because the observer has not any motion relatively the shore, the person and the stream have the same relative speed. 

The observer holds his\her position at the point A. The experiment begins. 

 

The boat moves up the stream. It covers distance AB relatively to the water with the some duration that is equal to the duration of 

forward motion for the same boat in the lake (in the motionless water). That duration is calculable by the following equation: 

 

                                                                                                  (2) 

 

However, the stream has one more process of motion that moves the water relatively to the shore with the speed VS.  As a result, 

process of forward motion of the boat has two components and the entire process can be split in three logical steps. Each step can be 

described separately, and physical result of forward motion of the boat can be understood taking those steps in sequence:  

 

1. The boat spends duration DAB to cover the distance AB relatively to the water.   
2. The water uses the same duration DAB to drag the boat from the point B to the point C 
3. The boat should spend some additional duration to move distance CB. 

 

How long can be the duration of the last step (mentioned above)? Obviously it depends on the speed of the boat relatively to the water, 

the speed of the stream relatively to the shore and distance AB that the boat should cover. To calculate that duration, we need to make 

estimation of distance CB. Under described circumstances, it can be shown mathematically the following way: 

 

                                                                                                 (3) 

 

Using equation (3) duration of the step number 3 (mentioned above) possess the following value: 

 

                                                                                             (4) 
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Duration of the entire process of the upstream motion of the boat can be expressed the following way: 

 

                 (5) 

 

Expression (5) shows that clearly, the duration of upstream motion of the boat depends on distance (SAB), the speed of the boat 

relatively to the water (Vb) and the speed of the stream relatively to the shore (VS).  

 

As soon as the boat reaches the point B it turns around and goes back in the downstream direction. In that case, entire process uses the 

same steps as the process of upstream motion with the same meaning: 

 

1. The boat spends duration DBA to cover the distance BA relatively to the water.   
2. The water uses the same duration DBA to drag the boat from point A to the point D 
3. Some duration should be excluded from duration DBA 

 

Step 3 is the most compelling one in the entire process of the boat downstream motion. Duration DBA is equal to duration DAB because 

booth durations are necessary for the boat to cover distance AB = BA in upstream and downstream motion with the same speed of the 

boat.  

 

The same duration caused additional relocation of the boat relatively to the shore (AD). As a result, the boat should reach the point D. 

That is a logical conclusion from the motion of the boat. Physically the boat needs not to go to the point D. The experiment itself 

finishes as soon as the boat reaches the point A (the start point of the experiment). Hence some duration should be excluded from the 

duration DBA. That duration can be calculated the same way as additional duration for the upstream motion, but, because of the same 

direction of the river stream and the boat, that duration should be excluded from the duration DBA. In that case, equation (5) can be 

written for the duration of the downstream motion of the boat:  

 

                 (6) 

 

Duration D of the whole experiment that includes upstream and downstream motion of the boat can be expressed the following way: 

 

                           (7) 

 

Equation (7) shows that:  

 

Duration of the boat trip in a circular route with upstream and 

downstream motion is independent of the speed of the stream.  

 
(A) 

   

Hence the observer could not detect any difference in duration of that motion despite all his/her attempts. In other words, there is not 

any possibility to estimate speed of relative motion of the stream and the observer using that method of estimation. It is quite possible 

for the observer to be puzzled by such “unexpected” or so called “null result”.  

 

Moreover, equation (7) shows a relation between duration of the full process and speed of the boat. In case of constant distance and 

speed of the boat relatively to the water, that equation gives the constant result for the observer despite  the speed of the stream. Worse 

than that, the duration becomes ever equal to the duration of the round trip of the boat in the lake. As a result, the observer could make 

a false decision about ever constant speed of relative motion between the observer and the boat in the lake and the violent stream.   

 

IV. THE TROUBLE OF MOTION. 

 

In some cases, description of motion does not make any problem to an observer. In the experiment with a train, mentioned above, an 

observer calculates speed of the train using data of distance and time taken to move that distance. Speed of the train appears as a result 

of calculation by equation (1). That is an easy experiment, and that methodology was in use for many centuries. It helps them to 

determine speed and make understanding of motion, i.e., its relative nature.  

 

In the usual case of motion, they described motion itself relatively to the ground. In that case, the Earth surface thought to be at rest 

and any objects (material points) do their motion relatively the Earth surface.  In case of the boat mentioned in the section 3 of this 
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paper, motion of the boat and the stream was described relatively to the shore of the lake or stream. Obviously the shore was used as a 

frame of reference at rest because it is a part of the Earth surface.  

 

We have quit different situation in case of light. The light makes its propagation through space, but empty space has not anything that 

seems to be used as a possible frame of reference for that motion. Moreover, Maxwell’s description of electromagnetic waves and law 

of their propagation has no answer on easy question: What is the frame of reference for moving light?      

 

“Electromagnetic waves do not represent physical displacements that propagate through a medium like mechanical sound and water 

waves; instead, they describe propagating oscillations in the strengths of electric and magnetic fields. Maxwell's wave equation 

showed that the speed of the waves, labeled c, is determined by a combination of constants in the laws of electrostatics and 

magnetostatics—in modern notation: 

 

                                                                                                 (8) 

 

 

where ε0, the permittivity of free space, has an experimentally determined value of 8.85 × 10
−12

 square coulomb per newton square 

metre, and μ0, the magnetic permeability of free space, has a value of 1.26 × 10
−6

 newton square seconds per square coulomb. The 

calculated speed, about 3 × 10
8
 metres per second, agreed with the known speed of light. In an 1864 lecture before the Royal Society 

of London, “A Dynamical Theory of the Electro-Magnetic Field,” Maxwell asserted: 

 

We have strong reason to conclude that light itself—including radiant heat and other radiation, if any—is an 

electromagnetic disturbance in the form of waves propagated through the electro-magnetic field according to 

electro-magnetic laws. 

 

Maxwell's achievement ranks as one of the greatest advances of physics. For the physicist of the late 19th century, the study of light 

became a study of an electromagnetic phenomenon—the fields of electricity, magnetism, and optics were unified in one grand 

design.”
17

 

 

Many experiments showed that the speed of light depends on physical properties of a transparent medium. Moreover, a beam of light 

changes its speed of propagation as soon as light changes medium.    

 

“In the same year (1849), Foucault showed that the speed of light in water is less than its speed in air by the ratio of the indices of 

refraction of air and water: 

 

                                                                        (9) 

 

 

This measurement established the index of refraction of a material as the ratio of the speed of light in vacuum to the speed within the 

material.”
18

 

 

Later, Maxwell’s equation (8) showed that the speed of light in a transparent medium depends directly on permittivity and magnetic 

permittivity of that medium. More than that, equation (8) shows that clearly - free space, i.e., physical vacuum follows the same law of 

light propagation and the speed of light in a vacuum depends on the same physical properties of that medium. Hence we have the 

following conclusion: 

 

The speed of light in any medium depends only on certain physical 

properties of that medium.   

 
(B) 

 

From the one hand, light has determined finite speed in any transparent medium. From the other hand, light has certain finite speed in 

the vacuum. Hence, we should consider physical vacuum, in case of light propagation, as some physical medium despite  the absence 

of any substance in it. That leads us to the same idea that describe so called luminiferous ether.  

 

In the 19
th

 century, they need some specific medium, that “can be used” by light to propagate through it. In their mind, physical 

properties of that ether and empty space (physical vacuum) had significant difference. They used the concept of luminiferous ether to 

                                                 
17

 light. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
18

 light. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
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make light propagation comparable with the human mind because they were unable to make imagination of something that propagates 

through the empty space (or nothing). Hence it was a transition idea that makes the human mind able to understand the propagation of 

light through the empty space by filling that empty space with the hypothetical “substance”. That consideration leads us to the 

following statement: 

 

Physically, light needs not any additional medium in the space to 

propagate through it. As well as in the case of transparent 

substance, light makes interaction with the space itself in the case 

of motion through the space. That interaction determines the speed 

of light relatively to the space.   

 

(C) 

 

As soon as the medium (including empty space) is responsible for the definite value of the speed of light, that speed should not have 

any connection with anything else except of permittivity and magnetic permittivity of any given medium. Figure 3 shows an example of 

a different speed of light in a different medium.  

 

 
Figure 3 shows a case of light propagation through some number of medium with different permittivity and magnetic permittivity 

each. Beam of light goes from the point O (the point of origin) alongside X-axis. Y-axis presents values of the speed of light.  

 

First medium, located between points O and X1 is air. The speed of light in that medium equals to some speed V1. As soon as light 

reaches point X1 it meets interface and goes from air to water. According equation (8) after interface the speed of light changed and 

became equal to speed of light in water according the equation (9).  In further propagation, light reaches another interface with 

transparent medium at the point X2. Permittivity and magnetic permittivity of that medium have some variation from the same 

physical parameter of water. As a result, speed of light in that medium drops to value V3.  

 

Light keeps that value of its speed as a constant one as long as physical properties of the medium keep constant. Nothing changes in 

light propagation until it reaches the point X3. Light meets another interface at that point again. After that interface light goes to the 

empty space (vacuum) and immediately restores its maximal speed of propagation that is equal to C. This experiment shows an 

excellent example for the statement B and C (see above). Moreover, equation (8) as well as statement C has not any relation to relative 

motion between an observer and light. How it is possible? To answer that question, we should come back to the stream thought 

experiment that described in details in the section 3 of this paper.   

 

V. LINER DETECTOR. THE PRINCIPLE OF OPERATION. 

 

Entire situation with relative motion changes significantly as soon as the speed of light in any given medium (including space) 

depends only on the number of physical parameters of that medium. In that case, space becomes absolute frame of reference that light 

uses to propagate through it. Moreover, physical interaction between the light and the space keeps the speed of light constant as long 

as light goes through the space.  
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Mr. Michelson and many other physicists and philosophers used the same way of theoretical approach to the problem, but Mr. 

Michelson was the first person who conducted the experiment with a physical device – linear detector (see above). Here, his troubles 

begin.  

 

Figure 4 gives a graphical representation of a linear detector way of action in case of constant speed of light relatively to the space.   

 

 
In that case, an observer uses a linear detector with a rigid frame AB. The person uses a light source at the point A of the detector. 

That light goes along the rigid body of the detector up to point B and meets a mirror at that point. After interaction with the mirror at 

the point B, light goes back to the point A. As soon as light comes back to the point A, the observer becomes able to determine the 

duration of light travel between points A and B. A linear detector gives not any other information from that experiment. In that case, 

physical frame of the linear detector becomes a frame of reference for the experiment because the observer is unable to use any other 

references or coordinate system (experiment is conducted in a closed laboratory).  

 

Using that method, the observer likes to detect speed of motion of the Earth (VE) relatively to the space (ether) by analyzing duration 

of a circle route motion of light between the light source and the mirror of the linear detector. Explanation of the physical process 

having a place in that experiment coincides with an explanation of the stream thought experiment given in the section 3 of this paper. 

In case of a liner detector, speed of the boat should be replaced with the speed of light C and speed of the stream should be replaced 

with the speed of the Earth relatively to the space (ether) (VE).  

 

Using the same way for explanation of this case we have the following equation for measured duration of that process for any linear 

detector:    

 

                                       (10) 

 

 

In the equation (10), D is the duration of the entire process of circular route for light motion between the source of light (the point A) 

and the mirror (the point B); L is the length of the rigid frame of the detector that equals to distance AB in the figure 4; C is the speed 

of light relatively to the space; VE is the speed of the Earth relatively to the space.   

 

As soon as the detector becomes to operation it makes measurement of duration D and nothing more. The observer obtains definite 

value of the speed of light after experiment using equation (2). In other words, the speed of light is calculable value that is available 

only after comparison between distance covered by light and duration of its travel by the circular route. Saying strictly the linear 

detector provides two values for equation (2) these are: 

 

1. distance  between the source of light and the mirror 
2. duration of light travel to and from the mirror 

 

Here, we have the solution of many problems and answer on many questions by the following statement: 

 

Duration of light travel in a linear detector by a circular route 

depends only on length of light travel and the speed of light 
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relatively to the space. Therefore, measured duration of that 

process is independent of relative motion between the linear 

detector and the space.   

 

Moreover, duration itself (D in the equation 10) has the same value as the speed of light relatively to the linear detector taken in a 

hypothetical situation when VE = 0. In that case, the Earth becomes immovable relatively to the space. Hence, speed of relative motion 

between light and the linear detector becomes equal to the speed between light and space.  

 

Obviously, that situation is unreachable practically because each celestial body keeps its motion in space. Despite of that motion, a 

linear detector shows the same value of duration ever regardless of its relative motion to the space (see equation 10). In other words, 

duration taken from a linear detector gives the same value ever that is proportional to the speed of light relatively to the space. The 

following equation shows that mathematically: 

 

                                                                        (11) 

 

In the equation (11), V is some speed that is calculated by the data from a linear detector; L is the length of the rigid frame of the 

device; t and D is the duration of the entire process of light circle route motion according to data from the device; C is the speed of 

light relatively to the space. Equation (11) is a result of combination of equations (2) and (10). That is so called “ever constant speed 

of light relatively to an observer” given by liner detectors.  

 

VI. PLANAR DETECTOR. THE PRINCIPLE OF OPERATION. 

 

The principle of operation of a linear detector described in details in the section 5 of this paper was unknown to the physicists of 19
th

 

century. Despite of that misunderstanding they try to make practical support for their idea of ether. Mr. Michelson was the man who 

conducted that experiment mentioned in the introduction of this paper. His objective was relatively straightforward. He made an effort 

to use a combination of two interacting linear detectors in one device. As a result, he became the first person who has created a planar 

detector (see introduction). Figure 5 shows the idea of that device. 

 

     
 

Two beams of light go from the same point that should be used as the point of origin for the planar detector. In case of Michelson 

device, it was the location of the half-transparent mirror (see description in introduction). After interaction with that mirror, the light is 

divided into two parts. In the figure, those are two beams of light moving along X axis and Y axis (black vectors).  

 

According to Michelson’s assumption, speed of the Earth motion relatively to the space (VE) should make extra speed to the device 

relatively to the space. That extra speed should be added to the speed of light at each beam. However, components of that speed have 

different values (VX ≠ VY) because the orientation of the device relatively to the vector VE is casual. That is correct, because direction 

and magnitude of that vector was unknown for the experimenter before the experiment.  
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Result of that experiment is well known. Here, is the explanation of that so called “null result” according to the equation (10) and (11).   

 

                       (12) 

 

                       (13) 

 

                                                                       (14) 

 

                                                                       (15) 

 

                                                                                        (16) 

 

Equations (12-16) provide additional support for the statement D. Obviously, any number of linear detectors interacting with each 

other or operating independently, provide the same so called “null” result.  

VII. MATTER OF OPINION. 

 

There is something more compelling in the planar detector than just a new idea. Mr. Michelson should put that into consideration 

before running his investigation. That matter puts together the principle of operation of any number of linear detectors and 

experimental data from them. Figure 6 shows that aspect of a lined detector operation.   

 

 
Figure 6 shows a projection of the Earth on the figure plane. There are two linear detectors at some points of its surface. Those are the 

points A and B. The linear detectors located at those points have the same names A and B accordingly. The ‘A’ linear detector uses its 

light source in direction CA. The B linear detector uses its light source in direction CB.  

 

Suppose the Mr. Michelson’s planar detector located at the point O. That point is the point of origin for the frame of reference of the 

fig. 6. According to the experimental data, the speed of light measured at the point A and B has the same value, because that the result 

is confirmed many times at any Earth-bound laboratory.  

 

Suppose Mr. Michelson begins his experiment at point O. The planar detector sends two beams of light in directions CY and CX. 

According to the figure direction CY is parallel to the direction CA and direction CX is parallel to the direction CB. According to the 

idea of Mr. Michelson, his device should detect a little difference in the speed of light between two orthogonal beams CX and CY 

because of motion of the Earth relatively to so called ether. That motion mentioned in the figure by vector VE. Detection of that vector 

by its two components VX and VY by their influence on the experiment is the main objective of Mr. Michelson. 
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According to his point of view before the experiment, motion of the Earth through the ether should affect measurable speed of two 

orthogonal beams of light because the Earth moves through the ether and the light propagates through the ether too. As a result of his 

imagination, he believed that his planar detector should detect that relative motion. Everybody agreed that point of view wrongly!   

 

Everybody forget that there is not only the planar detector of Mr. Michelson. There are a number of the other linear detectors around 

the globe. As soon as so called motion through the ether affects the planar detector, it must affect each linear detector on the planet 

because there is not any uniqueness in construction of the Mr. Michelson’s planar detector! It has only combination of two liner 

detectors (see above).  

 

As a result, motion of the Earth through the ether should affect EACH liner detector located on its surface or anywhere else (below 

the surface or above it). Hence, component vectors VX and VY should be detected at points A and B as well as at the point O. 

Moreover, their influence on the experimental data of each linear detector should produce the same value of the deviation. Hence, the 

linear detector A should provide value of the speed of light affected by the motion of the Earth through the ether as well as the planar 

detector of Mr. Michelson. As a result, the speed of light detected be the liner detector A should have value VA = CA + VY. For the 

same reason, the linear detector located at the point B should provide value of the speed of light affected by the Earth’s motion equal 

to VB = CB – VX. 

 

There were no such evidences from experimental data obtained by the linear detectors! That aspect should be used as the main 

counter-argument against the experiment. However, there was nobody who done it.        

 

Mr. Michelson was familiar with data from the linear defectors because measurement of the speed of light was done many times in 

number of laboratories before his experiment. Despite of that he developed the planar detector and has conducted the experiment. 

According to his point of view, the device should be able to detect a difference of the speed of light between two light beams and 

show the result like VOY = CY + VY and VOX = CX + VX. Obviously, that should be a tremendous controversy between indications of 

the planar detector and any number of remote linear detectors. It was one of the greatest failures of the human mind that led to a huge 

controversy in physics in the following century.  

 

Despite of human failure, device itself worked perfectly and showed the same speed of light at each direction as well as any other liner 

detector at any possible location on the Earth. In other words, the detectors ever indicate the same value of the speed of light relatively 

to the space in complete agreement between each other. That is correct, because a device is free of mistakes of the human mind.  

 

All following experiments with liner or planar detectors show the same value of the speed of light relatively the space. The result is 

caused ever by the liner detector principle of operation (see section 5 of this paper).  

VIII. “EXPERIMENTAL DATA” AND NEW THEORIES 

 

Complete misunderstanding of experimental data and the linear detector principle of operation led to the creation of many ideas. All of 

them try to make an explanation of “unusual” behavior of light and its “constant speed relatively to an observer”. It was key failure of 

theoretical frame of those theories.  All of them used experimental data from a linear detector as the speed of light relatively to the 

observer. That mistake was caused by comparison between theoretical prediction of the exact value of the sped of light and 

experimental data from a liner detector. As it shown before (see section 5 of this paper), those parameters have only the same value 

because of the linear detector principle of operation and its inability to show its own speed relatively to the space. As a result, that the 

device is an inappropriate one to detection of speed of relative motion between an observer and the light. However, all physicists from 

19
th

 century believed that a linear detector shows true speed of light relatively to an observer.  

 

It was key misunderstanding that led to the misconception of a new theory that was born in the beginning of 20
th

 century. Key problem 

of that theory was that it used data from linear and planar detectors as the speed of light relatively to observer. That was not right point 

of view, because as it shown in the 5
th

 section of this paper those detectors are able to show only the speed of light relatively to the 

space. As a result, they show the same value of the speed of light relatively to the space ever and nothing more despite  their actual 

motion relatively to the space (with the planet). 

 

That theory possessed name ‘Theory of relativity’. Its creator had name Albert Einstein. So they usually call that theory as einstein’s 

theory or einstein’s theory of relativity. 

 

“In developing special relativity, Einstein began by accepting what experiment and his own thinking showed to be the true behaviour 

of light, even when this contradicted classical physics or the usual perceptions about the world. 
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“The fact that the speed of light is the same for all observers is inexplicable in ordinary terms. If a passenger in a train moving at 100 

km per hour shoots an arrow in the train's direction of motion at 200 km per hour, a trackside observer would measure the speed of the 

arrow as the sum of the two speeds, or 300 km per hour. In analogy, if the train moves at the speed of light and a passenger shines a 

laser in the same direction, then common sense indicates that a trackside observer should see the light moving at the sum of the two 

speeds, or twice the speed of light (6 × 10
8
 metres per second). 

 

“While such a law of addition of velocities is valid in classical mechanics, the Michelson-Morley experiment showed that light does 

not obey this law. This contradicts common sense; it implies, for instance, that both a train moving at the speed of light and a light 

beam emitted from the train arrive at a point farther along the track at the same instant. 

 

“Nevertheless, Einstein made the constancy of the speed of light for all observers a postulate of his new theory. As a second postulate, 

he required that the laws of physics have the same form for all observers. Then Einstein extended his postulates to their logical 

conclusions to form special relativity.”
19

   

 

It is clearly seen now that Einstein’s delusion was caused by misinterpretation of Michelson experiment and experimental data from 

the other linear detectors. From his point of view, the light has the same measurable speed relatively to an observer. Using that point 

of view Einstein shared delusion of the other physicists of his time.  

 

Light itself ever use its own constant speed relatively to the space (see section 4 of this paper). As a result, Maxwell’s point of view on 

the nature of light is precisely correct, and his equations mean physical process of interaction between the light and space. One result 

of that interaction is constant speed of light relatively to the space. As it mentioned above, that speed coincided exactly with data from 

a linear detector and was mistakenly accepted as true speed of relative motion between an observer ant the light.  

 

The citation given above has some significant ideas. I put them and counter-arguments for them in order below: 

 

1. “The fact that the speed of light is the same for all observers is inexplicable in ordinary terms.” Sections 4 and 5 of this 
paper eliminate that controversy. Einstein thought that the speed of light is the same relatively all observers. That is not 
correct any longer. 

2. Train-arrow experiment is incorrect example because the speed of light is constant relatively to the space. As a result, it is 
independent of the speed of a light source (see section 4).  

3. “While such a law of addition of velocities is valid in classical mechanics, the Michelson-Morley experiment showed that 
light does not obey this law.” That is incorrect because the speed of light is constant relatively to the space. As a result, it is 
independent of the speed of a light source (see section 4, 5, 6, 7). 

4. “Nevertheless, Einstein made the constancy of the speed of light for all observers a postulate of his new theory.” Obviously 
it was a wrong postulate because it assumes constancy of the speed of light relatively an observer and light itself. (see 
section 4) 

5. “As a second postulate, he required that the laws of physics have the same form for all observers.” Obviously it was a 
second wrong postulate. As soon as the speed of light is constant relatively to the space (not to an observer), it becomes 
variable to each observer moving through that space with different speed relatively to the same space. Hence the laws of 
physics should be changed for some extent for those observers.  

6. “Then Einstein extended his postulates to their logical conclusions to form special relativity.” After all counter-arguments 
mentioned above, that theory cannot be correct even in the level of its postulates.      

 

That is the best example that shows clearly how misinterpretation of the experimental data leads to development of inappropriate 

theories.       

IX. THE TRUE SPACE-VELOCITY DETECTOR 

 

Many decades later, after publication of theory of relativity, science met some problems that were caused by that theory. One of them 

is physical possibility for existence of absolute frame of rest.  

 

“The unique absolute frame of rest with respect to which light waves had velocity c according to the prerelativistic viewpoint was 

often regarded, before Einstein, as being at rest relative to a hypothesized all-pervading ether. The vibrations of this ether were held to 

explain the phenomenon of electromagnetic radiation. The failure of experimenters to detect motion relative to this ether, together 

with the widespread acceptance of Einstein's special theory of relativity, led to the abandonment of the theory of the ether. It is ironic 

                                                 
19 relativity. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
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therefore to note that the discovery in 1964 by the American astrophysicists Arno Penzias and Robert Wilson of a universal cosmic 

microwave 3 K radiation background shows that the universe does indeed possess a privileged inertial frame. Nevertheless, this 

does not contradict special relativity because one cannot measure the Earth's velocity relative to it by experiments in a closed 

laboratory. One must actually detect the microwaves themselves.”
20

 

 

That is an extremely valuable quotation. It shows something that was done at 1964 and leads to the following conclusion “the universe 

does indeed possess a privileged inertial frame”. What is that frame? Section 4 of this paper gives the answer on that question and 

describes in details that unique frame of reference. That is space itself, and the light makes its propagation through space and 

relatively to the space. As a result, space itself becomes the unique, absolute frame of rest.  

 

More than that - “this does not contradict special relativity because one cannot measure the Earth's velocity relative to it (privileged 

inertial frame) by experiments in a closed laboratory”. That is not correct any longer because we have theoretical possibility to build 

an unique device that will be able to show the velocity. It will be the True Space-Velocity Detector (TSVD). 

 

Obviously, the device will use a lot of advantage of modern technologies, which were inaccessible a century ago. The device will 

contain a number of highly computerized modules with some number of light sources and light detectors. All computerized units will 

be connected to each other by a computer network and use a specific algorithm for calculation and to control each unit. True Velocity 

of the Earth motion relatively to the space will be detected by its three orthogonal components. Magnitude of that vector will be 

calculated by a computerized device according to data of all orthogonal components. The device will not use liner detectors like one 

described in the section 5 of this paper.  

 

Figure 7 shows image data from some number of such devices.        

 
Figure 7 shows a projection of the Earth on the figure plane. Point O is the projection of the center of the Earth. The other points are 

some casual locations. There are a number of TSVDs on the surface of the Earth. Each of those devices located at the different point 

remote from the other devices. VE is the velocity of the Earth relatively to the space. 

 

Each fully operable TSVD makes measurement of velocity of the Earth relatively to the space at the point of its location. Obviously 

each TSVD has different values of orthogonal components. Moreover, each TSVD detects different direction of true velocity of the 

Earth relatively to the ground, but recalculation of those vectors according to data of geographical location of each TSVD gives the 

same vector VE. According to the figure VE = VA = VB = VM = VN. Moreover, at each point of its location, data coming from a TSVD 

change ever because of rotation of the Earth.     

 

As soon as we make a fully operable TSVD, we have the first and the last artificial and logical counter-argument against the theory of 

relativity and finish one more great circle of progress of the Earth Civilization.  

X. CONCLUSION 

 

                                                 
20 relativistic mechanics. (2008). Encyclopædia Britannica. Encyclopaedia Britannica 2008 Deluxe Edition.  Chicago: Encyclopædia Britannica. 
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Some physicists and philosophers feel that there is something wrong with the theory of relativity, but nobody was able to see the real 

problem of that theory. Many people with curious minds like to know more about philosophy and physics. They ask a lot of questions 

about the nature, but they have the same ugly solution that was best formulated by one man.  

 

“Unfortunately, physics has become infected with very low standards of clarity and precision on foundational questions, and 

physicists have become accustomed (and even encouraged) to just “shut up and calculate,” to consciously refrain from asking for a 

clear understanding of the ontological import of their theories.”
21

  

 

New ideas can be formulated, and new theories can be created only by the human mind, because we are not robots to calculate it 

without any sign of human imagination. Any way for any idea without complete philosophical and logical imagination leads to the 

creation of scientific chimeras. Thus, TSVD will be the best “sword” to save mankind from one of the most powerful “monsters” and 

persistent attempts of robotization of the human mind.  

XI. AFTERWORD 

 

One might ask the following question. How it is possible to make all of these counter-arguments for a well established theory that was 

in full power for many decades? The answer is extremely simple. Each theory uses some basis for its functionality so to say. That core 

contains some philosophical concept usually, and logical argumentation or connection between philosophy and experimental data 

(observable facts of nature).  

 

Each theory exists as long as there is no change in philosophy, that it uses, and experimental data agree with that theory. Obviously, 

any theory falls as soon as any of those elements change for some extent that becomes incompatible with the theory. Anyone who 

knows the history of science remembers that circle of creation, existence and following failure of many theories. That circle is 

irresistible from the time of Aristotle for today.   

 

I possessed some interest in the field of space, time and motion as soon as I made a fully developed theory called ‘Z-Theory’
22

. It 

becomes able to explain many “unusual” phenomena that persist for ages and are easy to observation by a naked eye. That theory 

meets any other theory in the level of motion. Unlike the other theories, Z-Theory uses totally new theoretical and philosophical frame 

that is not familial to the human mind. However, the human mind is able to understand that theory and use it for its behalf. The 

following figure shows a comparison between the elements of the theory of relativity and Z-Theory.  

 

                                                 
21 Tim Maudlin. Philosophy of Physics: Space and Time. Princeton University Press, 2012. ISBN 9781400842339. P.14 from Introduction. 
22 A. Zade, Z-Theory and Its Applications. AuthorHouse, 2011, ISBN 978-1452018935 
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Unlike many other theories, Z-Theory has no postulates. It uses many natural phenomena and gives logical explanations for them. 

Also, it uses Transposition as a special sort of relocation without interaction between an object and space. 

 

Some elements of Z-Theory were already published in a journal. For example, non-existence of physical Time was explained in 

details in my article entitled ‘Human’s delusion of Time’
23

; some aspects of Transposition were explained in my papers entitled 

‘Matter of navigation’
24

 and ‘Gravitational fields and Transposition in Australian authenticated case’
25

; my article entitled ‘Motion 

and Transposition in conservative fields’
26

 makes a deal with Transposition and non-existence of physical Time. Hence I prefer to use 

the word Duration instead of Time.  

 

Philosophy and epistemology of Z-Theory goes far away from the standard feeling of Space, Time, Motion and many other analytical 

categories of the human mind and the natural phenomena.   
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    Abstract- A good weld from spot welding mechanism is what 

most of the manufacturers preferred and desired for mechanical 

assemblies in their systems. The robustness is mainly relies on 

the joining mechanism of mechanical parts; especially when 

combining two different materials and therefore this paper 

analyzes the spot weld growth on 302 austenitic stainless steel 

and low carbon steel of 1mm of thickness. In this experiment we 

have welded sixty three (63) samples; especially for tensile 

strength test (45); for hardness test (9) and the rest for 

metallurgical studies. The basic controlling parameters that 

varied throughout the experiments were welding current and the 

welding time while electrode force and tips were kept 

unchanged. The weldment was developed from lower range of 

controlling parameters to higher range. However this experiment 

was limited to the basic parametric variation to find optimum 

parametric set up for 1mm base metals. The test result shows 

close relationship in the parametric changes with respect to its 

strength as how other researchers found in mixed steel spot 

welds. 

    Index Terms- Dissimilar weld joints, low carbon and stainless 

steel welds, mixed weld. 
 

I. INTRODUCTION 

statistical report shows that one mechanical assembly out of 

five is, to date, welded using resistance spot welding 

technology in manufacturing industry; especially  the automotive 

industry that mainly anticipating this technology for its body 

assemblies. This experiment was carried out to analyze the 

dissimilar joints as the current advanced systems of mechanical 

assemblies uses mixed materials’ parts in manufacturing 

industry. Technically considered, the spot weld growths are 

mainly have to be happened due to its basic controlling 

parameters such as current, welding time, electrode force and 

electrode tips[1]. However the force and tip increment cause drop 

in strength because of the drop of heat (Q=I2Rt) that melts the 

concerned areas. So we have only increased the current and weld 

time in this experiment to determine the weld growth using 302 

austenitic stainless steel and low carbon steel. 

 

  

II. EXPERIMENTAL  

     The rectangular specimens are equally prepared with a size of 

200mm (length) x 25mm (width) x 1mm (thickness) as shown in 

the figure 1. It was welded as lap joint and the weld nugget was 

developed in the middle of overlap which was centered at 30mm 

from one edge of the sample. Low carbon steel and stainless steel 

are the two common materials that found in many industries. In 

these experiments low carbon steels (0.20%) and 302 austenitic 

stainless steels were used to complete the welding process. Table 

1 shows the material properties of both types of steels. 

 

 
Figure 1. Test sample 

 

 

Table 1. Chemical properties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      A pair of water cooled copper electrodes with tip diameters 

of 5 mm was used to join these base metals on a spot welder of 

75kVA capacity. The welder was pneumatics driven force 

producer with sophisticated current controller which is up to 

25kA. Initially the welded samples were placed on the top of 

down electrode tip as lap joint (30mm space from one edge). 

Once the sample is properly placed then the electrode was 

initiated with 40 squeeze cycles. During this squeezing time the 

electrode presses the base metals together firmly and reduces the 

contact resistance.  Immediately the welding current was released 

according to parametric set up at the current controller and 

therefore weldment takes place. Thereafter there will be a small 

A 

304 (2B)Austenitic stainless steel 

 

Element 

 

Weight % 

C 0.15 

Cr 18.14 

Ni 8.13 

Mn 2.000 

Si 0.75 

S 0.030 

N 0.051 

P 0.045 

Low  carbon  steel 

C 0.15 

Mn 0.30 

Si 0.006 

S 0.050 

P 0.040 
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amount of time is given for solidification. Eventually the upper 

electrode moves back to homing position of the machine 

resulting weldment happened. The tensile-shear test was carried 

out using 100kN (max capacity) tensile testing machine to 

determine the strength of spot welded specimens. The crosshead 

speed was maintained at 70 mm/min. The ultimate tensile 

strength (UTS) as shown in Figure 2 was taken as the maximum 

weld strength after which the weld will fracture. An average 

strength value of the 5 samples for each schedule was taken. 

 

 
Figure 2. Tensile tests (Ultimate Tensile Strength) 

 

     The hardness test was conducted using Rockwell Hardness 

Tester using HRB scale. The hardness was measured from 

unwelded area through heat affected zone and ended with fusion 

zone for both, left and right sides. It was conducted for both side 

as one side occupied by low carbon steel and the other side by 

stainless steel. Metallographic samples were produced using 

standard metallographic procedures. Optical microscopy was 

used to examine the microstructures and to measure the weld 

diameters of both (low carbon steel [CS] and stainless steel [SS]) 

sides. A typical macrostructure for dissimilar joint shows three 

fundamental structural zones (figure 5). A fusion zone undergoes 

complete melting and solidification during welding process with 

a coarsened grain. The width of the zone is equivalent to the 

weld nugget diameter. The heat affected zone (HAZ) undergoes 

micro structural alteration due to heat existed at fusion zone but 

not complete melting. So the grains seemed to be finer compared 

to the FZ. The base metal is not affected and remained 

unchanged. 

 

Table 2: The material properties of test samples 

 

Weld 

Schedule 

Sample 

No 

Force 

(kN) 

Current 

(kA) 

Time 

(cycle) 

1 1-5 3 6 10 

2 6-10 3 7 10 

3 11-15 3 8 10 

4 16-20 3 6 15 

5 21-25 3 7 15 

6 26-30 3 8 15 

7 31-35 3 6 20 

8 36-40 3 7 20 

9 41-45 3 8 20 

 

     A weld schedule was developed to weld 63 samples as 45 

pairs of mixed steel. It was summarized in table 2 as shown 

below. The table shows three level of current increment (6,7,8 

kA) and three level of time increment (10,15,20 Cycle) with 

constant force (3kN) and constant electrode tip (5mm). Total of 

nine weld level were listed and each weld level made of five 

samples pair. The average value of five samples for tensile and 

hardness were taken as final values for that particular weld 

schedule. 

 

III. RESULTS AND DISCUSSION  

     

 
 

Figure 3. Tensile tests results 

 

     The tensile tests results have shown close relationship 

between parametric variations [2] and the strength. When the 

current and weld time were increased with constant force and 

constant electrode tips; the tensile strength increased and vice 

versa. As for an instance, from weld schedule 1 to 2 shows 

increment in strength due to current increment. Further increase 

from 2 to 3 also shows another increment as how other authors 

witnessed in their experiments [3]. This happened because of the 

current increment from 6 to 7 and 7 to 8 kA have caused the 

diameter of weld areas to be increased on both sides. Moreover 

the weld time increment also shows similar result as how current 

behaved. As for another instance, from weld schedule 1 to 4 and 

from 4 to 7 there were increases in tensile strength too. The first 

3 weld schedules was done with 10 cycles of time and the 

followings 3 are with 15 and 20 cycles, respectively[4]. As such, 

by increasing weld cycles, sufficient time was given for the 

fusion to take place. However these experiments were not 

conducted for extreme (expulsion) case or beyond limits. The 

result was graphically shown in figure 3. 
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Figure 4. Hardness tests results 

 

The hardness tests results (figure 4) have shown that the welded 

areas were increased in hardness due to the nature of the 

materials properties. The hardness of both sides was increased 

and the values were seemed very close to carbon steel values as 

the fusion process combines these materials. Besides, the 

hardness increments or decrements are never once being 

proportional in the distribution as it fluctuated up and down [5]. 

 

 
 

Figure 5. Structural zones 

 

Having considered the macrograph of weld nugget (figure 5), 

three fundamental zones (Fusion zone [FZ]; Heat Affected Zone 

[HAZ]; and Base Metal [CS/SS]) were noticed in this 

experiment. The thermal conductivity coefficients are higher in 

carbon steels (51.9 Wm-1K-1) as compared to stainless steels; 

therefore wider ranges of heat affected zones (HAZ) are noticed. 

But the thermal expansion coefficient (11.9 x10-6 K-1) rate is 

lower which alters the chemical properties during welding; so the 

width and height of fusion zone is shorter in carbon steel side [6]. 

On the other side, the stainless steel seemed to have higher 

thermal expansion coefficient (17.2 x10-6 K-1) but lower 

thermal conductivity (16.2 Wm-1K-1). So the heat affected zones 

(HAZ) is smaller but the fusion zone is wider as compare to 

carbon steels. Technically this phenomenon is called as heat 

imbalance[7]. The heat imbalance happens mainly on both 

thermal coefficients and electrical resistivity of carbon and 

stainless steels. The electrical resistivity of carbon steel is 1.59 x 

10-7 Ω.m whereas the stainless steel value is 6.89 x 10-7 Ω.m.  

The resultant macrograph (Optical SEM) of current increment is 

shown in figure 6(a,b and c). 

 

 
                 

                    Fig. 6(a) Welded at 6 kA and 20 Cycle                 

                          (SS-4.446 mm & CS -3.690 mm)    

 

   
 

Fig. 6(b) Welded at 7 kA and 20 Cycle 

(SS-4.671 mm & CS -3.813 mm) 

 

 

 
 

Fig. 6(c) Welded at 8 kA and 20 Cycle 

 (SS- 5.023 mm & CS - 4.695 mm) 

 

 

 

However the carbon steel alone or stainless steel alone; welded 

areas are shown in figure 7 (a and b) for comparison purpose. It 

shows the heat balance on both sides of the base metals whereas 

the figure 6 (a,b&c) show heat imbalances.  
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Fig. 7(a) Welded at 8 kA and 20 Cycle (CS ONLY) 

 

 

 
 

Fig. 7(b) Welded at 8 kA and 20 Cycle (SS ONLY) 

 

The chemical properties of these zones are the root cause for the 

micro views [8]. It has been noticed from the energy disperse x-

ray test (EDX detection) that the carbon content is significantly 

increased at the fusion zones although the carbon content at 

carbon steel (14.19%) and stainless steel (18.41)  were lower. 

The heating process dissipates some of the chemical 

compositions during welding and therefore carbon content was 

increased in percentage [9]. Besides the chromium content from 

stainless steel side (15.12%) is also reduced to 6.97% and the 

nickel content is from 6.52% to 2.47%. However the primary 

content (Iron -Fe) occupies the zones with major percentage [10].  

The results have been tabulated in table 3. 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Chemical distributive list of dissimilar welded joint 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. CONCLUSION 

The analysis of dissimilar spot welded joints of low carbon and 

stainless steels of 1mm sheets conclude that: 

1. The parametric changes (current and time) have resulted 

proportional changes in tensile strength regardless of 

base materials.  

2. Both current and weld time have caused diameters 

increments which increases bonding strength of weld 

pairs.  

3. The hardness of welded areas has been increased and 

the distributions along the areas are fluctuating.  

4. The fusion zones of carbon steel are shorter than the 

stainless steel but the heat affected zones are wider than 

 

Carbon Steel  (BM-CS) 

 

Element (K) Weight% Atomic% 

   

C 14.19 38.43 

O 8.00 16.26 

Al   

Cr   

Fe 77.81 45.31 

Ni   

Si   

Mn   

Totals 100.00 100.00 

 

Fusion  Zone  (Weld Area) 

 

Element (K) Weight% Atomic% 

   

C 28.48 64.58 

O   

Al 0.66 0.67 

Cr 6.97 3.65 

Fe 61.42 29.95 

Ni 2.47 1.15 

Si   

Mn   

Totals 100.00 100.00 

 

Stainless Steel  (BM-SS) 

 

Element(K) Weight% Atomic% 

   

C 18.41 50.79 

O   

Al   

Cr 15.12 9.64 

Fe 58.39 34.64 

Ni 6.52 3.68 

Si 0.54 0.64 

Mn 1.02 0.61 

Totals 100.00 100.00 
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the stainless steel.  

5. Asymmetrical views of nugget growths were not 

observe due to the thermal imbalance. These happened 

because of the electrical and thermal coefficients.  
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Abstract- The present communication deals with Senga 

maharashtrii n.sp. collected from Mastacembellus armatus, a 

fresh water fish from Chandrabhaga River at Daryapur, district 

Amravati, Maharashtra. Four mature worms of the cestode were 

collected form a freshwater fish, Mastacembellus armatus Cuv. 

and Val. The scolex is oval in shape, highly muscular broader 

posteriorly, narrow anteriorly and measures 0.63 x 0.372 – 0.513 

in length and breadth. It bears two oval bothria, broader 

posteriorly, narrow anteriorly and which extend up to the 

posterior and of the scolex. The bothridium is thickened at the 

margin and measures 0.419 x 0.01 – 0.199 in length and breadth. 

The worm is fully described in this paper. 

 

Index Terms- Fish Parasites, Fish Diseases, Pseudophyllid 

Cestode ,Senga maharashtrii  n.sp. Mastacembellus armatus 

Chandrabhaga   River, Maharashtra. 

I. INTRODUCTION 

he genus Senga was established by Dollfus (1934) with type 

species S.besnardi from, Betta splendes, the Siamese 

fighting fish. The study was carried out in an aquarium at 

Vincennes, France. S. ophiocephalina, Tseng (1993) as 

Anchistrocephalus ophiocephalina from Ophiocephalus argus, at 

Tsinan, China and identified with a form previously recorded by 

Southwell (1993) as Anchistrocephalus polyptera 

(Anchistrocephalus Monticelli, 1890. Syn Anchistrocephalus, 

Luhe, 1899) from Ophiocephalus striatus at Bengal, India. S. 

pycnomerus from Ophiocephalus marulius at Allahabad, India, S. 

Lucknowensis, Johri (1956) from Mastacembellus armatus in 

India. Furnando and Furtado (1963) recorded S. malayana from 

Channa striatus; S. parva and S. filliformis from Channa 

micropeltes at Malacca. Ramadevi and Hanumantha Rao (1966) 

reported the pteurocercoid of Senga sp. from Panchax panchax at 

Waltair, India. Tondros (1968) synonymized the genus Senga 

with the genus Polyonchobothrium and proposed now combs, for 

the species. Furtado and Lau Chau-Lan (1972) reported S. 

pahangensis from Channa micropeltes at Tasek Bern. Shinde 

(1972) redescribed S. besnardi from, Ophiocephalus gachua in 

India. Recently Ramadevi and Rao (1973) reported another 

species S. visakhapatnamensis from Ophiocephalus punctatus in 

a take at Kondakaria, Andhra Pradesh, India. But they do not 

agree with Tadro’s statement. Wardle Mcleod and Radinovsky 

(1974) put Senga as a distinct genus in family Ptychobothriidae. 

Deshmukh (1980) reported S. khami from Ophiocephalus 

marulius, a freshwater fish, from Kham River, at Aurangabad, 

India. Jadhav and Shinde (1980) reported Senga godavarii from 

Mastacembellus armatus at Aurangabad, India. 

 

II. DESCRIPTION 

         Four mature worms of the cestode were collected form a 

freshwater fish, Mastacembellus armatus Cuv. and Val. From 

Chandrabhaga river, at Daryapur, district Amravati, in the month 

of January, 1984. Scolex is oval in shape, highly muscular 

broader posterior, narrow anteriorly and measures 0.63 x 0.372 – 

0.513 in length and breadth. It bears two oval bothria, broader 

posteriorly, narrow anteriorly and which extend up to the 

posterior and of the scolex. The bothrium is thickened at the 

margin and measures 0.419 x 0.01 – 0.199 in length and breadth. 

The anterior region of the scolex is having rostellum, armed with 

45-46 hooks, arranged in two half crowns. The rostellum 

measures 0.169 x 0.280 in length and width. The hooks of two 

semicircles overlap on each other in lateral view. There are 33 

large and 12 small hooks. The small hooks measure 0.017 x 

0.002 in length and breadth and are situated at the bothridial 

notches. Away from the notches, the large hooks gradually 

increase in size and have maximum length 0.075 and maximum 

breadth 0.007. the small hooks are fusiform, while the large ones 

are stout, distended distally and slightly curved neck absent. 

   

 
 

Fig.1 Senga maharashtrii n.sp. A) Scolex, B) Rostellar hooks 

C) Mature proglottid and D) Eggs. 

T 
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         The mature segments are broader than long, almost double 

in width than length and measure 0.043-0.62 x 1.369 in length 

and breadth. The testes are oval, arranged in two fields, on either 

side of the uterus and ovary and are evenly distributed. These are 

80-90 in number and measure 0.0389---0.087 x 0.033-01.067 in 

length and breadth the cirrus pouch is small, oval situated in the 

posterior half of the segment, in the medullary region and just 

anterior to the ovary. It opens at its distal end by a common 

genital pore and measures 0.106 x 0.063 in length and breadth. 

The genital pore is small, oval and measures 0.029 x 0.014 in 

lengths and breadth. 

         The ovary is in the posterior half of the segment, bilobed, 

elongated, medullary, oblique and measures 0.567 x 0.067 in 

length and breadth. The lobes are compact, oblique, slightly 

curved, extend anteriorly. The vagina is thin, coiled a short tube, 

reaches and opens into the ootype and measures 0.13 x 0.004 in 

length and breadth. The common genital pore measures 0.027 x 

0.014 in length and breadth. Uterus is saccular, occupying the 

medullary region of the segment, in anterior half, anterior to the 

ovary and opens through a thick walled pore at anterior region. It 

measures 0.502 x 0.246 in length and breadth. 

         The vitelline follicles are small, round, in corticular region, 

lateral to the testicular field and arranged in 4-5 rows on each 

side. The uterus contains operculated eggs, which measure 0.017 

x 0.013 in length and breadth. 

 

III. DISCUSSION 

1. The genus Senga is established by Dollfus in 1934 as 
Senga besnardi form splendes. 

2. The worm under discussion is having scolex oval in 
shape, highly muscular, broader posteriorly, rostellar 
hooks 45-46 in number, neck absent, testes 80-90 in 
number, ovary bilobed elongated, medullary, lobes 
compact, oblique, slightly curved, extends anteriorly 
and vitellaria follicular, small, round in corticular 
region, in 4-5 rows.   

3. The present cestode differs from S. besnardi which is 
having scolex rectangular, rostellar hooks 50, neck 
absent mature segments wider than long anteriorly and 
longer than broad posteriorly, testes 165-175, ovary 
compact, not bilobed and vitellaria granular. 

4. The present worm differs from S. ophiocephalina which 
is having rostellar hooks 57, testes 50-55, ovary bilobed 
but equatorial in position and vitellaria lobate. 

5. The present worm differs from S. pcynomera which is 
having rostellar hooks 68, indistinct segmentation and 
vitellaria discontinuous, in two groups. 

6. The present cestode differs from S. lucknowensis which 
is having the rostellar hooks 36-48, ovary bilobed post-
equatorial and vitellaria lobulated. 

7. The present worm differs from S. malayana which is 
having rostellar hooks 60, ovary slightly bilobed and 
vitellaria lobulated. 

8. The present form differs from S. pahagensis which is 
having rostellar hooks 52, neck short, testicular lobes 

situated laterally, in the medulla, ovary bilobed 
medullary and vitellaria lobate. 

9. The worm under discussion differs from S. 
visakhapatnamensis which is having scolex rectangular, 
rostellar hooks 46-52, testes 50-55, and absence of 
continuous arrangements of vitellaria in mature 
segments. 

10.  The worm under discussion differs from S. khami 
which is having the scolex rectangular, (pear to oval 
shaped) rostellar hooks 55-67, neck short testes 155 
and vitellaria follicular. 

11.  The present cestode differs from S. aurangabadensis 
which is having the rostellar hooks 50-52 in number, 
testes 240-260 and vitellaria follicular, in 2-3 rows. 

12.  The present worm differs from S. godavarii which is 
having rostellar hooks 40-42, testes 220-223, ovary 
bilobed, with short acini and vitellaria follicular, in 1-2 
rows. 

13.  The present worm differs from S. bhuleshwarii n.sp. 
described, earlier is having scolex globular, rostellar 
hooks 55-56 in number, testes 165-175 in number, 
ovary bilobed, elongated, medullary and at posterior 
margin of segment, vitellaria follicular, small, round, 
corticular, in 4-5 rows. 

In view of the differentiating characters, the 

present worm is regarded as a new species and the 

name Senga maharashtrii n.sp. is proposed, after the 

locality, where the author has done the collection of 

different worms. 

  Type: Senga maharashtrii n.sp. 

 Host: Mastacembellus armatus Cuv. and Val. 

 Habitat: Intestine 
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Abstract- This paper is based on Automatic Speed Control of 

Single Phase Induction motor with variation of ambient 

temperature. The circuitry of the system comprises of 

temperature detector, control circuit and loading circuit. The 

control circuit is embedded with comparators, amplifiers and 

relays. Here algorithm, flowchart and computational approach is 

initiated. The detailed circuit diagram is given. This system has 

undergone a successful test approach and its behavior is observed 

by analyzing its temperature versus load curve. The equation of 

the curve using Newton’s Interpolation method is incorporated. 

Simulation approach is incorporated.   

 

Index Terms- Automatic Speed Control (ASC), Domestic Cooler 

Fan, Single Phase Induction motor, Newton’s Interpolation 

Technique. 

 

I. INTRODUCTION 

eing in comfort zone is a vital nature of human being. 

Something less effort able always attracts human mind. This 

innovation belongs in a zone far more advanced than a fan 

operated by a manual regulator. This device controls the speed of 

the induction motor used in a fan automatically by sensing the 

ambient temperature [Fig 1]. Like normal household fan 

regulators it does not need any attention for controlling the speed 

of the fan and thus it reduces human effort which is very much 

clear to us. It uses a TRIAC (Triode for AC) based circuitry 

which minimizes energy consumption and thus saves power [1]. 

It gives a wide control of working temperature range to the user 

while also providing manual control in case of need. These 

features are as interesting as well as very useful for the mediocre 

class because of a low buying and maintenance cost. This whole 

innovation will be discussed in succeeding points. 

 

 

 
 

Fig. 1: Block diagram of Automatic Speed Control of Single 

Phase Induction Motor 

 

 

1.1 Control process sequence for Temperature Control of 

Automatic Single Phase Induction Motor 

        The following steps describe the whole working principle of 

the device. 

        Step 1: From the point of making the speed ranges are 

divided by the manufacturer. For “n” number of speed ranges a 

total of (n-1) window detector and one single comparator is 

needed. 

        Step 2: Initially the working temperature range is set (by 

user or by default). The window detectors are provided for this 

issue, they compare the output of the sensor to its reference 

voltage. Each window detector has a maximum and minimum 

reference value which works as the temperature range. For 

example if the first speed range lies between 15-25°c then the 

reference values of the window detector  will be 0.15 & 0.25 V 

for this device as a sensor gives output in mV and varies with the 

variation of temperature. 

        Step 3: Now only one window detector will give positive 

output for a particular ambient temperature which will lie in the 

range of that window detector. [Fig. 2] 

        Step 4: Then the output of the window detector is amplified 

and feed to a corresponding contact relay which completes the 

circuit by connecting the TRIAC based voltage control circuit to 

a resistance which corresponds to its relative window detector. 

        Step 5: Here the voltage to the fan is controlled and hence 

the speed is controlled 

 

 

 

B 
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1.2 Algorithmic representation of control process of 

Temperature Control Single Phase Induction Motor 

 

 
Fig. 2: Flowchart representation of system 

 

1.3 Schematic representation of Automatic Speed       Control 

for Single Phase Induction Motor: 

 
Fig. 3: Componential representation of system prototype 

 

 

        In this device a LM35 temperature [Fig 4] sensor is used 

which gives output in mV with respect to the ambient 

temperature and for the change of 1°c temperature [Table 2 & 3] 

the output of the sensor will vary 10mV. Now if the total speed 

of the fan is divided into 4 parts then 3 window detector and one 

single comparator is used. Each window detector has two 

reference values and they are used to control the speed within a 

limit lower than the maximum speed of the fan, these reference 

values of the window detectors can be set by user and the single 

comparator is used for the maximum speed [2]range of the fan. 

Giving an example for these reference values say, the reference 

values of the 1
st
 window detector are 0.22V & 0.24V, for the 2

nd
 

detector these are 0.24V & 0.26V and for the 3
rd

 these values are 

0.26V & 0.28V and the last comparator has a value of 0.28V in 

its inverting terminal. Now when the ambient temperature is in 

between 22-24°c the sensor gives an output in between 0.22-

0.25V. In this case only the 1
st
 window detector gives positive 

voltage output. Similarly when the ambient temperature will be 

24-26°c the sensor will be giving an output of 0.24-0.26V and for 

this case the 2
nd

 window detector will give positive voltage 

output. Now with the output terminal of all the window detectors 

a diode is connected [3]which will block the negative voltage. 

Now with every window detector and one single comparator an 

amplifier (NPN transistor) is connected and with every amplifier 

a contact relay is connected. Here the output of the amplifier 

energizes the relay which works as a switch and completes the 

TRIAC based voltage controlled circuit. 

        Now from the diagram it is seen that for the energization of 

different relays, [Fig 3] different values of resistance are selected 

in voltage controlled circuit where a BT136 TRIAC, a DB2 

DIAC and 0.47µF capacitor [4] is used. So with the change of 

resistance between the capacitor and AC voltage terminal the 

firing angle of the TRIAC is also changed as the resistance 

controls the charging time of the capacitor and therefor the firing 

angle because when capacitor C is charged to its breakdown 

voltage Vat of DIAC[1][8][12][13].  it turns on, as a consequence 

capacitor discharges rapidly thereby applying capacitor voltage 

Vc in the form of pulse across the TRIAC gate to turn it 

on[1][8][12][13]. After the TRIAC turns on the source voltage 

Vs appears across the load. In this way the voltage across the 

load is controlled and so the speed is also controlled by the 

means of voltage. 

 

 
 

Fig. 4: Hardware model of the system 
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1.4 Result and performance analysis of Single Phase    

Induction motor: 

        This model was connected with a ceiling fan for testing 

purpose and the following results [Table 1] were got by 

connecting a voltmeter across the fan, an ammeter in series with 

the fan and a wattmeter. 

 

 

 

 

 

 

 

 

 

Table 1: Chart of Voltage, Current & Wattage against 

ambient Temperature 

 

 
 

Fig. 5: Graphical Representation of Temperature versus 

Load 
 

II. ENTITY RELATION WITH INTERPOLATION 

TECHNIQUE 

 

        A relation is made between the loads and temperatures 

using interpolation technique. 

 

Temperature (°c) 

x 

    28    30   32   34 

      Load (w) 

f(x) 

    47.2    51.2   59.6   68.8 

 

Table 2: Chart of Load against increasing Temperature 

 

 

 
Table 3: Chart of Interpolation technique 

Now S = [(x-28)/h =(x-28)/2] 

 

   

f(x) = y0 + s  +  

+  

f(x)  = 

47.2+

 

So   f(x) = -0.075x³ + 7.3x² - 232.1x + 2469.2 

 

III. CONCLUSION 

        The block diagram, working principle, circuitry and device 

operation has described and the test results [Fig 5] are shown by 

which, it is very clear that the device controls the load with the 

variation of the temperature. It reduces human effort and as 

TRIAC is used for controlling [5] the voltage so saves power and 

more of all it is a device which is very much user friendly as the 

user can always change the range of operation by the needs and 

the buying cost is low where the reliability is high. These 

features surely make the device interesting and very useful. In 

future, the work will be done using control analogy.   
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Temperature

(°c) 

Voltage 

across fan 

(V) 

Current 

(A) 

Wattage 

(W) 

34 224 0.32 68.8 

32 160 0.27 59.6 

30 134 0.23 51.2 

28 124 0.22 47.2 
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Abstract- All the biometrics, fingerprint recognition is one of the 

most reliable and promising personal identification technologies. 

Fingerprints are plays an important role in biometric system. In 

biometrics technologies, fingerprint authentication has been in 

use for the longest time and bears more advantages than other 

biometric technologies do. Fingerprints are the most widely used 

biometric feature for person identification and verification. But 

in this paper we proposed that fingerprint verification of ATM 

(Automatic Teller Machine) security system using the biometric 

with hybridization. The fingerprint trait is chosen, because of its 

availability, reliability and high accuracy. The fingerprint based 

biometric system can be implemented easily for secure the ATM 

machine. In this system the working of these ATM machine is 

when the customer place on the fingerprint module when it 

access the ATM for draw the cash then, the machine wants to 

fingerprint of that user’s which use the machine. Using 

biometric, it verify/identify fingerprint and gives accurate result 

that if it valid or not valid. In this way we can try to control the 

crime circle of ATM and do secure it.        

 

Index Terms- Biometrics, Fingerprint verification, recognition, 

ATM (Automatic Teller Machine) terminal, features extraction. 

 

I. INTRODUCTION 

N biometrics, identity of any unknown persons can be resolved 

in two ways .i.e. Verification and identification. In that 

fingerprint verifications are plays an important role in forensic 

application, criminal’s investigation, terrorist identification, or 

any other security purpose. So in fingerprint verification is 

proved that it is one of the most reliable personal identification. 

Biometric refers to accurately identifying am individual based on 

his/her distinctive physiological (e.g. Fingerprint, face retina, 

iris) or behavioural (e.g. gait, signature, ATM) characteristics. 

Fingerprint verification methods include minutiae-based and 

image-based methods [4]. Yes there is no doubt to improve that 

fingerprint verification is based on these method so in addition to 

hybridization it also useful to fingerprint verification because 

fingerprint recognition refers to the automated method of 

verifying a match between two human fingerprint [5]. Suppose 

the twins are uses same account though they use same account 

but their fingerprint (thumb impression) different. We know 

about that when we use the biometric, same like that ATM. 

Using the ATM when provide customer with the convenient 

banknote trading is very common. However, the financial crime 

tamper with the ATM terminal, steal user’s credit cards and 

password by illegal means. Suppose by mistake one user’s card 

is lost and the password stolen, then the criminal draw all the 

cash in the shortest time [9]. How to carry on the valid identity to 

the customer becomes the focus in current financial circle. 

Therefore it is so important that the biometric thumb impression 

which gives the main identification proof of any unknown 

person. So, for ATM security using the hybridizing method with 

biometric fingerprint verification. 

Fingerprint has intrinsic features that they do not change for 

whole life and are personally different. And they are easy to use, 

cheap and the most suitable miniaturization. So, fingerprint 

verification is an efficient personal verification method that has 

been the most widely used in comparison with other biometric 

information [4]. But all most here these two methods used.  

II. RELATED WORK 

It is most important that when the person enters bank to open his/ 

her account using ATM then it’s necessary to give his/her thumb 

impression for security purpose. In minutiae-based fingerprint 

verification is fast verification execution is possible but though 

two fingerprints have the minutia, they do not necessarily have 

the same ridge. When the range of fingerprint image input is 

narrow as enough minutiae are not extracted, the verification 

confidence decreases but the size of fingerprint image is small, 

more exact verification is possible [4]. In general, the fingerprint 

image input for fingerprint verification is Gray image with 

lightness of 256. If the gray image is changed into a binary 

fingerprint image through binarization, the ridge and valley of 

the fingerprint will have consistent lightness and ridges which 

are discontinued by wrinkles, sweat, pores and finger pressure 

are connected. Fingerprint authentication is possibly the most 

sophisticated method of all biometric technologies and has been 

thoroughly verified through various applications. However, 

fingerprint is completely unique to an individual and stayed 

unchanged for lifetime [6]. For this reason this method is suitable 

for thumb impression on biometric whenever using the ATM 

(Automatic Teller Machine). This exclusivity demonstrates that 

fingerprint authentication is far more accurate and efficient than 

any other methods of authentication. Because fingerprints are 

now being used as a secure and effective authentication method 

in numerous fields, including financial, medical and any other 

entrance control applications. As saying that fingerprint is the 

most widely used biometric feature for person identification and 

verification in the field of biometric identification. Fingerprint 

I 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      260 

ISSN 2250-3153  

www.ijsrp.org 

possesses two main types of features that are used for automatic 

fingerprint identification and verification one is ridge and other is 

minutiae. So the ridge and furrow structure that forms a special 

pattern in the central region of the fingerprint and the other 

minutiae details associated with the local ridge and furrow 

structure [7]. In a traditional biometric recognition system, the 

biometric template is usually stored on the central server during 

enrolment, and then the candidate biometric template captured by 

the biometric device is sent to the server where the processing 

and matching steps are performed. Same like when the person 

enters the security code on the ATM machine then the machine 

wants to get the fingerprint(thumb impression) about that persons  

who enter the security code if the person is right then the 

machine gives a positive result otherwise doesn’t get result or say 

‘please try again’. Using this system firstly collect all the 

customers fingerprint when they draw bank account and add all 

fingerprint about that person identification information .Because 

the biometric machine recognize given fingerprint using False 

Rejection Rate (FRR) , this image database ,each sample is 

matched against the remaining samples of the same finger to 

compute the False Rejection Rate and False Acceptance 

Rate(FAR) .this also the first sample of each finger in the 

database is matched against the first sample of the remaining 

fingers to compute the False Acceptance Rate[11] , So using all 

these process  we can control or stop that the criminal process 

which gives the duplicate number and draw all cash in ATM.In 

the former a person to be identified submits a claim , which is 

either accepted or rejected. In the latter, a person is identified 

without a person claiming to be identified. Generally in human 

identification is the association of an identity with a human 

being, traditionally, password and ID cards have been used for 

identification to restrict access to secure systems but these 

methods can be easily breached, for password can be guessed 

and ID card can be stolen , thus rendering them reliable[2]. One 

important thing is the fingerprint recognition systems are usually 

used only for adults. Because we might be able to recognize the 

fingerprints of infants, the common fingerprint recognition 

systems are suitable for adults only (due to the area and 

resolution of fingerprint sensors etc.).  

 

 
 

(a) Registered image (b) Aligned input image(c) Result image 
 

Figure 2. Binary image-based fingerprint matching 

III. FEATURE EXTRACTION 

To create a fingerprint by assuming that a set of feature 

extractors can identify significant features in the image [12]. 

Fingerprint is the pattern of ridges and valleys on the tip of a 

finger and is used for personal verification of people. The 

minutiae-based method requires accurate detection of the 

minutiae from a fingerprint image. Although the minutiae pattern 

of each finger is quite unique, noise and distortion during the 

acquisition of the fingerprint and errors in the minutiae extraction 

process result in a number of missing and spurious minutiae. And 

the smooth flow pattern of ridges and valleys in a fingerprint can 

be also viewed as an oriented texture. In biometric method it 

generate the feature extraction for using four steps, (i) Determine 

a reference point for the fingerprint image, (ii)  Tessellate the 

origin around point for the fingerprint , (iii) Filter the region of 

interest in different directions , (iv) Define the feature vector[15].      

 

 
Figure 1 - A generic biometrics-based system. [1] 

 

IV. CONCLUSION 

It is essential that to first understand the basic of a biometric 

based security system. The implementation of ATM security 

system by using biometric method it is very important method. 

As well as very challenging and difficult. But for security 

purpose or control the criminal records it is very important to that 

produce this method. I think for future work it will implement 

also various technologies such that unique cards or any other 

method.  
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Abstract- India, the seventh largest country in the world situated 

between latitudes 8° 4’ and 37° 6’ longitudes 68° 7’ and 97° 25’. 

The present study is based on secondary sources of time series 

data obtained 15 years 1996-99 to 2010-11. The total, actual & 

normal rainfall, rice & wheat yield and area were data analysis of 

continuous 15 years (1996-99 to 2010-11).  It was found 15 years 

R
2
 value 0.13 (13%). The mean standard deviation of all the 

study period was 101.1mm. Moreover, the coefficient of 

variation CV =0.09 of data.  The developed model explained 

rainfall 13% and rice yield 64% of the variability in rainfall and 

rice yield. The analysis of rice yield with rainfall CV=0.07 was 

observed and coefficient of correlation between rainfall and yield 

was 0.09. The rice yield and rainfall was shown good correlation. 

Although wheat is grown during non-monsoon months, its 

production shows a rather weak but significant correlation with 

monsoon rainfall is 0.09 for rice but negative for wheat is -0.26. 

The relationship between year wise rainfall and yield of wheat 

was computed which less than linear function is provided value 

of R
2
 of 0.46, which is reasonably less indicating that 46% 

variation in wheat yield is explained by the yearly rainfall. But 

the high value of R
2
 of 0.64, which is high indicate that 64% 

variation.Satellite-derived vegetation indices are the most 

powerful way to represent the overall plant health, and in turn 

can be related to plant productivity.The series of SPOT VGT 

images areas identified the distribution of crop pattern in whole 

areas based on tonal variation which are assign red, yellow, cyan 

and blue color are mentioned very low, low medium and high 

classes based on grouping of slicing of images. In ERDAS 

IMAGINE, create a pseudo colour table to set the value <100 red 

color, 101-150 yellow colour, 151-200 cyan colour and >201 

blue colour classes were classified. The rice area change was 

observed 66% to 67.1%. The area increase due to rainfall pattern 

was good during this period but in wheat area decrease 67% to 

65.1%. The statistical analysis and remote sensing data analysis 

show the good correlation to develop yield as well as areas of 

rice and wheat crop. The rainfall is good for rice yield as well 

area. But it is not good to rainfall for wheat crop. 

 

Index Terms- DN Value, GIS, IGP, Imagery &VGT 

 

I. INTRODUCTION 

he overall growth of the Indian economy has depended much 

on the performance of agriculture. Agriculture contributes to 

29.93% of India’s GDP. Rice-wheat production systems occupy 

24 million hectares of cultivated land in the Asian subtropics. 

Rice-wheat systems cover 32% of the total rice area and 42% of 

the total wheat area and account for about   one-third the total 

rice and wheat production. The states are growing rice and wheat 

in Haryana, Punjab, West Bengal, Maharashtra, Uttar Pradesh, 

Kerala, Karnataka, Gujarat, Bihar, Pondicherry and Delhi. 

Maharashtra has the highest net area sown in the country [1]. In 

short, the future sustainability of one of India’s most productive 

cropping systems – the rice–wheat system covering around 10 

million hectares is threatened by environmental degradation [2]. 

In some of the states like Haryana and Punjab, which lie in the 

fertile Indo-Gangetic plains of India,. Indo Gangetic Plain (IGP) 

in India is the major foodgrain-growing region, which produces 

about 50% of the total foodgrains to feed 40% of the population 

of the country [3]. Rice (Oriza sativa) –wheat (Triticum 

aestivum) cropping system is the main cropping system of the 

Indo Gangetic Plains (IGP) in India [4] & [5].  Monitoring of 

crop conditions is important for the economic development of 

any nation. The use of remote sensing has proved to be very 

important in monitoring the growth of agricultural crops and in 

irrigation scheduling. The time series of satellite images are a 

cost effective, high quality source of data to assess land cover 

dynamics and to monitor changes in large areas.   Potentially, the 

quality can be improved by adding into analysis other crop 

growth indicators (meteorological and statistical).Satellite remote 

sensing and GIS technology are now widely used for 

environmental monitoring and mapping the distributions of land 

surface biophysical parameters that have an important effect on 

climate [6]. This is because these satellite-derived datasets 

provide spatially continuous data (not sampled at individual 

points) and yield time series signatures from which temporal 

patterns, changes and relationships may be extracted [7]. A wide 

variety of satellite remote sensing data from LANDSAT – TM, 

SPOT, IRS 1C & 1D, CARTOSAT & R-SAT are now available 

to earth resource scientists for generating information on natural 

resources. Remote sensing provides tools for advanced cropping 

system management [8].  The use of remotely sensed data 

facilitates the synoptic analysis of cropping system, and change 

at local and regional over time. Multi temporal remote sensing 

data are widely acknowledged as having significant advantages 

over single date imagery [9] for studying dynamic phenomena. 

Simple remote sensing indicators derived from SPOT 

VEGETATION instrument   can be successfully used as a source 

of crop yield predictors for the Mediterranean and Central Asian 

countries. The VGT imagery has a spatial resolution of 1 km. It 

is therefore more suitable for national and regional monitoring of 

major seasonal variations in vegetation patterns. Time series of 

optical satellite images acquired at high spatial resolution is a 

potentially useful source of information for monitoring 

agricultural practices [10]. In this paper the SPOT data 

Vegetation index is used to monitor the vegetation cover change 

in India. The aim of this study is to establish the spatial and 

T 
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temporal changes in vegetation cover and their relation to the 

rainfall pattern. 

II. RESEARCH ELLOBORATIONS 

Objectives  
         The time series remote sensing SPOT VGT data is useful to 

understand changing of rice-wheat system in India. 

 

Study area 

         India, the seventh largest country in the world situated 

between latitudes 8° 4’ and 37° 6’ longitudes 68° 7’ and 97° 25’ 

(Figure 1) and occupies a geographical area of 32,87, 263 sq.km. 

[11]. The country exhibits great diversity in climate, topography, 

flora- fauna and land use patterns. The climate may be broadly 

described as tropical monsoon type. The south-west or the 

summer monsoon is the main source of rainfall in the country 

providing 80% of the precipitation. Study area is represented by 

two distinct seasons: a Rabi season (dry season) from November 

to April and a Kharif season (rainy season) from May to October 

(Figure 2).  

 

 

 

 

 

 

 

Figure 1: Study area 

 

The data and method 

         The present study is based on secondary sources of time 

series data obtained 15 years 1996-99 to 2010-11. The data were 

collected from the published records, bulletin of the Directorate 

of Agricultural Statistics and the Institute of State Planning, U.P., 

ICAR, DRR and other national level institute. The climatic data 

(rainfall etc.) of India were obtained from IMD, Pune.  The total, 

actual and normal rainfall of continuous 15 years 1996-99 to 

2010-11 data were collected. 

         The remote sensing data used for this study included ten-

day composite NDVI products of SPOT- VEGETATION (VGT) 

sensor for the period. The data S10 was downloaded from the 

VGT free data product Internet site (http://free.vgt.vito.be). 

SPOT- VEGETATION [12] has been found very useful to study 

the dynamics of agricultural system at regional level. The digital 

map of India with different states was used and states 

information was taken from planning commission report. The 

time series images (map) were prepared in ERDAS IMAGINE 

8.2 and geo referencing/rectified and masking the area (India) in 

ARC GIS 10 software. 

 

 

Figure 2: Crop calendar of India during Kharif & Rabi season 

 

 

 

 

http://free.vgt.vito.be/
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Methodology  

           The study established the methodology for spatial analyst 

of crop mapping. The utilized data for research included 

temporal remotely sensed data (SPOT VGT), climatic data 

(rainfall data), agricultural data (crop area and yield) and digital 

maps (country map). The satellite images were download from 

website and pre-processed. This included the importing of .hdf to 

.img format images into a standard format of the ERDAS 

IMAGINE 8.2 Then the dataset were geometrically corrected 

into the WGS84 Geographic lat/ long projection system. The 

study area subset with a vector polygon file (.shp file) 

representing the area boundary (AOI). The single band was 

stacked to create temporal series data (year: 2000, 2005 & 2010) 

of initial March (Rabi) and initial August (Kharif) month (Figure 

3). The images were convert in digital numbers (DN Values) 

based in to series of classes, so there corresponding all the dates 

were generated from DN values. The numbers of gray levels 

classes were identified based on colour range.  

 

 

Figure 3:   Flow chart of Methodology used in the study 

 

III. RESULTS OR FINDINGS 

(A) Statistical method  

           The different type of statistical data analysis viz. 

Coefficient of Variation (CV), Correlation of Coefficient (R
2
) 

and Trend Analysis to given important scenario of change 

pattern of time series data. The inter relationship between yield 

and rainfall over the fifteen years. Based on the correlation 

regression analysis, the yield estimation model was generated. 

The findings are discussed in sequence as under. That is also 

employed to study the trends in area and production of rice and 

wheat crops and cropping system.  

 

 

 

(i) Annual temporal variation of rainfall 

            Figure 4 shows a general decline in the mean annual 

rainfall in the study area especially in recent years. It was found 

those 15 years R
2
 value 0.13 (13%). The mean standard deviation 

of all the study period was 101.1mm. Moreover, the coefficient 

of variation CV =0.09 of data.  More than 60% of the cropped 

area in India still depends solely on monsoon rainfall [13]. The 

average rainfall of fifteen years was observed 1147.5mm.  The 
normal rainfall R

2
 =0.02 value with linear trend was observed 

(Figure 4). The actual rainfall showed in decreasing trend in year 

2009-10 (Table 1) observed (972.8 mm) and also observed 981.4 

mm in year 2002-03. In India, the onset of the southwest 

monsoon is expected in June or July, depending on location. 
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Table 1:  Overall Rainfall of India during 1996-97 to 2010-11 (June –May) 

Year 

 

Over all rainfall (June -May) 

Actual Rainfall (mm) Normal Rainfall (mm) 

1996-97 1195.5 1190.3 

1997-98 1291.5 1198.3 

1998-99 1275.5 1198.8 

1999-00 1183.5 1197.0 

2000-01 1043.7 1195.5 

2001-02 1120.2 1196.0 

2002-03 981.4 1205.4 

2003-04 1278.0 1196.5 

2004-05 1085.9 1197.3 

2005-06 1185.4 1196.8 

2006-07 1133.0 1195.5 

2007-08 1180.2 1194.8 

2008-09 1075.0 1196.4 

2009-10 972.8 1195.6 

2010-11 1212.3 1191.7 

SD 101.19 3.34 

Mean 1147.59 1196.39 

CV 0.09 0.00 

 

           The actual rainfall data were used for both rice and wheat 

yield inter-relationship during fifteen years (1996-2010). Data 

collected for rainfall, yield of rice and wheat for fifteen years 

(1996-2010) were analyzed using concept of rainfall 

productivity relationship. Descriptive statistical analysis was 

made especially for the correlation, coefficient of variation and 

trend R
2
 and various parameters. The statistical information on 

crop area, production and productivity form the backbone of 

agricultural statistical system. Regional data analysis is 

extremely vital since it forms the basis for economic and policy 

planning by the state and central governments. It is easily to 

formulate and initiate appropriate policy measures if the data 

with regard to the trend of production in obtained and analyzed 

in advance [14]. 
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Figure 4:  Time series Rainfall data of India   (1996-2010) 
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(ii) Relationship between Rainfall and Yield of Rice crop 

        The yearly and seasonal rainfall data for the fifteen years 

were computed considering the crop growing season length 

based on planting and harvest dates. The coefficient of 

determination (R
2
) was determined. The developed model 

explained rainfall 13% and rice yield 64% of the variability in 

rainfall and rice yield (Figure 5). The analysis of rice yield with 

rainfall CV=0.07 was observed and coefficient of correlation 

between rainfall and yield was 0.09. The rice yield and rainfall 

was shown good correlation (Table 2). The trend of rice yield 

(64%) was observed with increasing trend of rainfall (13%).  

 

Table 2: Statistical relationship between Fifteen Years Rainfall: Actual & Normal Rainfall (mm),Rice & wheat yield(Kg/ha) 

of India. 

      

Year 

 

Over all rainfall (June -May) Rice Wheat 

Actual Rainfall (mm) Yield (Kg/ha) Yield (Kg/ha) 

1996-97 1195.5 1842 2679 

1997-98 1291.5 1900 2485 

1998-99 1275.5 1921 2590 

1999-00 1183.5 1986 2778 

2000-01 1043.7 1901 2708 

2001-02 1120.2 2079 2762 

2002-03 981.4 1744 2610 

2003-04 1278.0 2078 2713 

2004-05 1085.9 1984 2602 

2005-06 1185.4 2102 2619 

2006-07 1133.0 2127 2708 

2007-08 1180.2 2202 2802 

2008-09 1075.0 2178 2907 

2009-10 972.8 2125 2839 

2010-11 1212.3 2239 2938 

COFF.  CORR. 0.09 -0.26 

CV 0.07 0.05 
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 (iii)  Relationship between Rainfall and Yield of Wheat 

crop 

          The study of trends in area, production and productivity of 

tobacco crop grown in over India based on parametric models 

[15].  The area for second degree (Quadratic) polynomial model; 

for production and productivity the first degree polynomial 

models were found suitable to fit the trend of tobacco crop grown 

in Gujarat state for the period 1951-52 to 1990-91 [16]. The used 

of first degree polynomial model of the form Log Y = a+b*t to 

study the trend in area, production and productivity of tobacco 

crop grown in Assam state for the period 1972-73 to 1999-2000 

[17]. 

          The time series of all-India wheat and rice yield data 

shows a sudden increase after the mid-1960s that can be 

attributed to the Green Revolution. The year-to-year variability 

of wheat production is weaker than that of rice, and lacks a 

strong association with monsoon rainfall in both seasons [18]. It 

may be due to climate change and urbanization of agricultural 

land. Although wheat is grown during non-monsoon months, its 

production shows a rather weak but significant correlation with 

monsoon rainfall is negative (-0.26) for wheat (Table 2).  

          The relationship between year wise rainfall and yield of 

wheat was computed which less than linear function is provided 

value of R
2
 of 0.46, which is reasonably less indicating that 46% 

variation in wheat yield is explained by the yearly rainfall 

(Figure 6). The wheat crop yield CV=0.05 was observed. Rice 

crop is dependent on rainfall but wheat crop is not dependent on 

rainfall the wheat data show negative relation ship with rainfall. 

The crop area of wheat and rice is not very much increases 

because of farmers have not changing the cropping pattern. It is 

major cereal crops of Indian states.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(B) Remote sensing method 

           The area estimation of rice and wheat  through SPOT 

VGT data  are shown result that IGP region  Punjab, Haryana, 

U.P., West Bengal , Bihar . Satellite-derived vegetation indices 

are the most powerful way to represent the overall plant health, 

and in turn can be related to plant productivity. NDVI represents 

the leaf vigor of a plant, as demonstrated in the amount of 

greenness. In the current study for yield estimation, correlation 

analysis on satellite-derived indices such as weighted mean 

NDVI was studied. It was found that weighted mean NDVI 

resulted in good correlation, with yield. The spectral growth 

profile of rice crop modeled [19] using temporal SPOT VGT 

data. The color band shows/ highlight the cropped and 

uncropped area these are mention as low, medium and high 

classes. The NDVI generated at multiple times in a day from 

geostationary satellite sensors provide opportunity to get more 

cloud free NDVI as compared to once or twice overpasses in a 

day by polar orbiting large view sensor [20]. Multi-date SPOT 

NDVI data was used to prepare NDVI profiles of various land 

cover classes [21]. For the major agricultural areas identified the 

rice-wheat crop calendars were identified using the SPOT VGT 

IMAGES. The images were classified in ERDAS using Density 

slicing classification (Un-supervised) algorithm. The class 

signatures were visually compared and generalized. The 
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Figure 6:  Relationship between Rainfall and wheat yield 
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availability of the time series VGT images (2000-05-2010) also 

enabled the area of the range values and cropping pattern of the 

study area showing the development of vegetation over the year. 

 

Density slicing based classification of SPOT VGT Image: 

           The SPOT VGT images were downloading in grayscale 

image /single band converted into colour image due to in colour 

image easily identify the different crop areas. The pseudocolour 

tables in gray scale values are mapped to particular colour. 

Single colour assign single crop and different range divided in 

different color in to different crop.  Slicing based analysis give 

the very clear view to dividing the image with arrange of values 

in to unique classes. Those classes are divided in four classes to 

identify the crop growth pattern in whole areas. In ERDAS 

IMAGINE, create a pseudo colour table to set the value <100 red 

color, 101-150 yellow colour, 151-200 cyan colour and >201 

blue colour (Table 3).  The colour ranges are directly based on 

DN value and grouped in together and dived in to ranges. This 

method is good for identification of distribution pattern of 

particular crop in overall area. In Kharif season  images shown in 

blue colour is good  rice crop area but yellow and cyan shown 

low and middle growth area  but red color is  very low rice area. 

 

Table 3: Overall tonal classification of SPOT VGT images (Rabi &Kharif) of India 

Classes  Ranges   Tone 

Very Low <100 Red 

Low  101-150 Yellow 

Middle  151-200 Cyan 

High  >201 Red 

 

Kharif   

           The major IGP areas Punjab, Haryana, Kerala and North 

east part of India shown good rice coverage area. The yellow and 

cyan colour tonal variation is too much indicating distribution of 

cropped area (Figure 7). The image of year 2005, shown good 

rice covered area in comparison to 2010 image. 

 

Rabi 

           The analysis of rabi season March is good for wheat crop 

growth and mainly grown in all over the parts of India. The 

easily identified in images were particular IGP region Punjab, 

Haryana, U.P., Bihar, West Bengal, Kerala and parts of North 

East states of India. In the image analysis based on range of 

classification   blue colour and cyan colour cover the all IGP 

region. It is also called Wheat belt of India. After image analysis 

of range of classes year 2010 is good wheat cropped area in 

comparison to year 2005 image.  In year 2005 image wheat cover 

area low in comparison to year 2010 (Figure 8).The time series 

image analysis based on colour coding (DN values).  

           The fifteen years data analyzed in 5years interval as three 

sets of data series. The data set of rice and wheat (1996-2010) 

analysis observed rice and wheat areas change due to irregular 

rainfall in rabi and Kharif season. The rice area change was 

observed 66% to 67.1%. The area increase due to rainfall pattern 

was good during this period but in wheat area decrease 67% to 

65.1%. The rainfall not much affected the area as shown in Table 

4.  

 

Table  4.  Change percentage of rice and wheat area (1996-2010) 

 

Years 

Area Change Percentage (1996-2010) 

( 5Years interval) 

Rice Wheat 

1996-97 to 2000-01 66.0 67.15 

2001-02 to 2005-06 67.1 67.12 

2006-07 to 2010-11 66.8 65.14 
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Figure 7:  Kharif season map of India derived from multidate SPOT VGT data (March- 2000-05-2010) 
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Figure 8:   Rabi season map of India derived from multidate SPOT VGT data (March- 2000-05-2010) 
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IV. CONCLUSION 

         The rice-system is vulnerable in the context of climate 

change and urbanization of fertile agricultural land. The current 

remote sensing study has resulted in generation of time series 

maps of seasonal wheat and rice crop dynamics. The initial 

results using the 10-day composite of SPOT VGT data has given 

promising results. Rice crop depend on rainfall and availability 

of irrigation source. In India most of the areas covered in Kharif 

season rice crop and in rabi season wheat crop is major crop. The 

series of SPOT VGT images areas identified the distribution of 

crop pattern in whole areas based on tonal variation which are 

assign red, yellow, cyan and blue color are mentioned very low, 

low medium and high classes based on grouping of slicing of 

images. The high temporal SPOT VGT data was able to capture 

the dynamics of rice planting that varied widely both in the wet 

and dry season. The spatial data base of rice cropping pattern and 

crop calendar of India has been generated, which will serve as 

baseline data for relevant simulation studies on climate change 

and green house gas emission. Due to rainfall (monsoon) and 

changing of climatic pattern in coming years but farmers doesn’t 

want to change scenario to grow other crop in large level in rabi 

and Kharif season. The remote sensing data showed based on 

density slicing classified rabi and Kharif season: 2000-05-2010 

data. Rice and wheat have vegetative growth in March and 

August season. The area of rice increase 66% to 66.8% but wheat 

crop areas decrease 67.1% to 65.1% due to distribution of rainfall 

pattern. The SPOT VGT image analysis red color (<100) shown 

very low rice and wheat area and blue color (>201) shown both 

have good crop areas. The annual rainfall data analysis of fifteen 

years observed R
2
=0.13 or 13% and average rainfall was 

observed 1147.5 mm. The rice and wheat crop yield data 

coefficient of correlation were observed 0.09 for rice and wheat -

0.26 and CV for rice 0.07 and 0.05 for wheat observed after data 

analysis. The relationship between rainfall and wheat were 

shown negative relationship. The R
2
=0.64 observed for rice and 

R
2
=0.46 for wheat crop observed in time series data of rice and 

wheat. 

         The statistical analysis and remote sensing data analysis 

show the good correlation to develop yield as well as areas of 

rice and wheat crop. The rainfall is good for rice yield as well 

area. But it is not good for rainfall for wheat crop. The rice and 

wheat crops are food basket of India 
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Abstract- The present research paper is devoted to provide a 

summary of the entire study, which includes a SKITT out line of 

the major objective. Methodology and procedure followed in 

different phase of study. This study was undertaken to know the 

own-idea and Curiosity in teaching of pre-service teachers of 

middle level Shri Kanwartara institute for treacher’s training 

Mandleshwar Dist-Khargone (M.P.) efforts was made to find out 

the difference and relationship between the above two variables. 

          The physical own-image is usually formed first and is 

related to the student physical appearance, psychological own-

image is based on thoughts-feelings and emotions. They consist 

of the qualities such as courage, honesty, independence, own-

confidence, aspiration and abilities of various kinds. 

          A man’s day-to-day life is shaped by his Curiosity and 

attitudes. His day-to-day relations with other member of the 

society, his educational and vocational adjustment, his attitudes 

and values depend upon his Curiosity.  

          There are various objects in this universe. Those which are 

pleasant and appealing to our instincts and sense become the 

centre of our Curiosity. Curiosity differs from individual to 

individual and as such they are quite subjective. 

 

Index Terms- A study of my own idea, Curiosity in teaching of 

pre service, A study of my own idea and Curiosity, Curiosity 

own idea, AOICT. 

 

I. INTRODUCTION 

ducation is the ‘third eye’ of a person. It gives him insight 

into all affairs. It teaches him how to act justly and rightly. It 

leads him to realize the true significance of life. It removes 

darkness and shatters illusion. Secondary Education is the 

foundation of the entire super structure of the nation which we 

intend to build. The beautiful house on poor foundation is going 

to fall like a house of cards under the slightest stress. The 

strength and progress of a nation rests upon the educational 

foundation of her people. Secondary education is crucial for 

economic development and modernization of the social structure. 

It also represents an indispensable first step towards the 

provision of equality of opportunity to all its citizens.  

         The Directive principles of state education policy embodied 

in Article 45 of the Indian Constitution state that “the state shall 

Endeavour to provide within a period of ten years from the 

commencement of the constitution for free and compulsory 

education for all children until they complete the age of fourteen 

years”. 

          Teachers are the most important input of any educational 

system. They have a very important role to play in all the 

respects of secondary education i.e. enrolment, retention and 

enhancing learning achievement of the middle school students. 

          Own Idea - A own idea is a person’s total view of him or 

herself (Hamacheck, 1987). It is composite of the beliefs ideas or 

perception one’s has about my own, one physical, psychological, 

social and emotional characteristics, aspirations and 

achievements. This is what an individual refers to as I or me and 

is the totality of meanings, attitudes and weaknesses are part of 

own idea. If we could place a student in a situation in which 

he/she feel absolutely free to describe him/herself as accurately 

as, the possible description such as intelligent, hardworking, 

caring, responsible, insightful, etc. would capture the essence of 

his/her own idea.  

          The physical own-image is usually formed first and is 

related to the student physical appearance, psychological own-

image is based on thoughts-feelings and emotions. They consist 

of the qualities such as courage, honesty, independence, own-

confidence, aspiration and abilities of various kinds.  

          Own idea has certain characteristics. Important among 

them are as follows.  

 own idea is organized – To arrive at a general 

picture of the self, the individuals collect and 

organized a great deal of in collect and organized a 

great deal of information on which they base their 

perception. 

 own idea is multifaceted- own idea includes areas 

such as social acceptance physical attractiveness, 

academic abilities etc. 

 own idea is hierarchical on a dimension of 

generality:- The multifaceted characters are in 

hierarchy which is developmental in nature. own 

idea becomes increasingly differential with 

increasing age. 

 own idea is stable :- Thought success/ failure or 

superiority/ inferiority in a student may bring 

change in his own idea. It however does not change 

the primary own idea of the person. It however, 

does not mean that own idea can not be improved 

through appropriate interventions. There is dispute 

among researchers over – (i) Whether own idea can 

be improved or not (ii) if yes, to what extent.  

Own-idea :- 

          Own-idea is based on what children believe their parents, 

teachers and peer think of them. They are thus mirror images if 

E 
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children believe that these significant people think favorably of 

them, they think favorably of themselves too and vice-versa. 

Encouragement, love, praise reassurance, positive comments, 

sincere caring and Curiosity on the part of parents and others 

whom they consider of some significance have been found to aid 

the development of positive own-idea or high self-esteem among 

children. Own-idea is largely learnt over a period of time, albeit 

incidentally and in part through conditioning, identification, and 

imitation. With increasing age  the Own-idea tends to become 

stable. The individual does not markedly change his attitudes, 

feelings, or ideas about himself. 

          Children who are constantly scolded and rarely shown 

affection and likely to develop poor Own-idea or low self-

esteem. Children with low self-esteem have less self-confidence 

and developed feelings of inferiority. 

          Students with positive Own-idea rely on themselves rather 

than on other and are willing to accept and suggestions. One the 

other hand, students with low Own-idea are sensitive to criticism  

and blame themselves whenever things go wrong.  Most students 

with low Own-idea prefect to work on easy take where they can 

be certain of success. 

          Education have become increasingly aware of the impact 

that an individuals Own-idea and self-esteem have on classroom 

behavior and achievement. One can argue that high achievement 

in class leads to high own-idea or other can say that high own-

idea leads to high achievement and Own-ideas of teachers.  

Curiosity  

          A man’s day-to-day life is shaped by his Curiosity and 

attitudes. His day-to-day relations with other member of the 

society, his educational and vocational adjustment, his attitudes 

and values depend upon his Curiosity.  

          There are various objects in this universe. Those which are 

pleasant and appealing to our instincts and sense become the 

centre of our Curiosity. Curiosity differs from individual to 

individual and as such they are quite subjective.  

          Curiosity is explained as preoccupations, objectives, likes 

and dislikes, and motives. William James (1890) discussed 

Curiosity as a  form of selective awareness or attention that 

produces meaning out of the mass of one’s experiences. In 

describing the nature of Curiosity, Berdie (1946) viewed them as 

factors that attract an individual to or repel him from objects, 

persons, and activities. The operational or experimental approach 

most frequently used in the assessment of Curiosity involves a 

study of the individuals likes and dislikes. Strong (1993), Speaks 

(1943) of Curiosities as “likes” and labels “dislikes” as 

“aversions”. When Curiosities are plotted as patterns or profiles 

they are located on a scale ranging from a non- Curiosity or zero 

point to a high positive value. From the operational viewpoint it 

is sufficient to look upon Curiosities as organism conditions that 

result in a desire for further stimulation from a particular type of 

object, idea, or experience. Although this definition omits the 

negative or dislike aspect of Curiosity, there is no intent to 

disregard its importance in behavior. These aspects of Curiosities 

probably shall be discussed as negative or antagonistic attitudes 

rather than an negative Curiosities.  

          Curiosity is a commonly used expression in day-to-day 

life. Curiosity has a great influence on human behavior. This is 

an important aspect of the affective domain that we would 

discuss in his section. 

          Aspects of Curiosity – Curiosity has both subjective and 

objective aspects. In the subjective aspect the emphasis is on the 

feeling component, and in the objective aspect the emphasis is on 

the motor behavior of the individual. All Curiosity have 

cognitive, affective as well as motor aspects. 

          Curiosity give rise to certain activities. The attitude 

towards these activities is part of the affective domain. It is 

developed from personal experiences as well as from the 

attitudes of others especially parents, teaches and peers towards 

the particular activities.  

          The individual has two kinds of Curiosity inborn and 

acquired. Curiosity grows out of three kinds of learning 

experiences. 

- Trial and error learning. 

- Identification with  people they love or admire, and 

- Guidance and directions they receive from others. 

 

          The development of Curiosity closely parallels the child’s 

physical and mental development. Limitations in his physical and 

mental capacities or in his experience set limits on his Curiosity.  

 Curiosity develop through  

- Contact with wide range of desirable activities.  

- Activities proportionate of capacities, and  

- Presence of conditions insuring satisfaction. 

 

II. RATIONALE OF THE STUDY 

          Teaching is unique and complex activity because it 

requires considerable knowledge, a wide variety of Curiosity and 

skill and a very positive part of the teacher. A teacher has to 

understand his/her subject as well as his/her pupils, she/he has to 

be motivated, to instruct evaluate etc. It means that teacher has to 

play many roles and that too very efficiently. To attain efficiency 

in every aspects of teaching it is essential that a teacher should 

have high own idea and also have positive Curiosity in teaching. 

          Therefore own idea and Curiosity in teaching for pre-

service teacher will play a vital role to become an effective 

teacher in future. Hence the following topic is chosen for 

research.  

          An individual is not born with a own idea nor does he 

inherit it but he forms as a result of his experience and 

capabilities. Teacher should not be taken as one who only pass 

knowledge, but should also be the leaders of the classrooms 

leading their students towards achieving the set educational goal. 

Thus, if the classroom is taken as an organization, teachers 

leadership behavior and their use of power are two of the many 

important behavior that influence students educational outcomes. 

An mentioned above, own idea is taken as one of the many 

important mental constructs of teachers that influence leadership 

of teacher in class as well as students learning. Teacher is a 

supervisor and a guide for school children. In each role, the 

teacher has to encourage various potentials of personality traits in 

children for their healthy idea of self. Development of positive 

own idea is one of the requisites of education achievement. 

Therefore, teacher’s own idea play a very vital role in 

development of positive own idea of students and also it is 

reflected in each and every bit of his / her behavior.  

          Curiosity is the central force that drives the whole 

machinery of the teaching-learning process. Teacher’s Curiosity 
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in teaching is one of the most important factor to insist Curiosity 

among children. Curiosity of  Teaching Curiosity has been found 

as one of the major determinants of teacher effectiveness 

(Grewal 1975).  An individuals beliefs. attitudes, value and overt 

behavior are profoundly influenced and molded by his/her 

Curiosity. Curiosity in teaching is a major concern in educational 

system. According to Dewey (1933 /1986), there is a strong 

connection between Curiosity and effort, i.e., the more or a 

person becomes Curiosities in a subject the more effort he will 

put in it. 

          So, own-idea and Curiosity in teaching are very essential 

variables for effectiveness of a teacher and also might be a 

contributing factors for the betterment in teaching learning 

process.  Shri kanwartara institute for teacers training 

mandleshwar Dist-Khargone (M.P.). is one of the premier 

institutes of eastern regions offering unique course of one years 

pre service training through B.Ed therefore, it was assumed that 

the longer qualitative exposure of students would constantly 

bring many changes among its trainees. Therefore, the present 

study was taken up to find out the status of own idea and 

Curiosity of pre service teachers. 

 

 Statement of the Problem 

 “A study of own-idea and Curiosity in teaching of 

pre-service teachers of middle level”. 

 

III. OBJECTIVES OF THE STUDY 

(i) To find out status of own-idea of pre-service teachers of 

middle level  

(ii) To find out the status Curiosity in teaching of pre-

service teachers of middle level. 

(iii) To find out the relationship between own-idea and 

Curiosity in teaching of pre-service teacher of middle level. 

(iv) To study the difference between various demographic 

variables with respect to own-idea and Curiosity in teaching of 

pre-service teachers of middle level. 

  

IV. HYPOTHESES OF THE STUDY 

(i) The status of own idea of pre-service teachers of middle 

level would be  high. 

(ii) The status of Curiosity in teaching of pre-service 

teachers of middle level would be high. 

(iii) There would be a positive relationship between own-

idea and Curiosity in teaching of pre-service teachers of middle 

level. 

(iv) Male pre-service teachers would be better than females 

with respect to own-idea.  

(v) Female pre-service teachers would be better than males 

with respect to Curiosity in teaching.  

(vi) Pre-service teachers  having science background would 

be better than arts with respect to own-idea. 

(vii) Pre service teachers having arts background would be 

better than science with respect to Curiosity in teaching. 

  

 

 

V. DELIMITATION OF THE STUDY  

(i) The present study is confined to students of pre-

service of middle level of Shri Kanwartara institute 

for teacher’s training  Mandleshwar Dist Khargone 

(M.P.) 

 

(ii) The present study is confined to only, 94 pre-

service teachers of middle level of Shri Kanwartara 

institute for teacher’s training  Mandleshwar. Dist 

Khargone (M.P.) 

(iii) Only status and relationship of the variables such as 

own-idea, Curiosity in teaching and pre-service 

teachers of middle level of Shri Kanwartara 

institute for teacher’s training  Mandleshwar. Dist 

Khargone (M.P.) 

  

Sample 

          Sample is a smaller representation of large whole. In the 

present study purposive sampling method has used. 

(i)  A total number of 94 pre-service teachers were 

chosen as sample through purposive sampling. The 

samples were collected B.Ed. classes from Shri 

Kanwartara institute for teacher’s training  

Mandleshwar Dist Khargone (M.P.) The details of 

sample selected has been given in table-1. 

 

Table-1 

Detail of Sample 

 

Name of Institution Pre-service teacher of middle level 

Female Male Science Arts 

Shri Kanwartara 

institute for 

teacher’s training  

Mandleshwar Dist-

Khargone(M.P.) 

58 36 54 40 

Total 94 

 

 

Tools 

The following tools were used for the study  

(1) Own-idea Inventory by Beena Shah (1986). 

(2) Curiosity in Teaching Scale by S.B. Kakkar (1985). 
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Own-idea Inventory (Adults) 

       Own-idea scale was developed by Dr. Beena Shah (1986). 

The test contains 64 adjectives altogether. It measures ten content 

categories which are as following:- 

 

(i) Social Own-idea (SOI) 

(ii) Emotional Own-idea (EOI) 

(iii) Physical Own-idea (POI) 

(iv) Cognitive Own-idea (COI) 

(v) Aesthetic Own-idea (AOI) 

(vi) Political Own-idea (PIOI) 

(vii) Job Related Own-idea (JROI) 

(viii) Self-Confidence (SC) 

(ix) Own-idea Related to Beliefs and Traditions (OIRBT) 

(x) Own-idea Related to Personality Traits (OIRPT) 

 

       The Own idea Inventory has been designed for the adults 

(age groups, 21 to 50 years) of both the sex (male and female) 

belonging. Whether to urban or to rural areas. The test is 

available in Hindi and English languages. The distribution of 

items of own idea inventory over it’s 10 content categories are 

given below in Table -2. 

 

Table- 2 

Distribution of items among different dimensions of own idea 

inventory 

 

S.No. Dimension 

of OII 

Item SI No. Total 

Items 

1. SOI P-4, 8, 18, 30, 38, 48 

N-39 

7 

2. EOI P-2,12,45 

N-6,15,17,21,36,41,46,52,57,59 

13 

3. POI P-42, 55, 63 

N-29 

4 

4. COI P-3,13,32,33 

N-24,27 

 

 

6 

5. AOI P-7,49,64 

N-51 

4 

6. PIOI P-10,18,19,37,43.60 

N-Nil 

6 

7. JROI P-1,9,22,31,44,56,61 

N-40,62 

 

 

9 

8. SC P-14,34,35 

N-5 

4 

9. IOIRBT P-28,47 

N-20,36,50,53 

6 

10. IOIRPT P-11,16,23 

N-25,26 

5 

11. Composite 

Own-idea  

All P & N items 64 

 

P= Positive items,  N=Negative items.  

 

Reliability  

       The reliability coefficient of own idea inventory (OII) were 

computed separately for each criterion group of samples subjects 

(eg.male, female). The pre-service teacher 94 administrated 

among selected the 94 pre-service teacher, female 58 and male 

36. Data were scored in view of other response on a five point 

scale on the objective related positively or negatively to the good 

own-idea.  

 

Validity  

       Content Validity : The coverage of the adjectives of OII 

deals with almost each and every important domain of the self. 

The unanimous opinion of the experts rigidly the selection of the 

dimensions as well as the relevance of the adjectives to these 

dimension of the  OII. has also been taken into consideration, 

which has ultimately raised the content validity of this test. 

       Intrinsic Validity is here taken in terms of the index of 

reliability. The high value of split-half reliability coefficients had 

itself verified the existence of a considerable degree of validity in 

this inventory of own-idea.  

       Construct Validity to determine it’s construct validity, the 

inter correlations between the 10 area of own-idea inventory.  

Scoring  

       The inventory was scored by the hand. For any adjective, 

positive associated with good own-idea, score 4 for always, 3 for 

often, 2 for 50% occasions, 1 for some times and 0 for never is to 

be given. For those adjectives which are indicative of bad own-

idea of just reversible trend of scoring i.e. 0,1,2,3 and 4 

respectively was to be followed for the responses marked () on 

the same five points of the test i.e. always, often 50% occasions, 

some times and never.  

 

Kakkar Interest in Teaching Scale (KITS) 

       KITS to a test designed by the author Dr. S.B. Kakkar 

(1985) to assess interest in teaching of teacher trainees before 

admission to the teacher training programme. Primarily it was 

constructed to be administered to the candidates. In matriculates 

and higher secondary passed- who aspired to be elementary 

school teachers. 

       The test consists of twenty-seven items-multiple choice 

types; five choices are given in each item, out of which the 

respondent is to indicate are choice which represents him best. 

The choices within each set are educated, to a large extent for 

social desirability. In this way, the likelihood of the individuals 

responding to the favorableness of the choice rather than to its 

degree of importance to him is considerably reduced. The items 

are such that the answer to each item would reveal whether the 

person who takes the test has genuine interest in teaching. The 

items seek to draw upon a persons reading interest, hobbies, 

school subjects, recreational interest, likes for different types of 

people, loves, present personality, qualities, goals, present 

abilities, general interests and occupational interests, general 

interests and occupational interests, all in a bid to discover 

whether the person’s responses are characteristic of his interest in 

teaching. 

 

Reliability 

       Reliability coefficients of KITS as obtained from different  

methods are presented in Table. 
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Table 

Reliability Coefficients of KITS 

 

Method used Reliability 

coefficient 

Level of 

significance 

Split-half 0.72 0.01 

Test-Retest 0.69 0.01 

Kudar-Richardson 0.62 0.01 

 

       Whereas the split half and Kudar Richardson reliabilities are 

based on the responses of the total sample, test-retest reliability is 

based on 200 testees out of the total sample, though Kudar-

Richardson reliability tends to under-estimate reliabilities 

obtained by other methods these reliabilities are sufficiently high 

to permit interpretation of KITS scores for individual use. That 

the reliability of the test can not be lower than 0.62 is what may 

be safely asserted. 

       Considering the reliability of the test as 0.72, it may be said 

that 72 percent of the variance of test scores is true variance and 

only 38 percent is error variance.  

 

VI. VALIDITY 

       Content: Items included in the test were, as already stated, 

discussed with experts to judge their fitness and to decide 

whether each item would measure what it purports to measure. 

Two try-outs served towards a carefully scrutiny.  Effort was also 

made to keep the test items as specific, concrete and precise as 

possible, in a bid to ensure construct validity.  

       Item  – KITS was developed through the use of item 

analysis. In so for as the items having good item validity only 

form the test, the test can be said to be valid. This claim is 

strengthened by the fact that subsequent to the item analysis on 

the main sample, the test scores maintained their internal 

consistency through repeated item analysis for samples of 

various compositions. 

 

Table 

Validity Indices 

 

No. of test 

Items 

Percentage of test 

items 

Range of item variance 

18 65 0.30 to 0.56 

5 20.2 0.18 to 0.29 

4 14.8 0.07 to 0.17 

27 100 0.07 to 0.56 

 

       Another approach in assessing the validity of an instrument 

is to determine the reasonableness of relationships between it and 

other measure. If these relationships conform to expectation, are 

logical and consistent, or confirm findings of other studies, added 

confidence in the practical utility of that instrument accrues.  

The congruent validity of the test was also ascertained. The 

measure selected was the sub-test on “Curiosity in the teaching 

profession” which forms part of the Aptitude Test for secondary 

school teachers constructed and standardized by M.M. Shah, 

M.S. University, Baroda (23); the validity of that test (22) is 

already established, i.e. chi-values of items ranging from 2.68 to 

3.57 significant at 0.05 level for N=58 composed of high and low 

groups; difficulty values ranging from 50.0 to 87.0 and informal 

consistency indices from 0.225 to 0.430; split-half relationship 

r=.47 and the criterion validity r=0.36. The congruent validity of 

KITS came to 0.71 significant at 0.01 level.  

       The test correlates. 71 with true measure of itself. These true 

measures constituting the criterion. As such it is a valid measure 

of the function it purpose to measure. 

       In terms of the relation of validity to reliability, which in this 

test seems to be close, the test efficiency is high.  

 

 Administration of tools and collection of data 

       The researcher went personally to the respective B.Ed. 

classes i,e  science and arts student of Shri Kanwartara institute 

for teacher’s training  Mandleshwar Dist-Khargone (M.P.) and 

collected data from pre-service teacher. The test regarding own 

idea, and Curiosity in teaching of pre-service teachers were  

administered. 

       The researcher after taking necessary permission from the 

concerned Dean and collected the data. The scales were 

administered on 94 pre-service teacher but the valid number of 

sheets finally stood as 94 comprising 58 female and 36 male pre-

service teachers. Thus, collection of data was completed. 

 

Hypothesis - 

The status of own-idea of pre-service teachers of middle level 

would be high. Status of own idea of pre-service teacher of 

SKITT, Mandleshwar. 

       Keeping in mind, the minimum and maximum score of each 

dimension and total of own idea, a classification was made.  It 

was based on equal range i.e., “very low”, “low”, “average”, 

“high”, “very high”. 

       The mean scores for each dimensions and the total scores of 

the own-idea of pre-service teacher of SKITT, Mandleshwar 

obtained then they were identified as “very low”, “low”, 

“average”, “high”, “very high” based on above classification and 

presented in table. 

 

Table 

Mean, SD scores of own idea of pre-service teacher in middle 

level  of Shri Kanwartara Institute for teacher’s training 

Mandleshwar Dist. Khargone (M.P.) 

 

S.No. Dimension of own idea Mean 

(N=94) 

S.D. 

1 Social Own idea (SOI) 19.29  

H 

3.36 

2 Emotional Own idea 

(EOI) 

27.07  

A 

4.26 

3 Physical Own idea 

(POI) 

9.88 A 2.25 

4 Cognitive Own idea 

(COI) 

17.12 H 2.67 

5 Aesthetic Own idea 

(AOI) 

4.84  L 1.76 

6 Political Own idea 

(PIOI) 

16.42 H 2.48 
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7 Job Related Own idea 

(JROI) 

20.41 H 3.36 

8 Self Confidence (SC) 12.29 VH 2.56 

9 Own idea related to 

beliefs and traditions  

(OIRBT) 

11.64   

A  

2.74 

10 Own idea related to 

personality traits 

(OIRPT) 

14.28  

A 

3.95 

11 Total 147 H 13.60 

 

VH= Very High, H = High, A= Average 

 

       Table-5 shows that with respect to total own idea of pre-

service teacher of SKITT is high. 

       Out of ten dimensions, in case of one dimension, i.e. self-

confidence own idea, the status is very high.  In case of four 

dimensions social own idea, cognitive own idea, political own 

idea, job related own idea, the status is high and in case of four 

dimensions i.e. emotional own idea, physical own idea, own idea 

to related beliefs and traditional, own idea related to personality 

traits the status is average in case of aesthetic own idea the status 

is low. 

       High own idea is always a desirable trait.  Because high own 

idea of teachers is strongly correlated with their leadership styles 

and use of powers. The teacher’s own idea is related to students’ 

educational outcomes. 

       Based on the above findings, most of the dimensions of own 

idea, the status is high, so this result may be attributed to their 

good social adjustment, job satisfaction, emotionally stability and 

good health as well as to the relationship among students. 

 

Figure 
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VII. ANALYSIS OF THE STATUS OF CURIOSITY IN 

TEACHING OF PRE-SERVICE TEACHER IN 

MIDDLE LEVEL 

Hypothesis 

         The pre-service teacher of SKITT would have high 

Curiosity in teaching. 

         The status of Curiosity in teaching of pre-service teacher of 

SKITT. 

         A classification was made by keeping in mind the 

minimum and maximum scores of Curiosity.  It was based on 

equal range “very low”, “low”, “average”, “high”, and “very 

high”. 

         The mean scores of Curiosity in teaching of pre-service 

teacher of SKITT were obtained and then they were identified as 

“very low”, “low”, “average”, “high”, and “very high”.  Based 

on the above classifications and presented in the table . 

 

Table 

Mean, SD scores and status of Curiosity in teaching of pre-

service teacher of SKITT. 

 

Variable Mean 

(N=94) 

SD 

Curiosity 10.02 

A 

3.64 

 

A=Average 

         Table shows that the Curiosity in teaching among pre-

service teacher of SKITT. The result shows that the status of pre-

service teachers was high. The above result may be attributed the 

opportunity and environment provided by which might not be 

according the Curiosity of the teaching. 

 

Figure 
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         The figure show the status of Curiosity in teaching of pre 

service teachers of level of high. 
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VIII. ANALYSIS OF RELATIONSHIP BETWEEN 

CURIOSITY IN TEACHING AND OWN IDEA OF 

PRE-SERVICE TEACHERS OF MIDDLE LEVEL 

Hypothesis 

          There would be significant relationship between own idea 

and Curiosity in teaching of pre-service teachers of in SKITT. 

          Relationship between own-idea and Curiosity in teaching 

of pre-service teachers of SKITT. 

          The correlation value for own idea and Curiosity in 

teaching of SKITT were obtained then the status of relationship 

for own idea and attitude of teachers working in it was obtained 

and presented in table. 

 

Table 

Correlation value of own idea and Curiosity in teaching of 

pre-service teacher of SKITT. 

 

Variables Correlation Value Status of 

relationship 

Own idea and 

Curiosity in 

teaching 

0.78 High 

 

        Table shows that the correlation between own idea and 

Curiosity in teaching of teachers. The result shows that 

relationship between own idea and Curiosity in teaching of 

teachers is positive and high. 

        The earlier result also that teaches having average Curiosity 

in teaching with high own-idea.  The above result may be 

attributed to this i.e. the atmosphere and condition of the institute 

suitable the own idea of the pre-service teacher.  Therefore, it can 

be concluded that Curiosity of pre-service teachers matches to 

their own idea. 

 

IX. ANALYSIS OF MALE AND FEMALE DIFFERENCE 

IN OWN IDEA OF PRE-SERVICE TEACHERS 

Hypothesis 

         The female pre-service teachers of SKITT have higher own 

idea than the male teachers. 

         Comparison of own-idea of female and male teachers. The 

mean, standard deviation and t-value for male and female 

teachers were obtained and presented in table. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 

Mean, SD and t-value for the scores of own idea of male and 

female pre-service teachers of middle level. 

 

S.No. Dimensions 

of Own 

idea 

Female 

(N=58) 

Male 

(N=36) 

t-value 

Mean SD Mean SD 

1 SOI 20.086 

H 

3.367 18.808 

H 

2.997 2.96* 

2 EOI 27.775 

A 

 

4.296 31.351 

H 

3.134 4.918* 

3 POI 9.879 

H 

2.555 10 

H 

1.845 0.267 

4 COI 16.913 

H 

2.951 17.368 

H 

2.519 0.798 

5 AOI 5.241 

A 

1.108 4.263 

A 

1.369 2.902* 

6 PIOI 16.982 

A 

2.488 15.526 

A 

2.238 2.947* 

7 JROI 21 

A 

3.529 19.552 

A 

2.947 2.148** 

8 SC 11.431 

H 

2.747 13.631 

VH 

1.532 3.26* 

9 OIRBT 12.724 

H 

2.814 10.921 

A 

1.583 3.98* 

10 OIRPT 14.413 

VH 

3.718 14.078 

VH 

2.031 0.951 

 Total  156.44 

H 

16.18 147 

H 

13.60 3.152* 

A= Average, H = High, VH= Very High 

** Significant at 0.05 level  

* Significant at 0.01 level 

 

           Table  indicate difference between mean scores of own-

idea of female and male pre-service teachers of SKITT. The 

result show that female teachers are comparative better than male 

pre-service teachers in six dimensions namely social own idea 

(SOI), Aesthetic own idea (AOI), Political own idea (POI), Job 

related own idea (JROI), Own idea related to belief and tradition 

(OIRBT), Own idea related to personality traits (OIRPT) and 

total own idea and four dimensions male are better than female 

emotional own-idea (EOI), Physical own idea (POI), Cognitive 

own idea (COI), Self confidence (SC). 

           In case of SOI, EOI, AOI, PIOI, SC, OIRBT the result of 

own idea is statistically significant at 0.01 level as the obtain 

value is more than the table value 1.66 and 2.37 at 0.05 and 0.01 

level of significance respectively. But in case of JROI the result 

is significant at 0.05 level. But in case of other dimensions i.e. 

POI, COI and OIRPT the result is not significant. 

           The above result may be due to up bring patterns of 

female in our society it may be due to their freedom and 

autonomy in SKITT. Also may be more role are given to the 

male pre-service teachers to play in the school. Which 

contributes development of own-idea role. However as concept 

as per sex the male teacher are better in aesthetic and emotional 

own idea than female but there are all status in own idea is lower 

side than their female counter parts.  
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Figure 

Comparision of own-idea of female and male teachers
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          The figure shows the difference between female and male 

teachers on own idea. 

X. ANALYSIS OF DIFFERENCE BETWEEN MALE 

AND FEMALE IN CURIOSITY IN TEEACHING OF 

PRE-SERVICE TEACHERS. 

Hypothesis 

         The female pre-service teacher of SKITT would have more 

Curiosity in teaching than male pre service teachers. 

         Comparison of Curiosity of male and female teachers. 

         The mean, standard deviation and t-value for female and 

male teachers were obtained and presented in table. 

 

Table 

Mean, SD and t-value for the scores of Curiosity in teaching 

of male and female pre-service teachers of SKITT. 

 

Variable Female 

(N=58) 

Male 

(N=36) 

t-value 

Mean SD Mean SD 

Curiosity 10.87 3.29 8.83 3.50 2.829* 

* Significant at 0.01 level. 

 

         Table-9 indicates difference between means scores of 

Curiosity of female and male pre-service teachers of SKITT.  

The result shows that female pre-service teachers are 

comparatively better than male pre-service teacher.  As the 

obtained t-value (2.829) is more than the table value (2.37) at 

0.01 level of significance for 92 degree of freedom.  Therefore, 

the result is statistically not significant with respect to Curiosity 

of female and male teachers working in SKITT.  Hence, the 

hypothesis is accepted. May be the female teachers are more 

satisfied and enjoy their teaching. Therefore, they have more 

Curiosity in teaching. 

 

 

Figure 

 

          The figure shows the difference between the female and 

male pre-service teachers in Curiosity in teaching. 

 

XI. ANALYSIS OF SCIENCE PRE-SERVICE TEACHER 

WOULD BE BETTER THAN ARTS PRE-SERVICE 

TEACHER WITH RESPECT TO OWN-IDEA 

Hypothesis 

         Pre-service teacher having science background would be 

better than Arts with respect to own-idea.  

         The science pre-service teachers working in SKITT would 

be better than own-idea than the Arts pre-service teachers.  

         Comparison of own-idea of science and arts pre-service 

teachers.  
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         The mean, standard deviation and t-value of own idea  for 

science and arts pre-service teachers and presented in Table. 

 

Table 

Mean, SD and t-value for the scores of own idea of science 

and arts pre-service teacher of middle level of SKITT. 

 

S.No. Dimensions 

of Own 

idea 

Science 

(N=58) 

Arts  

(N=36) 

t-value 

Mean SD Mean SD 

1 SOI 20.43 

H 

3.354 

 

18.5 

H 

3.19 2.803* 

2 EOI 28.846 

A 

3.091 25.85 

A 

4.62 3.744* 

3 POI 10.23 

H 

1.856 9.57 

H 

2.49 1.465 

4 COI 18.179 

VH 

2.326 16.35 

H 

2.88 3.383* 

5 AOI 4.512 

A 

2.063 5.07 

A 

1.58 1.277 

6 PIOI 16.076 

A 

2.193 16.74 

A 

2.67 1.312 

7 JROI 18.538 

A 

3.243 21.83 

A 

2.87 5.097* 

8 SC 13.359 

VH 

2.045 11.44 

H 

2.66 3.931* 

9 OIRBT 11.333 

H 

2.320 11.88 

H 

3.08 0.975 

10 OIRPT 14.743 

VH 

2.971 13.90 

VH 

3.33 1.954** 

 Total  156.25 

H 

14.12 151.16 

H 

15.82 1.772** 

A= Average, H = High, VH= Very High 

** Significant at 0.05 level 

*Significant at 0.01 level 

 

          The table indicates difference between means score of own 

idea of science and arts pre-service teachers of SKITT. The result 

shows that science pre-service teachers are comparatively better 

than arts pre-service teachers in six dimensions namely social 

own idea (SOI) emotional own idea (EOI), physical own idea 

(POI), cognitive own idea (COI) self confidence (SC), own idea 

related to personality traits and total. And for four dimension arts 

the better than science political own idea (PIOI), job related own-

idea (JROI), aesthetic own idea (AOI), own idea related to belief 

and traditions (OIERT).  

           In case of SOI, EOI, COI, JROI, OIRPT and SC the result 

is significant at 0.01 level (table value is 2.37 for 92 degree of 

freedom) and POI, AOI, PIOI, OIRBT, the result is not 

significant. But in the total dimensions of own idea the result is 

not statistically significant because the obtained value 1.572 is 

less than the table value 2.63 at 0.05 level at 94 degree of 

freedom.                       

 

Figure 

Own-idea of Arts and Science Pre-Service Teacher of Middle level 
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XII. ANALYSIS OF ARTS PRE-SERVICE TEACHER 

WOULD BE BETTER THAN SCIENCE PRE-

SERVICE TEACHER TO CURIOSITYING IN 

TEACHING  

Hypotheses 

         Pre-service teacher having arts background would be better 

than Science with respect to Curios tying in teaching.  

         Comparison of Curiosity in teaching Arts and Science pre-

service teacher of middle level.  

         The mean, standard deviation and t-value of Curiosity in 

teaching of arts and science pre-service teachers of middle level 

in Table. 

 

Table 

Mean, SD and t-value for the scores of Curiosity in teaching 

of art and science pre-service teachers of SKITT. 

 

Variable Arts 

(N=36) 

Science 

(N=58) 

t-value 

Mean SD Mean SD 

Curiosity 9.81 3.13 10.43 4.03 0.585 

 

          Table indicates the difference between mean scores to of 

Curiosity of science and arts pre-service teacher of Shri 

Kanwartara Institute for teacher’s training Mandleshwar Dist-

Khargone (M.P.) The result shows that science pre-service 

teachers are comparative better than Arts pre-service teachers.  

          But the obtained (0.585) less than table value (1.66) at 0.05 

level of significance for 92 degree of freedom. Therefore, the 

result is statistically not significant and arts pre-service teachers 

of Shri Kanwartara Institute for teacher’s training Mandleshwar 

Dist-Khargone (M.P.) Hence, the hypothesis is rejected. May be 

due to the same kind of exposure of training to both sexes there 

is no difference in Curiosity in teaching. 

 

Figure 

 

 
 

 

          The figure shows the difference between the science and 

arts teachers in Curiosity in teaching.                             .            

 

 

Hypotheses of the Study 

(i) The status of own idea of pre-service teachers of middle level 

would be  high. 

(ii) The status of Curiosity in teaching of pre-service teachers of 

middle level would be high. 

(iii) There would be a positive relationship between own-idea 

and Curiosity in teaching of pre-service teachers of middle level. 

(iv) Male pre-service teachers would be better than females with 

respect to own-idea.  

(v) Female pre-service teachers would be better than males with 

respect to Curiosity in teaching.  

(vi) Pre-service teachers having science background would be 

better than arts with respect to own-idea. 

(vii) Pre service teachers having arts background would be better 

than science with respect to Curios tying in teaching. 

  

Delimitation of the Study 

(i) The present study is confined to students of pre-service of 

middle level of  Shri Kanwartara Institute for teacher’s training 

Mandleshwar Dist-Khargone (M.P.) 

.(ii) The present study is confined to only, 94 pre-service teachers 

of middle level of Shri Kanwartara Institute for teacher’s training 

Mandleshwar Dist- Khargone(M.P.) 

(iii) Only status and relationship of the variables such as own-

idea, Curiosity in  teaching and pre-service teachers of middle 

level of Shri Kanwartara  Institute for teacher’s training 

Mandleshwar Dist. Khargone (M.P.) 

 

XIII. METHODOLOGY  

Design 

          The present study was a descriptive type of research. 

hence, survey design was used.  

 

Sample 

          The sample of the study was selected through purposive 

sampling Pre-service teachers of middle level of SKITT, 

Mandleshwar were the sample of the study. 

 

Tools 

          The following tools were used for the study – 

(i) Own-idea inventory by Beena Shah (1986) 

(ii) Curiosity in teaching scale b S.B. Kakhar (1985) 

 

Data Analysis and Interpretation  

          The data collected through the administration of above 

mentioned tools were analyses with appropriate statistical 

measures such as mean, SD, t-test and correlation. 
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Suggestions for further studies  

          1. The present study was confined to only one city but to 

have a broader approach it need to be conducted in more than 

one city. 

          2. The present study was confined to limited number at 

pre-service teachers only. It can be extended to pre-service 

teachers by increasing the size of the sample.  

          3. The present study was car SKITT out only at the middle 

level. It can be conducted at higher middle level.  

          4. The present study was confined to only one institute of 

SKITT Mandleshwar Dist. Khargone (M.P.) Increasing the 

number of the institute can  extend it. 

          5. The study can also be taken up by comparing the own 

idea and Curiosity in teaching among primary school teachers 

and upper primary school teachers.  

          6. Similar study can be conducted by taking other variables 

like, organizational health of school and job satisfaction of 

teachers at elementary stage or organizational climate of school 

and Curiosity in teaching among   teachers of elementary middle 

level and higher secondary level. 

 

REFERENCES 

[1] Adler, A (1927). The Practice and Theory of Individual Psychology, New 
York; Harcourt Brace. 

[2] Ashton, P. and Webb, R.B. (1986). Making a Difference : Teacher Sense of 
Efficacy and Student Achievement, New York; Longman. 

[3] Berdie, R.F. (1946). “Curiositys”, in P.L. Harriman (ed.), Encyclopedia of 
Psychology, New York; Philosophical Library, P.305. 

[4] Brophy, J. and Evertson, C. (1976). Learning from Teaching: A 
Developmental  perspective, Boston; Allyn and Bacon. 

[5] Burke, P.J. (1980).  The self: measurement requirements from an 
interactionist  perspective, Social psychology Quarterly, 43, 18-29. 

[6] Burns, R.B. (1984). The own idea: theory, measurement, Development and 
Behaviour (3rd Impression). London & New york; Longman.  

[7] Canfielf, J. and well, H.C. (1976). 100 ways to Enhance Own idea in the 
Classroom; A Handbok for Teachers and Parents, New Jersey; Prentice-
Hall. 

[8] Coleman, J.C. (1969). Determinants at Development : self as a third 
Determinant, Psychology and Effective Behaviour, p.p 60-68. 

[9] Cooley, C.H.(1912). Human Nature and the Social Order, New York; 
Scribners. 

[10] Crous. and Kevin (1981). Reflection: Own idea Development for Teachers, 
Ontario Secondary School Teachers’ federation, Toronto. 

[11] Crow, L.D., and Crow, A. (1973). Educational Psychology, Revised 
Education., New Delhi;  Urasia  Publishing  House. 

[12] Dewey, J. (1986). How we think. In J.A. Boydston (Eds.), The Middle 
Works, 1899-1924;7, 1912-1914,153-197, Carbondal, IL; Southern  iIlionis  
University  Press. 

[13] Erikson, E.H. (1965). Psychoanalysis and on-going history: Problems of 
identity hatred and non-violence, American Journal at Psychiat, 122, 241- 

[14] Freeman, F.S. (1965). Theory and practice of psychological Testing, Third 
Edition, Oxford and  IBH Publishing Company. 

[15] Freud, S. (1946). The Ego and the Mechanisms of Defence, New York; 
International  University  Press. 

[16] Ganapathy, S (1992). Own-idea of student teachers and their attitude 
towards teaching profession. Fifth Survey of Educational Research (2), New 
Delhi, NCERT. 

[17] Halpin, G. (1982). Personality characteristic and Own idea of Pre-service 
Teachers related to their Pupil control activities, Journal of Experimental  
Education 50(4), 95-99. 

[18] Handly, M and Thomson, R. (1990). Determination of Reliability and 
Validity for Myself as a Teacher Scale, Paper presented at the annual 

meeting of the Mid-South Educational Research Association, New  Orlea, 
LA. 

[19] Hamacheck, (1987). The Prediction of Teachers Burnout through 
Personality type, Critical thinking, and Own idea, paper presented at the 
Annual meeting of the Mid-south Educational Research  Association.  

[20] James, W. (1890). The principles of psychology, 1, New York; Henry Holt 
and Company, inc., 402. 

[21] Jung, C. G. (1960). Collected works (14 Vols.) Princeton, Princeton  
University  press. 

[22] Kakkar, S.B. (1985). Curiosity in teaching scale Agra, National Psychology 
Corporation.  

[23] Kothari, D.S (1966). Education and National Development, New Delhi  
Ministry of Education, Government of India. 

[24] Mani, G and Gonsalves, C. (1977). A Study of the Own idea of Student 
Teachers in relation to their Performance in Practical Teaching, Third 
Survey of Research in Education, New Delhi; NCERT. 

[25] Shah, B. (1986). Own-idea inventory, Agra; Agra Psychological Research 
cell.  

[26] Sharma, M.C (1981). A Differential study of Own-idea, Personality 
Adjustment and value of Teachers at various Levels, third  survey  of  
Research in  Education, New Delhi; NCERT. 

[27] Strong, E.K (1943). Vocational Curiosity of Men and Women, Stanford, 
Cal; Stanford  University  Press, P-6. 

[28] Sundram, M and Gandhi, C. (2003). Curiosity in Teaching: A Study of 
Prospective Teachers, The Primary Teachers, 28 (3), 5-8. 

 

AUTHORS 

First Author – Dr. Shri Krishna Mishra, Principal, Shri 

Kanwartara Institute for Teacher’s Training, Shri Nagar Colony, 

Mandleshwar, Tehsil-Maheshwarm, Dist.Khargone (M.P.), India  

451221, Email: shreekrishnamishra@gmail.com , 

shrikanwartaracollege060@gmail.com , Mobile: 09669696249, 

09589560135 

Second Author – Mr. Badri Yadav, Asst. Professor, Shri 

Kanwartara Institute for Teacher’s Training, Shri Nagar Colony, 

Mandleshwar, Tehsil-Maheshwarm, Dist.Khargone (M.P.), India  

451221, Email: badriyadav9@gmail.com , 

shrikanwartaracollege060@gmail.com , Mobile: 09753222771

mailto:shreekrishnamishra@gmail.com
mailto:shrikanwartaracollege060@gmail.com
mailto:badriyadav9@gmail.com
mailto:shrikanwartaracollege060@gmail.com


International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      283 

ISSN 2250-3153  

www.ijsrp.org 

Static Deformation Due To Long Tensile Fault Embeded 

in an Isotropic Half-Space in Welded Contact with an 

Orthotropic Half-Space 

Meenal Malik
*
, Mahabir Singh

**
 and Jagdish Singh

***
 

 
* Department of Applied Sciences, Matu Ram Institute of Engineering and Management, Rohtak-124001 

** CoE, Deenbandhu Chhotu Ram University of Science and Technology, Murthal, Sonepat-131039 
*** Department of Mathematics, Maharshi Dayanand University, Rohtak-124001. 

 

 

 
Abstract- The Airy stress function for a long tensile fault of 

arbitrary dip and finite width buried in a homogeneous, isotropic, 

perfectly elastic half-space in welded contact with a 

homogeneous, orthotropic, perfectly elastic half-space are 

obtained. This Airy stress function is used to derive closed-form 

analytical expressions for the stresses at an arbitrary point of the 

half-space caused by along vertical tensile fault of finite width. 

The variation of the displacement and stress fields with distance 

from the fault is studied numerically. 

 

I. INTRODUCTION 

teketee (1958) introduced the theoretical formulations 

describing the deformation of an isotropic, homogeneous, 

semi-infinite medium (okada, 1992). Maruyama (1964) 

calculated the Green’s functions for two-dimensional elastic 

dislocations in a semi - infinite medium and obtained surface 

displacements due to vertical and horizontal rectangular tensile 

faults in a semi-infinite Poisson solid. Freund and Barnett (1976) 

developed a 2-D model of dip-slip faulting in a uniform half-

space, using the theory of analytic functions of a complex 

variable and obtained the relationship between fault slip and 

surface deformation. Davis (1983) modeled the crustal 

deformation associated with hydro fracture by a dipping 

rectangular tensile fault beneath the surface of an elastic half-

space. A double-couple source mechanism modeling a shear 

stress cannot represent all earthquake sources. Sipkin (1986) 

developed the theory that the non-double couple mechanism 

might be due to tensile failure under high fluid pressure. Yang 

and Davis (1986) obtained closed analytical expressions for the 

displacements, strains and stresses due to a rectangular inclined 

tensile fault in an elastic half-space. Maruyama (1964) calculated 

the Green’s functions for two-dimensional elastic dislocations in 

a semi - infinite medium and obtained surface displacements due 

to vertical and horizontal rectangular tensile faults in a semi-

infinite Poisson solid. 

        Singh and Garg (1986) obtained the integral expressions for 

the Airy stress function in an unbounded medium due to various 

two- dimensional seismic sources. Beginning with these 

expressions, Rani et al. (1991) obtained the integral expressions 

for the Airy stress function, displacements and stresses in a 

homogeneous, isotropic, perfectly elastic half-space due to 

various two-dimensional sources by applying the traction-free 

boundary conditions at the surface of the half-space. The 

integrals were then evaluated analytically, obtaining closed-form 

expressions for the Airy stress function, the displacements and 

the stresses at any point of the half-space caused by two-

dimensional buried sources. Wu and Chou (1982) applied the 

generalized method of images to obtain the elastic field of an in-

plane line force acting in a two –phase orthotropic medium. 

Singh (1986), Garg and Singh (1987), and Pan (1989a) studied 

the static deformation of a transversely isotropic multilayered 

half-space by surface loads. The problem of the static 

deformation of a transversely isotropic multilayered half-space 

by buried sources has been discussed by Pan (1989b). Static 

deformation of an orthotropic multilayered elastic half-space by 

two-dimensional surface loads has been investigated by Garg et 

al. (1991). 

        Singh et al. (1991) followed a similar approach to obtain 

closed-form analytic expressions for the displacements and the 

stresses at any point of either of two homogeneous, isotropic, 

perfectly elastic half-spaces in welded contact due to two-

dimensional sources. Kumar et al. (2005) obtained closed-form 

analytical expressions for the Airy Stress function for a tensile 

line source in two-welded half-spaces which are integrated 

analytically to derive the Airy stress function   In this paper, we 

study the static deformation caused by various two-dimensional 

seismic sources located in a homogeneous, isotropic, perfectly 

elastic half-spaces lying over a homogeneous, anisotropic, 

perfectly elastic half-space with which it is in welded contact. 

Most anisotropic media of interest in  seismology have, at least 

approximately, a horizontal plane of elastic symmetry. The most 

general system with one plane of elastic symmetry is the 

monoclinic system. A material having three perpendicular planes 

of elastic symmetry at a point is said to possess orthotropic or 

orthorhombic symmetry. This symmetry is exhibited by olivine 

and orthopyroxenes, the principal rock-forming minerals of the 

deep crust and upper mantle. Therefore, we assume that the 

lower half-space is orthotropic. 

        In an orthotropic material, there are nine elastic constants. 

The results for a tetragonal material with six constants. The 

results for a tetragonal material with six elastic constants, for a 

transversely isotropic material with five elastic constants and for 

a cubic material with three elastic constants can be derived as 

particular cases. We have verified that the results of Singh et al. 

S 
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(1991) for two isotropic half-spaces in welded contact follow 

from the results of the present paper when the lower orthotropic 

half-space is replaced by an isotropic half-space 

 

II. THEORY 

          Let the Cartesian co-ordinates be denoted by 

1 2 3( , , ) ( , , )x y z x x x
 with z-axis vertically upwards. Consider 

two homogeneous, perfectly elastic half-spaces which are welded 

along the plane 0z  . The upper half-space 
( 0),z

 is called 

medium I and the lower half-space 
( 0)z

 is called medium II. 

Medium I is assumed to be isotropic with stress-strain relation 

                               
2ij ij kk ijp e e  

                       (1) 

 

Medium II is assumed to be orthotropic with stress-strain relation 

 

11 12 1311 11

12 21 2322 22

13 23 3333 33

4423 23

5531 31

6612 12

0 0 0

0 0 0

0 0 0
.

0 0 0 0 0 2

0 0 0 0 0 2

0 0 0 0 0 2

c c cp e

c c cp e

c c cp e

cp e

cp e

cp e

    
    
    
    

     
    
    
    

                  (2) 

 

         We consider a two-dimensional approximation in which the 

displacement components 1 2 3( , , )u u u
are independent of x so 

that 

0
x




 . Under this assumption the plane-strain problem 

1( 0)u 
 and the antiplane-strain problem 2 3( 0)u u 

 are 

decoupled and, therefore, can be solved separately. The plane-

strain problem for an isotropic medium can be solved in terms of 

the Airy stress function U such that  
2 2 2

22 23 332 2
,       ,     = ,

U U U
p p p

z y z y

  
  
   

                   (3) 
2 2

0.U                                                                         (4) 

 

 

 
 

 

Figure 1: A two-phase medium consisting of an isotropic half 

space lying over an orthotropic half-space with a line  source 

in the isotropic half-space at (0, 0, h) 

 

         The plane-strain problem for an orthotropic medium can be 

solved in terms of the Airy stress function
*

U such that (Garg et 

al., 1991) 
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where 
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                                (7) 

 

For an isotropic medium 
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                                                      (8) 

 

This yields 
2 2

1a b  and eq. (6) reduces to eq. (4). 

 

         Let there be a line source parallel to the x -axis passing through the point 
(0, 0, )h

 of the upper half-space 
( 0)z

. As shown by 

Singh and Garg (1986), the Airy stress function  0U
for a line source parallel to x -axis passing through the point 

(0, 0, )h
in an 

unbounded, isotropic medium, with Lame constants 1 1, 
, can be expressed in the form 

 

         

   0 0 0 00
1[  sin  cos ] d  ,

0

k z h
U L M k z h ky P Q k z h ky k e k

       

                                                    (9)   
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where the source coefficients 0 0 0 0, , ,PL M Q
are independent of k . Singh and Garg (1986) have obtained source coefficients for 

various seismic sources. 

         For a line source parallel to the x -axis acting at the point 
(0, 0, )h

 of medium I 
( 0)z

 which is in welded contact with medium  

II 
( 0)z

, the Airy stress function in medium I is a solution of Eq. (4) and may be taken to be of the form      

         

    (1) 1

0 1 1 1 1
sin cos  d .

0

kz
U U L M kz ky P Q kz ky k e k


 

    

                                                      (10) 

 

The Airy stress function in medium II is a solution of Eq. (6) and is of the form  (assuming a  b ) 

          

   (2) 1

2 2 2 2
sin cos  d .

0

akz bkz akz bkz
U L e M e ky P e Q e ky k k




     
 

                                        (11) 

 

         The superscript (1) denotes quantities related to medium I and the superscript (2) denotes the quantities related to medium II. 

The constants 1 1 2 2, , ,L M L M
etc. are to be determined from the boundary conditions. 

 

         Since the half-spaces are assumed to be in welded contact along the plane 0z  , the boundary conditions are 

                                

(1) (2) (1) (2)

23 23 33 33

(1) (2) (1) (2)

2 2 3 3

,         ,

,          ,

p p p p

u u u u

 

 



                                                                                              (12) 

 

  at 0z   .The stresses and the displacements for the isotropic medium I in terms of the Airy stress function 
(1)

U  are given by (Rani et 

al., 1991) 

                                

2 (1) 2 (1) 2 (1)
(1) (1) (1)

22 23 232 2
2 ,        ,        

U U U
p p p

z y z y

  
   

   
,                                                  (13)  

                                 

(1)
(1) (1) (1)

1 2 22 33

1

(1)
(1) (1) (1)

1 3 22 33

1

,

1
2 ( )d ,

2

1
2 ( )dz

2

U
u p p y

y

U
u p p

z








   




   








                                                                        (14) 

where 

                                  1 1 1 1 1( ) / ( 2 ).      
                                                                                                (15)    

 

The stresses and the displacements for the orthotropic medium II are given by (Garg et al., 1991) 

                                 

2 (2) 2 (2) 2 (2)
(2)

22 23 332 2
,       ,     = ,

U U U
p p p

z y z y

  
  

   
                                                       (16)  

                                 

(2) 1 (2)(2)
33 222 23 22

(2) 1 (2)(2)
22 333 23 22

( )d ,

( )dz,

p

p

u c c p y

u c c p









 

 



                                                                                      (17)       

where     

                                 

2

22 33 23c c c  
.                                                                                                                  (18)  

 

         Using expressions of stresses given by (Singh and Rani  1991) and Using source coefficients from the appendix for a vertical 

tensile fault, we obtain the following expressions of Airy stress function and stresses in both medium  the expressions of stresses at 

any point of a two-phase medium consisting of a homogeneous, isotropic, perfectly elastic half-space in welded contact with a 

homogeneous, orthotropic, perfectly elastic half-space having long tensile line source located in the isotropic half-space are given 

below: 
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          (19) 

22
(1) 31 2 1 2 1
22 2 422

33

1 3 2 2 32 1

4 6 6

2

3 2
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(1) 3 2 11
23 6 4
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where 

                          

2 2 2 2 2 2

2 2 2 2 2 2

( ) ,            ( ) ,
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R y z h T y h az

S y z h H y h bz
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and 
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                                                                 (28) 

We define the following dimensionless quantities 
,      Z

y z
Y

h h
 

, where L is the finite width of the tensile fault. Let the 

dimensionless stresses  be denoted by  

(1) (2),ij ijP P
. Then, 

               

2 2
(1) (1) (2) (2)

1 1

,                        ,ij ij ij ij

h h
P P

bds bds

 
 

 
 

                                                                             (29)    

     From equations (20) - (22) and (24) - (26), we get the following expressions for the dimensionless stresses for the two mediums for 

a vertical tensile line source: 
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III. DISCUSSION AND CONCLUSION 

 

         We have derived the results when an isotropic half-space (medium I) lies over an orthotropic half-space (medium II). The results 

when medium II is tetragonal can be obtained on putting  

                                     22 11 23 13 55 44,           ,             ,c c c c c c  
                                                                            (36) 

         The results when medium II is transversely isotropic follow by taking 

                                     22 11 23 13 55 44 66 11 12,           ,             ,             ( ) / 2.c c c c c c c c c    
                                 (37) 

         Similarly, the results when medium II is cubic are obtained on taking 

                                  22 33 11 12 13 23 44 55 66,           ,           ,c c c c c c c c c     
                                                     (38) 

         When medium II is isotropic, 

                                   

11 22 33 2 2

12 13 23 2

44 55 66 2

2 ,

= ,

.

c c c

c c c

c c c

 





   

 

  





                                                                                                    (39) 

         This is a degenerate case for which 1a b   (see Eq. (7)). However, we have verified that, when medium II is replaced by an 

isotropic medium, the results of the present paper, in the limit, coincide with the results of Singh et. al.(1991) for two isotropic half-

spaces in welded contact. 

         For numerical calculations we assume that medium II is transversely isotropic and use the values of the elastic constants given 

by Anderson (1961). For beryl, 

                 11 44 33 44 12 44 13 44/ 4.13,     / 3.62,      / 1.47,     / 1.01.c c c c c c c c   
                                                    (40)      

This yield  1.7018,  0.6276.a b   

For ice, 

11 44 33 44 12 44 13 44/ 4.70,     / 4.96,      / 2.27,     / 1.60.c c c c c c c c   
                                                                   (41)             
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and 1.8019,  0.5402a b  . For the isotropic medium I, we assume that 1 1 
. We further assume that 44 1/ 2c  

. When medium 

II is also isotropic, we take 2 2 
 for numerical work.   

 

         Figure 1 shows that in the model considered here, medium I 

is isotropic and medium II is orthotropic. Numerical calculations 

of stress components P22, P23 and P33 is done and their figures 

are drawn by considering the medium II as beryl, ice or isotropic. 

Figures 2(a) - 2(c), 3(a) - 3(c) and 4(a) - 4(c) show the variation 

of stress components P22, P23, and P33 with distance from the 

fault. Figures 2(a), 2(b) and 2(c) show the variation of the 

dimensionless stress  component P22 with distance  from  the  

fault  when  source  is  at  depth x3  = − h/2 , x3 = 2h and x3  = 

5h respectively. These figures depict the comparison of stress 

component when medium II is beryl or ice and comparison is 

also made in case medium II is isotropic. The figures show that 

when x3     is negative, then near the fault, P22  is  

negative(Compressive stress) in case of beryl and positive 

(tensile stress) in case of ice, and   when x3     is positive, then 

the value of P22  is more in case of beryl. As we move away 

from the fault i.e. when x2 tends to infinity, P22 tends to zero in 

all the cases. Figures 3(a), 3(b) and 3(c) depict the behavior of 

stress component P23 depending on the distance from the fault 

when source is located at the depth x3     = −h/2, x3 = 2h and x3     

= 5h respectively. All these figures show that the value of P23 is 

negative near the fault but as we move away, it becomes positive. 

Again when x3  is negative, then the value of P23  is less for 

beryl than ice, but when x3  is positive, the trend get reversed. 

Similar behavior is observed for the stress component P22. 

Figures 4(a), 4(b) and 4(c) depict the behavior of stress 

component P33 depending on the distance from the fault when 

same is located at the depth x3 = − h/2,  x3  = 2h and x3  = 5h 

respectively. Here also, the situation is similar to that for P22 and 

P23 in case medium II is beryl, ice or isotropicThe comparison is 

also made when medium II is beryl, ice or isotropic. These 

figures show that the value of stress components do not differ so 

much for beryl and ice but the difference in values is significant 

when both media are isotropic. 
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Figure 2(a): Variation of dimensionless normal stress P22 with distance from the fault at x3  = - h/2. 
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Figure 2(b):  Variation of dimensionless normal stress P22 with distance from the fault at x3 =2h. 
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Figure 2(c):  Variation of dimensionless normal stress P22 with distance from the fault at x3 = 5h. 
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Figure 3(a): Variation of dimensionless shear stress P23 with distance from the fault at x3  = -h/2. 
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Figure 3(b): Variation of dimensionless shear stress P23 with distance from the fault at x3  = 2h. 
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Figure 3(c): Variation of dimensionless shear stress P23 with distance from the fault at x3  = 5h. 
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Figure 4 (a): Variation of dimensionless shear stress P33 with distance from the fault at x3  = -h/2. 
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Figure 4(b): Variation of dimensionless shear stress P33 with distance from the fault at x3  = 2h. 
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Figure 4(c): Variation of dimensionless shear stress P33 with distance from the fault at x3  = 5h. 

 

 

APPENDIX 

1. Vertical dip-slip fault  
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2. Vertical tensile fault   
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3. Horizontal tensile fault  
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d
0,                       =  = 
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b s
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The upper sing is for 3x > h
,the lower sign is for 3x < h

, b is the magnitude of the displacement dislocation and ds is the width of 

the line fault. 
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Abstract- Optoelectronic is one of the thrust areas for the recent 

research activity. One of the key components of the 

optoelectronic family is photo detector to be widely used in 

broadband communication, optical computing, optical 

transformer, optical control etc. Result’s that theoretical 

predicted for device and using MATLAB are quite similar. 

Present paper includes Id–Vd characteristics and Numerical 

model (3D)of a GaAs MESFET Photo detector has been 

presented in this paper. The model takes into account all the 

major effects that determine the device characteristics in the 

illuminated condition. It has been found that in a short channel 

MESFET photo detector, the drain current saturation is caused by 

the velocity saturation of the carriers rather than the pinch off 

condition. By considering both the photo conductive effect in the 

channel and photo voltaic effect at the gate Schottky barrier, the 

major limitations of the existing model have been overcome. A 

three dimensional Poisson’s equation has been solved with 

suitable boundary conditions to obtain the potential profile in the 

channel. The electric field profile along the length, width and 

thickness of the channel and mobility of the carriers has also 

been studied extensively under illuminated condition. 

Calculations are being carried out to examine the effect of 

illumination on the current-voltage characteristics, internal gate-

to-source capacitance (Cgs ), drain to source capacitance(Cds ), 

drain to source resistance (Rds)and tranconductance(gm) Due to 

effect of photo generation in the semi insulating substrate, the 

device characteristics are strongly influenced. The results of 

numerical calculations show that there is an increase in electron 

mobility and switching speed under the illumination condition. 

The proposed model is fairly accurate and can be used for 

accurate simulation of Opto Electronic Integrated Circuits 

(OEIC) using uniformly doped GaAs MESFET photo detector. 

 

Index Terms- Numerical 3D modeling, Poisson’s equation GaAs 

MESFET, Photo detector , MATLAB 

 

I. INTRODUCTION 

ptoelectronic is one of the thrust areas for the recent 

research activity. One of the key components of the 

optoelectronic family is photo detector to be widely used in 

broadband communication, optical computing, optical 

transformer, optical control etc. 

       Information technology has had an exponential growth 

through the modern telecommunication systems. Particularly, 

optical communication system  play an vital role in the 

development of high quality and high speed communication 

systems. Today optical communication systems not only used in 

telecommunication systems but also in Internets and Local Area 

Networks (LAN) to achieve high signaling rate. 

       In fiber optical communication system. The input electrical 

signal modulates the light from the optical source. The optical 

carrier can be modulated internally or externally by electro-optic 

modulator or acousto-optic modulator. In digital optical 

communication systems the input electrical signals is in the form 

of coded digital pulses from the encoder and these electric pulses 

modulates the intensity of light from the laser diode or LED and 

convert them into optical pulses. In the receiver stage, like FET 

photo detector or PIN diode converts the optical pulses into 

electrical signals. A large number of works has be reported 

concerning the use of field effect transistor in Optically 

controlled amplification, oscillations and optical detection 

especially in Optoelectronic Integrated Circuit (OEIC) receivers. 

The optical circuits are advantageous because they can be 

integrated into the microwave circuits without interfering with 

them and they have low losses and small dimensions, short 

reaction time and wide band. 

 

[1.A]Modeling and Simulation 

       Modeling of devices is probably the most intensive and time 

consuming part of the development process. Goal of the 

modeling process is to make sure that all the parameters that are 

needed for the characterization of the device are completely and 

accurately represented. 

       Integration of billions of transistors in a single chip beyond 

the year 2000 will require that the dimensions be reduced to 

below 0.1 micrometer levels. However, as   dimensions are 

reduced, two- and three dimensional electrostatic effects tend to 

degrade the performance. Therefore, accurate, physical and 

analytical/numerical models are useful to predict the behavior of 

the small geometry semiconductor devices, and to give insights 

into device design and their scaling limits. 

       The electrical characteristics of the semiconductor devices 

are sensitive to the device structure and the Operational condition 

due to the multi dimensional effects. In general, fundamental 

device modeling may provide some valuable information for 

understanding the physics of semiconductor devices. An accurate 

analytical model becomes difficult to develop because of the 

complexity of mathematical treatment for the multi dimensional 

effects and cannot be generalized for any device structure 

[1].Therefore the device numerical simulation based on the Self-

consistent calculation of the semiconductor device equation has 

become important in device modeling. 

       Due to the mutual coupling effect between the Poisson’s 

equation and the current continuity equation it is very difficult to 

O 
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develop an efficient solution for solving the full set of 

semiconductor device equation. For any device structure and bias 

condition, no method can guarantee to the stable and efficient in 

solving the semiconductor equations. From this point of view, 

the development of a fundamental solution method for the 

semiconductor equation is necessary to enhance the flexibility in 

the selection of an iteration algorithm. 

       3D models are necessary to address the geometric 

dependencies of such structure. It is almost impossible to deal 

analytically with certain problem like short channel effect or 

narrow width effect without resorting to some sort of 

assumptions or approximations. In numerical approach, the 

solution is readily available to any 2D or 3Dproblems such as 

short channel effect and narrow width effect. Therefore it is 

worthwhile to realize a device using a numerical device model to 

make a full use of the numerical model’s accuracy in simulation 

[1]. 

 

[1.B]. why MESFET Photo detector:- 

       METAL SEMICONDUCTOR FIELD 

EFFECTTRANSISTORS (MESFETs) have been looked upon 

for the applications in optical communication and optical 

computing as detector devices. Compound semiconductor field - 

effect transistors occupy an importance’s in the electronic 

industry. An extremely important class of photo detectors 

involves the use of Schottky barrier produced between a metal 

and a lightly doped semiconductor 

       3D models are necessary to address the geometric 

dependencies of such structure. It is almost impossible to deal 

analytically with certain problem like short channel effect or 

narrow width effect sort of assumptions or approximations. In 

numerical approach, the solution is readily available to any 2D or 

3D problems such as short channel effect and narrow width 

effect. Therefore it is worthwhile to realize a device using a 

numerical device model to make a full use of the numerical 

model’s accuracy in simulation [1]. MESFETs has drawn 

considerable attention in recent years due to its potentiality as a 

good contender of MOSFET in VLSI/ULSI technology because 

of the following device characteristics: (1) enhanced radiation 

hardness, (2) immunity to hot carrier aging, (3) scaling well, and 

less mobility degradation [3] A high speed low power photo 

detector was first demonstrated experimentally by Baack et al 

[4]. Although Si MESFETs are suitable for high speed 

applications GaAs MESFETs are more suitable than the former 

one for optical receivers .GaAs MESFETs are the most 

commonly used active devices in microwave circuits. 

       This paper describes a 3D numerical simulation method for 

quantitative estimation of the performance of uniformly doped 

MESFET under illuminated condition. In order to understand and 

optimize the device characteristics with dimensions in the 

nanometer range, there is a need to develop a model for the 

potential distribution functions by solving the 3-D Poisson’s 

equation. This paper provides a simple but fairly accurate model 

suitable for use in integrated optoelectronic circuit simulation 

purposes. 

 

II. THEORETICAL MODELING 

       The GaAs MESFET structure under consideration is similar 

to the conventional one except that the metal gate has been 

assumed to the semi-transparent and is presented in Fig.1 This 

facilitates the transmission of radiation incident on the gate. For 

the present analysis, the epitaxial layer is considered to the 

uniformly doped with n-type material. The drain-to-source 

current flows in the horizontal x-direction and the incident 

optical radiation along vertical y-direction for the 

semitransparent metal gate. The incident radiation undergoes 

reflection at the metal gate entrance and is absorbed in the gate 

depletion region, render channel region, substrate depletion 

region, and bulk substrate region. Absorption of the radiation in 

the semiconductor results in the generation of excess electron 

hole pairs. These excess carriers change the charge distribution 

below the gate and the channel due to photoconductive effect. 

The minority carrier life time is decreased due to this excess 

carriers also cause a change in the built-in potential at the 

Schottky contact and channel substrate barrier due to a photo 

voltaic effect, and modulation the conductivity of the channel 

and enhances the substrate leakage current due to the photo 

conductive effect. 

                    

 
  Fig.1. Physical structure of GaAs MESFET photo detector. 

 

       In order to analyze the structure we need to solve both 

Poisson’s equation and current continuity equation. However, in 

the sub threshold region, the currents are small and Poisson’s 

equation alone is sufficient. The three dimensional (3-D) 

Poisson’s equation in the gate depletion region in the illuminated 

condition can be written as 
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where q is electron charge, si


 is permittivity of silicon, 0
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reflection coefficient at entrance, s
R

 is reflection coefficient at 

metal contact, α is absorption coefficient, d
N

 is the uniform 

doping concentration and 
),,( zyx

is the potential at a 

particular point (x, y, z) in the gate, h is the Planck’s constant,   

is the frequency of the incident radiation, ,  is the mean lifetime 

of the minority carriers 

and q is the electron charge. 

       The net concentration 
)( y

D
N

 in the active channel can be 

expressed as 
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       Where  d
N

 represents the uniform donor impurity 

concentration in the channel and b is the thickness of active 

layer. 

G(y) is the photo-generation rate, given by [4] 
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       Where 
opt

P
 is the incident optical power per unit area 

an m
T

 and  1
T

, 2
T

are the optical transmission coefficients for the 

gate metal and spacing between the gate and source 

(drain),respectively. Boundary conditions required to solve the 3-

D Poisson’s equation can be written as 
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Boundary conditions along the length of the device 
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Boundary conditions along the width of the device 
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       The source and the drain junction are located at 

eff
Lyy  &0

 respectively, where eff
L

 is the effective 

channel length. The top and bottom ends are located at 

eff
txx  &0

, where eff
t

 is the device thickness. The 

vertical and the lateral directions are defined as x , y respectively, 

while the direction along the width of the transistor is defined as 

z. The sidewall interfaces are located at eff
wzz  &0

 

Where Vgs is the gate to source voltage, Vbi is the built in 

potential between the channels to source junction and 
op

V
 is the 

photo induced voltage and ds
V

is the drain to source voltage and 

bi


is the built in voltage of the Schottky barrier gate 

       The excess carriers generated per unit   volume n   in the 

semiconductor due to the absorption of incident optical power 

density is given by, 
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       Where i


 is the mean  lifetime is the reflection coefficient at 

the insulator metal surface interface and m
W

 is the maximum 

width of the depletion layer and is given by 
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       Where aN
 is the acceptor concentration, s  is the 

permittivity of the semiconductor, 
ktq /

 

       K being the Boltzmann’s constant, T is the ambient 

temperature 
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)( y
op

G
 is the excess carrier generation rate at any point  y in 

the semiconductor and is given by  
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 The mean lifetime of the minority carriers in the illuminated 

condition, 1


  can be written as 
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Where  is the life time of carriers for intrinsic semiconductor  

 

       In order to obtain electric field profile equations under dark 

conditions (9a)(9b)(9c)are solved respectively for the 

corresponding profiles in x, y and z directions 

 

The electric field in the respective direction is given by  
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Where 
zm  and,ym,xm

are separation of grid line along x 

,y and z direction  
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Where s is permittivity of semiconductor and r is the 

permittivity of free space 
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are the electric field  in x ,y and z 

direction  respectively .The drain current 
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Is calculated by integrating the charge in channel region , which 

is given by  
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illumination is computed by  
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Where dg
y

 is the variation of depletion depth and function of 

potential distribution in the channel . 

The transconductance m
g

 and the gate to source 

capacitance
)(

gs
C

under illumination condition is estimated by  
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The drain resistance, d
r

and  responsivity of the device have 

been obtained from  
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Where λ is the operating wavelength. 

 

       The 3D Gaussian’s distribution function is used to find the 

carrier concentration of the channel assuming the channel is 

uniformly doped. The calculated carrier concentration is verified 

by calculating the width of depletion layer both at the drain end 

and source end. The basic 3D Poisson’s equation is solved using 

Liebmann’s iteration method to determine the potential 

distribution throughout the channel 

       The potential at every point in the channel and its variation 

along the length and width of the channel is calculated as 
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       In order to solve a second-order differential equation of the 

form given by (1) the initial values of potential y is needed. An 

interactive approach has adopted to calculate these values with 

the help of available boundary conditions. The surface potential 

at the source end of the gate has been assumed to be zero. The 

potential at subsequent nodes toward drain end is calculated until 

the drain end of the gate is reached for an assumed value of 

drain-to-source current. The numerically estimated channel 

potential is used to calculate the electric field intensity along x,y 

and z directions and the electric field at every point is used to 

calculate the mobility of the carrier in all the three directions 

x,y,z. The drain current through the channel is obtained by 

solving Simson’s rule. 

       The current-voltage characteristics of the device have been 

obtained by the numerical integration for different values of 

drain-to-source voltage. The transfer characteristics of the device 

can be obtained by changing 
gsV

  and computing the drain 

current for a given drain-to source voltage by repeating the above 

method. The channel transconductance and gate-to-source 

capacitance gsph
C

 have been numerically obtained as a 

function of gate voltage or the illumination condition. 

 

III. RESULTS&DISCUSSION 

       Quantitative calculations of parameters have been carried out 

for a GaAs MESFET photo detector at300K.The channel has 

been assumed to be uniformly doped with = d N 1.1x1023/m3 

.The gate length and the device width have been assumed to be 

100nm and 40nmrespectively. The depth of the channel has been 

assumed to be 80nm. The parameters used for calculating various 

values have been given in Table1. 

 

Table 1. 

 

PARAMETER VALUE OF 

PARAMETER 

Drain voltage, Vds 2V 

Gate Voltage,Vgs -0.3V 

Doping concentration, Nd 3
/

23
10*1.1 m  

Temperature, T 300K 

Reflection coefficient at metal 

contact  Rm 

20% of Pop 

Reflection coefficient at entrance 

Rs 

20% of Pop 

Incident optical power, POP  0.3, 0.6W/ m2 

Built-in voltage of Schottky gate, 

φb 

0.85V 

Intrinsic carrier concentration, ni 
3

/
12

10*79.1 m  
Minority Carrier Life time, τ 10-8 s 

Absorption coefficient, α 106/m 

Device thickness, t 1000nm 

Channel width, w  50nm 

Channel Length ,L 120nm 

 

       With the increase influx, the current increases because the 

number of free carrier’s increases as mentioned above which lead 

to the increase in current. The plot of Id versus Vd is shown in 

Fig. 3.  we have assumed the light radiation to fall only on the 

gate metal. As a result a photo voltage is developed at the 

Schottky junction, which reduces the barrier width and depletion 

layer width and increases the channel width and hence current. 
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Fig.3. Id–Vd characteristics for   MESFET in dark and 

illuminated condition 
 

       As the drain of the n channel device is biased positively with 

respect to the gate, the gate depletion region is asymmetrically 

shifted towards the drain. Hence it is found that the potential 

decreases near the source end where as it linearly increases near 

the drain end. And also it is also proven that from Fig 4. The 

illuminated potential is slightly higher than that of the potential 

under dark condition due to the photo generated carriers (excess 

generated electron and hole pair 

 

 

                                                                                       
 

Fig.(4)- Potential Distribution in the channel under dark and 

illuminated condition 

 

       Variation of electric fields under illuminated condition along 

the channel length and thickness has been obtained as shown in 

Fig. 5 and it is found that the electric field along the length of the 

channel is more dominant than electric field along the thickness 

of the device and also it is observed that the electric field 

increases rapidly near the drain end. Because the carrier density 

near the drain end experiences a rapid decrease in surface 

concentration which calls for a rapid increase in the electric field 

to maintain the constant drain current. 

 

 

 
 

Fig.(5)- Variation of electric field profile under Illuminated 

condition along the channel length and thickness 

 

       Variation of electric field profile along the channel width 

Z
E

rapidly decreases near the drain end as opposite to that of 

Ey
 (along the length) as shown in Fig 6.This is due to the fact 

as if the 
gsV

applied at the gate side, the electron acquires more 

energy to move along the length of the channel. 

 

 
Fig.(6)- Variation of electric field profile under illuminated 

condition along the width of the channel 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      301 

ISSN 2250-3153  

www.ijsrp.org 

       As field dependent mobility is directly proportional to the 

electric fields in their respective directions. Similar mobility 

profiles are obtained to that of the electric field profile as shown 

in Fig. 7 when an optical signal is illuminated on the device more 

and more electron hole pairs are generated. As the charge carriers 

are more crowded under illuminated condition, their mobility 

gets reduced in all three directions. 

 

 
 

Fig.(7)- Mobility distribution under illuminated condition 

along the channel length and thickness 

 

       It is seen that the as the applied drain-to-source voltage 

increases, the drain current initially increases significantly as 

shown in Fig 8. For the fixed value of 
gsV

= -0.2V. When drain 

voltage increases further, more charge carriers try to pass through 

the channel due to which drain current increases that is created 

earlier which is not enough. Hence the drain current saturates 

after a certain limit even if drain voltage is increased further. 

 
Fig.(8)Variation of drain current under illumination 

conditions 

 

 
Fig.(9) Transconductance in illumination condition 

 

       From Fig.9, it is observed that the transconductance of the 

device decreases with increase in the reverse voltage for a 

given ds
V

 and increases in the illuminated condition for a fixed 

gs
V

 . Also, the transconductance is affected by the source 

resistance. Beyond the saturation voltage the increasing value of 

ds
V

 does not affect the drain current and therefore the drain 

resistance has no further effect on the transconductance. 

 

IV. CONCLUSIONS 

       The Device characteristics like potential distribution, field 

distribution and mobility distribution under dark and illuminated 

condition have been numerically estimated for uniformly doped 

GaAs MESFET. Other parameters such as drain characteristics, 

transfer characteristics, relationship between transconductance 

and gate voltage are also calculated numerically. It is seen that 

the device has all qualities to be used as a photo detector. The 

easy realization on GaAs MESFET provides accurate control on 

the gate length and channel thickness. The present work is 

confined to modeling of uniformly doped three dimensional 

GaAs MESFET photo detectors. 

 

REFERENCES 

[1] S.P.Chin and C.Y.Wu, “A New Methodology for two dimensional 
Numerical Simulation of Semiconductor Devices”, IEEE Trans. Computer 
Aided Design, 11,pp. 1508-1521, (1992). 

[2] P.Chakrabarti, N. L.Shrestha, S. Srivastava and V.Khemka, “An Improved 
Model of an Ion-implanted OPFET”, IEEE Trans. Electron Dev., 39, pp 
2050-2059, Sept. (1992). 

[3] S.M. Sze, “Physics of semiconductor Devices, 2ndEdition, Wiley Eastern 
Ltd., New Delhi, India, (1981). 

[4] C. Baack, G.Elze and W.Walf, “GaAs MESFET: a high speed optical 
detector,” Electron. Lett., 13,p.193,(1977). 

[5] Simons, R.N. and Bashin, K.B. “Analysis of optically controlled 
Microwave/Millimeter wave device structures”, IEEE Trans. Microwave 
Theory and Tech., MTT 34, pp. 1349-1355, (1986). 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      302 

ISSN 2250-3153  

www.ijsrp.org 

[6] Paolella, A., Madjar, A. and Herezfeld, P.R. ,“Modelling of the GaAs V’s 
response to modulated light at radio and microwave frequencies”, IEEE 
Trans. Microwave Theory and Tech., MTT 42,pp.1122-1130, (1994). 

[7] Computer Aided modeling of solid state photo detectors, PhD thesis by 
B.K.Mishra,Birla institute of technologyMesra,Ranchi ,1995 

[8] Gautier, J.L., Pasquet, D., and Pouvil, P., “Optical Effects On the Static and 
Dynamic characteristics of a GaAs MESFET”, IEEE Trans. Microwave The 
oryand tech., MTT 33, pp. 819 – 822, (1985). 

[9] J.C.Gammel and J.M.Ballantyne,” The OPFET : Anew high speed optical 
detector,” IEEE Int. Electron Dev. Meet. Dig., pp.120-123, (1978). 

[10] Prashant Pandey and B.B.Pal, “A New 2D Model for the Potential 
Distribution and Threshold Voltage of Fully Depleted Short-Channel Si -
SOI MESFET’s”,IEEE Transaction Electron Devices, 51, pp.246 
254,(2004). 

[11] Hongliang Lv, Yimen Zhang, Yuming Zhang and Lin-An Yang,” Analytic 
Model of I_V Characteristic of 4H-SiC MESFETs Based on multi 
parameter Mobility Model”, IEEE Transaction on Electron Devices, 51, 
pp.1065-1068, (2004). 

[12] P. Chakrabarti, M. Madheswaran, A. Gupta and N. A Khan, “Numerical 
Simulation of an Ion -Implanted GaAs OPFET”, IEEE Trans. Microwave 
Theory &Tech., MTT 46, pp.1360-1365, (1998). 

[13] P.Chakrabarti and V.Rajamani, “A Proposed OEIC Receiver Using 
MESFET Photo detector”, IEEE J. Light wave Technology, vol.12, pp.659-
668, (1999). 

 

AUTHORS 

First Author – S.C.Patil was born on 21stSept 1966.He did his 

B.E.in Electronics Engineering from SSGM COE. Shegaon 

in1989 .He completed his M.E. in 2006 in Electronics from 

TSEC Mumbai. He has 16 years of teaching experience and 

04years of industrial experience .He is presently Pursuing his 

PhD. at NMIMS Mumbai His present research area is device 

modeling of MESFET for optical photo detector Applications 

.He is presently working as Assistant professor in Electronics & 

Telecommunication department at Parshvanath College of 

Engineering Thane. 

Second Author – B.K.Mishra was born in 5th June 1966,in 

Bihar. He completed his B.E. in electronics engg in 1988 and 

M.E. in electronics and communication Engg in 1992.He was 

awarded PhD degree from Birla institute of technology 

in1998.He has 22years of teaching experience. His present 

research interest focuses on device working at microwave 

frequencies and optical sensors..He is presently working as 

Principal at Thakur College of Engineering and Technology. 

 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      303 

ISSN 2250-3153  

 

www.ijsrp.org 

Ethano-Medicinal use of Plants Belonging to Families 

Fabaceae and Solanaceae, Hamirpur District (H.P.) 

Seema Devi*, Dr. AK Gupta**, Meenu Singh** 

 
* Department of Botany, Meerut College, Meerut –U.P.250001, India 

**Department of Botany, Meerut College, Meerut –U.P.250001, India 

 
Abstract- A survey was carried out in District Hamirpur for 

documentation and information from natives about the ethno-

medicines uses of plants. The indigenous knowledge of local 

uses of plants by natives,was collected through personal 

interviews during field of this hilly district of Himachal 

Pradesh.The communities in the different villages of this district 

are gathering the long-hidden indigenous knowledge . From my 

whole study I found that plants of Fabaceae and Solanaceae 

families are widely used, by the natives ; 12 plants  from 

Fabaceae and 8  plants from Solanaceae family I reported. 

 

    Index Terms- Ethno-medicinal use, indigenous knowledge, 

District Hamirpur (H.P.), Fabaceaeand  Solanceae families. 

 

I. INTRODUCTION 

an has been using various plant species since the  time 

immemorial   for   wellbeing.   The plants   used  for   

curing   various diseases in human have been mentioned in 

ancient literatures like the  Rig-Veda, Bible and Quran.  The  

utilization of  plants  by  the primitive man and the tribal has 

been studied under the new branch of science known as “Ethno 

botany”. It has been estimated that 80% of  the world population 

under developed  countries  depends upon traditional medicine 

obtained from plants for primary health care. The world  health  

organization  (WHO)  estimated  that  world  trade  in medicinal  

plants  amounting  to  500  million  US  dollars  and  the demand 

is likely to increase more than 5 trillion US dollars. Though it is 

believed that after the advent of synthetic drug, the plant drugs 

lost their  significance for  some time. However, the ethno-

medicine has gained considerable importance in the recent past, 

because of being safe and with no side effects. In this century 

medicinal plants are the backbone of the traditional medicine 

being used over the world wide. 

Himachal Pradesh is very rich harbor with reference to diversity 

of plant species. And also India is one of the leading countries in 

Asia with respect to wealth of traditional knowledge system 

related to the use of plant species. The traditional knowledge of 

India is mainly used by the local peoples of small towns and 

villages. Hamirpur district is situated between 76˚18΄-  76˚44’  

East longitudes and 31˚52΄30” North latitudes. The track is hilly 

covered by Shivalik range and the elevation varies from 450-

1,100 meters. This region is rich in diverse flora and suitable for 

studies related to Medicinal plants. Various plants are usedfor 

curing many diseases.   Hamirpur district (H.P.) is surrounded by 

thick forest area . The plants in this area made the integral part of 

the routine health care system of the tribals residing in the small 

villages.  In these areas people use different plants and plant parts 

for food, medicine, fodder, fuel, dye for festivals, rituals and 

various other functions. The local people have huge knowledge 

about the uses of plants and plant parts. related to the use of plant 

species.The objective of thepresent study was to document the 

knowledge  of  ethno-medicinal  plants  species belonging to 

Fabaceae and Solanaceae families, used by  the  natives of 

Hamirpur district(H.P.). 

II. MATERIALS AND METHODS 

Field trips were carried out in whole areas of Hamirpur district 

(H.P.)  in different  seasons of  2008-2012.The information 

regarding the ethno-medicine uses of plant was collected from 

natives through personal interviews and discussions etc. The 

indigenous knowledge includes local name of   the   plant   

sample,   part   used, and administration. After the  interviews, 

the  specimens placed before them for identification of local 

name and their ethno-medicinal uses. The identification of the 

scientific names of the plants was made with the help of flora of 

different authors. The plant samples have been housed in  the  

herbarium  of  the  Department  of  Botany, Meerut College, 

Meerut  . 

III. RESULTS AND DISCUSSIONS 

In the present study twenty medicinal plants are used for the 

treatment of various diseases belonging to Fabaceae and 

Solanaceae families.  The utilitylies  through their  roots, leaves, 

fruits, seeds and even whole plants. These are taken orally 

orapplied locally in the form of infusion, decoction, paste or 

powder (Table   1).  The   information   generated  from   the   

present   study regarding the medicinal plants used by natives of 

this region needs a thorough  phyto investigation and promote 

scientific cultivation  which  will  protect  and conserve  wild  

flora  of  this  hilly area. 

 

 

 

TABLE 1.ETHANOMEDICINAL USE OF PLANTS BELONGING TO FAMILIES FABACEAE AND SOLANACEAE, 

HAMIRPUR DISTRICT (H.P.) 

 

M 
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Botanical Name Family Local Name Flowering /fruiting  

stages 

Diseases  Parts Used 

Abrusprecatorius L. Fabaceae Rati Flowering  in August-

September and Fruiting 

during winter. 

Leucoderma Seed paste is used 

Acacia catechu L. Fabaceae Khair Flowering is in rainy 

season and  fruiting  during 

November-January. 

Diarrhoea Bark of plant 

 Acacia nilotica B. Fabaceae Kikar Flowering is in rainy 

season and  fruiting  during 

cold season. 

ulcer Powder of bark 

applied externally 

.Albizialebbeck Fabaceae Sarihn Flowering in June-July Inflamation Bark is used 

Bauhinia vahilli Wight and 

Arn.. 

Fabaceae Torr Flowering is in April  June 

and  fruiting  during cold 

season. 

Irregular 

mensturation 

flow 

Pods 

Bauhinia variegate L. Fabaceae Karal Flowering is in  November 

–December and  fruiting  

during  January-February. 

Diarrhoea Decotion of bark 

Buteamonosperma L.&T. Fabaceae Palah Flowering is in  February-

March and  fruiting  during 

April-May. 

 

Eye diseases Lotion prepared 

from flowers 

Cassia fistula L. Fabaceae Ali Flowering is in  April-July 

and  fruiting  during  

August-September. 

 

Ringworm 

lesions 

Leaf paste 

Cassia occidentalis L. Fabaceae Relu Flowering and  fruiting  

occur throught the year, 

chiefly during July-

December. 

Ringworm Root juice 

.Dalbergiasisoo R. Fabaceae Tahli Flowering is in summer 

and  fruiting during winter  

Blood 

dysentry 

Leaf juice mixed 

with curd and sugar 

Daturametel L. Solanaceae Datura Flowering and  

fruitingduringApril-June. 

Diarrhoea Roots 

.Daturastramonium L. Solanaceae Datura Flowering and  fruiting 

during July-December. 

Dandruff Fruit juice 

Erythrenaindica L. Fabaceae Prair - Headache 

due to no 

particular 

reason 

Warm juice of 

phaleod leaves 

Mucunapruriens L Fabaceae Gazalbel Flowering during 

September-October and  

fruiting during December-

March. 

Ulcer Paste of leaves 
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Chart showing Number of Parts of the Plants, % (Ref Table-1) used to cure disease

1, 5%
4, 18%

1, 5%

2, 10%

5, 23%

2, 10%

4, 19%

1, 5%

1, 5%

Seeds Bark Pods Flowers Leaf Root Fruit Phaleod Whole Plant

 
 

.Physalis minima Solanacea Rasbari - stomachache 

and 

constipation 

Fruits and flowers 

Solanumindicum L. 

 

 

Solanacea Brihad 
kantkari 

Flowering and  fruiting , 

generally whole year 

Rheumatism 

& sore-

throat 

Fruits 

 

 

Solanumnigrum L. Solanacea Makoy Flowering and  fruiting , 

generally whole year 

Dysentery 

and septic 

Whole plant 

Solanumsurattense L. Solanacea Jangli 
bhindi 

Flowering and  fruiting , 

generally March-June 

Cough and 

cold 

Fruits 

Solanumtorvum S. Solanacea Shwet 
brihati 

Flowering and  fruiting  

duringDecember-June 

Chapped 

hands and 

feet during 

winter 

Roots 

Withaniasomnifera D. Solanacea Ashwaganda Flowering  in  July-August 

and Fruiting during 

January-February 

Eye sours Watery extract of 

leaves 
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IV. SOME PICTURES OF THE MEDICINAL PLANT. 

 

 
Albizialebbeck 

 

 
Dalbergiasisoo. 

 

 
Physalis minima 
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Abstract- Background: Rhinitis, an extremely common medical 

condition, is characterized by acute or chronic inflammation of 

mucous membranes. Pro-inflammatory cytokines, including 

interleukin-6 (IL-6), IL-8 and TNF-α are the key drivers of 

inflammatory response in rhinitis. Hence, their inhibition is an 

important therapeutic strategy for treating rhinitis. In vitro cell 

line models are extremely valuable for testing the potential of 

new therapeutic compounds. Epithelial cell lines derived from 

the airway and nasal passage have been previously reported as 

models for testing anti-rhinitic drugs such as Cetirizine and 

Loratidine.  

       Objectives: This study aimed to test the anti-rhinitic activity 

of the test compound E-RH-06 using A549 human airway 

epithelial cells. A549 cells were pre-treated with non-cytotoxic 

concentrations of E-RH-06 for 24 hours before stimulation with 

human dust mite (HDM) allergen. Anti-rhinitic potential was 

evaluated by quantitation of IL-6, IL-8 and TNF-α pro-

inflammatory cytokine levels secreted by cells into the 

extracellular culture medium.  

       Results: Treating A549 cells with the inflammatory stimulus, 

HDM extract, resulted in an overall increase in IL-6 and IL-8 

levels, thus, stimulating inflammation, as prevalent in rhinitis. 

However, no considerable levels of TNF- α were detected. Pre-

treatment of A549 cells with E-RH-06 resulted in inhibition of 

IL-6 and IL-8 cytokine levels compared to control cells 

(p<0.001). A similar level of inhibition was observed with the 

loratidine positive control treated cells.  

       Conclusions: The study demonstrate that E-RH-06 possesses 

anti-rhinitic activity, described as inhibition of HDM-induced 

secretion of pro-inflammatory cytokines, warranting further 

investigation of its potential as a novel anti-rhinitic therapeutic 

compound.  

 

 

Index Terms- rhinitis, anti-rhinitic potential, inflammatory 

stimulus, human epithelial cell, human dust mite allergen 

I. INTRODUCTION 

hinitis, including hay fever or seasonal allergic rhinitis, is an 

extremely common condition which is increasing around the 

world. Rhinitis rates vary largely across the world, with 

prevalence rates for adults aged 25-50 years estimated at 12% in 

Spain, 30% in the United States and 46% in Australia. 

Consequently, in many countries, rhinitis poses a substantial 

healthcare burden both in terms of treatment costs, indirect costs 

and quality of life and associated comorbidities. As such, the 

development of new and improved therapies to improve the 

quality of life and reduce the social and economic burden of 

rhinitis is a constant target 
i
’

ii
 

        Rhinitis is a medical term describing irritation and 

inflammation of the mucous membrane of the nasal passage 

which may be caused by viruses, bacteria, allergen or irritants
iii

. 

Acute or chronic inflammation of the mucous membrane, a 

hallmark of rhinitis, results in the generation of excessive 

amounts of mucus, runny nose as well as nasal congestion, 

sneezing and itchiness of nose, throat, eyes and ears, causing 

considerable to discomfort to the individual. The allergic rhinitis 

is usually triggered by airborne allergens such as pollen and mold 

spores
iv
. Indoor allergens such as animal dander or dust mites are 

common causes of year-round allergic rhinitis
v
. Additional 

symptoms of allergic rhinitis are sneezing, nasal itching, 

coughing, headache, fatigue, malaise, and cognitive impairment. 

The allergens may also cause watery, reddened or itchy eyes and 

puffiness around the eyes
vi
. 

       The characteristic inflammatory response observed in 

rhinitis is initiated by antigen-presenting cells (APC), which are 

primed following recognition of a ‘foreign’ agonist such as the 

house dust mite (HDM) allergen. APC-priming results in 

activation of a T helper type 2 (Th 2) cell-mediated immune 

response, which involved a number of key pro-inflammatory 

cytokines including TNF-α, IL-6, IL-8, IL-4, IL-5, IL-13, and 

GMCSF, and chemokines such as eotaxin & RANTES that play 

pivotal roles in the development of the inflammatory milieu in 

rhinitis
vii

,
viii

. These biomarkers significantly contribute to the 

inflammation of nasal airway passages and promote the 

progression of rhinitic conditions
ix

’
x
. Upon treatment with 

external allergens or stimulating agents, these cytokines show 

variation in their secretory levels. Assessing these modulations in 

the secretion of the cytokines provides important insights on the 

anti-rhinitic activity of many potential drugs
xi

. 

       In vitro stimulation of cells with rhinitis causing agents, such 

as HDM extract promotes the excessive secretion of pro-

inflammatory cytokines & chemokines and stimulates the 

inflammatory environment prevalent in rhinitis. Airway 

epithelial cells (A549) have been reported as a cell model to 

investigate stimulation of pro-inflammatory cytokines such as 

IL-6 & IL-8, upon treatment with HDM extract
xii

. These cells 

have also been reported as a model to evaluate inhibition of pro-

inflammatory cytokines such as IL-8, by anti-rhinitic drugs such 

as Cetirizine and Loratadine
xiii

. In addition, stimulation of the 

nasal epithelial cell line RPMI 2650 with HDM extract is 

reported to mimic the inflammatory scenario prevalent in rhinitic 

conditions
xiv

. Therefore, airway epithelial cells and nasal 

epithelial cells may be valuable therapeutic targets for discovery 

R 
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and development of new drugs or therapeutic strategies to treat 

rhinitis 
xv

’
xvi

. 

       The aim of this study was to investigate the anti-rhinitic 

activity of a new test compound, E-RH-06, using a cell line 

which has previously been shown to have major involvement in 

the pathogenesis of rhinitis: A549 human airway epithelial cells. 

Anti-rhinitic potential of E-RH-06 was evaluated by assessing 

the expression of the inflammatory cytokines TNF-α, IL-6 & IL-

8. 

 

II. MATERIALS AND METHODS 

Reagents 

       The test compound E-RH-06, a new product of Enovate 

Biolife Pvt. Ltd. (Mumbai, India), is a premix in powder form, 

grayish brown in color. It was maintained as a 100 mg/ml stock 

solution in DMSO. Working solutions for cell treatment in the 

range of 0.1 µg/ml - 500 µg/ml were made by further dilution of 

the stock solution with serum free medium. The positive control 

compound, Loratadine (Morepore Laboratories Limited, India), 

was dissolved in DMSO to obtain a 1 mg/ml (2.6 mM) stock 

solution. This stock solution was further diluted in serum free 

medium to prepare further dilutions for cell treatment in the 

range of 0.00038 µg/ml-3.8 µg/ml.  

 

Cell line 

       The human airway epithelial cell line, A549, was purchased 

from the National Centre for Cell Science (Pune, India) and 

grown in Ham’s F12 media (Himedia) supplemented with 10% 

FBS at 37°, 95% humidity and 5% CO2.   

 

Determination of non-cytotoxic concentrations of E-RH-06  

       A549 cells were seeded at a density of 5000 cells / well in 

96-well culture plates and incubated at 37°C, 95% humidity and 

5% CO2 overnight. Cells were treated then with E-RH-06 in 

serum free medium corresponding to final concentrations ranging 

from 0.1 µg/ml-500 µg/ml in triplicates. Cells treated with 

DMSO (0.5%) were used as controls.  

       Cell viability was determined 48 h after E-RH-06 treatment, 

by the addition of (3-[4,5-dimethylthiazol-2-yl]-2,5-

diphenyltetrazolium bromide (MTT; 0.5 mg/ml). After 3 h, 

supernatants were removed; the formazan complex formed was 

resuspended in 150 µl of DMSO and absorbance of the samples 

measured at 540 nm. 

       The percentage cytotoxicity of E-RH-06 at respective 

concentrations was calculated using the following formula: 

Cytotoxicity percentage = [(Y-X)/Y]* 100, where, X = 

Absorbance of cells treated with E-RH-06 at 540 nm and Y = 

Absorbance of cells treated with 0.5% DMSO at 540 nm. E-RH-

60 concentrations, which resulted in >80% viability of cells, 

were determined and selected for subsequent cytokine analysis 

studies. 

 

Evaluation of anti-rhinitic potential of E-RH-06 

HDM extract induced rhinitic assay 

       A549 cells were seeded in triplicates at a density of 0.1x10
6 

cells/ml/well in 24-well culture plates and incubated at 37°C, 

95% humidity and 5% CO2 overnight. Cells were treated with E-

RH-06 in serum free medium at non-cytotoxic concentrations 

(0.1 µg/ml - 100 µg/ml) for 24 h. Subsequent to treatment with 

E-RH-06, cells were stimulated using house dust mite (HDM; 

Creative Diagnostic Medicare Pvt. Ltd, India) extract (500 U/ml) 

for 24 h. Cell culture supernatants were collected from each well 

and stored at −20 °C for cytokine analysis. Cells treated with 

vehicle and HDM extract were used as controls. Cells treated 

with Loratadine and HDM extract were used as positive controls. 

 

Estimation of cytokines using ELISA 

       Levels of TNF-α, IL-6 & IL-8 were estimated at five non-

cytotoxic concentrations of E-RH-06, selected on the basis of the 

cytotoxicity assay, using an Enzyme Linked Immunosorbent 

Assay (ELISA) according to the manufacturer’s instructions 

(R&D Systems Inc, MN, USA). These assays employ the 

quantitative sandwich enzyme immunoassay technique. 

Commercially available polyclonal antibody, specific for mouse 

cytokine (pre-coated onto a microplate) was used. Standards, 

controls, and test samples (200 µl for TNF-α. 100 µl for IL-6 and 

50 µl for IL-8) were added into the wells. Mouse antigen present 

in either of the samples was bound by the immobilized antibody. 

After washing any unbound substances away, an enzyme-linked 

polyclonal antibody, specific for cytokine/chemokine, was added 

to the wells (200 µ1 for TNF-α, IL-6 and 100 µl for IL-8). 

Following removal of any unbound antibody-enzyme reagent by 

washing, 200 µl of substrate solution was added to the wells. 

After 30 min, 50 µl of stop solution was added. The intensity of 

color was measured at 450 nm and was proportional to the 

amount of cytokine/chemokine bound in the initial step. 

Concentrations of cytokines were then determined from the 

standard curve. Percentage change in the levels of secreted 

cytokine in culture supernatants was determined using the 

following formula: Change in cytokine level = [(B-A)/B]*100, 

where A = Concentration of cytokine (pg/ml) secreted by HDM 

extract-stimulated cells pre-treated with E-RH-06 and B = 

Concentration of cytokine (pg/ml) secreted by HDM extract + 

vehicle stimulated cells. 

 

Statistical Analysis 

       Data was analysed using Graph Pad PrismTM software 

v4.01. Differences in cytokine expression in treated, and control 

cells, were analysed using one-way ANOVA (Bonferroni post 

test) for test of significance. P values <0.05 were considered 

significant.  

 

III. RESULTS 

Identification of non-cytotoxic concentrations of E-RH-06 

Effect of E-RH-06 on the viability of A549 cells 

       To determine the effect of E-RH-06 on the viability of A549 

cells, cells were treated with a concentration range of 0.1 μg/ml –

500 μg/ml for 48 h.  Compared to the vehicle control more than 

80% viability was observed at the following concentrations: 0.1 

μg/ml, 10 μg/ml, 50 μg/ml & 100 μg/ml (Figure 1). These 

concentrations were, therefore, selected for cytokine analysis.  
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Figure 1: Effect of E-RH-06 on viability of A549 cells after 48 h of treatment. *Each point represents mean value of triplicates 

No loss of viability in A549 cells was observed with Loratadine treatment in the concentration range of 0.00038 μg/ml to 3.8 μg/ml 

(Figure 2). 

 

 

Figure 2: Effect of Loratadine on viability of A549 cells after 48 h of treatment. *Each point represents mean value of triplicates. 

 

Estimation of cytokine activity 

Effect of E-RH-06 on expression levels of cytokines secreted by 

A549 cells 

       Treatment of A549 cells with HDM resulted in stimulation 

of cytokine secretion into the culture supernatants. The 

expression levels of IL-6, IL-8 and TNF-α were estimated in 

culture supernatants of A549 cells pretreated with E-RH-06 and 

stimulated with HDM extract in order to evaluate the anti-rhinitic 

activity of E-RH-06. Cytokine estimation was performed at the 

following non-cytotoxic concentrations of E-RH-06 in triplicates: 

0.1 μg/ml, 1 μg/ml, 10 μg/ml, 50 μg/ml and 100 μg/ml. 

       Secreted levels of IL-6 in A549 cells stimulated with HDM-

extract is shown in Figure 3. Pretreatment of A549 cells with 0.1 

μg/ml, 1 μg/ml and 10 μg/ml E-RH-06 for 24 h resulted in 

inhibition of IL-6 secretion into the extracellular medium by 46 

%, 51.3 % and 43.4 % respectively as compared to control cells 

(HDM extract + vehicle; p<0.001). Down-regulation of IL-6 

levels was also observed in cells treated with the loratadine 
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(0.038 to 0.38 μg/ml) positive control. IL-6 levels were increased 

at high concentrations of E-RH-06 (50 μg/ml and 100 μg/ml). 

 

 
 

 

          Figure 3: Effect of E-RH-06 on the expression levels of 

IL-6 secreted by HDM extract-stimulated A549 cells. *Each 

point represents mean value and S.E. of triplicates. A significant 

decrease (p<0.001) in IL-6 levels was observed at 0.1, 1 and 10 

µg/ml of E-RH-06 as analyzed by One-way ANOVA 

(Bonferroni post test). 

 

          Pretreatment of A549 cells with E-RH-06 prior to HDM-

extract stimulation also resulted in inhibition of IL-8 activity 

(Figure 4). A reduction of 50.3 % - 66.6 % in IL-8 secretion by 

A549 cells was observed in cells pretreated with E-RH-06 in the 

concentration range of 0.1 μg/ml – 100 μg/ml as compared to 

control (HDM extract + vehicle) cells (p<0.001). Down-

regulation of IL-8 was also observed in the loratadine (0.038 to 

0.38 μg/ml) positive control treated cells.  
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        Figure 4: Effect of E-RH-06 on the expression levels of 

IL-8 secreted by HDM extract-stimulated A549 cells. *Each 

point represents mean value and S.E. of triplicates. A significant 

decrease (p<0.001) in IL-8 levels was observed at 0.1 µg/ml – 

100 µg/ml of E-RH-06 as analysed by One-way ANOVA 

(Bonferroni post test). 

        The levels of TNF-α were undetectable in culture 

supernatants of A549 cells treated with vehicle such as HDM 

extract or E-RH-06 + HDM extract. 

 

IV. DISCUSSION  

         Rhinitis is an increasingly common medical condition 

which is associated with inflammation of the nasal and airway 

epithelium leading to irritation
xvii

. Inflammation is mediated 

through expression of pro-inflammatory cytokines, including IL-

6, IL-8 and TNF α, in response to stimulation by foreign agonists 

such as allergens, irritants, bacteria and viruses
xviii

’
xix

. Many 

current anti-rhinitic therapies aim to reduce the levels of such 

cytokines in order to down-regulate the inflammatory response 

and associated irritatory symptoms 
xx

’
xxi

’
xxii

. 

         Rhinitis may be mimicked in vitro through stimulation of 

the cell line models, for example, the nasal epithelial RPMI 2650 

cell line and airway epithelial A549 cell line, with allergens such 

as human dust mite extract
xxiii

 . In such model systems, 

inflammatory stimulation results in extracellular secretion of pro-

inflammatory cytokines, providing a direct measure of 

inflammatory response and enabling the anti-inflammatory 

potential of therapeutic compounds to be simply evaluated
xxiv

’
xxv

. 

In the present study, we elucidated the anti-rhinitic potential of a 

new compound, E-RH-06, using a human airway epithelial cell 

line (A549) by assessment of modulation of the secretion of key 

pro-inflammatory cytokines against HDM extract induced 

inflammation. 

         Treatment of A549 cells with E-RH-06 at non-cytotoxic 

concentrations (0.1 μg/ml-100 μg/ml) resulted in inhibition of 

HDM extract-induced levels of IL-6 by 43% - 51.3%. Similarly, 

IL-8 levels were reduced by 50.3-66.6%, following pre-treatment 

with E-RH-06 (0.1 μg/ml-100 μg/ml). IL-6 and IL-8 are key pro-

inflammatory cytokines which mediate production of other 

effector molecules of the cytokine network in inflammation. 

Hence, inhibition of these cytokines should down-regulate the 

inflammatory milieu associated with rhinitis.  

         A limitation of this study was the use of only a single cell 

line for the evaluation of anti-rhinitic activity of E-RH-06. In 

addition, as TNF-α level could not be detected in the 

extracellular medium of A549 cells. The results of this study may 

be further corroborated through the use of a different cell line or 

through examination of additional cytokines in the A549 cell 

line.  

         In summary, the data obtained from the present study 

indicates the potential anti-rhinitic activity of E-RH-06. Pre-

treatment with E-RH-06 was associated with considerable down-

regulation of secreted pro-inflammatory cytokines IL-6 & IL-8 

into the microenvironment of A549 cells in response to HDM 

extract induced inflammation. The ability of E-RH-06 to inhibit 

IL-6 and IL-8 suggests potential as a therapy to reduce the 

inflammatory cascade associated with rhinitis, and therefore, 

relieve the associated symptoms which cause considerable 

discomfort to individuals.  Further investigation is, therefore, 

warranted to confirm the anti-rhinitic activity of E-RH-06. 
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Abstract- This paper presents a MPLS architecture for evaluating 

end to end delivery. In this we have made a topology through 

which we show end to end delivery using MPLS. The method we 

use for end to end delivery is Cisco Express Forwarding (CEF), 

Label Distribution Protocol (LDP), Tag Distribution Protocol 

(TDP), Exterior Gateway Routing in this we use Border Gateway 

Protocol (BGP) ,Interior Gateway Routing in this we use Routing 

Information Protocol (RIP) protocol and the tool which we have 

been used for making the topology is Graphical Network  

Simulator (GNS). MPLS is improved in the future by reducing 

labels in the network. 

 

Index Terms- MPLS,  BGP,  TDP,  CEF,  LDP, GNS 

 

I. INTRODUCTION 

n  MPLS if we do end to end delivery, firstly  all data traffic in 

the MPLS network is MPLS labeled. The topology which we 

have made in this paper uses the concept of Provider Edge (PE), 

Customer Edge (CE), and Core Router or provider (p). Customer  

Edge routers are held by the customer it self. There are two 

interfaces of the Customer Edge routers. One interface of the 

customer  Edge is attached with the customer and the second 

interface is attached with the provider Edge. Provider Edge is 

also called as Label Edge Routers . which is hold by the service 

provider. At the encapsulation or the incoming side of the MPLS 

network the Provider Edge attach the labels to the packet. At the 

decapsulation or the outside of the MPLS network  the provider 

edge routers remove the label. Provider router (p) are also called 

label switch router . Based on the MPLS labels it switch packet 

hop by hop. 

 

MPLS label 

         MPLS uses a concept of labels. For transferring across a 

network the MPLS attach label to packet.  Label is of fixed 

length. The size of the label is 20 bits. Basically the size of the 

MPLS packet header is 32 bits which is equal to 4bytes. There 

are four parts in the MPLS header  which are as follows : one is 

Label which contains 20 bits , second is EXP that is experimental 

which contains 3 bits, Third one is S that is stacking bit which 

contains 1 bit and the fourth which is last one that is TTL stands 

for time to live.  

 

II. WORKING OF THE MPLS  

         As previously discussed MPLS attach the label to the data 

packets for transferring data across a network. The importance of 

MPLS is only on a local node to node connection. In this the 

function of the node is that it forwards the packet by swapping 

the current label for the fitting label to route the packet to just 

after that node. In this way the forwarding concept through out 

the network is label swapping. The label swapping concept 

enables the high speed switching of the packet through the 

backbone of the MPLS network. MPLS Predefined the route 

through which a data takes across a network and convert that 

information in to label which is understand by the network 

routers[4]. 

 

A. HOW we establish the route in the MPLS network 

         In order to pass over the data across a network we use label 

switch path (LSP). Always the packet enters in to the MPLS 

network  at an incoming side or encapsulation Label Switch 

Router (LSR) and exits the MPLS network at an outside or 

decapsulation LSR. In LSR there are predefined Switching tables 

are there according to that core devices switches labeled packet. 

LSR can be a switch or router[4]. 

 

B. Forward Equivalence Class   (FEC) 

         A Forward Equivalence Class is a class in which the same 

type of group of packets are described. The same routing 

treatment is given to the packets of FEC. In hop- by- hop routing 

the next hop is independently selected by the router for a given 

Forwarding Equivalence Class[4]. 

 

III. METHODS 

 The method we use for end to end delivery  is defined as 

follows:- 

         A. Switching Method Cisco Express Forwarding (CEF) 

CEF is a switching method used by the Cisco Ios for packet 

forwarding. CEF is the default packet forwarding method in 

MPLS network. When the router forward the packet the router 

must know the destination address of the packet which is present 

in the table. Each and every protocol through which the router 

can forward the packet must have a separate forwarding table[5]. 

 

 CEF mandatory in MPLS 

         Only with the help of Label Forwarding Information Base 

(LFIB) the labeled packets enter the router are switched. There is 

a CEF table on the router. Only with the help of CEF Table the 

IP packets enter the router are switched and the packet which is 

at the decapsulation can be a labeled packet or an IP packet. 

Basically there are two main components of CEF. One 

component is Forwarding Information Base (FIB) and the 

Second component is adjacency table.The FIB is also known as 

CEF table[5]. 

 

Manipulation of CEF 

         First of all when a packet enters in to the router it removes 

the Layer 2 information then in the CEF table the router consider 

I 
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the destination IP address. After that the decision takes for 

forwarding the packets in to the destination then the output of 

this forwarding decision points to one adjacency entry in the 

adjacency table. The Layer 2 rewrite string is restored from the 

adjacency table. With the help of this the router is able to place a 

new Layer 2 header on to the frame. Do this process right before 

switching the packet out onto the outside interface approaching  

the next hop. It is used in the distributed manner[5]. 

 

How do CEF Labeling IP Packets 

         It is necessary to Label the IP packets at the edge of the 

MPLS network. At the incoming side of the LSR there is a stack 

of label is imposed on the IP packet. It is not necessary that we 

impose only  one label on the IP packet at incoming side of the 

provider edge router there can be a two or more labels on the IP 

packet at the incoming side of the provider edge router. In order 

to check which label is imposed on the IP packet ,we can check it 

from the CEF Table. We can enable CEF with  global ip cef 

command[5]. 

 

A. LABEL DISTRIBUTION PROTOCOL (LDP) 

         As we discussed above, We use LSR which performs label 

swapping in order to forward the packet that means label should 

be distributed. There are two way to achieve it. one way is that 

on an already present routing protocol piggyback the labels and 

the second way is that we can develop a new protocol to do this. 

In the MPLS network the LDP for the Forward Equivalence 

Class carries the labels. In order to distribute prefixes between 

different autonomous system we use only one protocol that is 

Border Gateway Protocol (BGP). In order to distribute the labels 

for interior routes we use the LDP. Therefore all point to point 

connected Label Switch Router must establish an label 

distribution protocol session between them. Label mapping 

messages are exchanged between the LDP session by the LDP 

neighbours. The label which is bound to Forward Equivalence 

Class( FEC) is known as  label mapping.We can enable the LDP 

by the mpls ip command[5]. 

 

B.   TAG DISTRIBUTION PROTOCOL (TDP) 

         TDP is a connection oriented technique and takes a full 

guarantee of sequential delivery. TDP protocol is used by the 

switching routers in order to communicate tag binding 

information to their peers. TDP supports many protocols. The 

main function of the TDP is that it provides the means for 

creating and distributing the binding information by the help of 

Tag Switching Routers (TSR). In order to distribute and release 

the binding information for network layer protocols we use 

TSRs. 

 

C. BORDER GATEWAY PROTOCOL (BGP) 

         In the MPLS provider communicates with the help of the 

BGP. As in the previous days the provider takes the upper layers 

of layer 2 as the responsibility for routing and we only worry 

about the Layer 2. But now days participates run BGP on their 

router in order to possible the working of MPLS. In order to 

connect with external network we use BGP[6]. 

 

 

 

D. ROUTING INFORMATION PROTOCOL (RIP) 

         Routing Information protocol is Interior Gateway Protocol. 

In which the routing is performed with in a single autonomous 

system. Enhancement of the RIP is the RIP2. Messages are 

updated at regular interval when there is a change in the network 

topology. In RIP we use a hop count in order to measure the 

distance between the source and destination. Total no. of  hop 

count we use here are 15 and RIP timer is generally a 30 seconds. 

 

IV. SIMULATION 

         The simulator used for MPLS end to end  delivery is GNS 

Simulator. GNS is a graphical Network Simulator  it supports the 

simulation of complex networks . 

 

Fig1.Topology shows routers are in off position 

 
        In this topology, there are basically five routers . The name 

of the five routers as follows: 

 

A. PEER 1  

B. PEER 2 

C. ATLANTA 

D. CORE ROUTER 

E. ALIEGH 

 

        In this topology routers are in the off position ,Red lights 

indicate that the routers are off 

 

A. PEER1:- In this topology peer1 is working as the 

customer edge. CUSTOMER EDGE:- A customer edge 

(CE) device. This is a router that connects to the 

customer network and to a service provider. 

B. PEER2:- In this topology peer2 is also acting as a 

customer edge. 

C. ATLANTA:- In this topology Atlanta is the provider 

edge.  

D. PROVIDER EDGE:- A provider edge (PE) device. This 

is a service provider that connects to a customer and 

into the provider (P) network. 

E. CORE ROUTER:- In this topology core router is the 

core ISP. which is also known as the internet cloud. The 

name of this router is known as P router. 
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P:- A provider (P) device. This is a service provider that exists  

entirely in the provider (P) network and only connects to other 

service provider devices (not to customers). 

 

CUSTOMER ADDRESSING 

A. The devices which we used in it are  PEER 1and PEER 

2. 

B. The loopback0 for PEER1 is 192.168.1.1/32 and the 

loopback0 for PEER 2 is 192.168.2.1/32 

C. The serial 0 for PEER 1 is 192.168.3.5/30 and the serial 

0 for PEER 2 is 192.168.3.10/30. 

 

SERVICE  PROVIDER ADDRESING 

A. The devices in the service provider addressing are 

ATLANTA, CORE, RALEIGH. 

B. The loopback0 for the ATLANTA is 204.134.83.1/32, 

CORE  is 204.134.83.2/32, RALEIGH is 

204.134.83.3/32. 

C. The Serial0/0 for the ATLANTA is 204.134.83.5/30, 

CORE is 204.134.83.9/30, RALEIGH is N/A. 

D. The Serial0/1 for the ATLANTA is192.168.3.6/30, 

CORE is 204.134.83.6/30, RALEIGH is 

192.168.3.9/30. 

E. The Serial0/3 for the ATLANTA is N/A, CORE is N/A, 

RALEIGH is 204.134.83.10/30. 

 

Fig.2 Routers are in the on position 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Running mode of the PEER 1 

 

 
 

Fig4. Running Interface of PEER 1 
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Fig5. Running mode of ANTLATA 

 

 
 

Fig6. Running mode of CORE ROUTER(IP CEF) 

 

 
 

 

 

 

 

 

 

 

 

Fig7. Running mode of CORE ROUTER 

 

 
 

Fig8. Running mode ALEIGH 
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Fig.9 MPLS run on ANTLATA COUNTRY 

 

 
 

Fig10. MPLS run on CORE ISP 

 

 
 

 

 

 

 

 

 

Fig11. LABEL BINDINGS ON ANTLANTA 

 

 
 

Fig12. LABEL BINDINGS ON CORE ISP 
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Fig13. END TO END DELIVERY, BGP, LDP 

 

 
 

Fig14.  ANTLATA FORWARDING TABLE 

 

 
 

 

 

 

 

 

 

 

 

Fig15.  ANTLATA FORWARDING TABLE TAGS 

 

 
 

 

Fig16.  TRACEOUT 
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Fig18. End to End Delivery of MPLS 

 

 
 

V. CONCLUSION AND FUTURE 

        The conclusion of this paper is that in which we do the label 

switching. This label switching technology is used to improve the 

performance of network layer routing. In this scenario basically a 

main role of three things that is customer edge, provider edge, 

core isp.  The provider edge performs the label imposition to the 

packets and send the labeled packet to its way. In which each 

LSR in the LSP doesn’t examine  the layer  3 portion  of the 

packet only label examine the layer 3 portion of the packet. In 

which we do the end to end delivery by externally using BGP 

protocol and internally using RIP protocol and the future of this 

paper is that we can improve the performance by reducing the 

number of labels.  

 

REFERENCES 

[1] Frank Gonzales, Chia-Hwa Chang, Liang-Wu Chen, Chih-Kuang Lin.  
fjgonzo@hotmail.com, chiahwa@colorado.edu, 
Liang.Chen@Colorado.EDU  , Chih.Lin@Colorado.EDU. Using 
Multiprotocol Label Switching (MPLS) to Improve IP Network Traffic 
Engineering, 2000. 

[2] Jialei Wu, Yuanping Zhang, etc. A Layered MPLS Network Architecture, 
2010 IEEE. 

[3] Jim CCIE # 2069 Guichard, Ivan CCIE # 1354 Pepelnjak, Cisco Press, 
MPLS and VPN Architectures, October 2000. 

[4] Ixia.  info@ixiacom.com.   MPLS: Conformance and Performance Testing, 
2004. 

[5] Luc De Ghein.Cisco Press, MPLS Fundamentals, 2007. 

[6] http://najcolabs.com/?p=149 

 

AUTHORS 

First Author – Nikita Wadhera, Lovely Professional University, 

Email: Nikita.wadhera@yahoo.com 

 

mailto:chiahwa@colorado.edu
mailto:Liang.Chen@Colorado.EDU
mailto:Chih.Lin@Colorado.EDU
mailto:info@ixiacom.com


International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      321 

ISSN 2250-3153  

www.ijsrp.org 

Regression Analysis and Optimization of Material 

Removal Rate on Electric Discharge Machine for EN-19 

alloy steel  

Manish Vishwakarma*
1
, Vishal Parashar*, V.K.Khare* 

*Mechanical Engineering Department, M.A.N.I.T, Bhopal-51 (India) 
1Corresponding author: manishvishwa1808@gmail.com 

 
 

      Abstract: In this paper illustration of the influence of input 

machining parameters on the material removal rate are 

determined along with performance measurement analysis. 

Experimentation was conducted on EN-19 alloy steel with 

Tungsten Copper as tool electrode. The data collected during 

experimentation has been used to yield responses in respect of 

material removal rate (MRR). The objective of this paper is to 

study the influence of operating input parameters of copper 

electrode on material removal rate of EN-19 material followed 

by optimization. The effectiveness of EDM process with 

tungsten copper electrode is evaluated in terms of the material 

removal rate. In this work the parameters such peak current, 

voltage gap, pulse on time, duty cycle and flushing pressure were 

selected. Analysis is carried using the response surface method 

and Anova analysis. 

 
   Index Terms- Central Composite Design, Material Removal 

Rate, Regression Analysis 

 

1. INTRODUCTION 
     Electric discharge machining has extensive applications for 

manufacturing dies and tools to produce mouldings, die casting, 

and sheet metal dies etc[1][2].Implementation of EDM process 

will awaken manufacturing engineers, product designers, tool 

engineer and metallurgical engineers about unique capabilities 

and benefits of this process[3].EDM can be used for machining 

of high precision of all type of conductive material (metals, 

alloys, graphite, ceramics etc.) of any hardness. In EDM process 

[4], material removal from work piece is done by means of a 

series of electrical discharges. This paper presents work on 

machining by EDM for EN-19 alloy steel. Certain parameters in 

EDM process directly influence the process outputs. Setting 

appropriate values for such parameters requires the 

implementation of many machining trials. This leads to time 

consuming and expensive experimental work. Response Surface 

Methodology (RSM) has been used for modelling EDM 

machining of rectangular slot size 15 mm x 20 mm on EN-19 

material using copper electrode tool [5, 6-9]. Response surface 

method is employed to signify relationships between inputs and 

significant outputs based on minimum number of experiments. 

This paper presents a mathematical modelling of EDM 

machining process on EN-19 alloy steel using RSM approach. 

 
 

2. EXPERIMENTAL WORK 

     The material used for this work is EN-19 alloy steel square 

plate of size 100mm x 100mm x 20mm with density 7.85 

g/cm
3
.The specimen is machined on conventional milling at 

depth of cut 0.25 mm to produce a plane surface. Tungsten 

Copper electrodes (99.97% pure, density 13.80 g/cm
3
, 

 rectangular shaped 20mm x 15mm 100mm is used in the 

experiment. The machine used is ENC EDM Microcut make with 

NC control in Z-direction with EDM oil as dielectric medium.  

 

 

3. EXPERIMENTAL PLAN 

     Experiments are planned on the basis of RSM technique used 

in experimental design. The codes are calculated as functions of 

the range of interest of each factor as shown in Table 1. A central 

composite design with five input variables having five levels 

between ±2 coded values and 32 experimental runs were 

performed. Different variables represented by x1, x2, x3, x4, x5 and 

their levels are given in Table 2.The coded numbers for the 

variables used in tables are obtained from the following 

relationship[10] : 

Code Actual Value of variable 

-β xmin 

-1 [(xmax + xmin)/2] – [(xmax – 

xmin)/2α] 

0 [(xmax + xmin)/2 

+1 [(xmax + xmin)/2] + [(xmax – 

xmin)/2α] 

-β xmax 

             Table 1: Relationship between 

coded & actual values of variables [10]  
 

     The numbers of test required are chosen with the standard 2
k 

full factorial central composite design. CCRd provides as much 

as information as a five level factorial, requires many fewer tests 

and has been shown to be sufficient to describe the majority of 

process responses [11, 12, 13].Each experiment is performed 

using copper electrode, with a particular set of input parameters 

chosen randomly from the planned set of experiments. The 

polarity of the electrode is set as negative. The depth of 

machining is set at 2mm for all sets of experiments.  

 

Factor 
Level 

-2 -1 0 1 2 

x1 10 30 50 70 90 

x2 6 9 12 15 18 

x3 3 4 5 6 7 
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x4 5 15 25 35 45 

x5 0.1 0.2 0.3 0.4 0.5 

 

Table 2: Coded levels 

 

4. ANOVA and REGRESSION ANALYSIS 

 

According to the experimental plan a total of 12 experiments are 

conducted, each having the combination of various values of 

process variables X1, X2 and X3. Each of the responses is fitted 

into a linear equation represented by: 

 

Y (MRR) = β0 +β1x1 + β2x2 + β3x3 + β4x4 + β5x5---------------------- 

(1) 

 

Where, Y is the response and x1, x2, x3, x4, x5 are coded levels of 

the variables. The coefficients β0, β1, β2, β3, β4, β5 can be 

calculated by solving the following equation: 

 

β = (x
T
x)

-1 
x

T
Y-------------------- (2) 

 

where, β is the matrix of parameter estimates, x is the matrix of 

independent variables, x
T
 is the transpose of X matrix and Y is the 

matrix of measured responses. Table 3 gives the design matrix 

and the responses. Analysis of variance (ANOVA) is performed 

to test the adequacy of the proposed models. The variance ratio 

denoted by F in ANOVA tables, is the ratio of the mean square 

due to a factor and the error means square. In this robust design F 

ratio can be used for qualitative understanding of the relative 

factor effects.  

A large value of F means that the effect of that factor is large 

compared to the error variance. So the larger value of F, the more 

important that factor is in influencing the response [14]. In this 

work  from Table 4, Anova table shows the most important factor 

is input current with 202.41 F ratio and voltage gap with 

F=18.24. F ratio of other factors is not significant and has 

minimum effect.  

Run x1 x2 x3 x4 x5 MRR 

1 0 0 0 0 0 60.00 

2 -1 -1 1 -1 -1 72.00 

3 -1 1 -1 -1 -1 82.56 

4 -1 -1 -1 -1 1 23.95 

5 0 0 0 0 0 54.54 

6 0 0 0 -2 0 75.00 

7 1 1 -1 1 -1 120.00 

8 1 -1 -1 1 1 46.15 

9 -1 -1 1 1 1 48.98 

10 1 1 1 -1 -1 79.00 

11 2 0 0 0 0 65.00 

12 0 0 0 2 0 78.00 

13 0 0 2 0 0 55.00 

14 0 0 0 0 0 98.00 

15 0 0 0 0 -2 89.00 

16 -1 1 1 -1 1 92.00 

17 -1 1 1 1 -1 100.00 

18 -1 1 -1 1 1 75.00 

19 0 0 0 0 2 55.78 

20 0 0 0 0 0 60.00 

21 1 1 1 1 1 72.00 

22 -2 0 0 0 0 87.00 

23 1 -1 -1 -1 -1 102.56 

24 1 -1 1 1 -1 120.00 

25 0 -2 0 0 0 78.00 

26 -1 -1 -1 1 -1 84.00 

27 1 1 -1 -1 1 118.89 

28 0 0 0 0 0 98.97 

29 1 -1 1 -1 1 40.00 

30 0 0 0 0 0 125.00 

31 0 2 0 0 0 63.00 

32 0 0 -2 0 0 86.00 

 

Table 3. Design matrix and Response 

 
Source  DF   Seq SS   Adj SS   Adj MS       F      

P 

Ton      1     13.8     13.8     13.8    0.18  

0.673 

Vgap     1   1386.7   1386.7   1386.7   18.24  

0.000 

DC       1      2.1      2.1      2.1    0.03  

0.870 

Ip       1  15383.9  15383.9  15383.9  202.41  

0.000 

Fp       1     17.4     17.4     17.4    0.23  

0.636 

Error   26   1976.1   1976.1     76.0 

Total   31  18780.1 

 

Table 4. Anova of MRR 

 

Empirical models are fitted for the stated responses material 

removal rate. Analysis of variance is carried out on all the fitted 

models for a confidence level of 95%. The fitted model of 

material removal rate is given by Eq. (3) and its analysis of 

variance is in Table 4.  

 

Y (MRR) = - 14.6 - 0.0379 Ton + 2.53 Vgap - 0.29 DC + 2.53 Ip 

+ 8.5 Fp ---------------- (3) 

 

From Equation 3, the factors gap voltage, input current, duty 

cycle, pulse on time have an additive effect on the material 

removal rate where as flushing pressure has minimum impact on 

MRR. Analysis of the residuals of the model shown in Equation 

3 is performed to test assumptions of normality, independence 

and constant variance figure 1 of residuals. The quantitative test 

methods mentioned earlier are employed again, and none of the 

assumptions are violated. 
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Figure 1. Residual plots for MRR 

 

Regression analysis is carried out to ensure a least squared fitting 

to error surface in Minitab 15 environment. Regression analysis 

has been performed to find out the relationship between input 

factors and MRR. During regression analysis it is assumed that 

the factors and the response are linearly related to each other. 

The general first order model is proposed to predict the surface 

roughness over the experimental region can be expressed as 

Equation 1. 

In general, the R
2
 adj statistic will not always increase as 

variables are added to the model. In fact, if unnecessary terms are 

added, the value of R
2
 adj will often decrease. When R

2
 and R

2
 

adj differ dramatically, there is a good chance that no significant 

terms have been included in the model [15].  

For this experiment the R
2 

value indicates that the 

predictors explain 83.44% of the response variation. Adjusted R
2
 

for the number of predictors in the model 87.45% values shows 

that the data are fitted well. The prediction model was then 

validated with another set of data. Table 6 shows verification of 

the tests results for surface roughness. The predicted machining 

parameters performance is compared with the actual machining 

performance and a good agreement is observed between this 

performances. In Table 6 process factors are given in terms of 

natural factors and their corresponding coded factors. In order to 

assess the accuracy of the prediction model, percentage error and 

average percentage error were recorded. Percentage of prediction 

errors is shown in the last column of Table 5. The maximum 

prediction error was 11.62 % and the average percentage error of 

this method validation was about 7.29%. As a result, the 

prediction accuracy of the model appeared satisfactory. 

 The verification of the tests results for material removal 

rate is shown in Table 5. The predicted machining parameters 

performance is compared with the actual machining performance 

and a good agreement is observed between these performances. 

In Table 5 process factors are given in terms of natural factors 

and their corresponding coded factors. In order to assess the 

accuracy of the prediction model, percentage error and average 

percentage error were recorded. Percentage of prediction errors is 

shown in the last column of Table 5. The maximum prediction 

error was 17.38 % and the average percentage error of this 

method validation was about 6.87%. As a result, the prediction 

accuracy of the model appeared satisfactory. 

 

Run x1 x2 x3 x4 x5 Predicted Exp Error 

MRR MRR (%) 

1 30 15 4 15 0.2 60.70 60.00 1.66 

2 50 12 5 25 0.5 79.92 72.00 11 

5 70 15 4 15 0.4 60.88 54.54 11.62 

9 30 9 6 15 0.2 44.94 48.98 8.2 

12 50 12 5 25 0.3 78.22 78.00 0.28 

17 30 15 6 35 0.2 110.72 100.00 10.72 

21 10 12 5 25 0.3 79.73 72.00 10.73 

25 50 12 5 25 0.3 78.22 78.00 0.28 

29 70 9 4 15 0.2 44.01 40.00 10.02 

32 50 12 3 25 0.3 78.79 86.00 8.38 

 

Table 5. Error Prediction 

 

Factor 
Level 

-2 -1 0 1 2 

x1 10 30 50 70 90 

x2 6 9 12 15 18 

x3 3 4 5 6 7 

x4 5 15 25 35 45 

x5 0.1 0.2 0.3 0.4 0.5 

 

Table 2. Coded levels 
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Figure 2. Surface Plot for MRR Vs Ton & Ip 

15
30

60

10

90

0

120

25
50 5

75

MRR

Vgap

Ton

Surface Plot of MRR vs Vgap, Ton

 
Figure 3. Surface Plot for MRR Vs Ton & Vgap 
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Figure 4. Surface Plot for MRR Vs Vgap & Ip 

Figure 2 shows that material removal rate increases with the 

increase in input current and is low at high Ton. Though, there is 

low MRR at the low Ip which gives linear relation but there after 

it is increased with rise in current. Figure 3 show similar 

relationships between MRR versus Ton and Vgap in which it 

shows that there at high peaks of Vgap high MRR is achieved. The 

influence of Fp is minimum on material removal rate. And figure 

4 show the relation between Ip and Vgap. In this graph the high 

peaks show that the there is increase in MRR with increase in Ip 

and Vgap. 

 

5. OPTIMIZATION OF MATERIAL REMOVAL RATE 

 

The designed experiments involve determination of optimal 

conditions that will produce the "best" or “optimum” value for 

the response (MRR). Depending on the design type (factorial, 

response surface, or mixture), the controllable operating 

conditions may include one or more of the following design 

variables: factors, components, process variables, or amount 

variables. Optimal settings of the design variables for one 

response may be far from optimal or even physically impossible 

for another response. Response optimization is a method that 

allows for compromise among the various responses. The 

optimization is carried by obtaining the individual desirability (d) 

for each response combining the individual desirability to obtain 

the combined or composite desirability (D) thereby maximizing 

or minimizing the composite desirability and identifying 

the optimal input variable settings. Here in case of surface 

roughness optimization, it single response optimization where the 

overall desirability is equal to the individual desirability. 

 

5.1  INDIVIDUAL DESIRABILITY 

 

As in this case of MRR we need to optimize single response, so 

here individual desirability (d) for material removal rate is 

obtained using the goals and boundaries for MRR that is  given 

in Minitab session window. There are three optimization goals 

desired as follows: 

 

 minimize the response (smaller is better) 

 target the response (target is best) 

 maximize the response (larger is better) 
 

For material removal rate (MRR) it is desirable to obtain 

maximum value for better surface finish of material. As response 

MRR is desired to be maximizing for which determination of 

target value and an allowable maximum response value is 

provided to response optimizer. The desirability (d=1) is one for 

MRR response below the target value: above the maximum 

acceptable value the desirability (d=0) is zero.  

 

In the below Table 6, y is the response value, T and L are the 

target and lower boundaries (i.e. minimum and maximum 

acceptable values for the response), respectively, and T is the 

target. For the MRR(y) to maximize by: 

 

fi(y)  = 

 

0 Y< L 

y-L/ T-L L ≤ y ≤ T 

1 Y > T 

 

Table 6.  Maximization of response by individual 

desirability[29] 

 
5.2 RESPONSE OPTIMIZATION 

      
Parameters 

   

Goal           Lower  Target  Upper  Weight  

Import 

MRR  Maximum     50      80     80     0.1       

1 

 

Table 7. MRR Range 

 

Starting Point :  Ton = 50; Vgap = 12; DC = 5; Ip = 25; Fp = 

0.3 

 

Ton     =   10 

Vgap  =    18 

DC    =    3 

Ip       =    45 

Fp      =     0.5 

 

Table 8.Global Solution 
 

Predicted Responses as shown in Minitab 

session window. 

 

MRR   =   147.941  ,   desirability =   

1.000000 

 

Composite Desirability = 1.000000 
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Figure 5.Optimization Plot 

 

Each response in the research work are expressed separately as 

linear and non linear functions of input variables such as Ip, Ton, 

Vgap, DC, Fp. Now, aim is to maximize the response MRR and 

simultaneously maintain other responses in EDM process. As 

shown in table 8 global solution of input parameters is obtained 

by response optimizer by maximization desirability function. To 

determine global solution of input variables in order to satisfy the 

above criteria of MRR maximization, it had been solved by 

Response optimizer desirability maximization function in 

Minitab 15 environment. 

The individual desirability for MRR material removal rate is 1. 

To obtain this desirability, the optimum values factor levels can 

be set as shown under Global Solution in the Minitab Session 

window in table 8. That is, Ip= 45, Ton=10, Vgap=18, DC=3, Fp= 

0.5.The optimum predicted value for MRR = 147.941 obtained 

for 100 % desirability. 

 

6. RESULT AND DISCUSSION 

 

Results show that input current, voltage gap are 

significant factors for MRR and flushing pressure, duty cycle and 

pulse on time have minimum effect on the material removal rate 

of  EN-19 alloy steel material. Finally, a mathematical model 

was developed using multiple regression method to formulate the 

input current, gap voltage, pulse on time, and flushing pressure to 

the MRR. The developed model showed high prediction 

accuracy within the experimental region. 

 

7. CONCLUSIONS 

 

From this analysis we can conclude that the most 

significant EDM process variable influencing all the stated 

machinability parameters of EN-19 alloy steel is pulse current. 

The significance order of other parameters is gap voltage 

followed by pulse on time and gap voltage. These models can be 

effectively utilized by the process planners to select the level of 

parameters to meet any specific EDM machining requirement 

EN-19 alloy steel within the range of experimentation.  
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    Abstract- The purpose of this study is to study the impact of 

macroeconomic factors on return of energy sector in Shanghai 

stock market (SEE), which are inflation rate, money supply 

(M2), exchange rate, industrial production, bond, exports, 

imports, foreign reserve and unemployment rate. The secondary 

data, collected from People’s Bank of China and the National 

Bureau of Statistics of China, were for the period beginning 

January 2005 to December 2011 with no any missing monthly 

observations. The samples are selected from Shanghai Stock 

Exchange (SEE) to present the energy industry. The findings 

reveal that exchange rate, exports, foreign reserve and 

unemployment rate have effects on the stock return of energy 

sector in Shanghai stock market.  
 

 

  Index Terms- Arbitrage Pricing Theory (APT), Macroeconomic 

Factor, Shanghai Stock Exchange, Energy Sector 

 

I. INTRODUCTION 

T he arbitrage pricing theory (APT) has been applied to test 

the impact of macroeconomic forces on stock return worldwide. 

Initially, the APT was applied by Ross (1976, 1977) to explain 

stock return in U.S market through the examination of seven 

macroeconomic variables which were terms structure, industrial 

production, risk premium, inflation, market return, consumption 

and oil price (Chen, Roll and Ross, 1986). The findings revealed 

the significant association between the macroeconomic variables 

and stock return especially in terms of industrial production, 

changes in risk premium, and twist in the yield curve. Hence, 

APT has been applied to test the expected return of investment 

and the impact of macroeconomic factors on the investment.  

 

The purpose of this study is to investigate the performance of 

APT in Shanghai Stock Exchange (SEE) and to discover the 

association between a set of macroeconomic variables and stock 

return. In the study, nine macroeconomic factors are tested which 

are inflation, money supply (M2), exchange rate, industrial 

production, bond, export, import, foreign reserve and 

unemployment rate to price the stocks o SEE. 10 companies from 

energy sector in SEE were selected from January 2005 to 

December 2011 on monthly base.  

 

The study consists of six sections. The first section briefly 

presents the background of the study. The section two discusses 

literature review and the findings from previous studies. Section 

three provides data sources. Section four explains the research 

methodology. Section five provides the research finding, and 

section six concludes.  

 

II.  LITERATURE REVIEW 

 

The Arbitrage Pricing Theory (APT) was initiated by Ross 

(1976) which is an alternative to the Capital Asset Pricing Model 

(CAPM). APT is a one-period model that explains the 

consistency of the stochastic properties of returns of capital 

assets with a variable structure (Ross, 1976; Huberman and 

Wang, 2005). According to Ross, the returns of an asset can be 

predicted through the association between the asset and other risk 

factors. The relationship between the return of a portfolio and the 

return of an asset is predictable. Based on the APT, a linear 

relation between expected returns of investments and their 

covariance with other random factor was defined (In the CAPM, 

the covariance is with the market portfolio’s return.) The 

covariance is identified as a measurement of risk that investors 

cannot avoid by diversification. The slope coefficient in the 

linear relation between the expected returns and the covariance is 

defined as a risk premium (Huberman and Wang, 2005). 

 

The Arbitrage Pricing Theory (APT) has been applied by various 

scholars to analyze the association between stock return and 

macroeconomic variables. GÜnsel and Çukur (2007) applied 

APT to study the impact of macroeconomic variables on stock 

return in the U.K. The seven macroeconomic variables were 

investigated that were the term structure of interest rate, risk 

premium, exchange rate, money supply and inflation, and the 

data were collected from 1980 to 1993 in a monthly base. 

Durbin-Waltson (D-W) was applied to test the serial correlation 

of residuals, and the results showed that there was no evidence 

for serial correlation. Moreover, regression results revealed 

differences among industry portfolios. Özcam (1997) studied the 

impact of seven macroeconomic variables on asset return in 

Istanbul Stock Exchange (ISE) by applying APT, in which a 

regression model with two step testing methodology was 

implemented. The findings revealed that there was a significant 

relationship between beta coefficients of expected 

macroeconomic variables and asset return. Clare and Thomas 

(1994) studied the impact of 18 macroeconomic variables on 

stock returns in the U.K. The findings revealed that oil price, 

retail price index, bank lending and corporate default risk had 

significant influence on stock returns. Hamao (1988) applied 

APT in Japanese stock market, and the stock return was 
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significantly affected by macroeconomic variables that were 

inflation, risk premium and interest rate. Wongbangpo and 

Sharma (2002) investigated the association between 

macroeconomic variables and stock return in five South East 

Asian countries that are Indonesia, Malaysia, Philippines, 

Singapore and Thailand. A summary of macroeconomic factor 

applied APT test by scholars is indicated in Table 1 as below: 

 

Table 1. Macroeconomic variables used in previous APT test 

 
Exchange 

Rate 

Özcam (1997); Türsoy, Günsel and Rjoub (2008); Ibrahim 

and Aziz (2003); Priestley (1996); Brown and Otsuki 

(1990); Wongbangpo and Sharma (2002); Ramadan 
(2012); GÜnsel and Çukur (2007) 

Industry 

Production 

Chan, Roll and Ross (1996); Chen and Jordan (1993); 

Özcam (1997); Roselee and Fung (2009); Humple and 

Macmillan (2007) 

Inflation Türsoy, Günsel and Rjoub (2008); Roselee and Fung 

(2009); Humple and Macmillan (2007); Wongbangpo and 

Sharma (2002); Altay (2003); Kandir (2008); Chen and 
Jordan (1993); GÜnsel and Çukur (2007) 

Bond Chan, Roll and Ross (1996); Gultekin and Rogalski 

(1984) 

Money 
supply (M2) 

Türsoy, Günsel and Rjoub (2008); Humple and 
Macmillan (2007); Ibrahim and Aziz (2003); Priestley 

(1996); Brown and Otsuki (1990); Wongbangpo and 

Sharma (2002); Altay (2003); Kandir (2008); GÜnsel and 
Çukur (2007) 

Export Türsoy, Günsel and Rjoub (2008); Beenstock and Chan 

(1988);  

Import Türsoy, Günsel and Rjoub (2008); Altay (2003); Kandir 
(2008) 

Foreign 

reserve 

Türsoy, Günsel and Rjoub (2008); 

Unemployme
nt rate 

Türsoy, Günsel and Rjoub (2008); Clare and Thomas 
(1994); Teschner, Stathel and Weihardt (2011) 

 

III. DATA SOURCE 

 

The sample in this study contains firms accessible from energy 

sector in Shanghai Stock Exchange (SSE) for the period 

beginning January 2005 to December 2011 with no any missing 

monthly observations. For the macroeconomic variables, the 

research obtains the data from the People’s Bank of China and 

the National Bureau of Statistics of China. Ten firms from 

energy sector were chosen to represent the whole industry in 

SEE, and nine macroeconomic factors were selected to study 

about their impact on stock return of energy sector. The 

measurements of selected macroeconomic factors are listed in 

Table 2: 

 

Table 2. Macroeconomic Factors 

 
Symbol Factors Measurement 

F1 Inflation Log(INF) – Log(INF (-1)) 

F2 Money Supply (M2) Log(MS) – Log(MS(-1)) 

F3 Exchange Rate Log(USD) –Log(USD(-1)) 

F4 Industrial Production Log(ID) – Log(ID(-1)) 

F5 Bond Log(BOND) – Log(BOND(-1)) 

F6 Export Log(EXPORT) – Log(EXPORT(-1)) 

F7 Import Log(IMPORT) – Log(IMPORT(-1)) 

F8 Foreign Reserve Log(FR) – Log(FR(-1)) 

F9 Unemployment Rate Log(UNEMP) – Log(UNEMP(-1)) 

 

 

 

 

IV. METHODOLOGY 

 

There are two sessions in this study. The first session is to apply 

ADF (augmented Dickey-Fuller) model (Dickey & Fuller, 1979) 

in order to test a unit autoregressive root in this study. The 

second session is to apply APT model which aims to investigate 

stock return of energy sector in Shanghai stock market through 

the examination of seven macroeconomic variables which are 

inflation, the exchange rate, the unemployment rate, money 

supply, imports, exports, foreign reserve, bond and the industrial 

production. 

 

Unit Root Test According to Dickey and Fuller(1979), ADF 

(augmented Dickey-Fuller) that is used to test a unit 

autoregressive root studies the null hypothesis H0 : δ =0, which is 

in opposition to the alternative H1 : δ<0 in terms of regression: 

∆Yt = β0 +δ Yt-1 + γ1∆Yt-1 +γ2∆Yt-2 +……. + γp∆Yt-p + ut 

From null hypothesis aspect, Yt presents a stochastic movement, 

but from alternative hypothesis aspect, Yt becomes stationary. 

Then ADF statistics is to test δ =0 through OLS t-statistic.  

 

However, from alternative hypothesis aspect, if Yt is stationary 

which seems to be a deterministic linear time tendency, then this 

phenomenon (t means the number of the observation) should be 

attached to be an extra regressor, under which the Dickey-Fuller 

regression is developed to be: 

∆Yt = β0 +αt +δ Yt-1 + γ1∆Yt-1 +γ2∆Yt-2 +……. + γp∆Yt-p + ut 

Where, α is unknown coefficient, and ADF statistic is the OLS t-

statistic testing δ =0 

 

The APT Model . The following model is applied for this study 

to test the stock return: 

=bi0 + bi1F1i + bi2F2i + bi3F3i + bi4F4i + bi5F5i + bi6F6i + bi7F7i + 

bi8F8i + bi9F9i + i 

Where Ri is actual return on portfolio I, bi is the reaction 

coefficient that evaluates the change in portfolio return in risk 

factors, and Fi represents the macroeconomic variables. There are 

9 macroeconomic factors that are applied in this study as follow: 

F1: The inflation rate  

F2: The money supply (M2) 

F3: The exchange rate 

F4: The industrial production 

F5: Bond 

F6: Exports 

F7: Imports 

F8: Foreign reserve 

F9: The unemployment rate 

 

V. DATA ANALYSIS 

 

In this session, the results of unit root test, correlation matrix and 

estimate equation will be provided as below:  

 

5.1 Stationary analysis (Unit root tests) 

The following two tables illustrate the results of before and after 

running ADF. Table 3 shoes the results of eight macroeconomic 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      328 

ISSN 2250-3153  

www.ijsrp.org 

variables are non-stationary except unemployment rate. In order 

to apply regression, the research needs to modify the date by 

using 1
st
 difference to make the data stationary. Table 4 shows 

that the results are adjusted to be stationary, by which the 

regression test can be used for the further demonstration.  

 

Table 3. Augmented Dickey-Fuller Test Results (Before changed 

data) 

 
Macroeconomic 
Factors 

Augmented 
Dickey-Fuller test 

statistic 

Critical Value at 
1%of significant 

level 

Stationary 

Inflation -2.827378 -3.514426 No 

Money Supply 3.955960 -3.511262 No 

Exchange Rate -1.704890 -3.511262 No 

Industrial Production -4.046746 -3.511262 Yes 

Bond -1.784254 -3.512290 No 

Export -1.682768 -3.512290 No 

Import -0.319938 -3.513344 No 

Foreign Reserve 1.092471 -3.511262 No 

Unemployment Rate -2.115220 -3.511262 Yes 

 

Table 4. Augmented Dickey-Fuller Test Results (After changed 

by using Log difference) 
Macroeconomic  
Factors 

Augmented 
Dickey-Fuller test 

statistic 

Critical Value at 
1%of significant 

level 

Stationary  

Inflation -4.040812 -3.525618 Yes 

Money Supply -8.848371 -3.512290 Yes 

Exchange Rate -9.060260 -3.512290 Yes 

Industrial Production -9.518754 -3.513344 Yes 

Bond -6.619521 -3.512290 Yes 

Export -10.70510 -3.513344 Yes 

Import -10.31210 -2.897678 Yes 

Foreign Reserve -12.54991 -3.514426 Yes 

Unemployment Rate -7.955958 -3.512290 Yes 

 

 

5.2. Correlation Matrix 
Table 5. Correlation Matrix 

X_INFLATIONX_RET_MONEYSUPPLYX_RET_EXCHANGERATEX_INDUSTRIALPRODUCTIONX_RET_BONDX_RET_EXPORTSX_RET_IMPORTSX_RET_FOREIGNRESERVEX_RET_UNEMPLOYEMENTRATE

X_INFLATION 1 -0.04048 -0.09631 0.091021 -0.05139 0.058494 0.061303 0.252283 -0.1304

X_RET_MONEYSUPPLY-0.04048 1 0.02971 -0.09605 -0.10907 -0.19685 -0.19195 -0.13647 0.21951

X_RET_EXCHANGERATE-0.09631 0.02971 1 -0.00611 0.276553 -0.00904 -0.00958 0.115965 0.005199

X_INDUSTRIALPRODUCTION0.091021 -0.09605 -0.00611 1 0.052464 0.004376 0.10992 0.022418 0.116986

X_RET_BOND-0.05139 -0.10907 0.276553 0.052464 1 -0.00507 -0.01443 0.070629 0.045519

X_RET_EXPORTS0.058494 -0.19685 -0.00904 0.004376 -0.00507 1 0.27244 0.014768 -0.17648

X_RET_IMPORTS0.061303 -0.19195 -0.00958 0.10992 -0.01443 0.27244 1 0.135938 -0.09929

X_RET_FOREIGNRESERVE0.252283 -0.13647 0.115965 0.022418 0.070629 0.014768 0.135938 1 -0.2058

X_RET_UNEMPLOYEMENTRATE-0.1304 0.21951 0.005199 0.116986 0.045519 -0.17648 -0.09929 -0.2058 1  
As indicated in Table 5, all the correlation coefficient values of 

macroeconomic factors are less than 0.79, which means that 

there is no problem of Multicollinearity in this study.  

 

5.3. Regression Result 

Table 6 and Table 7 summarize the findings of the null 

hypothesis in this study. The regression model is tested by 

applying ordinary least squares from the period of January 2005 

to December 2011 for all macroeconomic variables. As indicated 

in Table 7 above, there are 4 hypotheses that reject null 

hypothesis at 1%, 5% and 10% significance level at 12 months 

lagged. It means that, exchange rate, exports, foreign reserve and 

unemployment rate have effects on the stock return of energy 

sector in Shanghai stock market.  

 

Table 6. Result of Estimate Equation 

Dependent Variable: ENERGY   

Method: Least Squares   

Date: 08/13/12   Time: 20:53   

Sample (adjusted): 2005M02 2011M12  

Included observations: 83 after adjustments  

Newey-West HAC Standard Errors & Covariance (lag truncation=3) 

     
     
Variable Coefficient Std. Error t-Statistic Prob.   

     
     
C -0.055093 0.024189 -2.277627 0.0257 

X_INFLATION 0.985024 1.783360 0.552342 0.5824 

X_RET_MONEYSU

PPLY 0.820614 1.089509 0.753196 0.4538 

X_RET_EXCHANG

ERATE 0.060502 0.008714 6.942830 0.0000 

X_INDUSTRIALPR

ODUCTION 0.043846 0.050286 0.871926 0.3861 

X_RET_BOND 0.026543 0.163792 0.162053 0.8717 

X_RET_EXPORTS -0.032617 0.009481 -3.440235 0.0010 

X_RET_IMPORTS 0.043028 0.089835 0.478961 0.6334 

X_RET_FOREIGNR

ESERVE 2.142004 0.847217 2.528283 0.0136 

X_RET_UNEMPLO

YEMENTRATE 1.293627 0.671917 1.925278 0.0581 

     
     
R-squared 0.212962     Mean dependent var 0.002365 

Adjusted R-squared 0.115930     S.D. dependent var 0.112801 

S.E. of regression 0.106061     Akaikeinfo criterion -1.537026 

Sum squared resid 0.821169     Schwarz criterion -1.245600 

Log likelihood 73.78659     F-statistic 2.194760 

Durbin-Watson stat 2.330537     Prob(F-statistic) 0.031919 
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Table 7: Summery of Hypothesis Test 

 
Null Hypothesis Statement Significant level Result 

H1o: Inflation does not have effect on 

stock return energy sector in SEE stock 
return  

 

0.5824 

 

Fail to reject 
Ho 

H2o: Money Supply (M2) does not 

have effect on  
stock return of energy sector in SEE 0.4538 

 

Fail to reject 
Ho 

H3o: Exchange rate does not have 

effect on stock return of energy sector 

in SEE 

 

0.0000*** 

 

Reject Ho 

H4o: Industrial production does not 

have effect on 

 stock return of energy sector in SEE 

 

0.3861 

 

Fail to reject 

Ho 

H5o: Bond does not have effect on 
stock return of energy sector in SEE 

0.8717 Fail to reject 
Ho 

H6o: Exports does not have effect on 

stock return of energy sector in SEE 

0.0010** Reject Ho 

H7o: Imports does not have effect on 
stock return of energy sector in SEE 

0.6334 Fail to reject 
Ho 

H8o: Foreign reserve does not have 

effect on stock return of energy sector 
in SEE 

0.0136** Reject Ho 

H9o: Unemployment rate does not have 

effect on stock return of energy sector 
in SEE 

0.0581* Reject Ho 

Note: *** P< .001, ** P<.005, * P<.1 

 

VI. CONCLUSIONS AND DISCUSSIONS 

 

The research findings from Hypothesis 3, Hypothesis 6, 

Hypothesis 8 and Hypothesis 9 proved that exchange rate, 

exports, foreign reserve and unemployment rate have impact on 

return of energy sector in SEE.  

 

Hypothesis 3 indicates that exchange rate affects stock return of 

energy sector at 1% significant level. The coefficient value 

(0.060502) shows that CNY/USD exchange rate has positive 

relationship with stock return of energy sector in SEE. The stock 

return of energy sector increases 0.060502 points as Chinese 

currency (CNY) is depreciated against US dollar 1 point 

 

Hypothesis 6 indicates that exports rate has impact on stock 

return of energy sector at 5% of significant level. A negative 

coefficient value (-0.032617) implies a negative direction 

between exports and stock return, which means that the stock 

return of energy sector decrease 0.032617 point whenever 

exports increase 1 point.  

 

Hypothesis 8 indicates that foreign reserve has impact on stock 

return of energy sector at 5% of significant level. The coefficient 

value (2.142004) represents a positive relationship between 

foreign reserve and stock return. The stock return of energy 

sector increases 2.142004 points as foreign reserve increase 1 

point. 

 

Hypothesis 9 shows that unemployment rate has impact on stock 

return of energy sector at 10% of significant level. The 

coefficient value (1.293627) represents a positive relationship 

between unemployment rate and stock return. The stock return of 

energy sector increases 1.293627 points as unemployment rate 

increases 1 point. 
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  Abstract- The purpose of this article is to call into question the 

conventional wisdom that employees’ communication 

satisfaction is correlated with their performance indicators. It 

reports to which extent communication satisfaction can 

contribute to performance indicators of Palestinian Public Sector 

employees from Ministries of Education and Health. Hence, the 

Communication Satisfaction Questionnaire (CSQ) Downs and 

Hazen (1977) was used by followers as a main instrument to 

identify their satisfaction with communication through three 

dimensions (informational, relational, informational/relational) 

and performance indicators were measured by the outcomes 

listed in Multifactor Leadership Questionnaire by Bass and 

Avolio (1995) (extra effort, satisfaction, and effectiveness) 

(N1=342). In addition to, task performance scale developed by 

Williams and Anderson (1991) was used by supervisors to 

highlight their subordinates actual performance (N2=342). The 

samples consists of 342 dyads include (1:1) supervisor and 

his/her immediate follower. The study found that 

informational/relational dimension had the highest impact on all 

subordinates’ performance indicators. Relational dimension was 

found to be positively correlated to all dimensions except 

satisfaction with supervisor. While, informational dimension was 

negatively; and significantly correlated with; effectiveness and 

extra effort. The study reported insignificant relationship 

between informational dimension and task performance, and 

between informational and relational dimensions; and 

satisfaction with supervisor. This research was limited to 

ministries of education and health in Gaza Strip. The study 

excluded supervisors and subordinates of West Bank residences. 

The sample was limited to 342 dyads of supervisors and their 

immediate followers. Findings could be generated on service 

ministries sector only and exclude the mastery and productive 

ministries. The field of communication satisfaction has been 

never investigated in Palestinian context. This study might 

contribute by enhancing the understanding of communication 

satisfaction in Palestinian ministries. Practitioners in Palestine 

could be provided with the basic information about variables 

investigated in the present study. Finally, findings of this study 

might be used as a guideline for planners and officials of these 

organizations in order to consider attitudes such as 

communication satisfaction when they call for reformation and 

development. 

 

Index Terms- Communication satisfaction, Performance 

indicators, Palestine. 

I. INTRODUCTION 

he Palestinian National Authority (PNA) that has been 

established due to Oslo Accord in 1993[1] is the first 

national legitimate entity after the Israeli occupation of total 

Palestine in 1967. The PNA consist of two areas unattached 

geographically that are; West Bank located in east of Palestine 

and Gaza Strip in southwestern of Palestine where, it is difficult 

if not impossible to commute between these two areas, and thus, 

the focus of the present study is on Gaza Strip. The PNA to 

manage public services, it formed 23 ministries classified into 

three categories; (a) productive, including 6 ministries, service, 

including 14 ministries, and mastery including 3 ministries. The 

largest two ministries among the three categories are ministries 

of education and health. Such ministries are considered as a 

foundation of the rest of ministries. Further, the PNA as a new 

experience has inherited semi-hierarchies units have been 

managed by Israeli Civil Administration (ICA). Such units 

specifically in education and health sectors; and as being under 

occupation government, have limited and insufficient 

information flow [2]. Further, relations between Israeli and 

Palestinian employees were mostly formal-oriented due to 

security reasons, and thus, Palestinian employees in addition of 

being under stress working under occupation government, they 

have worked in a harsh situation between hope and despair with 

scant information. No doubt that, such situation has been 

somehow changed later, but the first Palestinian supervisors that 

dealt with public organizations after 1993 were mostly formed 

from “the returnee”; those returnee were working at or 

supporting the Palestinian Liberation Organizations PLO and had 

return to Palestine after years of exile [2]. Indeed, most of 

supervisors were coming from military background and have no 

experience managing public organization [3], and thus, the style 

of communication was somehow a kind of military orders, top-

bottom directed, with limited information, and it was not easy to 

create relations and/or access to top supervisors. Gradually, the 

organizational communication has been developed due to some 

development plans held by Ministry of Planning and 

International Cooperation (1998-2000)[4], but there are no 

scientific evidences and/or reports to show the extent to which 

organizational communication became healthy. Despite, in the 

Palestinian context as a unique community, the importance of 

organizational communication could be obliviously seen during 

the time of permanent crises where, employees approximately 

T 
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cannot do anything when their supervisors are absents or cannot 

keep in touch. Among investigated organizations, the role of 

communication is very essential because such organizations 

provide services along the year and their services are vital for all 

citizens. Moreover, these organizations are well prepared through 

emergency plans to work with full capacity even during crises or 

under threats of Israeli attacks and occupation. Indeed, Gaza 

Strip might face a war at anytime whereas some of its parts may 

be occupied. Some other areas may be under siege or closure. 

Hence, the role of communication becomes more important 

under these emergencies.  

          Another important factor is that some employees may be 

are delegated to work on behalf of their supervisors whenever the 

supervisors cannot reach their workplaces. In other words, such 

employees could have direct contact with top supervisors; they 

may obtain temporary more information about; the organization, 

their jobs, and regulations. Such employees may be saturated 

with information that they usually do not get under normal 

situations. In this case, when the situation becomes stable, 

information provided during emergencies challenges supervisors 

since employees knew confidential information. This challenge – 

to some extent – varies depending on supervisors trust, but the 

real disastrous challenge takes place when, such information is 

leaked to hostile parties. For that, during emergency, work-

related information can be provided smoothly, but organization-

related and strategic information are provided in very limited 

cases depending on the level of trust. 

          No doubt that, when information flows freely among an 

organization, it enhances trust [5, 6] and ensure the participation 

of subordinates in decision-making [7]. Hence, to realize trust 

and ensure decision sharing, the organizational communication 

must be effective [8]. Effective communication furthermore, 

leads to communication satisfaction among members of the 

organization [9]. It further contributes to achieve desirable 

performance indicators. Since the field of communication 

satisfaction was neglected among Palestinian organizations in 

general, and governmental organizations in particular, the present 

study expect to diagnoses an important issue focusing the light 

on an organizational factor that dominantly affect on 

performance indicators. Additionally, since communication 

satisfaction reflects the individual’s degree of satisfaction with 

all the varying aspects of communication within the organization 

[10], thus, it expected to be a holistic tool to investigate overall 

communication. Moreover, communication satisfaction is the 

précis of a person's satisfaction, which could be saturated from 

information flow and diverse relationships [11], and reflects 

positive performance [11-13]. In this regard therefore, employees 

could have high level of satisfaction with communication and 

perform their tasks better.  

          Therefore, the present study investigates three factors of 

communication satisfaction that are; informational, relational, 

and informational/relational. Furthermore, performance 

indicators are investigated at two approaches, the first, focused 

on objective performance indicator or task performance, which 

refers to which extent employees perform their formal tasks 

according to their job descriptions. The second is to measure 

subjective performance indicators that refer to factors that are 

related to task performance but not reflecting essential duties, 

such as, employees’ ability to exert extra effort toward their jobs, 

satisfaction, and to which extent they perceive effectiveness in 

their supervisors. The dual approach of measuring performance 

indicators is a responds to some studies [e. g., 14] indicating that 

communication satisfaction might not correlate with task 

performance itself, but related with other factors which affect 

performance such as satisfaction.  
 

II. LITERATURE REVIEW 

Communication Satisfaction 

          The construct “communication satisfaction” first appeared 

in Dale Level’s (1959) doctoral thesis that investigated 

communication in urban banks [15, 16]. Then the concept was 

developing by authors, for instance, Clampitt and Downs [17] 

presented it in a similar way as cited in Thayer (1968) who 

defined communication satisfaction as “the personal satisfaction 

inherent in successfully communicating to someone or in 

successfully being communicated with” (p. 144). The term 

communication satisfaction refers to the sum of a person's 

satisfaction, which is saturated from relations and information-

flow variables [11]. Thus, it involves all areas of social 

interactions, keeps people together, and helps to perfect 

organizational communication. Similarly, Pavitt [9] stated that 

communication satisfaction results of effective organizational 

communication in organizations and effective communication is 

a major part of supervisors strategy for success [18]. It facilitates 

supervisors to share data and information with subordinates in 

smooth and trust relationship [19]. Likewise, communication 

satisfaction enables supervisors to facilitate strong and mutual 

relationship with subordinates effectively [8]. Generally it builds 

and improves confidence between them [9] as well as strengthens 

trust and stewardship [5, 6]. It is indisputable that all supervisors 

call for effective communication to ensure subordinates 

participation in decision making, by means of providing essential 

information [20]. Moreover, subordinates’ efficiency of decision-

making is improved based on healthy communication. Gray and 

Laidlaw [21] concluded that subordinates’ communication 

satisfaction reinforce understanding of the role of communication 

practices and its relationship to overall satisfaction among other 

important factors. Hence, insufficient communication results in 

lack of sharing meaning between supervisor and subordinate, 

which could have irreversible consequences on task achievement 

[22]. More often than not, management increase information 

flow to its employees in order to boost confidence and reduce 

employee uncertainties and result in employee communication 

satisfaction [23]. Without doubts, effective communication 

enhances and augments understanding the organizational 

apparition [24]. Indeed, effective supervisor needs adequate 

communication in order to disseminate the organizational vision, 

mission and objectives efficiently and effectively [25]. 

Furthermore, Gray and Laidlaw [21] stated that the overall 

organizational performance could be improved when employees 

are adequately informed through effective communication. 

Communication satisfaction is not only the factor that asses 

performance at formal level, but also it increase the employees’ 

ability to perform beyond expectation [26]. Hence, it plays key 

role to increase several positive factors that are related to 

desirable performance indicators [11, 27, 28], such as, 

empowerment [28], organizational identification [29], 
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membership satisfaction [30], employee productivity [31], 

organizational commitment [32-35] satisfaction with work 

relationships [36], and job satisfaction [11, 33, 37, 38]. Similarly, 

some authors such as Hecht [39] earlier proved that in order to 

meet the expectations and objectives in organizations, 

communication satisfaction serves as an important factor in this 

direction. Furthermore, since communication is associated with 

effective supervision [40], then effectiveness is a target for 

involved organization, and thus, satisfaction with communication 

is an indicator of effectiveness [16]. Finally, Downs [41] 

indicated that perceived positive communication relationship 

with the supervisors was the cause of employees’ satisfaction. 

Communication satisfaction further reduces role stress among 

employees [42]. Moreover, it raises superior-subordinate 

attraction as well as, reduces conflict and negative stereotypes 

among individuals [43]. 

          For the purpose of the present study and in accordance to 

previous literature [11] communication satisfaction is presented 

in three factors; informational, relational, and 

informational/relational. The informational factor refers to the 

level of satisfaction with the flow and content of information, 

including media quality, organizational perspective and 

organizational integration. The relational factor describes 

satisfaction with relationships created among organizational 

members through communication, including subordinate 

communication, supervisor communication, and horizontal 

communication. The third factor includes personal feedback and 

communication climate. This dimensionality of communication 

satisfaction was confirmed by factor analysis in the present 

study. 
 

 Performance Indicators 

          Performance is frequently used as one of the most 

important dependent variables in that has impact on 

organizational goals [44-46]. Performance of employees has also 

been identified as a vital work outcome in organizational studies. 

The literature classified performance indicators into objective 

and subjective. In this regard, task performance was presented as 

an objective performance indicator, while the indicators such as 

extra effort, satisfaction, and effectiveness are subjective 

indicators of performance [47, 48]. Therefore, to ensure better 

understanding of performance indicators, all those factors are 

investigated in the present study. Kalbers and Cenker [49] have 

pointed out that task performance of employees is an important 

work outcome. However, Armstrong [50] recommended that to 

measure employee job performance, it has to be defined first. 

Furthermore several empirical studies explained different ways 

of defining the concept of performance, for instance Chi., et al. 

[51] defined it according to research subject. While other authors 

[e. g., 52, 53] defined performance in relation to different 

organizational structures and predetermined organizational goals. 

The term performance refers to extent "successful role 

achievement (behavior) is accomplished" [54]. Further, 

performance has been described as the way employees attain the 

job related duties and actions in an organization [55]. Similarly, 

Ejere [56] stated that performance is the employee 

implementation and rating of the official tasks and actions 

toward achieving organizational goals, which is normally 

determined as high or low performance in relation to the overall 

organizational performance [51]. Hence, performance measures 

are used to view the level of employee contribution to their daily 

assigned jobs as well as the overall organizational goals.  

          Accordingly, on the theory of Borman and Motowidlo 

[52], performance could be classified into task performance and 

contextual performance. Task performance refers to "the 

proficiency and skill in job-specific tasks and differentiates one 

job from another" [57]. Task performance also refers to 

employees' direct contribution to organizational technical core, 

including activities which are considered as part of the job 

description [58]. Moreover, task performance is the behaviors 

which are directly involved in providing services and/or 

producing goods which indirectly support to the organization's 

essential technical process [44]. Therefore, task performance is 

considered as the requirements of employee's role, which should 

be identified by job analysis [59]. Moreover, Werner [60] viewed 

that task performance and in-role performance can be used 

interchangeably. Additionally, contextual performance that also 

refers to subjective performance, was defined as efforts displayed 

by an individual which "are not directly related to their main task 

functions, but are important because they shape the 

organizational, social and psychological context, which serve as 

the contextual performance as the critical catalyst for task 

activities and processes'' [52]. In summary, both types of job 

performance (task and contextual) contribute to organizational 

effectiveness [61]. Accordingly, task performance is a part of 

overall performance which is mainly concerned with physical 

achievement [44]. Lapierre, Bonaccio, and Allen [62] found that 

high level of task performance inspires employees to have skills, 

necessary knowledge, ability and motivation to accomplish the 

expected objectives. Werner [63] further indicated that when task 

performance is high, supervisory rating influences high levels of 

extra effort and helping behaviors. Therefore, a high task 

performance could be considered as a motivator for employees' 

extra effort. In general, task performance is considered as the key 

part of the job description, which is generally assigned by the 

organization and is a essential measure of performance 

evaluation [64]. Kahya [44] and Miron, Erez, and Naveh [65] 

demonstrated that task performance contribute to effectiveness. 

In another study, Ng and Feldman [66] argued that job 

performance include core task behavior factors, citizenship 

behavior factors and counter-productive behavior factors. The 

authors further reported that essential task performance responds 

to basic required tasks of the particular job while authors 

[e. g., 67] further found that the three behavior factors contribute 

to overall performance, but core task performance was given the 

highest weight explaining overall performance.  

          Subjective performance indicators are further known also 

as contextual performance [47, 48] and refereeing to the quality 

of output of supervisors [68]. Those factors are presented as 

decisive factors of effectiveness [69]. As they were used in 

pervious literature, the subjective performance indicators in the 

present study are extra effort, satisfaction with supervisor, and 

effectiveness. According to Avolio and Bass [70] and Snodgrass, 

Douthitt, Ellis, Wade, and Plemons [71], Extra Effort displays to 

which extent employees are devoting to exert effort beyond the 

ordinary, because of the supervisions. In other words, extra effort 

is made based on the supervisor's motivation [72]. Thus, 

subordinates exert more effort than they would normally do 
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because of the effect of the degree of reflection of the supervisor 

[73]. Effectiveness refers to extent the supervisor is able to be 

effective, according to employees' perceptions of the supervisor’s 

ability [70]. Some aspects of effectiveness could appear in 

achieving organizational goals, objectives, and employees’ needs 

in their job [73]. Satisfaction with supervisor as an outcome 

refers to the extent to which subordinates are satisfied with their 

supervisor, mainly referring to the degree to which the supervisor 

works with them in a satisfactory way [73]. Therefore, 

employees' satisfaction with their supervisor happens according 

to their perception in working with others.  

          Reviewing previous research, shows that most studies that 

measured performance were depending on self-rating method  

[e. g., 49, 74, 75], and/or supervisor-rating method [e. g., 55, 76, 

77]. The previous methods were mainly related to behavior 

and/or attitudes of individuals. Some other studies have used 

more than one method of rating. Ng and Feldman [66] in a meta-

analytic study argued that job performance in scientific research 

was found to be measured through four sources of performance 

rating, that is, (a) rating by supervisor, (b) rating by others (e.g., 

peer, subordinates and stakeholders), (c) self-rating, and (d) 

objective performance rating (e.g., sales volumes and records).  

In the present study, task performance as an objective indicator is 

measured by supervisors rating their subordinates while, 

subjective indicators are measured by subordinates to rate 

themselves. 

 

 Communication Satisfaction and Performance Indicators  

          Through communication, employees can perform better 

and express their emotions including disappointment or 

satisfaction with each other and with their management [20].  

A suggestion was made that future research should focus on task 

performance and related process outcomes, such as workplace 

communication [78]. In the literature, communication 

satisfaction shows a relationship with performance [11-14, 19, 

37, 79-81]. On one hand, some authors such as [11, 19, 31, 37, 

79] found that communication satisfaction is significantly related 

to job performance. Further, satisfaction with communication 

was considered as the predictors of job performance [12, 13], 

some other studies [14] opined that satisfaction with 

communication has indirect effect on job performance. 

Consequently, Hecht [39], earlier concluded that communication 

satisfaction is effective response in meeting the communication 

goals of the organization. While, researchers explained 

communication satisfaction in line with workers’ satisfaction 

level in organizations [82]. The construct of communication 

satisfaction as presented in previous studies [e. g., 11, 21] 

showed that two main aspects of communication affect on 

performance indicators, those aspects are relational and 

informational communication satisfaction. The relational factor 

of communication satisfaction responds on creating healthy 

relations between supervisor and subordinate, where the effective 

communication enhances mutual trust [8], and confidence [9]. 

Further, communication creates supportive relationship between 

supervisor and employees. The second factor is informational 

communication. Authors such as [83, 84] found that, 

informational communication facilitates work-related 

information and knowledge exchanges among employees and 

creates supportive communication. Supportive communication 

further, creates trust in management, and supervisors’ efforts to 

enhance interpersonal relationships that contributes significantly 

to organizational trust [85]. According to Sullivan [86], who 

stated that the way supervisors of organization support 

organization communication has significant influence on their 

subordinates’ performance indicators in general and employee 

job performance in particular as well as employee satisfaction 

with organizational communication. It could be seen that such 

aspects affect positively on employees ability to perform and can 

results positive performance indicators. The second factor of 

communication satisfaction is focused on information that 

mainly related to employees’ jobs. Work-related information 

plays key role in enhancing employees’ job performance  

[87, 88]. Hence, when employees are satisfied with 

organizational communication, they may have healthy relations, 

and free flow information, due to these factors their job will 

become much easier to achieve and their ability to perform 

become much enhanced. Considerable studies have showed 

significant relationship between employees’ communication 

satisfaction and their job performance.  

          Consequently, effectiveness was found to be associated 

with communication satisfaction [89]. Similar research has 

investigate effective outcome variables [e. g., 40] found that 

communication is associated with effectiveness, while Lee and 

Lin [16] concluded that employees’ communication satisfaction 

is predicting factor of effectiveness. Some authors such as  

[90, 91] indicated that the terms extra effort and extra-role 

performance referred to one and the same thing, meaning that 

extra- role and extra effort have the same meaning. In any case, 

extra-role performance of employees is a part of Organizational 

Citizenship Behavior (OCB). Extra-role performance of OCB 

was found to be positively and strongly related to communication 

satisfaction [92, 93], and OCB correlated positively with 

communication satisfaction of supervisors as well [32]. Thus, the 

present study may consider that extra effort is correlated with 

communication satisfaction. Accordingly, it was reported that the 

subordinate satisfaction with supervisor is to be considered as a 

dimension of job satisfaction because it is mostly influenced by 

supervisor-subordinate communication [94]. Thus, the best 

measure of job satisfaction depended on related variables of 

overall satisfaction such as sub-scales for pay, promotion, 

people, supervision and work [95]. To support this, several 

studies found a strong and positive relationship between 

communication satisfaction and job satisfaction [10-13, 80]. In 

the present study, the relationship between subordinates’ 

satisfactions with superior as a dimension of job satisfaction is 

considered. Therefore, it could be concluded that the satisfaction 

with supervisor seems to be related to communication 

satisfaction. In summary, based on the study of Ulloa-Heath [96], 

and Parrish et al. [97] previous evidences, it could be considered 

that communication satisfaction is related to performance 

indicators. 

          Based on the previous argument, the following hypotheses 

of relationship are proposed below: 
 

          H1: There is a significant positive relationship between 

communication satisfaction and extra effort. 

          H2: There is a significant positive relationship between 

communication satisfaction and satisfaction with supervisor. 
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          H3: There is a significant positive relationship between 

communication satisfaction and effectiveness. 

          H4: There is a significant positive relationship between 

communication satisfaction and task performance. 
 

III. METHODOLOGY 

Sample. The sample of this study is scanned from dyad 

supervisor-subordinate level in ministries of education and health 

in Gaza strip. This study surveyed 342 dyads. Supervisors were 

selected purposely including all supervisors. While subordinates 

were selected systematically (one individual from each 

administrative unite).  

 

Data and Procedure. The questionnaire of this study was 

translated into Arabic language by two academic staff. The scales 

were back translated with other experts in the field on study and 

have English background. Finally, the two versions were 

compared and edited by a public notary that did minor 

modification. Validity, liability and credibility were ensured. The 

questionnaire consisted from two sets, set “A” for supervisors 

and was consisted from two parts, the first part included 

demographics (e. g., gender, age, marital status, work experience, 

education level). The second part was the 7-items scale to 

evaluate task performance of their immediate subordinates. Set 

“B” was consisted from three parts; the first included the 

demographics (e. g., gender, age, marital status, work experience, 

education level). The second part included 40-items to identify 

satisfaction with communication, while, the third part consisted 

of 9 items to rate subjective performance indicators (3 for extra 

effort, 2 for satisfaction, and 4 for effectiveness). A five-point 

scale was used. The range was "strongly disagree" (1) to 

"strongly agree" (5) for all scales except communication 

satisfaction that was ranged “strongly dissatisfied” (1) to 

“strongly satisfied” (5). 

 

Measures. The quantitative method based on questionnaire was 

chosen for two reasons. First, the respondents of the study were 

qualified to deal with questionnaire that they could understand 

the contents, and respond honestly. Secondly, the questionnaire 

might provide more confidence and freedom for respondents to 

express their opinions rather than interview method. The study 

employed Communication Satisfaction Questionnaire (CSQ) 

developed by Downs and Hazen (1977) for rating employees’ 

communication satisfaction, the respondents were subordinates. 

The CSQ scale was frequently used among studies [10, 11, 26, 

96, 98] showing high reliability. Two scales measure 

performance indicators. The first is for Subjective performance 

indicators, were measure by nine items reported by Bass and 

Avolio [99]. These outcomes were consists of three sub-

dimensions therefore, extra effort (3 items), effectiveness  

(4 items), and satisfaction (2 items). Registered liability in 

previous literature was respectively (0.91), (0.91), (0.92) [100]. 

While, the second for Objective Performance indicators, that 

were measured based on seven-item scale developed by Williams 

and Anderson (1991). Several studies have applied this scale [e. 

g., 64, 76, 101, 102, 103]. The seven-item forms one dimension, 

which expresses the in-role performance. The liability of this 

scale was (0.91) as noted by Williams and Anderson (1991). 
 

Analysis. In this study, descriptive statistics analysis therefore, 

frequency, percentage, means, standard deviations, reliability 

coefficients, and regression were used to examine the association 

between communication satisfaction and performance indicators. 

The Factor Analysis and Cronbach’s α test were performed for 

goodness of the measures and internal consistency of the 

collected data. The unit of analysis is individual. SPSS 19.0 was 

used to perform statistical analyses.  
 

IV. DATA ANALYSIS 

 

Respondents Profile. The data was gathered through 

questionnaire from two organizations. The supervisors rated their 

subordinates’ performance, while the subordinates rated their 

satisfaction with communication, thus, there are two sets of 

profiles; (a) Sample Structural Characteristics. Set “A” 

Consisted of supervisors, who were characterized as, male (88.3 

percent) and female (11.7 percent) with age between 30-49 years 

old (67.3 percent) and married (96.2 percent). In addition, most 

of them had bachelor degree (58.5 percent) and (27.4 percent) 

have postgraduate qualification, and had work experience above 

6 years (34.2 percent). (b) Sample Structural Characteristics. 

Sample “B” consisted of subordinates, who were characterized 

as, male (67.5 percent) and female (32.5 percent), with age; less 

than 39 years old (70.7 percent) and married (84.2 percent). In 

addition, most of them had bachelor degree (57.9 percent) and 

had less than 6 years of work experience (70.2 percent). 

 
Table I 

Reliability Coefficients, Mean, and Standard Deviations for Variables 
 
 

Variable 
Cronbach’s  

Alpha 
Mean 

Std. 

Deviation 

No. of  

Items 

Items 

 Dropped 

 Com. Satisfaction 0.95 - - 40 10 

   Informational 0.95 3.38 0.630 15 6 

   Relational 0.96 3.55 0.590 15 1 

   Info-Relational 0.85 3.93 0.456 10 3 

      

 Performance       

   Extra Effort 0.91 3.70 0.699 3 - 

   Satisfaction 0.79 3.59 0.586 2 - 

   Effectiveness 0.96 3.53 0.774 4 - 

   Task performance 0.90 3.76 0.580 7 - 

     
 

 

Reliability. The result is highly reliable if the Cronbach's α value 

for the main variables is between 0.79 and 0.96. 

 

Hypotheses Testing. This section provides four regression 

analyses; between three dimensions of communication 

satisfaction and four dependent variables. These dimensions were 

considered as independent variables. The dependent variables 

were subjective performance indicators in terms of (extra effort, 

satisfaction with supervisor, and effectiveness), and task 

performance as objective performance indicator of performance 

indicators. Therefore, this regression analysis was conducted to 

determine variance of dependent variables (performance 

indicators) explained by different dimensions of communication 

satisfaction. Table II provides a summary of these regression 

analyses. Based on Table II there are four columns showing β for 
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each dependent variable. In the first column, the first regression 

analysis under this relationship showed 61% of the total variance 

of the DV (extra effort) can be predicted from communication 

satisfaction dimensions (R Square = 0.610). Additionally, in the 

first column, extra effort as a subjective performance indicator 

was predicted by the relational dimensions of communication 

satisfaction where (β=0.154, ρ<0.001). Besides, informational 

dimension of communication satisfaction is predicted of extra 

effort (β= -0.209, ρ<0.001), the β value has shown negative 

direction, while this relationship was hypothesized positively. It 

is notable that in this regression analysis, the 

informational/relational dimension of communication satisfaction 

is also a very strong predictor of extra effort (β=0.773, ρ<0.001). 

The DV (satisfaction with supervisor) listed in second column 

can be predicted from the independent variables communication 

satisfaction with total variance 31% where (R Square = 0.314). 

The second column showed that satisfaction with supervisor (the 

second indicator of subjective performance) is predicted 

positively, and stronger by informational/relational dimension  

(β = 0.570, ρ < 0.001), while, the relational and informational 

dimensions did not predict significantly satisfaction with 

supervisor. The third DV (effectiveness) can be predicted from 

the communication satisfaction dimensions as independent 

variables with total variance 48% where (R Square = 0.478). The 

third dependent variable is effectiveness which is the last 

indicator of subjective performance was predicted by relational 

dimension (β=0.318, ρ<0.01), informational dimension  

(β= -0.140, ρ<0.01), and informational/relational dimension 

(β=0.519, ρ<0.001).  
 

Table II 

The Regression Analysis for Variables 
 

 Communication  

     Satisfaction 

Performance Indicators 

Extra 

Effort 
Satisfaction Effectiveness 

Task  

performance 

  Relational    0.154***       0.065      0.318***       0.767*** 

  Informational   -0.209***     -0.110     -0.140**      -0.033 
  Info-relational    0.773***      0.570***      0.519***       0.147*** 

     

  F – Value 163.389    47.866    95.875   275.915 
  R2     0.610      0.314      0.478       0.725 

  Adjusted R2     0.606      0.307      0.473       0.722 

    Note: 
***

= P < 0.001; 
** 

= P < 0.01; 
* 
= P < 0.05 

 

         The last dependent variable is task performance which was 

predicted by independent variables with 73% of the total 

variance where (R Square = 0.725), this variable was predicted 

strongly by relational dimension (β=0.767, ρ<0.001), and less by 

informational/relational dimension (β=0.147, ρ<0.001),  

while informational dimension was not related significantly  

(β= -0.033, ρ>0.05). 

          According to results illustrated in Table II, the first 

hypothesis was supported but employees were not satisfied with 

informational communication since β value was negative. The 

second hypothesis was partially supported because only 

informational/relational factor of communication satisfaction had 

a positive effect on subordinates’ satisfaction with supervisor. 

The third hypothesis was fully supported even informational 

factor reflected negative β value that means they were not 

satisfied with this factor. Finally, the fourth hypothesis was 

partially supported since informational factor was insignificantly 

related to task performance. A discussion and justification for 

these findings are presented in the next section. 
 

V. DISCUSSION AND CONCLUSION 

Discussion. The analytical results presented in this study showed 

that the three components of communication satisfaction have 

significant effect on employee’s performance indicators. The 

significant positive relationships that are in line with previous 

literature could be could be attributed to employees’ need for 

both aspects of communication, such as informational and 

relational communication. Hence, they will be able not only to 

achieve their tasks but also, to exert extra effort toward their 

jobs. Further, it refers that employee’ perceive their supervisors 

as effective ones and, somehow, are satisfied with relations. 

Indeed, when employees will be asked to perform, they should be 

followed-up frequently in order to be maintained and supported 

with feedback. Similarly, these findings might indicate that 

supervisors keep on close relationships within the organization, 

and thus, when employees have good relations with each other 

and with their supervisor, encouragement becomes much 

effective. A note is given to relational communication; it is 

mostly an informal communication that job duties are executed 

by. Some aspects of motivation and enhancement are involved in 

the process of communication.  

          Surprisingly, the significant negative relationships between 

informational dimension and; employees’ extra effort and 

effectiveness indicate that employees are not satisfied with 

informational communication. In other word, such information 

provided is not enough for employees to put extra effort toward 

their jobs nor reflects aspects of effectiveness. The reason for this 

finding could be attributed to some lack of informational 

communication. These findings were in line with a study by 

Ulloa-Heath [96] concluded negative relationship that reflects 

employees’ dissatisfaction with informational communication. It 

seems that overload information in Palestinian organizations may 

preoccupy employees with other secondary issues. Such issues in 

turn affect on their performance, such as prolonged side 

conversations that go beyond the acceptable limit or threshold 

required to discuss essential work-related issues. This is because 

public servants have grown accustomed to limited information 

through communication because of the Israeli civil 

administration. Surprisingly, the negative relationship means that 

employees need to be aware of the information provided, and 

supervisors should review their policy to provide information 

that ensures their performance and does not affect negatively. 

When employees know more than they should, they might utilize 

this information in undesirable way, which in turn affects on 

their performance. Such situation of overloaded information 

might be normal result of the uniqueness of the Palestinian 

community. For instance, supervisors might be forced to provide 

full information in times of crises to ensure employees’ 

cooperation, and keep direct contact between top supervisors and 

employees, and thus, employees seem to misuse such 

information later. 

          For insignificant relationships, two possible reasons might 

be provided. First, insignificant result shows that “the effect is 

not big enough to be anything other than a chance finding – it 
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does not tell us that the effect is zero [104]. In this regard, the 

total variance explained in satisfaction was somehow low 

comparing with other variables. Additionally, since satisfaction 

with supervisor was measured by two items only that, might not 

be enough to rate employees’ satisfaction with supervisor. 

Second, for task performance, only informational communication 

was found to be insignificant, while the total variance explained 

in this factor was quite high. This means that informational 

communication does not contribute to employees’ task 

performance, as well as, the other factors of performance. 

Further, it might indicate that such information (that is mainly 

related to organization as a whole) does not play a key role in 

supporting employees’ performance among the investigated 

organizations. This is because employee’s tasks are listed 

previously in his/her job description so that employees know 

well what they have to do; regardless the amount of information 

provided or followed in the organization that should allow them 

to know how their jobs are related to organizational objectives 

and strategies. Thus, since informational dimension represents 

organizational related information, such information seems not to 

be directly related to job duties although it links employees’ jobs 

performance with overall organizational performance. 

Additionally, since employees have no enough motivation to 

work beyond their formal jobs, they are not curious to know 

more or to spend much effort, because at the end they will gain 

only their monthly salary. 
 

Recommendations and Future Research. The present study 

illustrated to which extent communication satisfaction of the 

employees could enhance their performance among Palestinian 

organizations. The study highlighted that both; relational and 

informational/relational factors could contribute positively to 

realize better performance. The study in this regard recommends 

that such factors should be supported. Additionally, the study 

highlighted that employees are not satisfied with informational 

communication. This evidences that informational provided – to 

some extent- are insufficient. The study further refers some 

negative relationships that contradicted with previous literature 

to employees’ needs to know more about their organizations and 

how they should work. Thus, officials among investigated 

organization should take these findings in account and seek for 

methods to make organizational communication much effective 

and healthy. Finally, the present study attempted to examine a 

direct relationship where similar studies were not existed among 

Palestinian community, thus, researchers should continue to 

investigate in details other possible reasons for negative and/or 

insignificants relationships. Further, it would be wrathful if 

similar studies are compared among different cultures and 

incorporate demographic characteristics in analysis. No doubt, 

investigating such relationship in accordance to finding from 

previous literature and the present study might give better 

understanding if some moderate factors are included. Further, the 

study focused on communication satisfaction of subordinates 

ignoring supervisors. Thus, future research in addition, should 

investigate supervisors’ communication satisfaction and the 

findings should be compared with subordinates to giver better 

understanding. Lastly, methodologically speaking, the present 

study investigated two service ministries neglecting the other 

categories (Productive and Mastery) ministries, and it was 

applied on Gaza Strip only. Thus, the findings might be limited 

to this area; future research should be expanded to cover both 

Gaza Strip and West Bank among all ministerial categories. 
 

REFERENCES 

[1] Oslo Agreement, "Declaration of Principles On Interim Self-Government 
Arrangements," ed. Israel: Jewish Virtual Library: A Division of The 
American-Israeli Cooperative Enterprise, 1993. 

[2] I. Amundsen and B. Ezbidi, "Clientelist Politics: State formation and 
corruption in Palestine 1994-2000," Chr. Michelsen Institute, Development 
Studies and Human Rights, Norway2002. 

[3] Y. Sayigh and K. Shikaki, "Strengthening Palestinian Public Institutions," 
The Council on Foreign Relations, Inc., New York1999. 

[4] M. Al-Madhoun and F. Analoui, "Developing Managerial Skills in 
Palestine," Journal of Education and Training, vol. 44, pp. 431-442, 2002. 

[5] G. Cheney, "Organizational Communication Comes Out," Management 
Communication Quarterly, vol. 21, pp. 80-91, 2007. 

[6] D. B. Ilozor, et al., "Management Communication Strategies Determine Job 
Satisfaction in Telecommuting," The Journal of Management Development, 
vol. 20, pp. 495-507, 2001. 

[7] D. P. Moynihan and P. W. Ingraham, "Integrative leadership in the public 
sector: A model of Performance-Information Use," Administration & 
Society, vol. 36, pp. 427-453, 2004. 

[8] J. P. Sharma and N. Bajpai, "Effective Leadership and its Linear 
Dependence on Job Satisfaction: A Comparative Study in Public and 
Private Organization in India," Research Journal of International Studies, 
vol. 16, pp. 73-83, 2010. 

[9] C. Pavitt, "Theorizing about the Group Communication-Leadership 
Relationship: Input-Process-Output and Functional Models," in The 
Handbook of Group Communication Theory and Research L. R. Frey, Ed., 
ed Canada: Sage, 1999, pp. 313–334. 

[10] C. W. Downs. and M. D. Hazen, "A Factor Analytic Study of 
Communication Satisfaction," Journal of Business Communication, vol. 14, 
pp. 63-74, 1977. 

[11] J. D. Pincus, "Communication Satisfaction, Job Satisfaction, and Job 
Performance," Human Communication Research, vol. 12, pp. 395-419, 
1986. 

[12] J. R. Goris, "Effects of Satisfaction with Communication on the 
Relationship between Individual-Job Congruence and Job 
Performance/Satisfaction," Journal of Management Development, vol. 26, 
pp. 737-752, 2007. 

[13] J. R. Goris, et al., "Effects of Communication Direction on Job Performance 
and Satisfaction: A Moderated Regression Analysis," The Journal of 
Business Communication, vol. 37, pp. 348-368, 2000. 

[14] C. G. Pearce and G. J. Segal, "Effects of Organizational Communication 
Satisfaction on Job Performance and Firm Growth in Small Businesses," 
1998. 

[15] P. G. Clampitt and C. W. Downs., "Title," unpublished|. 

[16] Lee and K. T. Lin, "A research on the Relationships among Superior's 
Leadership Style, Employees' Communication Satisfaction and Leadership 
Effectiveness: A Case Study of the Taiwan Sugar Corporation," Chinese 
Management Review, vol. 2, pp. 1-19, 1999. 

[17] P. G. Clampitt and C. W. Downs., "Downs-Hazen Communication 
Satisfaction Questionnaire," in Assessing Organizational Communication: 
Strategic and Communication Audits, C. W. Downs and A. D. Adrian, Eds., 
ed London: Guilford Press, 2004, pp. 139-157. 

[18] R. N. Lussier and C. F. Achua, Leadership: Theory, Application, Skill 
development, 2 ed. South-Western: Thomson, 2004. 

[19] H. C. Jain, "Supervisory Communication and Performance in Urban 
Hospitals," Journal of Communication, vol. 23, pp. 103-117, 1973. 

[20] A. D. Szilagyi and M. J. Wallace, Organizational Behavior and 
Performance, 5 ed. USA: Harper Collins, 1990. 

[21] J. Gray and H. Laidlaw, "Improving the Measurement of Communication 
Satisfaction," Management Communication Quarterly, vol. 17, pp. 425–
448, 2004. 

[22] A. G. Butts, "Managers' Communication Style and Employees' Job 
Satisfaction: A Quantitative Study," Doctor of Philosophy Doctoral 
dissertation, Capella University, 2010. 

file:///E:/Nov%20Papers/ijsrp-p1151.doc%23_ENREF_104


International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      338 

ISSN 2250-3153  

www.ijsrp.org 

[23] O. Hargie, et al., "Communication Audits and the Effects of Increased 
Information: A Follow-Up Study," Journal of Business Communication, 
vol. 39, pp. 414-436, 2002. 

[24] I. Ashman and J. Lawler, "Existential Communication and Leadership," 
Leadership, vol. 4, pp. 253–269, 2008. 

[25] B. M. Bass, Bass and Stogdill's Handbook of Leadership: Theory, Research, 
and Managerial Applications, 3 ed. New York: Free Press, 1990. 

[26] N. S. A. E. Kandlousi, et al., "Organizational Citizenship Behavior in 
Concern of Communication Satisfaction: The Role of Formal and Informal 
Communication," International Journal of Business and Management, vol. 
5, pp. 51-61, 2010. 

[27] M.-T. Tsai, et al., "An Integrated Process Model of Communication 
Satisfaction and Organizational Outcomes," Social Behavior and 
Personality, vol. 37, pp. 825-834, 2009. 

[28] T. P. Loughman, et al., "The Effects of Physicians’ Communication 
Satisfaction and their Perceptions of Empowerment on their Likelihood to 
Recommend a Hospital to their Peers: A Mixed Method Study," 
Management Research News, vol. 32, pp. 354-370, 2009. 

[29] A. Smidts, et al., "The Impact of Employee Communication and Perceived 
External Prestige on Organizational Identification," Academy of 
Management Journal, vol. 49, pp. 1051-1062, 2001. 

[30] C. B. Taylor, "Communication Satisfaction: Its Role in Church Membership 
Satisfaction and Involvement among Southern Baptist Churches," Southern 
Communication Journal, vol. 62, pp. 293-304, 1997. 

[31] P. G. Clampitt and C. W. Downs., "Employee Perceptions of the 
Relationship Between Communication and Productivity: A Field Study," 
Journal of Business Communication, vol. 30, pp. 5-28, 1993. 

[32] J. M. Putti, et al., "Communication Relationship Satisfaction and 
Organizational Commitment," Group & Organization Studies, vol. 15, pp. 
44-52, 1990. 

[33] J. J. Trombetta and D. P. Rogers, "Communication Climate, Job 
Satisfaction, and Organizational Commitment: The Effects of Information 
Adequacy, Communication Openness, and Decision Participation," 
Management Communication Quarterly, vol. 1, pp. 494-514, 1988. 

[34] F. Varona, "Relationship between Communication Satisfaction and 
Organizational Commitment in Three Guatemalan Organizations," Journal 
of Business Communication, vol. 33, pp. 111-140, 1996. 

[35] A. H. Ahmad, "Relationships between Communication Satisfaction and 
Organizational Commitment of Academic Staff in a Selected Public 
University," Doctoral Dissertation, Universiti Putra Malaysia, Malaysia, 
2004. 

[36] O. Hunt, et al., "The Communication Experiences of Education Managers: 
Identifying Strengths, Weaknesses and Critical Incidents," The 
International Journal of Educational Management, vol. 14, pp. 120-129, 
2000. 

[37] J. D. Pettit, et al., "An Examination of Organizational Communication as a 
Moderator of the Relationship between Job Performance and Job 
Satisfaction," Journal of Business Communication, vol. 34, pp. 81-98, 1997. 

[38] I. Bakanauskiene, et al., "Empirical Evidence on Employees' 
Communication Satisfaction and Job Satisfaction: Lithuania's University 
Case," Organizacijø Vadyba: Sisteminiai Tyrimai (in English: Management 
of Organizations: Systematic Research), vol. 54, 2010. 

[39] M. L. Hecht, "Measures of Communication Satisfaction," Human 
Communication Research, vol. 4, pp. 350-368, 1978. 

[40] D. G. Kolb, et al., "Connectivity and Leadership: The Influence of Online 
Activity on Closeness and Effectiveness," Journal of Leadership and 
Organizational Studies, vol. 15, pp. 342-352, 2009. 

[41] T. M. Downs, "Predictors of Communication Satisfaction During 
Performance Appraisal Interviews," Management Communication 
Quarterly, vol. 3, pp. 334-354, 1990. 

[42] C. W. Downs., et al., "Research Instrument: A Review of Instrumentation 
on Stress," Management Communication Quarterly, vol. 4, pp. 100-126, 
1990. 

[43] K. W. Chan and J. J. Wu, "The Mediating Role of Communication 
Satisfaction in Relational Demography: A Study in Macao, SAR Context," 
Asia Pacific Business Review, vol. 14, pp. 547-564, 2009. 

[44] E. Kahya, "The Effects of Job Characteristics and Working Conditions on 
Job Performance," International Journal of Industrial Ergonomics, vol. 37, 
pp. 515–523, 2007. 

[45] G. P. Latham and S. B. Kinne, "Improving Job Performance through 
Training in Goal Setting," Journal of Applied Psychology, vol. 59, pp. 187-
191, 1974. 

[46] P. M. Podsakoff, et al., "Transformational Leader Behaviors and Substitutes 
for Leadership as Determinants of Employee Satisfaction, Commitment, 
Trust, and Organizational Citizenship Behaviors," Journal of Management, 
vol. 22, pp. 259-298, 1996. 

[47] K. B. Lowe, et al., "Effectiveness Correlates of Transformational and 
Transactional Leadership: A Meta-Analytic Review of the MLQ 
Literature," The Leadership Quarterly, vol. 7, pp. 385-425, 1996. 

[48] J. Rowold and A. Rohmann, "Experience and Effectiveness in the 
Voluntary Sector Relationships Between Leadership Styles and Followers' 
Emotional," Nonprofit and Voluntary Sector Quarterly, vol. 38, pp. 270-
286, 2009. 

[49] L. P. Kalbers and W. J. Cenker, "The Impact of Exercised Responsibility, 
Experience, Autonomy, and Role Ambiguity on Job Performance in Public 
Accounting," Journal of Managerial Issues, vol. 20, pp. 327-292, 2008. 

[50] M. Armstrong, A Handbook of Human Resource Management Practice, 9 
ed. London: Kogan Page, 2003. 

[51] H. Chi., et al., "The Moderating Effect of Locus of Control on Customer 
Orientation and Job Performance of Salespeople," The Business Review, 
Cambridge, vol. 16, pp. 142-148, 2010. 

[52] W. C. Borman and S. J. Motowidlo, "Expanding the Criterion Domain to 
Include Elements of Contextual Performance," in Personnel Selection in 
Organizations, N. Schmitt, et al., Eds., 1 ed San Francisco: Jossey-Bass, 
1993, pp. 71-98. 

[53] M. J. Swenson and J. Herche, "Social Values and Salesperson Performance: 
An Empirical Examination," Journal of the Academy of Marketing Science, 
vol. 22, pp. 283-289, 1994. 

[54] L. W. Porter and E. E. Lawler, Managerial Attitudes and Performance. 
Illinois: Richard D. Irwin Inc, 1968. 

[55] R. Kattenbach, et al., "Flexible Working Times: Effects on Employees' 
Exhaustion, Work-Nonwork Conflict and Job Performance," Career 
Development International, vol. 15, pp. 279-295, 2010. 

[56] E. I. Ejere, "A Note on Job Performance and Motivational Techniques," 
Interdisciplinary Journal of Contemporary Research in Business, vol. 1, pp. 
178-192, 2010. 

[57] Y. Y. Ling, "A Conceptual Model for Selection of Architects by Project 
Managers in Singapore," International Journal of Project Management, vol. 
21, pp. 135–144, 2003. 

[58] V. I. Coleman and W. C. Borman, "Investigating the Underlying Structure 
of the Citizenship Performance Domain," Human Resource Management 
Review, vol. 10, pp. 25-44, 2000. 

[59] J. H. Greenslade and N. L. Jimmieson, "Distinguishing between Task and 
Contextual Performance for Nurses: Development of a Job Performance 
Scale," Journal of Advanced Nursing, vol. 58, pp. 602–611, 2007. 

[60] J. M. Werner, "Implications of OCB and Contextual Performance for 
Human Resource Management," Human Resource Management Review, 
vol. 10, pp. 3-24, 2000. 

[61] D. S. Kiker and S. J. Motowidlo, "Main and Interaction Effects of Task and 
Contextual Performance on Supervisory Reward Decisions," Journal of 
Applied Psychology, vol. 84, pp. 602-609, 1999. 

[62] L. M. Lapierre, et al., "The Separate, Relative, and Joint Effects of 
Employee Job Performance Domains on Supervisors’ Willingness to 
Mentor," Journal of Vocational Behavior, vol. 74, pp. 135–144, 2009. 

[63] J. M. Werner, "Dimensions that Make a Difference: Examining the Impact 
of In-Role and Extrarole Behaviors on Supervisory Ratings," Journal of 
Applied Psychology, vol. 79, pp. 98-107, 1994. 

[64] L. J. Williams and S. E. Anderson, "Job Satisfaction and Organizational 
Commitment as Predictors of Organizational Citizenship and In-Role 
Behavior," Journal of Management, vol. 17, pp. 601-617, 1991. 

[65] E. Miron, et al., "Do Personal Characteristics and Cultural Values that 
Promote Innovation, Quality, and Efficiency Compete or Complement each 
other?," Journal of Organizational Behavior, vol. 25, pp. 175–199, 2004. 

[66] T. W. H. Ng and D. C. Feldman, "How Broadly does Education Contribute 
to Job Performance," Personnel Psychology, vol. 62, pp. 89-134, 2009. 

[67] M. Rotundo and P. R. Sackett, "The Relative Importance of Task, 
Citizenship, and Counterproductive Performance to Global Ratings of Job 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      339 

ISSN 2250-3153  

www.ijsrp.org 

Performance: A Policy-Capturing Approach," Journal of Applied 
Psychology, vol. 87, pp. 66-80, 2002. 

[68] B. M. Bass, Leadership and Performance beyond Expectations. New York: 
Free Press, 1985. 

[69] J. Casida and J. Parker, "Staff Nurse Perceptions of Nurse Manager 
Leadership Styles and Outcomes," Journal of Nursing Management, vol. 
19, pp. 478-486, 2011. 

[70] B. J. Avolio and B. M. Bass, Multifactor Leadership Questionnaire: 
Technical Report. Palo Alto. Canada: Mind Garden, 2004. 

[71] J. Snodgrass, et al., "Occupational Therapy Practitioners' Perceptions of 
Rehabilitation Managers' Leadership Styles and the Outcomes of 
Leadership," Journal of Allied Health, vol. 37, pp. 38-44, 2008. 

[72] N. Muenjohn, "Expatriates’ Leadership Behaviours and Local Subordinates’ 
Extra Effort, Satisfaction, and Effectiveness," The Business Review, vol. 13, 
pp. 261-266, 2009. 

[73] K. Limsila and S. O. Ogunlana, "Linking Personal Competencies with 
Transformational Leadership Style Evidence from the Construction Industry 
in Thailand," Journal of Construction in Developing Countries, vol. 13, pp. 
27-50, 2008. 

[74] T. G. Reio and J. L. Callahan, "Affect, Curiosity, and Socialization-Related 
Learning: A Path Analysis of Antecedents to Job Performance," Journal of 
Business and Psychology, vol. 19, 2004. 

[75] I. Ng and I. H.-S. Chow, "Does Networking with Colleagues Matter in 
Enhancing Job Performance?," Asia Pacific Journal of Management, vol. 
22, pp. 405-421, 2005. 

[76] E. Vigoda-Gadot, "Leadership Style, Organizational Politics, and 
Employees’ Performance: An Empirical Examination of Two Competing 
Models," Personnel Review, vol. 36, pp. 661-683, 2007. 

[77] F. O. Walumbwa, et al., "An Investigation of The Relationships among 
Leader and Follower Psychological Captial, Service Climate, and Job 
Performance," Personnel Psychology, vol. 63, pp. 937-963, 2010. 

[78] W. R. Boswell and J. B. Olson-Buchanan, "The Use of Communication 
Technologies after Hours: The Role of Work Attitudes and Work-Life 
Conflict," Journal of Management, vol. 33, pp. 592-610, 2007. 

[79] E. R. Alexander, et al., "The Relationship between Supervisory 
Communication and Subordinate Performance and Satisfaction among 
Professionals," Public Personnel Management, vol. 18, pp. 415-429, 1989. 

[80] P. E. Madlock, "The Link between Leadership Style, Communicator 
Competence, and Employee Satisfaction," Journal of Business 
Communication, vol. 45, pp. 61-78, 2008. 

[81] S. J. Coopman, "Democracy, Performance, and Outcomes In 
Interdisciplinary Health Care Teams," The Journal of Business 
Communication, vol. 38, pp. 261 -284, 2001. 

[82] M. D. Crino and M. C. White, "Satisfaction in Communication: An 
Examination of the Downs-Hazen Measure," Psychological Reports, vol. 
49, pp. 831-838, 1981. 

[83] D. Kamdar and L. V. Dyne, "The Joint Effects of Personality and 
Workplace Social Exchange Relationships in Predicting Task Performance 
and Citizenship Performance," Journal of Applied Psychology, vol. 92, pp. 
1286-1298, 2007. 

[84] R. C. Liden, et al., "An Examination of the Mediating Role of 
Psychological Empowerment on the Relations between the Job, 
Interpersonal Relationships, and Work Outcomes," Journal of Applied 
Psychology, vol. 85, pp. 407-416, 2000. 

[85] S. Jo and S. W. Shim, "Paradigm Shift of Employee Communication: The 
Effect of Management communication on Trusting Relationships," Public 
Relations Review, vol. 31, pp. 277-280, 2005. 

[86] J. J. Sullivan, "Three Roles of Language in Motivation Theory," The 
Academy of Management Review, vol. 13, pp. 104-115, 1988. 

[87] N. G. Dodd and D. C. Ganster, "The Interactive Effects of Variety, 
Autonomy, and Feedback on Attitudes and Performance," Journal of 
Organizational Behavior, vol. 17, pp. 329-347, 1996. 

[88] P. C. Earley, et al., "Impact of Process and Outcome Feedback on the 
Relation of Goal Setting to Task Performance," Academy of Management 
Journal, vol. 33, pp. 87-105, 1990. 

[89] T. R. Kayworth and D. E. Leidner, "Leadership Effectiveness in Global 
Virtual Teams," Journal of Management Information Systems, vol. 18, pp. 
7–40, 2002. 

[90] K. Limsila and S. O. Ogunlana, "Performance and Leadership Outcome 
Correlates of Leadership Styles and Subordinate Commitment," 
Engineering, Construction and Architectural Management, vol. 15, pp. 164-
184, 2008. 

[91] M. Schnake, "An Integrative Model of Effort Propensity," Human Resource 
Management Review, vol. 17, pp. 274–289, 2007. 

[92] W. H. Fournier, "Communication Satisfaction, Interactional Justice, and 
Organizational Citizenship Behavior: Staff Perceptions in a University 
Environment," PhD, Ohio University, 2008. 

[93] C. M. Gardner, "Demographic Characteristics that Influence Leadership, 
Communication, and Citizenship Behaviors in a Military Hospital," PhD, 
University of Oklahoma, Oklahoma, 2009. 

[94] K. Oh, et al., "Relationships among Leadership, Communication and 
Outcomes in Research Teams," Journal of the Korean OR/MS Society, vol. 
17, pp. 135-145, 1992. 

[95] M. M. Gruneberg, Understanding Job Satisfaction, 1 ed. New York: Wiley 
& Sons, Inc, 1979. 

[96] J. M. Ulloa-Heath, "Leadership Behaviors and Communication Satisfaction: 
Community Colleges in Micronesia," Ph.D, Education, University of San 
Diego, 2003. 

[97] R. W. Parrish, et al., ""Strengthening Small Business Competitive 
Advantage Through Leadership, Communication, and Customer 
Satisfaction". SBIA 1996 Proceedings," in SWFAD Southwest Small 
Business Institute Association, San Antonio, 1996. 

[98] M. M. Al-Nashmi and H. S. A. R. H. S. Zin, "Variation in Communication 
Satisfaction of Academic Staff in Universities in Yemen Depending on 
National Culture," Cross Cultural Management: An International Journal, 
vol. 18, pp. 87-104, 2011. 

[99] B. M. Bass and B. J. Avolio, The Multifactor Leadership Questionnaire for 
Research. Palo Alto, CA: Mind Garden, 1995. 

[100] B. M. Bass and B. J. Avolio, "Multifactor Leadership Questionnaire: 
Technical Report," Mind Garden, Redwood City, CA2000. 

[101] A. Cohen and D. Keren, "Individual Values and Social Exchange Variables: 
Examining Their Relationship to and Mutual Effect on In-Role Performance 
and Organizational Citizenship Behavior," Group & Organization 
Management, vol. 33, pp. 425-452, 2008. 

[102] J. Gooty, et al., "In the Eyes of the Beholder: Transformational Leadership, 
Positive Psychological Capital, and Performance," Journal of Leadership 
and Organizational Studies, vol. 15, pp. 353-367, 2009. 

[103] E. Vigoda, "Organizational Politics, Job Attitudes, and Work Outcomes: 
Exploration and Implications for the Public Sector," Journal of Vocational 
Behavior, vol. 57, pp. 326–347, 2000. 

[104]  P. G. Clampitt and D. Girard, "Communication Satisfaction: A Useful 
Construct?," The New Jersey Journal of Communication vol. 1, pp. 84-102, 
1993. 

[105] C. W. Downs. and T. Hain, "Productivity and Communication," in 
Communication Yearbook 5 vol. 5, M. Burgoon, Ed., ed. New Jersey: 
Transaction, 1981, pp. 435-453. 

AUTHORS 

First Author – Alaedin Khalil Alsayed, PhD, School of 

Management – USM, Labor Director of Gaza – Palestine, 

alaedina@hotmail.com 
 

Second Author – Mohammad Hossein Motaghi, PhD, Graduate 

School of Business – USM, motahgi@usm.my 
 

Third Author – Intan Binti Osman, DBA, Woman’s 

Development Research Center (KANITA) – USM, 

intan@usm.my 

 

Correspondence Author – Alaedin Khalil Alsayed,  

email alaedina@hotmail.com, akias.ed08@student.usm.my, 

+(60) 174760064, +(06) 175603316 

 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      340 

ISSN 2250-3153  

www.ijsrp.org 

The Use of the Multifactor Leadership Questionnaire 

and Communication Satisfaction Questionnaire in 

Palestine: A Research Note 

Alaedin Khalil Alsayed
*
, Mohammad Hossein Motaghi

**
, Intan Binti Osman

*** 

 
* School of Management, Universiti Sains Malaysia 

** Graduate School of Business, Universiti Sains Malaysia 
*** Woman’s Development Research Centre (KANITA), Universiti Sains Malaysia 

 
Abstract- This research note presents the results of testing the 

goodness (factor analysis and reliability) of two questionnaires – 

communication satisfaction and leadership style – within the 

Palestinian community. The paper further discusses 

dimensionality for each construct. The Multifactor Leadership 

Questionnaire (MLQ) [1] rates leadership behaviors utilized by 

leaders/supervisors. The MLQ has been widely tested for its 

reliability in diverse context. Communication Satisfaction 

Questionnaire (CSQ) [2] measures the level of individuals’ 

satisfaction with organizational communication in several 

organizations. Palestine, with its uniqueness, provides an ideal 

context to test both of these scales to be serviced in similar 

communities. The present study has adapted the original MLQ 

and CSQ to fit with the Arabian culture. Both scales were 

translated into Arabic language, back translated, and reviewed by 

specialists. Both scales performed well and provide strong 

support for the validity and reliability of each scale, allowing 

other researchers a high degree of confidence in their application. 

The finding suggests that these research tools may be useful and 

can be expanded to the greater Arabian region 

 

Index Terms- Multifactor leadership questionnaire (MLQ), 

Communication satisfaction questionnaire (CSQ), 

Dimensionality. 

 

I. INTRODUCTION 

rganizational development is an important issue that was 

considered by literature. Two constructs in this stream of 

research are; transformational – transactional leadership [3], and 

communication satisfaction [2]. These constructs are proved as 

important issues to ensure organizational development, success, 

and effectiveness. This brief research note presents evidence of 

these two terms’ application and goodness in Palestine. The 

present study believes that this research note is necessary 

because of the dearth of applied business research particularly in 

Palestine and Middle East more generally. Additionally, it would 

be suggested that the present study is the first to investigate 

leadership styles and communication satisfaction specifically in 

public sector of Palestine, and their evaluation from employees’ 

perspective. 

        Leadership style is defined as “interpersonal influence, 

directed through communication toward goal attainment.” [4]. It 

is also defined as "the process of influencing leaders and 

followers to achieve organizational objectives through 

change"[5]. To ensure a holistic understanding for this concept, 

leadership is further defined as "the ability to influence a group 

towards the achievement of goals" [6]. Among the previous 

definitions, it would be concluded that, leadership is the ability of 

interpersonal influence to direct followers through 

communication, and to achieve through change the 

organizational objectives. The reflection of these definitions in 

light of contemporary theories of leadership emerged three styles 

that are; transformational, transactional, and laissez-faire. 

        The transformational leadership theory fist appeared in 

1978, when Burns made the attempt to study political leadership; 

as such it was derived from political science [7], and developed 

later by Bass [3].The present believes that transformational 

leadership is a key of change, through its factors of influence 

(idealized influence, intellectual stimulation, inspirational 

motivation and individual consideration). Transformational 

leadership refers to a process focusing on the exchange between 

leaders and followers by motivating followers' attitudes, it is the 

process of building employee loyalty to meet the organizational 

visions, missions, strategies and objectives by the leaders [8], not 

only because it is detrimental to the behavior of leaders and 

greatly affect on individuals’ performance, but also because it 

built on creative exchange between the leader and followers to 

meet organizational vision through a change in values [3]. The 

second style refers to transactional leadership that is very 

necessary to ensure the managerial role of the leader. It connotes 

a communal process of exchange between leaders and followers 

in order to persuade the followers to meet up their assigned 

duties so that the followers can claimed the benefits such as pay, 

rewards, advancement or recognition from the organizations [9, 

10]. Transactional leadership could be observed through two 

factors that are; contingent reward and management-by-

exception that would be active or passive. Both styles of 

leadership combine between the ability of influence and crating 

internal emotions toward the goals and the best way how 

successfully the objectives could be achieved. It is somehow 

combining between charisma of personality (transformational) 

and resolution reaction (transactional) dealing with 

organizations. Indeed, transformational and transactional styles 

to be effectively utilized the role of effective communication 

should be ensured. The third style of leadership reflects the 

absence of these two styles that called laissez-faire, it refers to 

passive/avoidant or no leadership. In other word, when the leader 

O 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      341 

ISSN 2250-3153  

www.ijsrp.org 

avoid to take decision, has negative influence on followers, delay 

to deal with problems, thus, his style is laissez-faire. 

        Reviewing the literature, leadership styles were found to be 

significantly related to several organizational factors where, 

transformational style registered positive impact, transactional 

style had uncertain effect. Further information about uncertain 

findings of transactional style is provided later in this paper. 

Laissez-faire style on the other hand, was related significantly 

and negatively with; motivation [11], extra effort and 

effectiveness [12, 13], creativity and work attitude [14], and job 

performance [15]. Authors introduced the multifactor leadership 

questionnaire (MLQ) to measure this term[1]. The MLQ has 

been applied across many countries and cultures, such as; the 

United States [16, 17], Germany [18], Spain [14], Australia [15, 

19], Pakistan [13], Thailand [20], but in a very limited concern in 

the Middle Eastern Countries such as; Palestine [12], UAE [21], 

and Israel [22]. Several studies have indicated that this scale is a 

holistic tool that reflects contemporary leadership behaviors. 

        Communication satisfaction on the other hand, is the second 

term under investigation in this research note, is defined as an 

audit tool of organizational communication; it expresses the 

individual’s degree of satisfaction with different aspects of 

communication within the organization [2]. The construct 

communication satisfaction first entered in literature in Dale 

Level’s (1959) doctoral thesis that investigated communication 

in urban banks [23, 24]. Then it was developing by authors, for 

instance, Clampitt and Downs [25] defined it in a similar way as 

cited in Thayer (1968) who defined communication satisfaction 

as “the personal satisfaction inherent in successfully 

communicating to someone or in successfully being 

communicated with” (p. 144). The term further refers to the sum 

of a individual's satisfaction, which is saturated from 

informational-flow and relations variables [26]. The construct 

communication satisfaction as presented by Downs and Hazen 

[2] consists of eight factors that are; organizational integration, 

organizational climate, organizational perspective, relationship 

with supervisor, relationship with subordinate, horizontal 

communication, media quality, and personal feedback. It was 

described as the best tools that investigate the overall 

organizational communication [27]. The CSQ has been used in 

numerous countries such as; the United States [28, 29], 

Guatemala [30], Korea [31], Taiwan [24], and to very limited 

extent in Meddle East such as; Iran [32], and Yemen[33]. 

        Though relatively, the construct of communication 

satisfaction is gaining research traction, as reflected in [32-36] 

comprehensive review of the extant literature on communication 

satisfaction. This construct has never been investigated in 

Palestine. In particular, communication satisfaction was found to 

be related positively with several organizational variables such 

as; national culture [33], OCB [37], job performance [26, 28, 38], 

empowerment [28], organizational identification [39], 

membership satisfaction [40], job satisfaction [26, 34, 41-43], 

organizational commitment [30, 42, 44] employees’ productivity 

[45], and satisfaction with work relationships [46]. Moreover, 

researchers believe that a positive communication environment 

contribute to organizational effectiveness [24]. 

        Consequently, the previous studies have provided –to some 

extent– limited support for the validity of the communication 

satisfaction and transformational-transactional leadership 

constructs because, majority of previous studies have 

investigated the original tools in English language where, 

exploratory factor analysis is not required, as well as, when the 

scales are translated into other languages. Given the ongoing 

uniqueness of the Palestinian community, which suffers of 

permanent threats of Israeli attacks; and function within unstable 

situation, Palestine seemed to be an idol context to test these 

measures, especially since this is the first applied study in public 

sector on the topic in national area. Additionally, several changes 

at top political leadership positions occur in Meddle-East region. 

This issue is important to reflect how leaders of public 

organizations should be, what action or style of leadership should 

be dominant, and how satisfactory communication will be 

ensured especially when reaching work place becomes a 

disastrous phenomenon. What style of leadership could be fit 

among similar situations? And to which extent leaders can allow 

information to flow. Such questions that would be a place of 

interest for researchers might be assessed by some information 

provided by the present study. To conclude, the present study due 

to available literature seems to be the new one investigating both 

MLQ and CSQ in public sectors organizations among Arab 

countries area. 

        The remainder of this research note include the following: 

the next section discusses dimensionality for each construct; the 

third section provides a brief of research methodology, the fourth 

section reports the results of statistical analysis of the scales, and 

the last section concludes the research. 

II. DIMENSIONALITY 

      Multifactor Leadership Questionnaire. The present study 

divided previous utilization of MLQ into three categories. In the 

first category, MLQ was presented into 9 factors of leadership (5 

for transformational style; 3 for transactional and 1 factor for 

laissez-faire style). Studies from this category [e. g., 15, 19, 20, 

47, 48] concluded that transformational factors had positive 

effect, as well as, two factors of transactional style (active 

management-by-exception and contingent reward) on several 

organizational variables, while passive management-by-

exception and laissez-faire have showed negative effect. This 

category treated factors of leadership separately due to nine 

factors, and thus, it seems to be not clear showing the effect of 

each style alone. Hence, the suggestion is; since both 

transformational and transactional styles are supposed to reflect 

effective form of leadership [3], negative factor (passive 

management-by-exception) should not be included as a factor of 

transactional style.  

        The second category of studies highlighted an approached 

combination of each style’s factors, thus, transformational style 

has presented by 5 factors combined together, and transactional 

style included three combined factors, and laissez-faire style 

remained with one factor as it is basically suggested in MLQ. 

Hence, findings of transformational style have reflected positive 

significant effect on several dependent variables [e. g., 13, 20], 

while, the effect of transactional style was uncertain reflecting 

whether negative [e. g., 12, 22] or insignificant effect [e. g.,21]. 

Additionally, studies that investigated active management-by-

exception reported variance results, it is unclear if it is positively 

related [e. g., 13, 17, 19] or not related at all [e. g., 49]. For that, 

some suggestions were to re-examine the scale. For instance, 
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Lowe, et al. [47] through a meta-analysis study suggested; 

transactional scales of the MLQ need revision because the scales 

did not seem to achieve results particularly in public sector 

organizations. Moreover, some other research  [e.g., 50] revealed 

the reasons of low reliability of transactional dimension for 

including passive management-by-exception which per se 

reflects negative effect. In support to this argument, some studies 

[e. g., 51] argued through re-examination of MLQ scaled that, it 

is possible for MLQ to appear into three dimensions, each 

dimension reflecting a separate style, while they recommended 

that researchers and practitioners should ought to continue in this 

field. It would be concluded that studies that combined the three 

factors of transactional style have come up with uncertain 

findings for transactional style, additionally; better understanding 

has been clarified when active forms of transactional factors 

were combined with transformational factors and the same to 

passive form with laissez-faire style.  

        In the third category, studies attempted to overcome the lack 

in the previous group combining factors of transformational style 

in one dimension; and contingent reward with active 

management-by-exception in another. Thus, researchers [e. g., 

50] to overcome uncertain findings; have adapted the scale based 

on the results of factor analysis. The transformational factor 

remained with five components, transactional factor included 

contingent reward and active management-by-exception, and the 

absent/avoidant style included passive management-by-exception 

and laissez-faire items. Other research [e. g., 52] found all 

components of transformational leadership were highly 

correlated, thus, they were combined together. The third factor 

was passive leadership and included passive form of 

management-by-exception combined with laissez-faire factor. 

Hence, results of these studies have shown significant and 

discussable findings. Such adjustments were also carried out in 

several other studies [e. g., 13, 17]. The existence of MLQ scale 

in three dimensions is important issue that assets in training 

requirements and evolution, and understanding leadership 

styles[51]. Further, numerous studies have examined these styles 

as unidimensional variables [see 53, 54].  

        Noticeably, some literature has discussed MLQ 

dimensionality introducing two styles (effective and ineffective), 

some other research were about four dimensions. Such results are 

out of the interest of the present study because the theory of 

transformational-transactional leadership has suggested three 

styles of leadership. In conclusion, the present study has 

followed the method argued in the third category. 

 

        Communication Satisfaction Questionnaire. The CSQ was 

presented as the best tools of measuring organizational 

communication [27]. Further, it was considered to be the most 

comprehensive instrument for assessing the formal and informal 

channels of communication and relationships among employees 

within the organization, which assesses information flow 

directions[26]. Since the first application, the CSQ was 

considered as a multidimensional instrument that covers the level 

of satisfaction with different variables of organizational 

communication [2]. Beside the eight dimensions of CSQ 

mentioned previously; Downs [55] added two other dimensions; 

top management and interdepartmental communication while, he 

was investigating communication satisfaction during 

performance appraisal. However, researchers [e. g., 56] discussed 

the CSQ assuring multidimensionality.  

        Accordingly, dimensions of CSQ have been presented in 

different ways, some studies consider it as two-dimension scale 

while, others reported three dimensions. In the present study, the 

focus is to test possibilities of creating two or three dimensions; 

this suggestion is to facilitate utilizing the scale with other 

variables. Meanwhile previous studies, authors attempted to 

contribute to this technique of measuring communication 

satisfaction. For instance, CSQ was presented in two dimensions 

of satisfaction, first, informational communication satisfaction 

which reflect the degree to which the accessible information 

conforms with people’ demand for information about their roles 

or just about organizational tasks, and second, relational 

communication satisfaction that expresses the personal 

satisfaction inherent in successfully communicating to someone 

or successfully being communicated with [56]. On the other 

hand, numerous studies [e. g., 26, 57] have noted similar 

dimensions.  

        Subsequently, Pincus (1986) through factor analysis found 

that communication satisfaction could give better understanding 

when it presented in three dimensions namely informational, 

relational, and informational/relational. Thus, the CSQ was 

presented within three factors; informational dimension describes 

the level of satisfaction with the content and flow of information 

throughout the organization, including media quality, 

organizational perspective and organizational integration. 

Relational dimension is focused on satisfaction with 

communication relationships with organizational members, 

including subordinate communication, supervisor 

communication, and horizontal communication. The third 

dimension was the informational/relational focuses on a mix 

between two factors that are personal feedback and 

communication climate. 

        Similar number of factors but; in different approach, was 

suggested by some other studies [e. g., 58] that presented three 

dimensions of communication satisfaction namely individual, 

group, and organizational level. This suggestion was further 

proved in a recent study [e. g., 37]. In another development, CSQ 

has been investigated as eleven-dimension instrument at two 

levels; four dimensions were for top management level, and 

seven at employees’ level. Thus, the study concluded that 

presenting CSQ in two dimensions had given better 

understanding [30]. Some other research concerned six 

dimensions of the original CSQ [e. g., 59]. Concluding from the 

previous studies, it seems that the dimensionality of CSQ 

depends on; how communication satisfaction is goon be 

presented and, the variables that will be investigated beside. 

Further, it might be depended on the level of investigation 

(supervisory or subordinator). The present study attempted to 

follow suggestion by authors [e. g., 56] that the dimensionality of 

communication satisfaction could provide better understanding 

when it divided to informational and relational communication. 

Further, three-dimension method will be concerned as well.  

III. METHODOLOGY 

Research Site 

        Palestinian respondents came from two largest public 

organizations; ministry of education, and ministry of health. 
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Their services expand to reach each family if not each citizen. 

Indeed, taking care of citizens’ health and providing educational 

services are two main fields that never would be stopped even 

during crises.  Palestine is the focus of the Arab-Israeli conflict, 

which is one of the most contentious issues on the regional and 

international level. To make space to investigate the leadership 

behavior of the leaders and communication satisfaction of the 

employees in the Palestinian institutions could boost awareness 

of researchers and interested to learn about the characteristics of 

these institutions. It further may guide to overcome their 

weaknesses. Thus, examining such tools will facilitate the task of 

researcher.  

        Accordingly, such instruments might reflect to which extent 

the investigated constructs are important for; public 

organizations and unstable communities. The present study 

believes that studies emerged from Palestinian community can 

provide in interesting model for similar cases. Due to the 

significant security reasons associated with the conduct of social 

science research in Palestine, very little recent work has been 

undertaken in Palestine. This issue is exacerbated exponentially 

when topics of “leadership and communication in governmental 

sector” are introduced. Despite that, the present study sought, as 

best it could, to maintain methodological accuracy, consistency, 

and data reliability throughout the study attempting to shed new 

spectrum of knowledge upon the Palestinian organizations. 

 

Sample 

        A survey of 360 questionnaires was administrated over two-

month period from April to May 2011. Most of the data (278 

questionnaires) were gathered from the ministry of health and the 

rest (82 questionnaires) from ministry of education. Since no 

significant differences were found between the organizations, the 

data was combined into one complete sample. Though large (n = 

342), the convenience sample was obtained through random 

sample method.   

 

Instruments 

        Multifactor Leadership Questionnaire (MLQ). The MLQ 

5X-Short [1], is widely used for measuring leadership styles 

(transformational, transactional and laissez-faire). Further, it was 

utilized in several empirical researches, particularly those 

concerned with the relationship between leadership styles and 

other factors. This scale consists of 45 items answered by the 

subordinates using a five-point Likert scale. The scale points are 

0= not at all, 1= once in a while, 2 = sometimes, 3 = fairly often 

and 4= frequently, if not always. The original version of this 

scale consists of three parts; the first part describes the 

information of the respondents; the second part measures the 

three styles of leadership; the third part measured leadership 

outcomes. For the purposes of the preset study, the focus is on 

the second part that reflects three styles of leadership. 

Transformational leadership scale consists of 20 items grouped in 

5 subscales (Intellectual Stimulation, Behavioural Idealized 

Influence, Attributed Idealized Influence, Inspirational 

Motivation and Individual consideration). Transactional 

leadership scale consists of 12 items, categorized in 3 subscales 

(Contingent Reward, Passive Management-by-exception, and 

Active Management-by-exception); Laissez-faire leadership is 

one scale. Every subscale consists of 4 items. Sample items of 

MLQ-5X Short, the person I am rating …; “Provides me with 

assistance in exchange for my effort”, “Re-examines critical 

assumptions to question whether they are appropriate”, “Fails to 

interfere until problems become serious”, and “Is absent when I 

need.” 

        In the review of the literature, MLQ 5X-Short was found to 

be of a highly reliable scale. The reliability of MLQ 5X-Short in 

different studies were demonstrated even when it was translated 

into other languages. For instance, the reliabilities of 

transformational and transactional scales were (0.96) and (0.89) 

respectively [60] where, the study matched 192 subordinates and 

155 supervisors from manpower service agency in the Southern 

United States. Some other research [e. g., 22] noted that 

transformational and transactional had consequently (0.95) and 

(0.83) reliabilities, where the study was applied on a sample 

consisting of 201 employees of a public security organization in 

Israel. Finally, a recent applied study on a sample of 102 

employees in a Mexican public hospital, found that reliabilities 

were; (0.98) for transformational style, (0.89) for transactional, 

and (0.71) for laissez-faire [e. g., 61].  

 

        Communication Satisfaction Questionnaire (CSQ). The 

original CSQ consists of eight dimensions (mentioned 

previously), and every dimension has 5 items. The CSQ has been 

widely applied in several studies. The first application of this 

scale was by Downs and Hazen [2] where they attempted to 

determine the relationship between communication satisfaction 

and job satisfaction. The scale was administrated to 225 

employees in different organizations. They found that 83 items 

from 88 made significant contributions. Further they reviewed 

the questionnaire to 40 items, categorized in eight factors. The 

CSQ scale had seven-point Likert scale, ranging from 1 (strongly 

dissatisfied) to 7 (strongly satisfied). It applied CSQ on 510 

respondents from supervisorial and professional levels in four 

different organizations. Some other studies also applied the same 

scale. Indeed, scholars have come up with several tools of 

measurements for communication practices in organization. Four 

instruments of organizational communication were examined 

including CSQ by authors [e. g., 62] who concluded that there is 

no instrument better than the other.  

        In the present study, CSQ was found the most appropriate 

while it widely used for similar studies. This instrument has been 

found to be internally consistent [63], and reliable across 

organizations [62]. Additionally this scale fit with the purpose of 

the present study. On the other hand, authors [e. g., 56, 64] have 

recommended that CSQ still need to be investigated to provide 

better understanding of the antecedents and consequences of 

employees’ communication satisfaction. In support to above, 

sample items of CSQ scale are; “Extent to which my supervisor 

understand the problems faced by staff”, “Extent to which I 

receive in time the information needed to do my job”, and 

“Extent to which my supervisor trusts me.”  

        The original CSQ has registered high reliability. For 

instance, a sample of 90 respondents (68 in virtual and 22 in 

traditional offices in Turkey) was examined, where the reliability 

was found to be (0.94) and the scale was translated from English 

into Turkish [65]. The scale was also applied on 632 employees 

in Taiwan Sugar Corporation [24]. Further, authors [e. g., 58] 

applied the CSQ on a sample which consisted of 192 full-time 
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employee in non-profit organization, with the reliabilities ranging 

from (0.80) to (0.90). 
 

IV. DATA ANALYSIS 

        In the present study, data were analyzed according to 

procedures provided by Statistical Package for Social Sciences 

(SPSS) software version 0.19 for Windows. 
 

Respondents Profile 

         In term of demographics, majority of respondents were 

male (67.5) within an age below 39 years (70.7%). The 

respondents were mostly married (84.2%), and their educational 

level is high; (57.9%) of the sample held bachelor degree, while 

(12.6%) held postgraduate diplomas. In term of major, 

respondents were specialized in different fields; (23.4%) 

management; (16.4%) Arts, (15.2%) Technical, (13.5%) 

Humanities, (11.1%) Science, (8.8%) medicine, and (5.8%) were 

engineers and as same as other majors. It seems that the sample 

was comprehensive and represents a wide slide of variance 

majors. 
 

Goodness of the scale 

        Goodness of measures is a prior procedure that should be 

proceeds for testing the utilized measurements before acting data 

analysis [66]. To ensure goodness of measures, factor analysis 

and reliability were applied for each scale separately. The next 

subsections show factor analysis for each scale and reliability for 

each scale and sub-scale. 
 

Factor Analysis 

         It “defines the correlation between the variable and factor 

as including all of the overlap between variables and the factor in 

addition to the overlap with the other variables” [67]. Thus, 

factor analysis is to determine the basic structure among the 

variables in the analysis [68]. For this reason, in the present 

study, factor analysis was applied to yield factors that form the 

dimensions for each measure. To design factor analysis, the 

variable should include at least five items; sample must have 

more observation than variables, minimum sample sized should 

be 50 observations, and sample should include 10 observations 

per variable [68]. There are some conditions of factor analysis 

that should be realized [68]; first, if the number of respondents 

exceed 100, the considered factor loading should be in range of ± 

0.30 to ± 0.40 to realized the minimum level for interpretation of 

structure. While, if the loading is ± 0.50 or greater is considered 

significant, and is considered indicative of well-defined when the 

loading is above ± 0.70. Second, sample sized should be 

adequate by both Kaiser-Meyer-Olkin (KMO) test and Bartlett’s 

test of Sphericity. In the present study, the weight of 0.35 was 

utilized as the minimum cut off based on sample size as it was 

indicated by researchers [e. g., 68]. Thus, items that are cross-

load were deleted.  

 

a. Factor Analysis of MLQ.  

        The 36 items of MLQ are grouped into 3 sub-scales, and 

each sub-scale describes a behavior of leadership 

(transformational, transactional, and laissez-faire). Based on 

statistical results in Anti Image items which were less than 0.5 

were deleted, and for Communalities, items that were less than 

0.35 were deleted [68]. Thus, 5 items were deleted; 4 items from 

transformational style subscale, and 1 item from the subscale of 

laissez-faire style. In Table I, the first factor of measurements 

represents transformational style, was with 20 items. After 

processing of factor analysis, 4 items was deleted. The second 

factor describes transactional style with 12 items. After factor 

analysis, the items were reduced to 8 items where, 4 items were 

shifted to laissez-faire style, and no items were deleted.  

 
Table I Result of Leadership Styles Factor Analysis 

 

Factors of Leadership 
Components 

1 2 3 

Transformational    

Q. 1 .928 .174 -.068 

Q. 2 .928 .158 -.083 
Q. 3 .921 .151 -.048 

Q. 4 .922 .145 -.072 

Q. 5 .838 .078 -.078 

Q. 6 .900 .125 -.039 

Q. 7 .667 .174 -.006 

Q. 8 .823 .151 -.034 
Q. 9 .792 .176 -.125 

Q. 10 .839 .069 -.017 
Q. 11 .836 .123 -.070 

Q. 12 .721 .197 -.056 

Q. 13 .895 .141 -.067 
Q. 14 .934 .135 -.059 

Q. 15 .930 .132 -.074 

Q. 16 .930 .131 -.064 

Transactional    

Q. 1 .139 .841 -.081 

Q. 2 .203 .843 -.001 

Q. 3 .199 .870 -.060 
Q. 4 .166 .914 -.043 

Q. 5 .204 .842 -.002 

Q. 6 .169 .731 .003 

Q. 7 .065 .782 -.044 

Q. 8 .164 .917 -.017 

Laissez-Faire    

Q. 1 -.123 -.093 .651 

Q. 2 .032 -.021 .688 

Q. 3 .044 .131 .630 

Q. 4 -.023 -.013 .772 

Q. 5 -.122 -.101 .854 

Q. 6 -.168 -.081 .882 

Q. 7 -.142 -.051 .878 

Eigen-Value 12.321 6.089 4.252 

Variance Explained 39.746 19.642 13.436 

Cronbach’s Alfa  0.980 0.949 0.886 

Total Variance Explained 73.104 

KMO 0.928 

Bartlett's Test  13748.910 
  

 

        It further shows the routed communalities for each item. 

The principal component analysis, varimax rotation with 3 

factors and with Eigenvalues greater than 1.0 was also 

considered. The results show that the three factors have 

explained 73.104% of the total variance. The KMO was high, it 

registered 0.928, and the Bartlett’s Test of Sphericity was 

significant. 

 

b. Factor Analysis of CSQ. 

        The conducted factor analysis for communication 

satisfaction indicated three factors solution with Eigenvalues 

greater than 1.0 and total variance explained 67.502% of the total 

variance. The results show also that KMO measure of sampling 
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adequacy was 0.927 which is consider as sufficient inter-

correlations while the Bartlett’s Test of Sphericity was 

significant where (Chi Square = 10281.599). The results showed 

that 10 items of the 40 items should be deleted because of low 

communality and/or cross-loading comparing with other items. 

Factor 1 present relational dimension and consisted of 15 items. 

After processing factor analysis, one item was deleted; the factor 

became with 14 items. Factor 2 represents informational 

dimension and consisted of 15 items. After processing factor 

analysis, 6 items were deleted. Thus, this factor became with 9 

items. Finally, factor 3 represents informational/relational 

dimension and was consisted of 10 items. After processing factor 

analysis 3 items were deleted. Table II illustrates the details of 

the three factors. Indeed, the results of factor analysis showing in 

Table II are for the third run of factor analysis. 

 
Table II Result of the Communication Satisfaction Factor Analysis 

 

Factors of 

Communication Satisfaction 

Components 

1 2 3 

Relational    

Q. 1 .797 .154 .306 
Q. 2 .828 .073 .145 

Q. 3 .733 .227 .326 

Q. 4 .794 .224 .059 
Q. 5 .775 .098 .278 

Q. 6 .784 .148 .297 

Q. 7 .807 .252 .171 
Q. 8 .764 .186 .191 

Q. 9 .745 .185 .278 

Q. 10 .752 .135 .332 
Q. 11 .833 .155 .052 

Q. 12 .761 .227 .269 

Q. 13 .805 .165 .110 

Q. 14 .810 .165 .169 

Informational    

Q. 1 .259 .825 .138 

Q. 2 .233 .895 .013 
Q. 3 .220 .872 .133 

Q. 4 .177 .655 .311 

Q. 5 .273 .759 .315 
Q. 6 .105 .840 .272 

Q. 7 .264 .778 .255 

Q. 8 .069 .797 .244 
Q. 9 .112 .783 .204 

Informational/relational    

Q. 1 .174 .184 .617 

Q. 2 .246 .218 .671 

Q. 3 .236 .187 .705 

Q. 4 .157 .239 .627 

Q. 5 .217 .208 .691 

Q. 6 .206 .124 .662 

Q. 7 .261 .226 .714 
    

Eigen-Value   9.338   6.534   4.379 

Variance Explained 31.127 21.780 14.595 

Reliability   0.966   0.952   0.859 

    
  

Total Variance Explained 67.502 

KMO     0.927 

Bartlett's Test  10281.599 

 
Reliability Analysis 

        Reliability is the second criteria that ensure goodness of 

measures that refers to the facts that an instrument should 

consistently reflect the construct it is measuring across different 

situations [69]. It further reflects to which extent a variable or 

group of variables is consistent in what it is intended to measure 

[68]. However, it was suggested that Cronbach’s alpha 

coefficient should be above 0.60 for reliability to consider the 

scale as consistent scale; the high value reflects the high 

consistency [70]. The higher Cronbach’s alpha coefficient is 

(close to 1) and responds to higher internal constancy. 

 
Table III Reliability Coefficient and Descriptive Analysis 

 

Variable Mean 
Std. 

Deviation 

Number 

of Items 

Items 

Dropped 

Cronbach’s 

Alpha 

Leadership Style - - 36   5 0.92 

  1)Transformational 3.73 0.830 20   4 0.98 

  2) Transactional 3.39 0.691   8  - 0.94 
  3) Laissez-Faire 2.36 0.734   8   1 0.88 
      

Com. Satisfaction - - 40 10 0.95 

  1) Relational  3.55 0.590 15   6 0.95 
  2) Informational  3.38 0.630 15   1 0.96 

  3) Info-relational 3.93 0.456 10   3 0.85 

 

        Table III presents the results. The results of reliability 

analysis show high value of Cronbach’s alpha coefficient for all 

scales and subscales; this means that all scales have high 

consistency. 
 

V. CONCLUSION AND FURTHER RESEARCH 

        The essential aim in the present research note is to test 

goodness of two important scales that determine important 

factors of individuals’ behaviors and attitude among public 

organizations. Giving the uniqueness of such community, factor 

analysis and reliability of the scales were tested in a “turbulence” 

region, the Palestine. In particular, both scales were applied and 

tested in Gaza Strip, notwithstanding the difficulty of conducting 

such research in public organizations. Beyond the findings of the 

present study, the scales seem to be investigable among public 

organizations generally and in unstable communities in 

particular. 

        Through factor analysis, three dimensions were emerged to 

express leadership styles, as well as, communication satisfaction. 

For leadership styles, 5 items out of 36 items were deleted due to 

low communalities. The emerged dimensions were three styles of 

leadership namely transformational (16 items), transactional (8 

items), and laissez-faire (7 items). Then, the scale’s Cronbach’s 

alpha was high and ranged between 0.88 and 0.98 while, it was 

0.92 for the whole scale. In CSQ, 10 items out of 40 were deleted 

due to factor analysis resulting three dimensions. The dimensions 

were informational (9 items), relational (14 items), and 

informational/relational (7 items). The three dimensions showed 

certain aspects of communication satisfaction that could be 

investigated in future studies. The reliability therefore, has 

registered high value of Cronbach’s alpha ranged between 0.85 

and 0.96 while, it was 0.95 for the scale at all. The new 

dimensions for both scales were argued previously in the present 

study and supported by analytical tests. 

        Indeed, the results of the present research note have 

important strategy implications that go beyond the Palestinian 

community for public sector organizations generally and unstable 

communities in particular. Understanding the factors that 

influence employee’s attitude and behaviors is utmost 

importance to ensure organizational success of the governmental 
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sector that depends on human capital. Such knowledge of 

individuals’ attitude and behaviors is sometimes hard to come by, 

especially when the situation of workplace is unstable, more 

specifically when the country or community is against a certain 

hostile entity. The reliability of the scales was the second factor 

representing the extent to which the applied instrument could 

reflect the reality of respondents’ perceptions. In other word, it is 

to assure that the instrument is quite enough to express the 

observation that it measures. Hence, the high value of 

Cronbach’s alpha reflects the high reliability of the scale; this 

means that scales are utilizable. 

        Insight the uniqueness of investigated organizations, both 

leadership and communication satisfaction are two important 

factors to ensure organizational success. For instance, 

organizations need a wise effective leader to minimize failure, 

stand against risks, and managing crises efficiently. Employees 

on the other hand are in need to be fully informed to know the 

way through which their tasks would be accomplished. Not only 

by sufficient information, but also, through smoothly and healthy 

relations. Such factors reflect positive attitude such as 

satisfaction. Even it is outside the focus of the present study, 

scant attention has been given to clarify the association and/or 

integration between the investigated constructs. The 

organizations of today; function within rabid changes and, facing 

challenges at political and; organizational levels, and thus, 

passive reactions dealing with such circumstances undoubtedly; 

results failure and, limits leader’s role.  

        Accordingly, leadership style, on one hand is very important 

to influence employees communicating a common goal, or set of 

goals that harmonize their ambitions and needs. To support the 

role of leadership, the importance of satisfactory communication 

takes place. No doubts that, an effective leader aims to realize 

objectives successfully; hence, the role of communication 

satisfaction is necessary. Communication satisfaction on the 

other hand, is the medium though which followers of a leader 

need to be sufficiently informed about; their duties, organization, 

and strategies. Further, employees as a human capital should be 

considered and kept in socialization through relational 

communication. Thus, the integration between these two 

constructs should be investigated in further research and; across 

cultures and industries.  

        Indeed, the routine and bureaucracy are key reasons of 

researchers’ refusal to investigate public organizations where, the 

flow of transactions seems to be highly standardized. Hence, the 

extent to which each construct could contribute to minimize 

undesirable effect is a field that worth to be investigated. 

        The community of Palestine – at political level – still 

suffering from separatism between the two influential parties 

where, the two areas that represent Palestine “West Bank and 

Gaza Strip” are unattached geographically; and each is controlled 

by separate government, and thus data collection was limited to 

Gaza Strip. On the other hand, data collection from both of these 

areas was impossible, and thus, the present study was limited to 

Gaza Strip. The present study hopefully expects that the 

investigated instruments would be useful supporting 

governmental organizations in case of forming a unitary 

government, it also call researchers to apply similar studies in the 

West Bank. 

        Even in Gaza Strip, data collection was not an easy task; it 

required pledge and assurance from the researcher not to use data 

for any purpose except scientific research. Permission was given 

to the researchers after revising the content of the instruments. 

Indeed, the investigated organizations expressed concern of data 

leakage to external hostile entities. Even though, data collection 

was managed smoothly after certain official procedures and the 

rate of returned questionnaires was very high. Such issues should 

be considered when future researches apply the scales within 

unstable communities and/or public sector organizations. 

        To conclude, testing MLQ and CSQ among public 

organizations might diagnoses certain weakness, and thus, it 

would be useful for officials when they drawing up an alternative 

scenario of planning to identify obliviously the investigated 

constructs. 

        Finally, the effect of critical transformation of today within 

Arab countries limits and constrains the value of existing theories 

and constructs. The value of findings from the present study 

based upon Palestinian respondents adds to the richness of good 

government approach by shedding some light on this heretofore 

inaccessible sector. For the most part, even the public sector 

seems to be inaccessible easily but, it is not a red line in front of 

researchers' insistence toward knowledge-creation. 
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Abstract- Power flow analysis is the backbone of power system 

analysis and design. They are necessary for planning, operation, 

economic scheduling and exchange of power between utilities. 

The principal information of power flow analysis is to find the 

magnitude and phase angle of voltage at each bus and the real 

and reactive power flowing in each transmission lines. Power 

flow analysis is an importance tool involving numerical analysis 

applied to a power system. In this analysis, iterative techniques 

are used due to there no known analytical method to solve the 

problem. To finish this analysis there are methods of 

mathematical calculations which consist plenty of step depend on 

the size of system. This process is difficult and takes a lot of 

times to perform by hand. The objective of this project is to 

develop a toolbox for power flow analysis that will help the 

analysis become easier. Power flow analysis software package 

develops by the author use MATLAB programming  

        The economic load dispatch plays an important role in the 

operation of power system, and several models by using different 

techniques have been used to solve these problems. Several 

traditional approaches, like lambda-iteration and gradient method 

are utilized to find out the optimal solution of non-linear 

problem. More recently, the soft computing techniques have 

received more attention and were used in a number of successful 

and practical applications. 

 

Index Terms- Power flow, Gauss-Seidal method, Newton 

Raphson method, Voltage profile. 

 

I. INTRODUCTION 

oad flow studies [1]-[2] are used to ensure that electrical 

power transfer from generators to consumers through the 

grid system is stable, reliable and economic. Conventional 

techniques for solving the load flow problem are iterative, using 

the Newton-Raphson or the Gauss-Seidel methods [3]-[4]. Load 

flow analysis forms an essential prerequisite for power system 

studies. Considerable research has already been carried out in the 

development of computer programs for load flow analysis of 

large power systems. However, these general purpose programs 

may encounter convergence difficulties when a radial 

distribution system with a large number of buses is to be solved 

and, hence, development of a special program for radial 

distribution studies becomes necessary [5]. There are many 

solution techniques for load flow analysis. The solution 

procedures and formulations can be precise or approximate, with 

values adjusted or unadjusted, intended for either on-line or off-

line application, and designed for either single-case or multiple-

case applications. Since an engineer is always concerned with the 

cost of products and services, the efficient optimum economic 

operation and planning of electric power generation system have 

always occupied an important position in the electric power 

industry. With large interconnection of the electric networks, the 

energy crisis in the world and continuous rise in prices, it is very 

essential to reduce the running charges of the electric energy [6]-

[7]. A saving in the operation of the system of a small percent 

represents a significant reduction in operating cost as well as in 

the quantities of fuel consumed. The classic problem is the 

economic load dispatch of generating systems to achieve 

minimum operating cost.  

         This problem area has taken a subtle twist as the public has 

become increasingly concerned with environmental matters, so 

that economic dispatch now includes the dispatch of systems to 

minimize pollutants and conserve various forms of fuel, as well 

as achieve minimum cost [8]. In addition there is a need to 

expand the limited economic optimization problem to 

incorporate constraints on system operation to ensure the security 

of the system, thereby preventing the collapse of the system due 

to unforeseen conditions [9]. However closely associated with 

this economic dispatch problem is the problem of the proper 

commitment of any array of units out of a total array of units to 

serve the expected load demands in an ‘optimal’ manner [10]. 

For the purpose of optimum economic operation of this large 

scale system, modern system theory and optimization techniques 

are being applied with the expectation of considerable cost 

savings. 

         Through the load flow studies we can obtain the voltage 

magnitudes and angles at each bus in the steady state. This is 

rather important as the magnitudes of the bus voltages are 

required to be held within a specified limit. Once the bus voltage 

magnitudes and their angles are computed using the load flow, 

the real and reactive power flow through each line can be 

computed [11]-[12]. Also based on the difference between power 

flow in the sending and receiving ends, the losses in a particular 

line can also be computed. Furthermore, from the line flow we 

can also determine the over and under load conditions. The 

steady state power and reactive power supplied by a bus in a 

power network are expressed in terms of nonlinear algebraic 

equations. We therefore would require iterative methods for 

solving these equations. In this paper we shall discuss two of the 

load flow methods. 

 

II. POWER FLOW OVERVIEW 

         The overall aim of the whole paper is to develop a program 

that allow user to solve power flow problem. However the other 

objective that needed to complete are: 

 Power flow analysis is very important in planning stages of 

new networks or addition to existing ones like adding new 

L 
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generator sites, meeting increase load demand and locating 

new transmission sites.  

  The load flow solution gives the nodal voltages and phase 

angles and hence the power injection at all the buses and 

power flows through interconnecting power channels.  

  It determines the voltage of the buses. The voltage level at 

the certain buses must be kept within the closed tolerances.  

  The line flows can be known. The line should not be 

overloaded, it means, we should not operate the close to 

their stability or thermal limits.  

 To study the performance of the transmission lines, 

transformer and generator at steady state condition. 

   To write a program for power flow analysis for education 

and training purposes 

   To obtain the simulation of power flow analysis by 

MATLAB. 

 

III. POWER FLOW ANALYSIS 

         The power flow analysis (also known as load-flow study) is 

an importance tool involving numerical analysis applied to a 

power system. Unlike traditional circuit analysis, a power flow 

study usually uses simplified notation such as a one-line diagram 

and per-unit system, and focuses on various form of AC power 

(i.e: reactive, real and apparent) rather than voltage and current. 

The advantage in studying power flow analysis is in planning the 

future expansion of power systems as well as in determining the 

best operation of existing systems. Power flow analysis is being 

used for solving power flow problem by Newton-Raphson 

method and Gauss Seidel method. This sub-chapter will discuss 

all two methods generally on formula or mathematical step in 

order to solve power flow problem. 

 

3.1 Bus Classification 

         A bus is a node at which one or many lines, one or many 

loads and generators are connected. In a power system each node 

or bus is associated with 4 quantities, such as magnitude of 

voltage, phage angle of voltage, active or true power and reactive 

power in load flow problem two out of these 4 quantities are 

specified and remaining 2 are required to be determined through 

the solution of equation. Depending on the quantities that have 

been specified, the buses are classified into 3 categories. For load 

flow studies it is assumed that the loads are constant and they are 

defined by their real and reactive power consumption. The main 

objective of the load flow is to find the voltage magnitude of 

each bus and its angle when the powers generated and loads are 

pre-specified. To facilitate this we classify the different buses of 

the power system shown in the chart below.  

 
Fig. 1 Classification of buses. 

 

         Load Buses: In these buses no generators are connected 

and hence the generated real power PGi and reactive power QGi 

are taken as zero. The load drawn by these buses are defined by 

real power -PLi and reactive power -QLi in which the negative 

sign accommodates for the power flowing out of the bus. This is 

why these buses are sometimes referred to as P-Q bus. The 

objective of the load flow is to find the bus voltage magnitude 

|Vi| and its angle δi.  

         Voltage Controlled Buses: These are the buses where 

generators are connected. Therefore the power generation in such 

buses is controlled through a prime mover while the terminal 

voltage is controlled through the generator excitation. Keeping 

the input power constant through turbine-governor control and 

keeping the bus voltage constant using automatic voltage 

regulator, we can specify constant PGi and | Vi | for these buses.  

         Slack or Swing Bus: Usually this bus is numbered 1 for 

the load flow studies. This bus sets the angular reference for all 

the other buses. Since it is the angle difference between two 

voltage sources that dictates the real and reactive power flow 

between them, the particular angle of the slack bus is not 

important. However it sets the reference against which angles of 

all the other bus voltages are measured. For this reason the angle 

of this bus is usually chosen as 0°. Furthermore it is assumed that 

the magnitude of the voltage of this bus is known.  

 

3.2 Bus Admittance Matrix 

         1. The first step is to number all the nodes of the system 

from 0 to n . Node 0 is the  reference node (or ground node). 

         2.Rreplace all generators by equivalent current sources in 

parallel with an admittance. 

         3. Replace all lines, transformers, loads to equivalent 

admittances whenever possible. 

         4. The bus admittance matrix Y is then formed by 

inspection as follows (this is similar to what we learned in circuit 

theory): sum of admittances connected to node iiy = i and yij = y 

ji = -sum of admittances connected from node i to node j 

         5. The current vector is next found from the sources 

connected to nodes 0 to n . If no source is connected, the injected 

current would be 0. 

         6. The equations which result are called the node-voltage 

equations and are given the "bus" subscript in power studies thus: 

bus bus bus I = Y V.  
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IV. LOAD FLOW SOLUTION 

         In Power System Engineering, the load flow study (also 

known as power flow study) is an important tool involving 

numerical analysis applied to a power system. Unlike traditional 

circuit analysis , a power flow study uses simplified notation  

such as a one line diagram and per unit system  , and focuses on 

various forms of AC power  (i.e. reactive ,real and apparent ) 

rather than voltage and current. It analyses the power systems in 

normal steady state operation. There exist a number of software 

implementations of power flow studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1  One line diagram of IEEE 30 bus system 

 

 

 

4.1 Gauss- Seidel method 

In this method of solving for power system analysis, the equation 

S=VI* is used where S=P+jQ and hence the equation becomes 

 

P + jQ = VI*             (1) 

P – jQ =V*I             (2) 

 

From the above equation we can deduce that the current I is 

given by 

 

I=(P-jQ)/V*          (3) 

 

But we also know that  

 

I=YV                            (4) 

 

Now the voltages of the buses are calculated from the equation 

summarized as  

                       VY=(P-jQ)/V*                                      (5) 

where after each iteration the voltages are replaced in the next 

iteration. 

         The slack bus where V is known the voltage equation for 

that bus is not formulated. For the P-Q buses the voltage 
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magnitudes and angles are obtained directly from the power flow 

equations. But for the P-V buses where we know the magnitude 

of the voltage of those buses, the voltages are calculated in the 

following way 

 

                 Vnew=Vold .angle(Vnew )       (6) 

 

        Hence, the voltages of the buses are calculated and the error 

of their values with the old values are calculated and checked 

with the tolerance value to decide whether iteration would be 

needed or not. 

 

4.2 Newton-Raphson Method 

        The Newton-Raphson method is widely used for solving 

non-linear equations. It transforms the original non-linear 

problem into a sequence of linear problems whose solutions 

approach the solutions of the original problem. 

        Let G=F(x,y) be an equation where the variables x and y are 

the function of arguments of F. G is a specified quantity. If F is 

non-linear in nature there may not be a direct solution to get the 

values of x and y for a particular value of G. in such cases, we 

take an initial estimate of x and y and iteratively solve for the 

real values of x and y until the difference is the specified value of 

G and the calculated value of F(using the estimates of x and y) 

i.e. ΔF is less than a tolerance value. The procedure is as follows 

Let the initial estimate of x and y be x
0
 and y

0
 respectively 

 

Using Taylor series 

G = F (x
0
, y

0
) +   x0,y0 . +   x0,y0

 .     
(7) 

 

 

Where     and   are calculated at x
0
 and y

0 

G - F(x
0
, y

0
) = =  . + .         (8) 

 

In the matrix form it can be written as 

 =      (9) 

 

Or  

 

 =         (10)                                      

 

         After the first iteration x is updated to x
1
 = x

0
 + Δx  and y to 

y
1
 = y

0
 + Δy. The procedure is continued till after some iteration 

both ΔF is less than some tolerance value ε. The values of x and 

y after the final update at the last iteration is considered as the 

solution of the function F. 

         For the load flow solution , the non-linear equations are 

given by equation (9). There will be 2n – 2 – p such equations, 

with n being the total number of buses and p the number of PV 

and generator buses. 

 

Equation (11) can be replaced as 

 =     (11) 

 

or            

   =inv  (12) 

 

          The matrix of equation (14) consisting of the partial 

differentials, is known as the Jacobian matrix and is very often 

denoted as J.ΔP is the difference between the specifies value of 

P(P
sp

) and the calculated value of P using the estimates of δ and 

|V| in  a previous iteration. We calculate ΔQ similarly. 

          The Newton power flow is the most robust power flow 

algorithm used in practice. However, one drawback to its use is 

the fact that the terms in the Jacobian matrix must be recalculated 

each iteration, and then the entire set of linear equations in 

equation (14) must also be resolved each iteration. Since 

thousands of complete power flow are often run for planning or 

operations study, ways to speed up this process were devised. 

 

4.3 Compare G-S method and N-R methods of load flow solutions. 
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G-S method N-R method 

1. The variables are expressed in rectangular co-

ordinates. 

2. Computation time per iteration is less. 

3. It has linear convergence characteristics. 

4. The number of iterations required for 

convergence increase with size of the system. 

5.The choice of slack bus is critical. 

1. The variables are expressed in polar coordinates. 

 

2. Computation time per iteration is more 

3. It has quadratic convergence characteristics. 

4.The number of iterations are independent 

of the size of the system. 

5. The choice of slack bus is arbitrary. 
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V. TEST RESULT 

 

          Load flow analysis is carried out in IEEE 30 bus test system. Output Voltage magnitude and Voltage Angle values from Gauss-

Seidal method for IEEE 30 bus system. All datas are in per unit. Angle is given in radian 

 

Voltage:  

abs(V)= 

 

Columns 1 through 10  

    1.0000    1.0038    1.0001    1.0039    1.0018    1.0088    0.9942    1.0031    1.0195    1.0048 

Columns 11 through 20  

    1.0647    1.0182    1.0532    0.9926    0.9966    0.9967    0.9945    0.9980    0.9964    0.9991 

Columns 21 through 30  

    0.9965    1.0000    0.9963    0.9937    1.0000    0.9824    1.0102    1.0011    0.9953    0.9809 

 

Angle: 

d= 

Columns 1 through 10  

         0    0.0124   -0.0004   -0.0009   -0.0502   -0.0001   -0.0089    0.0015         0    0.0007 

Columns 11 through 20  

    0.0350    0.0024    0.0225   -0.0060   -0.0031   -0.0026   -0.0040   -0.0022   -0.0035   -0.0010 

Columns 21 through 30  

   -0.0022    0.0000   -0.0028   -0.0021    0.0000   -0.0076    0.0039   -0.0012   -0.0042   -0.0253 

 

         Output Voltage magnitude and Voltage Angle values from Newton-Raphson method for IEEE 30 bus system. Angle is given in 

radian. 

 

Voltage: 

abs(V) 

Columns 1 through 10  

    1.0500    1.0438    1.0483    1.0468    1.0232    1.0446    1.0283    1.0470    1.0768    1.0736 

Columns 11 through 20  

    1.1328    1.0782    1.1251    1.0648    1.0614    1.0692    1.0671    1.0539    1.0525    1.0570 

Columns 21 through 30  

    1.0618    1.0624    1.0537    1.0517    1.0534    1.0364    1.0628    1.0411    1.0438    1.0328 

 

 

Angle: 

d=  

Columns 1 through 10  

         0   -0.0502   -0.0850   -0.1019   -0.1578   -0.1174   -0.1429   -0.1177   -0.1450   -0.1761 

Columns 11 through 20  

   -0.1144   -0.1626   -0.1431   -0.1776   -0.1797   -0.1729   -0.1786   -0.1900   -0.1929   -0.1896 

Columns 21 through 30  

   -0.1838   -0.1837   -0.1872   -0.1915   -0.1898   -0.1966   -0.1844   -0.1243   -0.2043   -0.2185 

 

 

VI. CONCLUSION 

        Power flow or load-flow studies are important for planning 

future expansion of power systems as well as in determining the 

best operation of existing systems. The principal information 

obtained from the power flow study is the magnitude and phase 

angle of the voltage at each bus, and the real and reactive power 

flowing in each line. 

        We have formulated the algorithm and designed the 

MATLAB programs for bus admittance matrix, converting polar 

form to rectangular form, Gauss-Siedel method and Newton 

Raphson method for analyzing the load flow of the IEEE-30 bus 

systems. The Voltage magnitude and angles of a 30 bus system 

were observed for different values of Reactance loading and the 

findings have been presented. From the findings, it is concluded 

that increasing the reactance loading resulted in an increased 

voltage regulation. Gauss-Siedel has simple calculations and is 

easy to execute, but as the number of buses increase, number of 

iterations increases. On the other hand, in Newton-Rahpson 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      354 

ISSN 2250-3153  

www.ijsrp.org 

method, the calculations are complex, but the number of 

iterations is low even when the number of buses is high. 
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Abstract- This paper proposes a methodology    that integrates a 

growth model with an input-output transaction matrix to analyze 

the impacts of economic growth on the consumption of energy 

.This methodology also use to study that how energy intensity in 

Indian industry change over time. This allows us to verify the 

pattern of energy consumption of about 130 each sector between 

the years 1967- 2012. 

          Energy consumption and greenhouse gas emissions are 

closely linked. This paper reviews energy efficiency option   to 

reduce energy intensities and energy consumption and their 

impacts. Energy efficiency and technological changes, energy 

mix can save energy by demand in household and as a result   

green house gas emission decrease. It also present a model to 

calculate energy consumption in households.  

          The other focus of this work is on presenting the process of 

data collection and methodology. Results and discussion will be 

revealed in a later paper. 

 

Index Terms- Energy efficiency, energy intensity, household, 

Input-output 

 

I. INTRODUCTION 

nergy is the most important factor in wealth generation and 

economic and social development. Based on historical data, 

there is a strong relationship between economic activities and 

availability of energy resources. 

          Energy is needed for basic human needs: for cooking, 

heating, lighting, boiling water and for other household-based 

activities. Energy is also required to sustain and expand 

economic processes like agriculture, electricity production, 

industries, services and transport. It is commonly suggested that 

energy consumption is closely linked with development and 

economic well-being. 

          The economy was dependent largely on the non-

commercial sources of energy for meeting the requirements of 

the households and on animal and human energy in case of 

agriculture and transport. During the 50 years that followed 

Independence, the demand for energy, particularly for 

commercial energy, registered a high rate of growth contributed 

largely by the changes in the demographic structure brought 

about through rapid urbanization, need for socio-economic 

development and the need for attaining and sustaining self 

reliance in different sectors of the economy. In economic terms, 

India has a steeply increasing GDP growth and an expanding 

economy. At the same time, India hosts a large population living 

below poverty line, namely 35% of its total population in 2003 

[1]. 

          Fossil energy resources are limited and its use is associated 

with a number of negative environmental effects, therefore 

energy has become a major geo-political and socioeconomic 

issue. This development puts pressure on all countries around the 

world. The pressure on developing countries may be even 

greater, because they are currently in the process of development 

which requires higher energy resources for achieving higher 

living standards. High population levels and high fossil fuel 

reliance increase this pressure even more. To meet energy 

security, reduce pressure on fossil energy resources and to ensure 

a higher environmental quality, the share of low-polluting 

renewable and clean energy should be enhanced. 

          During the last 25 years, the risk and reality of 

environmental degradation, worldwide, have become more 

apparent. There is enough scientific evidence of growing 

environmental problems due to combination of different factors, 

such as increased population, energy consumption and industrial 

activities in the world. At present, most of world’s energy is 

produced and consumed in ways that could not be sustained if 

technologies remain unchanged.  

 

II. IMPACT OF FOSSILE ENERGY ON THE 

ENVIORNMENT 

          The Intergovernmental Panel on Climate Change IPCC 

(2007a:253) states that―Presently ,   green house gas produced 

from  fossils fuels   and 75% emission including  carbon dioxide, 

methane and some traces of nitrous oxide .It is well documented 

that global temperature is rising due consumption of fossil fuels 

.These emissions may increase the global temperature. As per 

IPCC (2007b), the global mean surface temperature has risen by 

0.74°C ± 0.18°C between 1906 and 2005. 

          Energy use has potentially significant climate impacts, 

which are assumed to exceed the impacts from other sources like 

land-use and other industrial activities. It is considered crucial to 

implement greenhouse gas (GHG) emission reduction 

technologies for fossil fuel combustion processes, as they are 

considered the main contributors to global climate change. 

          In 2003, the average Indian emitted 16.6 times less CO2 

per capita than the average US citizen and the average Chinese 

citizen emitted 6.2 times less CO2 than the average American 

(see Figure 1) (World Bank, 2008). 

          Renewable resources are abundant and globally available 

which   comes from renewable resources, such as sun, water and 

wind,  renewable sources does not emit green house gas during 

energy generation therefore it is stated that it is close to carbon 

free  technologies. They are usually climate-friendly and 

environment-friendly.    

E 
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III. CURRENT SENARIO OF INDIAN ENERGY 

        India is one of the countries where the present level of 

energy consumption, by world standards, is very low. It has been 

shown in table 1 

   

Table: 1 Per capita energy consumption 

Sources: Indian Energy Scenario Article 

  

Country KGOE 

India  305 

Japan  4050 

Sout Korea  4275 

USA  7850 

China  1200 

 

        The estimate of annual energy consumption in India is about 

330 Million Tones Oil Equivalent (MTOE) for the year 2004. 

The world average per capita energy consumption is about 

1690(KGOE). 
 

        The above figures represent that India is far behind in per 

capita energy consumption and per capita electricity 

consumption in compare to many countries it as also fact that 

India behind even the world average of energy consumption. 

Therefore, to improve the standards of living of Indian it is 

imperative that energy   level is enhanced.   

        Growth rate of energy production
1 

and compound annual 

growth rate of production of energy in India by primary sources 

from 1970-2009 has been indicated in snapshot as in  figure 1.it 

indicates that consumption of all energy resources has been 

increasing exponentially every year.  

 

 
 

Figure: 1annual growth rate of energy 

Sources
:
 Energy Statics -2011 

 

        Out of total electricity production, 65.8% comes from 

thermal power plants, 26.3% from hydro electricity & only 3.1% 

from nuclear power. Non-conventional, renewable energy 

sources like solar, wind energy constitute nearly 4.9%. (As per 

NIC site on Ministry of Power). 

        At current rate of consumption & production, coal reserves 

in India would last for about 130 years. Oil would last only for 

about 20 to 25 years. In commercial energy consumption, coal 

constitutes 29%, Oil & gas 54% & electricity 17%. 

 

Figure 2 Import of Primary Energy 

Sources
5
: Energy Statics -2011 

 
 

        The above snapshot in figure 2 indicates that all economic 

activities use energy. Therefore energy is basically called the 

engine of the economy. About 90% of world energy use is 

derived from finite fossil energy. 

Combustion of fossil energy involves the emission of carbon 

dioxide (CO2). Its caused global warming of the earth which may 

cause climate changes. 

        At present, the ratio of energy production to consumption is 

very low Trend in per capita energy consumption has been 

shown in table 2. 

        Today, fossil fuel remains the primary source of energy 

throughout the world. Oil, Natural gas, and coal have a combined 

share of 80% of the total energy, and they are the predominant 

energy sources. Oil and natural gas alone make up 60%of the 

energy sources, primarily used as fuels, whereas coal is more 

related to power generation to meet the electricity demand. The 

increasing amount of fossil fuels combusted is generating 

increasing amounts of harmful gas emissions .These gases are 

called green house gases (GHG’s) 

        The inevitable increase in demand and continuing depletion 

of accessible oil and gas resources during the 21st century will 

cause greater dependence on energy minerals such as coal, 

uranium, and unconventional sources of oil and natural gas to 

satisfy our increasing energy needs. 

        We need to change course: to switch from an unsustainable 

fossil fuel-based energy economy to one based on more 

sustainable resources 

        The relationship between energy consumption and 

economic growth is now well established in the literature, 

        A recent report from the Planning Commission of India 

mentions that in order to achieve a growth of between 8 and 9%, 

one of the major challenges is provision of infrastructure and 

electricity. It aptly points out that universal recognition of 

shortage of electric power and unreliability of power supply are a 

drag on the pace of India’s development (Planning Commission, 

2006). 

        India’s GDP has grown impressively since the mid 1980s 

and more so since 2003–04. It has not just meant homothetic 

growth but rather a rapid transformation of the share of different 

sectors in their contribution to the economy. It is interesting to 

examine the evolution in the sect oral breakdown of economic 

growth. 
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        There are two steps to determining the energy demand in 

each sector. In the first step, the demand is calculated in physical 

units, it means requirements of fuels for transportation , cooking 

fuels and lightening , the energy consumption on these sectors 

are depends on energy intensity and energy efficiency parameters 

and criteria of users. It is simple criteria to calculate requirements 

of energy.  

        The second step is based on the input-output structure of a 

given sector, the demand for energy in its various forms coal, 

petroleum products , natural gas, electricity, etc. is determined. It 

is a very complex criteria to determine and mapping of 

concerned industry.   

        This approach integrates an exogenous growth model and an 

input-output model to analyze energy use and economic growth 

at an economic sect oral level. 

 

IV. IMPRTANCE OF EMBODIED ENERGY IN 

HOUSEHOLD SECTOR  

        Our research papers is based to discuss minimum energy 

requirements for human being to fulfill their basic needs .that is, 

requirements of bottom line of total energy demand how much 

energy will be needed to meet people’s satisfaction in eating, 

housing, clothing, travelling, education and sports entertainment 

at a higher level of living standard.  The energy required for it 

would increase not only direct energy use but more significantly, 

indirect use of energy caused by family-using products and 

services. Usually, households consume more energy in the 

indirect way [2]. 

        The household is main consumption sector where different 

income groups consumed different quantity of energy .The  

Households have many categories of expenditures; they buy 

products (daily needs product ie footwear, wearing cloths, 

consumable items, food items etc) and use services (banks, 

insurances, public transport, etc.).The whole economy is based 

on   energy consumption by industries. The direct energy use of 

the production sectors can be considered as indirect energy use of 

the households. Thus households do not only use direct energy, 

e.g. electricity, motor fuels and natural gas, but also indirect 

energy by purchasing goods and services   

        The above literature indicates that80% fossil energy is used 

as primary energy and for different economic activities.  We 

cannot survive without energy and available energy produce 

every material requisite necessary   

        An important aspect is to calculate total energy required for 

production of economic goods and services. The energy 

consumed to manufacturing in product is called embodied 

energy.   

        The embodied energy of the product is determined 

according to the convention set by the IFIAS (1974). The 

embodied energy value is defined here as the amount of energy 

resources sequestered. The IFIAS (1974) set the boundary limit 

for calculation of embodied energy. 

        It is required to calculate the energy required at each step of 

the production process (embodied energy) for every product that 

is consumed by the households (Nishimura 1996).The energy 

requirements depend on pattern of energy consumption. 

Therefore in order to calculate the energy requirements, it is 

required to analysis of consumption pattern in different 

household.  

        To reveal the relationship between household expenditure 

and primary energy demand in India a hybrid I –O energy 

analysis is applied in this paper to forecast the household energy 

requirements under an assumed expenditure target. However 

total energy requirements as also depend on export, import, 

capital goods and investment, government consumption etc 

which are also taken account to determine sharing of greenhouse 

gas emission due to all causes. 

 

V. LITERATURE REVIEW 

        Energy embodied in consumer goods and services 

purchased by households can be calculated by combining 

household expenditure data with input–output-based energy 

intensities. This methodology was developed by Robert 

Herendeen in the early 1970s, and was first time it was applied to 

the US economy in 1960–1961 [3], to the Norwegian economy in 

1973 [4], and again to the US economy in 1972–1973 [5]. 

        Herendeen also studied various demographic factors 

influencing household energy requirements such as expenditure 

(related to income), number of household members, and regional 

population density. The main results of these early studies were 

as follows: (1) a substantial part of a household’s energy 

requirements is constituted by non-energy commodities, (2) total 

energy requirements increase less than proportionally with 

income, that is, total energy intensity decreases with income, (3) 

per-capita energy requirements decrease with the number of 

household members, and (4) urban households exhibit a lower 

energy intensity than rural households. 

         In Morioka and Yoshida [6] take an unusual and interesting 

perspective by assessing actual cohorts through their life stages 

by analyzing data over four decades. Their result of energy 

requirements increasing with expenditure is based on an actual 

time series, instead of the snapshot observations of other studies. 

Weber and Perrels combine input–output energy analysis with 

demographic models and behavioral models of car and appliance 

ownership, in order to determine the likely impact of lifestyles on 

future energy demand and related emissions [7,8].Jalas [9] 

presents an interesting conversion of the energy requirements of 

Finnish households from a commodity to a time-use 

representation. Three more recent input–output-based studies 

deal with developing countries [10-12]. 

        The Australian data covers only the largest city, Sydney 

[13], in order to avoid fixed within-country effects due to the 

climatic differences across the continent. The Brazilian 

household expenditure data covers only the urban population of 

11 capital cities in Brazil [14]; a survey of the rural population 

does not exist. Details on the Danish and Indian databases are in 

Munksgaard et al. [15] .Education is not reported in the Japanese 

National Survey of Family Income and Expenditure. 

        In the case of Brazil, direct energy requirements of urban 

Brazilian households rise with the income. 

        However, the share of direct energy requirements in total 

energy requirements is seen to decline with rising income levels 

of households. 

        In particular, both direct and indirect energy requirements 

for transport appear to increase significantly with rising 
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income/expenditure levels of households Previous studies by 

Parikh et al. [11] and Murthy et al. [12] that examine the energy 

and carbon emission implications of household consumption in 

India, make use of only aggregate data from the year 1989–1990, 

either for the average Indian household or for an average 

household belonging. 

        In early studies, Herendeen & Tanaka [16] found that 66% 

indirect energy is used in rich US households and only 33% in 

poor households. Similar about same fractions of direct and 

indirect energy use have been studied for rich and poor 

households in Norway by Herendeen, 1978[17]. In other studies, 

indirect energy was reported  by Vringer & Blok, 1995 [18]  to 

be 54% of the total average energy demand for a Dutch 

household, 30% for an Australian household reported by 

Lenzen,1998 [19] and 50% for the average Swedish household 

by Carlsson-Kanyama et al.,2005[20], while Weber & Perrels  

[21] reported indirect use to be less than 50% of total energy use 

for households in France, West Germany and the Netherlands 

.Reinders et al. [22] matched energy intensities for goods and 

services in the Netherlands against national household 

expenditure data from 11 EU countries and found that 36-66% of 

the energy used was indirect. Similar values have been presented 

by Pachauri & Spreng [23] for Indian households (50% indirect 

energy), Park & Heo [24] for households in the Republic of 

Korea (60% indirect energy) and Cohen et al. [25] for 

households in Brazil (61% indirect energy) 

        A number of studies have been carried out in developed 

countries to analyze overall energy   on the basis of input-output 

method. 

 

 

 

Some studies on the basis of input-output method 

 

   

S.No

. 

Description  Author Time   Country  

1 Energy and 

infrastructure   

Ranjana Mukhopadhyay 1983-84 and 1989-90 input output 

tables of India 

India  

2 Energy intensity in 

India during pre-

reform and reform 

period An Input-

Output Analysis 

Kakali Mukhopadhyay 

Fifteenth International 

Input-Output Conference 

June 27- July 1, 2005 

input output tables (1983-84, 1989-

90, 1993-94 and 1998-99) 

India  

3 Making Input-Output 

Tables for 

Environmental 

Analysis for India: 

1993/94 and 1998/99 

Koichi Hikita ,Kazushige 

Shimpo ‡, 

Megha Shukla,May 2007  

2-6 July 2007 

Indian I-O tables for the years of 

1993/94 and 1998/99. 

India  

4 Direct and indirect 

energy requirements 

of households   

Shonali Pachauri , Daniel 

Spreng 

(2002) 

Input–output     1983–84, 1989–90 

and 1993–94. 

India  

5 Household energy 

demand  for a well-off 

society by 020 

Xing Lua, Shi Leib  (2011) 2002 I-O table China  

6 Energy requirements 

of households in 

Brazil 

Claude Cohena, ,  (2005) input–output  1995 Brazil 

7 An estimation of 

energy and GHG 

emission intensity    

Whan-Sam Chung a 

mApplied Energy 86 

(2009) 

2000 Korean IO table   Korea 

8 Analysis Energy 

requirements of 

Sydney households 

Manfred  Lenzen  , (2004) 

 

input–output for1994 and 1999   Australia 

9  A scenario analysis of 

energy-economic   in 

2030 

 Eto Ryo  , Uchiyama 

Yohji  , and Okajima 

Keiichi 

 

 economic data and an input-output 

table in 2000 

Japan  

10 Consumer lifestyle 

approach to US energy 

use and 

the related CO2 

emissions 

Shui Bina,, Hadi 

Dowlatabad 

(2005) 

 

 Consumer expenditure Survey 

(CES)  

US household in 1997 

USA 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      359 

ISSN 2250-3153  

www.ijsrp.org 

11 Direct and Indirect 

Energy demands and 

CO2 Emissions from 

production Activities 

in Jiangsu Province in 

2007 

Sai Lianga , Tianzhu 

Zhanga 

Energy Procedia 00 (2011) 

000–0 

based on the 2007 MIOT China 

12  An Input–output 

Analysis of Total 

Requirements of 

Energy and 

Greenhouse Gases for 

all Industrial Sectors 

in Thailand 

 O. F. Kofoworola and S. 

H. gheewala 

(2008), 

Input-output matrices for the years 

2000 and 1998 respectively were 

utilized. 

Thailand 

13 Analysis Energy 

requirements of 

Sydney households 

Manfred  Lenzen  , (2004) 

 

input–output for1994 and 1999   Australia 

14  A scenario analysis of 

energy-economic   in 

2030 

 Eto Ryo  , Uchiyama 

Yohji  , and Okajima 

Keiichi 

 

 economic data and an input-output 

table in 2000 

Japan  

15 Consumer lifestyle 

approach to US energy 

use and 

the related CO2 

emissions 

Shui Bina,, Hadi 

Dowlatabad 

(2005) 

 

 Consumer expenditure Survey 

(CES)  

US household in 1997 

USA 

16 Direct and Indirect 

Energy demands and 

CO2 Emissions from 

production Activities 

in Jiangsu Province in 

2007 

Sai Lianga , Tianzhu 

Zhanga 

Energy Procedia 00 (2011) 

000–0 

based on the 2007 MIOT China 

17  An Input–output 

Analysis of Total 

Requirements of 

Energy and 

Greenhouse Gases for 

all Industrial Sectors 

in Thailand 

 O. F. Kofoworola and S. 

H. gheewala 

(2008), 

Input-output matrices for the years 

2000 and 1998 respectively were 

utilized. 

Thailand 

 

 

A  Outcome of Literature survey 

          Households can be seen as end-users of goods produced 

and services delivered by economic production sectors. In such 

an approach, energy used along entire production-consumption 

chains is attributed to household expenditures. All studies are 

based on static modeling and, have not considered improvement 

in energy efficiency in product at consumer end & in   

manufacturing process. All final demand has been analyzed 

using constant energy intensity. Output is a linear function of 

final demand. Detailed household expenditures data in Indian 

perspective are not considered, which shall be useful to yield 

comprehensive energy breakdown. Clear correlation should be 

drawn between per capita income, urbanity, and population 

growth and consumer behavior. 

 

B Factors affecting of different household energy use 

          There is a positive relation has been found between level 

of income and total energy use for households in different 

studied (Herendeen & Tanaka, 1976; Herendeen, 1978; 

Pachauri& Spreng, 2002; Reinders et al., 2003). This creates 

problems for countries world-wide as they attempt to lower their 

energy use while maintaining   sustainable economic growth. 

However, the effect of increasing income varies considerably 

across countries, even allowing for socioeconomic and 

demographic variables (Lenzen et al., 2006). An additional 

variable explaining levels of total energy use is lifestyle, with 

urban living 10-15% less energy-intensive than rural 

(nonfarming) living (Herendeen & Tanaka, 1976; Herendeen, 

1978). Recent studies of the carbon footprint of UK households 

(Druckman & Jackson, 2009) and total energy use of Swedish 

households (Alfredsson, 2002) reached similar conclusions. 

Local support systems are another possible determinant of 

household energy use, with the potential for reductions in energy 

use depending largely on improving such systems, e.g. by 

improving access to environmentally friendly transportation  

(Carlsson-Kanyama et al., 2005). 

 

VI. GENERAL TERMINOLOGY 

  

A. Gross energy requirement (GER) 
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          The GER of a product is the sum of all energy sources 

which are required for the making of the product. The GER is 

expressed in energy per physical unit of the good or service. 

          In case of energy per financial unit, often the term energy 

intensity is used. The energy requirements in terms of energy per 

unit money value of product. It is defined by IFIAS (1974 

 

B. Primary Energy: 

          The energy which appears in nature is called primary 

energy. The types of primary energy can be divided in renewable 

and nonrenewable energy. Solar energy and wind energy are the 

example of renewable. Whereas natural gas, coal, crude oil, 

uranium are the example of non renewable energy. 

 

C. Secondary energy 

          The form of energy which is available for use, e.g. coke, 

coal gas, petrol or electricity. The ERE value is always greater 

than or equal to one, since both numerator and denominator 

contain the combustion value of the fuel under consideration. 

The inverse of the ERE value gives the efficiency of the energy 

conversion.  

 

D. Primary Inputs 

          The primary inputs consist of imports of goods and 

services and gross value added.                        

  

E.  The Gross Value Added:  

          It comprises depreciation, indirect taxes and subsidies, 

gross wages and Salaries, charges and profits. 

 

F.  Total production   : 

          It is the sum of the intermediate deliveries and the final 

deliveries. 

 

G. Direct Energy   

          Fuel and electricity used by consumers for heating, 

lighting and transportation.ie it depends on personal travel and 

home energy use.(Space heating, water heating, air conditioning, 

refrigeration, microwave electric press, lightening and other 

appliances). 

 

H. Indirect Energy:  

          The energy needed to in the preparation of a product or 

service ie the consumption of energy before using by  consumer 

is known as indirect energy .The energy which used by industry 

for producing any  product  and its delivery up to customer by 

transportation. In short it is defined as energy embodied in the 

product is called indirect energy. It depends on housing operation 

transportation operation and food consumption. The indirect 

energy use of an economic sector comprises all the energy that is 

needed for the production and delivery of the goods and services 

that are used in the production process. 

 

VII. ENERGY REQUIREMENTS IN INDIAN 

HOUSEHOLDS 

          Energy analysis provides methods for calculating the 

energy requirement of households. Main energy analysis 

methods are process analysis and input-output analysis (IFIAS, 

1974).Process analysis is an accurate, but also laborious method 

and for that reason less appropriate for calculating the household 

energy requirement. Input-output analysis is a much faster 

calculation method. Therefore, it is a convenient methodology 

for the determination of energy use associated with consumption 

patterns. 

          A main consumption sector is formed by the households. 

Households have many categories of expenditures; they buy 

products (food, clothes, etc.) and use services (insurances, public 

transport, etc.). 

Economic activities depend upon the household expenditure and 

consumption, Economic activities means production and 

consumption of products. However economy is also based upon 

services delivered by industries.  

          Assuming that production takes place in favor of 

consumption implies that all energy use in an economy can be 

allocated to consumption. A main consumption sector is formed 

by the households. The whole economy is based on this 

consumption of goods produced by industry, and services 

delivered by service industry. 

          All indirect and direct energy which is used in industrial 

sector embodied in product and is used in household sector as 

indirect energy. 

          However, for any country the energy requirements of 

households is never equal to domestic energy use because some 

production and services are also imported and exported to and 

from other country.     Forecasting of future household energy 

requirements on the basis of an estimate of the demand of 

Consumption items. 

          In 2001 Parliament adopted a law on energy efficiency, 

known as the Energy Conservation Act. This law came into force 

in March 2002. It required large energy consumers to implement 

specific actions and introduced energy consumption labels and 

performance standards for electrical appliances. The Bureau of 

Energy Efficiency was created to implement those provisions. 

          Production is a transformation process in which two agents 

of transformation, human labor and manufactured capital 

transform a flow of materials, energy, and information. The flow 

of energy, materials and services from natural capital is what is 

being transformed (the material cause), while manufactured 

capital effects the transformation (the efficient cause). For 

example, all machines require energy for their operation and they 

function by acting on a flow of materials from natural capital. 

This study investigates household energy requirements from a 

physical/technological perspective. For this purpose, the energy 

analysis methodology is used which has been under study since 

the early 70s. 

          Examines household energy requirements in the year 2025 

by implementing improvements in energy efficiency and volume 

changes in household consumption assuming production 

structure and consumption pattern remain unchanged. 

Forecasting of future household energy requirements on the basis 

of an estimate of the demand of consumption items at sector 

level  

  

VIII. INPUT OUTPUT MODEL 

          The input-output framework of analysis was developed by 

Wassily Leontief in the late 1920s and early 1930s. The input-
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output analysis is a method of systematically quantifying the 

mutual interrelationships among the various sectors of a complex 

economic system. The input-output model is based on a fully 

determined general equilibrium model, where all the intermediate 

goods were expressed as a set of equations with sales and 

purchases of the intermediate industries forming the core of the 

system.   

          Within the field of input-output analysis exists a technique 

for measuring the energy use in producing goods and services of 

an economy using physical (energy) units for all primary and 

secondary energy sectors in an input-output matrix. Given 

sufficient data availability the so called full hybrid-unit analysis, 

which takes into account energy conservation conditions, is 

suitable to trace the energy needed for production of goods and 

services for delivery to final demand. The method shows the 

effect of consumer spending on direct and indirect energy use. 

For example, say a consumer buys a new car, this will have a 

direct effect on transactions among industries (manufacturer 

mainly) as well as an indirect effect (on the steel making industry 

as well as transport) in the inter industry matrix of the input-

output table. The direct and indirect energy coefficients can be 

used to calculate the energy effects created by such transactions. 

 Following the energy crisis in the 1970’s, hybrid unit models 

have been used as a tool to give recommendations for appropriate 

design of energy policies (Wright, 1974, Bullard and Herendeen, 

1975). The technique has been broadly applied to evaluate 

overall efficiency of production systems, to show effects of inter-

fuel substitution on energy intensity, to investigate technological 

change, as well as to estimate different energy use due to changes 

in final demand. 

          Different input-output models are specified in order to 

study the interrelations between economic activities and their 

impacts on the environment, pollution and natural resources use. 

Park(1982) puts forward an input-output model to study direct, 

indirect and induced energy effects of a change in demand and 

estimates the effects of technical change on energy consumption. 

Hawdon and Pearson (1995) constructed an input-output model 

to study interactions between energy and economic activities for 

the United Kingdom. Henry 1995) discusses the idea of capacity 

growth and the impacts on energy in an input-output framework 

and shows how a forward year by year uniform capacity growth 

across all sectors can be reached based on a specific annual 

growth rate. 

 

IX. METHADOLOGY  

There are following method of energy analysis  

 

A Process analysis:  

          An energy analysis from a technical perspective is called   

process analysis.  Process analysis is an accurate, but also a 

laborious method. 

 

B Input-output energy analysis:  

          An energy analysis from an economic perspective is called 

input output analysis.                                                                

 

          Input-output analysis is a much faster calculation method. 

Therefore, it is a convenient methodology for the determination 

of energy use associated with consumption patterns. However it 

is less accurate than process analysis.  

          In input–output analysis the energy requirement is 

determined using an economic-statistical approach. The 

transactions between the various sectors of an economy are 

collected in an input–output matrix (Leontief, 1966). For each 

combination of two sectors, the input–output matrix contains, in 

monetary terms, the supply from one sector to the other sector. 

Certain direct energy requirement can be attributed to each sector 

in the input–output matrix, for instance, on the basis of energy 

statistics. Subsequently, by applying several mathematical 

operations to the matrix, one can calculate the energy 

requirement associated with the delivery of the final goods to 

consumers 

          An input output table of an economy contains the 

transactions between economic sectors in financial units. With 

such an input-output table and data on the primary energy use of 

every sector, the energy intensity of each sector can be 

calculated. This energy intensity gives the total primary energy 

that a sector needs for the production of one financial unit of 

output. Since the data available from input output tables are more 

aggregated than data received from process studies. 

          In general, the energy requirement for any product differ 

from manufacturer to manufacturer Therefore   we are not 

interested to know   the energy requirements of a product 

produced in a particular manufacturer, but we are interesting to 

know the energy requirements of an average product bought by 

an household in India. Input output table has been shown in table 

3. 

 

B Application of input-output method
 
[27]

 
  

          For energy analysis, the basic input output model is 

extended to use for energy analysis. It is considered that the 

input- output coefficient matrix can be decomposed and 

expanded to account for energy supply industries. 

 Assess how various changes in energy   technology  

might affect the economy in long run. 

 Estimate the impact of shortage of fuel. 

 Analysis of energy and greenhouse gases emission in 

economic sectors.  

 

C. Strength of I/O Method 

 Input–output (I–O) analysis is an analytical framework 

for evaluating the interrelations between economic 

activities. 

 Ability to capture indirect effect. 

 

          Input-output analysis is a much faster calculation method.          

Therefore, it is a convenient methodology for the determination 

of energy use associated with consumption patterns 

   

      D Transaction Equations 
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  xij  is a sale from sector i (rows) to sector j (column),  Y is a sale 

from sector i to final demand, and Xi is the total output of sector i.  

       

       

       

  

It is called technical coefficient this means value of input 

purchased from all sectors in the economy per economy 

monetary value. 

Where, I   is the identity matrix, and B= (I-A)
-1 

is the Leontief 

inverse matrix. It represents total output required to produce for 

unit rupee financial demand by respective sector. 

 

 

 

 

 

     

     

    

 

 

 

Y is the value of private consumer demand. 

V is the value of inventory investment demand.. 

G is the value of government demand. 

E is the value of export demand.  

       M  is the value of imports 

 

 

 

 

 

 

 

 

       

       

      

Where, Y= vector of final demand 

 A= matrix of inter-industry coefficients or technological 

coefficient 

 X= vector of gross outputs 

       

       

     

E Energy Balance Sector  
 

       

    

 

 

 

 

       

    

 

ε1X11  + ε2X21 + ε3X31  + ε4X41   +---------+ εnXn1+ E1 =  ε1X1  

 ε1X12  + ε2X22   + ε3X32  + ε4X43   +---------+ εnXn2 +E 2=  εjX2  

 ε1X13  + ε2X23   + ε3X33  + ε4X43  +---------+ εnXn3  +E3 =  εjX3  

 ε1X14 + ε2X24   + ε3X34 + ε4X44   +---------+ εnXn4   +E4 =  εjX4  

 

 

       

       

Where as  

              Ej is the direct energy input into sector j  

 εi is the embodied energy per unit  production of sector i  

 xij is the goods and services flow from sector i to sector j  

  X j is the gross production of sector j. 

 

          Therefore total energy required to produce one unit 

financial i.e. total energy intensity of product 

 Eout   = εj Yj = dj  (I - A) 
-1

 Yj = dj Xj  =  Ein 

 

          This equation provides information for consumption of 

indirect energy requirements. 

Where E the indirect energy requirement of households. 

 dj matrix with direct energy intensities of economic sectors per 

unit financial value . 

 

I unit matrix 

A Technological matrix and y household consumption vector  

 

F Input-Output Analysis – Salient feature 

 

          The central advantage of Input-Output analysis is that it 

tries to estimate these inter-industry transactions and use those 

figures to estimate the economic impacts of any changes to the 

economy. 

          The IO approach estimates how many goods and services 

from other sectors are needed (inputs) to produce each Rs. of 

output for the sector. 

 

G Parameters affected energy consumption    

          There are following parameters which affect energy saving 

opportunities. 

             Eout   = εj Yj = dj (I - A) 
-1

 Y =Ein  

 

 Improvement in Conversion efficiency (r) 

 Improvement in technological matrix (A) 

 Change of consumption pattern (Y) 

 Decreasing in direct energy intensity factor (d) 

 

          The combined effect of all individual options determines 

the over-all effect on the household energy requirement with 

regard to the given set of options. The combined effect of a set of 

reduction options may be lower than the sum of the effects of the 

individual options. 

          The energy intensity of an economic sector gives the 

required amount of energy per unit deliveries of that sector. 

The energy requirements of specific deliveries  

 

E= d (I-A
)-1

 y = e y   = d xh 

 

          Multiplying the energy intensity of each sector with the 

deliveries to households and summing over all sectors, household 

energy requirements are calculated. 
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          Since the energy intensities calculated with this method do 

not include the direct energy deliveries to households, the above 

relation is concerns the indirect energy requirements of 

households. 

 

X. CONSTRUCTION OF INPUT-OUTPUT MODEL TABLE FOR 

INDIAN ECONOMY 

          The government of India started the study on input-output 

accounts in the late 1950’s. In 1959, the Central Statistical 

Organization (CSO) set up a committee and it was involved in 

the compilation of input –output table.    The CSO   publishes the 

transaction tables on regular basis, at the interval of four to six 

years, with supporting tables (see Table 4). The CSO  

          Tables have been consisting of 60 sectors in 1968/69 and 

115 sectors since the 1973/74 table, but it increased to 130 

sectors in the latest 2003/04 table (see Table 4 for sector 

classifications). 

  

A. Features of India’s Input-Output Tables  

          India’s I-O tables have been with the principle of the 

System of National Account (SNA) that is determined by the 

United Nations (UN) as an international standard. India’s table 

employs the India’s fiscal year as the reference period, i.e. from 

April through March.     

          The number of sectors of the India’s table Increased from 

115 in 1998/99 to 130 in the latest 2003/04 table, in response to 

the changes of the economic structure. The service sectors 

account for most of the increase. Specifically, the transportation 

service increased from only two sectors (“103 Railway transport 

services” and “104 other transport services”) in 1998/99 table to 

five sectors in 2003/04 table and “114 Other services” in 1998/99 

was split into seven sectors in 2003/04. The intermediate 

transactions are valued at factor costs (producer’s price less 

indirect taxes). The transactions of the India’s table are evaluated 

at factor costs. 

 

Table: 4 Input-Output Tables of India 

 

Ref year  industries Year 

published 

+1968/69 60    1978  

1973/74 115 1981 

1978/79 115 1989 

1983/84 115 1990 

1989/90 115 1997 

1993/94 115 2000 

1998/99 115 2005 

2003/04 130 2007 

 

          The final demand and the value added sectors of India’s 

tables have been unchanged since the first CSO table for 

1968/69. The final demand of the India’ table consists of six 

items, i.e. (1) Private final consumption expenditure   (2) 

Government final consumption expenditure   (3) Gross fixed 

capital   (4) Changes in stocks (CIS), (5) Exports (EXP) and (6) 

Imports and exports. 

 

XI. DATA SOURCES 

           The basis of the data of  our research is to    different input 

output tables  Input-Output tables of the Indian economy for the 

years 1968-69 , 1973-74 ,1978-79, 1983-84, 1989-90, 1993-

94,1998-99 2003-04 -  prepared  by CSO in  

1978,1981,1989,1990,1997,2000,20052007 . Input-Output tables 

are Commodity by Commodity tables consisting of 60 x 60 

sectors. These have been aggregated to 47 sectors on the basis of 

the nature of commodities. Here we shall convert the monetary 

units of energy sectors into physical unit from the energy data 

published by CMIE report. Three energy sectors like coal as 

million tones, crude petroleum in million tonnes, natural gas in 

million cubic meter and electricity in T.W.H have been 

converted into one common unit which is million tones oil 

equivalent or mtoe. For better presentation of results this mtoe 

unit has been transformed to thousand tons of oil equivalents. 

           NSSO surveys provide time-series data of expenditure on 

food and non-food items in different income groups, residence 

(rural & urban) and state. Taking into account the cost of food in 

the corresponding year, NSSO computes and reports household 

level of consumption of different food items. 

           The report presents data on both level of consumption 

measured by the sum of monetary values of goods and services 

consumed per month by households and pattern of consumption 

reflected in the composition of total consumption by commodity 

group. The report also presents distribution of households and 

persons over different ranges of quantitative consumption level, 

separately for rural and urban areas of different States of the 

country. 

           Average monthly per capita consumer expenditure 

(average MPCE) in 2005-06 wasRs.625 in rural India and 

Rs.1171 in urban India at 2005-06 prices [26]. 

  

XII. CONCLUSION 

           The input output table published by the CSO contains 

highly aggregate data which have many limitations. This table is 

used to calculate energy intensity of the product. The embodied 

energy in the product can be used to calculate energy required 

domestically or for household. Further total energy consumed by 

any industry can be exactly equal to energy required for 

household, because product manufactured by any industry is 

used for many purposes, some of the part is imported and also 

export etc.  

           The first step of our research to evaluate the effects of 

energy conservation options by  using input output analysis and 

also assess total energy demand caused by Indian household 

consumption and o predict overall energy demand increment 

caused by household consumption. 

           We presented a methodology to describe the option of 

evaluating technological and demand-side energy Conservation 

options based on an input-output model for the calculation of the 

energy requirement of households.  

           The scope of decline the energy intensity of Indian 

industries. To examines the factors that influence energy 

intensity in Indian industries. 

           The input-output framework enabled an easy investigation 

of the effects of different options for the household   energy 
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requirement. Besides, the use of input-output analysis enables 

(future) research directed on the effects of these options on 

several economic parameters the evaluation of individual   

energy conservation options may result in a ranking of energy 

conservation options concerning the effect on energy use and 

economic parameters. The outcome of such considerations 

clarifies the social significance of separate energy conservation 

options. 

           The approach described is generally applicable, but 

considering the easy access to data, In this analysis we could also 

calculate    The energy requirement does not correspond with 

energy use in the Indian household but energy use in the 

economic production sectors, e.g., import, exports and 

investments capital goods etc.    

           As the demand pattern in households vary with income 

level and geographical location (rural/ urban), better results are 

obtained by disaggregating the demand by income level and 

rural/ urban areas. The total demand in that case would be sum of 

demands by all categories and locations. 

           We combined several data sources and apply them in an 

integrating modeling in calculating energy requirements 

.National sample survey organization provides information 

regarding private consumption and also find out household 

characteristics     in urban and rural area. This methodology will 

help to    calculate green house gas production in every sector. 

We could also compare the national differences in income and 

expenditure elasticity of both energy and green house gas 

emission. 

           Future prospects show a further increase in economic 

activities. According to the match between energy use and 

economic activities, the present energy supply based on fossil 

fuel is not sustainable. A solution is a switch to renewable energy 

carriers. Since this switch takes time, a first step is a more saving 

use of fossil energy carriers. 

           The feasibility of an integrative approach which considers 

total energy use in combination with the relations between 

production processes. 
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Figure 1: CO2 emission for USA, EU, China and India [CO2 emission per capita] 

Sources: World Bank, 2008). 
 

 

 

 

Year  Energy 

consumptio

n in KWH 

in billion  

Midyear 

populati

on in000  

number 

GDP 

(Crore) in 

1999)2000 

price  

Per capita 

energy 

consumption 

(KWh) 

Energy 

Intensity 

(KWH)* 

per rupee 

1970-71 663.99 5,51,311 517148 1204.39 0.1284 

1975-76  840.53 6,17,248 596428 1361.74 0.1409 

1980-81 1012.58 688320 695361 1471.09 0.1456 

1985-86 1477.50 7,66,135 894041 1928.51 0.1653 

1990-91 1902.75 852297 1193650 2232.50 0.1594 

1995-96 2436.77 939540 1529453 2593.58 0.1593 

2000-01 3154.28 1034931 2030710 3047.81 0.1553 

2005-06 3909.37 1117734 2844942 3497.59 0.1374 

2006-07 4226.78 1134023 3120029 3727.24 0.1355 

2007-08 4508.26 11,47,67

7 

3402716 3928.16 0.1325 

2008-09 4808.48 11,61,49

5 

3711016 4139.91 0.1296 

Table 2 Trend in per capita energy consumption and energy intensity in India 

  Sources: Annual report 2010-11, Government of India, ministry of statistics   
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Table 3. Sectoral growth rates of real GDP (1999-2000 prices) (%) 

Source
 
Economic Survey 2007–08, 

 

 2000-01 2001-

02 

2002-

03 

2003-

04 

2004-

05 
2005-

06 

2006-

07 
2007-

08 

2008-

09 

Agriculture 0.02 5.86 5.89 9.29 0.70 5.82 3.95 4.5 2.5 

Industry 6.75 2.82 6.89 7.80 10.54 10.63 11.45 8.5 7.5 

Service  5.65 7.18 7.47 8.49 9.14 10.34 11.08 10.8 9.6 

Total  4.35 5.81 3.84 8.52 7.45 9.40 9.62 9.7 7.7 
 

 

Table: 4   Input -Out put table 

 

Sectors 

(i) 

Intermediate demand or intermediate 

transaction 

  (  j   ) 

Final 

demand 

 

Total output 

1 2 3 4 - - n Yi xi 

1 X11  X12  X13  X14    X1n  Y1 x1 

2 X21  X22  X23  X24  - - X2n  Y2 x2 

3 X31  X32  X33  X34  - - X3n  Y3 x3 

4 X41  X42  X43  X44  - - X4n  Y4 x4 

-          

-          

-          

n Xn1  Xn2  Xn3  Xn4  - - Xnn  Yn xn 
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     Abstract- This study proposes the systematic method by using 

the Analytic hierarchy process (AHP) to deal with the rational 

multi decision making on various assessment factors for 

technological innovation capabilities of Thai automotive part 

firms.  Based on pair wise comparison, an expert group provided 

the perception of the important relative weight data towards these 

assessment factors. The results presented this proposed model is 

one of the effective methods to help managements to easily 

analyze what is the most influence criteria impact on firms’ 

capabilities and what criteria should be firstly improved. Also 

last section highlighted this model application on Thai 

automotive part firms as case study. The comparison outcome 

may provide the industrial managements for their TICs 

assessment developments and the insight of others in the same 

market.  

 

    Index Terms- Analytic hierarchy process (AHP), 

Technological Innovation Capabilities (TICs), Thai automotive 

part firms, TICs assessment criteria.  
 

I. INTRODUCTION  

ccording to the forward coming launch of Asean Economic 

Community (AEC) in 2015, Thailand as a large production 

base of automotive and auto-parts manufacturing, may confront 

the higher increase of global competitive pressure. The auto-parts 

manufacturing firms have attracted more interesting from both 

local private and governmental agency owing to their larger 

benefits rising from competitive advantage in production and 

trading and contribution to country. However, undergoing of the 

volatility of world’s economic; these auto-part firms need the 

innovative management improvement to enhance their 

competitiveness. Prajogo & Ahmed [1] defined the innovation 

comes to be a main source of competitive advantage in the 

current knowledge economy, which firms strongly require the 

effectively implemented strategies to sustain their competitive 

advantage [2]. The innovation management is also a key business 

strategy in the innovative organization to tackle with the decision 

making, environmental investigation, resource allocation, and 

project implementation [3], [4], [5]. Also Badawy [3] described 

the importance of the successful technology management is to 

focus on the innovation process, the technology development and 

the utilization of technology in both business and industry. 

However, the business’s activities highly involve the uncertainty 

of business innovation process, which are difficult to accurately 

forecast and evaluate their capabilities. Therefore, it is necessary 

to find what capabilities impact to firms’ performance [6]. Thus 

Technological Innovation Capabilities (TICs) is considered as 

one of the firms’ solutions as well as the way to effectively 

measure TICs under the multi-dimensions of criteria is also 

important. The research aims to propose a kind of multi-criteria 

decision making to help Thai auto-part managements for simply 

evaluate their TICs appraisal and enlarge the technological 

innovation competencies. 

 

II. LITERATURE REVIEWS  

   This study attempts to draw on theoretical literature to explore 

TICs appraisal. However, it was found that the meanings of 

technological innovation capabilities are numerous given its 

multi-dimensional concepts; for example Burgelman and 

Maidique [7] defined TIC as an inclusive set of a firm’s 

characteristics that simplifies the firms’ technological innovation 

strategies. Guan and Ma [8] determined TICs, as a kind of an 

enterprise’s  special assets or resources, composed of the 

different essential areas of technology, production, process, 

knowledge, experience and organization. Gamal [9] also 

described that innovation has the boarded concept and various 

dimensions as well as the innovation measurement is more 

complexity.  

    According to Panda and Ramanathan [10], the important 

information were obtained from technological capability 

assessment, which carried out the inputs or the indicators of what 

requirements firms needed to do in order to enhance more 

competitiveness and to support its strategic decision making. The 

result was shown that a medium and high level rate of firms’ 

supporting capability and steering capability could be pointed out 

as firms’ strategic plan. Yam et al. [11] proposed a set of TICs 

characteristics as relevant framework, to reflect and sustain the 

Chinese firms’ competitiveness. The result showed two main 

important TICs i.e. R&D capability to prevent the innovation rate 

and the resource allocation capability to increase sales growth in 

small enterprises. Moreover they opined the essence of the 

capability from independent department in firms, which could 

generate the new idea and the audit framework model, was then 

developed as functional approach. The development of the 

A 
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important framework to evaluate innovation performance is 

studied by Yam [12], resulting that the utilization of source of 

information created the improved performance due to the affect 

on firms’ TICs enhancement. Forsman and Annala [13] 

described the diversity of types of developed innovation had an 

impact on the degree of innovation capabilities of enterprises. 

The more the level of capabilities is raising, the more the 

diversity of innovations to be developed. 

 

III. RESEARCH METHODOLOGY 

     

A. Technological Innovation Capabilities 

    By using AHP model, the process of TICs evaluation 

framework includes the following steps. 

    1) Review the extensive of literatures related to TICs and 

extract to seven criteria and nineteen sub-criteria evaluation as 

Table 1 and then construct a proposed TICs appraisal model as 

Fig. 1. 

     

    2) In-depth interview with the industrial experts to assure the 

TICs appraisal model. Then obtain their judgments on the 

relative important weight data based on pair-wise comparison 

and next, to employ AHP technique in order to calculate and 

compare the interrelation among criteria and to weight 

prioritization. Finally, the sensitivity analysis shows how the 

changes of relative weights effected to the important criteria 

prioritization. 

     

    3) Apply the final TICs appraisal model as one of auditing tool 

towards three Thai auto-part firms, as case study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Proposed TIC assessment model 

Technology Transformation Capability 

(C6) 

Product structural design (SC16) 

Process design (SC17) 

Strategic development (SC3) 

Criteria Sub-criteria 

Leadership Management Capability  

(C1) 

Leadership (SC1) 

Strategic fit (SC2) 

Resource allocation (SC4) 

Organization Capability  

(C3) 

Innovation culture (SC8) 

Network linkage (SC9) 

Response to change (SC10) 

Goal  

TIC’s  

Appraisal 

Learning Capability  

(C4) 

Internalized external knowledge (SC11) 

Exploit knowledge (SC12) 

Embed knowledge (SC13) 

Technology Development Capability  

(C5) 

Proprietary technology development (SC14) 

R&D project interface (SC15) 

Technology Commercialization  

Capability (C7) 

Manufacturing capability (SC18) 

Marketing capability (SC19) 

Investment Capability  

(C2) 

Product/ process improvement (SC5) 

Proprietary technology development (SC6) 

External technology acquisition t (SC7) 
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Table 1: Summary of the criteria and sub-criteria from literatures 

 

Evaluation Criteria Description Authors 

Innovation Management Capability (C1) 

Leadership commitment (SC1) Firm’s top management actively participates in 

decisions related to technological issues. 

[14], [15], [16], [17] 

 

Strategic fit (SC2) Firm’s technological innovation strategy to support 

business strategy.              

[16], [18], [12] 

Strategic deployment (SC3) Firm’s technological innovation strategy be shared 

and applied to each department/unit. 

[16], [18], [19] 

Resource allocation (SC4) Firm’s ability to appropriately acquire and allocate 

capital & technology. 

[18], [20], [12] 

Investment  Capability (C2) 

Investment in existing 

product/process improvement 

(SC5) 

Firm’s ability in continuous investment in the 

existing technological product & process 

improvement. 

[18], [19], [21] 

Investment in proprietary 

technology development (SC6) 

Firm’s capability in investment in developing 

proprietary technology.  

[12], [22] 

Investment in external technology 

acquisition (SC7) 

Firm’s ability to invest in external technology 

acquisition. 

[23], [24] 

Organization Capability (C3) 

Innovation culture (SC8) Firm’s ability in cultivate innovation culture.  [19], [17], [25] 

Network linkage (SC9) Firm’s ability to  transmit information, skills and 

technology, and to receive them from other 

departments, clients, suppliers, consultants, 

technological institutions, etc. 

[20], [26], [27], [28], 

[29], [30], [31], [32], 

Response to change (SC10) 

 

Firm’s capability in  risk assessment , risk taking and 

responding to technological innovation change and 

adopting 

[33], [21], [15], [30], 

[29], 

Learning Capability (C4) 

Internalized external knowledge 

(SC11) 

Firm’s ability to recognize and internalize relevant 

external knowledge 

[34], [29], [35], 

Exploit  knowledge (SC12) Firm’s ability to bring new knowledge or 

technologies to develop innovative product  

[34], [29] 

Embed  knowledge (SC13) Firm’s ability to embed new knowledge into new 

operational by creating a shared understanding and 

collective sense-making. 

[34], [29] 

Technology Development Capability (C5) 

Proprietary technology 

development (SC14) 

Firm’s ability to develop proprietary technologies 

though in-house R&D  

[15], [16], [20], [29] 

[31] 

R&D Project Interfacing (SC15) Firm’s ability to coordinate and integrate all phases 

of the R&D process and its inter-relations with the 

functional tasks of engineering, production and 

marketing. 

[36], [34], [31], [30] 

Technology Transformation Capability (C6) 

Product structural design and 

engineering (SC16) 

Ability to design product structure & modularization 

& compatible with process. 

[37], [38], [36], [39] 

Process  design and engineering 

(SC17) 

Firm’s ability to design process to support design for 

manufacturing and design for assembly activities. 

[37], [40], [38], [39] 

Technology Commercialization capability (C7) 

Manufacturing Capability (SC18) Firms’ ability in transform R&D output into 

production and acquire the innovative advanced 

manufacturing technologies/ methods. 

[36], [11], [41], [16], 

[20], [12], [31], [42] 

Marketing Capability (SC19) Firm’s ability to public and sell products on the basis 

of understanding customers’ needs, competitive 

environment, costs and benefits, and the innovation 

[36], [11], [41], [19], 

[20], [12], [29], [30], 

[31], 
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acceptance. 

 

B. The Analytical Hierarchical Process (AHP) 

    According to Saaty [44], AHP is a key outstanding 

management tool for complexity of multi-criteria decision 

problems. The methodology of AHP was developed to support 

rational decision making on numerous criteria and to flexibly 

solve not only qualitative problems but also quantitative 

problems. The analytic process of AHP was shown as 

following steps [45]. 

 

    Step 1: Form the pair wise comparison matrix (C), as 

Eq.(1). 

 

C = (Cij)nxn  =  (1) 

     

where Cij is the importance degree of the i
th

 factor 

compared to the j
th

 factor. 

    Step 2: Construct the normalized criteria of matrix C. The 

formula can be shown in Eq. (2). 

 

 = ,    i, j = 1, 2,…, n (2) 

 

Then, Eq. (3) showed the normalization matrix, C
Norm

. 

 

  = ( )nxn    (3)  

     

Step 3: Aggregate the each criteria of the same row of 

normalization matrix , as computed by Eq. (4). 

 

  = ,  i = 1, 2,…, n (4)  

 

Step 4: Formulate the weights vector W = (w1, w2,…, wn) as 

the following Eq. (5). 

 

 Wi = ,  i = 1, 2,…, n (5)  

 

Step 5: Compute the maximum value ( max ) as in Eq. (6).   

 

 max =    (6)  

where n is the dimension of the comparison matrix.  

 

Step 6: Finally compute the consistency ratio (CR) as a 

consistency check as applied in Eq. (7). 

 

  CR =      (7)  

where RI is the random index. RI values can change with the 

dimension variations. For CI is the consistency index, be 

computed as Eq. (8).  

 

CI =      (8)  

 

when CR 0.10 means that the consistence of the pair-wise 

comparison matrix is acceptable.  

 

IV. RESULTS AND DISCUSSION  

    Once the consensus of expert panels confirmed the TICs 

appraisal model including seven criteria and nineteen sub-

criteria, the result of global weights in a hierarchy manner by 

processing through AHP analysis was represented as Table 2. 

Synthesis with respect to TICs Evaluation (Overall 

inconsistency= 0.089) was presented in Fig.2. And the 

sensitivity analysis for nodes below TICs Evaluation was 

showed in Fig. 3. Based on the value global weights ranking, 

the top-five most important criteria that industrial 

managements in this auto-part industry would prioritizing 

concerned, were embed new knowledge, development 

proprietary technology, leadership, strategic fit and product 

structure design, respectively.  

 

    For a case study on three chosen Thai auto-part firms, the 

industrial experts/ audit team from automotive part 

industries provided the rating score ranged from 1 (weak) to 

5 (excellent) on each TICs criteria appraisal model. Overall 

result of their final weights contribution was exhibited in 

Table 3.  

 

    Moreover, all score ranking of three companies could be 

separately plotted on each evaluation criteria, which the 

multivariate observations could be simply depicted in 

comparison via the charts, as displayed in Fig 4. 

 

    The result comparison among three companies showed 

that company A was the best innovative company in term of 

high score value in most TICs appraisal criteria i.e. 

development proprietary technology, leadership, product 

structure design, proprietary technology investment, 

marketing capability, R&D project interface, resource 

allocation, response to change, embed knowledge, 

manufacturing capability, improve existing product/ process 

and network linkage. While company B had greater 

outstanding in process design, strategic fit and strategic 

deployment. For company C was considered as the poorest, 
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acquiring the lowest score, which could need the effective 

improvement in most aspects of TICs appraisal criteria. 

 

 

 

 

 

 

 

Table 2: Final local and global weights of TICs Appraisal criteria 

 

Criteria Sub-Criteria Local 

weights 

Global 

weights  

Innovation Management Capability (C1) 

Leadership (SC1) 0.485 0.163 

Strategic Fit (SC2) 0.344 0.115 

Strategic Deployment (SC3) 0.130 0.044 

Resource Allocation (SC4) 0.041 0.014 

 Improve Existing Product/Process (SC5) 0.178 0.005 

Investment Capability (C2) Invest in Proprietary Technology (SC6) 0.763 0.022 

 External Technology Acquisition (SC7) 0.058 0.002 

 Innovation Culture (SC8) 0.757 0.050 

Organization Capability (C3) 

 

Network Linkage (SC9) 0.054 0.004 

 

Response to Change (SC10) 0.189 0.013 

Learning Capability (C4) 

Internalized External Knowledge (SC11) 

 
0.230 0.064 

Exploit Knowledge (SC12) 0.062 0.017 

Embed Knowledge (SC13) 

 
0.708 0.197 

Technology Development Capability (C5) 
Development Proprietary Technology (SC14) 

 
0.889 0.169 

R&D Project Interfacing (SC15) 

 
0.111 0.021 

Technology Transformation Capability 

(C6) 

Product Structure Design (SC16) 

 
0.889 0.066 

Process Design (SC17) 0.111 0.008 

Technology Commercialization 

Capability (C7) 

Manufacturing Capability (SC18) 0.002 0.006 

Marketing Capability (SC19) 0.800 0.022 
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Figure 2: Synthesis with respect to TICs Appraisal (Overall inconsistency = 0.089) 

 

 

 

 

 

 

 

 
 

Figure 3: Sensitivity analysis for nodes below TICs Appraisal  
 

 

 

 

Table 3: Overall score of TICs appraisal criteria among three companies, a case study 
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TICs Appraisal Criteria Global 

weights 

Company A Company B Company C 

Score Net Score Score Net Score Score Net Score 

Leadership (SC1) 0.163 4 0.652 3 0.489 1 0.163 

Strategic Fit (SC2) 0.115 4 0.46 5 0.575 2 0.23 

Strategic Deployment (SC3) 0.044 3 0.132 4 0.176 2 0.088 

Resource Allocation (SC4) 0.014 5 0.07 3 0.042 2 0.028 

Improve Existing Product/Process (SC5) 0.005 4 0.02 3 0.015 1 0.005 

Invest in Proprietary Technology (SC6) 0.022 5 0.11 4 0.088 1 0.022 

External Technology Acquisition (SC7) 0.002 4 0.008 3 0.006 2 0.004 

Innovation Culture (SC8) 0.050 3 0.15 3 0.15 2 0.1 

Network Linkage (SC9) 0.004 4 0.016 4 0.016 1 0.004 

Response to Change (SC10) 0.013 5 0.065 3 0.039 2 0.026 

Internalized External Knowledge (SC11) 

 
0.064 4 0.256 4 0.256 1 0.064 

Exploit Knowledge (SC12) 0.017 3 0.051 4 0.068 2 0.034 

Embed Knowledge (SC13) 

 
0.197 3 0.591 3 0.591 2 0.394 

Development Proprietary Technology (SC14) 

 
0.169 4 0.676 3 0.507 2 0.338 

R&D Project Interfacing (SC15) 

 
0.021 4 0.084 3 0.063 2 0.042 

Product Structure Design (SC16) 

 
0.066 4 0.264 2 0.132 1 0.066 

Process Design (SC17) 0.008 3 0.024 4 0.032 3 0.024 

Manufacturing Capability (SC18) 0.006 5 0.030 2 0.012 1 0.006 

Marketing Capability (SC19) 0.022 4 0.088 3 0.066 2 0.044 
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Figure 4: Comparison of each TICs appraisal criteria among three companies 

 

V. CONCLUSION 

This research proposed a comprehensive TICs appraisal 

method based on employing the Analytical Hierarchy Process 

(AHP) method to simply assist top managements towards their 

innovation business strategic for improving firms’ 

competitiveness. The role of this active method can be an 

extensive method application to other related industries. It also 

provides a guidance of TICs evaluation improvement for not 

only Thai automotive part firms but also other industry firms. 

With new adjustable experts’ perception data depending on 

each characteristic of a specific industry, other top-level 

managements in different industry would obtain the new set of 

relative weight criteria data served as an outcome of 

managerial information. 
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    Abstract- Traffic intensities in Sri Lankan roads are ever 

increasing making current traffic light system ineffective. Then it 

is imperative to make new methods to control increasing traffic. 

This end could be achieved only by eliminating inherent defects 

in traffic light system. Among approaches suggested to address 

the problem of managing higher traffic intensities includes 

extract information about the traffic concentration by processing 

digital images. This study attempts to estimate the traffic 

intensity by using image processing which also a part of 

intelligent traffic control system adopted in the future. 

This study focused on eliminating the problem encountered in 

commercial image processing system which does not work well 

in traffic congestions. The difficulty arrives when vehicles are 

exposed partially and appears differently under different light 

and environment conditions. This study proposed to develop an 

algorithm to detect vehicles from a stream of images extracted 

from a video. This algorithm will separate vehicles from their 

backgrounds and detect vehicles on the basis of morphological 

characteristics. 

Data collection was carried out from a video camera mounted at 

higher elevation on the road sides in different places 

(Peradeniya) in the city and sequence of image sets were 

collected from sampling frames. These sequences are used to test 

the algorithm formulated 

 

    Index Terms- Image processing, Vehicle detection, Image 

subtraction, Morphological image processing, Object tracking 

I. INTRODUCTION 

etection and classification of vehicular traffic is considered 

not only important but also essential for modern traffic 

control systems. Presently in Sri Lanka, the only traffic control 

mechanism is the traffic light, which is triggered using timers. 

This system has some inherent defects obviously due to the fact 

that the system had been developed at a time when the traffic 

flows on the roads were less in intensity. The traditional 

approach for improved traffic handling is to install intelligent 

traffic lights that are controlled by inductive sensors mounted 

under the road surface.  However, installing and maintaining 

such a system in most of Sri Lankan roads is nearly impossible 

due to the way the roads are constructed and maintained.   

Therefore, in order to handle higher traffic intensities, it can be 

hypothesized that one of the faster approaches is to process 

digital images and extract information rather than installation of 

other sensors and connected hardware which is a more involved 

invasive procedure.  It is necessary that digital images be 

processed and information about the traffic concentration be 

extracted from them. In addition to the wheel clearance of the 

vehicle, such features as the number of vehicles on the move and 

the type of the vehicle at any given time are required to be 

estimated.  

    Hence, during initial stages of the research it was necessary to 

concentrate on identifying a mechanism to estimate the number 

of vehicles in the traffic flow based on the data collated from the 

images. This paper presents a novel camera based image 

processing system that can indicate the number of moving 

vehicles on the road, based on a streaming video taken through a 

web camera. This could be a part of the detection mechanisms in 

the proposed intelligent traffic control system in the future. 

The mechanism thus developed required to carry the capacity to 

differentiate the various features of motorbikes and automobiles 

to classify them as individual vehicles. The determining factors 

were color intensity and shape of vehicles. The differences 

between the color or the shine of the vehicles and that of the 

asphalt ground had to be used in this research to identify 

vehicles. The type of vehicle, non-uniformity in the traffic flow 

and the unconventional driving habits of motorists are also bound 

to present an obstacle in processing the images. 

   Increasing number of vehicles (moving objects) on freeway 

and problems associated with existing sensors has increase an 

interest in new object tracking technologies such as video image 

processing. Available commercial image processing systems 

properly work in free flowing traffic, but the systems are very 

costly and have difficulties with congestion, shadows, 

overlapping and lighting illuminations. These problems partially 

occurs one another and the fact that vehicles appear differently 

under various lighting conditions. 

   In this research, an algorithm was developed to detect vehicles 

from a sequence of images extracted from a video. The path of 

each vehicle was extracted from this sequence as an effort to 

isolate and count them.  In image processing, background 

subtraction is required to detect the vehicle precisely. Apart from 

using background subtraction, morphological image processing 

operations were also used in this study to filter the image. 

 

    Data collection was carried out at different places.  A digital 

video camera mounted at a higher elevation by the roadside was 

used to acquire a video stream. Thus sequences of image sets 

were collected from the video by sampling different frames.  

These image sequences were used in testing the algorithms 

developed.  

D 
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I. LITERATURE REVIEW  

    Moving object detection and tracking applications are widely 

used as embedded electronic systems. It is widely use in robotics, 

automated systems, imagine system, and many more. But this 

applications hardware and software integration is main core of 

performance of itself. Hence efficiency is mostly depends on its 

low level programming (Algorithms), hardware and input data.   

There are two types of approaches discussed in Yokoyama [1] as 

region based approach and boundary based approach (contours). 

Most popular region based algorithm involves background 

subtraction and optical flow. The approach described here is also 

based on background subtraction. This method is responsive in 

constant background situations. But it does not work with rapidly 

changing backgrounds. This method is not considering region 

based, it depends on edge based approach. It’s rather fast than 

normal region based method and its get some errors form when 

several sharp edges appears on effects of reflection and 

illumination. For overcoming the above deficiencies in the 

background optical flow with contour based model, Hai Tao, et 

al., [2] developed a model based on rapid image subtraction 

system. That model is rather advanced and capable of handling 

rapid changes in the background. Detection of vehicles by 

tracking their wheel is also a popular approach. This method was 

introduced by Achler and Trivedi[3] in their research. But it has 

some difficulty to detect a vehicle when another vehicle 

overrides at the same time. 

    Another popular method is block matching algorithm (BMA). 

In this method Stefano, and Viarani [4] keep all the available 

model (vehicle types) and compare each. For that reason it takes 

more time to find the exact vehicle. Due to the illumination and 

reflection of light, sometimes it can’t match exact vehicle on the 

database. Tesei,et al.,[5] propose an algorithm for object 

recognition and track in as alone or group.in here moving 

objects(blobs) are tracking by using numerical characteristics. 

Algorithm is also based on moving blob matching approach. 

Loria and Machi[6] present an algorithm used to identify find, 

bound and index moving objects at a pedestrian zebra crossing. 

This method detects moving blobs as pedestrian at crossing and 

find trajectory of object movement. This also region based 

method and it has illumination and light reflection problems on 

background.The proposed system is also mainly involved in 

object indexing (vehicle indexing). In the developed system, 

available object and the entire data map is instantly extracted into 

the table at the same time using Bwlabel function. The algorithm 

functions to manage apparently moving noisy components safely 

and also to recognize and track well behaving pedestrians and 

cars correctly. Work is ongoing to improve its efficiency in 

tracking vehicle on the road.  

II. THEORETICAL BACKGROUND 

A. Image thresholding 

    Thresholding[7] is a non-linear operation that converts a gray-

scale image into a binary image. In levels between 0 and 255 are 

assigned to pixels that are below or above the specified threshold 

value. Finding optimal threshold value is very important factor 

for image morphology. Some gray levels operations combine 

with dynamic optimal threshold value for different occasions for 

avoid loss of data due to background illumination. 

B. Image erosion  

    Erosion [8] is one of the two basic operators in the area of 

mathematical morphology, the other being dilation. 

This operator basically apply for binary images and several 

parameters use for different operations. Some of them are 

working properly on grayscale images also. 

The basic effect of the operator on a binary image is to erode 

away the boundaries of regions of foreground pixels (i.e. white 

pixels, typically). Thus areas of foreground pixels shrink in size, 

and holes within those areas become larger. 

 

C. Object indexing (bwlabel)   

    L = bwlabel(BW, n)[9] returns a matrix L, of the same size as 

BW, containing labels for the connected objects in BW. The 

variable n can have a value of either 4 or 8, where 4 specify 4-

connected objects and 8 specifies 8-connected objects. If the 

argument is omitted, it defaults to 8.Retun L matrix has different 

segment and has different values. It is depend on number of 

regions in the matrix. The pixels labeled “0” are the background 

and pixels”1“represent the first object and so on. 

[L, num] = bwlabel(BW, n) returns in num, the number of 

connected objects found in the black & white image  BW. 

 

D. Center of gravity  

    The regionprops(Binary image, properties)[9] ,properties can 

be a comma-separated list of strings. 

III. RESEARCH OBJECTIVES AND 

METHODOLOGY 

    The main objective of this part of the research was to track 

objects moving along the road. In order to be able to minimize 

problems due to computing capacity limitations, it was assumed 

that the number of simultaneously moving objects on the road is 

limited to 10 (however, software was developed so that this 

limitation could be released through software). It was also 

attempted to base the development on basic image processing 

techniques to save on computing time. In order to achieve the 

main objective, software routines were developed to identify 

different objects in a sequence of images, and to follow them 

through indexing. The methodology adopted is described in the 

form of a block diagram below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- Block diagram of the procedure for tracking moving 

vehicles 
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A. Read image from video  

Input image is read directly from a video in the developed 

proposed system that uses indeo5 video compression technique 

with 30 frames per second rate and with a frame size of 320x240. 

 

 
Figure 2- Extracted color image 

 

B. Video Image thresholding  

Firstly, the color image was converted to a binary image. For that 

step, the method used was the MATLAB function Im2bw and the 

threshold value was kept as 0.4, based on many trials.  

 

 
Figure 3-BW image 

 

C. Remove unwanted area using a mask  

Since these were taken from a fixed camera, only a smaller 

region becomes the region of interest (ROI), and the other areas 

need not be processed.  Identification of a ROI, and limiting the 

processing to it can reduce the processing time.  The ROI was 

therefore marked as shown below. 

 

 
Figure 4- Background Mask  

D. Morphological Image Processing  

Image dilation was done using the strel [9] function. It increases 

the boundary region. The Image Processing Tool (IPT) function 

strel constructs structuring elements with a variety of shapes and 

sizes.  

E. Tracking Objects  

The initial position of the object is detected as it enters the ROI. 

At this position bwlabel function was used to return the Centre of 

gravity of a particular object. Noise points were removed by 

assuming a minimum size of a vehicle image in the ROI.  The 

next location of the center of gravity of each object region was 

found by comuting the inter distance. 

 

  

 
Figure 5 - Object with ROI 

 

 

 
 

Where; C is a set of current object pixel coordinates. 

 

 
 

Where; N is a set of next object pixel coordinates 

 

 

 
 

Where; D is the cumulative inter pixel difference. 

 

 

 

 
 

Where; P is the closest next location of the center pixel 

concerned. 

[1] DATA COLLECTION AND ANALYSIS 

 In this analysis, the object indexing approach was used mainly. 

It kept the current positions and judged the most suitable next 

position by comparing the least distance out of the set of 

differences. 
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Figure 6 – Y-Coordinate assignment with inter pixels coordinates 

set (incoming) 

 

Inter pixel set (D) 

 

 

 
I. Before an object enters the ROI: D=0,C=0,N=0 

II. After an object enters into the ROI: C=0, N>0 

Hence; D=C-N <0 (since N is a high value) 

III. As the object moves within the ROI: 

Then immediate next pixel set C, becomes equal to N 

and N carries the next value set. Therefore; D=C-N >0 

(Positive value) 

If D remains constant, its indicative of an object moving 

at a constant velocity. 

IV. As the object exits from the ROI: C has small positive 

value (nearly equal to the zero), N become zero. 

Then D=C-N >0 (positive peak). 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 7 - The graph of object’s Inter-pixel coordinate difference 

 
 

Figure 7 illustrates the movement of object in ROI.  

AB= movement of the object in ROI  

B= indicates the point where the vehicle leaves the ROI 

BC = shows no object in ROI 

CD = shows the movement of object in ROI 

At the region A-B and C-D shows some object movement in the 

ROI. In position B, it has a positive peak. It means that, one 

vehicle exits the ROI. In position C, it has a negative peak. It 

means that a vehicle along the path enters the ROI.  

 

A situation where a vehicle enters the ROI from the bottom side 

of the frame is described below. 

 

 

 
 

Figure 8 – Y-Coordinate assignment with inter pixels coordinates 

set (outgoing). 

 
1. Before ROI(D=0,C=0,N=0) 

No object detect on this region just enter object from 

bottom of ROI 

C=0 and N >0 (N has small positive value) 

Hence D=C-N <0 (Negative peek) 

2. Within the ROI, next immediate frames C replace with 

N pixels value and N find suitable next data set. 

Then, D=C-N in here N>C. therefore 

D=C-N <0 

D has small negative value 

3. Just exit the ROI 

This particular position C has positive high value and N 

instantly become a zero. Therefore, 

D has positive peak. 

 

D=C-N C>0 and N=0, D > 0 (high positive peak). 
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Figure 8 - The graph of object Inter-pixel coordinates difference 

 

Figure 8 illustrates the movement of object in ROI.  

EF = the straight line indicates no object in ROI 

F= indicates the entrance of the object in ROI 

FG = illustrates the changing nature of the speed of the object 

GH = the constant pattern indicates the constant velocity of the 

speed. 

H= exit point of the object from ROI 

HI = no movement of objects in the area  

 

Table I: Comparison of actual count and model count 

 

No of Frames 5200 

Actual Vehicle Count 55 

Program Count 67 

Vehicle Detection 

Accuracy 

78.18% 

 

[2] FUTURE WORK 

 In this research, we have analyzed the traits of the traffic 

images and put forward a method of detecting moving vehicles in 

the traffic video. At the same time, the processing techniques 

need to be further improved to obtain better vehicle identification 

and separation by a combination of inter-frame difference 

method and background subtraction method. It is also suggested 

to find a suitable dynamic threshold value for each and every 

frame. 

It is necessary to consider variations in the scene due to 

sunshine and rain for further improvements. Experiments 

indicate that it can satisfy real-time requirements of vehicle 

detection under controlled conditions. Its disadvantage is that the 

detection efficiency is not very satisfactory. Incorporating color 

in image segmentation may make the identification more 

efficient, even though it would be more demanding. A study is 

carried out to improve the accuracy of the detection method in all 

kinds of environments in order to adapt the moving vehicle 

detection in different situations even when the road is much 

crowded.  
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     Abstract- In today’s world, fuzzy logic and particle swarm 

optimization are used to answer various engineering problems. In 

this paper, the proportional integral derivative (PID) controller 

tuning by fuzzy rule method (FRMs) and a particle swarm 

optimization (PSO) algorithm are proposed to improve controller 

by adjusting transfer function parameters. The proposed fuzzy 

rule function and PSO algorithm searches a high-quality solution 

effectively and improves the response of the controlled system 

by adjusting the transfer function. Simulation and comparison 

results are presented and that the proposed algorithm finds a PID 

control parameter set effectively so that the PID controller has a 

better control performance. 

 

    Index Terms- Fuzzy Rule Method (FRMs), PID Controller, 

Particle Swarm Optimization (PSO)  

 

I. INTRODUCTION 

here there are three parameters: differential coefficient, 

proportional coefficient, and integral coefficient in the 

PID controller. By tuning these three parameters, the PID 

controller can offer individualized control necessities. In current 

years, many intelligence algorithms are proposed to tuning the 

PID parameters. Where, the majority part of control loops in 

engineering control systems use standard PID control algorithms 

with fixed constraint values set through the commissioning. This 

is lead to the low cost and eases of design but the tuning of PID 

controller remains unsure lead to more complexity that is 

mathematical. The combination of P-I-D controller parameters 

depend on well-known design methods and type of methods 

usually requires a mathematical model, which can accurately 

describe the dynamical performance of a control object [1].On 

the other hand, there are many linear methods used in the design 

of PID stables termed as conservative controller however, 

research is a great deals with carried out in the design of unusual 

controllers using modern computational techniques such as  

fuzzy logic and neural networks [2]. If this controller is applied 

to a nonlinear control system, so that the performance of the 

system will change depending on the variation of control objects 

parameters [3]. R.Swaroop, B. george and. P.K, Sadhu Proposed 

a novel design for automatic tuning of PID controller using 

sugeno based fuzzy logic [4]. Also, the procedure of a linear 

control law will cause diverse responses of a nonlinear system 

for the same magnitude of positive and negative reference input 

changes. Various design strategies will have been developed with 

the point to overcome the disadvantages of linear P-I-D 

controllers. Such methods created for achieving a goal transform 

a linear P-I-D controller into unconventional PID controllers 

[5].To overcome these difficulties, various types of modified 

conventional PID controllers such as auto tuning and adaptive 

PID controllers were developed lately [6,7], [8]. In addition, a 

class of nonconventional type of PID controller employing fuzzy 

logic has been designed and simulated for this purpose [9, 7, 10]. 

 

    The PSO algorithm, proposed by Kennedy and Eberhart [11] 

in 1995, is an additional popular optimal algorithm. It was 

developed through a simulation of a simplified societal system 

where some papers were proposed to progress the PSO algorithm 

[12,13]. The PSO technique can produce a high quality solution 

within a shorter computation time and have a steady meeting 

characteristic than other stochastic methods [14,15]. It has many 

applications in engineering fields. In the PID controller design, 

the PSO algorithm is applied to search a finest PID control 

parameters [16, 17]. A lot of research papers provided many 

advanced methods for the particle swarm optimization 

algorithms [18]. In this paper, the PID controller tuning by fuzzy 

rule method (FRMs) and a particle swarm optimization (PSO) 

algorithm are proposed to improve controller by adjusting 

transfer function parameters. The proposed fuzzy rule method 

(FRM) and PSO algorithm are described in Section II. MATLAB 

simulation results and some comparison results are shown in 

Section III. Finally, conclusions are   made in Section IV. 

 

II. MYTHOLOGY 

Design Mythology of Fuzzy system 

    The fuzzy related matrix is used for representing the Fuzzy 

rules. The number of input to the rules determines the dimension 

of a fuzzy associated matrix [19].The Rule base is designed 

based on the following concepts. The ranges of input 

membership functions and the fuzzy rules are entered from the 

available data.  

 

The following steps can describe the procedure of the proposed 

fuzzy rule method (FRM): 

Step 1: Initialize (FIS editor) the input of fuzzy logic controller 

error (e), change of error (ec) and output (KD),(KP) and (KI) .  

Step 2: Set the system with three  fuzzy logic 

controller(KD,KP,KI)  each controller has two inputs,(e,ec) and 

each input has seven  fuzzy set associated with it, which labelled 

as negative big (NB), negative medium (NM),negative small 

(NS),Zero error (Z), positive  small (PS), positive medium(PM) 

and positive big(PB) and the output (KD,KP,KI)depend on 

W 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      382 

ISSN 2250-3153  

www.ijsrp.org 

equation  {[NB(-6,-3,-1),NM(-3,-2,0),NS(-3,-1,1),Z(-2,0,2),PS(-

1,1,3),PM(0,2,3],PB(1,3,6)} 

Step 3: Set the input range from -3 to 3, where the input e and ec 

are shown in the following equations. 

ec={[NB(-6,-3,-1),NM(-3,-2,0),NS(-3,-1,1),Z(-2,0,2),PS(-

1,1,3),PM(0,2,3],PB(1,3,6)} 

   e={[NB(-6,-3,-1),NM(-3,-2,0),NS(-3,-1,1),Z(-2,0,2),PS(-

1,1,3),PM(0,2,3],PB(1,3,6)} 

 Step 4: set the output range from -3 to 3, where the output 

setting depends up rule base on Table I  
TABLE I 

 
 

 

Fig.1Implemented of PID tuning using Simulink 

 
Fig. 2. Performance measure of step response 

Step 5: The evaluation performance measures are peak overshoot 

(OV), Rise time (RT) and Amplitude (AM). Fig. 2 shows an 

example of a desired time response 
 

 

 
 

Fig.3Membership function of ec 

 

 
          

Fig.4Membership function of e 

 

 
 

Fig.5 Membership function of KD 

 

 
 

Fig.6 Defuzzified output  of controller KD 

 

ce          KP     

 NB NM NS Z PS PM PB 

 

e 

NB NB NB PM PM PS Z Z 

NM PB PB PM PS PS Z NS 

NS PM PM PM PS Z NS NS 

 Z PM PM PS Z NS NM NM 

 PS PS PS Z NS NS NM NM 

 PM PS Z NS NM NM NM NB 

 PB Z Z NM NM NM NB NB 

ce          KI     

 NB NM NS Z PS PM PB 

 
e 

NB NB NB NM NM NS Z Z 

NM NB NB NM NS NS Z Z 

NS NB NM NS NS Z PS PS 

 Z NM NM NS Z PS PM PM 

 PS NM NS Z PS PS PM PB 

 PM Z Z PS PS PM PB PB 

 PB Z Z PS PM PM PB PB 

ce          KD     

 NB NM NS Z PS PM PB 

 

e 

NB PS NS NB NB NB NM PS 

NM PS NS NB NM NM NS Z 

NS Z NS NM NM NS NS Z 

 Z Z NS NS NS NS NS Z 

 PS Z Z Z Z Z Z Z 

 PM PB NS PS PS PS PS PB 

 PB PB PM PM PM PS PS PB 
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Fig.7 Defuzzified output  of controller KI 

To improved the response of the system by change transfer 

function parameter until we reach the optimal response of the 

system.  

I. At starting keeps   the denominator coefficients are 

equal to (1, 4, 4) and change a numerator from 1 to 80 

with step 20, the response is not improved where the 

rising time is very long as shown in fig 8. 

II. Set the coefficient of (S^2) equal to 1 and the 

coefficient of (S) equal to 4 try to change the constant 

coefficient from 1to 40 with step 20 at the same time 

change the numerator from 1 to 80 with step 40. We 

observe decrease the rise time (RT) where the system 

takes short time to reach the steady state as showing in 

figures 9,10. 

III.  Keeps the coefficient of (S^2) equal to 1 and the 

constant equal to 40, try to change the coefficient of 

(S). When increasing in value of a coefficient of (from 4 

to 8) (S) the peak overshoot (OV), and amplitude (AM) 

decrease as showing in figures 11, 12 so that the 

system got good response (takes short time to reach 

the steady state).  

IV.  However, to reduce the swing, rise time (RT), and 

reach quickly to steady state by set the coefficient of 

(S^2) equal to 1, the coefficient of (S) equal to 8 and 

change the constant from (1to 40 with step 20) and 

numerator from (1to 80 with step40), until get the 

optimal response for system as showing in figures 12. 

 

 

 

 

 

 

 

 

Fig.8 Step response with t.f(1/s^2+4s+4) 

 
Fig.9 Step response with t.f(40/s^2+4s+20) 

 
Fig.10 Step response with t.f(80/s^2+4s+40) 

 
Fig.11 Step response with t.f(80/s^2+7.4s+40) 

 

Fig.12 Step response with t.f(80/s^2+8s+40) 

PSO Algorithm 

PID controller tuning with Particle Swarm Optimization  

Step 1: Initialize the PSO algorithm by setting the number of 

particles (n), the number of iterations (L),dimension of the 
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problem(dim), PSO parameters are c1 = c2 = 2,i=0 ,and  PSO 

moment of inertia w=0.9,Fitness=i*ones(n,L), 

Step 2: fitness=0*ones (n, bird_setp); 

Step 3: Initialize the parameter                                                                                  

R1 = rand (dim, n); R2 = rand (dim, n); 

Current_fitness =0*ones (n, 1); 

Step 4: Initializing swarm and velocities and position  

Current_position = 10*(rand(dim, n)-.5); 

Velocity = .3*randn (dim, n); 

Local_best_position = current_position; 

Step 5: Evaluate initial population         

 i-th particle of the population (loop for i = 1:n , end)  

 current_fitness (i) = tracklsq (current_position(:,i));     

local_best_fitness = current_fitness; 

[global_best_fitness,g] = min (local_best_fitness) ; 

 i-th particle of the population (loop for i = 1:n , end )  

globl_best_position (:,i) = local_best_position(:,g) ; 

Step 6: Velocity update   

Velocity = w *velocity + c1*(R1.*(local_best_position-

current_position)) + c2*(R2.*(globl_best_position-

current_position)); 

Step 7: Swarm update   

Current_position = current_position + velocity; 

Step 8: Evaluate anew swarm (Main Loop) 

Iter = 0 ;( Iterations ‘counter) 

While ( iter < bird_setp ) 

Iter = iter + 1; 

(Loop for i = 1:n,)  

current_fitness (i) = tracklsq (current_position (:,i)) ;     

 (Loop for i = 1: n, end)  

If current_fitness (i) less than local_best_fitness (i) 

 local_best_fitness (i) = current_fitness (i);   

local_best_position (:,i) = current_position(:,i)   ; 

End if   

[current_global_best_fitness,g] = min (local_best_fitness); 

If current_global_best_fitness less than global_best_fitness 

global_best_fitness = current_global_best_fitness; 

(Loop for i = 1: n, end)  

Globl_best_position(:,i) = local_best_position(:,g); 

End if 

Velocity = w *velocity + c1*(R1.*(local_best_position-

current_position)) + 

c2*(R2.*(globl_best_position_current_position)); current 

position = current position + velocity; sprint ('The value of 

interaction iter %3.0f ', iter); 

End (end of while loop)   

Xx=fitness (:, 50); [Y,I] = min(xx); current_position(:,I) 

 

III. SIMULATION RESULT  

To verify the efficiency of the proposed fuzzy rule method 

(FRMs) and a particle swarm optimization (PSO) algorithm. The 

following parameters are used for the PSO algorithm: the particle 

swarm population sized LL= maximum generation numbered 

NN= the maximum iteration number is 50, c1=c2=2.   

,w=0.9,β=1.0, ITAE=5.0159,Mp=0.045 ,ess=0.0 , 

ts=0.8645,tr=0.2138. 

 
TABLE II 

 BEST CONTROL PARAMETER SELECTED BY OPTIMAL ALGORITHM IN 50 

ITERATIONS FOR PID CONTROLLER WITH Β=1.0 AND FGG=1/ (W*ITAE). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.13. 

Fig.14.PSO PID controller 

 

 

 

 

 

 

 

Fig.15. 

Tuning of PID controller using Particle Swarm Optimization is 

shown the system response in fig.13 and fig.15 so that reach the 

stability quickly by use transfer function setting to remove the 

swing about stability points. However, the proposed fuzzy rule 

method (FRMs) we observe decrease the rise time (RT) where 

the system takes short time to reach the steady state as showing 

in figures 9,10 and the peak overshoot (OV), and amplitude 

Name  Value  Min  Max  
Kd  1.9688 1.9688 1.9688 

Ki  0.0504 0.0504 0.0504 

Kp  0.6300 0.6300 0.6300 
W 0.2678 0.2678 0.2678 

tr 0.2138 0.2138 0.2138 

ts 0.8645 0.8645 0.8645 

Mp  0.0450 0.0450 0.0450 

ess 0 0 0 

Fitness  0.7443 0.7443 0.7443 

ITAE 5.0159 5.0159 5.0159 
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(AM) decrease as showing in figures 11, 12 so that the system 

got good response.  

IV. CONCLUSION 

The Design is carried out in MATLAB and has been observed 

that the system response is improved by setting the transfer 

function parameters until we reach an optimal response of the 

system after implementing the value of PID constants obtained 

from the fuzzy rule method (FRMs) and PSO. The proposed 

methodology gives better performance in the rise time; peak 

overshot and the steady-state error. The response observed from 

the present PSO controller has a slight over shoot that can be 

further improved by setting the value of the parameter  

coefficients of fourth order transfer function  by  veering the 

constant  value between  0.5to 0.75. However, it is observed 

from the simulation that the PID (PSO PID and FRM PID) 

controller performs improved in FRM PID (the rise time (RT), 

settling and steady state) better than PSO PID. 
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Abstract- Environmental restoration is not simply a practical 

matter. The topic carries with it immense of metaphysical and 

aesthetic interest. In the same way that the science of ecology 

and cultural phenomenon of environmental politics are 

inseparable, restoration of the environment is inextricably tied to 

and informed by several areas of discourse: ecology, cultural 

ecology, human ecology, environmental history and 

environmental ethics. The multi-disciplinary scope of the 

literature review undertaken for this work allowed for the 

reconceptualization of key terms and ideas of critical importance 

to restoration 

        The Vast stretches of Renukoot, Singrauli, Sonbhadra 

region were once covered with natural forests, hills and grassland 

with various natural resources. The tribal dwelling populations 

were small and interspersed. Before 1950, this area was a normal 

town enjoying the natural environment, traditional systems of 

culture and living with pollution free environment. The changes 

in status of environmental and development of Sonbhadra began 

during 1950 with the construction of two dams Rihand and Obra. 

Since then a number of establishment like Hindalco 

Aluminimum Plant (1962), Kannoria Chemicals (1964). A 

cement factory (1970) Followed by a number of coal, stone, 

mining projects and power generation units established scenario 

of the region and impacted human socio-cultural environment 

very significantly. 

        The Renukoot, Singrauli Sonbhadra region is now not only 

of India’s most energy centers as well as also in Asia. Eleven 

open-cast coal mining sites, are occupying nearly 200 squares 

K.M., or about 10% of India’s installed generation capacity. 

Chloro-alkali industry, Kannoria chemicals, thermal power plants 

and coal mines are responsible for discharge of various metals, 

especially Hg into Rihand dam with their effluents. The Rihand 

dam is a one of the Asia’s Largest Anthropogenic reservoir 

developed in Mirzapur later on in. Total area of reservoir is 

approximately 457Sq. K.m. The capacity of the reservoir is 

46,600 ha. Water of Rihand Dam is used for irrigation, drinking, 

fish culture, bathing, generation of power 300 M.W. electricity 

and industrial purpose. The whole industrial belt in Singrauli 

region lies practically in the close vicinity of Rihand dam, 

regularly discharging their effluents into the reservoir. Coal fly 

ash  and ash slurry released from thermal power plants and coal 

mines serious threat to aquatic ecosystem due to presence of 

various pollutants (Rai and Tripathi 2006).  

        From this research investigation the following major points 

have been concluded- 

 The quality of environmental health of Rihand dam with 

its surrounding is continuously degrading very fast.  

 The environmental restoration in an around the Rihand 

dam is exactly improper. The parameters sets for 

environmental restoration have not been covered by the 

pollution creating agencies. The environmental 

restoration its objective policies is not having proper 

implementation. Similarly the environmental restoration 

have not taken the proper activation. Thus the 

environmental restoration catchment and command area 

in Rihand dam is bad condition. 

 Thus, the environmental health of Rihand dam is facing 

very serious conditions due to improper environmental 

restoration.  

 

Index Terms- Environmental restoration, Industrial pollution 

 

I. INTRODUCTION 

nvironmental restoration is not simply a practical matter. 

The topic carries with it immense metaphysical and aesthetic 

interest. In the same way that the science of ecology and the 

cultural phenomenon of environmental politics are inseparable, 

restoration of the environment is inextricably tied to and 

informed by several areas of discourse: ecology, cultural 

ecology, human ecology, environmental history and 

environmental ethics.  

          Both natural and accelerated recovery methods require a 

good understanding of habitats and relationships between species 

which comprise that habitat. Like ecology, restoration ecology 

has developed in a social, economic and political context that has 

had an influence over the type of issues selected for analysis 

(Bocking, 1997). Cairns (1988) have stated that the discipline of 

restoration ecology was made academically possible by the first 

Earth Day celebration. Most of the work undertaken during the 

1970s can be characterized as grassroots reform-oriented 

restoration of local environments (Sweeney, 2000). The initial 

plurality of meaning characteristic of the early populist 

interpretation of the meaning of restoration mirrors that of 

ecology (Westoby, 1997) both informing (Mysterud & Mysterud, 

1997) and contrasting with the scientific discourse (Davis, 2000). 

Without this clear understanding of the ecosystem and how it 

recovers from damage, there is the danger of making the 

situation worse in the long term, or changing the ecosystem to a 

different one which is not sustainable. It is therefore essential to 

have a technical appraisal and risk assessment with the aim of 

avoiding the creation of an artificial or diversely poor site, or 

genetic pollution. It is important to examine advantages and 

disadvantage if possible, although the quantitative assessment of 

environmental benefits is very difficult. 

          Harmony between man and environment is the essence of 

healthy life and growth. The environmental protection and 

conservation of various National Thermal Power Corporation 

(NTPC) Rihand project programmes in the reference of 

environmental and industrial development balance. Therefore, 

E 
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maintenance of ecological balance and pristine environment has 

been of utmost importance of the Union Ministry of Power 

(MOP). NTPC being the leading organization under the ministry 

in the areas of power generation has been taking measures 

discussed below for mitigation of environment pollution due to 

power generation. 

          The present paper in categorized into two factors firstly 

environmental restoration secondly restoration ecology. Both are 

interlinked by policy & management activities and options. 

Environmental restoration is a social activity in which theory and 

practical works are involved. Figure no. 1.1 explains the 

environmental restoration: its objective and wildness and 

environmental restoration ecology: objectives and ecosystem 

function A and B show the policy and activity between 

environmental restoration and environmental restoration ecology.  

 

 

 
 

Fig.No1.1 Linking social and ecological paradigms through a continuum of restoration activities Examples A and B show a 

qualitative congruency between ecological and social paradigms of differing scales. 

 

1.1. Mitigation of impacts on the Rihand dam 

environment:- 

          The ecological society, Non-Governmental Organization 

(NGO), NTPC and pollution control board based in Sonbhadra 

district, attempted to restore the natural wealth of the dam 

affected region by starting ecological restoration projects. One 

each in the command and catchment area to the find out if the 

rejuvenation of natural process can revive the health of natural 

resources in the region, which would make the living more 

sustainable for the local communities. The Rihand project site of 

‘ Restoration of forest ecosystem (Upper site) was on the hill 

slopes facing the reservoir in catchment area of the Rihand dam 

and the other project site of Restoration of forest ecosystem’ 

(Lower site) was a piece of downstream land in the catchment 

area. Both the sites are on the land owned by the ‘Irrigation 

Department of Government of Uttar Pradesh (Ecological Society 

2008). 

 

The organization had kept the following objectives:- 

 To restore a patch of highly degraded land in the 

catchment of Rihand dam of Sonbhadra to a pre-

disturbed forest ecosystem. 

 To restore wetland ecosystem on the barren land created 

by the dam construction activity and it’s after effect 

immediately downstream of the dam. 

 To integrate local community and NTPC interests in 

restoration efforts to the socieo-economics welfare with 

the strengthening of natural process. 

 

II. MATERIAL  AND METHODS 

Location and extent of study area:- 

           The Rihand reservoir is located in between 24
0
N, 83

0
E 

and 24
0
2’N, 82

0
48’E, with a surface area having 30 × 15 km. 

with the maximum depth of 25 m (Fig.No.1.2). 

          The area of present study belongs to the district of 

Sonbhadra of Utter Pradesh state. Sonbhadra is the largest district 

having an area of 6788 Sq.Km. It lies in the extreme south-east 

of the U.P. state and north east of M.P., and is bounded by 

Mirzapur district to the northwest, Chandoli district to the north, 

Bihar state to the northeast, Jharkhand state to the east, 

Chhattisgarh state to the south and Madhya Pradesh state to the 

west. The district head quarter is in the town of Robertsganj. 

          The studies on the ecology of environmental studies is 

very important because it is not a simple and practical matter. 
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Some of the pollution aviating agencies are responsible to pollute 

the natural habitat, fulfill the gaps created by them. The ecology 

and habitat culture are inseparable factor of environment. 

          For the further study of environmental studies, various 

local and cited parameters have been adopted. 

 

 

 

Fig. No.1.2.  Rihand Dam Map and Around the Industries 

 

III. RESULT AND DISCUSSION 

          Existing work falls into one of two main categories: 

environmental restoration and restoration ecology, which are 

linked through management and policy options (See Figure 1.1). 

Environmental restoration is a social movement whose theory 

and practice equires the critical appraisal of socially organized 

knowledge-claims (Sweeney, 1999) such as the moral primacy of 

pristine wilderness (Cronon, 1995; Denevan, 1992; Bowden, 

1992), crucial ideological tenets of conventional economic 

discourse such as sustainable development (Descola & Pálsson, 

1996), misleading social metaphor such as ecological 

‘investment,’ ‘services,’ and ‘debt’ (Hornborg, 1996; Grange, 

1977), and daring conceptual bets such as universally applicable 

images of environment and society (Guha, 1997; Redclift, 1995), 

reinhabitation (Bernard & Young, 1997; Mills, 1995) and the 

utopian bioregional movement (Brennan, 1998). 

 

          A very brief description of discussion is presented in the 

following paragraph- 

          1.0. Environment Management of Thermal Powers and 

Chemical Industries Located Around the Rihand Dam-: 

          The establishment of thermal power stations and chemical 

and cement factories has also resulted in large scale gaseous air 

pollution, particularly of SO2 and HF pollution due to particulate 

matter through fly ash and cement dust and that due to liquid 

effluents. Surface coal mining has caused extensive damage to 

the natural ecosystems with growing dumps of overburden. The 

latter needs to be stabilized.  

 

Coal spoil localities:- 

          The changes related to the revegetation of coal mine spoils 

of different ages (5, 10, 12, 16 and 20 year old spoil were 

examined. As the age of mine spoil increased coarse particles 

decreased and fine particles increase. Total nitrogen, mineral 

nitrogen, inorganic phosphorus and exchangeable potassium also 

increased with age. The plant community changed with age of 

mine spoils on different significantly between micro sites and 

between age of mine spoils and boot the root and shoot biomass 

increased with age. Microbial C, N and P also were significantly 

related to the age of mine spoils. Microbial biomass can be taken 

functional index of progress of succession at least during the 

early phase of soil redevelopment. Undulating and flat surface 

micro-sites were superior in terms of plant growth compared to 

surface micro-sites, on the 12 year-old flat surface micro-sites 24 

plant species, out of 30 plant species seeded, showed satisfactory 

growth performance.   

 

Agricultural impacts:- 
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          Indirect impact of agriculture on natural ecosystems were 

examined by selecting five villages for case studies. Double 

cropping patter showed higher inputs in terms of human and 

bullock labour and seed quantity compared to single cropping. 

The output was also higher in double cropping than in single 

cropping. However, the output/input ratio was lower in double 

cropping than single cropping. The agricultural activity had 

profound effect on the surrounding natural ecosystems through 

fodder and fuel-weed extraction. The human population involved 

in activities other than agriculture needs about 416 MT of 

firewood per month. 

 

Industrial Effluents :- 

          Impact of industrial effluents on the habitat and 

community characteristics of the riparian vegetation, limnology 

and phytoplankton productivity of Rihand dam and Rihand River 

as affected by the effluents from a chemical factory and those 

from a thermal power house have been studies at sites 

representing an effluents- Free zone, effluent mixing zone and 

the downstream effluent diluted zone. 

          Effluents from Kanorria chemical industries had quit high 

chloride concentration and low nutrient status and these 

influenced the water quality of downstream region of the 

reservoir. Organic carbon load was highest in sediment of the 

thermal power plant. Heavy mental like Cd, Cu, Fe, Ni, Pb and 

Cr concentration were below the threshold limit in the river water 

but these were relatively higher in sediment (Fe>1000ppm). 

Chemical parameter of water (Chloride, nitrate, phosphate and 

calcium) of the bottom sediment.  Phytoplankton population and 

diversity indices were relatively higher in the pollution free 

zones and very low in the effluent affected zones. Chlorophyta 

had higher number of species whereas Bacillariophyta had higher 

density. Available community production of water bodies was 

quit low in the effluent affected regions. 

          Industrial activities have affected the air quality, physico-

chemical characters of soil, plant structure and functions, 

particularly in the vicinity of emission sources. Air quality data 

revealed that SO2 and HF are the major gaseous pollutants in the 

area. These were maximum during winter and minimum in rainy 

season. The combined effects of pollutants may be additive; or 

less than additive, depending upon pollutant concentration and 

duration of exposure and plants exposed. 

 

Human Impacts:- 

          These are differences in attitudes among human related to 

the developmental activities. During the year 1955-56, data were 

collected from displaced persons ad their villages had been 

covered under the Rihand Dam (G.B.Pant Sagar) scheme, and 

other inhabitants of villages situated up to 30 K.M. from 

Renukoot. As compared to those living in remote villages, people 

living in villages close to Renukoot are more individualistic, 

having less faith in fate and the super natural. They lay more 

economic status, remain more anxious and tense, have more 

health problem and depend less on forest wood for their 

livelihood. Incidence of crime is more in people living close to 

Renukoot (town area.  Displaced persons also remain more 

anxious and worried are more individualistic and are more 

aggressive, because of change in family structure and in order to 

cope against other demands of life and the hostile environment 

the people restore to alcohol cannabis and drug abuse. 

 

1.1. Environment Management; Restoration and use of 

forest around The Rihand Dam:- 

A. Management, renovation and use of forest-  

 The existing Sal forest and the mixed forests with >40% 

crown cover need strict protection measure in order to 

maintain these at current levels of biomass and 

productivity and to prevent further deterioration of site 

quality. 

 Aggressive plantation forestry measures should be 

adopted to enhance the current stock of those mixed 

forests which now have only 30-40 percent crown 

cover. Traits of suitable species are deciduousness, good 

coppicing capability profuse rooting capability and well 

developed internal nutrient cycling mechanisms. 

Grazing in these areas should be discouraged to avoid 

the loss of fine soil particles and consequent soil 

textural changes. 

 Further land use change should be prohibited to avoid 

the breakdown of the biological soil fertility fabric and 

to conserve the exiting forest cover. 

 In all major, forest community types ‘preservation’ plots 

should be established and used to monitor forest growth 

under prevailing environmental conditions on a long 

term basis.  

 There is a potential for fuel wood production in the 

mixed deciduous forest region. Intensive forestry for 

fuel wood production should be under taken in selected 

forest compartments from where an appropriate 

harvesting and distribution system can operate to meet 

the needs of local inhabitants as well as those of the 

nearby habitations in the Gangetic plain. 

 

B. Stabilizing agriculture:- 

 Since the villages based on agriculture (Yielding 

insufficient agronomic production) in this area are 

centre of massive energy consumption causing a 

tremendous pressure on natural ecosystem conservation 

of the latter can be achieved by: 1). Finding alternative 

and complementary means of livelihood; 2).reducing 

livestock numbers, and by promoting high milk yielder; 

3) developing  village pastures (3.7 ha per ha of 

cultivation) and woodlots (0.97 ha per ha of 

cultivation); 4) encouraging plantations of species such 

as hardwickia binata, Ziziphus spp, Anilanthus excelsa, 

cordial dichotoma and leucaena glauca, etc., in non-

cultivated land of villages; and 5) introducing and 

promoting improved dry land farming techniques such 

as- 

a) Introduction of crops capable of maturing in a 

period of 90-100 days. 

b) Adequate use of fertilizers. 

c) Planned rain water management, including 

storage of surface runoff, and 

d) Practices of intercropping with crops of larger 

duration with slow growth rate in the early part 

of their life cycle. 
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 There is a need to develop agricultural practices where 

the loss of soil C, N< and P and decrease in microbial 

C,N, and P due to cultivation can be avoided. Long term 

experiments are needed on till/minimum-till practices 

and on crop residue management. 

 

C. Revegetation of mine-spoil sites:- 

 Characteristics of micro sites should be take into 

consideration in revegetation attempts. Undulating 

surface and flat surface and flat surface micro-sites are 

superior in plant growth compared to slope and coal 

patch microsites. 

 Advantage should be taken of the facts that  

a) The mine spoils are a nutritionally sub-optimal 

medium but non-toxic to plant growth. 

b) Application of N-P-K fertilizer in conjunction 

with water management practices and 

protection from grazing accelerate plant 

succession on these spoils. 

 Direct seeding (seed dibbling) is a suitable method for 

quick revegetation of these mine spoils. Mixtures of 

grasses, leguminous forbs and native trees should be 

seeded to speed up natural plant succession. Legumes 

have ameliorative effects on soil physico-chemical 

properties. Species such as stylosanthes hamata and S. 

humilis should be seeded on slopes to check soil 

erosion. The following species have been found suitable 

for direst seeding on mine spoils: alabizia procera, A. 

lebbeck, A. auriculformis, Pongamia pinnata, subbania 

aegypticca, Dichrostachys cinerea, D. corten, Clitoria 

ternatea, Desmanthus virgatus, Desmodium tortosum, 

Microptelium atroperpureum, stylosanthes hamata, 

Bothriochloa intermedia, B. pertusa, Cenchrus 

setigerous, Chrysopogen fulvus, Dendrocalamus 

strictus, Cajanus cajan, Phaseolus aureus, P. mungo, 

Pennisetum typhoides. 

 Progress of biological reclamation should be monitored 

by determining periodically the microbial biomass C, N 

and P. 

 

D. Industrial effluent and revegetation of banks:- 

 Direst discharge of liquid effluents from industries and 

the power houses into the Riahnd dam and Rihand 

Rivers should be prevented. The chloride content in the 

Kanoria chemical effluent and iron content in silt at 

Obra thermal power plant are very high. Polygonum 

amphibium which selectively absorbs and retains a high 

quantity of iron, can be grown on blanks. 

 Effluents- affected water and channel margins have 

poor primary production. Banks of streams, the G.B. 

Pant Sagar and Rihand River need revegetation with 

locally adapted plants. Lantana camara and Lenotis sp. 

Are good conservers of soil water and nutrients and well 

adapted to prevailing environmental pollution and biotic 

stresses. 

 

E. Air pollution monitoring and abatement:- 

 Electrostatic precipitators and wet scrubbers should be 

used to minimize the stack emission of particulate and 

gaseous pollutants in the area, and control equipment 

already installed must be made to perform at maximum 

efficiency to reduce the emission at source. 

 Peak concentrations of pollutants are important in 

causing severe foliar injury and should be given more 

importance than ambient average concentrations. 

 Measurement of shifts in growth rates and patterns of 

biomass allocation are more important for response 

evaluation than the determination of final biomass 

accumulation. 

 Parameters such as reduction in chlorophyll and dry 

matter accumulation, and increase in peroxidase 

activity, can be used as indicators parameters to assess 

pollution impact. 

 Sensitive crops may be used as bio-indicators of air 

pollution status. 

 A massive tree plantation programme should be under 

taken to alleviate the effects of particulate and gaseous 

pollutants in the area specially in the vivinity of 

emission source. 

 Plant species such as peltophorum ferrugineum, Acacia 

nilotica, Eucalyptus hybrid, Dalbergia sissoo, 

Pithocolobium dulce, Phyllanthus distichus, 

Tamarindus indica and Eugenia operculata should be 

planted around the factories. Along road side Nerium 

odorum, Tabernaemontana coronaria, Hibiscus 

rosasinensis and Callistemon lanceolatus should be 

planted. 

 Cicer arietinum, Brassica campestris, Sorghum vulare 

and Cjanus cajan which are tolerant to industrial 

pollutants should preferably be grown in place of 

sensitive crops such as Pisum sativum, Phaseolus 

mungo, Triticum aestivum and Oryza sativa. 

 Field grazing by domestic animals should be avoided 

within 3 K.m. from aluminium factory especially 

during the winter in order to protect the animals from 

massive fluoride ingestion. 

 Continuous air monitoring stations should be installed 

in this rapidly growing industrial region to correlate to 

ambient air quality with the changes in vegetation 

pattern due to industrialization. 

 

F. Environment and Human Health:- 

 Educative and acculturative programmes need to be 

made available to the inhabitants of this region on a 

larger scale.  

 Adequate recreational facilities also need to be 

provided. 

 Prime importance should be given to efficient medical 

care and health-monitoring services, not only inside the 

industrial establishments, but also for the inhabitants of 

the larger surrounding area.  

 Environmental monitoring of the area should be carried 

out regularly and frequently to determine whether the 

dust and gases being released into the atmosphere are 

within the limits of permissible concentrations. 

Frequency and duration of the extremely high ambient 

concentrations and their effects on human health need to 

be assessed. 
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IV. SUMMARY AND CONCLUSION 

          To be successful restoration projects demand a 

comprehensive approach,  viz. remedial action planning 

(LaViolette, 1993; Meine, 1992). There is a need for 

“multispectral restoration” (Sweeney, 2001) because effective 

measures of restoration are incomplete without social and 

economic components. Such an approach has the advantage of 

moving beyond both inadequate ecosystem understanding within 

the public sphere, i.e., air and water as public goods, and the 

adversarialism encountered in resolving common property 

resource issues. By restructuring the “ownership” of restoration 

projects support is more likely to develop to ensure initiation, 

long-term maintenance and monitoring. 

          Environmental restoration and restoration ecology while 

employing different means do have shared ends. Restoration, 

continues to be a “bridge” between the natural and the social 

sciences and will doubtless continue to benefit from other more 

established disciplines on both sides of the “two cultures divide” 

(Snow, 1959; Worster, 1996). Instead of firmly dividing nature 

and culture, restoration goals, forwarded by the inclusion in the 

project of all stakeholders, are capable of drawing insight from a 

variety of sources and proposing common ground for the 

common concern of environmental security 

          Due to the rapid development of civilization and 

industrialization various type of artificial resources and 

ecosystem have made, amongst them one is the anthropogenic 

reservoirs, which are constructed to fulfill the need of 

hydroelectricity, irrigation, power generation, pissiculture etc. 

These anthropogenic dams are responsible to convert to lotic 

water system into lentic water ecosystem. Thus, due to this 

(ecosystem) conservation various types of morphological water 

characteristically and eco-development or eco-devastation 

conditions take place. 

          From this research investigation the following major points 

have been concluded- 

 The quality of environmental health of Rihand dam with 

its surrounding is continuously degrading very fast.  

 The environmental restoration in an around the Rihand 

dam is exactly improper. The parameters sets for 

environmental restoration have not been covered by the 

pollution creating agencies. The environmental 

restoration its objective policies is not having proper 

implementation. Similarly the environmental 

restorations have not taken the proper activation. Thus 

the environmental restoration catchment and command 

area in Rihand dam is bad condition. 

 Thus, the environmental health of Rihand dam is facing 

very serious conditions due to improper environmental 

restoration.  
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Abstract- Cloud computing is on-demand, pay per use service 

which is for user’s convenience and here the user has not pay for 

maintenance cost. It is a computing platform for the next 

generation. Because of it is new technology, it has both 

advantages and disadvantages. Cloud refers to a scalable 

networks of computers that work together like internet. Cloud 

deployment  models are: SaaS,  PaaS,  IaaS. It helps in many 

ways the IT industry and also improve efficiency. 

 

Index Terms- Cloud computing, SaaS, PaaS, IaaS 

 

I. INTRODUCTION 

loud computing portends a major change in how we store 

information and run applications. Instead of running 

programs and data on an individual desktop computer, 

everything is hosted in the “cloud”—a nebulous assemblage of 

computers and servers accessed via the Internet. 

         Cloud computing lets you access all your applications and 

documents from anywhere in the world, freeing you from the 

confines of the desktop and making it easier for group members 

in different locations to collaborate. 

         With traditional desktop computing, you run copies of 

software programs on each computer you own. The documents 

you create are stored on the computer on which they were 

created. Although documents can be accessed from other 

computers on the network, they can’t be accessed by computers 

outside the network. The whole scene is PC-centric. 

         With cloud computing, the software programs you use 

aren’t run from your personal computer, but are rather stored on 

servers accessed via the Internet. If your computer crashes, the 

software is still available for others to use. Same goes for the 

documents you create; they’re stored on a collection of servers 

accessed via the Internet. Anyone with permission can not only 

access the documents, but can also edit and collaborate on those 

documents in real time. it’s document-centric. 

 

 
Figure1: Cloud Computing 

 

       Cloud computing isn’t network computing. With network 

computing, applications are hosted on a single company’s server 

and accessed over the company’s network. Cloud computing is a 

lot bigger than that. It encompasses multiple companies, multiple 

servers, and multiple networks .Plus, unlike network computing, 

cloud services and storage are accessible from anywhere in the 

world over an internet connection; with network computing, 

access is over the company’s network only. For our purposes, the 

cloud is a large group of interconnected computers. These 

computers can be personal computers or network servers; they 

can be public or private. For example, Google hosts a cloud that 

consists of both smallish PCs and larger servers. Google’s cloud 

is a private one (that is, Google owns it) that is publicly 

accessible (by Google's users). 

 

Six key properties of cloud computing: 

 

1. Cloud computing is user-centric. Once you as a user are 

connected to the cloud, whatever is stored there—

documents, messages, images, applications, 

whatever—becomes yours. In addition, not only is the 

data yours, but you can also share it with others. In 

effect, any device that accesses your data in the cloud 

also becomes yours. 

 

2. Cloud computing is task-centric. Instead of focusing on 

the application and what it can do, the focus is on what 

you need done and how the application can do it for 

you. 

3. Cloud computing is powerful. Connecting hundreds or 

thousands of computers together in a cloud creates a 

wealth of computing power impossible with a single 

desktop PC. 

 

C 
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4. Cloud computing is accessible. Because data is stored in 

the cloud, users can instantly retrieve more 

information from multiple repositories. You’re not 

limited to a single source of data, as you are with a 

desktop PC. 

 

5. Cloud computing is intelligent. With all the various data 

stored on the computer in a cloud, data mining and 

analysis are necessary to access that information in an 

intelligent manner. 

 

6. Cloud computing is programmable. Many of the tasks 

necessary with cloud computing must be 

automated.[1] 

 

II. THE CLOUD FORMATION 

      “You can see they’ve gone from 50 instances of EC2 usage 

up to 3,500 instances of EC2 usage. It’s completely impractical 

in your own data center over the course of three days to scale 

from 50 servers to 3,500 servers." 

        Animoto – a small startup with limited resources, created an 

online service that generates a unique custom video from photos 

and music uploaded by users. When they put the application on 

facebook and it went viral and demand shot up through the roof. 

Astoundingly, they managed to scale from 50 servers to 3500 

servers in three days – all without having to buy a single piece of 

hardware or having to create their own compute, network and 

storage infrastructure. This was all accomplished by renting 

compute infrastructure from cloud service provider – Amazon 

Elastic Cloud Computing (EC2) and complementary service 

management capabilities from management provider right scale 

which enabled automated workload monitoring and Virtual 

Machine provisioning on Amazon’s EC2 infrastructure. The 

above example demonstrates how existing cloud infrastructure 

can be used to enable massive scale and agility at a very 

reasonable cost using: 

 

1. Virtualization technology to dynamically: provision 

virtualized software applications, load balancers and 

web application servers on-demand. 

 

2. Innovative distributed computing technology that allows 

database distribution. 

 

3. A managed Service Oriented Architecture for Web 

Service deployment. 

 

4. A large number of commodity hardware devices 

(servers, storage and network elements) Impressive as it 

is, this current state-of-the-art in cloud computing still is 

just a baby step when compared to what is expected in a 

fully functional cloud based service creation, delivery 

and assurance platform.  

 

Consider the following: 

 

a) While the infrastructure services used by service 

developers are dynamically provisioned, and billed on 

usage, the system administration and management costs 

continue to increase with the number of servers used. 

b) While service delivery is able to scale in the current 

cloud model to support spikes in demand, 

c) application availability,performance optimization and 

security management have to be implemented separately. 

Today, a host of other companies are actively trying to 

fill this need with additional services using customized 

point solutions. 

d) Disaster Recovery (DR) and storage management (de-

duplication, tiered storage) are mostly lacking and have 

to be individually implemented at additional cost and 

effort. 

 

       The above points highlight some of the reasons why the 

cloud is today divided into private and public instances. The rule 

of thumb that seems to have evolved is that if there is a need for 

developing and deploying services using more than 50 to 100 

servers at near full utilization, then private clouds may prove 

economical. It is apparent that the datacenter infrastructure 

required to manage virtualized computing, network and storage 

resources in an integrated fashion has not yet evolved to take 

cloud computing to the next level. One of the reasons is that 

datacenters today are managed using a number of legacy 

management systems that invariably started with a server-centric 

management paradigm and  have since evolved incrementally 

over the past couple of decades to accommodate the shift towards 

client-server and network based computing paradigms. As a 

result, there is no single system today that provides truly 

integrated cross-domain management capabilities required for a 

service-oriented cloud infrastructure. At best each management 

offers specialized management of a particular infrastructure silo 

(i.e. servers, storage and networks) or partial management across 

more than one silo. It is also quite common for similar 

management functionality to be duplicated in solutions provided 

by multiple vendors specializing in different domains. Further, 

the best practices promoted by each vendor may conflict when 

attempting end-to-end optimization across the datacenter.[2] 

 

III. ARCHITECTURE & TYPES OF CLOUD 

COMPUTING 

       Cloud computing can be viewed as a collection of services, 

which can be presented as a layered cloud computing 

architecture: 

       Services offered through cloud computing usually include IT 

services referred as to SaaS (Software-as-a-Service), which is 

shown on top of the stack. SaaS allows users to run applications 

remotely from the cloud. Infrastructure-as-a-service (IaaS) refers 

to computing resources as a service .This includes virtualized 

computers with guaranteed processing power and reserved 

bandwidth for storage and Internet access. Platform-as-a-Service 

(PaaS) is similar to IaaS, but also includes operating systems and 

required service for a particular application. The data-Storage-as-

a-Service (dSaaS) provides storage that the consumer is used 

including bandwidth requirements for the storage. 
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       The cloud service SaaS, where the entire application is 

running in the cloud. A well-known example of SaaS is 

salesforce.com. Another type of cloud services, where the 

application runs on the client; An example of this type of cloud 

services on the desktop is Apple’s iTunes. It includes cloud 

platform for creating applications, which is used by developers. 

The application developers create a new SaaS application using 

the cloud platform. 

       With Cloud Computing, the next generation of Internet will 

allow us to “buy” IT services from a web portal, drastic 

expanding the types merchandise available beyond those on e-

commerce sites such as eBay and Taobao. 

       Cloud architecture typically involves multiple cloud 

components communicating with each other over application 

programming interfaces usually web services. The two most 

significant components of cloud computing architecture are 

known as front end and back end. They connect to each other 

through a network, usually the inter-net. The front end is the side 

the computer uses or client sees. The back end is the “CLOUD” 

section of the system. 

 

Figure 2: Cloud Computing layered architecture 

 

       If a cloud computing company has a lot of clients, there’s 

likely to be a high demand for a lot of storage space. Some 

companies requires hundreds of digital storage devices. Cloud 

computing needs at least twice the no. of storage devices it 

requires to keep all its clients information stored. That’s because 

these devices, like all computers occasionally break down. A 

cloud computer system must make a copy of all its clients 

information and store it on other devices. The copies enable the 

central server to access back-up machines to retrieve data that 

otherwise would be unreachable. Make copies of data as a back-

up is called redundancy.[3] 

IV. FCAPS 

        “Although the root cause of this particular issue was a 

resource contention issue between instances, things like that are 

going to continue to happen. There may now be a fix for this 

particular edge case, but there are undoubtedly others that will 

crop up over time. The real failure here was a failure of 

monitoring, and a failure of transparency.”  

       This quotation  from Oren Michels, the CEO of Mashery, 

regarding Amazon’s EC2 outage, points out the need for 

application-specific Fault, Configuration, Accounting, 

Performance and Security (FCAPS) measurement, management 

and optimization. 

 

 
 

Figure 3: Cloud Computing application 

 

       This paper restricts itself to fault, configuration, accounting, 

performance and security management. In short, the FCAPS 

capabilities. FCAPS have been adjudged to be the basic 

minimum management and operability capabilities necessary to 

offer useable services. ITIL guidelines have been gaining a lot of 

attention and increasing use, in particular, in the areas of IT 

service management. A comparison between the ITIL IT service 

management and FCAPS would show that FCAPS has most of 

the critical capabilities necessary for manageability and 

operability. ITIL of course has lot more in the form of guidance 

on processes and methods. The table below lists the various 

capabilities of FCAPS: 

       Each of these elemental capabilities may be implemented 

using agents that also utilize other agents such as instrumentation 

and monitoring agents. By separating services into fabrics and 

sub-fabrics and by incorporating FCAPS capabilities with in the 

service, a service can only affect or be affected by other services 

in a controlled fashion. Service security enforces its own access 

rights and permitted actions. At each layer of our services fabric, 

there are one or more management agents managing the services 

in their domain. All communications is by messages which 

themselves being first-class services have self-management 

capabilities and are also externally managed. The sub-fabrics 

also reduce the amount of “management data” (for example, 

various performance measures) to be managed at a manageable 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      395 

ISSN 2250-3153  

www.ijsrp.org 

level – the sub-fabric “partitions” the “total” raw data generated 

from all sub-fabrics into sub-fabric specific data only. Next, the 

different FCAPS capabilities are examined in the context of the 

business services fabric. Before visiting the various capabilities, 

let us look at a generic capability that is common to many of the 

FCAPS capabilities – events and performance instrumentation. 

For example, the alarm filtering capability in fault management 

can be implemented using an event filtering service agent. 

a) Events and Performance Instrumentation 

b) Fault Management 

c) Configuration Management 

d) Accounting Management (AM) 

e) Security Management (SM) 

f) Performance Management (PM)[4] 

 

 V.      CLOUD SECURITY ISSUE: 

 

      Mobile users were more hampered by the speed limitations of 

dialup connections to branch or home offices. IT departments’ 

focus was on perimeter security to ‘‘keep the bad guys out’’ of 

the corporate network by using stringent Network Access 

Control (NAC) parameters. Surveys of potential cloud-

computing adopters indicate that lack of security is a primary 

deterrent to moving at least a part of an organizations’ computing 

and data storage operations to the cloud. Most IT departments 

currently view that allowing services to be delivered by third 

parties means they lose control over how data is secured, audited, 

and maintained and they can’t enforce what they can’t control. In 

February 2009 ‘‘Above the Clouds: A Berkeley View of Cloud 

Computing’’ whitepaper by a team from the University of 

California – Berkeley’s Reliable Adaptive Distributed (RAD) 

Systems Laboratory list the following as the first three of the 

‘‘Top 10 Obstacles for Growth of Cloud Computing’’. Some of 

them are: 

1. Availability of Service 

2. Data Lock-In 

3. Data Confidentiality and Audit ability[5] 

 

Standards for Security: 

      Security standards define the processes, procedures, and 

practices necessary for implementing a security program. These 

standards also apply to cloud related IT activities and include 

specific steps that should be taken to ensure a secure 

environment is maintained that provides privacy and security of 

confidential information in a cloud environment. Security 

standards are based on a set of key principles intended to protect 

this type of trusted environment. Messaging standards, especially 

for security in the cloud, must also include nearly all the same 

considerations as any other IT security endeavor. A basic 

philosophy of security is to have layers of defense, a concept 

known as defense in depth. This means having overlapping 

systems designed to provide security even if one system fails. An 

example is a firewall working in conjunction with an intrusion-

detection system (IDS). Defense in depth provides security 

because there is no single point of failure and no single entry 

vector at which an attack can occur. For this reason, a choice 

between implementing network security in the middle part of a 

network (i.e., in the cloud) or at the endpoints is a false 

dichotomy. Some protocols used for cloud security are: 

SAML, O Auth, Open ID, SSL/TLS. 

 

      Security Assertion Markup Language (SAML): SAML is an 

XML-based standard for communicating authentication, 

authorization, and attribute information among online partners. It 

allows businesses to securely send assertions between partner 

organizations regarding the identity and entitlements of a 

principal. SAML is built on a number of existing standards, 

namely, SOAP, HTTP, and XML. SAML relies on HTTP as its 

communications protocol and specifies the use of SOAP. A 

SAML protocol describes how certain SAML elements. are 

packaged within SAML request and response elements. It 

provides processing rules that SAML entities must adhere to 

when using these elements. Generally, a SAML protocol is a 

simple request–response protocol. The most important type of 

SAML protocol request is a query. 

        Open Authentication (OAuth): OAuth is an open protocol, 

initiated by Blaine Cook and Chris Messina, to allow secure API 

authorization in a simple, standardized method for various types 

of web applications. OAuth is a method for publishing and 

interacting with protected data. For developers, OAuth provides 

users access to their data while protecting account credentials. 

OAuth allows users to grant access to their information, which is 

shared by the service provider and consumers without sharing all 

of their identity. OAuth by itself provides no privacy at all and 

depends on other protocols such as SSL to accomplish that. 

      OpenID:OpenID is an open, decentralized standard for user 

authentication and access control that allows users to log onto 

many services using the same digital identity. It is a single-sign-

on (SSO) method of access control. As such, it replaces the 

common log-in process by allowing users to log in once and gain 

access to resources across participating systems. An OpenID is in 

the form of a unique URL and is authenticated by the entity 

hosting the OpenID URL. The Open ID protocol does not rely on 

a central authority to authenticate a user’s identity. Neither the 

OpenID protocol nor any web sites requiring identification can 

mandate that a specific type of authentication be used. 

       SSL/TLS:Transport Layer Security (TLS) and its 

predecessor, Secure Sockets Layer (SSL), are cryptographically 

secure protocols designed to provide security and data integrity 

for communications over TCP/IP. TLS and SSL encrypt the 

segments of network connections at the transport layer. Several 

versions of the protocols are in general use in web browsers, 

email, instant messaging, and voice-over-IP. The TLS protocol 

allows client/server applications to communicate across a 

network in a way specifically designed to prevent eavesdropping, 

tampering, and message forgery. TLS provides endpoint 

authentication and data confidentiality by using cryptography.[6] 

 

VI.         CONCLUSION 

 The number of conclusion’s are drawn: 

       1. It will for weather forecasting service. This web service 

will be helpful for weather forecasting organization. 

       2. Computation work will be done in very efficient manner 

with the help of cloud computing. 
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       3. Cloud computing will prove boon for IT industry. Cloud 

computing is likely to have the same impact on software that 

foundries have had on the hardware industry. 

 

The motivation factors of this study are : 

a) To create an integration web service selection approach 

from cloud  network. 

b) To give details of cloud service providers. 

c) To explain applications which makes it next generation 

computing and also challenges for cloud computing. 

 

VII.       FUTURE SCOPE 

        It is an interface which will work as an INTERMEDIATE 

CLOUD for cloud service provider selection for weather 

forecasting application. Further we can convert it as whole cloud 

which will compose of cloud web services that will collect 

response from other web services and return result for the 

development environment. We can integrate this for other 

approaches like 

 

1 .Medical approach 

2. Research work 

3. Education field 

4. Marketing sector 

5. Retail sector 

6. Entertainment sector 
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Abstract- The present study was carried out the physicochemical 

characteristics of basaltic and granitic aquifers of Dharmabad 

Taluka of Nanded District, Maharashtra (India). The water 

samples collected from different regions of basaltic and granitic 

aquifers of Dharmabad during 2007 in pre monsoon season. The 

physico-chemical parameters such as pH, EC, total dissolved 

solids, hardness, alkalinity as well as chloride, sulphate, nitrates, 

sodium, potassium and fluoride have been analyzed. The 

analytical results indicated considerable variations among the 

analyzed samples with respect to their chemical composition. 

The observed values of various physico-chemical parameters of 

water samples were compared with standard values 

recommended by BIS (Bureau of Indian Standards). Majority of 

the samples do not comply with BIS for most of the water quality 

parameters measured. The fluoride concentration in the 

underground water of these villages varied from 0.1 to 1.17 mg/l, 

causing dental fluorosis among people especially children of 

these villages. The nitrates concentration varied from 12 -178 

mg/l. Overall water quality was found unsatisfactory for drinking 

purposes without any prior treatment in maximum samples. 

 

 

Index Terms- Groundwater, Physicochemical, Basaltic, Granitic, 

Aquifers, Dharmabad. 

 

I. INTRODUCTION 

roundwater is a replenishable source of human water supply 

and it is estimated that approximately one third of the 

world’s population uses groundwater for drinking [5]. Water is 

an essential resource on earth. Uses of water include household, 

agriculture, recreational and environmental activities in rural and 

urban areas, particularly in the developing countries like India 

because treatment of the same, including disinfection is often not 

required. It caters to 80% of the total drinking water requirement 

and 50% of the agricultural requirement in rural India. But in the 

era of economical growth, groundwater is getting polluted due to 

urbanization and industrialization. Over the past few decades, the 

ever-growing population, urbanization, industrialization and 

unskilled utilization of water resources have led to degradation of 

water quality and reduction in per capita availability in various 

developing countries. Due to various ecological factors either 

natural or anthropogenic, the groundwater is getting polluted 

because of deep percolation from intensively cultivated fields, 

disposal of hazardous wastes, liquid and solid wastes from 

industries, sewage disposal, surface impoundments etc. [1], [2], 

[3], [4]. 

         The major sources of fluoride in groundwater are fluoride-

bearing rocks such as fluorspar, cryolite, fluorapatite and 

hydroxylapatite [8]. The fluoride content in the groundwater is a 

function of many factors such as availability and solubility of 

fluoride minerals, velocity of flowing water, temperature, pH, 

concentration of calcium and bicarbonate ions in water, etc. [9, 

10]. 

         Excessive intake of nitrate and fluoride can cause 

methemoglobinemia and fluorosis, respectively. The problem is 

more acute in rural and small urban communities particularly in 

third world countries. In India alone, 27 845 habitations with 

approximately 25 million people are supposed to have water 

supply contaminated with fluoride [11]. Simultaneous occurrence 

of both fluoride and nitrate in high concentrations in natural 

water samples has been noticed at several places. 

 

II. MATERIALS AND METHODS 

Study Area 

         Dharmabad is situated 80 km towards south east of Nanded 

district of Maharashtra state of India. Dharmabad is located at a 

height of 359 meters ( 1177 feet ) above the mean sea level and 

between 18.9° North Latitude and 77.85° East Longitude. Mainly 

two types of rocks viz Basalt and Granite are exposed in this 

area. Selected study area in Dharmabad such as Karegaon, 

Pipalgaon, Salegaon, Kerkheli 1 and 2, Roshangaon, and Patoda 

villages are in basaltic region while Belgujari, Dhanora, Ilegaon, 

Kerkheli 3 and 4, Babulgaon are in granitic region. The sampling 

locations in study area are shown in Figure 1. Ground water is 

the major source of water, used for domestic purposes. The litho 

logy is also responsible for the quality of ground water.  

 

Methodology: 

         A total twenty groundwater samples were collected from 

bore wells of study area (Fig.1). Ten samples from basaltic 

aquifers and ten from granitic aquifers using pre cleaned 

sterilized poly propylene plastic bottles with necessary 

precautions. The sampling has been carried out in the month of 

pre-mansoon 2007. The water samples were immediately 

dispatched to the laboratory for various physicochemical 

analysis. The chemical analysis were carried out for pH, 

electrical conductivity(EC), total dissolved salts (TDS), total 

alkalinity (TA), total hardness(TH) as well as sodium(Na
+
), 

G 
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potassium(K
+
), chloride(Cl

-
), sulphate(SO4

2-
), nitrate(NO3

-
) and 

fluoride(F
-
) according to the standard methods (APHA, 2005). 

All the experiments were carried out in triplicate. The results 

were reproducible within ±3% error limit. The pH was measured 

using pH 600 Millwaukee make (made in Portugal) and Eutech-

Cybernetics pH scan meter. Sodium and potassium was 

determined using ELICO CL-361 flame photometer. Ion meter 

(ion selective Orion electrode) was used to quantify fluoride and 

sulphate was determined using ELICO SL-164 Ultraviolet 

Spectrophotometer [6]. 

 

III. RESULTS AND DISCUSSION 

         The groundwater had no color, odor and turbidity. Taste of 

the water was slightly brackish at most of the locations. The 

result regarding the various physico-chemical parameters of 

ground water collected from Basaltic and Granitic aquifers in 

pre-monsoon 2007 are given in the Table 1 and 2 respectively. 

 

Hydrogen ion Concentration (pH) 

         Generally pH of water is influenced by geology of 

catchments area and buffering capacity of water. The effect of 

pH on the chemical and biological properties of liquids makes its 

determination very important. The pH of the groundwater in the 

basaltic aquifers ranges from 7.1 to 10.2 and in the granitic 

aquifers the pH ranges from 7.2 to 10.0 shown in figure 2. All 

samples have pH values more than 7, indicating alkaline nature 

of the samples. In general, the mean pH values of both the 

aquifers are more than desirable limits of BIS (6.5-8.5) [7]. 

 

Total Dissolved Solids (TDS) 

         Water with high dissolved solids may induce an 

unfavorable physiological reaction in the transient consumer and 

generally are of inferior palatability. The range of TDS values in 

basaltic and granitic aquifers was found to be in the range of 646-

832 mg/L and 646-838 mg/l respectively. The Figure 3 shows 

that the TDS values are high in granitic aquifers than basaltic 

aquifers which are more than desirable limits of BIS. 

 

Total Hardness (TH) 

         The hardness is due to the presence of polyvalent metal ion, 

e.g. Calcium and magnesium arising from dissolution of 

minerals. The total hardness of ground water samples from 

basaltic aquifers was found in the range of 50 - 280 mg/L which 

is within the range of BIS limit and from granitic aquifers was 

found in the range of 60-340 mg/l which is further more than 

desirable of BIS guideline. All ground water samples were found 

within the desirable limit except sample no 6 in granitic aquifers. 

Figure 4 shows that average hardness values are higher in 

granitic aquifers as compare to basaltic aquifers.  

 

Total Alkalinity (TA) 

         The total alkalinity is mostly due to the presence of 

bicarbonate. The value of alkalinity in water provides an idea of 

natural salts present in water. The Alkalinity values in basaltic 

aquifers and granitic aquifers were found to be in the ranges from 

155 to 365 mg/l and 125 to 330 mg/l respectively. The total 

alkalinity of sample no 1,2,3,6-10 in basaltic aquifer and sample 

no 1-5 & 8-10 in granite aquifers are higher than desirable limit 

of BIS (200 mg/l) which are shown in figure 5.  

 

Chloride (Cl
-
) 

         The presence of chlorides in natural waters can mainly be 

attributed to dissolution of salt deposits in the form of ions (Cl
-
). 

It is the major form of inorganic anions in water for aquatic life. 

In both aquifers the chloride level is within the desirable limit 

(250 ppm) of BIS, which indicates less contamination. All 

samples in basaltic aquifers were found to be high chloride range 

than granitic aquifers (Figure 6).   

 

Fluoride (F) 

         Traces of fluorides are present in many waters, with higher 

concentrations often associated with underground sources. In this 

work the Fluoride in basaltic aquifers was found in the range of 

0.1 to 1.17 mg/l and in granitic aquifers, the range was 0.3 to 

1.01 mg/l. The basaltic & granitic aquifer shows that the values 

are within the permissible limit. The Fluoride values are high in 

basaltic as compared with granitic aquifers as shown in figure 7. 

In basaltic aquifers, the three samples (1, 2 & 10) and in granitic 

sample no (7) are high fluoride values as compared to desirable 

limit of BIS (1.0 mg/l). If the fluoride concentration in drinking 

water is more than 1 it would result in fluorosis (dental and 

skeletal fluorosis) for human beings, especially for children and 

pregnant woman. 

 

Nitrate (NO3) 

         Nitrates are the most oxidized forms of nitrogen and the 

end product of the aerobic decomposition of organic nitrogenous 

matter. The ground water contamination is due to the leaching of 

nitrate present on the surface with percolating water. Johnson and 

Reynolds (1977) found similar stream nitrate concentrations in 

stream water from plutonic bedrock (quartz, granite) and from 

metamorphic and sedimentary bedrock (schist and slate). Figure 

8 shows that the nitrate content in basaltic aquifers is well within 

the desirable limit of BIS (45 mg/l). But in granitic aquifers the 

ranges of nitrate were found to be 22.2 to 178 mg/l. Because 

nitrate contamination is common in basic extrusive granite 

formation and also may be attributed to the percolation of large 

amount of organic wastes from effluent nitrate fertilizers and 

other wastes like sewage disposal which on decomposition by 

microorganism results in the production of nitrates. 

 

Sulphate (SO4) 

         Sulphate ions usually occur in natural waters. Sulphates are 

found appreciably in all natural waters, particularly those with 

high salt content. Besides industrial pollution and domestic 

sewage, biological oxidations of reduced sulphur species also 

add to sulphate content. In the study area, sulphate was found to 

be within the desirable limit from both basaltic and granitic 

aquifers (Figure 9).  

 

Sodium and Potassium (Na and K) 

         Sodium and potassium are the most important minerals 

occurring naturally. The major source of both the cations may be 

weathering of rocks besides the sewage and industrial effluents. 

The sodium and potassium values of basaltic and granitic 

aquifers were found to be less than 150 mg/l.  
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Table 1: Physico-chemical parameters of ground water collected from Basaltic aquifers 

 

Sr. No. pH EC TDS TH TA Cl
-
 F

-
 SO4

2-
 NO3

-
 Na

+
 K

+
 

1 7.3 1010 646 280 270 58 1.17 42 12 76 68 

2 7.2 1100 704 130 300 88.04 1.01 48 14.5 62 55 

3 7.3 1200 768 170 275 56.8 0.74 40.01 18.5 57 2.5 

4 10.0 1080 691 260 155 14.2 0.51 10.01 14.5 29.1 4.7 

5 7.3 1200 768 253 180 26 0.53 26 20 41 0 

6 7.2 1280 819 182 270 48 0.51 42 24.5 43 34 

7 7.6 1300 832 50 275 38 0.88 48 30.5 66 5 

8 7.6 1020 652 160 365 42.6 0.45 11 33 77.9 84.3 

9 10.2 1015 649 99 300 10.2 0.1 22.3 40.25 148.1 0 

10 7.1 1100 704 60 320 37 1.01 30 42.15 122 12 

Desirable 

limit of 

IS:10500:1991 

6.5-

8.5 
-- 500 300 200 250 1.0 200 45 -- -- 

 

*All the values are expressed in mg/L except pH and EC. 

EC is expressed in microsiemens/cm and ND- Not detected 

 

Table 2: Physico-chemical parameters of ground water collected from Granitic aquifers 

 

Sr.No. pH EC TDS TH TA Cl
-
 F

-
 SO4

2-
 NO3

-
 Na

+
 K

+
 

1 7.2 1310 838 267 330 78 0.93 22 178 72 30 

2 7.5 1280 819 183 285 21.3 0.64 8.71 50.25 69 21 

3 7.6 1010 646 205 325 26.4 0.81 14 80 66 21 

4 7.4 1160 742 192 220 28.4 0.69 23 60.25 61.3 10 

5 7.4 1160 742 153 280 28.5 0.51 15 64.02 79.7 9.5 

6 7.4 1250 800 340 125 28.4 0.61 15.1 69.25 15 8.5 

7 7.9 1180 755 210 190 11.2 1.01 16.08 64.25 44.5 15 

8 10.0 1290 825 60 330 71 0.3 48 30.25 54 36 

9 8.0 1080 691 94 220 42.6 0.4 49 35.5 64 6 

10 7.7 1190 761 134 240 36 0.11 20 22.2 125.9 0 

Desirable 

limit of 

IS:10500:1991 

6.5-

8.5 
-- 500 300 200 250 1.0 200 45 -- -- 

 

*All the values are expressed in mg/L except pH and EC. 

EC is expressed in microsiemens/cm and ND- Not detected 
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Figure 1: Location map of the study area Dharmabad 
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Figure 2: pH variation of the Study Area 

 

 
Figure 3: TDS variation of the Study Area 
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Figure 4: Total Hardness variation of the Study Area 

 

 
Figure 5: Alkalinity variation of the Study Area 
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Figure 6: Chloride variation of the Study Area 

 

 
Figure 7: Fluoride variation of the Study Area 
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Figure 8: Sulphate variation of the Study Area 

 

 
Figure 9: Nitrate variation of the Study Area 

 

IV. CONCLUSION 

The present work is an attempt to compare the basaltic and 

granitic aquifers from groundwater quality perspective. Analyzed 

results of groundwater samples compare with desirable limit of 

BIS the value of pH, TDS, TH, TA, F and NO3 are more than 

desirable limit but within the permissible limit. The average 

values of EC, TDS, Hardness, Alkalinity, Chloride, and Nitrates 

are high in granitic aquifers as compare to basaltic aquifers in 

maximum samples and the average values of Fluoride and 

Sulphate are high in basaltic aquifers in pre mansoon 2007. The 

preliminary study indicates that, fluoride content above the safe 

limit (1 mg/l) in most of the villages of the study area within 

short distance. Rainwater harvesting is also one of the technique 

to minimize the fluoride concentration in drinking water. 

Environmental factors like temperature and rainfall plays an 

important role on quality of groundwater. Seasonal changes 

showed significant variation in hydrochemistry of water sources 

from one season to another season. In granitic aquifers the nitrate 

contents are high as compare to basaltic aquifers because nitrate 

contamination is common in basic extrusive granite formation. 

Use of alternate water sources of basaltic and granitic aquifer 

which does not contain fluoride, nitrate above safe limit. 

Awareness programme should be conducted in fluoride affected 

area. Health survey and Water Quality assessment should be 

done in fluoride affected area periodically. 
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Abstract- Rolling element bearings are critical components in 

induction motors and monitoring their condition is important to 

avoid failures. Several condition monitoring techniques for the 

bearings are available. Out of these, stator current monitoring is a 

relatively new technique. Vibration, stator current, acoustic 

emission and shock pulse methods (SPMs) and FEM, surface 

analysis, for the detection of a defect in the Inner race of 

induction motor ball bearing have been compared. The 

measurements were performed at different loads and different 

speeds.  The defect in the bearing could be detected by all the 

methods. 

 

I. INTRODUCTION 

nduction motors are widely used in industry and are 

considered as critical components for electric utilities and 

process industries. In the case of induction motors, rolling 

element bearings are overwhelmingly used to provide rotor 

support. Although induction motors are reliable, they are 

subjected to some modes of failures .Based on studies according 

to Motor Reliability Working Group (MRWG) and the 

investigation carried out by Electric Power Research Institute 

(EPRI), a common mode of failure of an induction motor is the 

bearing failure followed by stator winding and rotor bar failures. 

The bearing failure increases the rotational friction of the rotor. 

Even under normal operating conditions of balanced load and 

good alignment, fatigue failure begins with small fissures, 

located below the surfaces of the raceway and rolling elements, 

which gradually propagate to the surface generating detectable 

vibrations and increasing noise levels. Continued stressing causes 

the fragments of the material  to break loose producing localized 

fatigue phenomena known as flaking or spalling. Electric pitting 

or cracks due to excessive shock loading are also among the 

different types of bearing damage described in the literature [1,2] 

           The widespread   application of rolling element bearings 

in both industry and commercial life require advanced 

technologies to efficiently and effectively monitor their health 

status. There are many condition monitoring methods used for 

detection and diagnosis of rolling element bearing defects: 

vibration measurements, temperature measurement, shock pulse 

method (SPM) and acoustic emission (AE). Among these 

vibration measurements are most widely used. Even though the 

emphasis is on vibration measurement methods, stator current 

harmonics measurement is appearing as an alternative to the 

vibration measurement methods. In fact, large electrical machine 

systems are often equipped with mechanical sensors, which are 

primarily vibration sensors such as proximity probes. However, 

these are delicate and expensive. Various researchers have 

suggested that stator current monitoring can provide the same 

indications without requiring access to the motor. This technique 

utilises results of spectral analysis of the stator current or supply 

current of an induction motor for the diagnosis [1].A detailed 

review of different vibration and acoustic methods, such as 

vibration measurements in time and frequency domains, sound 

measurement, the SPM and the AE technique for condition 

monitoring of rolling bearings have been presented by Tandon 

and Choudhury [3]. Each bearing has a characteristic rotational 

frequency. With a defect on particular bearing element, an 

increase in vibration energy at this element’s rotational defect 

frequency may occur. These characteristic defect frequencies can 

be calculated from kinematics considerations, i.e. geometry of 

the bearing and its rotational speed. For normal speeds, the 

bearing characteristic defect frequencies lie in the low-frequency 

range and are usually less than 500 Hz.The relationship of the 

bearing vibration to the stator current spectra can be determined 

by remembering that any air gap eccentricity produces anomalies 

in the air gap flux density. Since ball bearings support the rotor, 

any bearing defect will produce a radial motion between the rotor 

and stator of the machine. Riley et al.[4] presented a method for 

sensor less on-line vibration monitoring of induction machines. 

This method assumed a linear relationship between the current 

harmonics and vibration level. Da-Ming Yang and JamesPenman 

[5] addressed the use of stator current and vibration monitoring 

to diagnose bearing condition. In their study it has been reported 

that monitoring of stator current provides an alternative method 

for diagnosing bearing condition that is generally less intrusive, 

simpler and successful detection of motor bearing condition is 

possible using line current sensing. 

           AE is the phenomena of transient elastic wave generation 

due to a rapid release of strain energy caused by structural 

alteration in a solid material under mechanical or thermal 

stresses. Generation and propagation of cracks are among the 

primary sources of AE in metals. AE transducers are designed to 

detect the very high frequency (450 kHz) stress waves that are 

generated when cracks extend under load. The most commonly 

measured AE parameters are peak amplitude, counts and events 

of the signal. Counts involve counting the number of times the 

amplitude exceeds a preset voltage level in a given time and 

gives a simple number characteristic of the signal. An event 

consists of a group of counts and signifies a transient wave. One 

of the advantages of AE monitoring is that it can detect the 

growth of subsurface cracks. Hence, it is an important tool for 

I 
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condition monitoring. It has been shown that AE parameters can 

detect defects before they appear in the vibration acceleration [6–

8]. Tandon and Nakra [9] demonstrated the usefulness of some 

AE parameters, such as peak amplitude and count, for detection 

of defects in radially loaded ball bearings at low and normal 

speeds. Tan [10] has presented the application of AE for the 

detection of bearing failures. He has suggested that the 

measurement of area under the amplitude curve is preferred 

method for detection of defects in rolling element bearings. 

           The shock pulses caused by the impacts in the bearings 

initiate damped oscillations in the transducer at its resonant 

frequency. Measurement of the maximum value of the damped 

transient gives an indication of the condition of rolling bearings. 

Low-frequency vibrations in the machine, generated by sources 

other than rolling bearings, are electronically filtered out. The 

maxim normalized shock value is a measure of the bearing 

condition. Shock pulse meters are simple to use so that 

semiskilled personnel can operate them. They give a single value 

indicating the condition of the bearing straightaway, without the 

need for elaborate data interpretation as required in some other 

methods.  

           The principle is based on the fact that structural 

resonances are excited in the high-frequency zone due to 

impulsive loading caused, for example, from spalling of the races 

or rolling elements and can be detected by a transducer whose 

resonance frequency is tuned to it. The SPM, which works on 

this principle, uses piezoelectric transducer having a resonant 

frequency based at 32 kHz[11,12]. In industries SPM has gained 

wide acceptance for detecting the rolling element bearing 

defects. 

           The literature indicates that even though the emphasis is 

on vibration measurement methods for the detection of defects in 

rolling element bearings in induction motor, stator current 

harmonics measurement can be an effective alternative to the 

vibration measurement because of its faster diagnosis. Very few 

studies have been carried out on stator current monitoring of an 

induction motor for the detection of defects in these rolling 

bearing along with vibration monitoring and other condition 

monitoring methods. Hence, there is a need for a comprehensive 

study of induction motor rolling element-bearing faults detection 

using stator current harmonics measurement in combination with 

vibration, AE and SPM condition monitoring techniques. So the 

present work was undertaken for the detection and diagnosis of 

induction motor rolling element-bearing faults have been carried 

out using vibration monitoring, AE and shock pulse along with 

stator current harmonics measurements. Experimental 

investigation has been carried out to study the changes in these 

parameters for bearings in good condition and with simulated 

defects in the outer race of the bearings of an induction motor. 

 

II. EXPERIMENTAL SET-UP AND MEASUREMENTS 

2.1. Test rig 

           The test rig used in the present research work consists of a 

1.1kW/1440 rpm single-phase induction motor driving the V-belt 

drive. The test bearing is the drive end bearing of induction 

motor, housed within the drive end cover plate of motor to 

support rotor. The rotor shaft of motor is extended to the left of 

drive end cover plate of motor for providing transmission of 

power through pulley drive. The test bearing can be radial loaded 

with V-belt drive with the loading system. Vibration isolation 

rubber sheets were provided under the motor and its supporting 

legs to reduce the vibration transmission from ground to the test 

bearing. The drive to the induction motor is provided by a.c. 

power supply. The transducers for measurement of vibration, AE 

and SPM have been mounted in the zone of maximum load on to 

the drive end bearing of induction motor. The Schematic diagram 

of the experimental set-up is shown in Fig. 1. The test rig has 

been designed to withstand a maximum load of 27 kg based on 

the rated power of induction motor for 1.5 HP. The test bearing 

of induction motor in this study is normal clearance, deep groove 

ball bearings SKF 6205. Equal amount of SKF grease (4 g) was 

applied to the bearing, which was immersed in kerosene and 

finally cleaned with acetone to remove preserving oil. 
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2.2. Instrumentation 

           Vibrations were measured with the help of a piezoelectric 

accelerometer Bruel and Kjaer (B&K) type 4366having un 

damped natural frequency of 39 kHz. The output of the 

accelerometer was fed to the B&K charge amplifier 2635 

connected to Ono Sokki CF 3200 portable fast Fourier transform 

analyzer. The schematic diagram of the current sensor(working 

on Hall effect) in series with motor supply line is shown in Fig. 

1. The Hall element located in the air gap of the magnetic circuit 

converts the magnetic field generated by the primary current into 

a proportional Hall voltage. The magnetic field produced by the 

primary current generates a highly linear magnetic flux in the air 

gap of the magnetic circuit, which in turn induces a proportional 

Hall voltage in the Hall element. The voltage is then 

electronically amplified resulting in an output voltage that is 

highly proportional to the primary current up to the final value of 

the measuring range. The current sensor is supplied with 715V 

from the power supply unit for 15min before taking the 

measurements.  

           The current flowing in single-phase induction motor was 

sensed by a current sensor of type LEM-HY 25P by connecting it 

in series with the supply line to the motor. This current sensor 

has dynamic performance accuracy of linearity better than 

70.2%, response time better than 1 ms and nominal analog output 

current 25 mA. The output from the current sensor is fed to the 

FFT analyzer with frequency span of500 Hz and 20 kHz for 

frequency spectrum analysis and for overall values, 

respectively.AE measurements were performed by using 

Acoustic Emission Technology Corporation (AET), model AET 

AC 375 L transducer which are of same frequency of 375 kHz, a 

preamplifier with 60 dB gain (AET 160B)and a filter (AET FL 

25) with a pass band of 250–500 kHz. The AE transducer was 

mounted on the test bearing housing with grease as couplant and 

with the help of cloth adhesive tape. The preamplifier is provided 

with 712V DC supply. The output from the preamplifier was fed 

to Tektronix TDS 210 digital real time oscilloscope, which can 

also give frequency spectrum. 

           The Shock Pulse Tester T2000 by SPM Instrument AB, 

Sweden, along with its hand held transducer type SPM 10777 

was used for shock pulse measurements. The hand held probe 

was pressed straight at the zone of maximum load on bearing 

housing to get maximum normalized shock pulse value, dBM. 

 

2.3. Measurement conditions 

           The measurements were carried out from no load to full 

load (27 kg) for the induction motor bearing with an increment of 

5 kg. The motor was run at constant speed of 1440 rpm. Three 

healthy bearings were used to check the repeatability of the 

measurements. Inner   race defect was simulated by a circular 

hole of diameter varying from 250 to 1500 mm in the outer race 

of the same bearing (in steps of 250 mm successively after each 

measurement) by spark erosion technique.  
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III. RESULTS AND DISCUSSIONS 

3.1. Vibration velocity 

           Fig. 2 shows that the overall amplitudes of vibration 

velocity of three healthy bearings are very much close to each 

other and their average overall level is also shown. Fig. 3 shows 

that overall velocity values follow the same trend as that of the 

good bearing with increase in load. The overall velocity value 

has increased even for a small defect size of 250 mm. The overall 

velocity significantly increases to 66% in case of a maximum 

defect size of 1500 mm with respect to healthy bearing at 15 kg 

load. The spectrum of the vibration velocity signal in the low-

frequency range was obtained to observe changes at the 

characteristic defect frequency of the bearing outer race due to 

defects in it. The characteristic defect 

 

 
 

 

 
 

frequency of the rolling element bearing outer race can be 

calculated by using the following equation [3,13]: 

fo(HZ)=N/2fr[1-bd/pd Cosß)                                                     (1) 

 

where fr is the shaft rotational frequency, N is number of balls, 

bd and pd are the ball diameter and pitch circle diameter 

,respectively, and b is the contact angle of the ball (with the 

races). For the shaft rotational frequency fr= 24 Hz and a test 

bearing having nine balls of diameter 8.5mm and pitch circle 

diameter of 38.5mm with contact angle ß=0, the characteristic 

inner race defect frequency fo  is found to be84.15 Hz.  

           Velocity spectrum of one of the healthy bearings in the 

low-frequency range of 500 Hz at 15 kg load is shown in Fig. 

4.From the spectrum of velocity, it has been observed that the 

peak occurs at fundamental frequency of shaft (i.e. at 24 Hz) and 

at twice the supply frequency (i.e. at 100 Hz) in the spectral 

component 

 

 

 

 
3.2. Stator current signals 

           Fig. 6 shows the overall value of stator current amplitude 

comparison at 15 kg load for 0–20 kHz range of three healthy 

bearings and also the average overall stator current of three 

healthy bearings. From this chart also it is observed that the 

overall amplitudes are very much close tone another for the three 

healthy bearings. The overall stator current values were taken for 

all the defect sizes in the inner race of the bearing. Fig. 7 shows 

that the overall stator current values follow the same trend as that 

of the good bearing within crease in load. The overall stator 

current value has increased slightly even for a small defect size 

of 250 mm. From 250 to 1250 mm, the amplitude of overall 

stator current values increase continuously and the increase is 

much more for 1500 mm defect size. As mentioned in the 
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literature, a defect in rolling element-bearing causes an increase 

in the overall RMS value of stator current for a known frequency 

range. Hence, the results obtained from the stator current 

correlates with the results reported in [4,15].  

 

 
 

 

 
 

           Thus, overall stator current has appreciably increased by 

39.79% in case of maximum defect size of 1500 mm with respect 

to healthy bearing at15 kg load. The relationship of the bearing 

vibration to the stator current spectra can be determined by 

remembering that any air gap eccentricity produces anomalies in 

the air gap flux density [13]. Since ball bearings support the 

rotor, any bearing defect will produce a radial motion between 

the rotor and stator of the machine. The mechanical displacement 

resulting from damaged bearing causes the machine air gap to 

vary in a manner that can be described by combinations of 

rotating eccentricities moving in both directions [16]. Thus, 

bearing fault simulated in the inner race of the bearing may also 

cause rotor eccentricity, which is one of the common mechanical 

faults in the bearing. The rotor eccentricity in induction motor 

takes two forms, i.e. static eccentricity (where the rotor is 

displaced from the stator bore centre but still rotating upon its 

own axis) and dynamic eccentricity (where the rotor is still 

turning upon the stator bore centre but not on its own 

centre).Eccentricity causes a force on the rotor that tries to pull 

the rotor even further from the stator bore centre. In the case of 

static eccentricity this is a steady pull in one direction. This 

makes the unbalanced magnetic pull(UMP) difficult to detect 

unless specialist experimental equipment is utilized, which is not 

possible for motors in service. Dynamic eccentricity produces a 

UMP, which acts on the rotor and rotates at rotor rotational 

velocity.  

           Both types of eccentricities cause excessive stressing of 

the machine and greatly increase bearing wear due to uneven 

magnetic pull produced that leads to variation of the sideband 

current magnitudes or predicted current harmonics in relation to 

vibration velocity. Hence, any fault condition in the induction 

motor causes the magnetic field in the air gap of the machine to 

be non-uniform. It has been shown by Schoen [1] that these 

vibration frequencies reflect themselves in the current spectrum 

as f bng=[fe± mfv]     (2) 

where fe is the electrical supply frequency, m =1,2,3… is one of 

the characteristic vibration frequencies. A current signal of a 

single phase of stator current of induction motor and a vibration 

signal from a vibration sensor located at the bearing housing of 

induction motor for three good bearings were obtained. The 

corresponding current spectrum components in relation to 

vibrations for the supply frequency fe of 50 Hz and at 

characteristic outer race defect vibration frequency of 84.15 Hz 

are 34.15 and 134.15 Hz. Fig. 8 shows the acquired current 

spectrum for the same low-frequency range of 500 Hz at 15 kg 

load as that of vibration velocity spectrum to verify the 

relationship between stator current and vibration velocity for 

healthy bearing. The spectrum of stator current in Fig. 8 indicates 

peak at supply frequency of 50 Hz in the current spectrum, 

whereas at twice the supply frequency in the velocity spectrum 

(Fig. 4) indicating the UMP even under normal operating 

condition. The corresponding current spectrum components in 

relation to vibrations were not significant at 

[ f e _ f o](i.e. at 34.15 Hz) and [ fe+fo] (i.e. at 134.15 Hz) as 

shown in Fig. 8. 
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           The rest of the peak component other than at 50 Hz 

present in the current spectrum occur at multiples of the supply 

frequency and these are caused due to saturation, winding 

distribution and supply voltage. The stator current spectrum of 

motor with the outer race defect of the bearing from 250 to 1500 

mm in steps of 250 mm were obtained in the low frequency of 

500 Hz for 15 kg load and the plot of 1500 mm is shown in Fig. 

9. Predicted current harmonics for outer race of the bearing 

relating vibration characteristic defect frequencies with the 

supply current frequency are compared with those of healthy 

bearing. For minimum defect size in the outer race of the bearing 

of motor, there was marginal increase in the amplitude of the 

predicted current harmonics component at [ f e - f o]=34:15 Hz 

and[ f e + f o]=134:15 Hz. However, significant increase in the 

amplitude of predicted current harmonics or vibration sideband 

current magnitudes is observed as the defect size increases as 

shown in Fig. 9. These results are comparable with results 

reported in [5,13,17]for the outer race defect in the bearing. 

 

3.3. Acoustic emission monitoring 

           In the present work, peak amplitudes of the AE signal of 

three healthy bearings from no load to full load were obtained. 

Peak amplitudes of the signal at 375 kHz were obtained and are 

expressed in dB with 0 dB corresponding to 1 Vrms in the 

oscilloscope. The values of AE maximum peak amplitude of 

three healthy bearings are shown in Fig. 10. The average value is 

31.8 dB. Fig. 11 shows the AE maximum peak amplitude 

obtained from no load to full load for all defect sizes in the outer 

race of the bearing. It is observed that as the defect size increases 

the peak amplitude also increased. It has been observed from Fig. 

11; the peak amplitude increased till 10 kg load and then 

decreases slightly with increase in load. The range of AE 

maximum peak amplitudes from healthy bearing to maximum 

defect size are 31.4–67.8 dB at 10 kg load and 31.8–63.2 dB at15 

kg load. In general the difference in A maximum peak amplitude 

of healthy and smallest defect size is quite significant and makes 

it possible to detect the presence of a defect for diagnosis easier 

at the early stage in comparison with other condition monitoring 

techniques. There is an appreciable increase of 98.74% in case of 

maximum defect size with respect to healthy bearing at 15 kg 

load. Whereas  for 10 kg load, the increase is115.92% in case of 

maximum defect size with respect to healthy bearing. 

 

3.4. Shock pulse method (SPM) 

           To neutralize the effect of rolling velocity on the 

measured value, the instrument was fed the shaft diameter of 

25mm and rotational speed of 1440 rpm. After this SPM T2000 

series calculates the initial shock value dBi, 

 

 

 
 

 

 
 

and displays maximum normalized shock pulse values. Fig. 12 

shows the comparison chart for maximum normalized value and 

average value of three healthy bearings. The values vary from 14 
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to 17 dB and are less than 20, indicating good bearing condition. 

Maximum normalized values (dBM) obtained for all defect sizes 

of250–1500 mm in the outer race of the bearing from no load to 

full load at constant motor speed are given in Fig. 13 in 

comparison with the average value of three healthy bearings. It is 

seen that the levels for different bearings are more than that of 

healthy bearing and for 250–750 mm defect size, values of dBM 

are greater than20 and less than 35. For the defect size greater 

than 750 mm values of dBM are greater than 35. The dBM 

obtained indicates caution zone for the defect size of 250–750 

mm and for the defect size above 750 mm dBM values obtained 

indicate the damaged bearing condition. Maximum normalized 

value as high as 50 was measured for the maximum defect size. 

 

IV. COMPARISON OF TECHNIQUES 

           The comparative study of different condition monitoring 

techniques has been done for minimum and maximum defect size 

in the outer race of the bearing. Fig. 14 shows the effectiveness 

of each technique in terms of percentage increase with respect to 

average value of healthy bearing, for the smallest defect size. As 

seen  in Fig. 14, AE technique is the most effective technique 

followed by SPM. The maximum normalized value of SPM is 

almost three times less effective as compared to AE technique. 

Overall vibration velocity and stator current come in the third 

and fourth place, respectively. Fig. 15 shows the same order in 

the effectiveness of each technique for maximum defect size. 

However, stator current monitoring has the advantage that it 

requires minimum instruments and is sometimes referred to as 

sensor less technique. 

 

 

 

 
 

V. CONCLUSIONS 

           The vibration and stator current signal measurements 

performed on the bearing of an induction motor are successful in 

detecting simulated defects in the outer race of the bearing. 

Current harmonics for bearing outer race defect characteristic 

vibration frequency has shown significant increase in the current 

spectrum components for maximum size of defect. The AE and 

SPM measurement performed are very good in detecting the 

bearing defect. On comparing the results of good and defective 

bearing, it is observed that AE peak amplitude and shock pulse 

maximum normalized value level increase much more than other 

techniques as defect size increases. AE monitoring has proved to 

be the best technique. Stator current monitoring is perhaps the 

most cost-effective technique. 
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Abstract- Flood is a natural hazard resulting from extreme 

geophysical events to create an unexpected threat to human life 

and property. Flood risk steams from the likelihood that a major 

hazards event will occur unexpectedly and that it will impact 

negatively on the people and their welfare. Flood management 

planning is a very important which helps to rescue the flood 

affected people to mitigate the problem of flood and to take 

necessary preventive measures .It is a planned and integrated 

management approach with the help of Remote sensing and 

Geographic Information System and data on socio economic 

characteristics to render right suggestions to the people. The 

study describes an efficient & scientific approach with suitable 

illustrations of map and real time flood inundations. The areas, 

which are highly flood affected, are delineated. So that, the flood 

affected people can be rescued from inundation and can be 

evacuated to different safe places. 

 

Index Terms- GIS,   Remote   Sensing,   Flood   management,   

Flood   variation,   Flood   level,   & Channelization 

 

I. INTRODUCTION 

loods are one of the most common natural calamities that 

Mongalkote block has to face almost every year in varying 

degrees. There is now greater emphasis on non-structural 

measures of flood management and control, rather than on 

structural measures. These measures include flood forecasting, 

flood-inundation mapping and flood plain zoning. Remote 

sensing has emerged as an indispensable tool in the study of 

floods, particularly with its capacity to provide near real-time 

data, enabling preparation of maps of inundated areas and 

assessment of damages. Several studies connected with floods 

(areal extent, zonation, damages) have been undertaken on the 

basis of Remote Sensing Techniques (Jain and Sinha, 2003; 

Sankhua, et al. 2005; Jain et al. 2005; Prasad, et al. 2006). 

Geographical Information Systems (GIS) is also now being used 

in several studies to delineate the flood-hazard areas by 

incorporating meteorological, geomorphological, topographical, 

land use and demographical data, with an aim to achieve a 

reduction in the loss of life, disruption and damages caused by 

floods (Sanyal and Lu, 2003; Bapalu and Sinha, 2005). Remote 

sensing technologies are excellent tools in the mapping of the 

spatial distribution of disaster related data within a relatively 

short period of time. Applications of using data from satellites to 

predict weather-related disastrous phenomena, such as extreme 

rainfall is widely known and frequently utilized. Satellite data 

can be used before, during and after a disaster, for prevention, 

monitoring, mitigation and relief operations, respectively. Areas 

affected by flooding are typically large in size. It has been 

demonstrated that using satellite data for flood mapping becomes 

economically advantageous with respect to ground survey for a 

large area. Though floods are disruptive events and the 

occurrences of floods cannot be prevented they are actually 

natural features of a river system and their role in replenishing, 

the floodplain cannot be ignored. In recent times, the sole focus 

has been on how floods can be checked, not how societies can 

live with floods. (Chakrabarty, A. ). The negative consequences 

can be lessened by an integrated approach to disaster 

management. Disaster management includes 4 elements such as: 

mitigation, preparedness, response and recovery (Quarantelli, 

E.1991). Different type of physical and climatic condition of the 

study area must be analyzed to build a good proposal of reducing 

flood (Al-Sabhan et.al 2003). 

 

II. HISTORICAL OVERVIEW ON FLOOD 

         Mongalkote block has been suffering from floods since 

time immemorial. The evidence of flood in the form of yellowish 

and whitish sandy silt layer has been traced even in the river 

astride archeological sites that dates back to more than two 

millennium B. C. Ajoy river was navigable for those years and 

had great commercial significance some thousand years back. 

Many villages along the river were once important trading 

centers. But these settlements have lost their significance due to 

the changing of the river regime. During 18
th

 and 19
th

 century 

normal flood had occurred which resulted the formation of 

floodplain as there was no embankment in those days. A huge 

volume of water was flowing through the river of sufficient 

depth. During British period in 19
th

 century recorded major 

floods were in 1867, 1877, 1885 & 1896. After that unusual high 

flood occurred in 1913, 1914 causing serious loss of life and 

property, damage to standing crops, seeds and houses. The major 

recorded flood years are 1956, 1959, 1970, 1971, 1973, 1978, 

1984, 1995, 1999, 2000 and 2007(Mukhopadhyay, 2010). 

 

III. AIM 

Analysis and management of the flood. 

 

F 
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IV. OBJECTIVE OF THE STUDY 

This study contains the following objectives: 

 

1. To identify the flood zone and to find the flood intensity, 

periodicity, seasonality and its spatio-temporal variations. 

2. To delineate the major flood risk prone areas through 

vulnerability analysis.  

3. Flood damage assessment to find an overview on the scale of 

effect of the flood.  

4. To propose a suitable real time action plan to mitigate and 

control the disaster.  

5. The objective of flood hazard analysis and its management is 

to highlight the past and present scenario.  

6. The preparedness condition, flood loss prevention & determine 

current status of evacuation routes.  

 

V. STUDY AREA 

          1. General Description: Mongalkote block is the severe 

flood affected area of Burdwan district of West Bengal in Eastern 

India. Mongalkote block lies between 23°30′51″N to 23°40′37″N 

latitude & 87°53′28″E to 88°49′12″E longitude. It extends over 

364.90 sq km area and has a population, according to the census 

of 2001; of 233,944 persons with the density of 641/sq km.The 

entire block has been divided in 15 gram panchayets under which 

there are 164 villages. The block office situated at Nutanhat, 

mouza-Nutanhat, and J.L. No.-59. The study area has mainly 

affected by two rivers Ajoy & Kunur River. 

 

 
                         Location of the Study Area 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                               Fig: 1 Location map 
 

2. Physiographic Elements: 
 

         A. Geological Condition: Mongalkote block has situated 

at lower Ajoy basin. Below this figure (Fig. 2) showing the 

general geology of litho-logical structure of the Mongalkote 

block. The whole study area is based on Older Alluvium type 

geology. 

           B. Slope: Mongalkote block have situated in the lower 

Ajoy & Kunur river basin. The study area is highly flood plain 

and low elevation region. The figure (Fig: 2) showing the study 

areas slope condition. The increasingly high values indicate the 

increasing high slope and low value indicate low slope condition 

of the study area. 

 

 
 

 

C. SOIL CONDITION: Different types of soil are encountered in 

different topographical biological and hydrological as well as   

geological condition within the block. This block can be divided 

by 3 soil groups (Fig: 3) at the South-West portion of this block 

here Lateritic Ultisols formed.  The middle region is formed of  

Alfisols Older Alluvium & the East portion of this block is 

formed of Entisols  Younger  Alluvium  soil.  Alluvial soil  

attains  an enormous thickness in the  low level plains to the East. 

This Alluvial soil is formed of Alluvium brought down by the 

Ajoy River. 
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D. DRAINAGE: The figure (Fig: 4) showing the Mongalkote 

block has a good network of drainage system. The Ajoy river 

situated in this study area at the north most portions, it is also the 

border of Mongalkote block and Burdwan district also.  And the 

Kunur  river  is coming from south-west direction and go to north 

direction to join with  Ajoy river.  In the upper catchment region 

of the W.B. Hinglo river join with Ajoy river from the left side 

with huge amount of water in the monsoon time. In this study 

area it has very low gentle slope, so in this region more 

deposition of sand, silt etc are gathering day to day, due to the 

fact that this portion of Ajoy river has very low runoff at the 

monsoon time. That is why Ajoy River characterized of heavy 

flood discharge within a very short span of time particularly in 

the monsoon period.  There are many Damodar Branch Canals 

are fulfill of water in monsoon time and occurring flood d 
ischarge a very short span of time. These rivers and canals are 

most important for agriculture purpose. 

   

 

 

E. CLIMATE CONDITION:  The block experiences a climate 

which is transitional between CWg3 and AW1 types, where ‘C’ 

stands for ‘warm temperate rainy climate with mild winter’, ‘W’   

stands for ‘dry winter not compensated  for by total rain in the 

rest of the year’,  ‘g3’ stands for ‘eastern Ganges type  of 

temperature  trend’ and  ‘AW1’  for ‘tropical savanna climates’.

    

    

As the Tropic of Cancer has just passed through below this block 

the climate condition is ‘hot & humid’.  Generally, the summer 

continues during April, May and June and sees frequent thunder 

storm with pressure on the Bay of Bengal.  Average temperature 

in summer season is 33°C. The monsoon enters this block at the 

end of June. About 90% of total rainfall occurs during June to 

October. The average annual rainfall of Mongalkote block is 

1300mm. The winter is short starting from end of November to 

mid-February. The average temperature in winter season is 15°C. 

Usually, there is no rain during winter. The above figure (Fig: 5) 

shows the average temperature of the study area in different year 

(2006, 2007, 2008, 2009 & 2010). It shows the variation of 

temperature in different month of the year. 
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F. Communication System: Road communication system of 

Mongalkote block is well distributed in all direction. Through 

Nutanhat (block office) different direction route is connected, 

such as Katwa-Nutanhat-Gushkara, Bolpur-Nutanhat-Burdwan, 

Asansol-Nutanhat-Katwa, Berhampore-Nutanhat-Burdwan-

Arambag, etc. Beside the figure (Fig: 7) showing in this block 

middle portion are situated of state highway (North to South), 

which comming from north then crossed through Nutanhat 
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Abstract- A high performance computer includes a fast processor 

and millions bytes of memory. During the data processing, huge 

amount of information are shuffled between the memory and 

processor. Because of its small size and its effectiveness speed, 

cache has become a common feature of high performance 

computers. Enhancing cache performance proved to be essential 

in the speed up of cache-based computers. Most enhancement 

approaches can be classified as either software based or hardware 

controlled. The performance of the cache is quantified in terms 

of hit ratio or miss ratio. In this paper, we are optimizing the 

cache performance based on enhancing the cache hit ratio. The 

optimum cache performance is obtained by focusing on the cache 

hardware modification in the way to make a quick rejection to 

the missed line’s tags from the hit –or miss comparison stage, 

and thus a low hit time for the wanted line in the cache is 

achieved. In the proposed technique which we called Even-Odd 

Tabulation (EOT), the cache lines come from the main memory 

into cache are classified in two types, even line’s tags and odd 

line’s tags depending on their Least significant Bit (LSB), This 

division is exploited by EOT technique to reject the miss match 

line’s tags in very low time compared to the time spent by the 

main comparator in the cache, giving an optimum hitting time for 

the wanted cache line. The high performance of EOT technique 

against the familiar mapping technique FAM is shown in the 

simulated results. 

 

Index Terms- Caches, Cache Performance, Hit time, Cache hit 

ratio, cache mapping, cache memory. 

 

Symbols 

C Number of characters per a line’s tag/or memory field’s 

tag 

EOT  Even –Odd Tabulation 

FAM  Fully Associative Mapping 

DM  Direct Mapping 

CPU  Central Processing Unit 

D  Number of lines in the cache 

V  Number of sets in the cache 

A  Number of lines per set 

LSB Least Significant Bit 

T Number of bits per tag 

W World field bits 

 

I. INTRODUCTION 

ince the early development of computer systems, there  

has been a growing need for faster and more powerful 

computer Systems. This motivated the researchers in the areas of 

hardware and software development of computer systems. 

Hierarchical memory structures [1] are implemented to alleviate 

the impact of gap between speed of CPU and performance of 

main memory. 

        The proposed scheme hides the bandwidth of Main memory 

and latency of Main memory accesses as well as to provide a 

large amount of real memory at an economical price. Although, 

there was a speed enhancement for both CPU and main memory, 

the speed gap between them has widened. 

        In real computers, usually there are more than one layer of 

memory, with varying access costs. In modern computers, the 

CPU operates on values in its registers. These values are fetched 

from the main memory, usually through several layers of caches. 

The main memory may not have enough space to store large 

files. Therefore, such files are stored on a disk, and when 

necessary data is transferred from disk to main memory. The 

main memory is the fastest but also the smallest [2][3]. 

        The good overall performance of a computer system cannot 

be achieved without good cache performance. Based on this 

change on computer architecture, techniques have been designed 

to minimize instruction count to improve CPU performance may 

not achieve a good performance unless take into consideration 

cache performance [4]. 

        In this paper, we explore the potential performance gains 

that cache conscious design offers in understanding and 

improving the performance. We develop a novel technique which 

we called Even-Odd Tabulation (EOT) to enhance the cache 

performance in terms of reducing the hit time. The cache line’s 

tags are tabulated into two groups: even line’s tags and odd line’s 

tags. Depending on the line number that is looking for. The cache 

lines tags of opposite LSB are undesired tags and rejected a way 

directly before going to the complete and long C – character 

comparison. By this approach, the line’s tag of a missed mater, 

LSB does not pass to the C character comparison stage and there 

is no waste of time. Thus the desired cache line is located 

quickly, leading to maximum hit ratio. 

        This paper is structured as follows. In section II, we will 

introduce some fundamental cache characteristics, including a 

brief discussion of conventional elementary cache optimization 

techniques.  Section –III presents our proposed technique to 

improve the cache hit time. In Section IV shows the simulation 

S 
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results and explains the performance of the proposed techniques 

against the conventional methods. Finally, Section V concludes 

the paper work. 

 

II. CACHE DESIGN 

        Typically, a memory hierarchy contains a rather small 

number of registers on the chip which are accessible without 

delay. Furthermore a small cache, usually called level one (L1) 

cache, is placed on the chip to ensure low latency and high 

bandwidth. The L1 cache is often split into two separate parts 

one keeps data, and other instructions. The latency of on chip 

caches is commonly one or two cycles. The L1 caches are 

usually backed up by a level two (L2) cache, currently, L2 cache 

memories are typically located on-chip as well, e.g., in the case 

of Intel’s Itanium CPU. The off-chip caches are much bigger and 

provide data with lower bandwidth and higher access latency 

[5][6]. The cache design has a direct effect on the cost and 

performance of the computer system. The various design 

explored in this section have different addressing mechanisms I 

terms of cost and speed but have one common feature that every 

cache is divided into d-lines each containing 2w –words. The 

address generated by cpu is formed of two components, a line 

index b and a word offset f within the line, when such an address 

is generated, the cache is first checked for the presence of the 

requested line b, if found then the offset f is used to fetch the 

needed data. Otherwise the specified line b must be fetched from 

the lower level of memory. All cache approaches are based on 

selecting where to store a particular block and how to locate it for 

a memory request. Hence, cache organizations are classified 

according to the various ways the memory blocks are assigned to 

the cache and thus such an assignment usually adhere to 

particular mapping technique[7][10]. In the following 

subsections, we will survey a number of conventional cache 

design. Each design will have a different mapping strategy that 

will map the memory blocks to the cache lines. In order to 

highlight the performance of the proposed EOT technique, a 

comparison is made with the conventional Fully Associative 

Mapping Technique (FAM). 

 

A. Aspects of Cache Architectures 

        Data within the cache are stored in cache lines; a cache line 

holds the contents of a contiguous block of main memory. If data 

requested by the processor are found in a cache line, it is called a 

cache hit. Otherwise, a cache miss occurs. The contents of the 

memory block containing the requested word are fetched from a 

lower memory layer and copied into a cache line. For this 

purpose, another data item must typically be replaced. Therefore, 

in order to guarantee low access latency, the question into which 

cache line the data should be loaded and how to retrieve them 

must be handled efficiently. In the next subsections, we will brief 

the well-known techniques and introduce the privileges and 

drawbacks of each. 

 

1. Direct Mapping (DM) 

        In respect of hardware complexity, the cheapest approach to 

implement block placement is direct mapping [11]-[13]; its 

function maps any block in the main memory into only one 

possible cache line. The cache line is marked by a tag value to 

distinguish a particular block of data from the other blocks that 

can locate in that line.  

        Direct mapped caches are fast, simple and inexpensive to 

implement. Moreover, direct mapped cache has been among the 

most popular cache architectures in the past and is still very 

common for off-chip caches. However, its main disadvantage is 

the frequent occurrence of conflict. Conflict occurs while 

executing a program task that requires several variables that 

resides in two or more blocks that map to the same cache line. 

 

2. Fully Associative Mapping (FAM) 

        In contrast to the simple mapping for a direct mapping 

cache, an associative cache allows any of the memory blocks to 

be mapped to any of the cache lines [8],[14]. Such flexibility 

allows for better utilization of the cache without conflict. In this 

design, the line numbers of the current cache contents are placed 

in an associative cache directory. The block is searched for in the 

cache directory. If the CPU finds its match, then the data is in the 

cache and the corresponding block is accessed. A mismatch  

results in a cache miss, and a fetch  is issued to main memory. 

Since the block could be placed in any cache line, one of the 

resident blocks is overwritten. The choice of replacement block 

may cause future cache misses. 

        Direct mapped and fully associative caches can be seen as 

special cases of k-way set-associative caches of v-sets and d lines 

per a set. At v = d, a direct mapped cache is a one-way 

        Set-associative cache, whereas a fully associative cache is d 

way one set-associative. In a fully associative cache and in a d 

way set-associative cache, a memory block can be placed into 

several alternative cache lines. 

        Computer architects have recently focused on increasing the 

set associatively of on-chip caches. A k-way set-associative 

cache is characterized by a higher hardware complexity, but 

usually implies higher hit rates [14]- [16]. The d-cache lines of k-

way set-associative cache are grouped into v-sets. The contents 

of any memory block can be placed into any cache line of the 

corresponding set. This design is a compromised design that 

avoids the problem of conflicts and the dependency of the cycle 

time on the cache size. For a given CPU address, the address is 

obtained as in the direct mapping cache: B Mod L where L is the 

number of sets. Once the required set is determined, the desired 

block B is associatively searched for among the members of the 

set. When a cache miss occurs, replacement decisions take into 

account only members of the set where the miss occurred, not the 

whole cache. Conflict will rarely occur since two blocks accessed 

at the same time from the same correspondence set may reside in 

different blocks of a set. Thus, the set associative mapping cache 

organization has most of the speed advantage of the direct 

mapping cache and much of the flexibility of the full associative 

cache, both at a moderate cost. Due to its cost-performance edge, 

set associative cache design has been selected by many computer 

manufactures when implementing a cache for their computer 

systems. 

 

3. Sector Mapping Cache (SMC) 

        In sector mapping, Memory and cache are both divided into 

equal-size sectors; each sector is divided into number of blocks 

[17]. Any memory sector can be mapped into any cache sector. 
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Inside a sector, tag memory uses validity bits to indicate which 

memory units are in use and which are not.  

        When a block is cached, it is read into the correct position in 

any sector of the cache, given by discarding the bottom m 

address bits and taking the next n as the block number within the 

sector. That whole sector is then tagged with the remaining upper 

address bits and the other blocks in the sector are marked as 

invalid. This scheme takes advantage of locality of reference to 

consecutive blocks and needs fewer tags thus reducing the cost of 

associative access to the tags. 

 

B. Cache Performance Model 

        Typical design and optimization techniques attempt to 

reduce the number of instructions that are executed leading to a 

high speed computer system. Many attempts had been carried out 

to improve the cache memory performance. Serhan and Abdel-

Hag modified the set associative mapping in a way to increase 

the set size virtually by allowing interleaving processes to make 

use of empty lines in cache and not overwrite the cache lines by 

each other [9]. Spjuth proposed the elbow caching to improve the 

skewed-associative caching, which depends on the efficiency of 

data movement between alternate positions in the cache [18]. 

        The terms hit and miss rates, cost of hit and the miss penalty 

are used to measure the performance of a cache, where a cache 

hit finds the data when we access the memory and cache miss 

does not find the data. The cost of cache hit defined as access 

time to access an entry in cache and the miss penalty is an extra 

cost with one that contains required data. 

        Due to the principle of locality, there are a number of 

accesses to items in the block that is brought into cache, leading 

to faster overall access time. The fraction of the total number of 

blocks that are missed in the cache and need to access main 

memory is the miss ratio. Higher hit-rates provide a high cache 

performance. Designers use average memory access time as a 

way to measure cache performance. It is the average time to 

access memory considering both hits and misses and the 

frequency of different access which affects the performance. For 

two memory levels, the average access time (Tav) is determined 

in terms of cache hit and cache miss ratios and access times for 

cache and main memory [6]. It is given by: 

Tav = (Cache hit ratio) × (Hit time) + (Cache miss ratio) × (Miss 

Penalty)                                                        (1) 

        The misses are broadly classified into three types, 

compulsory misses, conflict misses and capacity misses. A 

compulsory miss occurs at the first access of that memory 

location, so memory location has not yet been loaded into cache. 

These are also called cold start misses, or first reference misses. 

A conflict miss occurs when there are many memory accesses 

mapped to the same index set in a cache, so data in a block of in 

this index set may be discarded even though another block in 

another relatively unused index set might be even older. A 

capacity miss occurs when a memory location is accessed once, 

but later because the cache fills up, that data is discarded, and 

then when we get a miss when accessing that memory location 

again because that data is no longer in memory. 

 

III. PROPOSED METHODOLOGY 

        In this paper, we investigate the benefits of optimizing 

cache performance and focusing exclusively on enhancing the 

cache hit ratio; since the cache performance can be classified in 

terms of cache hit and cache miss ratios. The cache control 

comparator and its technique play a crucial role in cache hit time 

and thus in improving the cache performance. In our proposed 

EOT technique, the line's tags are assumed in two groups; even 

line's tags and odd line's tags depending on their Least 

Significant Bit (LSB). Each line's tag is C-characters size and 

each character is 4-bits. Before feeding the line's tag of C-

characters to the main cache comparator for a complete C-

character comparison, the line's tag is passed through the even-or 

odd comparator for filtering. By this even-or odd comparator, all 

the cache's tags of opposite LSB to the memory address’s tag that 

is looking for will be rejected directly and quickly before 

entering the complete and long C character comparison stage. 

Therefore, a lot of miss match line's tags are discarded quickly 

before going to the main cache comparator, leading to an 

optimum hit time for the wanted cache line. 

        It is not necessary for all the cache line’s tags fetched from 

the main memory to be divided equally between the even and 

odd values. Thus depending on the current values of the line's 

tags in the cache, the performance of the EOT technique can be 

categorized in four cases: 

 

i. Case- one: Equal hit ratio 

        If the current values of the line's tags in the cache come 

equally between the even and odd values, then the hit ratio will 

be the same for locating an even line's tag or odd line's tag.  

 

ii. Case- two: High hit ratio 

        If the current line's tags of opposite LSB to the one that is 

seeking for in the cache are coming more, the hit time is low and 

a high hit ratio is obtained. This is due to the high speed rejection 

of the miss match- LSB line's tags by the even-or odd 

comparator. 

 

iii. Case- three: Worse hit ratio 

        This is the rarely case. There is no improvement in the hit 

ratio if the current values of the line's tags in the cache are all 

coming in even or odd order and the cache line that is looking for 

in even or odd order, respectively. 

 

Iv.Case- four: Uncounted hit ratio 

        If the current values of the line's tags come randomly in the 

cache, the line hit time is unknown and depends on the random 

distribution of the tags values in the cache. 

 

A .Even- Odd Tabulation Technique (EOT) 

        For mapping the main memory blocks into cache lines, the 

memory address word is divided into two fields; the tag field of 

t-bits and word field of w-bits. The tag value of the memory 

address that is looking for needs to be compared with all line's 

tags in the cache to grasp the desired cache line for a word 

access. In EOT technique, before feeding the line's tags to the 

main cache comparator of a counted time comparison, a 

discriminated stage is added for even tags and odd tags. This 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      421 

ISSN 2250-3153  

www.ijsrp.org 

stage is implemented by adding the even-or odd comparator as 

shown in Fig.1. 

 

 

 
Fig.1 Even-Odd Tabulation Technique 

 

B. Pseudo code for EOT Technique 

        A java code is written to implement the EOT technique and 

determine the cache line hit time at different memory sizes. The 

pseudo code is given in Appendix (A). It includes the following 

steps: 

 

1. Step one 

        Take the tag value of the memory address of C-characters 

that is looking for and the cache line's tag of C-characters and 

feed them to the even-or odd comparator. 

2. Step two 

        Compare the LSBs of both; memory address's tag and cache 

line's tag. If there is a mismatch between them, the cache line's 

tag is rejected directly. Otherwise, the line's tag is pushed 

forward to the main cache comparator. 

3. Step three 

        Compare the passed- line's tag with the memory addresses 

tag at the main cache comparator for a complete C-characters 

comparison. 

4. Step four 

        Continue on comparison process until reaching the cache 

line's tag of C-matches. It is the wanted one, so break the 

comparison. 

 

IV. RESULTS AND DISCUSSIONS 

        The performance of the proposed technique EOT is 

determined and compared with the well known technique FAM. 

The simulation results are based on cache hit time and 

investigated for different sizes of cache and main memory. Fig.2 

shows the cache hit time for the EOT technique against that of 

FAM technique. The cache is 16k line size and their lines are 

taken randomly from a main memory of 4M byte. The 

performance of EOT and FAM are simulated for 20 line’s tags 

generated randomly from the cache. The high performance of 

EOT technique for cache hit time is arisen strongly. It is at 

average improvement of 36.57% compared to FAM technique. 

Fig.3 shows the performance of EOT against that of FAM 

technique, for 20 line’s tags selected randomly from a 32k line 

cache. The cache lines are also taken randomly from a main 

memory of 16M byte. The average improvement in cache hit 

time by EOT compared to FAM is 40.57%. 

        In Fig.4, the current values of the line’s tags are brought and 

forced equally between even and odd values for 16k line cache. 

Due to the direct and quick rejection of the half line’s tags by the 

even-or odd comparator, the EOT technique has shown a high 

performance for cache hit time. Its average improvement 

compared to FAM is 45.45%. 

        Fig. 5 shows the worst case at where the current values of 

the line’s tags in the cache are all forced in even order or in odd 

order and the cache line that is looking for is in even order or in 

odd order respectively. In practice, it is a rarely case. The even- 

odd comparator in EOT technique becomes without avail and it 

caused a regression of 4.16%. 

        The results summarizes that a powerful performance for a 

cache hit time is obtained with the proposed technique EOT 

compared to the familiar FAM technique. 
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V. CONCLUSIONS 

         Cache performance optimization yields to significant 

execution speedups. While some techniques are based on 

optimizing compilers, others are based on hardware. Future 

computer architecture trends further motivate research efforts 

focusing on memory hierarchy optimizations. In this paper, we 

presented optimum hardware cache architecture to enhance the 

performance of the cache based on high hit ratio. Because there 

are fewer cache lines than the main memory blocks, the cache 

line’s tags can be come onto unequally two groups of tags; even 

line’s tags and odd line’s tags. So the proposed EOT approach 

exploited the LSB of the tag field in the main memory address to 

distinguish between the match tags and miss match tags in the 

cache. The even-or odd comparator compares only the LSBs of 

the cache line’s tag and the memory field tag and rejects any 

miss match cache line in very low time. Consequently, only the 

matched cache line’s tags are passed to the main cache 

comparator for a long and complete C-character comparison. In 

this way a lot of miss match line’s tags are grasped and rejected 

quickly in the even-or odd comparator and they do not need to go 

to the main cache comparator. Building on that, there is no waste 

of time and a minimum time for cache line hitting is reached. 

         The performance of the proposed EOT technique is 

simulated and compared to the well known FAM technique, for 

different cache sizes; 16k line and 32k line. The results have 

shown that the new EOT technique has achieved a high 

performance for a line hit time in the cache compared to the 

familiar FAM technique. 

 

Appendix (A): Pseudo code for EOT technique 

 

Find a cache-line’s tag using EOT technique; 

Initialize time of one bit comparison = TB  

Initialize time of one hex-  

Initialize No. of Characters per a tag = C; 

Initialize the “Bit-Counter” = zero; 

Initialize the “Character-Counter” = zero; 
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for each line’s tag on cache do 

 Initialize the “Comparator-Counter” = zero; 

 Increment “Bit-Counter”; 

 if line’s tag and address’s tag are matched for LSB 

then 

  for each hex-digit on line’s tag do 

   Increment “Character- Counter”; 

   if hex-digits of both Line’s tag and 

  address’s tag are matched then 

    Increment “Comparator- 

   Counter”; 

   endif; 

  endfor; 

  if Comparator- Counter equal C then 

   Cache line' tag is located 

   Time = (Bit- Counter × TB) + 

  (Character- Counter ×TH); 

   Break; 

  endif; 

 endif; 

endfor; 
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Abstract- Wireless sensor network used Clustering techniques to 

extend the lifetime of the network. LEACH is the one from these 

clustering techniques to maintain the energy efficiency of 

sensors. The technique  of selecting nodes with highest   residual 

energy as cluster heads with the assumption that energy 

consumption distribute periodically between the nodes. Cluster 

heads collect information from the surrounding nodes and send it 

to the base station. but sometimes if one of this clusters fails it 

cannot be detected by the cluster heads or BS. Non cluster heads 

and sub cluster heads still send data to the failed CH in every 

time slot of a frame allocated to them, hence more energy is 

consumed. In this paper, we have proposed a new algorithm  of 

fault tolerance to determine the cluster heads failures  within a 

few seconds after the beginning of each round to enhance the 

lifetime of wireless sensor network. 

 

Index Terms- Fault Tolerant detection, Fault Tolerant recovery, 

Wireless sensor Networks, Network life time, Cluster head. 

 

I. INTRODUCTION 

ireless Sensor Networks deploy a lot of nodes on a wide 

area to monitor some interesting phenomena, such as 

traffic surveillance, environment monitoring, health care, wildlife 

tracking, military sensing, etc. Wireless Sensor Networks 

consists of many sensors with limited energy. Each node is 

equipped with unit of sensing to sense the area and cluster head 

to transmit the information to the base station. Sensor nodes 

cooperate with each other to perform the functions of sensing 

data, data transfer and data processing. Hence sensor nodes will 

consume more energy specifically cluster heads. Hence, may be 

some cluster heads failure after the beginning of each round. Our 

proposed algorithm attempts to select cluster heads with fault-

tolerant during building a cluster heads of LEACH protocol. We 

introduce two basic models Fault Tolerant detection and Fault 

Tolerant recovery. We then modify LEACH to detect the node 

failure and changed this node by nearest node with highest 

energy to improve performance of LEACH protocol. 

 

II. RELATED WORK 

          Having studied widely in fault tolerance the broader 

context of the distribution of computing [1], but little studies has 

been done to solve the problem of fault-tolerant clustering in 

WSN. 

           [2] deals with fault tolerance in the clustering,  but it 

seems only in heterogeneous sensors, where clustering select the 

nodes with highest energy as a sink than the ordinary nodes. 

          We here consider LEACH Protocol and study it in more 

detail. 

          In[3] the authors, proposed  a novel Fault Tolerant method 

to select cluster heads in wireless sensor networks. They 

proposed clustering algorithm to reduce data packets during data 

aggregation and decreased the cost of wireless communications 

by reducing the data packets, thereby clustering technology 

extends lifetime of  wireless sensor networks by reducing the 

energy consumption. 

          In[4] FEED chooses a supervisor for any cluster node 

head. This selection causes the entire network to be completely 

covered until the end of a round, and the network will be fault 

tolerant. This choice completely covered the whole network till 

the end of the round. By using this method the single member of 

clusters is close to zero. 

          In [5],Lou and Kwon propose Branch routing protocol  to 

improve WSN reliability and security. This proposed builds 

several trees in directing neighbors sink, which represent 

branches on the network graph. Each node connects to one 

branch only, but this node can send data back to the sink of any 

branch. The main problem of this method is the limited number 

of paths and the fault tolerance is also limited. 

          Esseghir et al. [6] optimize the wireless sensor network 

lifetime under a reliability constraint. They introduce a function 

that links reliability to the average amount of energy consumed 

by the network when reporting an event to the base station. By 

using this function, they showed a successive readings which 

achieving a reliability. 

          In [7] Chamam et al. address the problem of maximizing 

the WSN lifetime under the area coverage constraint. They 

propose a scheduling mechanism that, for every time slot during 

the operating period, calculates an optimal covering subset of 

sensor nodes; only those nodes are activated for the given period 

and the remaining ones are put to sleep. 

          Xiong et al. [8] prove that the problem of maximizing the 

lifetime of a data-gathering sensor network, which is defined as 

the number of rounds until the first 24 node depletes its energy, 

is NP-complete. They then formulate it as an integer program to 

get a suboptimal result. They want to reduce the tremendous 

computation and storage cost of integer programming. 

          Heinzelman [9] designed and implemented Low-Energy 

Adaptive Clustering Hierarchy (LEACH) protocol for WSN. 

LEACH uses a clustering architecture, Each cluster elects a 

W 
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cluster head. For balancing energy load in the network, LEACH 

rotates the energy-thirsty function of the cluster head among all 

the nodes in a cluster. To avoid data transmission collisions, 

LEACH uses a time division multiple access (TDMA) protocol. 

The major characteristics of LEACH include localized control 

for data transfer; randomized, adaptive and self-configured 

cluster formation;  application-specific data processing for data 

aggregation  and low energy media access.  

          Hasegawa et al. [10] proposes to reduced the energy 

function of neural network by using a routing reconfiguration 

method. They was also found that proposed can improve 

performance  of routes to maximize the lifetime of sensor 

network, without use  centralized computing . 

          Mak et al. [11] study different WSN protocols based on 

various WSN lifetime definitions. They classify WSN protocol 

and different WNS lifetime definitions. With the help of 

simulation they compare performance of WSN protocols. 

 

III. PROPOSED WORK 

          We propose a new algorithm to extend the coverage of 

wireless sensor networks. This proposed work is as follows: 

 

A. Failure  Detection 

          To detect the failure in cluster head, we modify our 

previous algorithm[12] to select a cluster head. Let t1 represent 

the time of beginning of round. t1+f represent the beginning time 

of next round, f represent full time of a single round. In our 

previous work we have selected three main cluster heads with 

highest energy, so there are x nodes which are a part of this 

cluster and sub cluster heads. Each node transmits for s seconds 

in to the TDMA of this cluster. Then, for each cluster z=f*x/s. 

represents the transmissions between the nodes and cluster heads 

in each group. We execute detection through cluster heads 

selected with z to test transmission of the cluster head. Cluster 

head sends a small Hello message to all nodes which are ready to 

receive. If such a transmission is not received, the nodes can 

advertise that cluster head has failed as  

shown in fig 1. 

 

 

 

 

 

 

 
Fig 1: Failure Detection tow cluster heads failure in Cluster 

Tree of WSN 

 

B. Failure Recovery 

            After detecting the cluster head failure the failure 

recovery model tells the value of the position of the [(cluster 

head failure) +3] to become the new cluster head. Join a position 

of the [(cluster head failure) +3] to the position of the [(cluster 

head failure)-3]. Also the non cluster that join before to the 

failure cluster head, it select by use the (n- (value of the position 

of the [((cluster head failure) +3)-1) to connect it to the position 

of the [(cluster head failure)-3] as shown in fig 2.  

 

 

 

 

 

Fig 2: Recovery the cluster heads failure in Cluster Tree of WSN 

 

Pseudo Code  of Failure Detection Algorithm:  

1:   S10 and s21 

2:   Build s (n) array include n nodes and   

      Sort it as descending according to  

      Residual energy 

3:  Build w (n) array to include position of  

     S (n) and sort it as descending   

      according to s (n) 

4:   For every j: 3 

5:         Select the three nodes with 

            High energy as clusters heads from 

           S (n)  

6:    For every I: n 

7:           For every j: 3 

8:         If s (j).E>=0 

9:                  If w (n-s1)! =w (s2+3) 

10:                      Begin 
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11:                          Select   s (n-s1) to build                

                               Left branch of the tree      

                               and select s (s2+3) to         

                               build right branch of tree 

12:                          s1s1+1 and s2s2+1 

13:                    End 

14:                Else select   s (n-s1) 

15:         Else  

16:                 If ((w (n-s1)! =w (s2+3))&&(  

                      s(w (s2+3)+3)>0)) 

17:                 Begin 

18:               Select s (n-(w (s2+3)-1)) this  

                    node without a link to the   

                   cluster head   and select  

                   S (w (s2+3) +3) this cluster head is  

                   Failure 

19:                          s1s1+1 and s2s2+1 

20:                    End 

21:                Else select s (n-(w (s2+3)-1)))  

                    this node without a link to the   

                   cluster head 

 

22:     End for 

23: End for 

 

Pseudo Code  of Failure Recovery Algorithm:  

1:   S10 and s21 

2:   Build s (n) array include n nodes and   

      Sort it as descending according to  

      Residual energy 

3:  Build w (n) array include position of  

     S (n) and sort it as descending   

      according to s (n) 

4:   For every j: 3 

5:         Select the three nodes with 

            High energy as clusters heads from 

           S (n)  

6:    For every I: n 

7:           For every j: 3 

8:           If s (j).E>=0 

9:                  If w (n-s1)! =w (s2+3) 

10:                      Begin 

11:                          Select   s (n-s1) to build                

                               Left branch of the tree      

                               and select s (s2+3) to         

                               build right branch of tree 

12:                          s1s1+1 and s2s2+1 

13:                    End 

14:                Else select   s (n-s1) 

15:          Else  

16:                 If ((w (n-s1)! =w (s2+3))&&(    

                      s(w (s2+3)+3)>0)) 

17:                      Begin 

18:                          Select s (n-(w (s2+3)-1))  

                              To build left branch of   

                              the tree        and select   

                              S (w (s2+3) +3) to build 

                               right branch of tree 

19:                          s1s1+1 and s2s2+1 

20:                    End 

21:                Else select s (n-(w (s2+3)-1)) 

 

22:     End for 

23: End for 

 

IV. SIMULATIONS 

           The Simulation is implemented in square area of l00m x 

l00m to deploy the 100 sensors of nodes, this Simulation 

executed by matlab. To study the performance of the propose 

fault tolerance models. We implement LEACH and our previous 

work as described in [12] and then modify this implementation to 

include fault tolerance models as described in this paper. We 

simulate the number of rounds as a measure of the lifetime of the 

network. We compare the number of rounds achieved by 

LEACH and our previous work with this proposed work. Our 

proposed make trade-offs in terms of reducing the lifetime 

caused by the implementation of fault tolerance and achieved 

with minimal loss in lifetime. Where leach and our previous 

work do not provide constant coverage during the cluster head 

failure. proposed work increase the coverage of WSN as shown 

in fig 3. 
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Figure 3. Lifetime measured in rounds 

 

V. COMPARATIVE STUDY 
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VI. CONCLUSION 

        In this paper, we have studied how to detect and recover 

failure of the cluster head in wireless sensor networks. From our 

previous work [12] it is easy to detect the cluster head failure and 

easy to recover it with this new algorithm. Our proposed 

Achieved fault tolerance with the minimum loss of lifetime and 

increase the coverage of wireless sensor networks. 
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Abstract- Emails, SMS, Chat transcripts and Social Network 

Messages play a vital role in present day’s communication. 

These digitally communicated data sets are different from well 

typed English documents like books, news papers …Etc in 2 

ways. One is the use of acronyms instead of typing full form of 

the term and another one is the existence of misspelled words. 

Because of these reasons, information retrieval methods used for 

analyzing well typed English documents may not be well suitable 

to analyze them. In this paper we propose an information 

retrieval method to address the high recall requirements of 

retrieving information from digitally communicated data sets. 

 

Index Terms- Information Retrieval; Search Engine; Index Term 

Expansion; Semantic Search 

 

I. INTRODUCTION 

nformation retrieval plays a vital role in this information age. 

Information retrieval is the process of retrieving information or 

documents that contain information or metadata about documents 

which is relevant to the given query from huge data collections 

[9]. Indexing is a key step in information retrieval. Indexing 

refers to the method of processing the original data into a highly 

efficient cross-reference lookup in order to facilitate rapid 

searching. While indexing, content from documents will be 

acquired, the acquired content will be tokenized into index terms 

and these terms will be indexed.  

Emails, SMS, chat transcripts, through social networking sites 

etc are popular ways of communications among people today. 

There is huge amount of such digitally communicated data exist. 

There is a thirsty need for tools to search such data. These 

digitally communicated data sets are different from well typed 

documents like books, research articles, news etc. Documents 

like books, news, articles etc will have proper sentences. They 

are grammatically correct. The words in sentences are spelled 

properly. But it is not the case with digitally communicated data. 

For the sake of convenience, people normally use acronyms 

instead of typing full words while they are digitally 

communicating with others. For example they use ‘tc’ instead of 

‘take care’. They may not focus on the spelling of the words 

because in most of the times human can understand the semantics 

behind a misspelled word. For example ‘recieved’ can be 

identified by human as ‘received’ easily. 

In the case of well typed documents, the index terms extracted 

while indexing are mostly proper terms i.e they are properly 

spelled words. But in the case of digitally communicated data 

sets, the index terms can be chat acronyms, misspelled words. 

Assume that these acronym and misspelled index terms are 

indexed as they are. When user submits a query, even if a 

document is relevant to the given query it may not be retrieved. 

For example an instant message contains the term ‘tc’ and it is 

indexed. The intension of using ‘tc’ is to convey ‘take care’. 

When user submits a query ‘take care’, that instant message will 

not be retrieved because ‘take care’ is not an index term for that 

instant message.  Thus even if a document is relevant, it may not 

be retrieved. Dealing with acronyms and misspelled words are 

major challenges for indexing digitally communicated data sets. 

In this paper we present a method for indexing digitally 

communicated data sets. The proposed method applies index 

term expansion for acronyms and misspelled words. If an index 

term is an acronym, then that acronym and its expansion terms 

will be indexed. If an index term is a misspelled term, then that 

misspelled term and possible correctly spelled terms for that 

misspelled terms will be indexed. 

II. RELATED WORK 

In this digital age, emails, SMS, Chat transcripts, Social network 

messages and other kinds of digital communications play a vital 

role. The volume of such data is huge in nature. They possess 

potential information. This information is useful for many 

applications. In this paper a method is proposed to retrieve 

information from digitally communicated data sets. 

Information Retrieval is the process of retrieving information or 

documents that contain information or metadata about documents 

relevant to the given query. Keyword based search tools plays a 

vital role in many applications. To preserve the semantics of 

keyword based search systems there are 2 main approaches. They 

are “Query term expansion” and “Index term expansion”.  These 

are possible with the help of lexical reference systems [9]. With 

these approaches recall of the search will be improved. But it 

may affect precision of the search. Special ranking methods can 

be applied to handle precision degradation. Term expansion is 

favorite choice in applications like “Digital Forensic Search” 

which have high recall requirements. 

WordNet is an online lexical reference system [8]. It contains 

English lexicons and semantic relationships among those 

lexicons. It is widely used by many researchers in their 

experiments. WordNet divides lexicon into 5 categories: nouns, 

verbs, adjectives, adverbs and functional words. It covers the vast 

majority of nouns, verbs, adjectives and adverbs from English. 

I 
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Words in WordNet are organized in synonyms sets called 

synsets. Each synset represents a concept [4, 2].  

Query Term Expansion is the process of expanding the Query 

terms with their semantic equivalents. Query Term Expansion is 

done in many applications to preserve the semantics of the 

retrieval functionality. In Query Term Expansion, the user query 

will be analyzed and expanded with semantic equivalents of 

query keywords [1]. With Query term expansion, index space 

can be optimized with the cost of extra query processing time. In 

[4], author used WordNet ontology for query expansion to 

achieve high recall requirements. Query terms have been 

expanded with their synonyms, and other related terms in the 

same domain. In [3], Query Expansion technique is proposed 

which considers phrases as its expansion unit. In this paper also 

query term expansion is used with the help of WordNet ontology.  

Index Term Expansion is the process of expanding the index 

terms with their semantic equivalents.Index term expansion will 

do term expansion at index time. Through this process we can 

optimize search time with the cost of additional index space. 

Through index term expansion, along with the actual terms in 

that document, their semantic equivalents also will be indexed. 

Thus semantics of the search can be preserved. In general Index 

Term Expansion will be done to expand the index terms with 

their synonyms.  In [5] authors used a method based on the 

expansion of index terms, which exploits WordNet synonyms 

and holonyms. It is used in order to find implicit geographic 

information from text, particularly in the cases in which the 

indication of the containing geographical entity is omitted. 

These approaches suits well for well typed documents like books, 

news papers, web pages .etc. But they may not work well with 

email, SMS .etc because they don’t bother about usage of 

acronyms / short form words and existence of misspelled words 

while indexing. 

In this paper a method is proposed which address these 

difficulties. 

III. METHODOLOGY 

Existing tools do term expansion to expand the index terms with 

their synonyms and other related terms. If the indexing term 

which needs to be expanded itself is not a proper English word, 

then obviously they cannot get its semantic equivalent terms 

because the underlying lexical dictionary does not possess that 

term. But if one observes the nature of emails, chat transcripts, 

SMS .etc, most of the terms are not proper English terms. In this 

paper a method is proposed to index such documents. 

Use of acronyms is a common approach while communicating 

through emails, SMS, chat transcripts, Social network messages 

…etc. For example people use ‘gn’ instead of ‘good night’ for 

the sake of easiness. Human can easily understand the semantics 

behind these acronyms. Information Retrieval tools developed to 

index well typed documents may not get the intension of using 

those acronyms. So they index those acronyms as they are and 

fail to capture the semantics of the document. 

 

 

 

 

 

 

 
 

Figure1.  Block diagram of Proposed System. 

 

Unlike well typed English documents like books, news papers 

…Etc, documents like emails, chat transcripts, social network 

messages contain many misspelled words in it. Main intension of 

people is to convey the message to others with ease. For the sake 

of ease they use acronyms. They will not bother whether the 

terms are properly spelled or not. If the other person can get the 

intension behind the misspelled term, there need not to bother. 

Even if there exist, slight spelling mistakes, the person who is 

reading it can identify it as a misspelled word and can guess the 

actual word. If the indexing process cannot capture the semantics 

behind the misspelled terms, it will index them as it is and it 

cannot be retrieved even if it is relevant to the user’s query. So 

the indexing process should be capable of identify misspelled 

words and should perform index term expansion for misspelled 

words. 

The block diagram of the proposed system is shown in Fig 1. 

Each document in the document corpus is analyzed by the 

Indexing unit. The concept of processing the original data into a 

highly efficient cross reference lookup in order to facilitate rapid 

searching is called indexing [6, 7]. Indexing contains multiple 

phases like acquiring content from documents, parsing, 

tokenizing, expanding index terms and adding the terms to the 
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inverted index. Indexing unit will acquire content from the 

document, parses it, analyzes it, tokenizes it and adds it to the 

inverted index. 

Indexing algorithm is given below. 

1. ALGORITHM indexCorpus(coupus, WorNet, AEO) 

2. //Description: indexes the given corpus with the help of 

WordNet and AEO returns Inverted_Index 

3. //Input 

4. // corpus is the document corpus that we need to analyze 

and index 

5. //WordNet is a lexical reference system 

6. //AEO is proposed Acronym Expansion Ontology 

7. //Output 

8. //Output is the Inverted_Index 

9. { 

10. Create an empty Inverted_Index 

11. For each document in the corpus, DO 

12. { 

13.         Analyze the document and generate the 

Token_Stream 

14.         FOR each token in the Token_Stream, DO 

15.         { 

16.                 Lowercase the token 

17.                 IF that token exist in AEO, THEN 

18.                 // probably it represents an acronym 

19.                 { 

20.                             Get the acronym expansion terms for 

that token from AEO 

21.                             Expand the index terms with acronym 

expansion terms for that token 

22.                 } 

23.                 Else 

24.                 { 

25.                              IF that token does not exist in 

WordNet, THEN 

26.                              //probably it may be a misspelled term 

27.                              { 

28.                                      Get set of terms from WordNet 

such that having lesser String_Distance (less than the 

user configured value) to that token and say they set as 

S1 

29.                                      Get set of terms from WordNet 

such that they have the soundex value equivalent to the 

soundex value of that token and say that set as S2 

30.                                      Expand the index terms with 

terms in (S1 U S2) 

31.                              } 

32.                 } 

33.     } 

34. Add all the index terms of that document  to the 

inverted index 

35. } 

36. Return Inverted_Index 

37. } 

 

For expanding index terms which are acronyms we propose 

Acronym Expansion Ontology. The Acronym Expansion 

Ontology contains acronyms and expansions for them. Every 

index term will be checked in this ontology. If the term exists in 

the ontology then it will be identified as an acronym. 

Corresponding acronym expansions for that acronym will be 

extracted from ontology. The acronym term and extracted 

acronym expansion terms will be indexed. 

WordNet Ontology contains most of the English terms and 

semantic relations among them. Misspelled terms will be 

identified using WordNet ontology. If an index term does not 

exist in WordNet Ontology, then there is more chance for it to be 

a misspelled word and it is identified as misspelled word. For 

each misspelled term, nearest correctly spelled terms will be 

identified. Each of this nearest correct term is a term from the 

WordNet such that the string distance between it and the 

misspelled term is small or it is phonotonically similar (having 

the same soundex) with the misspelled term. The misspelled term 

and its nearest correct terms will be indexed. Once every 

document in the document corpus is analyzed and indexed, the 

system is ready for a search operation. 

When user queries a system, the query will be analyzed, 

expanded and refined by the Query Analysis Unit. Query 

Analysis Unit refines the query by expanding the query terms 

with their semantic equivalents with the help of WordNet 

Ontology. This refined query is given to the Document Search 

Unit which retrieves the documents that are relevant to the 

refined query. This set of relevant documents will be fed to the 

Ranking Unit. Ranking unit calculates relevance scores for each 

retrieved document based on their relevance to the given query 

and ranks the retrieved documents based on their relevance 

scores. These Scored Relevant Documents will be displayed to 

the user. 

IV. CONCLUSION 

An indexing method is proposed for indexing digitally 

communicated data sets like emails, SMS, instant messages and 

social network messages .etc. Usage of acronyms and spelling 

mistakes are most common in such data sets. The proposed 

method applies index term expansion while indexing acronyms 

using proposed Acronym Expansion Ontology. The proposed 

method applies index term expansion while indexing misspelled 

words using WordNet Ontology to identify misspelled words. It 

uses string distance and soundex techniques to identify the 

probable spell corrections. With this indexing method high recall 

requirements of retrieving information from digitally 

communicated data sets can be achieved. 
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Abstract- Traumatic tooth injuries are common in children. 

When permanent teeth are involved, it can be a challenge to save 

these teeth. This case describes rehabilitation of fractured carious 

mandibular central incisors. Endodontic treatment was followed 

by the placement of a glass fibre-reinforced composite resin post 

and all ceramic crowns. During follow-up appointments, clinical 

and radiographic examinations revealed the efficacy of the 

treatment in retaining the fractured carious tooth. 

 

Index Terms- Ceramic crowns, dentoalveolar trauma, glass fiber 

post.   

 

I. INTRODUCTION 

he healthy oral cavity is necessary for beautiful smile. 

Treating a child's traumatized carious permanent teeth can 

create difficulties for the child, the parents and the dentist as 

well. Studies in several countries have reported the prevalence of 

dentoalveolar injuries ranging from 6% to 37%.
1
 More than 30% 

of accidents occur at home and about 25% in school.
2
 They may 

be a result of sports injuries, automobile accidents etc., although 

falls are the most frequent cause.
3
 Maxillary incisors are most 

commonly involved in dental trauma and dental crowns are 

frequently damaged because of their exposed position in the 

dental arch.
4
 Traumatic injuries are next most frequent in the 

upper and lower lateral incisors and the upper canines.
5
  

          When there is extensive loss of coronal tooth structure, a 

tooth colored metal-free post may be required for retention of 

crown to restore the dental morphology. In recent years, various 

types of fiber reinforcement have come into widespread use as an 

alternative to cast or prefabricated metal posts.
6 

The advantages 

of using reinforced fiber to construct an intracanal post include 

resin composite crown reinforcement, translucency, and relative 

ease of manipulation.
6 

The lower flexural modulus of fiber-

reinforced posts measures closer to that of dentin and can 

decrease the incidence of root fracture. 

          This paper presents a case report of 9-year-old girl with 

severely decayed, fractured mandibular central incisors that were 

restored with glass fibre-reinforced composite resin posts 

(GFRC), a new generation of fiber posts composed of densely 

packed silanated E glass fibers in a light curing gel matrix.  

 

II. CASE REPORT 

 

          A 9-year-old girl presented to the Department of 

Pedodontics, Bharati Vidyapeeth Deemed University Dental 

College and Hospital, Sangli, India with a complex crown 

fracture of carious mandibular central incisors. She had no 

known allergies or systemic problems. The trauma was caused by 

a fall on ground about one month earlier. Intraoral examination 

revealed no lacerations or evidence of alveolar bone fracture or 

gingival inflammation (Fig. 1,2,3). Teeth responded to the 

electric pulp test and vitality test as nonvital. Radiology showed 

completed root development with no other fracture or injury in 

the adjacent teeth. However, a deep caries at lingual surface of 

mandibular central incisors was noted. 

          Considering the parents and patients esthetic demands, 

glass-fibre post with composite core followed by ceramic crowns 

for mandibular central incisors were planned. The parents were 

given detailed information about the whole procedure. The child 

was given local anesthesia, tooth was isolated with rubber dam 

and the root canal was instrumented and filled with calcium 

hydroxide-based sealer and gutta-percha using the vertical 

condensation technique (Fig.4).  

          The gutta-percha was partly removed leaving the apical 4 

mm of the filling to maintain a good seal. The canals were 

prepared with standardized burs. Then close fitting posts were 

selected and evaluated radiographically. After etching of the 

coronal fragment with a 37% phosphoric acid gel for 20 seconds, 

the area was rinsed for 20 seconds then dried gently with air. A 

glass-fibre reinforced composite root canal posts were cemented 

using dual-curing luting composite system (Duolink) according 

to the manufacturer’s instructions. Finally, core was build using 

composite resin to meet esthetic requirements for the anterior 

segment using the incremental technique and occlusal adjustment 

was performed (Fig. 5). 

          Mandibular central incisors were then prepared to receive 

all ceramic crowns following standard tooth preparation 

principles. After adequate gingival retraction, impressions were 

made with silicone material (Aquasil, Dentsply) using single 

phase technique. After evaluation of crowns in occlusion, they 

were luted using dual cure resin cement (Fig.6,7). 

3 months after the treatment, clinical and radiographic 

examination confirmed the efficiency of using glass-fibre-

reinforced posts. 

 

T 
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III. DISCUSSION 

          Cast posts and cores are commonly used because of their 

superior mechanical properties. However, if a ceramic crown is 

chosen as the final restoration, the colour and opacity of the post 

may lead to discoloration and shadowing on the gingival and 

cervical areas of the tooth. To solve this esthetic problem, tooth-

coloured fibre and zirconium post systems were introduced; these 

are capable of resisting occlusal loads and have light 

transmission characteristics similar to those of natural teeth.
7
 In 

addition, these materials allow us to restore the tooth with 

minimal sacrifice of additional tooth structure. 

          Various changes have been made to glass-fibre post 

composition, radiopacity and shape which allow excellent results 

in restoration of damaged teeth. Recently developed posts are 

radiopaque, thus easily seen on radiographs. Modifications in 

post configuration have been made to achieve better adaptation 

to root canal shape. The translucent glass-fibre post has a 

modulus of elasticity similar to that of dentin and offers adequate 

mechanical properties.
8
 Transmission of light through the post 

also makes it possible to light-cure the resin cement and the 

bonding system in only one clinical step, thus simplifying the 

clinical procedure.
9
 

          In the current case, we used an adhesive, dual-cure luting 

composite system and a glass-fibre-reinforced composite root 

canal post. This technique can reinforce the restored parts and 

increase durability and survival. With a modulus of elasticity 

similar to dentin, the fibre post can reduce the concentration of 

stress and, thus, the rate of catastrophic root fracture compared 

with cast posts.
10

 

          Compared with alternative techniques, such as a composite 

resin restoration, screw-post, cast-metal posts and dentin pins, 

restoration using a fibre post offers several advantages. It 

provides immediate esthetic and functional rehabilitation of the 

fractured tooth. Childs cooperation is one of the most important 

criteria in tooth conservation. In our case, our patient’s 

cooperation was excellent and the endodontic treatment with post 

and crown therapy was successful 

 

IV. FIGURES 

 
Fig.1: Preoperative extra-oral view showing unaesthetic smile 

 
Fig. 2: Intraoral view 

 

 
Fig. 3: Intraoral view of mandibular arch 

 

 
Fig. 4: Endodontically treated mandibular central incisors 

 

 
Fig. 5: Placement of glass-fibre post 
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Fig. 6: All ceramic crowns cemented 

 

 
 

Fig. 7: Postoperative facial view with smile 

 

V. CONCLUSION 

      Use of glass-fibre reinforced composite root canal posts can 

be a simple and efficient procedure for the treatment of anterior 

traumatized teeth with excellent esthetic and functional results. 

The treatment described in the case report is simple and effective 

and helps to accomplish patient’s esthetic and functional 

requirement. 
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     Abstract- Homelessness has been one of the issues that 

remain unresolved in parts of India due to complicated and 

interwoven factors. Human rights groups have also found that in 

India children are sometimes forced into pornography, 

prostitution and sex slavery. The purpose of the study is to find 

out the pattern of exploitation and victimization of the beggar 

population in Patna district. The study is qualitative and 

exploratory in nature. Purposive sampling was used to conduct 

this study with 22 beggars including female and male beggars 

aged between 13 to 55. The study reveals that homeless beggars 

are victims of organized crimes and face exploitation such as 

physical torture and economic loss.  Female beggars face sexual 

exploitation and are manipulated into prostitution. Young 

beggars are manipulated and forced into drug abuse and drug 

dealing, pick pocketing, stealing and robbery. With no doubt, the 

illegal activities are being operated by gangs & supported by 

local police. Homeless beggars are being targeted and 

continuously exploited by gangs especially young girls & 

children. State needs to take immediate steps to prevent these 

vulnerable populations from being victimized being homeless. 

The study is conducted at specific places where beggars’ daily 

activities are centralized with consequence that the findings are 

potentially very context specific. 

 

Index Term- Homeless, Beggars, Exploitation, Victim, 

Prostitution 

 

I. INTRODUCTION 

omelessness has been a global concern for centuries for 

governments, the general public and no doubt, the homeless 

population themselves. The causes of homelessness are plenty-

fold and complex, which interface with multiple psychosocial 

and ecological domains in societies. Homelessness can be 

defined as having no home or permanent place of residence. The 

Census of India defines ‘houseless population’ as the persons 

who are not living in ‘census houses’, which is referred to a 

‘structure with roof’. The enumerators are instructed – “to take 

note of the possible places where the houseless population is 

likely to live such as ‘on the roadside, pavements, inhume pipes, 

under staircases or in the open, temples, man daps, platforms and 

the like” (India, 1991 p. 64).  [1] 

     According to 2001 Census, there are about 2 million homeless 

people in India. This figure is very likely a gross underestimate 

due to the fact that it is not easy to trace this population, which do 

not have a stable address.  Government’s general attitudes toward 

this population has been negligence and insensitive. Rather than 

focusing on designing policy and implementing interventions, 

criminalization and penalization of the homeless population is a 

common practice to get them out of the streets. Stated in the 

Indian Law, homeless beggars are treated as criminals under “The 

Bihar Prevention of Beggary Act, 1951”. The general public’s 

image of a homeless, who usually resort to begging for survival 

entirely or subsidizing their daily expenses, depictions of 

“deviant subcultures” such as the stereotypes of danger, disease, 

criminality and inferiority from mainstream society is the norm in 

many places.  It leads to processes of social exclusion, 

incarceration, regulation, criminalization, and enforcement [2]. 

Quoted from a leading Supreme Court lawyer and civil 

rights activist, S. Muralidhar, “Criminalizing the homeless is a 

serious problem; wandering people of a wide variety can be 

defined as beggars and powers are given to the police to deal 

with such persons. Squatting on the pavement is nuisance under 

the Municipal laws. Creation of nuisance be penalized. Same is 

the approach of the law of trespass. Given the non-availability of 

space in urban centers, every unauthorized dwelling would 

amount to trespass and be punishable as such. Housing, 

therefore, has law and order dimensions and there is a crying 

need for a human rights approach to it” (Muralidhar, 1991). [3] 

In 2009, State Society of Rehabilitation of Ultra Poor 

(SSRUP) was established under the department of Social Welfare 

to formulate rehabilitation program and schemes for marginalized 

populations such as beggars, transgender, homeless, destitute, 

street children & other vulnerable groups. Under The Chief 

Minister Beggary Prevention Scheme (CMBPS), SSRUP gave a 

survey assignment to Medha, a non profit organization for 

conducting a survey of 2500 beggars in the Patna district. During 

the survey, field investigators came across many unreported 

realities, which involve children and teenage beggars being forced 

to engage in criminal activities. All forms of abuse are evident, 

and the effects on victims are highly traumatic, which lead to our 

advocacy on behalf of this vulnerable population.  Conducting the 

study to understand the exploitation & victimization of homeless 

beggars is essential to unfold the invisible plights to the public. 

Bihar has the first law on beggary prevention in 

independent India called “ The Bihar Prevention of Beggary Act, 

1951” and it defines begging as soliciting alms in a public place 

and having no visible means of subsistence, and wandering about 

or remaining in any public place. [4] If any person is found 

begging within an area to which the Act applies, he shall be guilty 

of an offence under this Act. In other words, many communities 

have used legislation and criminal law to target those who have 

no choice but try to survive on the street level. On the other 

spectrum, some NGOs by themselves or partner with law 

associates to reprimand this inhumane response to the homeless 

population, which do not solve the root of the problem.  

 

H 
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II. RESEARCH QUESTIONS 

Different interwoven factors push people off the social 

safety net and they end up begging on streets. The most crucial 

universal factors include poverty and lack of affordable or 

supportive housing in both the public and private sectors.  Others 

include mental illness, family dysfunction such as abuse and 

neglect, criminalization, drug and alcohol addiction, and rural-

urban migration. Battered women and their children also compose 

a significant portion of occupants of homeless shelter. The causes 

of begging can be structural and highly circumstantial due to 

natural disasters, accidents of various kinds like traffic accidents 

and work-related accidents that lead to loss of ability to work 

temporarily or permanently; death of an income-earner in 

families; serious illnesses or health concerns, loss of employment 

for various reasons, social services and welfare cuts, domestic 

abuse, and so on and so forth. Most of them started begging 

because of one or more factors mentioned above, and some 

become targets of criminals.  

Woman abuse is one of the most common causes of 

homelessness at many shelters or on the street. [5] The Indian 

film titled as “Slumdog Millionaire” has evoked a very powerful 

vision of how children are victims of organized crimes in India. 

The beggar mafia is a ruthless gang of people. They target street 

children and get them addicted to drugs to their own advantages. 

Plenty even bribe doctors to amputate healthy children’s arms and 

legs for more lucrative profits from passers-by in the begging 

process. [6] Gaetz (2004) argues that street youth living in 

Toronto, Canada are much more likely than domiciled youth to be 

victims of a broad range of crime. [7] Similar observation and 

beggar’s cases were reported during the survey work in Patna 

under CMBPS by Medha, field investigators reported that beggars 

experienced physical torture, mental illness, economic loss, 

sexual assault, drug abuse and drug dealing. With reported cases 

and observations of field investigators, the research aimed to find 

out the pattern of exploitation and victimization among the beggar 

population in Patna district.  

The objectives of the study are 

i. To study the nature of exploitation of beggars by 

organised gangs. 

ii. To study the process of victimisation of beggars by 

organised gangs.   

III. METHODOLOGY 

A. Research Design 

Qualitative approach has been used for conducting the study. 

The nature of research design is exploratory in nature. 

Qualitative aspect of the study will reveal the context of the 

exploitation and victimization by organised crimes. The 

qualitative method is used to explore and record the experience 

of victims of organised crime and pattern of exploitation by local 

gangs and its members.  

B. Sampling 

Purposive sampling was used to conduct the study. Beggars, who 

shared their plights and disclosed their exploitation during the 

survey work under The Chief Minister Beggary Prevention 

Scheme in Patna district, were included in this study with their 

consent. The sample (N=22) includes 3 female adult beggars, 12 

male adult beggars, and 7 street children. The participants are  

between 13 and 55 years of age. There are 6 key informants in 

the study including local vendors and shop keepers, a former 

crime reporter and a priest of the Mahaveer Mandir
27

 where 

beggars gather days and nights. 

C. Data collection tools 

Looking at the nature of study and participants of the study, 

unstructured interview schedule was used to capture the 

experience of the victims and key informants. Also focus group 

discussion guide was developed for capturing the victimization 

and its process. In depth-Interview, field visit, observations, 

focus group discussions were used for data collections. The data 

was collected during March, 2012.   

D. Data Analysis 

Collected data was analysed manually under different themes. 

These themes are exploitation and torture, sexual exploitation, 

drug abuse and dealing, victimization, challenges and obstacles 

in justice delivery.  

IV. RESULT AND DISCUSSION 

A. Exploitation of beggars by gang members 

The reasons for becoming a beggar are various but reason for 

begging for beggars is a mean of survival. According to field 

investigators, beggars have to pay money to gang for begging at 

nearby Patna railways station area. During interview, a 35-year- 

old male beggar disclosed to interviewer:  

 

“About 20-25 beggars work for the gangs and keep watch on 

beggary related activities. These beggars also engaged in 

directly collecting money from other beggars, information 

sharing with gang leaders, controlling the beggars groups near 

the begging area and in return these beggars get part of the 

collected money.”  

 

Another 39-year-old male beggar said:  

“Few days back, one of the beggar refused to pay the money and 

tried to run away but he was caught and then beaten up badly” 

 

It was found that there is existence of gangs who operate and 

have control over beggary activities within Patna railway station 

area. There is a hierarchy in the gang at different level. Beggars, 

who always sit at a particular place for begging near Mahaveer 

Mandir, are forced to pay gang members about 60 to 70 per cent 

of the daily amount of money obtained from begging. They beg 

for survival and their needs especially for foods and drugs. When 

asked about if they ever asked for help from local police, 45-

year- old male beggar replied:  

 

“They are also associated with gang members. Why we need to 

go to complain about them. If they come to know that we want to 

complain, they will kill us.”  

 

Another 42 year-old beggar replied:  

                                                 
27 Mahaveer mandir is a Hindu temple near Patna railway station. 
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“Every day the money collected from beggars, handed over to 

gang leader and every evening some part of money is shared 

with a local policeman who comes to collect around 6 to 7 pm.”   

 

Association with local policeman and gang creates strong barrier 

to seek help and support from law enforcement and/or agencies. 

And the process of exploitation continues to be unreported. 

Another research participant expressed his feeling and said, “We 

are helpless and can’t do anything. We are living with fear”.  

B. Sexual Exploitation and Prostitution:  

In a report of Social Science and Medicine, Perron et al 

(2008) have mentioned that homeless persons are victims of 

violent and non-violent crime at higher rates than housed 

populations. [8] Women appear particularly vulnerable to 

victimization within the homeless population. Homeless women 

are two to four times more likely to have been physically or 

sexually assaulted as adults when compared to house women of 

similar socioeconomic status (Jasinski et al, 2005). [9] Moreover, 

it was found that younger homeless males had a higher likelihood 

of theft and physical assault while females have higher likelihood 

of sexual assault. Homeless young women face increased 

vulnerability to specific forms of violent crime such as sexual 

assault. As Chaudhry et al. (2010) mentioned that Indian city 

streets were extremely unsafe for women for various reasons such 

as rape, theft, murder, kidnapping, sexual violence and 

exploitation, and risks to security and personal safety. [10] A 10 

year-old female child beggar disclosed to interviewer:   

“I am 10 years old. I was raped and forced into 

prostitution. They give me solution and rape me. I don’t 

remember much but when I get up in the morning I feel the pain 

and then again I take solution for decreasing the pain.” 

Young female beggar victims are sexually and 

physically abused by other beggars, rickshaw and auto drivers, 

policemen, and street teenagers. These abusers take the girls to 

quiet places such as railway tracks or inside standing train 

coaches for sexual activity. The small amount of money given to 

these young female beggars goes into purchasing food, drugs and 

other items and usually spent it all on the same day. In an 

interview with a female beggar, aged 20 and single, said:  

“I ran from my home 4 years back and since then I am 

living and begging near Patna railway station area. While 

begging, I met with few street people and got addicted to 

substances like solution under their influence of gang. They raped 

me and then I was forced into prostitution by other beggars; and 

was often physically abused by beggars & policeman.”  

She told the interviewer that her health is very poor and 

she is suffering from T.B., and she also feels very helpless and 

hopeless about her current situation. 

According to local shopkeeper, key informants & male 

beggars, a group of people including gang members, the police 

constable and few female brokers are in charge of arranging the 

activity. Along with these female brokers, there are other middle 

men involved in this process and their job is to keep looking for 

potential clients for the female beggars. These female brokers are 

also sex workers themselves. Besides, other gang members are 

brokers, who pass the client’s name and address to particular 

street vendors and accordingly female beggars are contacted for 

prostitution at a give place and time.  

C. Trapping into Drug Abuse & Drug Dealing:  

The research findings have suggested that the homeless 

people are more likely to be victims of crimes and violence than 

being perpetrators of it.[11] Children & women continue to be 

victims of crimes of drug taking and dealing, prostitution, 

trafficking, child labor, and forced begging. According to official 

figures, every year nearly 44,000 children fall into the clutches 

of the beggar mafia in India. Most of the victims are under ten 

years of age. [12] According to child beggars & key informants, 

gang members make use of whitener, which is highly addictive if 

inhaled in a large amount, to force children to become addicted 

to this solution which is associated with high health risk. 

According to these children beggars, they got addicted after a 

while. The addiction forces them to find means to get more 

money by begging, stealing and prostitution, as guided by gang 

members. These drug solution especially whiteners are easily 

available in nearby market, and are also sold by few beggars in 

railway station, Mahaveer Mandir. Drug addiction in According 

to Narcotic Drugs & Psychotropic Substance Act, 1985 selling of 

drugs to children is an offence and punishable under law. During 

interview with a 53 year-old male beggar, he said:  

“From all beggars aged from 3 to 50 year, children, young girls, 

women, everyone is habituated to take drugs. You can see, 

everyone is holding a small piece of cloth. They use something 

like sprite in these cloths and inhale it whole day & night and 

feel pleasure.” 

 

When asked about how they become addicted to drugs, a 45- 

year -old male beggar said: 

 

“Initially, if any new child beggar doesn’t want to take these 

addictive solutions, gang member beat those children and 

forcefully made them addicted. Sometimes they cut their body by 

knife or blades. When children feel pain, they use these drugs or 

solution in helpless situations” 

 

Children, who are new on the streets, are usually 

identified by gangsters quickly provided support to work for them 

and in return they provide food, shelter and fixed monthly money. 

After a while, these persons influence these young children in 

criminal activities as selling of “Marijuana” i.e. Ganja to collies, 

beggars, rickshaw drivers, and other local customers. A street 

child, aged 11 told interviewer that he was forced to sell Ganja to 

other beggars and collies together with a group of 5-7 children. 

This process continues to involve children in vulnerable 

conditions such as those who live in poverty, with domestic abuse 

and/or other circumstances.  

According to a former crime reporter, criminals take 

advantage of innocent young children and make them pick pocket 

and steal near railway stations and temple areas. Some of the 

money and stolen items are given to older street children and/or to 

other beggars who are behind these crimes. Other parts go to 

some significant people such as leader beggars, local leaders of 

the area, and policemen. These are people who have an influence 
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over the police and act as “helpers” in the criminal activities so 

that they will not get caught or prosecuted. 

D. Barrier to Access Government Program & Schemes for 

Homeless Beggars: 

According to the The Bihar Prevention of Beggar Act, 1951 

the only approach to deal with this situation is to send these 

beggars to Beggar Homes. Indeed, there is a lack of systemic 

structure in the government framework to deal with any crisis 

situation or attempt to solve the practical problems of beggary. In 

2009, The Bihar State Government started The Chief Minister 

Beggar Prevention Scheme, but not much was done in the past 

three years except on pilot survey. Bureaucratic system & the 

processes of the government have delayed the implementation of 

schemes and services.  

For vulnerable & marginalised population, there are other 

government programs and welfare schemes available such as 

student scholarships, disability pension scheme, old age pension 

scheme, and widow pension scheme, Indira Awas Schemes 

(housing schemes) for welfare of these populations. All the 

interviewed beggar shared that they do not receive any benefits of 

any sorts from government welfare programs and schemes.  Low 

awareness about these program and schemes is one of the reasons 

for not applying and another reason is that most of the beggars do 

not have any identity card or residential certificate, which is 

required for applying for any schemes or programs. This 

population comprises of the most vulnerable people with 

disabilities, old age, severe diseases such as leprosy, destitute 

women, young children, and people with mental illness. 

E. Challenges and Obstacles in Justice Delivery 

The beggar population are at risk due to their socio-

economical, physical & mental health for injustice treatment, and 

they often fall into the role of victims of organized crimes. Most 

homeless populations live in extremely harsh environment like 

near railway tracks or highways with very poor sanitation 

condition. Children, women and the elderly group are the most 

vulnerable especially children with no parental 

supervision/guardians, are easily manipulated by gangsters to 

perform illegal activities such as forced begging, stealing, 

involvement in consumption of and dealing with drugs, and 

prostitution.  

Beggars who are victims of organized crimes require 

immediate attention and the situation needs to be dealt with 

properly without any delay by concerned government department 

such as the law enforcement bodies, social welfare and child 

welfare departments. Penalizing them through the criminal justice 

system is not only costly and ineffective; it does not solve the 

roots of the problems as mentioned earlier. Ironically, the 

gangsters of organized crimes are not prosecuted due to various 

reasons.   

Beggars are struggling with a totally inhumane and 

devastating situation. It is the real lives of these populations, and 

the brutal and harsh reality that they are facing. Young children 

especially girls, women, old age & people with disability are soft 

target for organised crimes and gangs. The “partnership” between 

the criminals and gang members with local police has created a 

very exploitative environment where these vulnerable populations 

are continuously forced into illegal activities. The immediate need 

is to provide a safe environment for beggars with some skills so 

that they can earn a living to be self sufficient. Most beggars 

interviewed are desperate, helpless, hopeless, and struggling to 

survive. Most beggars interviewed reported getting almost no 

help of any kinds from the government.  

The lack of information and education of the provision 

of services, and trained professionals in Patna district obstruct 

justice delivery. Lack of emergency shelters equipped with 

facilities and services/programs such as job training and 

counselling; supportive low-cost housing and a sound law 

enforcement and judicial system are key barriers to a successful 

service delivery system. It is time government took an active role 

in tackling the roots of the problems and come up with workable 

solutions to relieve the plights of these victims.  

Public awareness and change of the stereotyping 

attitude towards beggar might be the first step to provide a 

channel for communication, collaboration, and policy planning. 

Research generating reliable and accurate information and data 

regarding the homeless population serves as a bridge, which is of 

paramount importance, in linking all parties concerned to start 

constructive dialogues in resolving the urgency of this matter. 

Most of the homeless beggars especially female are victims of 

domestic violence, physical abuse and various forms of 

discrimination, which force them to leave their home in the first 

place. They are targeted by organized criminals, victimized and 

forced to involve in unlawful activities such as prostitution, 

begging, stealing and selling of restricted drugs.   

Government needs to take immediate action to provide 

a safe environment to homeless beggar population and further 

start enquiry and prosecution of the criminals and members of 

any gangsters involved in the victimization of beggars. 

Government should partner with NGOs, which work for the 

welfare of the beggar victims and offer them more support and if 

possible some financial or any other assistance with their work.  

 

V. CONCLUSION 

To conclude, criminalizing homelessness does nothing 

to address its underlying causes of the issue. It is ineffective and 

costly in the process of prosecution and putting beggars behind 

bars. Indeed, this is injustice forced upon the victims of the 

homeless beggars who are controlled by criminals to engage in 

their lucrative business. In revealing the actual lives of the 

victims through participatory research, it is hoped that concerned 

government departments in Patna will change its apathetic 

attitude toward the plights of these victims. Instead, provision of 

affordable housing, comprehensive and timely welfare programs 

and social services, fighting corruption and improve its justice 

delivery system are highly recommended. Even though the 

challenges and obstacles are huge, but only through cooperation 

and collaboration with concerned parties will locally and 

globally justice be delivered to victims.  
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Abstract- Clustering is a task of assigning a set of objects into 

groups called clusters. In general the clustering algorithms can be 

classified into two categories. One is hard clustering; another one 

is soft (fuzzy) clustering. Hard clustering, the data’s are divided 

into distinct clusters, where each data element belongs to exactly 

one cluster. In soft clustering, data elements belong to more than 

one cluster, and associated with each element is a set of 

membership levels. In this paper we represent a survey on fuzzy 

c means clustering algorithm. These algorithms have recently 

been shown to produce good results in a wide variety of real 

world applications. 

 

Index Terms- Soft clustering, hard clustering, FCM.  

 

I. INTRODUCTION 

ast and robust clustering algorithms play an important role in 

extracting useful information in large databases. The aim of 

cluster analysis is to partition a set of N object into C clusters 

such that objects within cluster should be similar to each other 

and objects in different clusters are should be dissimilar with 

each other[1]. Clustering can be used to quantize the available 

data, to extract a set of cluster prototypes for the compact 

representation of the dataset, into homogeneous subsets.  

          Clustering is a mathematical tool that attempts to discover 

structures or certain patterns in a dataset, where the objects inside 

each cluster show a certain degree of similarity. It can be 

achieved by various algorithms that differ significantly in their 

notion of what constitutes a cluster and how to efficiently find 

them.  Cluster analysis is not an automatic task, but an iterative 

process of knowledge discovery or interactive multi-objective 

optimization. It will often necessary to modify preprocessing and 

parameter until the result achieves the desired properties. 

          In Clustering, one of the most widely used algorithms is 

fuzzy clustering algorithms. Fuzzy set theory was first proposed 

by Zadeh in 1965 & it gave an idea of uncertainty of belonging 

which was described by a membership function. The use of fuzzy 

set provides imprecise class membership function. Applications 

of fuzzy set theory in cluster analysis were early proposed in the 

work of Bellman, Zadeh, and Ruspini This paper opens door step 

of fuzzy clustering [2].  Integration of fuzzy logic with data 

mining techniques has become one of the key constituents of soft 

computing in handling challenges posed by massive collections 

of natural data. The central idea in fuzzy clustering is the non-

unique partitioning of the data into a collection of clusters. The 

data points are assigned membership values for each of the 

clusters and fuzzy clustering algorithm allow the clusters to grow 

into their natural shapes [3].  The fuzzy clustering algorithms can 

be divided into two types 1) Classical fuzzy clustering algorithms 

2) Shape based fuzzy clustering algorithms. Classical fuzzy 

clustering algorithms can be divided into three types.1) The 

Fuzzy C-Means algorithm 2) The Gustafson-Kessel algorithm 3) 

The Gath-Geva algorithm. Shape based fuzzy clustering 

algorithm can be divided into  1) Circular shape based clustering 

algorithm 2) Elliptical shape based clustering algorithm 3) 

Generic shape based clustering algorithm. In this paper, represent 

a review on fuzzy c means, and extended version of fcm such as 

pcm, fpcm and their advantages and disadvantages of real time 

applications. 

 

II. FUZZY C MEANS ALGORITHM 

           Fuzzy clustering is a powerful unsupervised method for 

the analysis of data and construction of models. In many 

situations, fuzzy clustering is more natural than hard clustering. 

Objects on the boundaries between several classes are not forced 

to fully belong to one of the classes, but rather are assigned 

membership degrees between 0 and 1 indicating their partial 

membership. Fuzzy c-means algorithm is most widely used. 

Fuzzy c-means clustering was first reported in the literature for a 

special case (m=2) by Joe Dunn in 1974. The general case (for 

any m greater than 1) was developed by Jim Bezdek in his PhD 

thesis at Cornell University in 1973.  It can be improved 

by Bezdek in 1981. The FCM employs fuzzy partitioning such 

that a data point can belong to all groups with different 

membership grades between 0 and 1. 

 

Algorithm  

 

1. Initialize U=[uij] matrix, U
(0)

 

2. At k-step: calculate the centers vectors C
(k)

=[cj] with 

U
(k)

 

  
 

3. UpdateU
(k)

 ,U
(k+1)

 

4. 
 

 
dij  

                           

5. STOP; otherwise 

return to step 2. 

6.  

Here m is any real number greater than 1, 

 

uij is the degree of membership of xi in the cluster j, 

xi is the ith of d-dimensional measured data, 

 cj is the d-dimension center of the cluster, 

F 
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         This algorithm works by assigning membership to each 

data point corresponding to each cluster center on the basis of 

distance between the cluster center and the data point. More the 

data is near to the cluster center more is its membership towards 

the particular cluster center. Clearly, summation of membership 

of each data point should be equal to one. After each iteration 

membership and cluster centers are updated according to the 

formula.  

 

Advantages  

1) Unsupervised  

2)  Converges 

 

Limitations: 

1) Long computational time 

2) Sensitivity to the initial guess (speed, local minima) 

3) Sensitivity to noise and One expects low (or even no) 

membership degree for outliers (noisy points). 

 

III. POSSIBILISTIC C-MEANS (PCM) 

          To overcome difficulties of the fcm, Krishnapuram and 

keller proposed a new clustering model named Possibilistic c-

Means (PCM). 

 

Algorithm 

 

Fix the number of clusters C; fix m,1<m<∞;\ 

Set iteration counter l=1; 

Intialize the possiblistic C-parttion U
(0)

; 

Estimate ηi  

 

Repeat  

 Update the prototypes  using  U
(l)

, as indicated bel ow; 

 Compute U
(l+1)

 

 Increment  l; 

Until (|| U
(l-1)

-U
(l)

||<ε); 

 

{ The remaining part of algorithm is optional and to be used only 

when the actul shape of  the generated possibility distribution is 

important } 

 

Set iteration counter  l=1; 

Reestimate ηi 

Repeat protypes using U
(l)

, as indicated below; 

Compute U
(l+1) 

Increment  l; 

Until (|| U
(l-1)

-U
(l)

||<ε); 

 

ηi –determines distance at which the membership value of a point 

in a cluster becomes 0.5. 

 

 
 

Advantage 

Clustering noisy data samples 

 

Disadvantages 

         1) Very sensitive to good initialization 

         2)  Coincident clusters may result 

         Because the columns and rows of the typicality matrix are 

independent of each other 

         Sometimes this could be advantageous (start with a large 

value of c and get less distinct clusters) 

 

IV. FUZZY POSSIBILISTIC C MEANS ALGORITHM (FPCM) 

          To overcome difficulties of the pcm, Pal defines a 

clustering technique that integrates the features of both Fuzzy a 

Possibilistic c-means called Fuzzy Possibilistic c-Means 

(FPCM).  

          Membership and Typicality’s are very significant for the 

accurate characteristic of data substructure in clustering 

difficulty. An objective function in the fpcm depending on both 

membership and typicality’s are represented as:: 

 

Memberships and topicalities is represented as:  

 
Which of the following constraints 

 

 

 
 

FPCM generates Memberships and possibilities at the same time, 

together with the usual point prototypes or cluster center for each 

cluster. 

 

Advantage 

1) Ignores the noise sensitivity deficiency of FCM 

2) Overcomes the coincident clusters problem of PCM. 

 

Disadvantages 

1)  The row sum constraints must be equal to one 

 

V. POSSIBILISTIC FUZZY C MEANS ALGORITHM (PFCM) 

            In fpcm, the constraint corresponding to the sum of all 

typicality values of all data to a cluster must be equal to one 

cause problems particularly for a big data set. In order to avoid 

this problem pal et al propose a new algorithm called 

Possibilistic Fuzzy c means algorithm (pfcm). The objective 

function is defined by  

 
 

Subject to  

, a&b define the relative importance between the membership 

degrees and typicality values. The objective function   can be 
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minimized if for every i and k,m, >1 

as well as z contains a minimum of c different data with these 

conditions we have (U,T
T
,V) .The membership 

degree calculated with  

 

 
 

=1/1+(  , 1<i<c 

 

 
 

Advantage: 

1. Ignores the noise sensitivity deficiency of FCM 

2. Overcomes the coincident clusters problem of PCM. 

3. Eliminates the row sum constraints of FPCM 

 

VI. CONCLUSION AND FUTURE WORK 

           FCM algorithm is a distinctive clustering algorithm, has 

been exploited in extensive range of engineering and scientific 

disciplines, for instance, medicine imaging, pattern detection, 

data mining and bioinformatics. In view of the fact, the initially 

developed FCM makes use of the squared-norm to determine the 

similarity between prototypes and data points, and it performs 

well only in the case of clustering spherical clusters. 

Furthermore, several algorithms are developed by numerous 

authors based on the FCM with the aim of clustering more 

general dataset. During the survey, we also find some points that 

can be further improvement in the future using advanced 

clustering technique to achieve more efficient accuracy in the 

result and reduce the time taken for data and/or information 

retrieval from large dataset. 
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Abstract- The present study is aimed to ascertain whether 

preeclampsia is associated with changes in serum levels of 

vascular endothelial growth factor (VEGF), placental growth 

factor (PlGF), soluble fms-like tyrosine kinase -1 (sFlt-1) and 

urine excretion levels of PlGF in Indian patients. Serum and 

urine samples were obtained from 40 women with preeclampsia 

and 40 normotensive, non-proteinuric pregnant women as control 

and the levels of these factors were analyzed using enzyme-

linked immunosorbent assay (ELISA). The serum levels of 

VEGF (mean ± SD 170.53 ± 36.56 Vs 254.61 ± 47.394 pg/ml, 

p<0.0001),  PlGF (mean ± SD 236.77 ± 93.70 Vs 744.98 ± 

168.55 pg/ml, p<0.0001) and the urinary levels of PlGF (mean ± 

SD 30.08 ± 9.42 Vs 77.70 ± 24.70 pg/ml, p<0.0001) were 

significantly lower where as serum levels of sFlt-1 were 

significantly higher (median (range) 11295.25 (2936.2 – 37818) 

Vs 2893.20 (1180.43- 6706.6)  pg/ml, p<0.0001) in preeclamptic 

patients  as compared to the control. In conclusion, preeclampsia 

is associated with alterations in serum and urinary angiogenic 

factors. The longitudinal measurement of these angiogenic 

factors in serum might be ideal for ascertaining the risk of 

preeclampsia, but measuring the levels of PlGF in the urine 

during routine antenatal care could be a simpler and non-invasive 

factor, if it can be used as definite, informative screening marker 

for preeclampsia. 

 

Index Terms- Preeclampsia, Placental growth factor, Soluble 

fms-like tyrosine kinase-1, Vascular endothelial growth factor,   

Vascular endothelial growth factor receptor-1 

 

I. INTRODUCTION 

reeclampsia is a hypertensive disorder of pregnancy (1), in 

which the normal hemodynamic response to pregnancy is 

compromised. It remains as a leading cause of maternal and 

perinatal morbidity and mortality and is diagnosed primarily by 

the onset of hypertension and proteinuria after the twentieth 

week of gestation (2). Preeclampsia is characterized by diffuse 

endothelial dysfunction possibly secondary to impaired 

trophoblast invasion of the spiral arteries during implantation (3). 

In preeclampsia, the reduced invasion of trophoblast cells
 
and 

incomplete/inadequate transformation of the maternal spiral 

arteries, may possibly result in insufficient uteroplacental 

circulation and may cause local placental
 
ischemia which may 

further release the angiogenic factor(s) into the maternal 

circulation
 
such as vascular endothelial growth factor (VEGF), 

placental growth factor (PlGF) and its receptor, soluble vascular 

endothelial growth factor receptor-1(sVEGFR-1)/soluble fms-

like tyrosine kinase1 (sFlt-1) (4).
 
  

         Evidence from the previous study suggests that 

preeclampsia may be caused by an imbalance of angiogenic 

factors (5). Soluble fms-like tyrosine kinase 1 (sFlt1) may play a 

role in preeclampsia by antagonizing vascular endothelial growth 

factor (VEGF) and placental growth factor (PlGF)  in  maternal 

vasculature (5). Exogenous administration of sFlt-1 to pregnant 

rats found to induce hypertension, proteinuria and glomerular 

endotheliosis similar to that of human preeclampsia (6). A study 

on “Calcium for Preeclampsia Prevention (CPEP)
 

trial” 

demonstrated that serum sFlt-1 levels are elevated approximately 

5 weeks before the onset of clinical symptoms of preeclampsia 

where as the low serum PlGF, begins at 13 to 16 weeks of 

gestation (7). This study also suggested that the reduced free 

VEGF antedated the clinical signs of preeclampsia (7).  

         Several lines of evidence indicate a variation in the levels 

of angiogenic factors in different population (8-11).
 

The 

threshold values of these factors have not been reported in Indian 

population. Thus, it is important to analyze the baseline values of 

angiogenic factors in Indian patients so as to determine the 

threshold value of these factors for predicting and early diagnosis 

of preeclampsia.  Although longitudinal measurement of these 

angiogenic factors in serum might be ideal for ascertaining the 

risk of preeclampsia, but measuring the levels of angiogenic 

factors in urine of preeclamptic patients during routine antenatal 

check up may be easier and cost effective when proved to be 

diagnostic.   sFlt-1 is a large molecule to be filtered into urine 

(12) and VEGF is derived from glomerular podocytes and 

tubular cells of the kidney, thus it is unlikely to reflect the 

circulating angiogenic state (13). The urinary PlGF acts as a 

more clinically feasible alternative.  Therefore the study was 

aimed to evaluate the alterations of angiogenic factors (sFlt-1, 

VEGF, PlGF) in serum and PlGF in urine of preeclamptic and 

normotensive, non-proteinuric pregnant women in Indian 

population.  

 

II. MATERIALS AND METHODS 

Study Design 

        Forty each preeclamptic patients and normotensive non-

proteinuric pregnant women who served as control were selected 

from the antenatal clinic and the inpatient ward of the 

Department of Obstetrics and Gynecology, All India Institute of 

P 
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Medical Sciences, New Delhi, India. The preeclamptic women 

immediately after the clinical diagnosis were included whereas 

the cases with chorioamnionitis, chronic hypertension, pre-

gestational hypertension, renal disease, cardiac disease, active 

asthma, diabetes, thyroid disease and epilepsy were excluded 

from the study. Preeclampsia was defined according to the 

research definition criteria of the International Society for the 

Study of Hypertension in Pregnancy (ISSHP) (14); systolic and 

diastolic blood pressures
 
above 140 and 90 mmHg respectively, 

in at least two consecutive
 
measurements and at least 4 hours 

apart occurring after twentieth week of gestation and 

accompanied by proteinuria (>300 mg per liter in a 24 h urine 

collection/>1+ on a urine dipstick). The normotensive, non-

proteinuric pregnant women without any other medical 

complications were taken as the control group. The preeclamptic 

patients and the control women were matched for maternal age 

and gestational age. Gestational age was established based on 

menstrual date and/or ultrasonographic examination before 20 

weeks of gestation. This study was approved by the institute 

ethics committee and written informed consent was obtained 

from all the women recruited for the study. 

 

III. IMMUNOASSAY PROCEDURES 

        5 ml of venous blood was collected and centrifuged at 3000 

rpm for 20 minutes and the serum was then separated and stored 

in aliquots at -20ºC. 5 ml of urine sample was also collected by 

“clean catch” technique from the same patient and centrifuged at 

3000 rpm for 20 minutes, aliquoted and immediately stored at -

20ºC. VEGF, PlGF, sFlt-1in serum and PlGF in urine were 

measured by a sandwich-type enzyme linked immunosorbent 

assay (ELISA; Quantikine 
® 

human VEGF,  Quantikine 
®
 human 

PlGF and Quantikine 
® 

human sVEGFR1/sFlt-1, R&D Systems 

Inc., Minneapolis, MN, U.S.A). According to the kit, the 

minimum detectable level for VEGF was 7 ρg/ml, 9.0 ρg/ml for 

PlGF and 1.5 – 13.3 ρg/ml for sFlt-1. The intra assay variation 

and inter assay variation were 4.5% and 7.0% for VEGF 3.6% 

and 11.0%   for PlGF and 3.8% and 7.0% for sFlt-1, respectively.   

 

IV. STATISTICAL ANALYSIS 

        Between the preeclamptic patients and the control group, 

quantitative variables like systolic blood pressure, diastolic blood 

pressure, body mass index, serum VEGF, serum PlGF, serum 

sFlt-1 and urinary PlGF were compared using paired t test/ 

Wilcoxon sign rank test. The result was considered to be 

statistically significant at 5% level of significance (i.e., p<0.05).  

Statistical analysis was performed using the statistical package 

Stata 9. 

 

V. RESULTS  

        The clinical characteristics such as systolic blood pressure, 

diastolic blood pressure and body mass index are shown in table 

1. The systolic and diastolic blood pressures and body mass 

index were significantly higher in women with preeclampsia than 

in controls. 

        Patients with preeclampsia showed reduced serum levels of 

VEGF than controls (mean ± SD 170.53 ± 36.55 Vs 254.61 ± 

47.39 pg/ml, p< 0.0001) (Fig.1). The serum PlGF levels were 

also significantly lower in women with preeclampsia than in 

controls (mean ± SD 236.77 ± 93.70 Vs 744.98 ± 168.55 pg/ml, 

p< 0.0001) (Fig.2). The serum sFlt-1 levels were significantly 

higher in women with preeclampsia than in controls (median 

(range) 11295.25 (2936.2 – 37818) Vs 2893.20 (1180.43- 

6706.6)  pg/ml, p<0.0001) (Fig.3).The levels of urinary PlGF 

were also significantly lower in women with preeclampsia than 

in controls (mean ± SD 30.08 ± 9.42 Vs 77.70 ± 24.70 pg/ml, p< 

0.0001) (Fig.4). 

 

VI. DISCUSSION 

        Despite many years of intensive research, preeclampsia still 

remains as an elusive disorder of pregnancy complicated with 

high maternal and fetal morbidity and mortality. Prompt 

diagnosis and interventions are of vital importance in reducing 

the complications of this disorder which re-emphasize the need 

of developing a proper screening marker for preeclampsia. 

Numerous studies are available where the role of serum 

angiogenic factors in preeclampsia has been investigated 

(5,15,16)
,
 but very few are available on urinary placental growth 

factor although it is a very simple and cost effective method (17-

19).
 
Thus in the present study, a combined analysis of serum as 

well as urine angiogenic factors was performed. Moreover, the 

levels of these angiogenic factors vary across the world which 

may be due to geographical, social, economic and racial 

differences (20). Variation in the levels of angiogenic factors 

among different populations has been reported by number of 

workers (8-11). Thus it is important to analyze the baseline 

values of angiogenic factors in a given population so as to 

determine the threshold value for predicting and early diagnosis 

of preeclampsia. 

          In the present study, a significant decrease in the levels of 

free VEGF was found in the sera of preeclamptic pregnant 

women compared to the sera of control women (Fig.1). VEGF is 

a key survival factor for the vascular endothelium and important 

for maintaining vascular endothelial cell homeostasis. It is a 

disulphide-linked homodimeric, heparin-binding glycoprotein 

with a molecular weight of 34–42 kDa (21). It is a potent 

angiogenic, mitogenic factor which enhances the vascular 

permeability activities related to endothelial cells. It also 

promotes neovascularization, reduces blood pressure and is 

important for the maintenance of the normal glomerular filtration 

(22-24). Therefore, its deficiency or low levels could cause the 

disturbances or alterations in the vasculature of placenta in 

preeclampsia leading to increased blood pressure, defective 

glomerular filtration leading to proteinuria and oedema. VEGF 

also exerts its biological effect through 2 high affinity tyrosine 

kinase receptors: VEGF receptor-1 (VEGFR-1 or fms-like 

tyrosine kinase-1/Flt-1) and VEGF receptor-2 (VEGFR- 2 or 

kinase domain receptor/KDR) (25,26). VEGFR-1 has two 

isoforms: a transmembranous and a soluble isoform (27). The 

soluble isoform of VEGFR-1 / Flt-1 binds with free VEGF in the 

circulation thereby preventing their interaction with the 

endothelial receptors, thus antagonizing their action (28). An 

adequate and organized interaction of VEGF with its receptors is 
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essential for normal placental development and function, as well 

as maintenance of the maternal vasculature. Also optimal levels 

of VEGF are required in the circulation for stimulation of 

endothelial cells to survive for prolonged periods and to function 

properly throughout pregnancy (29). Thus a decrease in the 

concentration of free VEGF in the serum of women with 

preeclampsia may lead to endothelial cell dysfunction of 

maternal blood vessels. Therefore, when serum levels of sFlt-1 

rise, their binding with VEGF may reduce the circulating (or 

free) VEGF levels below a critical threshold required for
 

vasculogenesis and the maintenance of the placental circulation. 

Apart from that, the anti-VEGF antibodies and sFlt-1 cause rapid 

glomerular endothelial cell detachment and hypertrophy (30). 

The studies on anti-angiogenic trials showed that down-

regulation or neutralization of circulating VEGF have resulted in 

proteinuria and hypertension, which supports the view that low 

levels of serum VEGF may play an important role in the 

induction of proteinuria in preeclampsia (30).  However, 

controversial reports are available where elevated levels of total 

VEGF in the serum of women with preeclampsia have been 

reported. This discrepancy could be because of the fact that total 

VEGF protein (bound and unbound) is undetectable by the 

Sandwich type ELISA (31, 32). The earlier studies which 

reported a decreased concentration of VEGF have used an 

ELISA kit, which measures only free (unbound) VEGF (32) 

whereas the studies which reported an increased concentration of 

VEGF in preeclampsia have used either a radioimmunoassay or 

an ELISA system measuring both bound and unbound VEGF 

(33-35). 

          In the present study, a significant decrease in the 

concentrations of free PlGF was also found in the sera of women 

with preeclampsia compared to the sera of control women 

(Fig.2). PlGF also belongs to the VEGF family and shares 53% 

homology with VEGF (36). At physiological concentrations, it 

has been shown to be a very weak stimulator of endothelial cell 

proliferation (37). On the other hand, PlGF potentiates the action 

of low doses of VEGF on microvascular endothelial cells. PlGF 

also acts by binding with VEGFR- 1/Flt-1 and results in non-

branching or least branching of blood vessels (38, 39).
  

Thus 

PlGF and VEGF, together enhance the growth of new blood 

vessels (angiogenesis), and maintain the normal function of 

endothelial cells lining the blood vessels (39). Physiologically, 

the two growth factors, together with the oxygen diffusive 

placental tissue conductance, may promote remodeling of the 

materno-fetal interface. 
 
The decreased concentration of free 

PlGF and VEGF in the serum of preeclamptic patients may lead 

to endothelial cell dysfunction in maternal circulation (29). 

          A significantly increased concentration of sFlt-1 in the sera 

of preeclamptic women was also observed in the present study 

when compared to control (Fig.3). One possible reason for this is 

the effect of inadequate perfusion on the growth of the feto-

placental unit, which may lead to an increase in serum sFlt-1 

values (40). sFlt-1 is a soluble receptor of VEGF (23,27)
 
which

 
 

is generated by a splice variant of the Flt-1 gene and contains the 

extracellular ligand-binding domain, and lacks the 

transmembrane and cytoplasmic domains (27).  sFlt-1 may not 

primarily be a receptor transmitting a mitogenic signal, but may 

inhibit the activity of VEGF on the vascular endothelium by 

preventing the binding of VEGF to VEGFR-2 (41). Previous 

studies indicate that the source of the serum sFlt-1 is the placenta 

and both the transmembranous and soluble forms were detected 

in it (4). However, sFlt-1 protein was also found in the 

supernatant from explants of placental villi, suggesting that sFlt-

1 could be released in to the intervillous space directly (4). The 

increased sFlt-1 in the placentas of preeclamptic women may 

thus impair the placental vascularization by antagonizing the 

angiogenic activities of VEGF on endothelial cells of placental 

blood vessels, leading to reduced placental perfusion. When sFlt-

1 was administered to pregnant rats, it resulted in hypertension, 

proteinuria and glomerular endotheliosis (6).  These data suggest 

that the elevated sFlt-1 may induce preeclampsia but 

preeclampsia may not necessarily increase the levels of sFlt-1. 

The authors also suggested that excess placental production
 
of 

sFlt-1 contributes to these maternal symptoms in patients with 

preeclampsia (6).Thus, carefully regulated
 
balance of VEGF, 

PlGF, and sFlt-1 is essential to maintain optimal/high level of 

angiogenesis which is necessary for proper placental vasculature 

and thereby successful placental circulation required for 

maintenance of normal pregnancy.
 
Any deviation in the normal 

values of these angiogenic factors will lead to disturbance in the 

normal flow of blood in the placenta leading to conditions like 

preeclampsia as has been observed in the present study. 

          In the present study, significantly reduced levels of urinary 

PlGF were observed in preeclamptic women compared to control 

women (Fig.4). This finding is concomitant with the previous 

findings which showed the reduced levels of PlGF in the urine of 

preeclamptic women (12, 17-19). The reduced levels of urinary 

PlGF may be due to the reduced circulating PlGF which in turn 

attributed to the increased binding of sFlt-1 to the free PlGF in 

the circulation (42). Optimal levels of free PlGF along with 

VEGF is necessary to promote the growth and proliferation of 

glomerular and peritubular endothelial cells (12, 17,18).
 
 In 

contrast, the excess circulating levels of sFlt-1in preeclampsia 

promotes glomerular endothelial hypertrophy, apoptosis and cell 

detachment from the glomerular basement membrane which 

leads to proteinuria (12, 17,18).  sFlt-1 is a large molecule of 100 

KDa which can’t be filtered into urine in the absence of renal 

damage whereas PlGF and VEGF are much smaller proteins of 

30 KDa and 45 KDa respectively and are readily filtered (12). 

During glomerular development, the podocytes express 

numerous vascular growth factors such as VEGF-A, while the 

glomerular endothelial cells express VEGF receptors fetal liver 

kinase 1 (Flk-1) and fms-like tyrosine kinase-1 (Flt-1) (43, 44). 

In addition, the podocytes are geographically situated at the 

developing vascular cleft adjacent to the incoming endothelial 

cells. The location and gene expression profile of podocytes 

suggests that they are required to provide migratory cues to 

glomerular endothelial cells to establish the renal filtration 

barrier (44).  Furthermore, similar to other fenestrated vascular 

beds in the body, podocytes continue to express VEGF-A in the 

mature glomerulus. This suggests that VEGF plays a role in 

maintaining the filtration barrier either through survival, 

proliferation, and/or differentiation cues to the adjacent 

specialized endothelia (44). Since the expression of mRNA for 

VEGF and its receptors were found predominantly in glomerular 

podocytes, distal tubules and collecting ducts (13, 45), the 

urinary VEGF acts as a poor marker to reflect the circulating 

angiogenic state. Therefore in the present study, urinary PlGF 
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was estimated which acts as a better alternative factor for the 

measurement. The urinary PlGF possible be a non invasive 

screening marker for preeclampsia. 

 

VII. CONCLUSION 

          Data from the present study showed the significant 

variations in the levels of angiogenic factors not only in the 

serum but also in the urine of preeclamptic patients as compared 

to the control women; which opened the possibility of urinary 

PlGF as a screening marker for preeclampsia. Further 

prospective, longitudinal studies
 
in which urinary concentrations 

of PlGF are measured
 
throughout pregnancy is needed to better 

assess the relevance
 
of this factor for the early diagnosis of 

preeclampsia
 
and the prediction of its severity. If a reliable and 

valid urinary dipstick assay could be developed for screening all 

pregnant women for urine PlGF during their regular ANC check 

up, there will be a hope for early diagnosis of preeclampsia 

which will reduce not only the expense of the serum analysis but 

will minimize the complications of preeclampsia.  
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Table:1 Clinical  characteristics of pregnant women with preeclampsia and normotensive, non-proteinuric  pregnant women 

at the enrolment of the study 

 Preeclamptic women 

(n=40) 

Normotensive, non-

proteinuric pregnant women 

(n=40) 

Statistical 

significance 

(p-value) 

Systolic blood pressure 

(mmHg) 

Mean+SD 

 

153.8 ± 10.30 

 

113.15  ±  5.43 

 

0.0001** 

Diastolic blood pressure 

(mmHg) 

Mean+SD 

 

100.75 ± 8.27 

 

 

75.15  ± 5.08 

 

 

0.0001** 

Body Mass Index 

Mean+SD 

 

24.91 ± 4.75 

 

22.85  ± 3.50 

 

0.01* 

                   Paired t-test ; * Statistical significance, p<0.05   
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FIG.4 

Legends to figures  

           FIG.1. Box plots indicate the serum levels of Soluble 

fms-like tyrosine kinase-1 (sFlt-1) in preeclamptic and 

normotensive, non-proteinuric pregnant women. Boxes denote 

the interquartile range with the upper and lower horizontal 

edges representing the 75
th

 and 25
th

 percentiles, respectively. 

The central horizontal lines represent the medians.  

* represents the statistical significance, p<0.05. 

 

           FIG.2. Bar diagram represents the serum levels of 

Vascular Endothelial Growth Factor (VEGF) in preeclamptic 

and normotensive, non-proteinuric pregnant women. Values 

are given as mean+SD. Error bars on the bar diagram 

represents the standard deviation.  

* represents the statistical significance, p<0.05. 

 

           FIG.3. Bar diagram represents the serum levels of 

Placental Growth Factor (PlGF) in preeclamptic and 

normotensive, non-proteinuric pregnant women. Values are 

given as mean+SD. Error bars on the bar diagram represents 

the standard deviation.  

* represents the statistical significance, p<0.05. 

 

           Fig.4 Bar diagram represents the urinary levels of 

Placental Growth Factor (PlGF) in preeclamptic and 

normotensive, non-proteinuric pregnant women. Values are 

given as mean+SD. Error bars on the bar diagram represents 

the standard deviation.  

* represents the statistical significance, p<0.05. 
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    Abstract- In hard disk drive manufacturing, the tolerance ring 

is commonly used for coupling a bearing cartridge to an arm 

actuator. Further, the tolerance ring can prevent slippage between 

the arm actuator and bearing assembly during operation of disk 

drive or during shock events. The metal scratch occurred in the 

tolerance ring installation process cause a number of particles. 

The main purpose of this analysis is to improve and to 

investigate behaviors of the tolerance ring using finite element 

3D model for reducing the particles. The result shows that the 

developed vulnerable point effect less movement of the tolerance 

ring, the particles were decreased because the metal scratch was 

eliminated. 

 

    Index Terms- Tolerance Ring, Finite Element, Bearing 

 

I. INTRODUCTION 

n the hard disk drive (HDD) manufacturing, the present 

tolerance ring (T-Ring) assembly relates to method, in disk 

drive to couple actuator arm to bearing assembly. Further, 

tolerance ring can prevent slippage between the arm and bearing 

assembly during operation of disk drive or during shock events. 

Some tolerance ring designs and installation methods include 

ring with protrusions that frictionally engage with an inner 

surface of an actuator arm. This ring can be installed by first 

installing the ring into an actuator arm and then forcibly pressing 

a bearing assembly into the ring—a press fit where an inner 

diameter of the ring is smaller than an outer diameter of the 

bearing assembly. Conversely, rings can first be installed around 

the bearing and then forcibly pressed into the actuator arm—a 

press fit where an outer diameter of the ring’s protrusions is 

larger than an inner diameter of the actuator arm. Either way, the 

act of forcibly pressing a component into another component 

creates particles as surfaces scratch against each other, 

particularly when a metal surface is involved.  

Many researchers have studied the characteristics of the 

tolerance ring. Rongley [1] developed a tolerance ring by having 

a plurality of corrugations of different heights to provide 

different available spring rates even if one or more of the 

corrugations of one height is crushed. Cramer, Jr. et al.[2] 

improved the tolerance rings with permitting them to be utilized 

in holding cylindrical members within sheet panels and providing 

positive axial retention of the ring in the sheet panel. The 

formation of shoulders on the engaged members was not 

required, but rather through the use of an annular split ring shim. 

Misso et al.[3] attempted reducing manufacturing cost and 

increasing disk drive actuator assembly stiffness. A post extends 

from a base deck and supports an actuator assembly and cartridge 

bearing. Macpherson et al.[4] increased frictional coefficient 

between the cartridge sleeve and ring prevents slip between 

them, eliminating the need to increase compressive forces 

between the ring and bore and bearing. Piriyakorn and Sujin[5] 

studied the tolerance ring installation process using finite element 

3D model. Although the tolerance ring has been being 

developed, design one for reducing the particles has never been 

mentioned. The main purpose of this analysis is to improve and 

to investigate behaviors of the tolerance ring composed in hard 

disk drive using finite element 3D model for reducing the 

particles. Figure 1 shows the actual tolerance ring in hard disk 

drive. 

 

 
  

Figure 1: T-Ring in hard disk drive 

II. GOVERNING EQUATION 

The finite element simulation of the tolerance ring installation 

process has been performed with ANSYS LS-DYNA the 

commercial software package [6].  

For linear elasticity, stress given by Hook’s law 
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i = 1, 2, 3,… where  is Lame’s constant and G is known as 

shear modulus 

The principal stresses (i) can be decomposed into a 

hydrostatic and a deviatoric component 
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Where P is the pressure and si are stress deviators then 
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The explicit dynamics simulation, the equilibrium 

equations in dynamic analysis can be written in the 

form 
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where [M] is mass matrix, F is the vector of externally applied 

load and I is the vector of inertia forces. The mathematically 

equilibrium relation is a system of linear differential equations of 

second order. The solution can be obtained by finite difference 

expression to approximate the accelerations and velocities in 

terms of displacement which can be written as 
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The error of calculation depends on stable increment of time as 

the relation is shown below 
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where Lc is limited element edge length and c is velocity of 

longitudinal wave for an element is in the form 
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 and µ is Lame' constants can be written in terms of 

young's modulus and passion ratio as follows 

)21)(1( 







E
 

   

  

 (10) 

)1(2 





E
 

   

  

 (11) 

The stable time expression mentioned for only one element in 

practically the LS-DYNA solver automatically calculates the 

minimum time step for each element based on its characteristic 

length and density. The smallest of these element time steps is 

called the critical time step. The actual time step used during 

solution is the product of the current critical time step and a 

stability factor (usually 0.90). As elements distort during the 

analysis, their time steps are recalculated. However, an element’s 

time step is calculated based on its material properties (E,,) 

and characteristic length. The equation can be rearranged to find 

the required density of each element for a desired time step size. 

By adding the corresponding mass to these elements, the solution 

time will be reduced. This procedure is known as mass scaling 

and not recommended. In this simulation, mass was not added to 

speed up run. A three-dimensional (3D) and a cross-sectional 

view of the finite element (FE) model used for the tolerance ring 

installation process are shown in Figure 2.  
 

 

 

 

 

 

 

 

 

 
 

(a)                                                    
(b) 

 

Figure 2: (a) Three-dimensional (3D) model and (b) Cross-

sectional view of the finite element (FE) model used for  

             the tolerance ring installation process 

Figure 3 shows the concept of the bearing push out after the 

ring collapsed. The equation of bearing push out can be derived 

from 

NF   

   

  (12) 

Arm Actuator 

Bearing Sleeve Tolerance Ring Top Clamp 

Bottom Clamp 
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Where VM is Von Mises Stress 

 
(a)                                                                        

(b) 
 

Figure 3: (a) Free body diagram of bearing push out (b) 

Equivalent system of bearing push out 

 

 
 

Figure 4: Configuration of cylindrical for finite 

element model 

 

A bearing sleeve was meshed by control layer of the 

element as show in Figure 4.  

 

and now substitution eq. (13) into eq. (12) got 
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d
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Simplify the eq. (14) obtain 

e
N

D
FAPforce

2


   

  (15) 

where Pforce  is bearing push out,  is coefficient of 

friction, F is contact pressure, D is a diameter of the 

bearing sleeve, and Ne is the number of engaged 

element. Practically, an average pressure and contact 

area substitution in eq. (15) to obtain bearing push 

out.  

 

III. FINITE ELEMENT MODEL DESCRIPTION 

In this study, the three dimensions and behaviour of 

the tolerance ring was studied. A space between the 

arm actuator and the bearing sleeve was determined 

for collapse of tolerance ring. In addition, the optimal 

vulnerable points for collapse of the tolerance ring 

were evaluated as shown in Figure 5. The geometrical 

model of the tolerance ring has been finalized from 

native SolidWorks CAD3D commercial software. 

ANSYS LS-DYNA generated mesh and solved the 

numerical model. A three-dimensional (3D) finite 

element (FE) model of tolerance ring showed in 

Figure 2 composed of 381,190 elements and 54,293 

nodes. The ring element has been defined high density 

to achieve realistic behaviour during collapse. The 

tolerance ring assembly considered in this study 

consists of five main components i.e. E-block arm 

(Arm actuator), bearing sleeve, tolerance ring and two 

clamps (top and bottom clamp). The   E-block arm 

was simplified with regardless the root arm to reduce 

amount of element. The bearing cartridge was 

considered as bearing sleeve that makes sense. The 

both clamps were considered to be rigid body, the 

bottom clamp was fixed all degree of freedom as for 

the top clamp can be moved down in z-direction only 

via load curve. All components were contacted 

together by surface to surface. Mechanical properties 

of different components of FE model are shown in 

Table 1. Coefficient of friction (COF) between 

tolerance ring and sleeve was 0.70-0.95 [7]. In case 

the tolerance ring has material properties following: 

hardness 400-450 VPN, ultimate tensile strength 1310 

MPa, yield strength (0.2% offset) 1170 MPa.  
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Figure 5: Vulnerable point of the tolerance ring 

Table 1: Material properties for finite element analysis 

Material 

Properties 

Type of Materials 

Stainless 

steel 
Aluminum 

Elastic 

modulus, E 

(MPa) 

190,000 71,016 

Yield 

stress, Y 

(MPa) 

206 275 

Poisson 

ratio 
0.32 0.33 

Mass 

density 

(kg/m
3
) 

7,889 2,700 

IV. RESULTS AND DISCUSSIONS 

Figure 6 shows the vulnerable points deformation 

or collapse of the tolerance ring. Red, blue and green 

point represent the vulnerable point before collapse, 

top of one after collapse and bottom of one after 

collapse, respectively. Obviously, the vulnerable 

points moved from original after apply compression 

force to the tolerance ring. All points trend to shift in 

radial trajectory except point A where shift in tangent 

trajectory. However, moving of the vulnerable points 

to radial trajectory was required to frictionally engage 

the tolerance ring and bearing sleeve with an inner 

surface of an actuator arm. Hence, a space of between 

ends of the sheet that was formed as the tolerance ring 

must be reduced. The optimal vulnerable points 

collapse of the tolerance ring is shown in Figure 7. It 

reveals that all points have tend to radial trajectory. 

The frictionally engage the tolerance ring and bearing 

sleeve with an inner surface of an actuator arm as 

shown in Figure 8.  

  
(a)                                                                                                 

(b) 

 

Figure 6: (a) T-Ring vulnerable points collapse (b) 

Equivalent diagram 

 

 

 
Figure 7: Optimal T-Ring vulnerable points collapse 

 

 

 

Figure 8: The frictionally engage the tolerance ring and bearing 

sleeve with an inner surface of an actuator arm 

 
Table 2: Relationship between width of vulnerable point and 

bearing push out 

 

Vulnerable Point 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 
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Vulnerable Point 

Width (mm) 
Bearing Push 

out (lbf) 
0.03 15.1 
0.05 37.4 
0.07 54.6 
0.12 80.3 
0.13 70.4 

 
Table 2 shows the relationship between width of vulnerable 

point of the developed tolerance ring and bearing push out. When 

vulnerable point width was increased, bearing push out was 

increased continuously until arrive a measurement and then 

bearing push out was decreased.     

 
Table 3: Relationship between ratio of space and tolerance ring 

thickness and collapsed vulnerable point  

 

Space/Ring 

Thickness Ratio 

Collapsed 

Vulnerable Point 

(mm) 

0 0.11 

1 0.19 

1.3 0.18 

1.5 0.18 

1.7 0.18 

 
Table 3 shows the relationship between ratio of a space 

between the arm actuator and the bearing sleeve and tolerance 

ring thickness, and collapsed vulnerable point of the developed 

tolerance ring. The vulnerable point has maximum collapse when 

space and thickness of the tolerance ring is identical.     

V. CONCLUSION 

In this paper, finite element models were developed 

for analysis. All models were meshed with brick 

element by control the element layer for calculaton of 

bearing push out. To reduce the particles due to metal 

scratch in the tolerance ring installation process need 

to have the optimum vulnerable points. Th tolerance 

ring is compressed so that it buckles or colapse at 

predetermined vulnerable points to position the 

bearing assembly relative to the E-block or actuator 

arm. The collpse level of vulnerable points designed 

depend on  an axial load or force being applied to the 

tolerance ring. To have protrusions on the tolerance 

ring for helping to readily collapse is recommend. 

Cleanliness can be improved with reducing the 

movement of components that contact together. From 

simulation, the tolerance ring is able to move only 2 

millimeters that is approximately 97.0% of movement 

part. Therefore, the developed tolerance ring ensure 

that the particles are removed from this process. 
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Abstract- Electromagnetic ion-cyclotron (EMIC) waves have 

been studied by kinetic approach. The effect of kappa loss-cone 

distribution with bi-Maxwell general loss-cone distribution 

functionon EMIC instability in magneto-plasma is evaluated. The 

dispersion relation, growth rate the electromagnetic ion-cyclotron 

wa

pressure), homogeneous plasma have been obtained.The wave is 

assumed to propagate parallel to the static magnetic field. The 

effect kappa loss-cone distribution with bi-Maxwell general loss-

cone distribution functionon EMIC waves in magnetosphere 

plasma is to enhance the damping/growth rate of EMIC wavesin 

parameters in magneto-plasma. 

 

Index Terms- Electromagnetic ion-cyclotron waves, 

Plasmapause region, Solar Plasma, Kappa distribution function, 

Plasma density. 

 

I. INTRODUCTION 

article velocity distribution functions in space plasmas often 

show non Maxwellian super thermal tails decreasing as a 

power law of the velocity. Such distributions are well fitted by 

the so-called kappa distribution. The presence of such 

distributions in different space plasma suggests a universal 

mechanism for the creation of such super thermal tails. The super 

thermal particles have impotent consequences concerning the 

acceleration and the temperature that are well evidenced by the 

kinetic approach where no closures require the distributions to be 

nearly maxwellians. 

        Plasma instabilities associated with ion and electron 

populations in the magnetosphere give rise to many types of 

hydromagnetic and ion cyclotron waves. The ultra-low frequency 

(ULF) magnetic field fluctuations associated with these waves 

are observed as geomagnetic pulsations. Observational data from 

spacecraft [CRRES, DE1 & 2, ISEE1 & 2, DMSP, IMP8) and 

numerous ground stations in Australia, New Zealand and 

Antarctica are used to study ULF waves in the magnetosphere 

and the ionosphere.  

        The well knows maxwellian and kappa distributions differ 

substantially in the high energy tail region. The drop towards 

zero is much more abrupt for a maxwellian distribution when 

compared to that of kappa distribution with a low spectral index 

. Such conditions occur in space and other magnetospheric 

plasma and kappa distribution have been used to analyse and 

interpret spacecrapt data in the earth’s magnetosperic plasma 

sheet [1] & [2] the solar wind [3] [4] Jopiter [5]  and Saturn 

[6].Studies of Pc1-5 waves have been undertaken near the high 

latitude Davis Antarctic station using a small network of 

magnetometers located in a square arrangement of side 120-

150km. Direction of arrival determinations on daytime quasi-

structured and unstructured Pc1-2 emissions show they are 

associated with sources on closed field lines in the outer 

magnetosphere. This boundary region just inside the 

magnetopause may also be the origin of a pronoun Pc1-2 band, 

possibly a consequence of electromagnetic ion cyclotron wave 

(EMIC) generation resulting from ion injection into the 

magnetosphere from the dayside cleft. It has also been shown 

that these waves may propagate over short distances (< 500 km) 

but are not propagated in the ionospheric F2 region waveguide.  

        The advantages of present approach and study is to its 

suitability for dealing and determining the effect of general loss 

cone distribution with kappa distribution on EMIC in 

magnetosphere and determines the properties of the medium 

(plasma) in magnetosphere. The linear theory of plasma 

instabilities has been thoroughly studied in the past by several 

authors [7-10]. Electromagnetic ion-cyclotron waves generated 

in the equatorial region of earth’s magnetosphere as left-handed 

circularly (LHC) polarized waves propagate field line guided 

towards the ionosphere [11].
 
Usually the frequency range of 

EMIC waves are 0.1 to 5 Hz .The theoretical studies of ion 

heating and acceleration perpendicular to the magnetic field are 

common features in the auroral region.     

        The main aim of this study is to investigate the generation 

of EMIC waves in the magnetosphere and see the effect of 

general loss cone distribution with kappa distribution in 

magnetospheric plasma. The detailed description and formulae 

for the dispersion relation and growth rate is determined in the 

next section. 

 

II. DISTRIBUTION FUNCTION 

         To determine the dispersion relation and the growth-rate, 

we consider 

a bi-

Maxwellian 

plasma as   
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We consider a general loss-cone distribution function for 

)(  Vf
 as [11]. 
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      In eq. (5) VT and VT are related to the mass m and the 

temperatures T and T respectively parallel and perpendicular 

to the magnetic field by  
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III. DISPERSION RELATION 

           We consider the cold plasma dispersion relation for the 

EMIC wave as:  

 

                                                                                   

(8)  

 

 

 

Where  i
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m

eN 2

02 4
 

 is the plasma frequency for the ions. 

N0 is the plasma density of particles.  

 

IV. GROWTH RATE 

The formula for the growth rate is given by 
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          Here it is noticed that j has affected the growth rate 

through the temperature anisotropy as discussed for the 

electromagnetic wave propagating parallel to the magnetic field 

with kappa loss cone distribution function.  

 

V. RESULTS AND DISCUSSION 

           The role of the EMIC wave particle interaction in the 

auroral acceleration region is examined in the present analysis. 

The characteristics of the EMIC waves were derived by using 

auroral acceleration parameters [12, 13]. 

 

 B0 = 4300 nT ,i = 412 sec
-2   

 

 VT11i = 2x 10
9
cm/s, pi

2
 = 1.732 x 10

6
 s

-2
 

 

       Fig. 1 Shows the variation of frequency of plasma ( ) in 

sec
-1

 versus wave vector (k11) in cm
-1

for magnetospheric plasma. 

It is found that the frequency ( ) is linearly increases with the 

increasing of the parallel wave vector (k11) cm
-1

 and the variation 

shows by the straight line. 
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Fig. 1 Variation of wave frequency () versus wave vector (KII) cm
-1

. 

 

 
 

Fig. 2 Variation of growth rate () versus wave vector (KII) cm
-1

 for different values of  

           general loss-cone distribution function J at  =1. 
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Fig. 3 Variation of growth rate () versus wave vector (KII) cm
-1

 for different values of           

          general loss-cone distribution function J  at  =2. 

 

 

              Fig. 2, 3 predict the variation of the growth rate () with 

the wave vector KII (cm
-1

) for different values of general loss-

cone distribution index J = 0, 1, 2 and kappa distribution =1 & 2 

respectively. The steepness of loss-cone distribution i.e. for the 

Maxwellian distribution the growth rate slightly increases with 

the particular value of wave number (KII). The steepness of loss-

cone distribution also introduced a peak in the growth rate which 

may be due to wave-particle resonance interaction at KII. Further 

increase in the steepness of the loss-cone distributions shifts the 

resonance condition towards the lower side of the wave number 

(KII) and the peak value of the growth rate also decreases. Under 

this condition for the increasing magnetic activity, 

magnetospheric convection is enhanced and the location of the 

flow separator moves rapidly earthward. In such conditions, the 

outer plasma sphere becomes strongly structured, and 

plasmaspheric material will appear beyond the plasma pause. 

The large-amplitude electric fields represent a common feature 

on auroral field lines at altitudes above a few thousand 

kilometers, as shown by a number of spacecraft such as 

Dynamics Explorer 1, Viking, Polar and FAST and in the return 

current region at altitudes as low as 800 km, as was first shown 

by Freja.   

 

VI. CONCLUSIONS 

           In the present work, we have conducted a comprehensive 

mathematical analysis. The effects of a general loss-cone 

distribution with kappa distribution function are also 

incorporated in the auroral acceleration region to discuss EMIC 

wave’s emission. 

          The concluding remarks of this study are as follows: 

1. It is found that the effect of increasing the values of general 

loss-cone distribution with kappa distributionis to enhance the 

growth rate of EMIC waves, may be due a       shifting of the 

resonance condition.  

2. The behavior studied for the EMIC waves may be of 

importance in the electromagnetic emission in the auroral 

acceleration region. The result of the study is also applicable to 

the plasma devices that have the steep loss-cone distribution. 
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Abstract- In this paper, we have derive the dispersion relation, 

and growth rate of Alfven wave in the presence of parallel 

electric field in Saturn magnetosphere has been applied to the 

magnetosphere Saturn to the observations made by Cassini.s. The 

effect of parallel electric field is included in the zeroth order 

distribution function through modification of the electron thermal 

velocity parallel to ambient magnetic field. It is found that the 

parallel electric field of the electrons enhances the 

damping/growth rate of the wave according to the direction of 

electric field. The applicability of theory for the space plasma has 

been discussed. 

 

Index Terms- Alfven waves, Saturn’s magnetosphere region, 

Solar plasma, Plasma density, Parallel electric field, Thermal 

velocity. 

 

I. INTRODUCTION 

lfve’n waves play an important role in energy transport, in 

driving field-aligned currents, particle acceleration and 

heating, inverted–V structures in magnetosphere-ionosphere 

coupling, solarflares and the solar wind. The S3-3 satellite 

mission established that auroral acceleration is a near earth 

process, often less than 8000 km in altitude. Subsequent missions 

verified this finding. FAST observation also suggests both high 

and low- altitude acceleration regions [1]. The polar observations 

now conclude that the majority of auroral acceleration is below 2 

RE in altitude [2]. The ionosphere and magnetosphere are electro-

dynamically coupled by electric field and the existence of 

electric fields therein significantly changes the electrodynamics 

energization and transport of charged particles in both the 

regions [3].  

         The large parallel electric field structure associated with ion 

cyclotron waves in the upward currents region were seen in 

association with an ion beam [4].The observations of the plasma 

wave spectrum observed at Saturn by Voyager 1 were first 

reported by [5].  

         In this study, we have review selected fundamental plasma 

processes that control the extensive space environment, or 

magnetosphere, of Saturn’s. This writing occurs at a point in time 

when some measure of maturity has been achieved in our 

understanding of the operations of Saturn’s magnetosphere and 

its relationship to those of Earth. 

         The main advantage of this approach is to consider the 

energy transfer between wave and particles, along with the 

discussion of wave dispersion and the growth/damming rate of 

the wave. The main objective of the present investigation is to 

examine the effect of parallel electric field with temperature 

anisotropy in view of the observations in Saturn magnetosphere 

has been applied to the magnetosphere Saturn to the observations 

made by Cassini.  

 

II. DISPERSION RELATION 

         To evaluate the dispersion relation, we use the Maxwell’s 

equation as:  
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         In the presence of parallel electric field the dispersion 

relation of the Alfve’n wave is changes as:  
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III. GROWTH RATE 

         Substituting the values of complex frequency 
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 in the dispersion relation 

and separating the real and imaginary part, we evaluate the real 

frequency and growth / damping rate of Alfven wave as:  
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         Here we notice that the dissipation and growth of Alfven 

wave depends upon the direction of parallel electric field E0. The 

A.  
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upward electric field generates the wave whereas downward 

electric field dissipates the wave. 

 

IV. RESULTS AND DISCUSSION 

         We have evaluated the dispersion relation and 

growth/damping rate of Alfven wave in the presence of parallel 

electric field using the following parameters for Saturn’s 

magnetosphere. [7]. 

 

Distance          nc ( cm
-3

)               Tc (ev)                       B0 (nT 

 

R~ 5.5 Rs              14                      20                            100 

 

         Fig. 1 Shows the variation of frequency of plasma ( ) in 

sec
-1

 versus wave vector (k11) in cm
-1

 for Alfven waves in 

Saturn’s magnetosphere plasma. It is found that the frequency 

( ) is linearly increases with the increasing of the parallel wave 

vector (k11) cm
-1

 and the variation shows by the straight line. 

 

 

 

 
 

Fig. 1 Variation of wave frequency () versus wave vector 

(KII) cm
-1

. 

 

 

 

 
 

Fig. 2 Variation of growth rate () versus wave vector (KII  ) 

cm
-1

 for different values of temperature anisotropy A at 

5.5Rs. 

 

 
 

Fig. 3 Variation of growth rate ()  versus wave vector (KII  ) 

cm
-1

 for different values of parallel electric field E0 at 5.5 Rs. 

 

          Fig. 2 predict the variation of the growth rate () with the 

wave vector (k11) cm
-1

 for the different values of temperature 

anisotropy A. It is observed that the graph the peak of the growth 

rate which shifts towards the lower side of the parallel wave 

vector (k11) then, the growth rate is also decreases. The 

increasing of the growth rate transferred in the presence of 

thermal anisotropy for the Alfven waves in the Saturn’s 

magnetosphere plasma.   

         Fig. 3 Depict the variation of growth rate () with the wave 

vector (k11) cm
-1

 for different values of parallel electric field E0. It 

is also observed that the effect of increasing the parallel electric 

field is to enhance the growth rate rapidly. 
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V. CONCLUSIONS 

         In the present work, we have conducted a comprehensive 

mathematical analysis and found how an Alfven waves in 

Saturn’s magnetosphere plasma may grow through the inverse 

Landau damping. The effects of parallel electric field with 

thermal anisotropy are also incorporated in the Saturn’s region to 

discuss Alfven wave’s emission. 

 

         The concluding remarks of this study are as follows: 

1. It is found that the effect of thermal velocity is to 

enhance the growth rate of Alfven waves, may be due a 

shifting of the resonance condition. The growth rate 

increases with K11, attains a peak and decrease again in 

all cases. 

2. The effect of increasing the values of parallel electric 

field, increases with K11 is to increase the      

growth rate of Alfven waves. 

3. The findings may be applicable to explain the Alfven 

wave’s in the solor corona as well as Saturn’s 

magnetosphere region and the acceleration of the solar 

wind.   
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Abstract- The importance of materials in modern world can be 

realized from the fact that much of the research is being done to 

apply new materials to different components. However it is 

natural for a design engineer to rely on trusted and tested 

materials, but now the world is changing .Today composite 

materials have changed all the material engineering. The 

evolution of composite materials has given an opportunity to 

various designers to use new and better materials resulting in cost 

reduction, increase in efficiency and better utilization of 

available resources. Composite materials are finding their 

applications in aerospace industry, automobile sector, 

manufacturing industries etc.  

        This paper presents design method and vibrational analysis 

of composite propeller shafts. In this paper, the aim is to replace 

a metallic drive shaft by a two-piece composite drive shaft. 

Designing of a composite drive shaft is divided in two main 

sections: design of the composite shaft and design of couplings. 

In composite shaft design some parameters such as critical speed, 

static torque and adhesive joints are studied; the behavior of 

materials is considered nonlinear isotropic for adhesive, linear 

isotropic for metal and orthotropic for composite shaft. Along 

with the design all the analyses are performed using finite 

element software (ANSYS). The results show significant points 

about optimum design of composite drive shafts. 

 

Index Terms- automobile sector, composite materials, latest 

developments, drive shaft, composite. 

I. INTRODUCTION 

owadays, composite materials are used in large volume in 

various engineering structures including spacecrafts, 

airplanes, automobiles, boats, sports' equipments, bridges and 

buildings. Widespread use of composite materials in industry is 

due to the good characteristics of its strength to density and 

hardness to density. The possibility of increase in these 

characteristics using the latest technology and various 

manufacturing methods has raised application range of these 

materials. Application of composite materials was generally 

begun only at aerospace industry in 1970s, but nowadays after 

only three decades, it is developed in most industries. 

Meanwhile, the automotive industry considered as a mother one 

in each country, has benefited from abilities and characteristics 

of these advanced materials. Along with progress in technology, 

metallic automotive parts are replaced by composite ones. 

 

 

 

 1.1 Materials 

         The term composite could mean almost anything if taken at 

face value, since all materials are composed of dissimilar 

subunits if examined at close enough detail. But in modern 

materials engineering, the term usually refers to a “matrix” 

material that is reinforced with fibres. For instance, the term 

“FRP" (Fiber Reinforced Plastic) usually indicates a 

thermosetting polyester matrix containing glass fibres, and this 

particular composite has the lion's share of today's commercial 

market. 

         Many composites used today are at the leading edge of 

materials technology, with performance and costs appropriate to 

ultra demanding applications such as spacecraft. But 

heterogeneous materials combining the best aspects of dissimilar 

constituents have been used by nature for millions of years. 

Ancient society, imitating nature, used this approach as well: the 

Book of Exodus speaks of using straw to reinforce mud in brick 

making, without which the bricks would have almost no strength. 

 

Table 1: Properties of Composite Reinforcing Fibers. 

 
 

         As seen in Table 1, [1] the fibers used in modern 

composites have strengths and stiffnesses far above those of 

traditional bulk materials. The high strengths of the glass fibers 

are due to processing that avoids the internal or surface flaws 

which normally weaken glass, and the strength and stiffness of 

the polymeric aramid fiber is a consequence of the nearly perfect 

alignment of the molecular chains with the fiber axis. 

          Of course, these materials are not generally usable as fibers 

alone, and typically they are impregnated by a matrix material 

that acts to transfer loads to the fibers, and also to protect the 

fibers from abrasion and environmental attack. The matrix 

dilutes the properties to some degree, but even so very high 

specific (weight-adjusted) properties are available from these 

materials. Metal and glass are available as matrix materials, but 

these are currently very expensive and largely restricted to R&D 

laboratories. Polymers are much more commonly used, with 

unsaturated styrene-hardened polyesters having the majority of 

low-to-medium performance applications and epoxy or more 

sophisticated thermosets having the higher end of the market. 

N 
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Thermoplastic matrix composites are increasingly attractive 

materials, with processing difficulties being perhaps their 

principal limitation. 

 

1.2 Fibres 

         The primary function of the reinforcement in composites 

reinforced with continuous fibres is to provide strength and 

stiffness and to support the structural load. The purpose of the 

matrix is to provide shape and form, to protect the fibres from 

structural damage and adverse chemical attack, to distribute 

stress, and to provide toughness. The matrix also stabilizes the 

composite against buckling in compressive loading situations. 

Fibres, also known as filaments, have finite lengths of at least 

100 times their diameter, and are prepared by drawing from a 

molten bath, by spinning, or by chemical vapour deposition on a 

substrate such as tungsten or carbon. They are grouped into 

bundles or strands of 500 to 12 000 filaments. The bundles or 

strands may be chopped into short fibres, or twisted into yarns 

suitable for the weaving of fabrics or three dimensional performs, 

using a variety of weaving patterns. The strands may be further 

combined to form tows, with as many as 40 000 to 300 000 

filaments each. Woven fabrics and tows can be processed into 

chopped fabric squares or chopped fibre tows. In the plain-weave 

pattern, yarns are interlaced in alternating fashion over and under 

every other yarn to provide maximum fabric stability and 

firmness, and minimum yarn slippage. At the time of their 

formation, the fibres or yarns are sized, to protect the surface and 

aid the process of further handling such as weaving. Before the 

fibres are finally used in the fabrication of a composite, the size 

is usually removed by heat cleaning or washing.  

         Fibres are also now becoming available as mixtures. An 

advanced producer of composites, Textron Specialty Materials 

(TSM), has started to market a continuous-fibre epoxy resin 

prepreg tape that contains a mixture of large boron fibres and 

smaller-diameter carbon fibres, with a fibre density of 70 to 80 

per cent. While carbon is good in tension, it lacks good 

compressive properties. This deficiency is overcome through the 

use of boron fibres that exhibit their best properties in 

compression. The combined material has good flexural 

properties, which are of importance to the manufacturing of 

submersible structures, sporting goods, and medical equipment 

[2] 

 

II. COMPOSITE SYSTEMS AND DEVELOPMENTS  

2.1Composites with polymer matrices 

         Polymer-matrix composites (PMCs) have matrices of 

thermoplastic or thermosetting polymers-traditionally glass fibre 

available in the form of woven material embedded in polyester. 

These materials are utilized at temperatures of not more than 

200°C in commercial, industrial, and transportation applications, 

including chemically resistant piping, valves, pressure vessels, 

and reactors. The large numbers of resin formulations, curing 

agents, and fillers provide an extensive range of possible 

properties. Because they are superior to polyesters in resisting 

moisture and offer superior mechanical properties, epoxies have 

been the commonest thermosetting matrix material for more 

demanding applications. Bismaleimide resins (BMIs), on the 

other hand, possess many of the same desirable properties as 

epoxies, such as handlability, relative ease of processing, and 

good mechanical properties, and have service temperatures of up 

to 250°C compared with 180°C for epoxies. Thermosets are 

constantly being upgraded to tougher grades of higher heat 

resistance. Newly developed polyimide (PI) resins, for instance, 

can withstand exposure to temperatures of more than 

300°C.However, when these polymerscure, volatile matter is 

released, which produces undesirable voids in the final product. 

Although this problem has been solved, polyimides are too brittle 

for very demanding applications. phenolic resins suffer the same 

disadvantage but are used for applications that demand relatively 

high heat resistance .Difficult to ignite, phenolics produce less 

smoke, and are less toxic when they do burn. They are therefore 

used for the interior panels of aircraft, where combustion 

requirements justify lower properties. Also, these materials and 

the newly developed thermoplastic polyethersulphone contain 

additives that react to fire by emitting contained water as vapour, 

which extinguishes the firell. Attempts to improve the hot-wet 

performance and impact resistance of thermosetting resins like 

epoxies and BMls are continuing. Thermoplastic matrix materials 

exhibit high strain to failure, and are ideally suited for use as 

matrix material combined with high-strength and high-strain 

carbon fibres. These materials include resins such as 

polyetheretherketone (PEEK), with a melting point of 334°C, 

polyphenylene sulphide (PPS), poly etherimide (PEI), 

polyamideimide (PAl), and polyether sulphone (PES). In general, 

they have an unlimited shelf life, and offer lower-cost composite 

processing because they can be potentially remoulded by the 

application of heat and pressure. Composite thermoplastics are 

very different from the general commercial thermoplastics such 

as polyethylene, polyvinyl chloride and polystyrene. These 

thermoplastics are tougher and can withstand higher service 

temperatures. 

         Experiments with a blowtorch on aluminium and a carbon 

fibre-PEEK composite showed that the latter withstood the flame 

much better .Apart from the cost aspect, the choice of a polymer 

for a specific application must be based on a full knowledge of 

the material properties required for the intended service 

temperatures and loads. Excellent accounts are available 

covering these aspects for epoxies, polyimides, bismaleimides, 

thermoplastic systems, and high-temperature polymers.  

         DuPont recently announced its thermoplastic engineered 

preforms (Tepex), which consists of a consolidated sheet 

composite that can be formed into complex parts in less than 60 

seconds, avoiding labour intensive, time consuming, and costly 

fabrication techniques.It is reported that end-users can choose 

from a wide selection of resins-from low performance types to 

the more exotic polymers' such as PEEK-and also make a 

selection from different continuous fibre systems (fabrics, and 

unidirectional or, non-woven systems) of varying types such as 

glass, Kevlar, carbon, and hybrids. New grades of performance 

polymers increasingly appear on the market. Among the 

newcomers is a family of polymers based on polycyclohexylene-

dimethylene-terephtalate or PCT, which is a high-temperature, 

semi-crystalline, thermoplastic polyester that melts at 285°C and 

is capable of long-term service temperatures of up to 170°C. 

 

 

 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      465 

ISSN 2250-3153  

www.ijsrp.org 

2.2 Composites with metal matrices 

         Metal-matrix composites are currently the focus of intense 

world-wide research and development. These materials are 

fabricated by liquid-infiltration techniques, such as high pressure 

infiltration casting, squeeze casting, vacuum infiltration casting, 

compo casting, and pressureless metal infiltration. Other methods 

of fabrication include powdermetallurgical techniques, plasma 

spraying of matrix material over properly laid fibres, physical-

vapour deposition, hot pressing, and self-propagating high-

temperature synthesis or reactive synthesis. In addition to 

improved strength, stiffness, and abrasion resistance, and reduced 

density, MMCs are capable of providing increased oxidation 

resistance at high temperature operating limits. Fibre 

reinforcements in metal matrix materials of particular interest 

include carbon graphite/copper, graphite/aluminium, 

SiC/aluminium, SiC/magnesium, and SiC/magnesium. Although 

not precisely termed MMCs, reinforced ordered intermetallic 

composites, such as titanium and nickel aluminides, are 

becoming important because the aluminides exhibit the unusual 

characteristic of increased yield strength with temperature.  

The unique properties of MMCs (wear resistance, strength, and 

stiffness) have already led to more than the laboratory scale 

manufacture of automotive components such as brake callipers, 

pump housings, gears, valves, pulleys, drive shafts, brake rotors, 

engine blocks, connecting rods, and pistons. Systems reinforced 

with continuous fibres, such as aluminium tubing and sheets 

reinforced with SiC fibre, that can be used for structural 

applications, are also available commercially. Whereas a great 

deal of development has taken place with respect to the use of 

fibre preforms or other methods in the fabrication of tough, wear-

resistant composites, there is also interest in the development of 

tough metal-matrix composites based on particulate iron having 

extraordinary wear resistance and cutting performance. 

 

III. CASE STUDY 

3.1 Background 

         Drive shafts are usually made of solid or hollow tube of 

steel or aluminum. Over than 70% of single or two-piece 

differentials are made of several-piece propeller shaft that result 

in a rather heavy drive shaft. Fig. 1and 2 shows a photographic 

view of two-piece steel and a sample composite drive shaft 

respectively. Composite drive shafts were begun to be used in 

bulk in automotives since 1988. The 

graphite/carbon/fiberglass/aluminum driveshaft tube was 

developed as a direct response to industry demand for greater 

performance and efficiency in light trucks, vans and high 

performance automobiles. The main reason for this was 

significant saving in weight of drive shaft; the results showed 

that the final composite drive shaft has a mass of about 2.7 kg, 

while this amount for steel drive shaft is about 10 kg. The use of 

composite drive shafts in race cars has gained great attention in 

recent decades. When a steel drive shaft breaks, its components, 

are thrown in all directions such as balls, it is also possible that 

the drive shaft makes a hole in the ground and throw the car into 

the air. But when a composite drive shaft breaks, it is divided 

into fine fibers that do not have any danger for the driver. 

 
Fig. 1. Photographic view of a two-piece steel 

 
Fig.2. Photographic view of a one-piece composite drive shaft 

 

3.2 Design of composite drive shaft 

 specification of the problem: 

         The torque transmission capability of the drive shaft is 

taken as 3000 N.m, the length and the outer diameter here are 

considered as 2 meters and 120 millimeters, respectively. The 

drive shaft of transmission system was designed optimally to 

meet the specified design requirements. 

 

 Assumptions: 

         The shaft rotates at a constant speed about its longitudinal 

axis. The shaft has a uniform, circular cross section. The shaft is 

perfectly balanced, all damping and nonlinear effects are 

excluded. The stress-strain relationship for composite material is 

linear and elastic; hence, Hook’s law is applicable for composite 

materials. Since lamina is thin and no out-of-plane loads are 

applied, it is considered as under the plane stress. 

 

 Selection of Cross-Section and Materials: 

         The HM Carbon/Epoxy material with fiber volume of 60% 

is selected for composite drive shaft. The factor of safety is taken 

as 6. Table 1 shows the mechanical properties of each layer of 

the laminate. 

 

 Calculations: 

         Composite drive shaft is studied to meet the three following 

requirements: torque transmission capacity, critical speed and 

tensional buckling capacity. Considering the equations and 

design correlations the optimum fiber arrangement of the 

composite drive shaft is obtained as [0
0
/45

0
/90

0
 ] 
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Table 2: Mechanical properties for each lamina of the 

laminate 

 
 

         By using Hill theory, it would be possible to calculate the 

dimension for failure. With the thickness of 2.03 millimeters and 

the applied loads, the 00 fibers will not be ruptured. With the 

thickness of 2.2 millimeters and the applied loads, the 900 fibers 

will not be ruptured. Due to the torsion of the shaft, the buckling 

is negligible. 

 

 
 

3.2 Critical speed analysis in composite drive shafts 

 

         The main point that attracts manufacturers to use composite 

materials in the drive shafts is that they make it possible to 

increase the length of the shaft. The relationship between shaft's 

length and the critical speed for both types of drive shafts are 

shown in Fig. 2. It is evident that for a specific application where 

the critical speed is about 8000 rev/min, the longest possible steel 

shaft is 1250 mm, while the composite one can have a length 

1650 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. The effect of shaft length on critical speed 

 

 

3.3 Design of adhesive joints in composite drive shafts 

         The joints used for connecting composite materials can be 

metallic or non-metallic. Steel fasteners due to the possibility of 

galvanic corrosion with carbon-epoxy materials, are mainly made 

of titanium or stainless steel. Other alloys such as aluminum or 

steel can be used provided that no contact with the surface is 

occurred. Joints are divided to metal screws and rivets. Non-

metallic connectors are created from reinforced thermo set or 

thermoplastic resins. By using this connection, structural weight 

reduces and corrosion problems disappear. The thickness of the 

adhesive and length of adhesive bond are computed. The 

following correlations were used to calculate the required 

parameters: 

 
 

         Where l is the length of adhesive bond. For obtaining 

reasonable results the only possible way is to increase the value 

of e. so, the thickness of the adhesive and the length of the 

adhesive bond are obtained 12 millimeters and 4.5 centimeters, 

respectively. The details of the bond are given in Table 3. 

 

Table 3: Mechanical properties of the adhesive 

 

 
 

3.4 The weight comparison between composite and steel drive 

shafts 

         The entire of vehicle drive shaft is consisted of several 

rotating masses. About 17-22% of the power generated by the 

engine is wasted due to rotating mass of power train system. 

Power is lost because a lot of energy is needed to rotate heavy 

parts. This energy loss can be reduced by decreasing the amount 

of rotating mass. Table 4 represents the comparison of inertia 

moment between composite and steel drive shafts. 
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Table 4: Comparison of inertia moment between composite 

and steel drive shafts 

 

 
 

         In Fig. 4, a mass comparison between steel and composite 

drive shafts has been done. 

 

 
Fig.4. Mass comparison between steel and composite shaft 

 

IV. DISCUSSION 

         In this case study a one-piece composite drive shaft is 

considered to be replaced a two-piece steel drive shaft. Its design 

procedure is studied and some important parameters are 

obtained. The composite drive shaft made up of high modulus 

carbon / epoxy multilayered composites has been designed. 

         The replacement of composite materials has resulted in 

considerable amount of weight reduction about 72% when 

compared to conventional steel shaft. Also, the results reveal that 

the orientation of fibers has great influence on the dynamic 

characteristics of the composite shafts.[3] 

 

V. CONCLUSIONS 

         Composites have attractive mechanical and physical 

properties that are now being utilized in automotive industry and 

aerospace on a grand scale world-wide. New fibres, polymers, 

and processing techniques for all classes of composites are 

constantly being developed. Research is also ongoing to improve 

repair techniques, recyclability, and the bonding between fibres 

and matrix materials. Because of the development of new fire-

retarding constituents, the availability of polymers with higher 

temperature ratings, the relative ease of fabrication, and the fair 

costs, PMCs are being utilized more in structural and wear-

resistant applications in mining and industrial environments. 

There is no doubt that, if processing costs can be substantially 

reduced, MMCs and CMCs will be increasingly employed in 

applications that require light weight in addition to toughness and 

wear- and abrasion-resistant properties as discussed in case 

study. CMCs will increasingly be used for high-temperature, 

oxidation-resistant, and wear- and abrasion-resistant applications 

where good corrosion resistance is also required. The new 

applications that are being found on an almost daily basis, and 

the continuous reporting of company investments and new 

ventures into the manufacture of MMC and CMC parts, tend to 

indicate that important progress has been made towards the 

reduction of processing and manufacturing costs. However, it is 

important to realize that the use of composites requires an 

integrated approach between user and designer/manufacturer to 

ensure functionality. This entails knowledge of the structural 

efficiency of the material, its isotropic or anisotropic behavior, 

environmental effects, and its manufacturing requirements, 

assembly, and repair. 

 

REFERENCES 

[1] F.P. Gerstle, \Composites," Encyclopedia of Polymer Science and 
Engineering, Wiley, New York, 2009. 

[2] HarrisS,B. A perspective view of composite   materials. Mat & Design, vol 
12, no. 5. 1991. pp. 259-271. 

[3] Mohammad Reza Khoshravan, Amin Paykani, “design and modal analysis 
of composite drive shaft for automotive application” International Journal 
of Engineering Science and Technology (IJEST), Iran, 2011 

[4] Pollard, A.; (1999): Polymer matrix composite in drive line applications. 
GKN technology, Wolverhampton. 

[5] Lee, D. G.; Kim, H. S.; Kim, J. W.; Kim, J. K. (2004). Design and 
manufacture of an automotive hybrid aluminum/composite driveshaft, 
composite structures, (63): 87-99. 

[6] Pappada, S.; Rametto R. (2002). Study of a composite to metal tubular joint. 
Department of Materials and Structures Engineering , Technologies and 
Process, CETMA , Italy 

[7] Ashby, M.F., and Jones,D.R.H. Engineering materials-an introduction to 
their properties and applications. Oxford, pergamon Press, 1985. 277 pp. 

[8] Carter ,F.C., and Paul,D.E. Material science and engineering. Ohio, ASM 
International, 1991 351 pp. 

 

AUTHORS 

First Author – G.V.Mahajan, P.G. Student,  AVCOE, 

Sangamner, India, Email-gokul.3688@gmail.com, Mob- 

+919960172419 

Second Author – Prof. V. S. Aher, Professor Department of 

Mechanical Engineering, AVCOE, Sangamner,  India



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      468 

ISSN 2250-3153  

www.ijsrp.org 

A Survey on need for Semantic web 

 Jenice Aroma R
*
, Mathew Kurian

*
 

 
* Department of Computer Science and Engineering, Karunya University 

Coimbatore, India 

 

    Abstract- The emerging trends of Semantic web attract the 

attention of researchers, due to the increased level of machine 

understandability which could offer an enhanced approach of 

acquiring more relevant results. It leads to redefining of the 

existing conventional web services (Web 2.0) into semantic web 

services (Web 3.0).The Conventional WSDL Services (Web 

Service Definition Language) are mapped into the semantic 

based OWL-S Services (Web Ontology Language for Services) 

through the addition of Semantic Annotations. This paper clearly 

focuses on giving a detailed overview of Semantic web, thereby 

states the need for redefinition of Web2.0.It stands as a guide to 

the researchers to gain an additional knowledge and  for the 

beginners, a stepping stone into the semantic web research. 

 

    Index Terms- OWL-S, Semantic web, WSDL. 

I. INTRODUCTION 

he Current Generation lives in a fuzzy zone which is 

overwhelmed with data. This amount of data in the World 

gets increasing day-by-day and there is no end in sight. The 

personal computers everywhere make it too easy to save our 

data. On using data mining, the search on data is automated or at 

least simplified by using computers. This huge data stored with 

the storage medium needs the use of data mining Techniques to 

achieve better search strategies. The World Wide Web holds 

millions of resources that a user can acquire from the vendors. 

Nowadays, these web resources are acquired by the users through 

the use of Syntactic based Searches. The Syntactic search 

includes the keyword search schemes for acquiring relevant 

solutions from the huge resources available. The Search Engines 

and Web Crawlers are using these approaches for offering 

suitable solutions to the users. But, these keyword search 

schemes couldn’t acquire more relevant page results. To 

overcome this drawback, semantic web gets evolved. The current 

web service depends with the syntactic mode of discovery. This 

limitation with the conventional mode of service leads to the 

evolution of Web 3.0 - Semantic Web.  

The word ‘semantics’ is termed for meaning. The goal of web 

3.0 is to add ‘semantics’ to the current web services to achieve 

machine interoperability. The Web 2.0 lacks with the need for 

understanding user’s intention on search. Since the Key Word 

based queries couldn’t predict their inter-links. This brings out 

the evolution of Semantic Web. But, it is a tedious task to 

develop an entirely new web service framework. Hence, the 

redefinition of web resources from syntactic discovery to 

semantics based discovery gets prevailed all over the World.  

 

This paper focuses on this redefinition through the use of 

mapping from WSDL services (Web Service Definition 

Language) towards semantics. It can be done through the 

addition of semantic annotations within the WSDL files. The 

OWL-S (Web Ontology Language for Services) is a feature rich 

semantic language that supports ontology based approach, be 

applied for Semantic Mapping of Concepts. 

 

The main contribution of this paper is to detail the need for 

web 3.0, to acquire better search schemes. On the other hand it 

offers a better understanding to the beginners who step into the 

field of Semantic Web research. 

II. SEMANTIC WEB 

 This section shows the underlying concepts of Semantic web 

and the limitations of web 2.0 which encourages researchers to 

step into Semantic web Research. 

A. Semantic web 

The Semantic web is the next major evolution in connecting 

information. It is familiarly renowned as web3.0, Linked Data 

Web and Web of data etc-.It enables data to be linked from 

source to any other source and to be understood by computers. 

So, they can perform increasingly sophisticated tasks for us. The 

word ‘Semantic’ is termed for “Meaning” or “Understanding”. 

The major difference between Semantic web and other 

technologies like Relational Database is that, Semantic web is 

concerned with meaning and not the structure of Data. 

 

The three major technical standards that differentiate Semantic 

web applications from other applications are shown below: 

 Resource Description Framework is a data modeling 

language for Semantic web. All Semantic web 

information be stored and represented in RDF using 

URIs and text strings as terms. 

 SPARQL Protocol & RDF Querying Language is used 

to query data across various systems. 

 Web Ontology Language is a schema language and 

Knowledge Representation Language. 

 

This Web Ontology Language is described in detail with the 

later sections of this paper. 

 

The Concept mapping in Human Brain can be compared with 

the use of ontology model in semantic web. For example: A 

teacher explaining the new topics to the students by referencing 

the old topics. The use of ontology offers an efficient data model 

for Semantic web to come true. The Semantic web doesn’t mean 

to be about pages and links, It’s about relationships between 

things, whether one thing is part of another? (or) when it 

happened?. In 2003, Semantic Web Research came into 

existence, but still there is no advance improvement. Though, It 

gets affected by many issues like huge data model and dotcom 

T 
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burst etc-, the research is effectively growing in a progress with 

the step forwarding towards the achievement. 

B. Limitations on Web 2.0 

In earlier days of invention, Hyper-cards are used to link 

documents. Later, World Wide Web came into existence. But, it 

is strange that the same web exists with a few advances over the 

attractive features of web. The current web services supports 

documents and files designed for Human user. But, Semantic 

Web supports documents that are designed to be processed by 

machines. 

The current web services suffer with the limitations over 

uncertainty and denial. It is due to the complete syntactic mode 

of discovery. This mode of discovery depends with the key-word 

based search on resources. The web-crawler of a search engine 

tracks the pages of resources through matching the keywords 

mentioned with the title description on the page source. On 

matching these keywords, only related pages could be acquired 

as relevant results. 

For example, Let us post a query in a search engine like Google 

“Keyword based search + research”. It shows the pages with title 

related with “Keyword based search”. The keywords are matched 

and the results are displayed upon the page ranks. The drawback 

is on not retrieving more relevant results. But, only related pages 

are retrieved. And accurate results could be acquired only 

through an efficient machine understanding of concepts. 

C. Need for Redefinition of Web 

The above example of depicting the drawbacks of keyword 

searches shows the need for redefinition of current web services. 

The limitations on Web service description language file remains 

with their description that are syntactic. Also, this file doesn’t 

have any support for named relationships. This problem of 

inefficient keyword searches can be solved through annotation of 

metadata. Annotation can be done by relating and tagging the 

descriptions with concepts in Ontologies. 

To apply Semantic Annotations that bring semantics, the 

deeper knowledge about the semantic definition languages is 

must and be detailed in the following Section. 

III. SEMANTIC DEFINITION LANGUAGES 

    In this section, the basic component of web service definition 

language is shown. Also, an overview of the semantic definition 

languages like DAML-S and OWL-S are clearly illustrated. The 

OWL-S language is formerly known as DAML-S. The 

redefinition of web 2.0 includes the conversion of WSDL files 

into a Semantic Language. This translation can be done using 

addition of Semantic Annotations to WSDL files. 

 

A. Web Service Definition Language (WSDL) 

      The WSDL is an XML format used to describe network 

services as a set of endpoints operating on messages containing 

either document-oriented or procedure-oriented information, [3].  

Table  I : Basic components of WSDL 

 

Service 

 

It is a container for a set of system 

functions being exposed to the web 

based protocols. 

Port It defines the address or connection 

point to a web service. 

Binding It specifies the interface and brings 

out the SOAP binding style 

definition. 

Port Type 

 

The < portType> element has been 

renamed to <interface> in WSDL 

2.0.  

Operation Every Operation can be compared 

with a method or function call in 

programming. 

Types It describes the data. 

 

                     

B. DARPA Agent Markup Language for Services (DAML-S) 

The DAML-S language uses the semantic information from 

DAML Ontologies and the Semantic Web to enrich the web 

service descriptions. It includes three major components as 

follows: 

 

 Profile 

It defines the capabilities and additional features to 

describe the service. 

 Process Model 

It describes the activity of the web service provider 

from which the web service requester can derive the 

interaction. 

 Grounding 

It shows how the abstract information exchanges 

described in above process model is mapped onto 

actual messages. 

 

In addition to these capabilities, A DAML-S Profile supports 

the different modes of discovery and the requester decision of 

whether to apply a chosen service. A DAML-S Process Model is 

an ordered collection of processes, where each process produces 

a state of information or a data exchange with the web service 

clients. Also, it distinguishes the processes into atomic and 

composite processes. The DAML-S Grounding is defined as a 

direct mapping from atomic processes to WSDL specifications of 

messages. 

C. Web Ontology Language for Services (OWL-S) 

The OWL-S is a W3C Submission since 2004, It defines an 

upper ontology for describing the properties and capabilities of 

web services in OWL, [4]. 

 

The three components of OWL-S are follows: 

 Service Profile 

It describes the service information which is necessary 

for the discovery process. 

 Service model 

It details the composition, execution of process. 

 Service Grounding 

It is the coordinator of Service Usage. 

   The process of discovery mechanism holds the base with 

OWL-S Service profile component. Hence, on redefining the 

web services the WSDL file descriptions are applied with 
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mapping algorithm to extract those descriptions to bring out 

OWL-Service profile. This mode of mapping algorithms be 

explained through featuring the works related with this 

redefinition of web services in the later sections of this paper. 

IV. RELATED WORK IN REDEFINITION OF WEB 2.0 

    The Redefinition of web services would be more efficient, If 

it can be applied as an automatic mapping scheme. But, the 

WSDL files lack certain features that supports automatic 

mapping. If manual mapping be done for redefining these web 

services, it will consume more time and cost. Hence, the use of 

semi automatic mapping algorithm comes into existence. The 

following related works shows the overview of Semantic 

mapping tools using different approaches on semi automation of 

mapping algorithms for redefinition of web services. 

A. ASSAM: A Tool for semi-Automatically Annotating 

Semantic Web Services. 

This is a tool that assists a user in creating semantic metadata 

for Web Services. It is intended for vendors who want to switch 

over semantic web services through Integration of a number of 

services that admits annotations according to some shared 

Ontology, [7].The automatic creation of semantic data is 

favoured by use of two machine learning algorithms like iterative 

relational classification algorithm for semantically classifying 

Web Services and a Schema Mapping Algorithm that is based on 

an ensemble of String Distance Metrics. 

   It consists of two parts, a WSDL annotator application, and 

OATS, a data aggregation algorithm. The WSDL annotator is a 

tool that enables the user to semantically annotate a Web Service 

using a point-and-click interface. The key feature of the WSDL 

annotator is the ability to suggest which ontological class to use 

to annotate each element in the WSDL. To automatically 

aggregate the resulting heterogeneous data into some coherent 

structure, OATS (Operation Aggregation Tool for Web 

Services), a schema matching algorithm that is specifically suited 

to aggregating data from Web Services. 

B. METEOR-S  

Meteor-S Web service annotation framework is a semi –

automatic tool applied for annotating the web service 

descriptions with ontology. In manual mapping of concepts the 

choice of suitable Ontologies and the size of huge data on web 

services and Ontologies turn this process into a tedious task, [8]. 

This tool mainly focuses with generation of Schema graphs on 

matching them with Ontologies. 

 

The use of ontology store is to reserve the ontology that will 

be used by the system to annotate the Web service descriptions. 

The user can directly add new ontologies to the store. The 

DAML and RDFS files are supported for Ontology modeling. 

 The Translator Library is used to generate the schema graph 

representations. It includes two translators for generation of 

schema graphs. The ‘wsdl2graph’ converts WSDL files into 

schema graphs and ‘Ontology2graph’ converts ontology files 

into schema graphs. The matcher library includes two types of 

matching algorithms as Element level matching and Schema 

matching algorithms. 

The Element level matching algorithm [9], is applied for 

linguistic refining. It checks for the measures on names and sorts 

the relevance. The Schema matching algorithm is used to find the 

measure of structural similarity among two different concepts. 

C. WSDL TO DAML-S  

The goal of WSDL2DAMLS is to apply a conversion between 

WSDL and DAML-S. The result of this conversion holds the 

complete specification of the Grounding and an incomplete 

specification of the Process Model and Profile. The 

incompleteness of the specification is due to the limited feature 

of WSDL that does not provide any process composition 

information, therefore the result of this conversion will also lack 

process composition information. Also, WSDL does not provide 

a service capability description, therefore the DAMLS Profile 

generated from WSDL must be manually completed, in 

further.However,WSDL2DAMLS gives the basic structure of a 

DAML-S description of Web services through complete 

specification of the Grounding and  thereby, save much time on 

manual mapping. 

D. A Semantic mapping scheme with standardization, on 

using Ontology Search and Standardization Engine 

(OSSE). 

The goal of this mapping scheme is to redefine the 

conventional web services using semantic markups and also the 

standardization of this definition, using concepts of Ontology. 

The use of Ontology Search and Standardization engine favours 

standardization, where the prior mapping tools failed to provide 

much standardization of concepts. The Standardization of 

concepts could achieve better search results, [11]. Since, the web 

resources to be dealt with are huge in number. 

 The standardization is a problem due to the issue that, If 

one concept finds same definition, there is no use of semantic 

web. The Ontologies list must be standardized in an order to 

avoid these issues on search. The Ontology Search and 

Standardization Engine offer standardization through three stages 

of refining using Linguistic search, Structural Refining and 

Statistical Refining. On linguistic refining related words are 

analyzed to compute Term Frequency. The use of concept trees 

brings out concept-to-concept relationships. And if these 

relations exist, rank values be assigned which is used to reorder 

the ontologies list. Thus, OSSE could provide better 

standardization and thereby it achieves better semantic mapping 

of concepts. 

V. CONCLUSION 

     This paper clearly illustrates the overview of need for 

Semantic web, the possible approaches of mapping to semantics 

and lists the effectiveness on this mapping to Semantic Web 

Services. The goal of this survey is to support the new 

researchers, who are interested to step into this research domain. 

It helps to get an insight into this dynamic field of study in 

Semantics. It is mentioned to be dynamic, as the semantic 

approaches are under upgrade and it step higher everyday to 

achieve a best model of Semantic web. The limitations on current 

web services are explained with the drawbacks on keyword 

based search. It could clearly stress the need for semantic web. 

The basic features of Semantic web definition languages and the 
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related work on semantic mapping tools also added to provide an 

introduction to the basic concepts underlying this study of 

redefining web services. 
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Abstract- A single layer  monpole  slotted patch antenna is 

thoroughly simulated in this paper. Resonant frequency has been 

reduced drastically by cutting three equal slots which are same 

hexagonal structure at the upper right, upper left, lower left 

corner and a circle at the center from the conventional microstrip 

patch antenna. It is shown that the simulated results are in 

acceptable agreement. More importantly, it is also shown that the 

differentially-driven microstrip antenna has higher gain of 

simulated 3.50 dBi at 9.75GHz and -0.79 dBi at 13.57GHz and 

beamwidth of simulated 162.96
0
 at 9.75GHz and 123.09

0
 at 

13.57GHz of the single-ended microstrip antenna. Simulated 

antenna size has been reduced by 51.33% with an increased 

frequency ratio when compared to a Conventional microstrip 

patch antenna. 

 

Index Terms- Compact, Patch, Slot, Resonant frequency, 

Bandwidth. 

 

I. INTRODUCTION 

n recent years, demand for small antennas on wireless 

communication has increased the interest of research work on 

compact microstrip antenna design among microwave and 

wireless engineers [1-6]. Microstrip antennas have many unique 

and attractive properties – low in profile, light in weight, 

compact and conformable in structure, and easy to fabricate to 

support the high mobility necessity for a wireless 

telecommunication device and for high resolution mapping for 

radar communication, a small and light weight compact 

microstrip antenna is one of the most suitable application. The 

development of antenna for wireless communication also 

requires an antenna with more than one operating frequency. 

This is due to many reasons, primarily because of various 

wireless communication systems and many telecommunication 

operators use various frequencies. Therefore one antenna that has 

multiband characteristic is more desirable than having one 

antenna for each frequency band.   

         Most effective technique is cutting slot in proper position 

on the microstrip patch. In this paper includes cutting three equal 

slots which are same hexagonal structure at the upper right, 

upper left and lower left corner and a circle at the center from the 

conventional microstrip patch antenna, to increase the return loss 

and gain-bandwidth performance of the simulated antenna 

(Figure 2). To reduce the size of the antenna substrates are 

chosen with higher value of dielectric constant [7-9]. Our aim is 

to reduce the size of the antenna as well as increase the operating 

bandwidth. The proposed antenna (substrate with εr = 4.4) has a 

gain of 3.50 dBi and presents a size reduction of 51.33% when 

compared to a conventional microstrip patch (10mm X 6mm). 

The simulation has been carried out by IE3D [12] software which 

uses the MoM method. Due to the small size, low cost and low 

weight this antenna is a good entrant for the application of X-

Band microwave communication and Ku-Band RADAR 

communication. 

         The X band belongs to in the microwave radio region of 

the electromagnetic spectrum. It is defined by an IEEE standard 

for radio waves and radar engineering with frequencies that 

ranges from 8.0 to 12.0 GHz. The X band is used for short range 

tracking, missile guidance, marine, radar and airbone intercept. 

Especially, it is used for radar communication ranges roughly 

from 8.29 GHz to 11.4 GHz. The Ku-Band belongs to in 

the microwave radio region of the electromagnetic spectrum. It is 

defined by an IEEE standard for radio waves and radar 

engineering with frequencies that ranges from 12.0 to 18.0 GHz 

[10-11]. The Ku band is used for high resolution mapping and 

satellite altimetry. Specially, Ku Band is used for tracking the 

satellite within the ranges roughly from 12.87 GHz to 14.43 

GHz. 

 

II. ANTENNA DESIGN 

         The configuration of the conventional printed antenna is 

shown in Figure 1 with L=6 mm, W=10 mm, substrate (PTFE) 

thickness h = 1.6 mm, dielectric constant εr = 4.4. Coaxial probe-

feed (radius=0.5mm) is located at W/2 and L/3.  

         Assuming practical patch width W= 10 mm for efficient 

radiation and using the equation [6],  

 

           …1  

   

         Where, c = velocity of light in free space. Using the 

following equation [9] we have determined the practical length    

L = 6 mm.  

 

L=Leff - 2∆L          …2   

 

where,  

            …3 

 

I 
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           …4  

and    

               ...5   

 

Where, Leff = Effective length of the patch,  

∆L/h =Normalized extension of the patch length,                 

εreff = Effective dielectric constant. 

 

 
Figure 1: Conventional Antenna configuration 

 

         Figure 2 shows the configuration of simulated printed 

antenna designed with similar PTFE substrate. Two equal slots 

which are the combinations of one triangular and rectangular slot 

at the upper right and lower left corner and the location of 

coaxial probe-feed (radius=0.5 mm) are shown in the figure 2.   

 

 
Figure 2: Simulated  Antenna configuration 

 

III. RESULTS AND DISCUSSION 

         Simulated (using IE3D [12]) results of return loss in 

conventional and simulated antenna structures are shown in 

Figure 3-4. A significant improvement of frequency reduction is 

achieved with simulated antenna compared to its conventional 

antenna counterpart. 

 

 
Figure 3: Antenna 1 Return Loss vs. Frequency 

(Conventional Antenna) 

 

 
Figure 4: Slotted Antenna Return Loss vs.  Frequency 

(Slotted Antenna) 

 

         In conventional antenna, return loss of about -7.0 dB is 

obtained at 13.39 GHz. Comparative analysis of Fig.3 & 4  

depicts that for the conventional antenna (fig.3), there is 

practically no resonant frequency at around 9.75 GHz with a 

return loss of around -6 dB. For the simulated antenna there is a 

resonant frequency at around 9.75 GHz with the return loss as 

high as -20.7 dB.   

         Due to the presence of slots in simulated antenna resonant 

frequency operation is obtained with large values of frequency 

ratio. The first and second resonant frequency is obtained at f1= 

9.75GHz with return loss of about -20.70 dB and at f2 = 13.57 

GHz with return losses -32.90 dB respectively. Corresponding 10 

dB bandwidth is obtained for Antenna 2 at f1 and f2 are 787.57 

MHz and 1.42 GHz, respectively. 

 

O 
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         The simulated E plane and H-plane radiation patterns are 

shown in Figure 5-12. The simulated E plane (Total) radiation 

pattern of simulated antenna for 9.75GHz is shown in figure 5.  

 

 

 
Figure 5: E-Plane (Total) Radiation Pattern for Slotted 

Antenna at 9.75GHz 

 

         The simulated E plane (Total) radiation pattern (3D) of 

simulated antenna for 9.75GHz is shown in figure 6.  

 

 

 
 

Figure 6: E-Plane (Total) Radiation (3D)Pattern for Slotted 

Antenna at 9.75GHz 

 

         The simulated current distribution pattern of simulated 

antenna for 9.75GHz is shown in figure 7.  

 

 
Figure 7: Current Distribution Pattern for Slotted Antenna 

at 9.75GHz 

 

         The simulated E plane radiation pattern of simulated 

antenna for 9.75GHz is shown in figure 8.  

 

 
Figure 8: E-Plane Radiation Pattern for Slotted Antenna at 

9.75GHz 

 

         The simulated H plane radiation pattern of simulated 

antenna for 9.75GHz is shown in figure 9. 

 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      475 

ISSN 2250-3153  

www.ijsrp.org 

 
Figure 9: H-Plane Radiation Pattern for slotted Antenna at 

9.75GHz 

 

         The simulated E plane radiation pattern (3D-view) of 

Slotted Antenna for 9.75GHz is shown in figure 10. 

 

 
 

 

Figure 10: E-Plane Radiation Pattern (3D) for slotted 

antenna at 9.75GHz 

 

         The simulated H plane radiation pattern (3D-view) of 

slotted antenna for 9.75GHz is shown in figure 11. 

 

 
 

Figure 11: H-Plane Radiation Pattern (3D) for slotted 

antenna at 9.75GHz 

 

 

 

         The simulated E plane (Total) radiation pattern of 

simulated antenna for 13.57GHz is shown in figure 12. 

 

                                          

 
Figure 12: E-Plane (Total) Radiation Pattern for slotted 

antenna at 13.57GHz 

 

         The simulated E plane (Total) radiation pattern (3D) of 

simulated antenna for 13.57GHz is shown in figure 13.  
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Figure 13: E-Plane (Total) Radiation Pattern (3D) for slotted 

antenna at 13.57GHz 

 

         The simulated current distribution pattern of simulated 

antenna for 13.57GHz is shown in figure 14.  

 

 
Figure 14: Current Distribution for slotted antenna at 

13.57GHz 

 

         The simulated E plane radiation pattern of simulated 

antenna for 13.57GHz is shown in figure 15.        

 

 
Figure 15: E-Plane Radiation Pattern for slotted antenna at 

13.57GHz 

 

         The simulated H plane radiation pattern of slotted antenna 

for 13.57GHz is shown in figure 16. 

 

 
 

Figure 16: H-Plane Radiation Pattern for slotted antenna at 

13.57GHz 
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         The simulated E plane radiation pattern of slotted antenna 

(3D-view) for 13.57GHz is shown in figure 17. 

 

 
 

 

Figure 17: E-Plane Radiation Pattern (3D) for slotted 

antenna at 13.57GHz 

 

 

 

         The simulated H plane radiation pattern of slotted antenna 

(3D-view) for 13.57GHz is shown in figure 18. 

 

 
 

 

Figure 18: H-Plane Radiation Pattern (3D) for slotted 

antenna at 13.57GHz 

 

         The simulated frequency vs. real part of the function for 

slotted antenna is shown in figure 19. 

 

 
Figure 19: Frequency vs. real function for slotted antenna 

 

 

 

         The simulated frequency vs. VSWR for slotted antenna is 

shown in figure 20. 

 
Figure 20: VSWR  for slotted antenna 

 

         The simulated Smith Chart for slotted antenna is shown in 

figure 21. 
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Figure 21: Smith Chart for slotted antenna 

 

         All the simulated results are summarized in the following 

Table1 and Table2.  

 

Table I: 

Simulated results for antenna 1 and 2 

 

 

Table II: 

Simulated results for antenna 1 and 2 

 

 

 

 

 

 

 

 

 

 

IV. CONCLUSION 

        This paper focused on the simulated design on 

differentially-driven microstrip antennas. Simulation studies of a 

single layer single feed micro strip printed antenna have been 

carried out using Method of Moment based software IE3D. 

Introducing slots at the edge of the patch size reduction of about 

51.33% has been achieved. The 3dB beam-width of the radiation 

patterns are 162.96° (for f1), 123.09° (for f2) which is sufficiently 

broad beam for the applications for which it is intended.  

         The resonant frequency of slotted antenna, presented in the 

paper, designed for a particular location of feed point (-4mm, 

2.5mm) considering the centre as the origin. Alteration of the 

location of the feed point results in narrower 10dB bandwidth 

and less sharp resonances. 
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I. INTRODUCTION 

usiness of a Government in general is to provide to all its 

citizens the ways & means for their welfare which is 

directed towards creation of an egalitarian society. 

          A democratic country like India has its unique 

constitutional responsibility of providing to all its citizens, Social 

Justice and Empowerment of its down trodden.  In this context, 

Government of India in collaboration with the State 

Governments has undertaken various schemes for the upliftment 

and empowerment of the deprived, economically weaker sections 

and destitutes.  One such scheme operational in government of 

Karnataka is “Social  Security Pensions”. 

          Though the scheme has been in existence since 2 decades, 

government was facing problems in delivery of pensions due to 

lack of systems, innovations and motivation of persons 

responsible for disbursement. 

          During April-2011, Treasuries of Government of 

Karnataka has undertaken initiation in implementing of e-

governnance in Administration, wherein lot of changes were 

undertaken and one of the initiative which is more concerned to 

Poverty elimination & empowerment of downtrodden is efficient, 

reliable & on time delivery of “Social Security Pensions” which 

will enable beneficiaries sustain their life with the pension 

amount. 

          Government of Karnataka, has adopted change by 

implementing e-governance initiative, in delivery of Social 

Security Pensions by replacing existing method of payment 

through Money Order with the Innovative Method of payment 

through Electronic Money Order(EMO), which requires only 

Digital Signature with Electronic mode of Transfer of data.   

Whereas the old method of delivery of pensions required each 

and every document to be manually prepared and signed by the 

competent authority, which forced the government for undue 

delays in delivery as the beneficiaries in the scheme is around 

1.18 lakhs in Kolar Dist.  The delay was normally 34 days in 

each case.  Concern for the delay led to innovation in the system 

of delivery. 

          The rationalized innovative system of delivery of “social 

security pensions’ has reduced the delay of process time from 

34 days to 5 days as detailed below 

 

 

 

 

Sl No Old System of Delivery of 

Pensions 

 

 

No of 

Days 

Innovative System of Delivery of 

Pensions(EMO) 

No of 

Days 

1 

 

Printing of MO’s 9 Generation Of EMO’s Day 1 

2 Signature of MO’s 9 Digital Signature - 

3 Preparation of Volumes  

of 100 MO’s each 

4   

4 Sending MO’s to Post Office 1 Online Trasmitting of Data Day 1 

5 Payment of Amount through 

cheques for each volume 

1 Consolidated payment through a 

single cheque 

Day 1 

6 Realisation of cheque amount to 

Post office 

3 Realisation of cheque amount to Post 

office 

Second 

day 

7 Actual Payment to Beneficiaries 7 Actual Payment to Beneficiaries 3 days 

  34days  5 days 

 

          To illustrate a case study of Social Security Pensions of 

Kolar Dist is undertaken, it has a total of 1,18,754 pensions, with 

the breakup of each category as detailed below. 

Old Age Pensions:   :25731 

Indira Gandhi Pensions:   :01931 

Destitute Widow Pensions:  :30800  

B 
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Physically Handicap Pensions:  :08786 

Physically Handicap Pensions75%:                :06522 

Sandya Suraksha Pensions:   :44984 

 

          To conclude it is to state that innovation has led to efficient 

& on time delivery of pensions to the beneficiaries. 
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     Abstract- Hospitals occupy such an important place in the 

modern world. The changing pattern of hospital will result in 

dominance of “consumers” as against “providers”. The 

successful hospital is one, which provides good patient care 

services. Patient care is not only curing and managing the 

patients’ disease, it is about caring patients through different 

functional areas such as nursing, food, and nutrition, patients’ 

safety, pharmacy etc. the hospitals are much like other 

organizations but it has some special features like individual 

care, emergency service and it cannot make many mistakes 

because it may cause life threatening conditions. Thus, it can be 

said that to satisfy patients and their attendants is highly 

significant in hospitals. 

 

     Index Terms- Hospital, patient satisfaction 

 

I. INTRODUCTION 

he modern age can be called as the “Age of Consumers” 

(Ghuman, n.d.). In today’s cutthroat competition the 

consumer is considered as the king. Many policies of various 

organisations are aimed at keeping the consumers happy and 

satisfied. It is very important for each and every organisation to 

keep its consumers satisfied in order to maintain its 

competitiveness in the market. Not only does this help the 

organisation to maintain the size of its share in the market, it 

might even help to increase the size of its share. It might also be 

instrumental in increasing the overall market size. This helps in 

increasing the overall profitability of the organisation. It also 

helps the long-term survival prospects of the organisation. 

Kotler, 2003 says that, “Consumers when viewed on the macro 

level exhibit similar traits. However, when we take a closer look 

and come down to the micro-level, we find that the consumers 

vary as compared to one another on one aspect or the other based 

on the variety of attributes”.(as cited in Ghuman, n.d.) 

       In the present business scenario of cutthroat competition, 

customer satisfaction has become a prime concern of each and 

every kind of industry.   

        Today’s healthcare market has become consumer-driven. 

Patients are better informed and know more about health and 

medical services. They have become cost-conscious and demand 

high quality care at reasonable price. With its stringent standards 

that must be maintained in today’s consumer-driven healthcare 

market, the focus is now on the employees of modern hospitals to 

provide satisfaction to the consumers.  

        As a result, hospitals and other healthcare organizations 

have been experimenting with a variety of workplace innovations 

designed to assist them in recruiting and retaining high skilled 

employees, enhancing the delivery of care, and reducing 

workforce and operational costs.  

        A hospital is a crucial organisation and stands unique and 

comparable to any other organisation. It is unique and special 

because it deals with life and death of the patients. In a hospital, 

the demand now is for devoted doctors, prompt and accurate 

diagnostic facilities, quality nursing and a good support service 

(Ramanujan, 2009, pp 25). 

        According to American hospital Association, “A hospital is 

an establishment that provides, through an organised medical 

professional staff, permanent facilities that include inpatient 

beds, medical services and continuous nursing services, 

diagnosis and treatment for patients”.  

        Today, a hospital is a place for the definition and treatment 

of human ills and restoration of health and well-being of those 

temporarily deprived of these. A large number of professionally 

and technically skilled people apply their knowledge and skill 

with the help of complicated equipment and appliances to 

produce quality care for patient. The excellence of the product – 

the raison’d etre for a hospital, therefore, depends on how well 

the human and material resources are applied to promote patient 

care. 

 

II. REVIEW OF LITERATURE 

        Quality and satisfaction are intertwined in theory, practice, 

literature, etc. Probably, there is no opposite believes or views in 

this regard and thus these two areas got significant importance in 

research. Even different standards have been set to test the 

quality provided in product or services and to test the degree of 

customer satisfaction level as well.  

        Jha (2001) – The inventions and innovations in the field of 

medical sciences have considerably transformed the perception 

of quality expected by a large number of patients and attendants. 

The development of infotech and its transformation into 

knowledge technology has played a positive role in increasing 

and aggravating the levels of expectations. 

        Kotler (2003) – Satisfaction is a person’s feelings of 

pleasure or disappointment resulting from comparing a product’s 

perceived performance or (outcome) in relation to his or her 

expectation. 

Sardana (2003) – It is the satisfaction level only which propel 

patients to choose the same hospital next time and latter on 

transform patient satisfaction into patient loyalty. 

        Sardana (2003) – A number of dimensions have been 

suggested in literature that influence satisfaction vis-a-vis health 

T 
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care quality and these include physician care, nursing care, 

supporting staff behaviour, convenient visiting hours, availability 

of emergency aid and food, room, characteristics and treatment. 

Sharma & Chahal (2004) – Overall doctors, nurses, management, 

facilities and cleanliness are the major factors which affect 

satisfaction. 

        Apte (2005) – A high quality hospital service comprises not 

only on the diagnosis, treatment and surgery, but also the 

nursing, the hospital environment including hygienic ward 

maintenance, the quality of food supplied to the patients and 

accompanying relatives and the uniforms and dresses. 

        Choi et al (2005) – Gender, education, age, income, 

profession are important factors for studying the perception of 

customers as health needs vary according to these factors and 

also because their intensity in moderating the relationship 

between satisfaction and loyalty. 

 

III. OBJECTIVES 

1. To study the meaning of patient satisfaction. 

2. To highlight the factors satisfying the patients in SHRI. 

3. To draw conclusions and give suggestions. 

 

IV. METHODOLOGY 

        The primary data has been collected from 30 patients using 

structure non-disguised questionnaire. The patients were drawn 

using non-probability sampling design based on quota-cum-

convenience sampling method. The collected data has been 

tabulated and analysed using simple percentage test.  

 

V. PROFILE OF MANIPUR 

        The North East of India constitutes the seven ‘sister’ states 

of Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, 

Nagaland and Tripura. North East India is mostly hilly; it has 

plains on both sides of the river Brahmaputra and the Himalayan 

range around it. The flora and fauna of this region is numerous 

and varied. The region accounts for 7.8% of the total land space 

of the country. The region is of strategic importance for the 

country on account of the fact that nearly 90% of its borders form 

India’s international boundaries. 

        Manipur one of the seven sisters of north-east India, has a 

geographical area of 22, 327 sq.kms which constitutes 0.7 

percent of the total land surface of India. Ninety percent of the 

total geographical area of the state i.e., 20,089sq.kms is covered 

by hills, and the remaining area is a small valley covering only 

2,238sq.kms and accounting for only one-tenth of the total area 

of the state. The state of Manipur splits up naturally into two 

tracts viz. the hills and the dales. The hill comprises of five 

districts namely (i) Senapati; (ii) Tamenglong; (iii) 

Churachandpur; (iv) Chandel; and (v) Ukhrul, while the valley 

consists of four districts viz. (i) Imphal East; (ii) Imphal West; 

(iii) Bishnupur; and (iv) Thoubal.  According to 2011 census the 

total population of Manipur is 27,21,756, of which  male and 

female are 13,69,764 and 13,51,992 resp. 

        Health care delivery in Manipur is mainly provided through 

the government, private practitioners and private industries. 

VI. SHIJA HOSPITAL AND RESEARCH INSTITUTE (SHRI) 

        Shija Hospital is an ISO 9001:2008 certified private health 

institute in Manipur providing advanced healthcare technology 

with humane touch. Recognised for holistic approach, personal 

touch and technological advancement, Shija Hospital has been 

successful, to a great extent, in bringing highly needed medical 

technology in the region. Shija Hospital located at environment 

friendly Langol, Imphal-West is 180 bedded, fully computerized 

having five modern operation theatres and 18 bedded fully 

functional ICU with all the latest life supporting equipments. The 

hospital currently has 460 trained and dedicated staff. Shija 

hospital is today a multi speciality healthcare institute which is 

working towards changing the healthcare landscape of South 

East Asia.  

 

Who are Patients? 

        Hospitals sell performance and patients are their main 

customers. A patient is any person who received medical 

attention, care, or treatment by a physician or medical 

professional (Porkodi, 2010). Health consumer, health care 

consumer or clients are other names for patient, usually used by 

governmental agencies, insurance companies, and for patient 

groups. 

        Patient care is not only curing and managing the patients’ 

disease but caring about their physical, mental and emotional 

self. Patient care also means guiding the patients through periods 

of great stress, which illness invariably brings. 

        Porkodi, 2010 says that, “total patient care is about 

empathetic listening, offering choices and above all, it means 

respecting the patients’ choices and confidentiality, and attending 

patients’ medical and non-medical needs and concerns”. 

 

Patients’ Satisfaction:  
        When relating the hospital to the systems model of inputs 

and outputs, we observe that the inputs in a hospital are the 

patients, the staff, the regulators and the community which are 

primarily related to the human aspects. The outputs are again in 

the form of better health of the patients and the community.  

        Good patient care depends on the competency, attitude and 

human approach of the staff, whether he is a doctor or a nurse, a 

nursing assistant, ambulance assistant, a ward sweeper. Apart 

from the treatment given, it largely depends on their dedication, 

sympathetic attitude and an efficient and prompt service provided 

by all the departments of the hospital. Failure on the part of one 

or few unscrupulous persons from any department may mar the 

beneficial effect of  best treatment given by most competent 

doctor as in this case; the output will be a highly dissatisfied 

patient.  

        The patient, his friends and relatives see the hospital and 

judge it not through the intricacies of the treatment  
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being given or the elaborate investigations of the procedures 

done to the patient but through the sympathetic treatment of the 

staff attending the patients, timely medicine, good palatable diet 

and clean surrounding. In the absence of these, the efficiency of 

the doctors alone cannot win the patient. 

        It is therefore essential that the patient present or potential 

gets the best possible attention from available resources and that 

these resources are organized and utilised within the framework 

of dynamic efficiency.  

        The experience of the patients with the hospital would 

reflect the satisfaction of the patients and the good service quality 

of the hospital. A satisfied customer not only becomes loyal to 

the hospital but also refers the hospital to his friends and 

relatives.  

        From the above figure 1 it is seen that majority i.e. 77 

percent of the patients visiting the hospital are satisfied with the 

examination conducted by the doctor while only 23 percent are 

very satisfied with the doctors and 0 percent constitute not 

satisfied patients.  

 

 

 

Table 1: PATIENTS’ SATISFACTION LEVELWITH THE GENERAL SERVICES OF THE HOSPITAL 

 

Sl. No Particulars Excellent Very good Good Fair Poor 

1 Direction to the hospital - 33% 67% - - 

2 Convenience of location - 33% 33% - 33% 

3 Availability of parking space 33% - 67%   

4 Proper sitting arrangement - 67% - - 33% 

5 Promptness of admission - 67% - - 33% 

6 General environment of the 

hospital 

33% - 67% - - 

7 Maintenance of hospital 33% - 33% 33% - 

8 Convenient office hour - 33% 33% 33%  

9 Well-equipped units 33% - 67% - - 

10 Toilet facility - - 67% 33% - 

11 Canteen facility 33% - 33% 33% - 

12 Cleanliness - 33% 33% 33% - 

13 Security facility - - 33% 67% - 

14 Pharmacy 33% - 67% - - 

15 Availability of advance equipment 33% - 67% - - 

Primary source 

 

         The above table 1 studies the satisfaction level of patients 

on the general services of the hospital. It can be seen that the 

33% patients feels that the direction to the hospital to be very 

good while 67% feels it to be only good. With regard to the 

general environment of the hospital 33% finds it excellent 

however 67% of patients find it to be only good. 33% patients 

find the availability of well equipped units, advance equipments 

and pharmacy to be excellent however 67% finds it to be only 

good. 

 

Table 2: PATIENTS’ SATISFACTION LEVEL WITH THE SERVICES OF THE HOSPITAL STAFF 

Sl. 

No 

Particulars Excellent Very good Good Fair Poor 

1 Easy access to specialists 67% - 33% - - 

2 Waiting time for consultation - 67% - 33% - 

3 Explanation of procedure 100% - - - - 

4 Information of medication - 67% - 33% - 

5 Response to nurse call 33% 33% - 33% - 

6 Helpfulness of the staff 33% 33% - 33% - 

Primary source 

Figure 1 Physical Examination Conducted by the 

Physicians 
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          The above table 2 studies the satisfaction level of the 

patients with the services of the staffs. It can be seen that 100% 

patients feels that the explanation of procedure to be excellent. In 

respect to easy accessibility to specialist 67% finds it to be 

excellent while 33% finds the service to be only good. With 

regard to waiting time and information of medication 67% 

patients find the services to be very good while only 33% finds it 

to be fair. The percentage of patients is equally distributed 

between excellent, very good and fair for response to nurse call 

and helpfulness of the staff. 

 

VII. CONCLUSIONS 

        The study reveals that the main factors for majority of the 

patients choosing the hospital are the performance of the hospital 

and the availability of specialists’ services. It is also observed in 

the study that though the patients consider the prices of the 

hospital to be high, they are more concerned about good 

treatment and quality services. And they are inclined to 

recommend the hospital to their friends and relatives. 

        Today’s market has become customer driven and healthcare 

market is no exception. Patients are better informed and they 

know more about healthcare services. They want to be involved 

in the medical care process. For this reason they make their own 

decisions. They shop and select the best hospital. They choose 

their doctor or change him or her if they are not satisfied. The 

customers desire to try the newness of the alternative because 

some of them had a better location, offer wide range of services 

and had newer infrastructure in place. Consumer research has 

shown that patients have several alternatives available to them in 

the selection of the hospital. Here are some suggestive measures 

to improve patient satisfaction in hospital and thereby attracting 

and retaining more patients. 

 

1. The hospital should strive to improve their medical, 

paramedical and administrative staff performance by 

imparting them need-based training. 

2. It should establish continuous dialogue with their 

patients. 

3. It should set up the patients’ feedback mechanism. 

4. It should organize mass contact programmes. 

5. It should introduce peak time efficiency routine. 

6. It should arrange for complementary customers’ 

services. 

7. The medical, paramedical and administrative staff 

should work as a team towards total patient satisfaction. 

8. Focus should be on the patients’ needs so as to add 

value and offer benefits to the patients. 
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Abstract- The scope of this paper is to analyze the 

performance of augmented gain EDF amplifier systems by 

enhancing the stages of EDF amplifier & further by variation 

in pumping power on designed EDF amplifier system. The 

design evaluates the performance of the network for a given 

pattern specifies the design accessibility for the speed 

enhancement.  The Performance of an Optical Communication 

system can be improved by the use of EDFAs as an Optical 

Amplifier. Erbium doped fiber amplifier (EDFA) is an 

important element in DWDM networks. For the present work, 

we have used EDFA design software tool. The proposed 

model consists of an input source, isolator, pump source, 

erbium fiber and WDM coupler. It simulates various 

characteristics such as amplified spontaneous emission, 

minimum gain, maximum gain, average gain, noise figure, 

gain flatness, gain tilt etc. in efficient manner. It confirms the 

excellent agreement between simulations and results obtained 

in real EDFA design. And also changing the design 

parameters on four stages EDF amplifier such as Input Pump 

Power, the different performance parameters (gain and noise 

figure) can be optimized without changing the values of 

isolator, erbium fiber length and WDM. 

 

I. INTRODUCTION 

ptical amplifier 

An optical amplifier is a device that amplifies an optical 

signal directly, without the need to first convert it to an 

electrical signal. An optical amplifier may be thought of as a 

laser without an optical cavity, or one in which feedback from 

the cavity is suppressed. Optical amplifiers are important in 

optical communication and laser physics. There are several 

different physical mechanisms that can be used to amplify a 

light signal, which correspond to the major types of optical 

amplifiers. In doped fiber amplifiers and bulk lasers, 

stimulated emission in the amplifier's gain medium causes 

amplification of incoming light. In semiconductor optical 

amplifiers(SOAs), electron-hole recombination occurs. In 

Raman amplifiers, Raman scattering of incoming light with 

phonons in the lattice of the gain medium produces photons 

coherent with the incoming photons. Parametric amplifiers use 

parametric amplification. 

          The optical fiber can be doped with any of the rate earth 

element, such as Erbium(Er),Ytterbium(Yb), 

Neodymium(Nd), or Praseodymium(Pr) .the host fiber 

material can be either standard silica ,a fluoride based glass or 

a multi component glass. The operating regions of these 

devices depend on the host material and doping elements. 

Fluorozirconate glasses doped with Pr or Nd are used for 

operation in the 1300 nm window, since neither of these ions 

can amplify 1300 nm signals when embedded in silica glass. 

The most popular material for long haul telecommunication 

applications is a silica fiber doped with Erbium, which is 

known as a EDFA. In some cases, Yb is added to increase the 

pumping efficiency and the amplifier gain .the operation of an 

EDFA by itself normally is limited to the l530-1560 nm 

region. The active medium in an optical fiber amlifier consists 

of a nominally 10-30-m lenght of optical  fiber that has been 

lightly doped  with a rare earth lement ,such as 

erbium(Er),ytterbium (Yb),thulium (tm).the host fiber material 

can be standerd silica,a fluoride-based glass,or a tellurite glass. 

 

Doped fiber amplifiers 

          Doped fiber amplifiers (DFAs) are optical amplifiers 

that use a doped optical fiber as a gain medium to amplify an 

optical signal. They are related to fiber lasers. The signal to be 

amplified and a pump laser are multiplexed into the doped 

fiber, and the signal is amplified through interaction with the 

doping ions. The most common example is the Erbium Doped 

Fiber Amplifier (EDFA), where the core of a silica fiber is 

doped with trivalent Erbium ions and can be efficiently 

pumped with a laser at a wavelength of 980 nm or 1,480 nm, 

and exhibits gain in the 1,550 nm regions. 

          An erbium-doped waveguide amplifier (EDWA) is an 

optical amplifier that uses a waveguide to boost an optical 

signal. Amplification is achieved by stimulated emission of 

photons from dopant ions in the doped fiber.  The pump laser 

excites ions into a higher energy from where they can decay 

via stimulated emission of a photon at the signal wavelength 

back to a lower energy level. The excited ions can also decay 

spontaneously (spontaneous emission) or even through 

nonradioactive processes involving interactions with phonons 

of the glass matrix. These last two decay mechanisms compete 

with stimulated emission reducing the efficiency of light 

amplification.  

 

O 
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Fig. 1 Schematic diagram of a simple Doped Fiber 

Amplifier 

 

          The amplification window of an optical amplifier is the 

range of optical wavelengths for which the amplifier yields a 

usable gain. The amplification window is determined by the 

spectroscopic properties of the dopant ions, the glass structure 

of the optical fiber, and the wavelength and power of the 

pump laser 

 

Basic principle of EDFA 

          A relatively high-powered beam of light is mixed with 

the input signal using a wavelength selective coupler. The 

input signal and the excitation light must be at significantly 

different wavelengths. The mixed light is guided into a section 

of fiber with erbium ions included in the core. This high-

powered light beam excites the erbium ions to their higher-

energy state. When the photons belonging to the signal at a 

different wavelength from the pump light meet the excited 

erbium atoms, the erbium atoms give up some of their energy 

to the signal and return to their lower-energy state. A 

significant point is that the erbium gives up its energy in the 

form of additional photons which are exactly in the same 

phase and direction as the signal being amplified. So the signal 

is amplified along its direction of travel only. This is not 

unusual - when an atom “lases” it always gives up its energy 

in the same direction and phase as the incoming light. Thus all 

of the additional signal power is guided in the same fiber 

mode as the incoming signal. There is usually an isolator 

placed at the output to prevent reflections returning from the 

attached fiber. Such reflections disrupt amplifier operation and 

in the extreme case can cause the amplifier to become a laser. 

 

Gain saturation 

          Gain is achieved in a DFA due to population inversion 

of the dopant ions. The inversion level of a DFA is set, 

primarily, by the power of the pump wavelength and the 

power at the amplified wavelengths. As the signal power 

increases, or the pump power decreases, the inversion level 

will reduce and thereby the gain of the amplifier will be 

reduced. This effect is known as gain saturation – as the signal 

level increases, the amplifier saturates and cannot produce any 

more output power, and therefore the gain reduces. Saturation 

is also commonly known as gain compression. To achieve 

optimum noise performance DFAs are operated under a 

significant amount of gain compression (10 dB typically), 

since that reduces the rate of spontaneous emission, thereby 

reducing ASE. Another advantage of operating the DFA in the 

gain saturation region is that small fluctuations in the input 

signal power are reduced in the output amplified signal: 

smaller input signal powers experience larger (less saturated) 

gain, while larger input powers see less gain. The leading edge 

of the pulse is amplified, until the saturation energy of the gain 

medium is reached. In some condition, the width (FWHM) of 

the pulse is reduced. 

 

II. SOFTWARE USED 

          In the desiging of the EDF optical amplifier required  

software is Gain Master 

 

III. EDF- OPTICAL AMPLIFIER DESIGN 

          EDFA optical amplifier designing is done  with help of 

the Fiber Optical Simulation Program & the Gain Master. 

Design tools are used .In this design we show that the optical 

amplifier gives all the parameter of the erbium fiber & that 

gives the idea how the signal is to be transfer from one 

location to the other location. In this design we find the 

gain,wavelength  & noise parameter. The software allows for 

schematic representations of an optical amplifier to be input 

via a graphical user interface which mimics the symbolic 

language often used by engineers to outline a design on paper. 

The program tracks the optical power through the design, 

integrating the differential equations to solve the propagation 

of signal, pump, and amplified spontaneous emission (ASE) 

bands through all erbium fiber sections. Once a simulation is 

complete, the user may look inside the design by graphing the 

power propagating through any fiber in the design, as well as 

through the length of all erbium fiber sections. . Also, by use 

of the probe component, the user may make common two-

point measurements of interest, such as gain, noise figure, 

conversion efficiencies, etc. Optical parameters of any 

component may be changed and the simulation re-run to 

observe the effects on amplifier performance. 

          In this paper we have shown the variation of gain & 

noise with respect to the wavelength for the second stage of 

optical amplifier. The range consider the 1550 nm-1620nm.the 

software use is gain master of erbium doped fiber amplifier  

 

 
Fig 2. Dual stage EDF Optical amplifier design 
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optical amplifier  up to the threshold value the gain increases 

after that the gain decreases with wavelength & becomes zero 

at the peak value of wavelength on the similar pattern the 

noise also 1
st
 increases & then decreases & finally becomes 

zero at the peak wavelength. 

 

 
Fig.  3Single Stage EDF optical amplifier design 

  

 

Fig. 4 Four- stages EDF Optical amplifier design 

 

IV. RESULT ANALYSIS, GAIN AND NOISE FIGURE SPECTRA 

 

Fig. 5 Noise figure spectrum of EDF Optical amplifier (a) Single-stage (b) Dual –Stages (c) Four-Stage 

 

 
 

Fig. 6 Gain spectrum of EDF Optical amplifier (a) Single-stage (b) Dual –Stages (c) Four-Stages
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Table 1: Analysis of EDFA gain, noise figure with single-

stage, dual-stage & four-stage EDF optical amplifier. 

 

V. EFFECT OF PUMPING POWER ON EDF 

AMPLIFIER 

 
 

Fig 7 Simulation results of Four-stage EDF Optical amplifier 

by Gain Master 

 

 
Table 2: Analysis of EDFA gain, noise figure by variation of 

pumping source power 

 

 
Fig. 8 Gain spectrum of EDF optical amplifier on effect of 

input pumping power (0.12W, 0.35W, 0.55W, 0.85W) 

 
Fig. 9 Noise figure  spectrum of EDF optical amplifier on 

effect of input pumping power (0.12W, 0.35W, 0.55W, 

0.85W) 

 

VI. CONCLUSION 

           This paper shows that the optical amplifier is to be used 

for amplify the signal and basically designed an optical amplifier 

to increase the level of the input signal and found that the 

optimum parameters for the transmission of the data. The input 

wavelength is taken in between 1520-1617nm. Moreover it also 

shown the noise spectrum of the erbium doped optical amplifier. 

Wavelength division multiplexing (WDM) technique is used for 

the multiplexing of the signal between the two stages of the 

optical amplifier. Moreover it is also concluded that the range of 

the optical amplifier is 1520 -1620 nm. It can be used only up to 

the 10-30m. It shows the results of the fourth stage of the optical 

amplifier and the different optimum parameters of the optical 

amplifiers (table 1). Pumping power effect on EDF amplifier is 

analyzed Simulation Results indicate that Gain and noise figures 

are affected by pump power. It may be observed that the Gain is 

optimized and Noise Figure initially decreases with increase in 

Pump Power and then attains the same value. (Table 2) 

 

REFERENCES 

[1] M. A. Mohammed,” Theoretical Analysis of a Double Stages Erbiumdoped 
Fiber Amplifier” 978-1-4244-6235-3/10/$26.00 ©2010 IEEE 

[2] H. Masuda, “Review of wideband hybrid amplifiers,” in Tech. Dig. 
OFC’00, 2000, pp. 2–4. 

[3] P. B. Hansen, L. Eskildsen, S. G. Grubb, A. J. Stentz, T. A. Strasser, J. 
Judkins, J. J. DeMarco, R. Pedrazzani, and D. J. DiGiovanni, “Capacity 
upgrades of transmission systems by Raman amplifier,” IEEE Photon. 
Technol. Lett., vol. 9, pp. 262–264, 1997. 

[4] M.-S. Kao and J.Wu, “Extending transmission distance of high-density 
WDM systems using post transmitter fiber Raman amplifiers,” J. Lightwave 
Technol., vol. 9, pp. 394–399, 1991. 

[5] D. N. Christodoulides and R. B. Jander, “Evolution of stimulated Raman 
crosstalk in wavelength division multiplexed systems,” IEEE Photon. 
Technol. Lett., vol. 8, pp. 1722–1724, Dec. 1996. 

[6] L. F. Mollenauer, J. P. Gordon, and M. N. Islam, “Soliton propagation in 
long fibers with periodically compensated loss,” IEEE J. Quantum 
Electron., vol. QE-22, no. 1, pp. 157–173, Jan. 1986. 

[7] M. N. Islam, “Raman amplifiers for telecommunications,” IEEE J. Sel. 
Topics Quantum Electron., vol. 8, no. 3, pp. 548–559, May/Jun. 2002. 

[8] J. Bromage, “Raman amplification for fiber communications systems,” J. 
Lightw. Technol., vol. 22, no. 1, pp. 79–93, Jan. 2004. 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      490 

ISSN 2250-3153  

www.ijsrp.org 

[9] D. Garbuzov, R. Menna, A. Komissarov, M. Maiorov, V. Khalfin, A. 
Tsekoun, S. Todorov, and I. Connolly, “1400–1480 nm ridgewaveguide 
pump lasers with 1 watt CW output power for EDFA and Raman 
amplification,” in Proc. Optical Fiber Communications Conf., Anaheim, 
CA, 2001, pp. PD-18-1–PD-18-3. 

[10] John N. Senior “Optical Fiber Communications principles and practice” 
New Delhi, 2005. 

[11] H. S. Seo, Y. G. Ghio, and K. H. Kim “Design of transmission optical fiber 
with a high Raman gain, large effective area, low nonlinearity, and low 
double Raleigh back scattering ”IEEE photonic technol.lett.vol.16,January 
2004. 

[12] Parekhan M. Jaff, “Characteristic of Discrete Raman Amplifier at Different 
Pump Configurations”,World Academy of Science, Engineering and 
Technology 54 2009 

[13] Akhter Fowzia et al, “Modeling and characterization of all possible triple 
pass EDFA configurations”, International Journal of Physical Sciences 
Vol.7 (18), pp.2656-2663, May 9, 2012 

[14] Semmalar S., Poonkuzhali, Devi.P, “Optimized Gain EDFA of different 
lengths with an influence of pump power”, IEEE Paper, 2011 

[15] Semmalar S., Gujral Jyoti, “EDFA with Optimized Gain using Tri-Counter 
Directional Pumping”,International Journal of Applied Engineering 
Research, ISSN 0973- 4562,Vol.6 No.5,April 2011. 

[16] Naji W.A et al, “Review of Erbium–doped fiber amplifier”, International 
Journal of Physical Sciences Vol.6(20), pp 4674-4689,September 23, 2011. 

[17]  Naji W.A et al, “A Computer based Simulator for Erbium-Doped Fiber 
Amplifier”, May 11-13, IEEE Paper 2010 

[18] Berkdemir Cuneyt et al, “On the Temperature-Dependent Gain and Noise 
Figure Analysis of CBand High- Concentration EDFAs with te effect of 
Cooperative Upconversion”, IEEE Journal of Lightwave Technology, 
Vol.27, No.9 May 2009 

[19] Awaji Yoshinari et al, “Challenges towards Burst- Mode EDFA”, IEEE 
Paper 2009 

[20] Tamer Adolph, Ould Saadi H. and Boutaleb A., “Simulation based analysis 
of erbium doped fiber amplifier (EDFA)”, Journal of applied science, ISSN 
1812-5654, Asian network for scientific information 2006 

[21] Tae Joon et al, “All-Optical Gain-Clamped Erbium-Doped Fiber Amplifier 
with Improved Noise Figure and Freedom from Relaxation Oscillation”, 
IEEE Photonics Technology Letters, VOL.16, No.1, Jan 2004 

[22] Harun S.W et al, “Gain Clamping in Two-Stage LBand EDFA Using a 
Broadband FBG”, IEEE Photonics Technology Letters, VOL.16, No.2, 
February 2004 

[23] Izyani M.A Mas et al, “Flattened Dual-Stage GCEDFA Using Fiber –Ring 
Laser Technique”,IEEE Paper 2003 

[24] Novak Stephanie et al, “Analytic model for gain modulation in EDFA”, 
IEEE Journal of Light wave Technology, vol.20, No.6, June 2002. 

[25] Novak Stephanie et al, “Simulink Model for EDFA Dynamics Applied to 
Gain Modulation”, IEEE Journal of Light wave Technology, vol.20, No.6, 
June 2002. 

[26] Optical amplifier - Wikipedia, the free encyclopedia 
http://en.wikipedia.org/wiki/Optical_amplifier 

 

AUTHORS 

First Author – Sunil K Panjeta,  Deptt. Of Electronics & 

Communication Engg. IET, Bhaddal, Punjab, India (M.Tech 

Scholar); YIET, Gadholi, Yamunanagar, Haryana, India (Asstt. 

Professor), E-mail:panjetasunil@gmail.com 

Second Author – Onkar Chand, Asstt. Professor, Deptt. Of 

Electronics & Communication Engg. , IET, Bhaddal, Punjab, 

India, E-mail: bkonkar.chd@gmail.com 

Third Author – Danvir Mandal, HOD & Professor, Deptt. Of 

Electronics & Communication Engg. IET, Bhaddal, Punjab,India                                                                               

E-Mail:danvir.mandal@gmail.com 

http://en.wikipedia.org/wiki/Optical_amplifier


International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      491 

ISSN 2250-3153  

www.ijsrp.org 

Dignity and Professional Interest of B.Ed. Teacher 

Trainees 

V.Sasikala 

M.Sc, M.Ed,M.Phil (Ph.D in Education) 
 

Research scholar, University of Madras, India 

 
Abstract- This paper emphasizes on the dignity and importance 

of teaching profession. It also convey the moral note that each 

teacher has to perform the role according to certain rules and 

norms concerning with imparting knowledge, values,, balanced 

emotions ,competencies, skills, discipline guidance etc. for 

betterment of pupils and also for attaining goals of education.   

         The study was examined on 40 teacher trainees of College 

of Education in Chennai to evaluate the effect of interest of 

teacher trainees towards their teaching profession. The result 

reveals that respondents developed a favorable interest towards 

their teaching profession after the completion of their B.Ed. 

course. However, qualification and marital status had no 

significant relationship with the change in interest in teaching 

profession. 

 

I. INTRODUCTION 

ducation helps in development of overall personality of the 

individual in all fields and aspects. Teaching is a profession, 

which lays the foundation for preparing the individuals for all 

other professions. It is a well-established dictum that no nation 

can rise above the level of its teachers. It is the teacher who plays 

pivot role in the educational system and is a catalytic agent of 

change in the society .Various factors influence teacher’s 

qualities the most. A teacher should not only be competent in the 

subject, teaching methods and understanding the learner but also 

have favorable interest towards their teaching profession. During 

the teacher training course teacher trainees have various types of 

experiences which are responsible for shaping their behavior as a 

teacher.    

          The teacher’s role is a dynamic aspect of an individual 

status. The documents circulated at the forty-fifth session of the 

international conference on Education, organized by UNESCO / 

IBE, held at Geneva in 1996,i included in general the following 

roles that teachers are expected to follow in the work of 

globalization which is affecting all walks of life including 

education. 

 

1. Promoting skills and competency in literacy and 

numeracy, sensitivity to the environment and harmony 

between the school and its community. 

2. Helping the growth of basic skills and attitude for 

proper and continued development of cognitive, social, 

moral and emotional development. 

3. Transmitting culture and knowledge help students 

become aware of the world community. 

4. Nourishing creative and critical abilities. 

5. Encouraging adaptability in a dynamic and ever 

changing society. 

6. Helping each individual achieve full self-actualization 

to become a fully functional member of society. 

7. Providing the students and the community with an 

admirable role model as a professional teacher. 

8. Ensuring student’s physical well-being. 

9. Becoming accountable to the community and student’s 

parents. 

 

          The role of modern teacher is not confined to teaching 

alone. Teacher is expected to participate in the development 

programme of the community life. 

          Mudaliar Report (1952) stated rightly “We are convinced 

that most important factor in the contemplated    education 

reconstruction is the    teacher –his personal qualities, his 

educational qualifications, his professional training and the place 

that the teacher occupies in the school as well as in the 

community”.     

          On similar lines Kothari  Commission stated that “ nothing  

is more      important than securing a sufficient  supply  of high 

quality recruits to the teaching profession ,providing them with 

the best possible professional preparation  and creating 

satisfactory conditions of work in which they can be fully 

effective . 

           It is, therefore, pertinent to collect data about the interest 

of teacher trainees towards the existing teacher education 

programme so as to get a better picture of the situation and to 

identify the means to improve the teacher education further 

which help to train quality teacher’s .So the present study is an 

effort in this direction. 

 

II. STATEMENT OF THE PROBLEM 

          The title of the problem is precisely as follow:  

Dignity and importance of interest towards teaching profession 

of B.Ed. teacher trainees.  

 

III. OBJECTIVES OF THE STUDY 

          The present study was conducted with the following 

objectives. 

         1.  To study the interest of teacher trainees towards 

teaching profession. 

E  
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         2.  To identify the differences in the interest of teacher 

trainees depending upon their personal and demographic 

variables.  

 

IV. HYPOTHESIS 

           To realize the above objectives the following descriptive 

and statistical hypotheses were formulated for the purpose of 

testing .The hypotheses formulated were in ‘null-form as it is 

akin to statistical testing. The interest of teacher trainees towards 

the existing teacher training   programme is favourable. 

 

V. DEPENDENT VARIABLES 

         The interest of teacher trainees towards the existing 

teaching profession. 

 

VI. INDEPENDENT VARIABLES 

           The independent variables considered in the investigation 

are teacher trainee’s personal and demographic variables ie: sex, 

educational qualifications of B.Ed.teacher trainees.   

 

VII.  SELECTION OF SAMPLE 

         The present investigation is essentially a survey type of 

research aimed at evaluating the existing teacher training 

programme - B.Ed.  The research was conducted for 

B.Ed.teacher trainees in Chennai district.   

 

VIII.   CONSTRUCTION OF TOOLS 

          Interest in teaching profession:  Dr.B.S.Kakkar (1967) 

inventory a   standardized tool is to be validated and used for the 

study. 

     DESCRIPTION- B.S.Kakkar’s (1967) inventory a 

standardized tool is to  be validated and  used for the study. 

Interest in teaching scale (1967) consistsof 27 items of multiple 

choice types. Five alternatives are given for each item, out of 

which the subject is required to choose the one in which he/she is 

most  interested. If the subject chose the alternative related to 

teaching, a score of1 is given. If the subject has chosen any   

other alternative, a score of 0 is given. According to B.S.Kakkar 

one who gets a score of 18 and above has very high  interest in 

teaching profession. 

 

IX. SCORING PROCEDURE 

        Five alternatives are given for each item, out of which the 

subject is required to choose the one in which he is most 

interested. If the subject chooses the alternative related to 

teaching, for an item, he is given a score of ‘1’. If he has chosen 

any other alternative he is given a ‘0’. Thus a maximum for a 

subject, most interested in teaching can get is 27. The score 

ranges from 0.27 in the direction of the lowest level of interest to 

the highest level of it.  

        According to B.S.Kakkar one who gets a score of 18 and 

above has very high interest in teaching and he is likely to 

become an excellent teacher and one who gets less 5 may 

become an inefficient teacher. One who gets a score of 13 and 

above can be set to have a fairly high level of interest in teaching 

and one who gets less than 13 can be set to have a low level of 

interest in teaching.  

 

 

X. DIGINITY   AND   PROFESSIONAL   INTEREST   OF 

B.ED.   TEACHER    TRAINEES 

SEX: The   influence   of sex on professional interest of the 

B.Ed.  teacher trainees is tested by the‘t’ test and the results are 

presented below in the table:  

 

 

The influence of sex on professional interest of the B.Ed.teacher trainees. 

 

 

 

 

 

 

 

 

 

 

 

             The above table reveals that the  Interest in teaching 

profession scores obtained by the male and  female teacher 

trainees reveal that the female teacher trainees have scored a 

better mean when compared to male teacher  trainees and the ‘t’ 

value obtained to the test the significance of difference is found 

to be not significant at 0.08  level .Hence ,the null hypothesis that 

the  male  and  female teacher trainees do not differ significantly 

with regard to their   Interest in teaching profession  is accepted . 

 

 

XI.     EDUCATIONAL QUALIFICATION 

              The influence of educational qualification on 

professional interest  of the B.Ed.  teacher   trainees is tested    by   

the ‘ t’ test and   the results are presented below in the table:  

 

S.No     Variable   Sex    N    Mean     SD      ‘t’ 

1.       Interest in teaching 

profession  

Male 18 174.82 42.40  

     0.08 

2. Female  22 176.07 47.96 
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The influence of educational qualification on professional interest of the B.Ed. teacher trainees 

 

 

 

 

 

 

 

 

 

 

          The above table reveals that the  Interest in teaching 

profession scores obtained by the U.G and P.G teacher trainees 

reveal that the P.G  teacher trainees have scored a better mean 

when compared to U.G  teacher  trainees and the ‘t’ value 

obtained to the test the significance of difference is found to be 

not significant at 0.27  level .Hence ,the null hypothesis that the  

U.G  and  P.G  teacher trainees do not differ significantly with 

regard to their  Interest in teaching profession  is accepted . 

 

XII. CONCULUSION 

         On the basis of the result derived from the analysis of the 

data it is clear that interest in teaching profession of male and 

female teacher trainees are equally positive towards their 

teaching profession. 

         The major finding is that professional interest of teacher 

trainees  had significantly better personality adjustment and more 

favorable interest towards their teaching profession is approved. 

         It is concluded from the present study that teacher 

education B.Ed. course helps to develop favorable interest 

towards teaching profession. Therefore, all the teachers 

irrespective of level i.e. schools, colleges  should undergo 

some sort of teacher education. 

         The Teacher Education Programmes should be modernized 

by providing latest infrastructure facilities in the present day 

context. Teaching is a profession which lays foundation for 

preparing the individuals for all other profession. 
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Abstract- Islamic finance as academic discipline evolved during 

the last two decades of the 20
th

 century an attempt to look into 

the possibility of enterprise and investment upon the Islamic 

ideals. The discipline has taken a new direction as the experts are 

involved to concentrate over the subject along with fresh 

researches. The subject at once entered the academic arena due to 

its dynamic potential especially in the exigent financial scenario.  

Muslim intellectuals and the financial experts delved deep into 

the socio-economic themes of Quran and Sunnah and 

approached the presidencies from Fiqh al-Ma‘amalat (Financial 

jurisprudence) to reorient academic projects in this field. 

Consequently, the contemporary Muslim academia asserted for 

the immaculate content that explored the subject for larger 

community interest and welfare. Now, the subject has been 

recognized by the world academia and the researches done can 

explore and analyze the Islamic financial instruments and their 

workability in the present century. The academic institutions 

worldwide are involved in study and research as to identify this 

field with international academic standard. The present study 

therefore will highlight the academic dimensions of the 

discipline, will give a description of major academic institutions 

engaged in research and will examine the relevance of the subject 

in the present academic scenario. 

 

 

Index Terms- Islamic finance, Shariah financial instruments, 

OIC Summit, Financial literature, Lower economic growth, 

Equitable distribution, Fiqh al-Ma‘amalat, 

 

I. INTRODUCTION 

0
th

 century has ended with a new-fangled dynamism in 

Islamic intellectualism.
1
 Muslim experts pertaining to various 

disciplines felt the need to comprehend and foretell over a variety 

of socio-economic issues that Muslim societies confront in the 

modern times.
2
 To overcome  various socio-economic challenges 

of the modern era, the Muslim intellectuals, especially the 

finance  experts thought of representing Shariah based 

instruments as the auxiliary vehicles for   promotion of the 

financial activity.
3
  These instruments, if adopted in the financial 

sector  can cultivate for a welfare society being  devoid of 

unapproved elements and practices.
4
 The Muslim world, from the 

last century  has noticed strong assertion of Islamic value system 

and the Muslims, throughout the world have been striving to re-

structure their systems in relation to the Islamic norms .
5
 The 

current trends in research focus on the relevance of the Islamic 

value system and its application into various socio-economic 

institutions. The discipline of ‘finance and investment’ has also 

been core concern of the academia in the present century.  The 

thrust of the study has been to look into the possibilities that can 

promote Islamic equity models in the present day finance 

industry .As a result, the scholars involved in the cavernous study 

of Islamic financial jurisprudence (Fiqh al-Mamalat) came with 

the hope of possibility of banking, investment and finance within 

the Shariah procedures. This has been a landmark to identify 

Shariah approved finance activity to suffice the community 

development. Hence post 1940, Muslim scholars and the finance 

experts carried an academic attempt to represent Islamic finance 

in the world academia. The Shariah approved finance   modes 

and instruments were brought to light for the research purpose in 

the world academia.
6
 From 1965 onwards the academic expertise 

of the Muslim intellectuals opened a fresh  debate over  the 

possibility of ‘Islamic’ finance and  investment  resulting in a 

massive contribution to the literature of Islamic financial 

studies.
7
 

 

1.1 Academic initiative  
           In this  given context, Muslim scholars and intellectuals 

had to face a gigantic challenge; to  reorient  the  commercial 

themes as per the  dictates of Shariah and to  make it relevant  to 

the current geo-economic scenario.
8
 At  this juncture  a huge 

corpus related to Islamic economics and  finance got momentum 

and writings began to appear since 1940’s regarding its relevance 

in building a just and  welfare society .
9
 This theoretical 

framework regarding Islamic economics and its various 

dimensions was worked out from Shari‘ah sources together with 

compilations in classical and medieval era of Islam.
10

 At 

academic level certain intellectuals and scholars pioneered the 

movement of developing the mechanisms and strategies as to 

how Islamic financial  framework can be developed and put into 

practice. Some of the Muslim intellectuals made strenuous 

efforts on formulating a theoretical frame work for Islamic 

banking and finance post 1940’s when they started to write on 

“Interest-free banking models”. This way Islamic financial setup 

made its initial references out of economical framework of 

Islam.
11

 The scholars in this perspective include Anwar Qureshi 

(1946), M. Hameedullah (1944, 1955, 1957, and 1962);    Naim 

Sidiqi (1948), Mahmud Ahmed (1952), M. Maududi (1950).The 

works authored highlighted the need for Islamic commercial 

enterprise and evils of the interest. These works proposed models 

for equity based Islamic banking and its scope on backdrop of 

21
st
 centaury. The tradition was  followed by  works of M.Uzair 

(1955), Ab.Al Arabi (1967), Nejahtullah Siddiqi (1961-9169), 

Ahmed Al Najjar (1971), Baqir Al Sadr(1961, 1974, 1977, 1985, 

1979), M.Yousufuddin, S.M. Hasunuzzaman, Manan, ,M. Ali 

2 
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Elgari, Anas Zarqa, Munawar Iqbal,   Umar Chapra, Abbas 

Mirkhor, Mohsin. S. Khan, Khursheed Ahemd and others .
12 

This 

is how the Islamic   finance emerged within the corpse of Islamic 

Social studies and prepared itself for the entry in to the world 

academia.
13

                                                                                     

                           

1.2 Objectives of Islamic Finance:  

           The main objective of the Islamic finance is to contribute 

for a welfare society and to equip Islamic banking and 

investment sector with equity based financial mechanism devoid 

of unapproved elements.
14

 Academically speaking, Islamic 

finance is being researched and professionalized throughout the 

Muslim world. Since 1990, world has witnessed a number of 

changes that ultimately resulted in   reinterpretation as well as in 

the reorganization of the social discourse.
15

 The last quarter of 

the 20
th

 century   witnessed   the absolute  failure   of   the 

Socialist economic order and  noticed the adverse effects of 

capitalism upon  corporate as well as upon  the non-corporate 

sector.
16

 Islamic commercial  directives  caught  attention  even 

of  the Europe’s  top economies to be adopted as a substitute to 

the conventional one.
17

 Islamic economic and financial Studies 

emerged as a  special concern for researchers in the  Middle-East, 

Europe, South-east Asia, Egypt, Pakistan, Bangladesh, Australia, 

North America, Iran and  Turkey. The contemporary Muslim 

jurists and scholars made tremendous efforts to identify the 

workability of  equity instruments (Usul al-Shirkah al-Anan) for 

Banking and Investment sector.
18

 The studies, apart from the 

academic scenario enhanced the scope for moral as well as 

material development together with the concerns for individual’s 

social up-liftment.
19

 The literature reiterated for attainment of 

socio-economic justice , illustrated the relevance of Islamic 

finance and cultivated for the establishment of a welfare 

society.
20

 

 

II. SOCIO-ACADEMIC DIMENSIONS       

           Academics must serve the social cause. Islamic finance 

got momentum due to various socio-academic challenges during 

last quarter of the 20
th

 century. The academic and professional 

dimensions of the study broadened its scope for contributing 

towards a judicious and effective mechanism.
21

 The following 

seem much appropriate for the evolving of the Islamic finance as 

an academic discipline :
22

 

 Post 1952 scenario   that led the Muslim 

intellectuals to reassertain socio-political and 

economic institutions. By virtue of this, Islamic 

economics and finance began to be explored by 

contemporary Muslim experts at various 

institutions and research centers.
23

 

 As interest (Riba) is severely prohibited in Islam 

Muslims needed an interest/Riba free financial 

system and as a repercussion of this need, Islamic 

finance emerged as an academic discipline adopting 

Shariah based financial tools for application in the 

Islamic finance  industry.
24

 

 The adverse effects in the conventional financing 

like, deflations, recessions, lower economic growth, 

unemployment, Islamic finance evolved as an 

auxiliary financial system and researches began to 

demonstrate its dimensions and application.
25

 

 Recently, Islamic finance drew much attention, 

from the world’s biggest economies to be adopted 

as an alternative mechanism to its conventional 

counterpart. Mohammad al-Qurchi,
  

 a Muslim 

financial expert observed the following  for 

promoting the necessity of Islamic finance  in 

academics as well as in the corporate sector: 

a. “The strong demand from a large number of 

immigrant and non-immigrant Muslins for 

Shariah-compliant financial services and 

transactions. 

b. The growing oil wealth, with demand for 

suitable investments soaring in the Gulf 

region. 

c. The stability and competitiveness of many of 

the products (of the Islamic finance) attracting 

Muslim and non-Muslim investors.
26

” 

 

 

2.1 Academic Centers for the study of Islamic Finance: 

           From the academic point of view, mid of 20
th

 century 

witnessed the emergence of Islamic economics and finance as an 

academic discipline.
27

 Three decades later, efforts to implement 

Islamic finance simultaneously in the academic as well as 

corporate sector have been gravely undertaken all over the world. 

With this view, King Abdul Aziz University Jeddah, Saudi 

Arabia, opened a prestigious research centre dedicated to Islamic 

economics and finance under the name, Islamic Economics 

Research Centre, IERC in 1971. Later, in 1973 Islamic 

Development Bank (IDB, Jeddah), Saudi Arabia, in reflection of 

the first conference of finance ministers OIC at Jeddah, convened 

on 18
th

 December 1973 voted for the establishment of a much 

expanded institution capable of research and funding the socio-

economic projects .This financial institution in addition to 

provide financial services also contributed in academic pursuits 

for Islamic economics and finance with the establishment of 

IRTI (Islamic Research and Training Institute) for conducting 

research in Islamic economics and financial studies.
28

 

 

2.2 Global Academic Scenario  

           The canvas of Islamic finance has been so wide. The 

subject nowadays is being approached globly.Some world 

famous academic institutions that superintend both training and 

research in the field of IEF (Islamic Economics and Finance) 

include: 
29

 

1. International Islamic University of Malaysia 

(IIUM). 

2. International Islamic University of Islamabad, 

Pakistan-IIUI- (which has upgraded its 

International Institute of Islamic economics 

to college of Islamic finance). 

3. Aligarh Muslim University-AMU, India. 

4. The Institute of Islamic Banking & Insurance 

(IIBI), London. 

5. The International Institute of Islamic Banking 

and Finance, Hyderabad, India. 
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6. The Institute of Middle East and Islamic 

Studies, Durham University, Northern 

England. 

7. Trisakti, University Indonesia. 

8. The Markfeild Institute of Higher Education, 

Loughborough University Australia. 

9. The Centre for Islamic Banking, Finance and 

Management, University of Brunei, 

Darussalam. 

10.  Kolej University, Malaysia. 

 

           The establishment of research institutes on large scale and 

the involvement of experts for reallocation of the financial 

themes set new criteria for Islamic finance.
30.

 The first Islamic 

conference on Islamic economics was held in Mecca in 1976. 

Being first of its kind in the Muslim history, steps were taken to 

promote Islamic economics and finance as an academic 

discipline in higher education and advance professional  level.
31

 

Since then six  conferences stressed for the same  in Islamabad 

(1983), Kuala Lumpur (1993), Loughborough (2000), Bahrain 

(2003), Jakarta (2005) and Jeddah (2008).  In Saudi Arabia, King 

Ab. Aziz University established the International Center for 

Research in Islamic Economics (ICREIE) in 1979 to conduct and 

support theoretical and applied research in Islamic finance.
32

 

During 1980s-90s such research institutes proliferated throughout 

the Islamic world and the universities incorporated this area of 

study in their academic curricula.
33

 Al-Azhar Academy in Egypt 

included Islamic Banking and Finance Research programs in its 

curriculum. This process of widening the academic panorama of 

the studies was further aided by the publication of the relevant 

literature enormously by some Muslim student organizations and 

some publishing houses were established only for this purpose.
34

 

 

III. CORPORATE CHALLENGES AND ISLAMIC FINANCE 

           The geo-economic and ideological trends during second 

half of the 20th century shaped the discourse of Islamic finance 

and gave it the socio-academic direction.
35

 In the Third Islamic 

Conference held at Jeddah in 1972, a comprehensive plan to 

reform the monetary and financial system was promulgated. This 

being an attempt to reorient Muslim economies as per the tenets 

of Islamic ethics was presented to the Foreign Ministers of 

participating countries.  Meanwhile the International Association 

of Islamic Banks (IAIB) was established. The primary steps of  

this association  include publication of literature pertaining to 

Islamic Finance like A Handbook of Banking ( A scientific and 

practical encyclopedia in Islamic banking)  written in Arabic by 

famous scholars got  published  at the very outset of this 

organization.
36

 

           World renowned academic institutions as well as the 

corporate centers are robustly engaged in conducting and 

validating research in Islamic finance and economics (IFE) since 

1985.
37

 Academic institutes in Gulf, Iran, Turkey, Malaysia and 

Pakistan lay the primary role for disseminating and conducting 

research in Islamic finance. The applied research in Islamic 

finance conducted mostly within the Islamic Finance Industry as 

part of their research and development involves specific inquiry 

into practical problems encountered by the Islamic financial 

Institutions.
38

 Along with the commendable development in the 

global market significant increase in research in Islamic finance 

and economics, has occurred in the past three decades. The 

development of Islamic finance in the corporate sector is closely 

linked to the research pursued in this field.
39 

  

           The period from 1970-90 witnessed the proliferation of 

research Institutes like  Saleh Kamel Center for Commercial 

Research  established in 1979 at Al-Azhar University (Egypt).
 40

 

the objective being  to favor comparative research on Islamic and 

Western thought in Economic, financial management and 

accounting; advise Islamic financial institutions; organize 

training sessions for their executives together with symposia and 

conferences; publish the review of Islamic commercial studies  

and to  promote translation and publication of classical and 

medieval sources  in this direction.
41

 

           At Harvard University (U.S.A) ambitious research on 

Islamic finance is carried out under a number of programs 

launched during the last few years under the aegis of CMEIS 

(Center for Middle Eastern Studies) in collaboration with 

Harvard Law School and Harvard Business School, financed by 

IDB Jeddah, National Commercial Bank and other such 

organizations.
42

 In December 1995, HIFIP (Harvard Islamic 

Financial Information Programme) started. The programme 

being financed by IICG (Islamic Investment Company of the 

Gulf) Bahrain, a member of Dar al- Mal- al- Islami Geneva, 

dedicated to the compilation, analysis and spreading information 

on Islamic financial sector.
43

 Since that time this organization has 

produced a number of projects and   it aims to promote 

qualitative research in the field of Islamic finance. Among the 

objectives is to undertake as well as to sponsor research projects 

worldwide.
44

 

           The momentum for the academic magnitude of Islamic 

finance also expanded when the “First Annual Program of 

Research Activities of IRTI (Islamic Research and Training 

Institute) was promulgated in 1982.
45

 The programme being to 

intend qualitative research and to counsel the scholars, specialists 

and the researchers regarding  in Islamic economics and finance. 

The objective also being to debate, discuss and incorporate the 

current financial/Banking trends if approved under the Shariah 

norms.
45

. Thus it was only post 1970s  especially after the launch 

of the first ‘International Conference in Islamic Economics’ 

organized by  the King Abdul Aziz University , Saudi Arabia, 

that Islamic finance could be visualized  in the world literature . 

The establishment of the first commercial Islamic bank, Dubai 

Islamic Bank (DIB) in United Arab Emirates followed by the 

establishment of the international Islamic Development Bank 

(IDB) in Jeddah, Saudi Arabia and many private and semi-

private commercial Islamic banks in Egypt, Sudan, Kuwait, 

Bahrain were also among the basic steps in this direction. These 

efforts lead   Islamic finance close   to the operational front not 

only as a viable alternative   but as an efficient way of financial 

intermediation in the corporate sector.
46

 

           Academically speaking, Islamic finance, over the past 

three decades, has shown significant growth in volume and 

scope, attracting academic and professional attention worldwide. 

Currently, studies in the Islamic finance is evolving beyond 

expectations. It has recorded double-digit annual growth rates for 

the last thirty years. Islamic financial institutions, as the experts 

say, can sustain in hard times due to their adaptability, oriented 

towards the socio-economic issues. Its alliance with the Shariah 
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scholars and the financial experts has broadened its scope to 

fulfill the growing demands of the financial sector.
47

 

           Due to the successful financing operations since 2000, 

Islamic finance industry is moving towards a new era of socio-

economic development. The outcome of the experiences of 

several Islamic banks in carrying out financing on Shariah, basis 

looks quite perplexing.
48

 This way Islamic finance has posed a 

profound impact upon the current academic as well as financial 

literature worldwide.
49

 

 

3.1 OIC Summits and on going Research 

           The OIC summits, since 1982 lay stress upon the alliance 

between Shariah experts and the professionals of Islamic 

finance. Ever since, this coalition has been a commendable effort 

to enhance the   scope and promotion of this study.
50

 This 

concern has been mainly established by the efforts of ‘OIC Fiqh 

Academy’ (1983) that a splendid   chapter to the development of 

Islamic economics and finance.
51

 In the last three decades of the 

century adequate research in Islamic economic & financial areas 

has been carried out than in any other related area. The OIC-Fiqh 

Academy from 1985- 1997 made 97 resolutions, 51 among them 

were  related to Islamic finance.
52

 In addition to this  the number 

of publications, seminars and conferences   far exceeds the 

publications in any other area of Fiqh .
53

 The ongoing research in 

this field is of diverse nature ranging from doctoral dissertations 

to articles published in journals and conference papers  dealing 

with   the subjects  like Islamic  financial instruments and their 

application in the Islamic banking.
54

  The research conducted in 

the form of articles, Conference-papers and Source material  in 

this field as represented by Harvard’s IFP (Islamic finance 

project) Data bank in the last three decades gives an output of 

6484 publications prior to 1979 that  represented only 238 

publications and from 1990-1999, the number reached to 2722.
55

 

From the institutional point of view some of the renowned 

institutions have published an ample number of monographs 

(which can be considered as the core collections  in this field) 

and research journals. .
53

 The  IDB’s research wing  IRTI 

(Islamic Research and Training Institute) Jeddah, KAAU (King 

Abdul Aziz University), Saudi Arabia, IIUM (International 

Islamic University), Malaysia, IIIT (International Institute of 

Islamic Thought and Islamic Foundation )  UK has  been 

seriously involved for development of this field.
54

 Recently 

professional and the university publications, like Kluwer 

Publishing House, Cambridge University Press, Edinburgh 

University Press, John Wiley Malaysia, Butterworth, Financial 

Times and Euro money have shown interest in publishing books 

related to Islamic finance.
56

 

 

IV. INSTITUTIONAL PARTICIPATION 

           A serious attempt by the following reputed institutions has 

also encouraged the scholarly pursuits and advance study and 

research in Islamic finance 
57

: 

1.   IRTI- Islamic Research and Training Institute, 

Jeddah, Saudi Arabia 

2.   KAAU- King Abdul Aziz University, Saudi 

Arabia. 

3.   IIUM-International Islamic University, 

Malaysia. 

4.   IIUI- International Islamic University 

Islamabad, Pakistan, which has   upgraded its 

International Institute of Economic to College of 

Islamic Finance. 

5.   AMU-Aligarh Muslim University, India. 

6.   IIBI- International Institute of Islamic Banking 

and Insurance, London. 

7.   IIIBF-The Institute of Islamic Business and 

Finance, India. 

8.   The Institute of Middle-East and Islamic 

Studies, Durham University. 

9.       Trisakti University, Indonesia. 

10. Islamic University of Science &Technology 

Awantipora (J&K) India. 

11.  Islamic Foundation set up by the Markfield 

Institute of Higher Education in conjunction with 

Loughborough University. 

12. The Centre for Islamic Banking, Finance and 

Management of University of Brunei, 

Darussalam. 

13. Kolej University Islam, Malaysia. 

 

           Similarly, in Europe and North- America the interest in 

Islamic finance is growing rapidly.
58

 This  commendable growth 

is in connection with many socio-economic occurrences  post 

2005.
59

 The Muslim minorities residing in Europe have also  

shown their utmost concern for the promotion of Islamic finance 

both at professional as well as on academic level.  Islamic 

finance studies have also evolved in to the curricula of some 

reputed universities especially Harvard, Rice and Durham 

University during last two decades. As a result European 

Universities have also become centers for advance research in 

Islamic finance.
60

 

 

V. CONCLUSION 

           Islamic financial studies have become much relevant and 

comprehensive in Muslim as well as in the Western countries. 

The socio-academic dimensions and relevance of this study 

demand intellectual and professional expertise to evolve much 

efficient literature in major world languages.  Currently, the 

world renowned Muslim scholars and financial experts are 

involved to explore the subject for the socio-economic and 

academic pursuits. The academic and professional expertise both 

in Muslim and Western institutions needs to collaborate for 

strategic action plan in the academic projects for the economic 

wellbeing of the society. The verdicts of the Islamic financial 

jurisprudence (Fiqh al-M‘amalat) can play a significant role for 

evolution of equity financial techniques devoid of unapproved 

elements. Islamic financial studies have the potential to assess 

the default of the conventional finance techniques if reallocated 

to set the standards and challenges of the existing corporate 

sector. This experience, undoubtly will facilitate and result in 

advance research in Islamic finance. Islamic equity instruments 

identified in the Islamic juristic literature are to be discussed, 

elaborated and put into practice to avail the possibility of finance 

and investment within the Islamic framework.  
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Abstract- Spark is an open source cluster computing system that 

aims to make data analytics fast — both fast to run and fast to 

write. To run programs faster, Spark provides primitives for in-

memory cluster computing: your job can load data into memory 

and query it repeatedly much quicker than with disk-based 

systems like Hadoop Map Reduce. To make programming faster, 

Spark integrates into the Scala language, letting you manipulate 

distributed datasets like local collections. You can also use Spark 

interactively to query big data from the Scala interpreter. 

 

Index Terms- Cluster Spark, Scala, RDD, MapReduce , Hadoop 

I. INTRODUCTION 

he formal engineering basis of cluster computing as a means 

of doing parallel work of any sort was arguably invented by 

Gene Amdahl of IBM, who in 1967 published what has come to 

be regarded as the seminal paper on parallel processing: 

Amdahl's Law. Amdahl's Law describes mathematically the 

speedup one can expect from parallelizing any given otherwise 

serially performed task on a parallel architecture. This article 

defined the engineering basis for both multiprocessor computing 

and cluster computing, where the primary differentiator is 

whether or not the inter-processor communications are supported 

"inside" the computer (on for example a customized internal 

communications bus or network) or "outside" the computer on a 

commodity network. 

         Computer clusters may be configured for different purposes 

ranging from general purpose business needs such as web-service 

support, to computation-intensive scientific calculations. In either 

case, the cluster may use a high-availability approach. Note that 

the attributes described below are not exclusive and a "compute 

cluster" may also use a high-availability approach, etc. 

 

 
 

         A load balancing cluster with two servers and 4 user 

stations 

          "Load-balancing" clusters are configurations in which 

cluster-nodes share computational workload to provide better 

overall performance. For example, a web server cluster may 

assign different queries to different nodes, so the overall response 

time will be optimized.
[8]

 However, approaches to load-balancing 

may significantly differ among applications, e.g. a high-

performance cluster used for scientific computations would 

balance load with different algorithms from a web-server cluster 

which may just use a simple round-robin method by assigning 

each new request to a different node. 

         "Computer clusters" are used for computation-intensive 

purposes, rather than handling IO-oriented operations such as 

web service or databases.
[9]

 For instance, a computer cluster 

might support computational simulations of weather or vehicle 

crashes. Very tightly coupled computer clusters are designed for 

work that may approach "supercomputing". 

          "High-availability clusters" (also known as failover 

clusters, or HA clusters) improve the availability of the cluster 

approach. They operate by having redundant nodes, which are 

then used to provide service when system components fail. HA 

cluster implementations attempt to use redundancy of cluster 

components to eliminate single points of failure. There are 

commercial implementations of High-Availability clusters for 

many operating systems. The Linux-HA project is one 

commonly used free software HA package for the Linux 

operating system. 

 

II. CLUSTER MANAGEMENT 

           One of the challenges in the use of a computer cluster is 

the cost of administrating it which can at times be as high as the 

cost of administrating N independent machines, if the cluster has 

N nodes. In some cases this provides an advantage to shared 

memory architectures with lower administration costs. This has 

also made virtual machines popular, due to the ease of 

administration. 

 

III. TASK SCHEDULING 

          When a large multi-user cluster needs to access very large 

amounts of data, task scheduling becomes a challenge. The 

MapReduce approach was suggested by Google in 2004 and 

other algorithms such as Hadoop have been implemented. 

T 
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         However, given that in a complex application environment 

the performance of each job depends on the characteristics of the 

underlying cluster, mapping tasks onto CPU cores and GPU 

devices provides significant challenges. This is an area of 

ongoing research and algorithms that combine and extend 

MapReduce and Hadoop have been proposed and studied. 

 

IV. NODE FAILURE MANAGEMENT 

When a node in a cluster fails, strategies such as "fencing" may 

be employed to keep the rest of the system operational.
 
Fencing 

is the process of isolating a node or protecting shared resources 

when a node appears to be malfunctioning. There are two classes 

of fencing methods; one disables a node itself, and the other 

disallows access to resources such as shared disks. 

         The STONITH method stands for "Shoot the Other Node in 

the Head", meaning that the suspected node is disabled or 

powered off. For instance, power fencing uses a power controller 

to turn off an inoperable node.
[18]

 

         The resources fencing approach disallows access to 

resources without powering off the node. This may include 

persistent reservation fencing via the SCSI3, fibre Channel 

fencing to disable the fibre channel port or global network block 

device (GNBD) fencing to disable access to the GNBD server. 

 

V. INTRODUCTION OF SPARK 

         Spark is an open source cluster computing system that aims 

to make data analytics fast — both fast to run and fast to write. 

To run programs faster, Spark provides primitives for in-memory 

cluster computing: your job can load data into memory and query 

it repeatedly much quicker than with disk-based systems like 

Hadoop MapReduce. To make programming faster, Spark 

integrates into the Scala language, letting you manipulate 

distributed datasets like local collections. You can also use Spark 

interactively to query big data from the Scala interpreter. 

Spark is implemented in Scala, a statically typed high-level 

programming language for the Java VM, and exposes a 

functional programming interface similar to DryadLINQ. In 

addition, Spark can be used interactively from a modified version 

of the Scala interpreter, which allows the user to define RDDs, 

functions, variables and classes and use them in parallel 

operations on a cluster. We believe that Spark is the first system 

to allow an efficient, general-purpose programming language to 

be used interactively to process large datasets on a cluster. 

Although our implementation of Spark is at an early stage, 

experience with the system is encouraging. Spark can outperform 

Hadoop by 10x in iterative machine learning workloads and can 

be used interactively to scan a 40 GB dataset with sub-second 

latency. Several machine learning researchers in our lab have 

used Spark implement a number of algorithms, including logistic 

regression, expectation maximization, and bootstrap sampling. 

Spark was initially developed for two applications where keeping 

data in memory helps: iterative algorithms, which are common in 

machine learning, and interactive data mining. In both cases, 

Spark can outperform Hadoop MapReduce by 30x. However, 

you can use Spark for general data processing too. Spark runs on 

the Apache Mesos cluster manager, letting it coexist with 

Hadoop. It can also read any data source supported by Hadoop. 

Spark was developed in the UC Berkeley AMP Lab. It's used by 

several groups of researchers at Berkeley to run large-scale 

applications such as spam filtering, natural language processing 

and road traffic prediction. It's also used to accelerate data 

analytics at Conviva, Klout, and Quantifind, and other 

companies. 

 

VI. IMPLEMENTATION OF SPARK 

         Spark is built on top of Mesos, a “cluster operating system 

that lets multiple parallel applications share a cluster in a fine-

grained manner and provides an API for applications to launch 

tasks on a cluster. This allows Spark to run alongside existing 

cluster computing frameworks, such as Mesos ports of Hadoop 

and MPI, and share data with them. In addition, building on 

Mesos greatly reduced the programming effort that had to go into 

Spark. The core of Spark is the implementation of resilient   

distributed datasets. As an example, suppose that we define a 

cached dataset called cachedErrs representing error messages in a 

log file, and that we count its elements using map and reduce,  

 

val file = spark.textFile("hdfs://...") 

val errs = file.filter(_.contains("ERROR")) 

val cachedErrs = errs.cache() 

val ones = cachedErrs.map(_ => 1) 

val count = ones.reduce(_+_) 

 

        These datasets will be stored as a chain of objects capturing 

the lineage of each RDD, shown in Figure 1. Each dataset object 

contains a pointer to its parent and information about how the 

parent was transformed. Internally, each RDD object implements 

the same simple interface, which consists of three operations: 

 

• getPartitions, which returns a list of partition IDs. 

• getIterator(partition), which iterates over a partition. 

•getPreferredLocations(partition), which is used for task 

scheduling to achieve data locality. 

 

VII. SPARK EXAMPLES 

          Spark is built around distributed datasets that support 

types of parallel operations: transformations, which are lazy and 

yield another distributed dataset (e.g., map, filter, and join), and 

actions, which force the computation of a dataset and return a 

result (e.g., count). The following examples show off some of the 

available operations and features.  

 

7.1 Text Search 

          In this example, we search through the error messages in a 

log file:  

val file = spark.textFile("hdfs://...") 

val errors = file.filter(line => line.contains("ERROR")) 

// Count all the errors 

 

errors.count() 

// Count errors mentioning MySQL 
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errors.filter(line => line.contains("MySQL")).count( 

// Fetch the MySQL errors as an array of strings 

errors.filter(line => line.contains("MySQL")).collect() 

 

         The red code fragments are Scala function literals 

(closures) that get passed automatically to the cluster. The blue 

ones are Spark operations. 

 

        Spark cluster computing architecture 

        Although Spark has similarities to Hadoop, it represents a 

new cluster computing framework with useful differences. First, 

Spark was designed for a specific type of workload in cluster 

computing—namely, those that reuse a working set of data 

across parallel operations (such as machine learning algorithms). 

To optimize for these types of workloads, Spark introduces the 

concept of in-memory cluster computing, where datasets can be 

cached in memory to reduce their latency of access.  

        Spark also introduces an abstraction called resilient 

distributed datasets (RDDs). An RDD is a read-only collection 

of objects distributed across a set of nodes. These collections are 

resilient, because they can be rebuilt if a portion of the dataset is 

lost. The process of rebuilding a portion of the dataset relies on a 

fault-tolerance mechanism that maintains lineage (or information 

that allows the portion of the dataset to be re-created based on the 

process from which the data was derived). An RDD is 

represented as a Scala object and can be created from a file; as a 

parallelized slice (spread across nodes); as a transformation of 

another RDD; and finally through changing the persistence of an 

existing RDD, such as requesting that it be cached in memory.  

        Applications in Spark are called drivers, and these drivers 

implement the operations performed either on a single node or in 

parallel across a set of nodes. Like Hadoop, Spark supports a 

single-node cluster or a multi-node cluster. For multi-node 

operation, Spark relies on the Mesos cluster manager. Mesos 

provides an efficient platform for resource sharing and isolation 

for distributed applications (see Figure 1). This setup allows 

Spark to coexist with Hadoop in a single shared pool of nodes.  

 

Figure 1. Spark relies on the Mesos cluster manager for 

resource sharing and isolation. 

 

 
 

          Although Hadoop captures the most attention for 

distributed data analytics, there are alternatives that provide some 

interesting advantages to the typical Hadoop platform. Spark is a 

scalable data analytics platform that incorporates primitives for 

in-memory computing and therefore exercises some performance 

advantages over Hadoop's cluster storage approach. Spark is 

implemented in and exploits the Scala language, which provides 

a unique environment for data processing. Get to know the Spark 

approach for cluster computing and its differences from Hadoop. 

 

 

VIII. INTRODUCTION SCALA 

          Scala is a general purpose programming language designed 

to express common programming patterns in a concise, elegant, 

and type-safe way. It smoothly integrates features of object-

oriented and functional languages, enabling Java and other 

programmers to be more productive. Code sizes are typically 

reduced by a factor of two to three when compared to an 

equivalent Java application. 

          Many existing companies who depend on Java for business 

critical applications are turning to Scala to boost their 

development productivity, applications scalability and overall 

reliability. 

          For example, at Twitter, the social networking service, 

Robey Pointer moved their core message queue from Ruby to 

Scala. This change was driven by the company's need to reliably 

scale their operation to meet fast growing Tweet rates, already 

reaching 5000 per minute during the Obama Inauguration. 

Robeys thinking behind the Twitter Kestrel project is explained 

in the developers live journal. His concise 1500 lines of Scala 

code can be seen as he has generously made them available as an 

open source project. 

 

IX. FEATURES OF SCALA 

9.1  Scala is object-oriented 

          Scala is a pure object-oriented language in the sense that 

every value is an object. Types and behavior of objects are 

described by classes and traits. Classes are extended by 

subclassing and a flexible mixin-based composition mechanism 

as a clean replacement for multiple inheritance. 

 

9.2 Scala is functional 

          Scala is also a functional language in the sense that every 

function is a value. Scala provides a lightweight syntax for 

defining anonymous functions, it supports higher-order 

functions, it allows functions to be nested, and supports currying. 

Scala's case classes and its built-in support for pattern matching 

model algebraic types used in many functional programming 

languages. 

          Furthermore, Scala's notion of pattern matching naturally 

extends to the processing of XML data with the help of right-

ignoring sequence patterns. In this context, sequence 

comprehensions are useful for formulating queries. These 

features make Scala ideal for developing applications like web 

services. 

 

9.3 Scala is statically typed 

          Scala is equipped with an expressive type system that 

enforces statically that abstractions are used in a safe and 

coherent manner. In particular, the type system supports: 

 generic classes, 

 variance annotations, 

 upper and lower type bounds, 

 inner classes and abstract types as object members, 

 compound types, 

 explicitly typed self references, 

 views, and 

 polymorphic methods. 
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           A local type inference mechanism takes care that the user 

is not required to annotate the program with redundant type 

information. In combination, these features provide a powerful 

basis for the safe reuse of programming abstractions and for the 

type-safe extension of software. 

 

Scala is extensible 

           In practice, the development of domain-specific 

applications often requires domain-specific language extensions. 

Scala provides a unique combination of language mechanisms 

that make it easy to smoothly add new language constructs in 

form of libraries: 

 any method may be used as an infix or postfix operator, 

and 

 closures are constructed automatically depending on the 

expected type (target typing). 

           A joint use of both features facilitates the definition of 

new statements without extending the syntax and without using 

macro-like meta-programming facilities. 

 

Related Work 

           Distributed Shared Memory: Spark’s resilient distributed 

datasets can be viewed as an abstraction for distributed shared 

memory (DSM), which has been studied extensively [19]. RDDs 

differ from DSM interfaces in two ways. First, RDDs provide a 

much more restricted programming model, but one that lets 

datasets be rebuilt efficiently if cluster nodes fail. While some 

DSM systems achieve fault tolerance through check pointing, 

Spark reconstructs lost partitions of RDDs using lineage 

information captured in the RDD objects. This means that only 

the lost partitions need to be recomputed, and that they can be 

recomputed in parallel on different nodes, without requiring the 

program to revert to a checkpoint. In addition, there is no 

overhead if no nodes fail. Second, RDDs push computation to the 

data as in MapReduce, rather than letting arbitrary nodes access a 

global address space. Other systems have also restricted the DSM 

programming model to improve performance, reliability and 

programmability.  

           The need to extend MapReduce to support iterative jobs 

was also recognized by Twister, a MapReduce framework that 

allows long-lived map tasks to keep static data in memory 

between jobs. However, Twister does not currently implement 

fault tolerance. Spark’s abstraction of resilient distributed 

datasets is both fault-tolerant and more general than iterative 

MapReduce. A Spark program can define multiple RDDs and 

alternate between running operations on them, whereas a Twister 

program has only one map function and one reduce function. 

This also makes Spark useful for interactive data analysis, where 

a user can define several datasets and then query them. Spark’s 

broadcast variables provide a similar facility to Hadoop’s 

distributed cache [2], which can disseminate a file to all nodes 

running a particular job. However, broadcast variables can be 

reused across parallel operations. 

 

X. DISCUSSION AND FUTURE WORK 

           Spark provides three simple data abstractions for 

programming clusters: resilient distributed datasets (RDDs), and 

two restricted types of shared variables: broadcast variables and 

accumulators. While these abstractions are limited, we have 

found that they are powerful enough to express several 

applications that pose challenges for existing cluster computing 

frameworks, including iterative and interactive computations. 

Furthermore, we believe that the core idea behind RDDs, of a 

dataset handle that has enough information to (re)construct the 

dataset from data available in reliable storage, may prove useful 

in developing other abstractions for programming clusters. 

 

In future work, we plan to focus on four areas: 

           1. Formally characterize the properties of RDDs and 

Spark’s other abstractions, and their suitability for various 

classes of applications and workloads.  

           2. Enhance the RDD abstraction to allow programmers to 

trade between storage cost and re-construction cost. 

           3. Define new operations to transform RDDs, including a 

“shuffle” operation that repartitions an RDD by a given key. 

Such an operation would allow us to implement group-bys and 

joins. 

           4. Provide higher-level interactive interfaces on top of the 

Spark interpreter, such as SQL and R- shells. 

 

XI. SUMMARY 

           Although Hadoop captures the most attention for 

distributed data analytics, there are alternatives that provide some 

interesting advantages to the typical Hadoop platform. Spark is a 

scalable data analytics platform that incorporates primitives for 

in-memory computing and therefore exercises some performance 

advantages over Hadoop's cluster storage approach. Spark is 

implemented in and exploits the Scala language, which provides 

a unique environment for data processing. Get to know the Spark 

approach for cluster computing and its differences from Hadoop. 
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Abstract- Geochemical characteristics of greywacke and 

intercalated phyllites from Haveri and Dharwad block (long N 

75° 10' to 75°  25' E and lat 15°  30' to 45° 00'S and (long 75°  

05'E and lat S 15°  15' to 15°  35') of Shimoga basin have been 

studied to unravel the provenance and the tectonic setting of the 

greywackes. The greywackes are medium grained 

feldspatholithic and show presence of perthitic feldspars, and 

phyllites are fine grained and show feeble schistocity. Both, 

greywacke and phyllites are intermediate in composition having 

high SiO2/MgO ratio 10.21 to 19.89 and 9.20 to 26. 36 and 

Al2O3/TiO2 ratio is 21.70 to 80.50 to 23.28 to 84.09, respectively. 

Greywacke of both the blocks show insignificant enrichment of 

Si, Fe, Mg, Sc and Co with respect to AUCC. But phyllites show 

depletion in Cr/Ni (0.52 to 1.9) and in Cu/Zn ratio (0.41 to 1.41). 

But both greywacke and phyllites have similar REE pattern. The 

geochemical characters such as negative Eu anomaly and high 

LREE/HREE (La/Rb)n,  suggest granodioritic source for them, 

whereas, mafic source is indicated by enrichment of Ni, Sc, Sr, & 

co. The Cu/Zn ratio ranging between 0.48 to 1.20 and 0.41 to 

1.41 for greywacke and phyllites respectively. It indicate 

Komatitic source where as Rb/ Sr content together with presence 

of perthitic feldspar suggest granitic type source. Based on 

present studies a mixed provenance dominated by intermediate 

composition with lesser proportion basic to ultra basic and 

granitic source is suggested for these greywackes and phyllites. 

As the source from the lithologic association along with tectonic 

discriminatory plots, it is concluded that juxtaposition of two 

tectonic regimes have given rise to the present configuration of 

outcrop pattern. 

 

Index Terms- Dharwar Craton, Karnataka, Provenance, Tectonic 

Setting 

 

I. INTRODUCTION 

ine grained clastic sediments like greywackes are especially 

useful for provenance studies as they are least affected by 

sedimentary fractionation process (Dickinson and Suczek, 1979; 

Valloni and Mezzardi, 1984; Taylor & McLennan, 1985; Bhatia 

and Crook, 1986; McLennan et al., 1993; Armstrong-Altrin et 

al., 2004). Greywacke composition is least affected by sorting 

process and diagenesis therefore they nearly reflect the 

composition of early crust (Nesbitt and Young, 1989; 

Milodowski and Zalasiewicz, 1991). In particular, greywackes 

from younger greenstone belts are affected by alteration process 

and metamorphic effect. Hence they are potential in 

understanding the composition of the early crust (McLennan and 

Taylor 1991; Naqvi et al, 1988; Manikyamba, 199; Kanerine et 

al, 1993; and Feng and Kerrich, 1990). It is on the premises that 

these greywackes are least affected during chemical weathering 

and rapidly deposited.  

         Greywackes constitute a major lithology in a younger 

greenstone belt in Dharwar craton. Provenance studies serve to 

reconstruct the predepositional history of sediment or 

sedimentary rocks. This includes the distance and direction, size 

and setting of the source region, climate and relief in the source 

area, and the specific type of sedimentary rocks, geochemical 

features and heavy mineral assemblages (Pettijohn et al., 1987; 

Mclann, 1998; Bhatia and Crook, 1986; Roser and Korsch, 1988; 

Chaodong et al., 2005). Therefore in this study an attempt is 

made to unravel the provenance of the greywackes and apply this 

knowledge to understand composition of the early crust and 

crustal evolution process. 

    

II. GEOLOGIC SETTING 

           In the investigated area, greywackes occurring from 

Haveri to Dharwad have been considered (Fig 1). Based on the 

lithological association and petrographic characters they have 

been conveniently grouped in to Haveri Block and Dharwar 

Block. The greywacke and intercalated phyllites in the study are 

constitute Ranebennur formation of Dharwar super group 

(Swaminath and Ramakrishnan, 1981; Harinand Babu, 1981). 

General stratigraphy of Shimoga basin given by Swaminath and 

Ramakrishna (1981) is presented in Table 1. The greywackes to 

the south and west of Haveri have already been studied by 

Chavadi and Hegde (1988), (1990) and (2002). The greywackes 

from the Haveri group are relatively coarse grained and frequent 

occurrence of BIF and metavolcanics is common in this region. 

On the contrary, greywackes of Dharwar Block are fine grained 

and occurrence of BIF within greywackes is a rare feature. Acid 

volcanic is frequent in the region to the north of the Dharwad. 

Platformal sediments like BIF’s, carbonates are seen in the 

region (Nagalavi). In both the area intercalation of phyllites with 

greywackes is a common feature.  

 

 

III. FIELD AND PETROGRAPHIC FEATURES 

           Greywackes are medium grained fresh and show 

intercalations of phyllites, at places mafic flows occur up to the 

thickness of 15-20 meters. In addition to rhythmic intercalation 

of phyllites, oxide facies, BIF’s occur, which constitute ridges of 

the hills around Haveri and Shiggaon, phyllites do not exceed 20 

cm in thickness where as greywackes show thickness up to 1.5 

meter.  

F 
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           Around Dharwad, greywackes are fine grained and show 

the effect of metamorphism and rude schistocity can be observed 

with pocket lens. Occurrence of BIF’s within greywackes is not 

seen, on the other hand, platformal facies is seen in the North of 

Dharwad (intercalation of phyllites is similar to those found in 

Haveri-Shiggaon Block). 

           Representative Greywacke and intercalated phyllites 

samples are selected for the petrographic studies. The selected 

fresh rock samples of greywacke and phyllites have been 

subjected to thin section studies for mineral composition and 

petrographic characters. 

           Under microscope greywackes exhibit poorly sorted 

texture consisting of quartz, feldspar and rock fragments. Both 

monocrystalline and polycrystalline quartz are common. 

Replacement of feldspars by secondary carbonate is more 

prominent in greywackes of Haveri block, than in Dharwad 

block. Rock fragments like cherty, phyllitic and BIF’s in 

Dharwad block, where as large grains of K-feldspar and perthitic 

feldspars are observed in Haveri block. These rock fragments 

suggest recycled and granitic provenance for them. Matrix is 

dominated by chlorite of green variety. Pyrite is a common 

secondary mineral its diagrammatic origin is indicated by (cubic) 

well developed crystal faces and replacement of other minerals. 

Biotite and other minerals are less than 5% in matrix of the 

greywackes, secondary carbonate replace both matrix as well as 

clastic grains. The embayment of clastic grains by matrix 

minerals suggests the role of diagenesis. The metamorphic of low 

grade green schist facies has not affected the original fabric of 

the greywackes, whereas rude schistocity can be seen in 

greywackes of Dharwad block. 

 

IV. ANALYTICAL PROCEDURE 

           For modal composition of the greywacke sample, thin 

sections of the area 3-4 Sq Cms have been used with an average 

of 1,000 grains per rock and the work was carried out with the 

Lietz Counter Machine. 

           The selected greywacke and phyllites samples were 

crushed and powdered to ~200mesh and analyzed for their major, 

trace and REE composition under ICP-MS at Shiva Analyticals, 

Bangalore. The analysis for major and minor elements was 

carried out by preparing samples following the method of Bernas 

Thomson and Walsh (1989). For normalization, values for 

Archaean upper continental crust (AUCC) were obtained from 

Taylor and McLennan (1985). Chondrites normalized ratios are 

calculated from the values of Sun and McDonough (1989). The 

Chemical Index of Alteration (CIA) was calculated as 

[Al2O3/(Al2O3+CaO+Na2O+K2O)]×100, corrected for 

diagenetic addition of K, following Fedo et al. (1995)  

 

V. RESULTS AND DISCUSION 

           The data of major, REE and trace elements analysis of the 

greywackes and phyllites are outlined and listed in Table 2 and 3. 

 

Geochemistry 

           The greywackes in general are intermediate in 

composition SiO2 range from 57.56 to 66.73, whereas phyllites 

show lesser concentration of SiO2 53.74 to 65.85. This feature 

suggests that silica is concentrated in coarser fraction. The 

distinguishing feature of greywackes of the study area is the 

dominance of the Na2O over K2O. The Al2O3/Na2O ratio which 

is the Compositional Maturity Index (Pettijohn, 1957) and it is 

varies between 3.96 to 12.30. The larger range suggests the 

removal of mobile elements like Na2O, MgO range in 

composition from 1.09 to 3.89 and 3.36 to 5.57 and SiO2/MgO 

ratio is high 19.9 to 11.4, which is an indication of dominance of 

acidic provenance. The rocks show high content of Fe as 10.4. 

The rocks under study are high content of Fe along with BIF rock 

fragments suggest BIF signature (Manikyamba, 1997). 

           The compositional diagrams after Pettijohn et al., (1973) 

classify as greywackes and the distinctive difference can be seen 

(Fig.2). The REE pattern of greywackes show moderately 

fractionated pattern with significant Eu(La/Yb)n ratio is 1.11, 

though there is difference in their petrographic characters and 

lithological association. Greywackes of both the groups do not 

show any significant difference. The Eu/Eu* range from 0.69 to 

0.91. Greywackes of both the blocks in general are intermediate 

in composition, SiO2 range from 56.87 to 62.77 in Haveri block 

and range from 57.74 to 66.73 in Dharwad block, where as 

phyllites show lesser concentration of SiO2 in both the blocks.  

This feature suggests that Si concentration is in coarser fraction. 

The Al2O3/Na2O ratio varies from 3.96 to 12.34 in compositional 

plot of Log (SiO2/Al2O3) Vs Log (Na2O/K2O) after Pettijohn 

(1973) (Fig.2). The phyllites occupy field 2 but greywacke 

confirm to their field, SiO2/MgO ratio varying from 10.20 to 

19.90 which is significant nature of greywackes. 

           It is pertinent to note that the interbedded greywackes are 

poorer in MgO compared to the phyllites in Haveri block, where 

as such a trend is not clear in the case of Dharwar block. The 

content of CaO is enriched in interbedded phyllites compared to 

greywackes in Dharwad block (0.87 to 5.150 and in general, the 

greywackes show enrichment of CaO in both the blocks. The 

AUCC normalized multi element diagram (Fig.3A,B,C and D) 

suggest insignificant variation with regard to 

SiO2,Rb,Mg,Ni,Cr,Co,Sc in greywacke of both the blocks, 

contrast to this phyllites show large variation with regard to Sr,  

Na2O show depletion in phyllites and K2O show enrichment with 

regard to AUCC in phyllites. The Chemical Index of Alteration 

(CIA) values of greywacke range from 54.8 to 73.9 with an 

average 63.85, whereas a CIA value of phyllites is high (Nesbitt 

and Young, 1982). The value of CIA suggests moderate chemical 

weathering of the source. The La/Yb ratio of greywacke is 1.11 

where as for phyllites it is less than 0.33. The REE pattern of 

greywacke (Fig.4 A and B) show mild Eu anomaly moderately 

fractionated LREE and flat HREE. Based on REE signature 

greywacke and phyllites are indistinguishable which suggest that 

inspite of fractionation of some major elements and grain size 

sorting. REE is not affected and can be used to understand the 

provenance of the greywackes (Ruby 1951, Helm bold 1958, 

Crook 1974, Roger Swart 1990). The greywackes show high 

concentration of TiO2 and Cr.  

           K2O/Na2O ratio of the greywackes more than 1 which 

suggests the quartz intermediate type of greywackes, (Crooke, 

1974) suggest, the recycled orogene provenance field, 

(Dickinson et al, 1983) and relative abundance of plagioclase 

feldspar, and, feldspar over lithic fragments suggest 
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accumulation of the material in Active Continental Margin. The 

low (<4) value of Mg/K and Na/K suggest significant K-

metasomatism has not taken place for greywackes (Fedo et al., 

1995, 1997). The K/Rb ratio is comparable with other 

Precambrian greywackes. 

           The Rb/Sr ratio is consistently low as compared to crustal 

reservoir. Cr/Ni concentration is comparable to other 

Precambrian greywackes, and Cr/Ni is high. Cu/Zn ratio varies 

from 0.48 to 1.20 and higher than the sediments of the OIA, CIA 

and ACM (0.25, 0.15 and 0.15 respectively) (after Bhatia and 

Crooke, 1986).  Cu/Zn ratio suggests the presence of Komatitic 

in the source, the Komatites have Cu/Zn ratio is 0.959 (Cattel 

and Arnadet, 1987). The range of Co, Sc and V are high 

comparable with other Achaean greywackes. Sr ranges from 208 

to 753 and Rb 38.5 to106, and their concentration is high 

compare to AUCC and suggests the granitic source. It is 

interesting to that the concentration of these in the phyllites show 

a large variation and the Rb/Sr ratio (0.07 to 0.51) is higher 

compare to greywackes in the same block. On the other hand, the 

Cu/Zn (0.41 to 1.41) and Cr/Ni (0.52 to 1.9) ratio is lower in 

phyllites compare to that of greywackes from the Achaean Green 

Stone Belts. However, La is enriched 60 to 130 times, Yb 4.5 to 

95 times, those of Chondrites in Haveri block. Although in 

Dharwad block La concentration is up to 150 to 153 times that, 

of Chondrites. Thus show a narrow range of 86 to 123 times. 

Even though Yb restricted to 4.5 to 7.5 range, but Yb and La 

exhibit similar range as that of greywackes, inspite of differences 

in their trace element composition.  

 

VI. DISCUSSION 

           The compositions of sedimentary rocks are influenced by 

weathering, sorting and digenesis. The geochemical 

characteristics of greywackes suggest that they have not been 

affected by this sedimentary process. The fine grained 

intercalated phyllites within greywackes show low value of CIA, 

high ratio of Al2O3/Na2O and low value of Mg/K and Na/K 

suggests some degree of sorting. The Si, Fe, Mg, Sc, Co shows 

insignificant variation between greywackes and phyllites, as well 

as, with respect to AUCC.  Although Al2O3 show enrichment in 

phyllites. Al2O3 is comparable for greywackes and phyllites, 

therefore, these elements can be made to understand the 

provenance of greywackes. The feldspathic nature and quartz 

intermediate type suggest recycled orogene provenance for these 

greywackes. The QFL ratio also confirms this. The presence of 

K-feldspar and microcline perthitic feldspars do suggests 

presence of granitic type of source. 

           High ratio of SiO2/MgO suggests acidic source, absence 

of volcanic rock fragments and feldspars precludes acidic 

volcanic, on the other hand, the cloudy extinction in quartz along 

with feldspars and chemical characters such as high ratio of 

Al2O3/SiO2 and SiO2/MgO, suggest acidic plutons as source. The 

Cu/Zn ratio suggests presence of Komatitic source (basic) 

whereas, enrichment of Cr, Ni, V, Co suggest a basic source as 

provenance for them. Granitic source is indicated by low value of 

Rb/Sr. 

           The greywacke and phyllites show fractionated REE 

pattern with La/Yb characteristic ratio, a feature of intermediate 

source. The greywackes and phyllites are characterized by mild 

negative Eu anomaly; according to Jakes and Taylor (1974) 

negative anomaly suggests development of upper Granodioritic 

source. La enriched HREE depleted nature is related to the 

derivation of mixing of bimodal volcanics. The above chemical 

characters suggest that a mixed provenance consisting of 

recycled orogene, intermediate to basic and ultra basic source for 

greywackes. 

           Roser and Korsch (1986) established a discrimination 

diagram using K2O/Na2O versus SiO2 (Fig. 5), to determine the 

tectonic setting of terrigenous sedimentary rocks. Both SiO2 and 

K2O/Na2O ratio increase from volcanic-arc to active continental 

margin settings. On this diagram, the greywackes of the area plot 

exclusively in the field of active continental margin (ACM). 

Mayanard et al, (1982) used similar plot of K2O/Na2O versus 

SiO2/Al2O3 in their study of modern sediments to discriminate 

different tectonic settings. In the discriminatory plot SiO2 vs. 

K2O/Na2O (after Roser and Korsch, 1986), reveal that 

Continental Island Arc (CIA) source for them. The association of 

greywackes and phyllites of Dharwad with platformal sediments 

suggest juxtaposition of two tectonic regimes by a process of 

subduction.   
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Table 1: Generalized Lithostratigraphy 0f Dharwar Super 

group. 
 

GENERALISED LITHOSTRATIGRAPHY OF DHARWAR SUPERGROUP 

Swami Nath and Ramakrishnan, (1981) 

Group    Formation   Litho-

assemblage  

   (as in the type area) 

     

    Hiriyur   
 Predominantly greywacke with Fe-Mn chert;   

      polymict 

conglomerate 

 

Chitradurga  Ingaldhal   Quartz-chlorite schist, argillite with 

Fe-Mn        
  chert and metabasalt  

Group  of       

Chitradurga belt     
     

    Vanivilas   Fe-Mn 

formations, carbonates,  phyllite and    
      quartzite with 

conglomerate at the base 

Dharwar ------- Unconformity ------- 

Super group 
    Mulaingeri  

 Fine clastics, predominantly  with    
      

 chemical sedimentation 

Bababudan Group  Santaveri  Bimodal volcanics, 

 of       

 quartzite in subordinate amounts 

Bababudan belt     
    Allampur   Quartzite with 

basic igneous  rocks 

     
    Kalasapura  

 Basic volcanics with quartzite  and    

       
 conglomerate at the base 
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Table 2: Chemical composition of Greywackes of the study 

area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Chemical composition of Phyllites of the study area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample SG-7G SG-2a SG-5 SG-3 SN-15 S-15 107-c 111-G 119-D B-4a 52-D 84-G

SiO2 62.22 57.56 58.9 56.87 62.77 59.5 57.74 58.77 58.62 63.61 61.5 66.7

TiO2 0.63 0.22 0.6 0.21 0.23 0.22 0.68 0.58 0.56 0.38 0.61 0.43

Al2O3 13.73 10.37 16.2 16.91 14.59 15.4 16.2 18.16 16.29 15.54 15.3 13.5

FeOT 9.86 8.49 9.75 10.4 6.59 8.99 9.5 6.8 8.12 6.71 9.13 6.94

MnO 0.17 0.18 0.16 0.14 0.1 0.16 0.17 0.07 0.14 0.13 0.15 0.07

MgO 3.85 4.48 4.23 5.57 4.18 5.21 3.98 3.38 3.75 3.5 4.26 3.36

CaO 2.09 2.77 1.37 2.03 3.46 1.99 2.27 2.89 4.54 4.77 4.92 1.38

Na2O 2.24 3.4 2.7 2.27 3.23 3.89 3.59 2.71 2.51 2.2 2.87 1.09

K2O 1.93 2.37 2.43 1.67 1.25 1.5 2.63 3.55 1.9 1.86 1.26 2.4

P2O5 0.14 0.22 0.14 0.17 0.16 0.18 0.24 0.24 0.23 0.13 0.16 0.11

LOI 3.19 3.9 3.52 3.73 3.42 2.89 2.75 2.75 3.3 3.1 2.81 3.98

Total 100 94 100 100 99.98 99.9 99.8 99.9 99.96 102 103 99.9

CIA 68.7 54.8 71.4 73.9 64.76 67.6 65.6 66.5 64.54 63.8 62.8 73.4

SiO2/MgO 16.2 12.8 13.9 10.2 15.02 11.4 14.5 17.39 15.63 18.2 14.4 19.9

K2O/Na2O 0.86 0.7 0.9 0.74 0.387 0.39 0.73 1.31 0.757 0.85 0.44 2.2

SiO2/Al2O3 4.53 5.55 3.63 3.36 4.302 3.86 3.56 3.236 3.599 4.09 4.01 4.96

Al2O3/Na2O 6.13 3.05 6.01 7.45 4.517 3.96 4.51 6.701 6.49 7.06 5.33 12.3

K2O/Al2O3 0.14 0.23 0.15 0.1 0.086 0.1 0.16 0.195 0.117 0.12 0.08 0.18

Al2O3/TiO2 21.8 47.1 27 80.5 63.43 70.1 23.8 31.31 29.09 40.9 25.1 31.3

Rb 52.3 87 55.2 85.9 42.4 38.5 50.7 62.9 51.1 63.1 43.9 106

Pb 19 71 22 9 22 5 9 14 16 21 24 17

Cd 0.4 0.4 0.3 0.2 1 1.4 0.3 0.1 0.6 0.2 1.9 1.3

Cu 103 58 83 127 58 25 86 41 73 59 45 61

Cr 152 77 165 261 97 89 117 54 125 133 142 56

Zn 102 111 85 126 60 52 84 127 113 54 70 51

Ni 74 34 72 126 50 27 66 35 53 48 64 34

Sr 264 305 225 178 353 306 428 306 753 284 238 208

Zr 31 20 31 38 20 20 27 20 22 20 24 20

V 109 75 116 220 96 76 98 78 101 89 118 63

Co 28 14 30 39 27 16 27 20 24 23 27 17

Sc 13 9 15 29 12 12 13 9 13 17 14 24

La 31 28 34 40 21 19 26 27 37 26 33 25

Ce 46.4 50.3 53.4 55.2 45 42 38.4 40.7 45.7 32.3 59.4 95.5

Pr 7.5 8.6 8.5 9.4 5.4 5.1 6.3 6.5 7.4 5 6.9 10

Nd 19.9 21.8 22.6 26.3 19.4 18.4 18.9 18.3 21.2 14.1 23.8 35.4

Sm 4.6 4.7 5.1 6.6 3.8 3.4 4.2 4.1 5 3.2 4.2 6.8

Eu 1.1 1.2 1.26 1.49 1.04 0.91 1.03 1.07 1.32 0.8 0.98 1.55

Gd 4.4 3.4 6 4.5 3.5 2.8 3.7 3.4 3.9 2.5 3.7 5.5

Tb 0.6 0.4 0.5 0.5 0.8 0.7 0.4 0.4 0.5 0.3 0.9 0.7

Dy 3.5 2.2 2.8 2.5 2 1.5 2.9 2.7 2.3 1.7 2.6 2.8

Ho 0.7 0.4 0.6 0.4 0.9 0.8 0.5 0.5 0.4 0.3 1 0.8

Er 2.2 1.3 2.2 1.2 0.8 0.8 1.6 1.4 1.3 1.1 1.3 1.1

Tm 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Yb 1.9 1 1.2 1.3 1.1 0.9 1.4 1.2 1.1 0.9 1.5 1.5

Lu 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

ΣREE 124 124 138 150 104.9 96.5 106 107.5 127.3 88.4 139 187

Cu/Zn 1.01 0.52 0.98 1.01 0.967 0.48 1.02 0.323 0.646 1.09 0.64 1.2

Cr/Ni 2.05 2.26 2.29 2.07 1.94 3.3 1.77 1.543 2.358 2.77 2.22 1.65

Rb/Sr 0.2 0.29 0.25 0.48 0.12 0.13 0.12 0.206 0.068 0.22 0.18 0.51

Eu/Eu* 0.74 0.91 0.69 0.83 0.87 0.76 0.79 0.87 0.87 0.86 0.76 0.77

Eu* 0.24 0.30 0.23 0.27 0.29 0.29 0.26 0.29 0.30 0.28 0.25 0.25

Haveri Block-Greywackes Dharwad Block-Greywackes
Sl.No/Sample SG-7P SG-2B S-11 S-4 TH-2 60-D 84-P 98-P 108-P 111-P

SiO2 55.2 53.7 57.8 63.7 65.9 63.1 52.4 56.6 59.8 61.9

TiO2 0.35 0.47 0.66 0.61 0.42 0.62 0.56 0.35 0.22 0.66

Al2O3 18.6 18.9 16.8 14.2 13.8 16.1 18.6 18.9 18.5 16.1

FeO 12.16 11.41 9.45 7.75 6.85 7.57 7.49 9.12 8.29 7.39

MnO 0.10 0.10 0.14 0.12 0.16 0.10 0.08 0.11 0.08 0.08

MgO 5.88 5.78 5.95 3.18 2.50 2.61 3.84 4.64 4.90 4.51

CaO 0.60 0.76 1.90 2.70 2.76 1.07 5.15 2.10 0.85 2.15

Na2O 1.40 1.54 1.36 2.98 2.84 3.04 0.86 1.84 1.10 1.05

K2O 2.66 3.84 3.44 3.66 3.80 2.66 3.84 3.44 3.66 2.80

P2O5 0.14 0.19 0.19 0.18 0.14 0.16 0.18 0.14 0.14 0.20

LOI 2.45 3.65 2.88 2.85 3.00 2.90 2.98 2.98 2.48 3.12

Total 99.48 100.37 100.55 101.94 102.13 99.90 95.95 100.24 99.98 99.94

CIA 79.94 75.47 71.49 60.36 59.50 70.33 65.37 71.90 76.72 72.80

K2O/Na2O 1.90 2.49 2.53 1.23 1.34 0.88 4.47 1.87 3.33 2.67

SiO2/Al2O3 2.97 2.84 3.44 4.48 4.77 3.93 2.82 3.00 3.23 3.86

SiO2/MgO 9.38 9.30 9.71 20.03 26.34 24.18 13.64 12.21 12.20 13.73

Al2O3/Na2O 13.26 12.27 12.35 4.77 4.86 5.28 21.62 10.26 16.81 15.30

K2O/CaO 4.43 5.05 1.81 1.36 1.38 2.49 0.75 1.64 4.31 1.30

TiO2/Al2O3 0.02 0.02 0.04 0.04 0.03 0.04 0.03 0.02 0.01 0.04

Na2O/MgO 0.24 0.27 0.23 0.94 1.14 1.16 0.22 0.40 0.22 0.23

Rb 71.5 94.1 156.0 113.9 89.7 52.7 61.1 44 87.2 88.6

Pb 13.0 28.0 20.0 13.0 5.0 6.0 12.0 106.0 31.0 20.0

Cd 0.2 1.4 3.1 2.3 0.1 0.1 0.1 0 0 0

Cu 52.0 90.0 68.0 61.0 93.0 70.0 53.0 124.0 56.0 69.0

Cr 110.0 107.0 54.0 119.0 152.0 198.0 73.0 115.0 115.0 121.0

Zn 127.0 89.0 57.0 59.0 96.0 128.0 95.0 88.0 66.0 129.0

Ni 74.0 88.0 32.0 65.0 78.0 97.0 46.0 74.0 57.0 65.0

Sr 115.0 208.0 1192.0 108.0 75.0 85.0 141.0 155.0 215.0 158.0

Zr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

V 145.0 150.0 67.0 125.0 125.0 173.0 104.0 0.0 0.0 0.0

Co 31.0 38.0 17.0 27.0 20.0 32.0 23.0 0.0 0.0 0.0

Sc 17.0 19.0 8.0 17.0 16.0 24.0 15.0 0.0 0.0 0.0

La 31.00 26.00 48.00 31.00 40.00 29.00 27.00 26.00 32.00 29.00

Ce 50.70 56.00 84.00 58.00 55.00 45.00 48.00 35.00 60.00 60.00

Pr 8.20 7.00 9.40 6.80 8.90 7.30 7.90 3.50 7.70 5.70

Nd 22.70 25.00 31.00 23.00 25.00 22.00 23.00 14.00 25.00 21.00

Sm 5.00 5.00 5.20 4.40 5.30 5.60 5.10 2.80 5.30 5.10

Eu 1.26 1.30 1.20 1.00 1.20 1.20 1.20 0.80 1.30 1.40

Gd 4.50 4.40 4.40 4.00 4.30 4.00 4.50 0.00 0.00 0.00

Tb 0.50 1.00 1.00 0.90 0.50 0.50 0.60 0.00 0.00 0.00

Dy 3.00 3.30 3.50 3.00 2.90 2.10 4.00 1.40 2.60 3.20

Ho 0.50 1.10 1.10 1.10 0.50 0.30 0.70 0.00 0.00 0.00

Er 2.10 1.50 1.80 1.60 1.80 0.90 2.00 1.40 2.20 3.20

Tm 0.10 0.10 0.10 0.10 0.20 0.10 0.20 0.10 0.10 0.10

Yb 1.50 1.90 1.70 1.80 1.70 0.90 1.60 0.80 1.90 2.20

Lu 0.10 0.20 0.10 0.20 0.10 0.10 0.10 0.25 0.42 0.39

ΣREE 131 134 193 137 147 119 126 86 139 131

La/Yb 20.67 13.68 28.24 17.22 23.53 32.22 16.88 32.50 16.84 13.18

Cu/Zn 0.41 1.01 1.19 1.03 0.97 0.55 0.56 1.41 0.85 0.53

Cr/Ni 1.49 1.22 1.69 1.83 1.95 2.04 1.59 1.55 2.02 1.86

Rb/Sr 0.62 0.45 0.13 1.05 1.20 0.62 0.43 0.28 0.41 0.56

Haveri Block -Phyllites Dharwad Block-Phyllites
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Figure 1: Regional geological map of the Shimoga basin 

(source Swaminath and Ramakrishnan, 1981). 

 

 

Figure 2: Chemical classification scheme of Greywackes 

based on major elements Log (Na2O/K2O) vs. Log 

(SiO2/Al2O3) diagram after Pettijohn et al., 1973). 

 

Figure 3 (A): Multi-elements normalized diagram for the 

Greywackes of the study area, normalized against AUCC 

(after Taylor and McLennan, 1985). 

 

 

 

 

Figure 3(B): Multi-elements diagram for the Greywackes, 

normalized against AUCC (after Taylor and McLennan, 

1985). 
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Figure 3(C): Multi-elements diagram for the Phyllites, 

normalized against AUCC (after Taylor and McLennan, 

1985). 

 

 

Figure 3(D): Multi-elements diagram for the Phyllites, 

normalized against AUCC (after Taylor and McLennan, 

1985). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4(A): Chondrites normalized rare earth element 

(REE) patterns for Greywackes of the study area (after Sun 

and McDonough, 1989). 

 

 

 

Figure 4(B): Chondrites normalized rare earth element 

(REE) patterns for Greywackes of the study area (after Sun 

and McDonough, 1989). 
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Figure 5: Geochemical tectonic discrimination plot for 

Greywackes (after Roser and Korsch, 1986). 
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Design of Sample & Hold Circuit 

Amit Rajput, Seema Kanathe 

RITS Bhopal 

 
Abstract- This paper describes the design of a high-speed CMOS 

Sample and Hold circuit in front of an analog to digital converter 

(ADC). Sample and hold (S/H) circuit employs linear source 

follower buffer at input and output.  Synopsys cosmosSE 

software tool has been used for schematic design, H-spice for 

Simulation and Cscope for waveform performance. Complete 

S/H circuit has designed with tsmc035 (Taiwan semiconductor 

manufacturing corporation) technology, with 2.5V power supply. 

Power consumption of 5 mW for 8 MHz at 53 MS/s. 

 

Index Terms- sampling and hold circuit analog to digital 

converter 

 

I. INTRODUCTION 

DC is an essential component for DSP because most signals 

in the natural world such as voltage, current, and voice are 

analog. Sample and Hold circuits are required in front of high 

speed ADCs to improve their performance [1]. Also its CMOS 

implementation is very important because of its low cost and 

single-chip integration of analog and digital parts is possible. We 

have designed a high-speed CMOS S/H circuit. High-speed S/H 

circuits for low voltage operation have already been implemented 

with BiCMOS and bipolar technologies [2, 3].   

 
 

 

 

II. DESIGN & IMPLEMENTATION  

        The basic elements of a sample & hold circuit are a storage 

element and a switch. These are generally implemented by using 

a capacitor (for storing) and a MOSFET for sampling through a 

CLK control signal. But as a single MOSFET may not pass the 

positive and negative voltages in the same way, it is replaced 

with a Tx gate. The sizing of this Tx gate will decide the ON 

resistance of the switch and this will decide the RC time constant 

for charging the capacitor. Two buffers are used to avoid the 

loading on the source when sampling, and to avoid the charge 

discharge through the capacitor when it is in the hold mode. 

These buffers are implemented with an OPAMP in a voltage 

follower configuration as shown in the figure2 

 

 
 

Figure 2 Schematic of Sample & hold Circuit 

A 
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          The sampling CLK is given to the CONTr of the Tx gate. 

When the CLK is high the input signal is sampled through the 1
st
 

buffer and the capacitor is charged to the input level. When once 

the CLK goes to LOW, then the path from the input is open 

circuited and the sampled voltage is maintained constant and 

given to the preceding block for conversion. For a better 

sampling the sampling rate should be at least 2 times to that of 

the input signal frequency 

 

III. SAMPLING STRATEGY 

        The sampling period is kept small as compared to holding 

period; this is kept so that the output of the OPAMP will get 

settled, two clocks of same period but nonoverlapping in nature 

are used one for sampling the analog voltage and other is used to 

latch the converted data. This method is chosen because, if the 

output is directly taken from the comparator the output of ADC 

will oscillate and so that output of DAC which will result in 

cumulative error and thus a flip-flop is put in front of comparator 

so as to convert the settled value from S/H amplifier 

  

  

IV. SIMULATION RESULT  

 

 
Figure 4 shows the transient result of sample and hold circuit 

 

 

V. CONCLUSION  

         It is a high speed with high sampling rate Sample and hold 

circuit. It’s indispensable circuit for analog to digital converter. It 

has no loading affect at the input due to source and it not suffers 

from the charge discharge through the capacitor when it is in the 

hold mode.   
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Abstract- Adaptive PID controller based on real base function (RBF) network identification by optimal tuning of proportional–

integral–derivative (PID) controller parameter is necessary for thematic factory operation of an automatic voltage regulator (AVR) 

system. This study presents a combined genetic algorithm (GA) and real base function network (RBF) identification control approach 

to determine the optimal PID controller parameters and AVR system. The problem of obtaining the optimal AVR and PID controller 

parameters is formulated as an optimization problem and real base function network (RBF) identification tuning by genetic algorithm 

(GA) is applied to solve the optimization problem. The proposed approach has resulted in AVR and PID controller with a good short-

term response. The optimal PID gains obtained by the proposed RBF tuning by genetic for various operating conditions are used to 

improve the short-term response of AVR system. The suitability of the proposed approach for PID controller tuning has been 

demonstrated through computer simulations in an AVR system. 

 

    Index Terms- AVR, GA, RBF 

 

I. INTRODUCTION 

he major reason of the AVR is to manage the end voltage by regulating the dynamo stimulus voltage. AVR have to remain 

pathway of the generator end voltage whole the time and below any weight state, ready so as to keep on the voltage in firm edges. 

In spite of significant researches in the expansion of forward manage schemes; the classical PID managers [1–5] stay the managers of 

alternative to manage the AVR due to its simple arrangement and robustness to dissimilarities of the scheme limits. High-quality 

alternative of the PID manager limits is essential for the acceptable procedure of the AVR. Conventional, the PID manager limits are 

reviewed utilizing Ziegler–Nichols (ZN) [1, 2] and Cohen Coon techniques [6, 7], the limits of the manager are got for an in service 

point for together these methods, anywhere the replica should be investigated linear. This involves that there is sub-optimal change at 

what time a procedure purposes outside the soundness region of the replica. Inside control form [8] overcomes the ahead of said 

complexity but its plan calculations might be hard for higher order procedure. On the other hand, mathematical optimization methods 

similar to gradient descent method are able to functional to obtain the restrictions of the PID managers. There are a number of rapidly 

computations, other than with a changeable reply surface, these methods are extremely receptive to preliminary points and often get 

together to local best answers or diverge in whole. In [9], a top PID manager for a general second-order scheme has been enhanced 

using linear-quadratic regulator (LQR) method. This method needs a good choice of weighting functions for satisfactory presentation. 

Calculation methods like a genetic algorithm (GA)[10–13] and particle swarm optimization(PSO) [14] have been used to get the top 

manager limits. GA is a worldwide look for algorithm reckon on the law of ‘survival of the fittest’. Devaraj et al. [12] for proposed an 

improved genetic algorithm (GA) for PI manager change in pH procedure. A hybrid GA and bacterial foraging way was proposed in 

[13] to adjust the PID manager of an AVR. Gaing [14] has optional a novel plan technique for formative the PID manager limits of the 

AVR system using the PSO method, which is created by social execution styles of creatures such as fish schooling and bird flocking . 

On the other hand, neural networks have been extensively used in manage of nonlinear systems and the recognition, estimation [15], 

[16]. Neural networks have been deliberate in offline estimation of the value function [17] where NN was trained using smallest 

amount square method. In addition, nonlinear H∞ control using RBF-NN has been accounted in [18]. This method is based on the 

guess of the value function using nonlinear RBF-NN where the network is trained, offline, using gradient method. Whereas, both GA 

and PSO experience from computational load and memory condition and so they are not appropriate for on-line applications. To 

conquer the above complexities, this paper suggested adaptive PID controller depends on RBF network identification tuning by 

genetic algorithm to obtain optimal PID parameters of an AVR.  

 

 

 

 

T 
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II. RESEARCH MYTHOLOGY  

1. Modeling of AVR system 

The terminal voltage is kept constant in a synchronous generator, at various levels by using an AVR. The AVR system contained of 

four major parts, namely amplifier, exciter, generator, and sensor. Fig.1.It showed the block diagram symbol of the AVR system. A 

sensor senses the voltage magnitude; this voltage is contrasted with a dc set point signal to generate the error signal. A PID controller 

is used to decrease the error and to get better the dynamic response. The PID manager is a mixture of the proportional, integral and 

derivative manage devices that while used jointly efficiently steady the manipulated changeable at the set point. The PID manager 

transfer function is given by. 

 

 

 
Fig.1. Block diagram of AVR system along with PID controller 
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The equation (2) gives transfer function of AVR systems with PID control .The AVR excellence influences the voltage level 

throughout steady-state process and reduces the voltage oscillations during fleeting periods, moving the overall system stability.     

Optimization of controller parameters 
Essential for the acceptable operation of the system are good choices of PID controller parameters. Whereas, the problem of PID 

controller parameter selection is devised as an optimization difficulty, the object function of which is given by equation (3) 

 )())(1(),,K( d rsssship tteEOeKKMinF                                    (3) 

The ),,K( d ip KKMinF   uses a combination of transient response counting overshoot, rise time, settling time and steady-state error. By 

choosing the suitable value of the weighting factor  , the presentation principle can be made to please the designer requirements. The 

following restrictions is subjected to for above optimization problem 

maxmin

ppp KKK 
, maxmin

iii KKK  , maxmin

ddd KKK                                               (4) 

To look for the best value of the controller limits by applied a RGA to the above optimization difficulty. The presented GA is 

specified in the next section. 

A. Proposed GA 

GAs is search algorithms optimize PID parameters depend on the technicalities of genetics  and natural selection. They unite 

randomized with solution evaluation, to obtain optimality  by structured exchange of information among solutions [19].Preliminary 

with a primary population, discovers new individuals by generating offspring using the three genetic operators namely, reproduction, 

crossover, and mutation, and the GA used the information involved in the present population which can then replace the members of 

the old generation. The algorithm converges to the best chromosome after several generations, which hopefully represents the optimal 

or near optimal solution. The transfer functions of AVR components as shown in Table 1. 

 
Table 1.  The transfer function of AVR components 

 

 

component Transfer function Parameter limits 

Amplifier sKTF aaamplifier  1/
 

ss

K

a

a

1<<02.0

40<<10



 

exciter sKTF eeexciter  1/  

ss

K

e

e

1<<4.0

10<<1


 

generator sKTF gggenerator  1/
 

gK
depend on the load  (0.7-1.0) 

ss g 2<<1 
 

sensor sKTF sssensor  1/  
ss s .060<<001.0   
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1. Reproduction 

   According to their fitness function as the reproduction method, that stochastically chooses the individuals from the population; 

higher the fitness, more chances an individual has to be chosen for the next generation. Present are three main types of selection 

methods: ranking method, fitness balanced selection, and contest selection. This work used tournament selection [23]. The best of the 

‘n’ is inserted into the new population for additional genetic processing where in contest selection; ‘n’ individuals are selected 

randomly from the population. The mating pool is filled by frequent this process. Although larger contests can be used ,contests are 

often held between pairs of individuals.  

2. Crossover operation 

The global search property of the GA is got mostly by crossover operator. The selected probability typically in the range of 0.6–1.0 

with, crossover combines substructures of two-parent chromosomes to produce new structures. The created point depends on the 

location of both parents is that One interesting feature of crossover operators. The new point will also be close to the parents if both 

parents are close to each other. On the other hand, the search is more like a random search, if parents are far from each other [23]. 

3. Mutation operation 

The mutation operator is responsible for novel genetic material inserted into the population. Mutation arbitrarily changes a changeable 

with a little likelihood, ‘in this work used uniform mutation’. The variable is set to a consistent random number between the variables 

lower and upper limits in consistent mutation.GA implementation for PID controller tuning to obtain the optimum PID manager limits 

by applying GA, two major subjects require: Arrangement of the fitness function and symbol of the choice variables. 

B.  Variable representation 

Candidate solutions for everyone in the genetic population are represented. The elements of the solution consist of integral gain, 

proportional gain and derivative gain for the PID controller-tuning problem. The proposed GA populations are used floating-point 

numbers to represent the variables. The direct representation of the solution variables are used to reduce the computer space required 

to store. To increase the efficiency of the GAS there is no need to convert the solution variables to the binary string. Where the value 

of a parameter ),,K( p di KK ,(0.6255 ,0.2562,0.1523), that obtained from GA directly tuning to RBF program to got optimum tuning of 

PID  controller parameter is necessary for thematic factory operation of AVR . 

C. Fitness function 

The performance of everyone in the population is evaluated according to Fitness’, which is described as the non-negative figure of 

value to be maximized. Fitness is linked in a directly with the objective function value. For the difficulty using the limit set by 

evaluation of the individual is accomplished by calculating the performance criteria given by equation (3). The consequence of the 

presentation criterion computation is used to individual calculate the fitness value. The fitness function is the mutual of the 

presentation criterion ),,K( d ip KKF  given in equation (3). Hence, the minimization of performance criteria given by (3) is 

changed to a fitness function to be maximized as,  

ITAEKKF

k
Fitness

ip *),,K( d


                                                  (5) 

Where k a constant .ITAE is absolute –error value multiplied by an integral of time. This is used to amplify (1/F) the value of which 

is usually small, so that the fitness value of the chromosome should be in a wide variety. 

2. RBF Neural Network  

  In a synchronous generator, the terminal voltage is maintained constant at various levels by using an AVR. So, the external loop is a 

self-tuning PID voltage controller depends on RBF-NN to offer the adaptive ability for unsure load and system circumstances. J. 

Moody and C. Darken in 1980s are” proposed the RBF-NN is a feed-forward one single hidden layer with two- layer neural network 

[20]”. The thought is to imitate the system arrangement of restricted re-arranging in the human mind .Whereas; “near the center of the 

Gaussian Kernel function the RBF neural network produces the strongest response”. In the non-linearity in nature, the RBF–NN can 

be on purpose as a restricted estimate replica of controlled procedure. Also, input samples for RBF-NN doesn't need a special 

distribution. Furthermore, RBF is converges rapidly and on-line learning. As a result, the manage field for applying the real time 

treatment focuses on the neural network. Whereas, from universal block drawing of RBF-NN is exposed in Fig. 2, the inputs are n  

denoted as T

nxxxX ],........,[ 21 in vector form. Here is a vector T

nhhhH ],........,[ 21  with m elements in the unseen layer. 

Whereas, 
mh is named the RBF, where the worker .  signifies a p-norm, too recognized as “Euclidean 2- norm”. From Gaussian, 

function form choosing , 

mjeCXh j

jCX

jj ,.....,2,1,)(
2

2

2







                                (6) 
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Where and
j  named its radius accordingly and the vector T

jnjjJ cccC ],....,,[ 21  is named the node center of basis function. This 

is a Gaussian radial-basis function. The output layer is the arranged output 
_

y  .One can deduce that net output
_

y  should be become as 

follows:  

)(
1

_

j

m

j

j CXwy 



                                                                   (7) 

 

 

 

 

 

 

 

 

 
Fig.2. Block diagram of RBF neural network structure 

Wherever real number limits jw , mj ,.....,2,1 , are the weights. The error ))()((
_

kyky  among scheme generates reply 

)(ky and RBF-NN output )(
_

ky  is used to control the net’s limits. Furthermore, the efficiency of this NN is estimated by an 

execution function distinct as the square estimate error:  
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Applied the gradient descent technique to come up with the updating algorithms for output weight, node center 

and radius parameter stated as follows: 
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)]2()1([)1()(  kckcckckc jijijijiji                     (13) 

  is specified as the learning rate for the NN whereas ,  is specified as the impetus factor in that order . The "learning" capability 

involved in updating algorithm. The RBF-NN regulating the parameters of PID controller
dip KKK ,, . A short examination of 

RBF-PID controller is known as follows; for the unit negative feedback control system can be written the system error )(ke as, 

)()()( kykrke                                                                      (14) 

Whereas, )(kr  is the reference command. Also, the squared error is defined the efficiency of this adaptive controller and estimated 

by a performance function:  

)(
2

1
)( 2 kekE 

                                                                          (15) 

In the updating algorithm can be represented the adaptive controller output )(ku  as:  

)()1()( kukuku  )(.)(.)(.)1( kekkekkekku ddiipp                (16) 

Where
pK  

dK, and 
iK are proportional gain, derivative gain, and integral gain respectively. The integral error function )(, kei ,

 

proportional error function
 

)(kep and derivative error function
 

)(ked
 in that order as follows:  

)2()1(2)()(  kekekekei
  (17) , )()( kekep      (18), )1()1(2)()(  kekekeked

(19) 

To derive the regulating rules for the
pK  

dK, and 
iK the gradient descent method is applied with the chain rule to minimize the 

performance index function )(kE  as follows: 
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The sensitivity relating system output )(ky  to controller output )(ku   by, Jacobean matrix 
u

y



  and,  is the learning rate for the 

adaptive PID algorithm. The inputs, output response are three inputs in the RBF algorithm, output reply )(1 kyx   delayed output 

reply )1(2  kyx , and manager output )(3 kux  . The manufactured output )(
_

ky of RBF-NN will come close to the system 

output )(ky  after on-line learning. Therefore
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 , is extremely close to
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    and one can deduce from (9) and (10) 
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Thus, the updating technique for the adaptive PID depends on RBF-NN should be getting as: 
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The PID parameters pK  
dK, and 

iK  are mechanically readjusted through on-line learning technique of RBF-NN and (24)-(26) to 

remain the system error )(, ke  zero. 

III. SIMULATION RESULTS 

A. Performance of GA–PID controller 

 To get the optimum PID controller parameters by apply the proposed GA. The presented GA was written in MATLAB and executed 

on a laptop Intel core(TM) two Duo CPU 5550@1.83GHz and 3GB. The primary population is produce randomly among the 

variable’s lower and upper restrictions. The fitness function given by equation (5) is used to evaluate the fitness value of each set of 

controller parameters. Simulation was conducted with different values of. The various values of crossover and mutation likelihoods in 

the ranges 0.6–1.0and 0.001–0.1 to performance for GA, in that order, were evaluated the top consequences are obtained with the 

following control parameters. Number of generations: 75, Population size: 30, Crossover probability: 0.6, Mutation probability: 0.001. 

The GA took 33.72s to reach the optimum answer. The convergence characteristics of GA algorithm explain in Fig. 3.  

 

 
 

 
 

 

 

 

 

 

 

 

Fig. 3. Shows the convergence characteristics of GA algorithm 
 

The GA concentrates mainly on finding feasible solutions to the problem during this stage. Whereas, the value rises gradually and 

settles down near the optimum value with best of the individuals in the population achieving that point. The optimal values of the 

controller parameters obtained using the presented GA for different values are given in Table 2.  
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Table 2. Optimal value the controller parameter obtained using the proposed GA  

 
 

 

 

 

 

 

 

The AVR system consists of  

generator, exciter, amplifier, and sensor. The parameters of the AVR system are selected as 

0.1,01.0,4.0,1.0,0.1,10  gseasgea andKKKK 
 

The AVR system was simulated in MATLAB Simulink. On the other hand, just gK
 and g   are load dependent. Whereas, PID 

controller tuning by genetic and neural was tested on an AVR system. Fig. 4 shown The MATLAB-Simulink model of AVR system 

along with RBF PID controller (PID RBF tuning by GA). A step reference voltage of 0.01 p.u is applied, and the step response, of 

change in terminal voltage of AVR system in the present of RBF PID controller is shown in Fig.5.  

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. MATLAB-Simulink model of AVR system along with PID controller 

 

 

 

 

 

        
 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 5. Step response of change in terminal voltage with the RBF PID controller 
 

From the figure ,it is observed that the response of the AVR system with the RBF PID controller increase steady state until reach to 

reference voltage of 0.01 p.u and with little  oscillatory mode and has large settling time. Fig. 6 shows characteristics of RBF PID 

controller tuning by GA and, RGA. It is observed that the response for the AVR system with RBF PID controller tuning by GA get 

response fewer better than tuning it by RGA.Through this stage, focuses mostly on finding practical solutions to the problem. Then the 

value rises gradually and settles down near the optimal value with small swing dependent on data tuning to reach that point. Table 3. 

Shown comparison, of PID gains and short term response parameter for the different methods. The terminal voltage responses with 

these methods are also given in Fig. 7. On comparing these results, it is found that the proposed adaptive RBF PID controller 

parameters (RBF tuning by GA), has resulted in minimum values of rise time, settling time and overshoot are less when compared 

with the results obtained using LQR [23] method RAG[23] and binary-coded GA[23]. In addition, the presented technique compared 

to the RGA took less time for convergence. To study, the characteristics of the AVR system under a three phase fault severe 

Kpidi Bestfi  Best_J     
 

dK  pK
 iK

 
0.2768 0.6877    0.1629     0.428  2.3366 0.5 

0.2968     0.5563     0.1629  0.4293 2.3291 1 

0.2801 0.6329     0.1785     0.4280  2.3366 1.5 
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disturbances, is applied at the generator terminal and the response of the system was watched. Fig. 8.And Fig.9.shows the system 

response for the above-unforeseen event with RBF PID controller tuned using the RGA [23] and present GA .Whereas, it can hold 

back the oscillations in the terminal voltage and give high-quality damping characteristics. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 6.Shows characteristics of RBF PID controller tuning by GA and, RGA [23] 

 

Table3.Comparison of PID gain and transient response parameters for the different method 
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Fig. 7.Step response of RBF-PID change in the terminal voltage 

Method PID parameters  )(sTs  
)(sTr  shO

 
)10( 5

ssE
 

pK
 iK

 dK
 

LQR[23] 1.01     0.5   0.1 2.3354  0.5004  0.3605  15.007 

Binary-coded 

GA[23] 

 

0.5692     

 

0.2484     

 

0.1258 

 

1.7019 

 

0.8093 

 

0.0586 

 

8.2941 

RGA[23] 0.682 0.266 0.179 1.2682  1.0668  0.0004  4.3386 

RBF tuning by  

GA 

0.657  0.2958 0.1952 1.3766   1.0024   0.00168 5.3275 

RBF tuning  

binary-coded 

GA[23] 

0.6003  0.2899 0.1626  1.4050 0.9405 0.00195 6.2490 

RBF tuning by  

RGA[23] 

0.7136  0.3004 0.2317 1.3849 0.9522 0.00167 5.8305 
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Fig. 8 .Terminal voltage response under 3 phase fault with RBF PID tuning by RGA [23] 
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Fig. 9.Terminal voltage response under 3 phase fault RBF PID tuning by present GA  

 

B. MATLAB-Simulink model of Synchronous Machine with AVR system along with RBF–PID controller 

This demonstration illustrates the use of the synchronous machine associated with the Hydraulic Turbine and Governor (HTG) and 

AVR system along with (PID RBF tuning by GA) controller blocks and use of the load flow to initialize machine currents. Whereas, 

the test system contained of a 3-phase generator rated 200 MVA, 13.8 kV, 112.5 rpm are linked to a 230 kV, 10,000 MVA network 

through a Delta-Wye 210 MVA transformer, load 10 MW and discrete 3-Phase PLL block measure the frequency and generate a 

signal (wt output) locked on the variable frequency system voltage as shown in Fig 10. The PLL drives two measurement blocks 

taking into account the changeable frequency: one block computing the fundamental value of the positive-sequence load voltage and 

another one computing the load active and reactive powers. The Present work used the elemental value of the positive-sequence load 

voltage; these two blocks and the PLL are initialized in order to start in the steady state. At t = 1.0 s, a three-phase to ground fault 

occurs on the 230 kV bus. The fault is cleared after 6 cycles (t = 1.1 s). During this demo, you will initialize the system in order to 

start in steady-state with the generator providing 150 MW of active power and observe the dynamic response of the machine and of its 

voltage and speed regulators. Observe on a scope block how the PLL tracks the changing system frequency (trace). The frequency of 

the system at the moment of fault step down to 59.68, at t = 1.0 s, and fault is cleared after 6 cycles step up to 60.15 at t = 1.1 s, after 

that the frequency value reached to steady stat 60 Hz following small swing as shown in Fig.11. Traces 1 and 2 as shown in Fig.12 

Show the variations of magnitude and phase of positive-sequence voltage during after and before fault and steady stat. The stator 

current during fault is increasing to 4.4 because of fault, and the fault is cleared return to stable stat value with small swing as shown 

in Fig.13. Observe that the terminal voltage Va is 1.0 p.u at the beginning of the simulation, it falls to about 0.37 pu during the fault 

and returns to be nominal quickly after the fault is cleared as shown in Fig 14. This quick response in terminal voltage is because the 
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excitation system that consisted of AVR system along with (PID RBF tuning by GA) controller , output Vf can go as high as 1.4 pu 

which it does during the fault. The controller  (PID RBF tuning by GA) can hold back the oscillations in the Vf and give the high-

quality response by keep Vf at 1.0 p.u after very small oscillation during fault as shown in Fig.15. The speed of the machine increases 

to 1.01 pu during the fault then it oscillates around 1 p.u. as the governor system regulates it. The speed takes much longer than the 

terminal voltage to stabilize mainly because the rate of valve opening/closing in the governor system is limited to 0.1 pu/s as shown in 

Fig.16.  
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Fig.16 

IV. CONCLUSION 

In this, paper, used the RBF to improve the optimal represent the PID parameters that get from GA. Blend RBF network identification 

with GA that can directly deal with the real variables have been applied. The proposed (PID RBF tuning by GA) controller has 

resulted in better dynamic performance of the AVR. The excitation systems that consist of AVR system along with (PID RBF tuning 

by GA) controller have a good response for whole system and for control value of field voltage and frequency during after and before 

the fault and steady state. This quick response in terminal voltage because of the excitation system along with novel controller has 

high sensitivity to voltage and frequency variation during after and before the fault. It can hold back the oscillations in the (Vf, F) and 

give the high-quality response by keep Vf and F at setting level of the system after very small oscillation during fault. Additional, it 

occupies takes less time for convergence and less computer space. The optimal gains produced by the GA, binary-coded GA and RAG 

approach were improved by RBF network identification to get more optimal solution. The performance of the algorithm in obtaining 

the optimal values of PID controller parameters under various operating conditions has been analyzed through computer simulation. 

The simulation result shows that the RBF network identification system can produce the optimal PID values accurately. 
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    Abstract- In the generation of artificial intelligence and 

modern intelligent machines, Natural Language Processing 

forms a major part of the whole system. The implementation 

of NLP requires a meticulous and complex algorithm which 

consists of many functional, analytic semantic fragments. The 

realization of all the modules takes a lot of time and resources. 

Therefore, there is a need for libraries which contains these 

modules and can be used whenever required for implementing 

the algorithm. In this paper, we have constructed a NLP 

library in Nemerle programming language using the dotnet 

framework. We have used Nemerle due to its strong meta-

programming system, C# like syntax, functional and 

imperative features. We have developed all the modules and 

then collaborated them in a single class library which can be 

used in other languages supported by dotnet framework. Using 

this library, one can build his own language processing 

algorithm buy using the provided fundamental features of 

NLP. In addition to that, we have also shown the advantage of 

using Nemerle over other available programming languages. 

. 

 

    Index Terms- Class Library, Dotnet Framework, Natural 

Language Processing, Nemerle, Programming Languages and 

Visual Studio Templates 

 

I. INTRODUCTION 

omputer science has made huge strides since it became 

recognized as a distinct academic discipline in the 1960s. 

One of the fundamental problems it has addressed is how to 

translate the problems that people need solved into a format 

that computers can process. A variety of powerful and 

ingenious solutions have been applied to this problem. 

Programming languages are human-engineered languages 

developed to convey instructions to machines; they are based 

on rules of syntax and semantics. Thousands of different 

programming languages have been developed, used, and 

discarded. Initially, the evolution of programming languages 

was driven by a mission for efficient translation of human 

language to machine code. This has lead to greater use of 

objected-oriented and event driven programming languages 

along with functional and meta-programming languages. 

We also know that making the computer understand how the 

humans process their own language is a challenging task. For 

this purpose we use an approach called Natural Language 

Processing (NLP). NLP is the computerized approach to 

analyzing text that is based on both a set of theories and a set 

of technologies. And, being a very active area of research and 

development, there is not a single agreed-upon definition that 

would satisfy everyone, but there are some aspects, which 

would be part of any knowledgeable person’s definition. 

Nemerle is a new language which is designed for dotnet 

framework was developed keeping in mind the pros and cons 

of various other languages like C#, ML and LISP. Nemerle 

was envisioned as a high-level programming language with 

support for object-oriented programming, functional 

programming, and meta-programming. It takes the OOP [1] 

part from C#, functional programming [7] part from ML 

(Meta Language) and meta-programming [2] from LISP. 

Hence, it turns out to be one of the most interesting languages 

offered. In our paper we have tried to develop a library class in 

Nemerle [3] having the wrapper functions for Natural 

Language processing algorithms in order to exemplify its 

programming paradigms. We have used Nemerle version 

1.1.7for dotnet framework 4.0 in Visual Studio 2010 Ultimate 

Edition. 

 

II. NATURAL LANGUAGE PROCESSING 

    Human mind is a very intelligent system. With good years 

of training, it is able to differentiate as well as interpret the 

meaning and structure of the language sentences. For making 

the computer do it, we use the theories of natural language 

processing that emulates the way the humans think about the 

languages. The choice of the word ‘processing’ is very 

deliberate, and should not be replaced with ‘understanding’. 

For although the field of NLP was originally referred to as 

Natural Language Understanding (NLU) in the early days of 

AI, it is well agreed today that while the goal of NLP is true 

NLU, that goal has not yet been accomplished. A full NLU 

System would be able to:  

1) Paraphrase an input text  

2) Translate the text into another language   

3) Answer questions about the contents of the text  

4) Draw inferences from the text  

While NLP has made serious inroads into accomplishing goals 

1 to 3, the fact that NLP systems cannot, of themselves, draw 

inferences from text, NLU still remains the goal of NLP. [8] 

The main work in computational linguistics began with 

covering the main parts of any language processing, which 

are: 

These are: 

1)   Lexical Analysis 

C 
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Figure1. Module to tokenize the sentence 

Figure2.  Module for calculating Type-Token Ration 

Figure3. Module to split the sentence 

    Lexicons are the basic semantic parts of any language. 

Their     analysis includes basic things like tokenization, word 

count frequent word counts etc. 

2)   Automatic Tagging 

    Automatically disambiguating part-of-speech [9] labels in 

text is an important research area since such ambiguity is 

particularly prevalent in English. Programs resolving part-of-

speech labels (often called automatic taggers) typically are 

around 95% accurate. Taggers can serve as preprocessors for 

syntactic parsers and contribute significantly to efficiency.  

3)   Parsing 

    The traditional approach to natural language processing 

takes as its basic assumption that a system must assign a 

complete constituent analysis to every sentence it encounters. 

The methods used to attempt this are drawn from 

mathematics, with context-free grammars playing a large role 

in assigning syntactic constituent structure. 

4)   Word-Sense Disambiguation 

    Automatic word-sense disambiguation [12] depends on the 

linguistic context encountered during processing. We find a 

variety of cues while parsing, including morphology, 

collocations, semantic context, and discourse. Statistical 

methods exploit the distributional characteristics of words in 

large texts and require training, which can come from several 

sources, including human intervention. We used the 

“iDictionary” interface for getting the trained word pairs. 

Token ratios and average token ratio gives an overview of 

several statistical techniques they have used for word-sense 

disambiguation. 

5)    Semantics 

    Semantics [13] deals with the exact meaning of any 

sentence. A sentence might be syntactically correct but 

semantically wrong. For e.g. there is a sentence “Jack plays 

guitar”, syntactically there must be two words around a verb. 

So, the sentence “Guitar plays Jack” is correct syntactically, 

but semantically wrong. So, determining which word is 

subject, which is object and which is the predicate is an 

example of semantic analysis. 

6)   Discourse Analysis 

    Discourse analysis is concerned with coherent processing of 

text segments larger than the sentence and assumes that this 

requires something more than just the interpretation of the 

individual sentences. This basically deals with how the syntax 

and semantics of the sentences support the structure of the 

discourse analysis. 

. 

III. MAKING OF NLP LIBRARY IN NEMERLE 

   Nemerle is a general-purpose high-level statically typed 

programming language [4] designed for platforms using the 

Common Language Infrastructure (.NET/Mono). It offers 

functional, object-oriented and imperative features. It has a 

simple C#-like syntax and a powerful meta programming 

system. One of the best things that made us work with 

Nemerle language was its functional programming and meta 

programming. This made us try, to make an NLP class library 

[14] with an easy code, better readability and better 

performance. We have incorporated all the points of NLP as 

mentioned above. 

    Nemerle's most notable feature is the ability to mix object 

oriented and functional styles of programming. Programs may 

be structured using object oriented concepts such as classes 

and namespaces, while methods can (optionally) be written in 

a functional style. Other notable features include: 

1) Strong type inference 

2) A flexible meta programming subsystem (using macros) 

3) Full support for OOP (in the style of C#, Java, and C++) 

4) Full support for functional programming (in the style of 

ML, OCaml, Haskell) with the following features: 

a. higher-order functions 

b. pattern matching 

c. algebraic types 

d. local functions 

e. tuples and anonymous types 

f. partial application of functions 

The meta-programming system allows for a great deal of 

compiler extensibility, embedding of domain specific 

languages, partial evaluation, and aspect-oriented 
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Figure4.  Module for checking regular expression 

Figure5.  Module for context generator 

Figure6.  Module for Tagger, Chunking and Parse Tree 

programming, taking a high-level approach to lift as much of 

the burden from the programmer as possible. The language 

combines all CLI standard features, including parameter 

polymorphism, lambdas, extension methods etc. Accessing the 

libraries included in the .NET or Mono platforms is as easy as 

in C#. 

A. Reason for choosing Nemerle. 

    In this approach of developing a library for NLP, we require 

a programming language that can work simultaneously in 

processing many modules [15] and also satisfy the criteria of 

space and time complexity.  We choose the dotnet framework 

because it can support many languages and provide easy to 

use template functionality along with the options of 

developing many kinds of applications. We analyzed many 

languages of dotnet framework and found that among all, 

Nemerle fulfill our necessities for this algorithm. Also, for 

other languages, the library for NLP is already built and 

shared, so we have tried to make such a library for Nemerle 

programming language. 

 

 

B. Software used 

    The most widely used software which can mimic the 

process involved in our development and can produce the 

possible result is Visual Studio. Microsoft Visual Studio [5] is 

an integrated development environment (IDE) from Microsoft. 

It is used to develop console and graphical user interface 

applications along with Windows Forms applications, web 

sites, web applications, and web services in both native code 

together with managed code for all platforms supported by 

Microsoft Windows, Windows Mobile, Windows CE, .NET 

Framework, .NET Compact Framework and Microsoft 

Silverlight. 

 

    Visual Studio supports different programming languages by 

means of language services, which allow the code editor and 

debugger to support (to varying degrees) nearly any 
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Figure7.  English look up list for PosTagger 

programming language, provided a language-specific service 

exists. Built-in languages include C/C++ (via Visual C++), 

VB.NET (via Visual Basic .NET), C# (via Visual C#), and F# 

(as of Visual Studio 2010). Support for other languages such 

as M, Nemerle, Python, and Ruby among others is available 

via language services installed separately. It also supports 

XML/XSLT, HTML/XHTML, JavaScript and CSS. 

 

In Visual studio, we have used the class library project 

template for the development of our code for the required 

algorithm. Class libraries are the rough OOP equivalent of 

older types of code libraries. They contain classes, which 

describe characteristics and define actions (methods) that 

involve objects. Class libraries are used to create instances, or 

objects with their characteristics set to specific values. 

 

IV. PROGRAMMING THE COMPONENTS OF NLP LIBRARY 

    Here comes the most crucial step of our development. We 

have implemented a function that tokenizes (Figure 1.) the 

paragraphs into separate words on the basis of some delimiters 

like punctuations in English language. 

 

    After tokenization, we proceeded to the word count and 

token ratio of a text input. After calculating the token ratio, we 

tried to split the word (Figure 3.) into its possible phrases and 

then check the correct break down of the text keeping in mind 

the semantics of English Grammar. Tokens are referred to all 

the words present in the data and type is the number of 

uniquely identifies set of words. 

 

 After calculating the token ratio for the input text, we tried to 

split the word (Figure 3.) into its possible phrases and then the 

check the correct break down of the text or word we have. 

This helps us in getting the possible meaning of the complex 

string. 

  

    Then it was required to test the application of regular 

expression (Figure 4.) in Nemerle, as regular expressions have 

a great importance in lexical analysis, discourse analysis and 

syntactical analysis. For this we used the unique way of 

pattern matching that has multi use in Nemerle. This type of 

syntax addresses functional programming and uses ‘|’ for 

denoting different conditions. [10] 

 

    After this, the words are matched with the list of symbols 

mentioned in the look up library (Figure 7.). These symbols 

are connected with each word to form a list of matched words 

known as Pos tagger. This tagger performs the task of 

segregating the text into the grammatical parts of a sentence. 

Then the individual word is classified in the parts of speech 

like verbs, nouns, pronouns etc. (Figure 6.) This process is 

known as chunking [11] and from this a tree is formed with 

the help of the list of words known as Parse tree. [6] 

  

   Next we have tried integrating the regular expression 

method in the context generator module (Figure 5.). This 

module tries to define the type of the semantics, parts of 

speech and meaning of the text by using a trained dictionary in 

dotnet which is popularly known as iDictionary Interface and 

it is provided in the templates for Visual Studio.  

 

  Finally, we have formed a strong base to perform the NLP 

algorithm with the use of the above mentioned modules. These 

are modules are the incorporated into a class library so that 

these can be used with ease in the code of any language 

processing algorithm. For this library, we copied all the codes 

and pasted in the class library project of Visual studio and 

made some necessary changes to combine all the modules 

successfully. This project is then compiled in the Release 

mode and the dll and xml files of all the modules of the library 

were generated. The generated XML file of the whole 

Nemerle class library project is demonstrated in two parts in 

Figure 8 and Figure 9 and combined with necessary comments 

to show the working of important lines of the XML file. 

 

 

V. CONCLUSION 

    At the end of this paper, we can state that we have 

successfully developed the class library for natural language 

processing algorithm using Nemerle which is a better 

programming language for this purpose considering the above 

mentioned advantages over other available languages. We 

have developed this library to facilitate the availability of NLP 

functions and modules to the researchers involved in this 

research field and the programmers coding in Nemerle or any 

other language supported by dotnet framework. After this, we 

look forward to develop more modules and libraries for other 

complex algorithms using the then most effective and 

beneficial programming language.  
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 Figure8.  First Part of the generated XML file of the developed Class library in Nemerle 
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Figure9.  Second Part of the generated XML file of the developed Class library in Nemerle 
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Abstract- Using selected theoretical methods the affinity of a 

large range of bases towards model cations has been quantified. 

The range of model cations includes the methyl cation as the 

smallest carbon-centered electrophile, the benzhydryl and trityl 

cations as models for electrophilic substrates encountered in 

base-catalyzed synthetic procedures, and the acetyl cation as a 

substrate model for acyl-transfer reactions. Affinities towards 

these cationic electrophiles are complemented by data for base 

addition to Michael acceptors as prototypical neutral 

electrophiles. 

 

I. INTRODUCTION 

ation affinity values are important guidelines for the 

reactivity of Lewis and Brønstedt bases [1-3]. While proton 

affinity numbers (either as gas phase proton affinities or as 

solution phase pKa values) have been used for a long time in 

quantitative approaches to describe base-induced or base-

catalyzed processes, affinity data towards carbon electrophiles 

have only recently been adopted as tools for the assessment of 

Lewis base reactivity [4]. This is mainly due to the scarcity of 

accurate experimentally measured or theoretically calculated 

data. The performance of various theoretical methods to provide 

accurate affinity data has recently been analyzed and a number of 

cost efficient methods for the determination of accurate gas 

phase values have been identified [5,6]. Using these methods we 

now present a broad overview over the cation affinities of N-

Centered nucleophiles. 

 

II. RESULTS AND DISCUSSION 

         Methyl cation affinities (MCA)The methyl cation (CH3
+
) is 

the smallest carbocation which is Useful as a chemical probe for 

Lewis bases. The respective methyl cation affinity of a given 

Lewis base (LB) is obtained as the reaction enthalpy at 298.15 K 

and 1 bar pressure for the reaction shown in equation 1a for a 

neutral Lewis base and in equation 1b for an anionic base 

(Scheme 1). This definition is in analogy to that for proton 

affinities (PA) and implies large positive energies for most of the 

N-based Lewis bases used in catalytic processes. Using pyridine 

(1) as an example for a weak Lewis base, the methyl cation 

affinity corresponds to the enthalpy of the reaction in equation 1c 

and amounts to MCA(1) = +519.2 kJ/mol at the G3 level of 

theory [5]. 
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Table 1: MCA values for N-centered Lewis bases, ordered by increasing MCA values. 

 

System                                 Number                                                           MCA [kJ/mol]  

NH3                                            (2)                                                                      +436.4  

    

NH2Me                                       (3)                                                                      +487.7 

 

NMePh2                                      (4)                                                                      +513.4  

            

 pyridine                                      (1)                                                                       +519.7 

 

Nc-Pr3                                         (5)                                                                       +520.2 

    

N (

)3

(6)              +522.6

                                                 
                                                 

NHMe2                                         (7)                                                                    +522.1  

 

NMec-Pr2                                      (8)                                                                   +523.3 

 

NMe2Ph                                        (9)                                                                   +527.0 

        

 

 

N (

)3

                         (10)                                                                +528.4 

 

 

 

 

    

       

N (

)2
                           (11)                                                                  +530.1 

HN N +531.7(12)

                                                                       
 

NMe2c-Pr                                              (13)                                                                +531.9 

N

(14)         +532.7

 
 

Me2N (15)
         +535.8
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N(iPr)3

(16)                                    +536.0

MeN (
)2

(17)                                  +538.1

Me2N
(19)

HN
(18)                                   +539.8

                               +541.3

NMe3
(20)                                  +543.3

 
 

         Scheme 1: Reactions for the methyl cation affinity (MCA) 

of a neutral Lewis base (1a), an anionic Lewis base (1b) and 

pyridine (1c).A recent analysis of theoretical methods found that 

calculations at the MP2(FC)/6-31+G(2d,p)//B98/6-31G(d) level 

of theory (inshort:"MP2-5")reproduce results obtained at the G3 

level within 4.0 kJ/mol for selected small and medium-sized 

organo catalysts [5]. For pyridine (1) the MCA value obtained 

with this model amounts to MCA (1) = +518.7 kJ/mol, which is 

only 0.5 kJ/mol lower than the G3 value. The following 

discussion will thus be based on results obtained with the MP2-

5model, if not noted otherwise. Methyl cation affinity values 

obtained for N-centered Lewis bases using this approach are 

collected in Table 1. For organo catalytic processes especially the 

Lewis bases 12, 14, 18, 24, note. 

         Pyridine is a comparatively weak nucleophile as already 

mentioned above. This also applies to imidazole (12), pyrrolidine 

(18) and a number of trialkylamines, all of which have MCA 

values below 550 kJ/mol. In the case of pyridine it ispossible to 

increase the Lewis basicity by introducing electron 

 

Table 1: MCA values for N-centered Lewis bases, ordered by increasing MCA values. (Continued) 

 

Nt-Bu3                                                 (21)                                                    +545.5  

 

NMe2Et                                              (22)                                                     +548.6 

  

NMet-Bu2                                         (23)                                                       +549.4 

 

 

(24)                             +550.0
N N

 
 

NMe2c-Bu                                         (25)                                                        +551.0 

 

 NMe2(iPr)                                         (26)                                                       +551.3 

 

NMe2n-Pr                                          (27)                                                       +551.9 
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N

N

     (28)              +562.1

 
 

N

(30)              +580.5

N
(29)             +576.0

 
 

 

NPh3
(31)                +583.4

 

 

N N (32) +581.1

N

N

N

(33) 609.0

 
 

III. TECHNICAL ASPECTS 

           It was shown recently that MCA values can be calculated 

with high accuracy with methods like G2, G3 or W1 [5]. Beside 

these expensive methods some MP2 calculations can also afford, 

slightly less, accurate results. For the MP2 calculations different 

combinations of polarization functions and diffuse functions 

were tested. In contrast, DFT methods such as B3LYP seem to 

be unsuitable for predicting MCA values in an adequate manner. 

A good compromise between computational effort and predictive 

value was found for the MP2(FC)/6-31+G(2d,p)// 

           B98/6-31G(d) level of theory. Therefore, all results 

described in this publication have been obtained using this 

approach.Despite the fact that all affinity definitions in 

equations1,5, 6,8–10 use the separate reactants as the thermo 

chemical reference state, for most applications in synthesis and 

catalysis it is absolutely sufficient to consider differences in 

cation affinities between two different Lewis bases. 

 

IV. CONCLUSION 

           Affinity data towards selected electrophiles provide the 

means to quantify Lewis bases with respect to their carbon 

basicity.This complements the limited amount of experimental 

affinity data and provides a quantitative guideline in catalyst 

development projects in which the addition of Lewis bases to 

carbon electrophiles represents the key step of the catalytic cycle. 

 

ACKNOWLEDGEMENTS 

           I am much thank ful to Prof A.Ravinder Nath and 

Dr.Nagaraj for helpful discussions. 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      536 

ISSN 2250-3153  

www.ijsrp.org 

 

REFERENCES 

[1] de Rycke, N.; Couty, F.; David, O. R. P. Chem.–Eur. J. 2011, 17,12852–
12871. doi:10.1002/chem.201101755 

[2] Larionov, E.; Zipse, H. WIREs Comp. Mol. Sci. 2011, 1, 601–619. 
doi:10.1002/wcms.48 

[3] Denmark, S. E.; Beutner, G. L. Angew. Chem., Int. Ed. 2008, 47, 1560–
1638. doi:10.1002/anie.200604943 

[4] Wei, Y.; Sastry, G. N.; Zipse, H. J. Am. Chem. Soc. 2008, 130, 3473–3477. 
doi:10.1021/ja0764409 

[5] Wei, Y.; Singer, T.; Mayr, H.; Sastry, G. N.; Zipse, H. J. Comput. Chem. 
2008, 29, 291–297. doi:10.1002/jcc.20790 

[6] Wei, Y.; Sateesh, B.; Maryasin, B.; Sastry, G. N.; Zipse, H. J. Comput. 
Chem. 2009, 30, 2617–2624. doi:10.1002/jcc.21271 

[7] Müller, C. E.; Schreiner, P. R. Angew. Chem., Int. Ed. 2011, 50, 6012–
6042. doi:10.1002/anie.201006128 

[8] Held, I.; Xu, S.; Zipse, H. Synthesis 2007, 1185–1196. doi:10.1055/s-2007-
965973 

[9] Larionov, E.; Achrainer, F.; Humin, J.; Zipse, H. ChemCatChem 2012, 4, 
559–566. doi:10.1002/cctc.201100313 

[10] D'Elia, V.; Liu, Y.; Zipse, H. Eur. J. Org. Chem. 2011, 1527–1533. 
doi:10.1002/ejoc.201001507 

[11] Held, I.; von den Hoff, P.; Stephenson, D. S.; Zipse, H. Adv. Synth. Catal. 
2008, 350, 1891–1900. doi:10.1002/adsc.200800268 

[12] Heinrich, M. R.; Klisa, H. S.; Mayr, H.; Steglich, W.; Zipse, H. Angew. 
Chem. 2003, 115, 4975–4977. doi:10.1002/ange.200352289 Angew. Chem., 
Int. Ed. 2003, 42, 4826–4828. doi:10.1002/anie.200352289 

[13] Lindner, C.; Maryasin, B.; Richter, F.; Zipse, H. J. Phys. Org. Chem. 2010, 
23, 1036–1042. doi:10.1002/poc.1726 

[14] Enders, D.; Niemeier, O.; Henseler, A. Chem. Rev. 2007, 107, 5606–5655. 
doi:10.1021/cr068372z 

[15] Marion, N.; Díez-González, S.; Nolan, S. P. Angew. Chem., Int. Ed. 2007, 
46, 2988–3000. doi:10.1002/anie.200603380 

[16] Nair, V.; Vellalath, S.; Babu, B. P. Chem. Soc. Rev. 2008, 37, 2691–2698. 
doi:10.1039/b719083m 

[17] Grossmann, A.; Enders, D. Angew. Chem., Int. Ed. 2012, 51, 314–325. 
doi:10.1002/anie.201105415 

[18] Maji, B.; Breugst, M.; Mayr, H. Angew. Chem., Int. Ed. 2011, 50, 6915–
6919. doi:10.1002/anie.201102435 

[19] Mayr, H.; Bug, T.; Gotta, M. F.; Hering, N.; Irrgang, B.; Janker, B.; Kempf, 
B.; Loos, R.; Ofial, A. R.; Remennikov, G.; Schimmel, H. J. Am. Chem. 
Soc. 2001, 123, 9500–9512. doi:10.1021/ja010890y 

[20] Mayr, H.; Patz, M. Angew. Chem. 1994, 106, 990–1010. 
doi:10.1002/ange.19941060905 Angew. Chem., Int. Ed. Engl. 1994, 33, 
938–957. doi:10.1002/anie.199409381 

[21] Breugst, M.; Zipse, H.; Guthrie, J. P.; Mayr, H. Angew. Chem., Int. Ed. 
2010, 49, 5165–5169. doi:10.1002/anie.201001574 

[22] Baidya, M.; Horn, M.; Zipse, H.; Mayr, H. J. Org. Chem. 2009, 74, 7157–
7164. doi:10.1021/jo901670w 

[23] Brotzel, F.; Kempf, B.; Singer, T.; Zipse, H.; Mayr, H. Chem.–Eur. J. 2007, 
13, 336–345. doi:10.1002/chem.200600941 

[24] Kempf, B.; Mayr, H. Chem.–Eur. J. 2005, 11, 917–927. 
doi:10.1002/chem.200400696 

[25] Zhu, X.-Q.; Wang, C.-H. J. Phys. Chem. A 2010, 114, 13244–13256. 
doi:10.1021/jp109149x 

[26] Cheng, J.-P.; Handoo, K. L.; Parker, V. D. J. Am. Chem. Soc. 1993, 115, 
2655–2660. doi:10.1021/ja00060a014 

[27] Baidya, M.; Kobayashi, S.; Brotzel, F.; Schmidhammer, U.; Riedle, E.; 
Mayr, H. Angew. Chem., Int. Ed. 2007, 46, 6176–6179. 
doi:10.1002/anie.200701489 

[28] Seco, J. M.; Quiñoá, E.; Riguera, R. Chem. Rev. 2004, 104, 17–118. 
doi:10.1021/cr000665j 

[29] Wei, Y.; Sastry, G. N.; Zipse, H. Org. Lett. 2008, 10, 5413–5416. 
doi:10.1021/ol8023067 

[30] Lindner, C.; Tandon, R.; Liu, Y.; Maryasin, B.; Zipse, H. Org. Biomol. 
Chem. 2012, 10, 3210–3218. doi:10.1039/c2ob07058h 

[31] Hiratake, J.; Yamamoto, Y.; Oda, J. J. Chem. Soc., Chem. Commun. 1985, 
1717–1719. doi:10.1039/C39850001717 

[32] Hiratake, J.; Inagaki, M.; Yamamoto, Y.; Oda, J. J. Chem. Soc., Perkin 
Trans. 1 1987, 1053–1058. doi:10.1039/P19870001053 

[33] Aitken, R. A.; Gopal, J.; Hirst, J. A. J. Chem. Soc., Chem. Commun. 1988, 
632–634. doi:10.1039/C39880000632 

[34] Aitken, R. A.; Gopal, J. Tetrahedron: Asymmetry 1990, 1, 517–520. 
doi:10.1016/S0957-4166(00)80538-8 

[35] Bolm, C.; Gerlach, A.; Dinter, C. L. Synlett 1999, 195–196. doi:10.1055/s-
1999-2570 

 

AUTHORS 

First Author – G.Ravi, Department of bio technology & 

Pharmacy, College of Technology, Osmania University, 

Hyderabad, Andhra Pradesh (AP)-500007 

Second Author – Prof.A.Ravinder Nath, Department of bio 

technology & Pharmacy, College of Technology, Osmania 

University, Hyderabad, Andhra Pradesh (AP)-500007 

Third Author – Jampaiah Amanaganti, Department of bio 

technology & Pharmacy, College of Technology, Osmania 

University, Hyderabad, Andhra Pradesh (AP)-500007 

Fourth Author – Ch.Sathish Kumar, Govt Degree College, 

Garla, Khammam, AP 

 

Correspondence Author – E-mail address 

:rav3377@gmail.com 

 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      537 

ISSN 2250-3153  

www.ijsrp.org 

Detecting Forgery in Duplicated Region using Keypoint 

Matching 

N. Suganthi* , N. Saranya**, M. Agila*** 

 
                       *Dept. of Computer Science                        **Dept of CSE                                     ***Dept of CSE                               

                    Vivekanandha College for Women                       SKCT                                                       SKCT                                            

                       Namakkal, Tamilnadu, India               Coimbatore, Tamilnadu, India              Coimbatore, Tamilnadu, India 

                       Suganthics1988@gmail.com                     saranvlbjcet@gmail.com                          agilavlb@gmail.com 

                            
    Abstract—Region duplication is a common form of image 

manipulation where part of an image is pasted to another location 

to conceal undesirable contents. Mostly used region duplication 

detection methods are directly matching the block of image 

pixels. But it is not effective when the duplicated regions have 

geometrical and illumination distortions. The proposed method 

uses SR-PE (Scale rotation invariant pattern Entropy) for 

obtaining the matching pattern which is much faster compared to 

other algorithms. It generally aims to measure the spatial 

regularity of matching patterns formed by local keypoints. This 

method consist of various transformations from which the 

duplicated region can be identified, by estimating the transform 

between matched SIFT(Scale Invariant Feature  Transform) 

keypoints. The SIFT algorithm along with the SR-PE and 

RANSAC algorithm helps to find the duplicated regions more 

effectively. 

 

   Index Terms - Digital image forensics; Region Duplication 

Detection, Image Feature Matching, Keypoints. 

 

I. INTRODUCTION 

he availability and sophistication of digital imaging 

technology (e.g., cameras, computers, software) and their 

wide use on the Internet have made digital images a main source 

of information.  Rapid advancement in imaging technology has 

made it remarkably easy to manipulate digital image contents. 

With the Proliferation of digital cameras and computers, as well 

as software for image editing, the problem of digital image 

forgery is potentially very serious. Digital image counterfeiting 

has already appeared in many disturbing forms. However, 

concomitant with the ubiquity of digital images is the rampant 

problem of digital forgeries, which has seriously debased the 

credibility of photographic images as definite records of events. 

Accordingly, digital image forensics has emerged as a new 

research field that aims to reveal tampering operations in digital 

images 

       A common manipulation in tampering with digital images is 

known as region duplication, where a continuous portion of pixels 

is copied and pasted to a different location in the same  image. To 

make convincing forgeries, the duplicated regions are often 

created with geometrical or illumination adjustments. In recent 

years, several methods have been proposed to detect region 

duplication for the purpose of image forensics. These methods are 

based on finding pixel blocks that are exact copies of each other 

in an image. Such methods are most effective for the detection of 

region copy-move, where a region of pixels is pasted without any 

change to another location in the image. 

          A common form of digital tampering is Copy-Move 

forgery, in which a part of the image itself is copied and pasted 

into another part of the same image to conceal an important 

object. Because the copied part come from the same image, its 

important properties, such as noise, color and texture, will be 

compatible with the rest of the image and thus will be more 

difficult to distinguish and detect. Several researchers have 

developed techniques for detecting this form of image forgery. 

Since the key characteristics of Copy-Move forgery is that the 

copied part and the pasted part are in the same image, a direct 

method to detect this forgery is exhaustive search, but it is 

computationally complex. Another approach for detecting copy-

move forgeries is the block-matching procedure, which first 

divides the image into overlapping blocks. The aim of this 

approach is to detect connected image blocks that were 

duplicated, instead of detecting the whole duplicated region. 

Since the copied region would consist of many overlapping 

blocks and moving the region means moving all the blocks by the 

same amount, the distance between each duplicated block pair 

would be the same. Therefore, the decision of forgery can be 

made only if there are more than a certain number of duplicated 

image blocks within the same distance and these blocks are 

connected to each other. 

            Our method is based on image keypoints and feature 

vectors that are robust to typical image transforms We formulate 

region duplication detection as finding transformed identical 

regions in an image and use robust estimation to obtain correct 

keypoints matching and transforms between duplicated regions 

simultaneously. With the estimated transforms, our methods 

further obtain the precise location and extent of the detected 

duplicated regions. Pixel is the fundamental display element of an 

electronic screen or bitmap image. Screen pixel resolution is rated 

by the number of horizontal keypoints and vertical pixels.  

T 
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                              II. RELATED WORKS 

 

Most existing region duplication methods [2, 8, 7, and 5] 

assume a region is pasted to a new location without any change, 

i.e., Tθ is an identity. This special case of region duplication is 

often known as region copy-move, for the detection of which it is 

sufficient to compare pixel blocks and find exact copies. As a 

brute-force match of all pixel blocks of a given size in an image 

will have a running time quadratic to the size of the image, most 

methods focus on using low dimensional representations of 

blocks, e.g., PCA [8, 7, 5] or DCT [2], an fast lexicographical 

sorting to improve efficiencySeveral general techniques in 

digital image forensics may be applied to detect duplicated 

regions. However, in practice, direct copy-move may not achieve 

desirable tampering, and the pixel regions are typically 

undergone further processing before or after being copied, such 

as scaling, rotation and boundary smoothing. The latter case has 

been recently discussed in [4]. For region duplications that 

involvescaling and rotating of the region before pasting, which 

can significantly disturb the pixel blocks, detection methods 

based on direct matching pixel blocks are unlikely to be 

effective. 

 Many other existing region duplication detection methods are 

based on matching blocks of image pixels or transform 

coefficients (e.g., [1], [4], [3], [6],[2], [3], [9], [5], [8]). While 

these methods can detect duplicated regions pasted to the target 

location without any change (a special case known as copy-

move), they are largely ineffective to detect duplicated regions 

that are also distorted (such as examples in Fig.1). To alleviate 

this problem, a variant of the block matching region duplication 

method is proposed to handle duplicated regions rotated with 90, 

180 and 270 angles. Another vein of works use blocks in the log-

polar coordinate system [38], [8], [5], where rotation and scaling 

become translation and can be detected as copy-move. Another 

method has been proposed to detect duplicated regions with 

smoothing operation [7]. However, the flexibilities provided by 

these methods are limited and they cannot be extended for the 

detection of duplicated regions with general distortions. 

As an alternative to the block matching based detection 

methods, several recent methods have explored the use of 

matched image keypoints to identify duplicated regions. In [2], 

keypoints and features based on the SIFT algorithm [3] are used 

to account for illumination changes in the detection of copy-

move region duplication. However, the robustness of SIFT 

keypoints and features to image distortions are not fully 

exploited, which prevents this method from being extended to 

detect affine transformed duplicated regions. In our previous 

work [3], we describe a SIFT matching based detection method 

that can locate duplicated regions with rotation or scaling. 

Another recent work [3] uses SIFT keypoint matching to 

estimate the parameters of the affine transform and recover 

matched keypoints. But similar to, it does not provide the exact 

extent and location of the detected duplicated region, but only 

displays the matched keypoints. Furthermore, these detection 

methods are typically evaluated against simple forgeries where 

human viewers have no trouble to identify the duplicated 

regions, and their performance on challenging realistic forgery 

images is largely unknown. 

As described in [6], the first step in collecting SIFT features is 

to identify keypoints that are locations with distinct image 

information and robust to scaling and rotation. This is achieved 

by searching for locations that are stable local extrema in the 

image scale space, followed by a computation of the dominant 

local orientation at the key points. Note that the number of 

keypoints is usually much less than the number of pixels, thus 

subsequent computation will not be wasted at locations with 

little image information. At each keypoint, a SIFT feature vector 

is generated from the normalized histograms of local gradients in 

a neighborhood of pixels of that keypoint. The size of the 

neighborhood is determined by the scale of the keypoint, and all 

gradients are aligned with the dominant orientation at the 

keypoint. These steps ensure that the obtained local descriptors 

are invariant to rotation and scaling. With the setting in [6], the 

final SIFT features are 128 dimensional vectors at each keypoint. 

 

 
 

Fig1. Input image 

 

 
                  III. PROPOSED SYSTEM 

 

Proposed method detects the distorted duplicated region  in 

the following modules: 

 Finding Image Keypoints 

 Keypoints Matching 

 Eliminating Mismatched keypoints 

 Estimation of Affine Transform 

 Identifying Duplicated Regions 

 

A. Finding Image Keypoints 

  In the preprocessing stage the RGB image is   converted into 

grayscale image.Then we apply SIFT algorithm for finding the 

keypoints.SIFT algorithm consist of the following stages: 

i. Scale-space extrema detection  

ii. Keypoint localization  

iii. Orientation assignment  

iv. Generation of  keypoint descriptors  

Good keypoints and features should represent distinct locations 

in an image, be efficient to compute and robust to local 
geometrical distortion, illumination variations, noise and other 

degradations. 

  Here, we present a new region duplication detection 

method based on the image SIFT features.  

Specifically, to detect the locations. 
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Fig2. Detected Keypoints 

 

of potential duplicated regions, we first detect SIFT keypoints in 

an image like as shown in the figure (b). And compute the SIFT 

features for such keypoints. At each keypoint, a 128 dimensional 

feature vector is generated from the histograms of local gradients 

in its neighborhood. To ensure the obtained feature vector 

invariant to rotation and scaling, the size of the neighborhood is 

determined by the dominant scale of the keypoint, and all 

gradients within are aligned with the keypoint’s dominant 

orientation dominant orientation. Furthermore, the obtained 

histograms are normalized to unit length, which renders the 

feature vector invariant to local illumination changes. 

 

B.  Keypoints Matching 

  

     The detected keypoints are matched using Scale-Rotation 

invariant Pattern Entropy (SR-PE) algorithm. It generally aims to 

measure the spatial regularity of matching patterns formed by 

local key points. Its effectiveness is illustrated with a large-scale 

image set. It mainly consists three components: bag-of-words 

representation, local key point matching and matching pattern 

evaluation. In the first step of the SR-PE algorithm, an 

exhaustive estimation of transformation parameters for all pairs 

of matching lines is carried out. The parameters are clustered 

with mean-shift algorithm [1], respectively, in the scale s and 

rotation µ channels. In the procedure, each cluster in a channel 

corresponds to one ND region pair. Because each matching pair 

formed by (pi, pj) involves multiple estimations of s and µ in the 

first step, each (pi, pj) basically can be clustered into more than 

one group. The cluster membership of (pi, pj) is further defused 

by assigning it to the most likely cluster where (pi, pj) resides 

most of the times. Consequently, we obtain two sets of region 

pairs corresponding to scale and rotation channels respectively. 

The following steps are: 

       i.Read the sift keypoints from the given input images. 

   ii.Compare the keypoints of one image with the other   

image and if the keypoints matches draw a line 

indicating the matched keypoints. 

 
Fig3. Matched Keypoints 

iii.The distance ratio is adjusted such that it gives out the 

best matches between them. 

iv.Append the two images and then lines are drawn 

indicating the matches. 

 

  C. Eliminating Mismatched keypoints 

 

We can use the matched SIFT keypoints to estimate the affine 

transform parameters, but the obtained results are inaccurate due 

to the large number of mismatched  keypoints.To  find out the 

unreliable keypoints we use Random Sample 

Consensus(RANSAC)algorithm.We run the ransac algorithm N 

times repeatedly to detect the duplicated region.It executes the 

following steps N times: 

i. Randomly select three or more pairs of matche 

keypoints that are not collinear. Using the chosen pairs 

of keypoints, estimate T and shift vector x0 by 

minimizing the objective function given in Eq.(2). 

Fig 4.RANSAC Matched 

ii) Using the estimated T and x0, classify all pairs of matched 

SIFT keypoints into inliers or outliers. Specifically, a pair of 

matched keypoints (x, ~x) is an inlier if ||~x-Tx-x0||2<=β, 

otherwise, it is an outlier. 

The RANSAC algorithm returns with the estimated transform 

parameters that lead to the largest number of inliers. In our 
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experiment, we choose default values for N = 100 and β = 3 as 

they lead to better empirical performance.  

 

 D. Estimation of Affine Transform 

 

Based on the putative keypoint matching, we estimate the 

possible geometric distortions of the duplicated regions. To 

generalize transforms such as rotation, scaling and shearing that 

are supported in most photo-editing software, we model the 

distortion as affine transform of pixel coordinates. Given two 

corresponding pixel locations from a region and its duplicate as  

   

 x = (x, y) 
T
     …(1) 

 

 ~x = (~x,~y)
T
 ,    …(2)  

 

respectively, they are related by a 2D affine transform specified 

by a 2x2 matrix T and a shift vector x0 as: 

 

  ~x = Tx + x0,                …(3)       

 

or more explicitly. We need at least three pairs of corresponding 

keypoints that are not collinear. In practice, due to imprecise 

matching, it may not be satisfied exactly, and we form the least 

squares objective function using matched keypoints and 

searching for T and x0 that minimize it.  

 

E. Identifying Duplicated Regions 

 

With the estimated region transform, we can establish the 

correspondence between all pixels in the original region and 

their counterparts in the duplicated region. A map of region 

correlations is then created to identify the original and the 

duplicated regions. In doing so, we first segment the image into 

overlapping contour blocks of 4 × 4 pixels. Using the parameters 

estimated in section 3.3, we transform the tampered image and 

compute the correlation coefficient between each pair of 

corresponding contour blocks which generates a correlation map. 

We process the correlation map by first applying a Gaussian 

filter of 7 × 7 to remove the artifacts at the edge and then 

obtaining all possible original and duplicated regions where the 

correlation coefficient is larger than a pregiven correlation 

threshold. Next, we binarize the correlation map by resetting the 

value to one for all locations where the correlation coefficient is 

larger than a threshold value and zero otherwise. This is 

followed by removal of regions with area smaller than an area 

threshold so to reduce the effect of noise.Finally, the contours of 

the potential original and duplicated regions are connected with 

mathematical morphological operation to the duplication regions 

that (1) dilated then eroded to eliminate holes in the detected 

regions, and (2) eroded then dilated to smooth the region 

contours [9].. 

 

 

                                      
       

   

Fig 5: Block diagram 

                

                                 IV. CONCLUSION 

 

Region duplication is an important problem in the field of 

digital image forensics. In this paper, we describe an effective 

method to detect image region duplication. Our method is based 

on local image SIFT features, which makes it applicable to the 

detection of general region duplications with region scaling and 

rotation. Experimental results demonstrate that this method is 

effective and robust in the presence of additive noise and 

different JPEG qualities. Compared to other method where only 

matched key points are shown as detection results, we further 

estimate the transform between duplicated regions based on 

SIFT features and recover the complete region contours using 

correlation map.As an important future work, we will consider 

several approaches to improving the detection performance for 

such cases, including incorporating other features such as PCA-
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SIFT or histograms of oriented gradients, and combining with 

other detection schemes based on intrinsic signal 

statistics/patterns to provide strong cues when image keypoints 

and features are not sufficient. 
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Abstract- Neumann’s Tumour/Congenital Granular Cell Tumour 

(CGCT)/Granular Cell Epulis Of  Infancy is a rare lesion of 

newborn. It is  benign in nature, arising from  the alveolar ridge 

of the gingiva. It is seen more frequently in female neonates. It 

may cause respiratory and feeding problems.Herewith, we 

present a case report of  CGCT arising from the upper gingival 

margin of female neonate, treated with surgical excision. We 

report this rare case in view of its unusual resemblance with 

Granular Cell Myoblastoma though the histogenesis is different. 

 

Index Terms- Neumann’s Tumour, CGCT, Adult granular cell 

tumour, myoblastoma 

 

I. INTRODUCTION 

ongenital granular cell tumour (CGCT) of the newborn, also 

known as Neumann’s Tumour is an uncommon lesion, 

described for the first time in 1871 by Neumann [1],[2]. To date, 

fewer than 200 cases have been described in the literature [3]. 

CGCT usually presents at birth has a distinct predilection for 

females and is most frequently located on the anterior maxillary 

alveolar ridge [4-8]. It is presented as multiple lesions in only 

10% cases[9]. 

The size of the mass varies from a few millimeters to 9 cm in 

diameter on gross[9].They can interfere with feeding and 

respiration. The recommended treatment is surgical excision 

under local or general anesthesia, although spontaneous 

regression has been reported in very few cases. There are no 

reports of recurrence, even if incomplete margins are excised, 

malignant change, or future disruption to teeth or gums.[9] 

The lesion usually appears as a protuberant mass, sometimes 

pedunculated. Histologically it shows characteristic large cells 

with granular cytoplasm and spindle cells resembling fibroblasts. 

The exact pathogenesis of CGCT is still uncertain, as is its 

growth and progression. 

We report a case of CGCT observed in a newborn female, with 

immunohistochemical confirmation. We also have highlighted 

the difference between the adult granular cell tumour (Granular 

cell Myoblastoma)  and CGCT. 

 

II. CASE REPORT 

 

A 14 days old, otherwise healthy female neonate was brought 

with complaint of a mass protruding from her mouth (Figure 1). 

The baby was born at the 36th week of gestation. Antenatal 

period and the delivery were uneventful. The birth weight was 

2600 grams. A firm, pedunculated  swelling arising from alveolar 

ridge  of right  maxillary central incisor area was present  since 

birth. The mother reported that the baby did not have feeding 

problems or airway obstruction. . Clinical diagnosis of benign 

soft tissue tumour was made and   the swelling was excised under 

local anesthesia and sent for Histopathology. 

 

 

 
Figure 1: Clinical photograph of patient showing pedunculated  

swelling arising from alveolar ridge  of right  maxillary central 

incisor area. 

 

Pathology 

Gross : A single, small, round, pedunculated, grayish white, firm 

mass with smooth outer surface was received. Diameter was 

0.8cm.On cut section the mass was grayish white, homogenous. 

Microscopy: The mass comprised almost entirely of sheets and 

clusters of large, round to polyhedral, closely packed cells with 

small, uniform, dark oval nuclei and abundant fine  granular 

eosinophilic cytoplasm[1],[10],[11]. Multiple vascular channels 

were evident in between granular cells. Fibrous stroma was 

minimally present. Tumour cells extended to the overlying 

stratified squamous epithelium (Figures 2,3). With this classical 

histological pattern, a diagnosis of congenital granular cell 

tumour was rendered. Immunohistochemistry further confirmed 

the diagnosis as the tumour cells were diffusely and strongly 

positive for Vimentin and negative for S-100 protein .(Figures 

4,5) 

 

 

C 
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Figure 2: Clusters of large, round to polyhedral cells with small, 

uniform, dark oval nuclei and abundant fine granular 

eosinophilic cytoplasm (H & E ,10X) 

 

 
Figure 3: Clusters of large, round to polyhedral cells with 

abundant fine  granular eosinophilic cytoplasm (H & E ,40X) 

 

 

 

III. Discussion 

 

CGCT normally arises from the anterior part of the maxillary 

alveolar ridge of the newborn and frequently occurs lateral to the 

midline in the area of the developing primary lateral incisor and 

canine[1],[4]. Congenital granular cell tumour is seen three times 

more frequently on the anterior alveolar ridge of the maxilla than 

from the mandible with a female to male ratio of 8 to 

10:1. Usually, it appears as a single lesion, but in 10% cases it 

may arise from multiple locations simultaneously.
 
  The 

condition is not associated with any other dental abnormalities or 

congenital malformations.
 
Larger lesions may cause prenatal 

hydramnios due to ineffective deglutition and postnatally feeding 

and breathing difficulties.
  

 
Figure 4: IHC staining for Vimentin showing diffuse cytoplasmic 

positivity (40X) 

 

 

 
Figure 5: IHC staining for S-100 – Negative (10X) 

 

 

 

 

 

 

CGCT resembles histologically the more common acquired/adult  

granular cell tumours (Myoblastoma) of any other site. Both have 

large cells with eosinophilic granular cytoplasm. The differences 

are enumerated in the table 1. 

Despite two spontaneous regressions reported in the literature 

[12], surgery is the treatment of choice. Radical resection is not 

warranted as it is likely to damage the underlying alveolar bone 

and developing tooth buds. No recurrence has been reported even 

when the excision has been incomplete [13],[14]. 
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Table I : Difference between CGCT and adult granular cell 

tumour (Granular cell myoblastoma)[1],[15],[16] 

 

 

IV. Conclusions 

 

CGCT has cells which are histopathologically identical to the     

more ubiquitous granular cell tumour (Myoblastoma) found in 

adults, but the early onset, unique location and pedunculated 

appearance differentiate the CGCT from adult granular cell 

tumour. 

 Our case provides additional evidence that CGCT derives from    

 a mesenchymal origin, unlike the GCTof any other site. 
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Sr. No./title Neumann’s  Tumour 

(Congenital Granular 

Cell Tumour)  

Adult Granular 

Cell Tumour 

(Myoblastoma) 

1.Age of 

presentation  

Just after Birth 

(Neonate) 

Adulthood (30 

to 60 years) 

2.Site of 

involvement 

Alveolar ridge of 

gingiva  

( Maxilla > Mandible) 

Whole body, 

more than half 

cases are 

reported in oral 

cavity 

(maximum on 

tongue) 

3. Gender Female >> Male 

8 to 10:1 

No gender 

Predilection 

4. Number Rarely multiple 15% patients- 

multiple lesions, 

as many as 50 

all over the body 

5.HPE findings No 

pseudoepitheliomatous 

hyperplasia, 

Less fibrous septae 

Pseudoepithelio 

-aous 

hyperplasia 

seen, More 

Fibrous septae 

6.Immunohisto

-chemistry 

Vimentin- Positive 

S 100– Negative 
S 100 – Positive 

NSE- Positive 

[15] 

7.Tissue of 

origin 

Thought to be 

mesenchymal 

Thought to be  

Schwannian.[1] 
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Abstract- The veteran novelist Margaret Mitchell, who made 

history with her only novel, Gone With The Wind, had been a 

reporter earlier, which is known to very few. She had been 

reporting for Atlanta Journal Sunday Magazine in her hometown 

Atlanta for four and a half years. The current study has been 

carried out to find out whether the people, who know her, are 

aware about her reporting career. It also tried to explore whether 

she can be a role model for female journalists and if any of her 

messages hold relevance at present. The study found out that a 

very few people knew that Margaret Mitchell had been a reporter 

before writing the historic novel. It also concluded that she can 

be an inspiration for female journalists and writers and that most 

of her messages, particularly women-centric, hold relevance even 

today, when women, though empowered to some extent, face 

similar problems as were faced during Margaret Mitchell’s time. 

 

Index Terms- Atlanta Journal, Female Reporter, Gone With The 

Wind, Margaret Mitchell 

 

I. INTRODUCTION 

he word ‘journalism’ has frequently been associated with 

men. It is generally deemed to be a masculine field. 

However, time has witnessed the rise of some courageous and 

competent female journalists, who forced the humankind to 

change the notion. 

         One of such spirited journalists was Margaret Mitchell. She 

was the most successful historical novelist of the mid-20th 

century, though her work was confined to a single book ‘Gone 

With the Wind’. It was the most talked about novel in American 

popular culture right from the time of its publication, while its 

screen adaptation turned into the biggest event movie of the 20th 

century.  

         Not just her only novel has inspired readers for over sixty 

years, her own pleasing personality has left a mark through her 

creation. Mitchell was a strong lady, never ready to let societal 

rules dictate her behavior or control her life. She lived to the 

fullest, looking for passion and love. She never stopped to ask 

permission or submit to anyone’s will, but whatever she did was 

what came from her heart. She was certainly ahead of her time. 

Although she entered the society in 1920, Mitchell was too free-

spirited and intelligent to be satisfied with life as a debutante. 

Mitchell was an ideal feminist. Long before modern feminism 

was even thought of, Mitchell and the awareness she brought 

through her book helped to push two generations of upper-

middle-class and middle-class Southern women into the 20th 

century. She has worked hard enough in describing the conflict 

between their proper upbringings and their need for 

independence. In a broader context, she played the role of a 

popular cultural heroine in the city of Atlanta, a status that 

lingered long after her death. 

         On its contrary, literary scholars never treated Mitchell 

kindly, in part because she never published a large body of work 

open to analysis. Her popularity sustained her reputation, but 

Mitchell was never treated as seriously as others, say, Erskine 

Caldwell, who wrote some 50 books, most of them about the 

South and many of them presenting a very different vision of the 

subject. Some people believe, Gone With the Wind is just an 

‘emotional’ love story. To them, Margaret Mitchell was simply a 

Southern beauty, who got lucky writing about love and war. But 

this doesn’t seem to be true. Margaret was not only beautiful, but 

intelligent and curious as well. She may have written only one 

major novel in her career, but she created a master-piece.  

         Mitchell never published or even tried to publish another 

novel. Besides her lack of inclination to do so, various personal 

and family constraints and the distraction of the Second World 

War, in which she was heavily involved in the support of troops’ 

morale, made it impossible for her to author any other fiction. On 

a personal level, she grew more conservative in the decade after 

the book’s publication and subsequently took on various 

reactionary political positions. Although she was known for her 

polite relations with the black Americans she was in contact 

with, she was an opponent of the early Civil Rights Movement. 

 

A. Life Sketch 

         Margaret Munnerlyn Mitchell was born on November 8, 

1900 in Atlanta, Georgia to a well-known lawyer and the 

president of the Atlanta Historical Society, Eugene Muse 

Mitchell, descended from Scotch-Irish and French Huguenots. 

Her father, himself a historian, taught her to love the history of 

the South. Her mother, Mary Isabelle ‘May Belle’ Stephens, a 

suffragist, was of Irish-Catholic ancestry.  

         According to the New Georgia Encyclopedia, the family 

included many soldiers, who had fought in the American 

Revolution, Irish uprisings and rebellions and the Civil War. Her 

great-great-great-grandfather Thomas Mitchell fought in the 

American Revolution, and his son William Mitchell took part in 

the War of 1812. Her great-grandfather Isaac Green Mitchell was 

a circuit-riding Methodist minister, who had settled in 

Marthasville, which later was named Atlanta. Hence, her 

childhood was spent in the laps of the Civil War veterans, and 

her maternal relatives, who lived through the war and the years to 

follow. They told her everything about the war except that the 

Confederates had lost it. She was ten years old before making 

this discovery. When she was 15, she wrote, “If I were a boy, I 

would try for West Point, if I could make it, or well I’d be a prize 

fighter - anything for the thrills.”  

         Margaret Mitchell, who was lovingly called Peggy, was a 

storyteller from the very beginning. She would gather her friends 

T 
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around her and tell them tales. She also wrote and produced plays 

and cast herself and her friends in them. She loved to wear boy’s 

clothes. Her mother wanted her look like a lady by replacing her 

trousers with skirts and sending her to dance classes. But, 

Margaret’s tom-boyishness was not hidden by skirts. Her walk 

was boyish and she could climb a tree as fast as any of her 

brother Stephen’s friends. She was accepted by a boys’ baseball 

team to be pitcher, a sport she played until she was fourteen 

years old. However, she had a tough luck with riding a horse. 

She had always been coming across mishaps. The first among 

them came in 1911, when she fell from a horse and suffered from 

the first of a series of ankle injuries she suffered a couple of 

times more later on. 

         In 1912, the family shifted from their home on Jackson Hill 

in Southeast Atlanta to a white-columned mansion at 1149 

Peachtree Street. Young Margaret attended the Washington 

Seminary for girls, a finishing school. In 1917, she published her 

first two stories in the school’s annual book, ‘Facts and Fancies’ 

under the name Peggy. In 1918, she graduated from Washington 

Seminary and began to study medicine at Smith College, but her 

mother’s death from influenza in the 1918-1919 made it 

impossible for her to complete the degree. She had to withdraw 

her final exams in 1919. After her mother’s death, she returned to 

Atlanta to take over the household for her father and brother in 

May that year. It was not a big loss for Mitchell, for much of her 

education was self-directed, in any case. She had an irresistible 

appetite for books, and a big interest in writing and literature.  

         Mitchell lived the free-spirited life of an open minded girl. 

She fell in love with Lt. Clifford West Henry, a wealthy Harvard 

man in 1918. Her boyfriend died fighting on the battlefields of 

World War I on October 16, 1918. She was married on 

September 2, 1922 to Berrien ‘Red’ Kinnard Upshaw against her 

father’s wishes. Upshaw was a drunk and did not earn for home, 

a fact that forced Mitchell into a career as a reporter with The 

Atlanta Journal. Mitchell filed for divorce and the marriage 

ended on October 16, 1924, after incidents of physical abuse. 

Mitchell didn’t saw this as end of life. On July 4, 1925 she 

married a friend and colleague, John Robert Marsh. The couple 

set up housekeeping in a small one bedroom apartment on 

Crescent Avenue, which Mitchell lovingly called ‘The Dump’. 

Marsh was originally from Maysville, Kentucky. He was the 

director of the publicity department in Georgia Power and Light 

Company. 

         Mitchell continued the hard luck with riding horse and 

suffered another ankle injury in 1920. It was the injury that 

ultimately forced her, in 1926, to resign from her job at The 

Atlanta Journal. Mitchell eventually decided to settle down to 

more solitary literary activities. She, thus, turned to writing 

fiction. In 1926, she began writing the book that eventually 

became ‘Gone With the Wind’. The rest is history. 

         Mitchell finished the novel in 1929, but she told no one 

about it, except her husband, and never expected it to be 

published. The literary world had to wait for the book till 1935, 

when she finally showed the manuscript to Editor Harold S. 

Latham. Thanks to Lois Cole, a friend of Mitchell, who worked 

for Macmillan Publishing in New York, told her boss, Harold 

Latham, about Margaret’s book.  Latham went to Atlanta and 

met her. He accepted it two months later and offered Mitchell 

five hundred dollars. The historic Gone With the Wind was 

published in June, 1936 and the book broke sales records. The 

story centers around the life and times of Scarlett O’Hara, a 

Southern woman. Mitchell was awarded the Pulitzer Prize and 

the National Book Award in 1937. On April 8, 1938, the novel 

went off the best-seller list. The novel has been published in 40 

countries, with many critical studies and articles.   

         On December 15, 1939, Gone With the Wind came in 

another form—the film. It was premiered at Loew’s Grand 

Theatre in Atlanta and bagged ten Academy Awards. In England, 

the film and the book were highly popular during World War II, 

perhaps partly because of the theme of survival and 

reconstruction. After the war, the film conquered the rest of the 

Europe, giving many women comfort and strength in their 

everyday problems. During World War II, Mitchell was a 

volunteer selling war bonds and volunteer for the American Red 

Cross. She was named honorary citizen of Vimoutiers, France, in 

1949, for helping the city obtain American aid after WW II. She 

also set up scholarships for black medical students.  

         After the success of Gone With the Wind, Mitchell spent the 

rest of her life in checking, editing and rewriting the text to have 

accuracy in it with John’s inputs. On August 16, 1949, Mitchell 

passed away in Atlanta after accidentally struck by a speeding 

car while crossing Peachtree Street with her husband.  The 

couple was intending to go to a movie theater to watch the 

Michael Powell/Emeric Press burger movie, A Canterbury Tale. 

Mitchell was taken to Grady Memorial Hospital in Atlanta, 

Georgia, where she died five days later and is buried in Atlanta’s 

Oakland Cemetery with other members of her family. 

 

B. Margaret Mitchell As Reporter  

         Before making history with Gone With the Wind, Margaret 

Mitchell had been working as a reporter, which is probably 

known to very few. It was more than a decade before she entered 

the immortal fictive world, the reporter inside her was trying 

hard to prove herself. She would walk through the streets of 

Atlanta, her hometown, in search of news for her popular weekly 

columns in the Atlanta Journal Sunday Magazine.  

         Mitchell made her debut with Atlanta Society, but then 

continued on with the magazine issue of the journal. From 

December of 1922 to 1926, she made a self-effacing living for 

four and a half years as a reporter for the magazine under the 

name Peggy Mitchell, though her first two stories came under the 

byline Margaret Mitchell Upshaw. Mitchell was a member of the 

staff of the Atlanta Journal Sunday Magazine. The 22- year-old 

Mitchell became one of the first woman columnists at the 

magazine. 

         Earlier, the magazine city editor, Harlee Branch had shown 

reluctance to hire Mitchell for he didn’t like women to cover 

hard news for the magazine. She had brought her writing samples 

that could not impress Branch to the extent that he would offer 

her a job at Atlanta Journal. However, Mitchell got the job by 

lying to a newspaper man, Angus Perkerson, in an interview 

about her reporting experience, which she never actually had. 

Perkerson also carried doubts about the abilities of Mitchell. But, 

she soon overcame his skepticism and went on to write a weekly 

column for the newspaper’s Sunday edition. She wrote features, 

news stories and book reviews in addition to the fashion and 

society news she had been hired for. However, her articles often 
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touched on the world conditions and the changing role of 

women.  

         Mitchell used to reach the office much before her senior 

colleagues. She would leave home without having breakfast and 

take the early morning street car to her office. She had to take her 

breakfast in the little café in the office building, called The 

Roachery. It was a five-story brick building, situated in the Five 

Points section of Atlanta.  

         Mitchell would work in the journal’s third floor back 

office, at a desk besides Medora Field Perkerson, the 

contributing editor of the journal and wife of Angus Perkerson. 

She worked on an old Underwood typewriter, then already so old 

that it had no backspace key. She was the shortest statured and 

perhaps the only lady working in the office of cigar chomping 

men. She had to make the legs of her office chair and desk short 

according to her built.  

         Mitchell’s article on Paris fashion gave her reflections on 

poverty in Germany. Her reporting style was brisk and appealing, 

and at the same time, she had an eye for real news as well. Her 

first article was changed into a news item. It is because she had 

interviewed an eyewitness to the Italian Revolution, Mary Hines 

Gunsaulus. The story was published on December 31, 1922, 

under the title, ‘Atlanta Girl Sees Italian Revolution’ under the 

byline Margaret Mitchell Upshaw, since she was married to 

Berrien Red Upshaw about four months before joining the 

journal. However, after her divorce, she requested the editors to 

publish her stories with the name ‘Peggy Mitchell’ and continued 

with the same byline even after her second marriage with John 

Marsh.   

         Until she resigned due to ill health in 1926, Mitchell 

completed hundreds of articles, interviews, sketches, and book 

reviews, with topics ranging from fashion to fascism and also 

worked as a proofreader. Her personality sketches and portraits 

are a glimpse of her ability to draw the kind of unforgettable 

characters, which made her to produce Gone With the Wind, the 

best-selling novel in history. Mitchell collected her favorite 

pieces from those years into her personal scrapbooks that are 

now preserved in the Hargrett Rare Book Library at the 

University of Georgia; the pieces collected in “Margaret 

Mitchell, Reporter,” only a small handful of which have ever 

been printed again since their original publication. Those are the 

best of what the author herself considered her most interesting 

work.  

 

II. OBJECTIVES 

1. To find out if it is known to people that the author of historic 

novel Gone With the Wind was a reporter before    

2. To assess whether and how Margaret Mitchell can be a role 

model to the female journalists and    

3. To find out whether Mitchell’s message holds relevance 

even today and how it can prove useful.    

 

 

 

III. METHODOLOGY 

 

A. Case Study 

          Case Study seems to be the most appropriate method for 

the current study, since it involves an in-depth and longitudinal 

examination of a case. Wilkinson and Bhandarkar (2004) have 

defined case-study as the method of exploring and analyzing the 

life of a social unit/entity, be it a role-incumbent (person), a 

family, an institution, or a community. The case data are always 

gathered with a view of tracing the natural history of the social 

unit, and its relationship with the social factors and forces, 

operative and involved in its surrounding milieu. The social 

researcher tries to understand the complexities within a social 

unit as an integrated totality by means of the case-study method.  

 

B. Survey  

         The Survey method is the technique of gathering data by 

asking questions to people, who are thought to have desired 

information. By this method, large volume of information can be 

collected from very large population without enumerating the 

entire population.  

         The study involved personal interview survey of over a 

hundred Literature students and a few teachers in University of 

Kashmir, who were asked questions regarding popularity of 

Margaret Mitchell. Personal interview surveys are recommended 

when the desired sample consists of respondents in a very 

specific target population.     

 

C. Content Analysis   

         Content Analysis involves analysis of documents and 

written records with the objective of describing and classifying 

them. It is a research technique for making replicable valid 

inferences from data to their context. This method is relevant for 

the current study in view of the limited time and resources.  

         The current study involved Content Analysis of sixty four 

of the columns written by Margaret Mitchell for Atlanta Journal 

Sunday Magazine that have been compiled and given a shape of 

a book by editor Patrick Allen. The book is named Margaret 

Mitchell Reporter.  

         The reference period of the study is four years (1922 to 

1926).   

 

D. Sources    

         The study tried to achieve the objectives through literature 

related to the topic in the form of articles, books and content 

available online. They formed the primary as well as secondary 

sources. The primary and secondary sources were consulted to 

gather the information about the personal and professional life of 

Margaret Mitchell. For personal interview survey, Literature 

students and teachers formed the primary sources. 

 

IV. FINDINGS 

A. Popularity of Margaret Mitchell   

         To find out whether people know that before being a 

novelist, Margaret Mitchell was a reporter, a sample of 126 

people with Literature background was taken. The 126 people 

included 118 Literature students and eight Literature teachers. Of 

126 respondents, 75 (69 students and 6 teachers) said they knew 

Margaret Mitchell. Out of these 75, only 2 students knew that she 

was working as a reporter before writing Gone With the Wind. 
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Statistically, it can be inferred that 51 respondents didn’t know 

Margaret Mitchell at all and 124 respondents from Literature 

background didn’t know that Mitchell had been working as a 

reporter.  

 

 

 

STUDENTS

FACULTY

 
Figure 1: Analysis of Respondents 

 

STUDENTS                              93.65% 

FACULTY           6.35 % 

 

 

 

YES

NO

 
Figure 2: If respondents knew Margaret Mitchell 

 

YES                   59.5% 

NO                    40.5% 
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YES

NO

 
Figure 3: If respondents knowing her knew that Mitchell had been a reporter 

 

YES                  2.66% 

NO              97.33% 

 

 

 

YES

NO

 
Figure 4: If the respondents (overall) knew that Mitchell had been a reporter 

YES              1.6% 

NO               98.4% 

 

 

 

 

 

B. Content Analysis of Sixty Four Columns 
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Figure 5: Analysis of 64 Columns by Margaret Mitchell 

 

 

 

 

         The sixty four columns written by Margaret Mitchell were 

divided into following eight categories:  

 

a. Personality Sketches  

         Personality sketches dominated in the number of columns. 

The book contains 14 personality-sketches of people who were 

prominent during Mitchell’s time. 

 

b. Fashion  

         This section includes 12 stories by Mitchell, who was 

actually hired to write about fashion. She had done a tremendous 

job in writing about the latest styles and trends of her time.  

 

c. Gender Issues  

         Mitchell was a feminist and perhaps the first to talk about 

feminism. She highlighted various women-centered issues 

through her writings. This section includes 10 stories.  

 

d. Youngsters and Dating  

         Mitchell wanted to find out the interests of the young boys 

and girls and also wanted to see what they felt about the persons 

of opposite gender. Mitchell’s collection included a handful of 8 

stories on youngsters of Atlanta.  

 

e. Prison and Prisoners 

         Margaret Mitchell has also done some exclusive stories on 

life of prisoners in Atlanta. One may find hard to resist reading 

these stories after going through the first few sentences. The 

stories are 5 in number.  

 

f. Book Reviews 

         The columns include 4 reviews of the books Mitchell had 

analyzed. 

 

g. Tribute to Generals 

         Mitchell also took time to pay tribute to some immortal 

Generals of Georgia. This section includes 4 stories. 

 

h. Miscellaneous   

         Apart from the above seven sections, Mitchell covered 

some interesting features on different subjects that formed the 

Miscellaneous category. This section includes 8 columns, which 

include stories on spring season, Atlanta’s favorite limericks, 

road show girls, etc.  

 

 

V. CONCLUSIONS 

 

         The study came up with following conclusions:   

 

A. Popularity of Mitchell’s Reporting  

            Very few people know that Margaret Mitchell was a 

reporter before writing Gone With the Wind. Out of the sample of 

126 people interviewed, only two people knew about it, which 

means only 1.6 per cent of people know about Mitchell’s 

journalistic career. 

 

B. Role Model for Female Journalists 

         Margaret Mitchell can surely be an inspiration for the 

female journalists and writers. Infact, she can be a role model to 

women overall. They can learn a lot from her life. Her life was 

not like that of an ordinary woman. She had come across many 
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adversities before earning a name for herself. She was a strong 

lady. No one could make her submit to their will, but whatever 

she did was what she wanted to. 

         Mitchell worked as a journalist at a time when her mother 

had passed away and she had perhaps nobody to look after her 

home and her father and brother. It is an accepted fact that 

journalism is a profession that needs one’s all time presence. 

Mitchell, despite her limitations at home, managed to leave a 

mark in the field. She has set an example that a woman can 

simultaneously run her home and office, without making one 

suffer because of the other. She proved that if a woman wants to, 

she can pursue her career amidst any hardship. Her first husband 

was a drunk and would often beat her. This could be hard to bear 

for anybody, but Mitchell nicely overcame all this and infact 

mustered courage to divorce the man during her reporting days.  

Mitchell was the only female working among many men in the 

office. It speaks of her bravery and guts to work with the people 

of opposite gender. She would often reach her office much 

before her male colleagues, proving the notion wrong that 

women are sluggish in comparison to men. She would not even 

take her breakfast before leaving for office, which speaks of her 

determination and urge to work.  

         It’s not just her personality one can be inspired from, but 

also the work she did. She was the woman, who dared to talk 

about feminism and support the concept at a time, when not even 

a man could dare to speak about it. Her work didn’t revolve 

around gender issues only, but she also showed the courage to 

write about criminals. She dared to enter the prisons and talk to 

the prisoners about their lives. This indicated that if a woman is 

willing to, she can reach anywhere that only a man is believed to 

reach.  

 

C. Relevance of Her Messages  

         Mitchell was a strong feminist. Perhaps, she talked about 

feminism at the time, when there was even no concept of it. 

Mitchell’s columns talked about the changing role of women, 

their career, feelings, marriages and divorces and how women 

were being treated by men. Most of her messages concerning 

women hold relevance even in the 21st century, when women, 

though empowered to some extent, face similar problems as were 

faced during Margaret Mitchell’s time.  

         In many of her stories, Mitchell highlighted the importance 

of being independent for a woman. She underlined the need of 

taking up jobs or setting up business ventures for women. This is 

evident from her columns, like Society Girls Take Up Business, 

Jobs Before Marriage For High School Girls, Do Working Girls 

Make the Best Wives? and so on.  

         In her story Society Girls Take Up Business, Mitchell 

pointed towards Atlanta girls, who would work in offices and 

private schools, run shops and did designing and other work, 

which she wrote, made their idly sitting friends envy. By making 

this comparison, she wanted to convey the charm of professional 

life. This message holds relevance today also, when career is 

important for a woman, by which she can move ahead with time. 

Mitchell further conveyed that a job before marriage was also 

worthwhile, since one never knew how her married life and her 

husband were going to be like. In her story, Jobs Before 

Marriage For High School Girls, she raised this point, while 

taking views from high school girls to substantiate her argument. 

The message can prove more useful in present times, when 

divorce rates are increasing rapidly. A woman after divorce can 

always rely upon her job and can be independent. There is a 

similar argument in the story, Do Working Girls Make the Best 

Wives, wherein Mitchell mentioned that it was a must for girls to 

work before marriage, not just for their sake, but also for the sake 

of their marriage. By working, a girl would understand the value 

of money and realize how hard money is earned. She would also 

understand how tiresome a man feels when he returns home in 

the evening, wanting to do nothing other than having rest. Hence, 

she wouldn’t insist her husband to take her to dinner or a movie 

in the evening. This would lend a better understanding between 

the couple.  

         Mitchell also talked about the other side of marriage—

divorce. In her story, Shot Three Times and Missed Him-----

Divorced, she presented many reasons for why a married couple 

was left with no option other than divorce. She concluded that 

‘loss of temper’ was the primary cause of many separations. 

Temper that leads to sullenness plays a vital role in divorces. 

This message can be useful in 21st century, where people are 

becoming more and more intolerant and take hasty decisions in 

rage. Today’s generation can learn the things to do while being in 

a serious relation.  

         In her story, Pulling Teeth in a Harem, Mitchell talked 

about the need of women doctors and teachers in India, for 

Hindus did not prefer male doctors to treat their women. So lady 

doctors can be an alternative. Although the concept of Hindus 

not letting their women visit male doctors is outdated, it cannot 

be denied that there is a dearth for female doctors.  

         Mitchell also stressed on the significance of taking part in 

polls for women. In her story, Do Husbands Object to Their 

Wives Voting, she pointed out that many women did not appear at 

polls due to their husbands’ objection. Mitchell called it a ‘poor 

and old-fashioned’ thinking and compared it with ancient times 

when husbands would beat their wives to make them abide by 

their orders.  

         Mitchell argued that men and women were equal in all 

aspects and demanded equal rights for them. She highlighted the 

issue in her story, Just Like a Woman; Ditto for Men. She rated 

women slightly higher than men, for she believed, they possess 

more patience than men and can look after their home better.  

The argument holds relevance today also, when people are 

talking about gender equality.  
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Abstract- A Study was conducted in Kanayakumari district to 

find out the efficiency of water use for paddy and banana and the 

relationship between the characteristics of the respondents and 

the efficiency of water use. The study reveals that 60.67 per cent 

of the respondents had low water use efficiency and 25.33 per 

cent of them had medium water use efficiency in paddy. Only 

14.00 per cent of them had high water use efficiency in paddy. 

This study also shows that 61.33 per cent of them had low water 

use efficiency followed by medium water use efficiency (21.33 

per cent) in banana. Only 17.34 per cent had high water use 

efficiency in banana.  

 

I. INTRODUCTION 

ater and land are the two important assets of any country 

and proper utilization of them can bring prosperity to 

living society. Future gain in irrigation depends on increasing 

water use efficiency, rather than increasing water supply. This 

means using more efficient, low-cost and locally-adapted 

technologies to reduce water loss. Small-scale irrigation can help 

farmers to increase yields. The present study was undertaken to 

study the efficiency of water use for paddy and banana and the 

relationship between the characteristics of the respondents and 

the efficiency of water use. 

 

II. METHODOLOGY 

        The study was carried out in Kanyakumari district. There 

are four taluks in Kanyakumari district viz; Agastheeshwaram, 

Thovalai, Kalkulam and Villavancode. All the four taluks were 

identified for collection of data. One block from each taluk was 

selected randomly. From each block, one village was randomly 

selected. Thus a total of four villages viz; Theroor, Vellamadam, 

Arumanai and Karungal were selected for data collection. The 

lists of farmers in the selected villages were obtained from 

Village Extension Workers concerned. A sample of 300 

respondents was selected from the four villages by identifying 

equal number of respondents (75) randomly from each of the 

villages. The data were collected from 300 farmers. A well 

structured interview schedule was used for the data collection. 

The data were collected from the selected farmers through 

personal interview method. To assess the efficiency of water use 

it is the ratio of yield and amount of water used. It may be 

expressed as the ratio of dry weight of produce i.e.,  the yield  to 

the volume of water used by the crop as evapotranspiration, or 

the total amount of water used in the field. 

 

III. EFFICIENCY OF WATER USE FOR PADDY 

        The results on distribution of respondents according to their 

efficiency of water use for paddy are given in Table 1. 

 

Table 1: Distribution of respondents according to their 

efficiency of water use for paddy 

(n=300) 

S.No Category Number of respondents Per cent 

1 Low 182 60.67 

2 Medium 76 25.33 

3 High 42 14.00 

 Total 300 100.00 

 

        It may be observed from the Table 1 that majority of the 

respondents (60.67 per cent) had low water use efficiency 

followed by medium water use efficiency (25.33 per cent). Only 

14.00 per cent had high water use efficiency.  

 

IV. EFFICIENCY OF WATER USE FOR BANANA 

        The results on distribution of respondents according to their 

efficiency of water use for banana are given in Table 2. 

 

Table 2 Distribution of respondents according to their 

efficiency of water use for Banana 

(n=300) 

S.No Category Number of respondents Per cent 

1 Low 184 61.33 

2 Medium 64 21.33 

3 High 52 17.34 

 Total 300 100.00 

 

        It may be observed from the Table 2 that majority of the 

respondents (61.33 per cent) had low water use efficiency 

followed by medium water use efficiency (21.33 per cent). Only 

17.34 per cent had high water use efficiency.  

 

W 
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V. RELATIONSHIP BETWEEN PROFILE OF THE RESPONDENTS 

AND EFFICIENCY OF WATER USE  

        The zero-order correlation was computed to know the 

relationship of the socio-economic and psychological 

characteristics of respondents with their efficiency of water use 

for paddy. The results are given in Table 3. 

 

Table 3 Zero-order correlation of characteristics of 

respondents with their efficiency of water use for paddy 

       

      (n=300) 

Variable 

No 

Independent variables Correlation 

coefficient 

X1 Age  0.106* 

X2 Education 0.231** 

X3 Occupation 0.046NS 

X4 Farm size -0.008NS 

X5 Farming experience 0.115* 

X6 Annual income -0.011NS 

X7 Cropping intensity 0.037NS 

X8 Irrigation intensity 0.137* 

X9 Productivity 0.042NS 

X10 Source of irrigation -0.004NS 

X11 Method of irrigation 0.056NS 

X12 Social participation -0.062NS 

X13 Extension agency 

contact 

-0.102NS 

X14 Innovativeness 0.131* 

X15 Risk orientation 0.047* 

X16 Scientific orientation 0.045* 

X17 Economic motivation 0.047NS 

X18 Mass media exposure -0.009NS 

**   Significant at 1 per cent 

*     Significant at 5 per cent 

NS  Non-significant 

 

        Out of the eighteen independent variables taken for analysis, 

age, education, farming experience, irrigation intensity, 

innovativeness, risk orientation, and scientific orientation were 

found to have positive significant relationship with the efficiency 

of water use.  

        Age showed a positive and highly significant relationship 

with the efficiency of water use for paddy crop. As the age 

increases their experience made them efficient to use the 

available water. This is in line with the findings of Flora (2007). 

Educational status was found to have positive and highly 

significant relationship with the efficiency of water use for paddy 

crop. Obviously, educated respondents develop a positive 

attitude towards efficiency of water use.  

        Farming experience showed a positive and highly 

significant relationship with the efficiency of water use for paddy 

crop. Majority of the respondents were having high to medium 

level of experience. This might have influenced them to greater 

water use efficiency in paddy farming. As the farming experience 

increases their experience made them efficient to use the 

available water. This is in line with the findings of Vignesh 

(2006). 

        Irrigation intensity showed a positive and highly significant 

relationship with the efficiency of water use for paddy crop. As 

the irrigation intensity increases the efficiency of water use also 

increases because they get water from different sources.  

        Innovativeness showed a positive and significant 

relationship with the efficiency of water use for paddy crop. This 

shows more the innovativeness more will be the efficiency of 

water use. It is obvious that innovativeness could contribute to 

the efficiency of water use, for more the innovativeness more the 

farmers would try to acquire information about the new 

technologies to increase the efficiency of water use.  

        Risk orientation showed a positive and highly significant 

relationship with the efficiency of water use for paddy crop. Risk 

orientation develops the respondent’s ability to face the odds in 

farming. Thus, increase in risk orientation increases the 

efficiency of water use of respondents. This finding is in line 

with the findings of Saravanan (2005). 

        Scientific orientation was found to be significantly 

correlated with the efficiency of water use of the respondents. 

Respondents with more scientific orientation will definitely 

gather information on new technologies and they use the water 

efficiently.  

        The zero-order correlation was computed to know the 

relationship of the socio-economic and psychological 

characteristics of respondents with their efficiency of water use 

for paddy. The results are given in Table 4. 

 

Table 4 Zero-order correlation of characteristics of 

respondents with their efficiency of water use for Banana.      

 

                                                                                 (n=300) 

Variable 

No 

Independent variables Correlation 

coefficient 

X1 Age -0.012 

X2 Education 0.211** 

X3 Occupation -0.022NS 

X4 Farm size -0.018NS 

X5 Farming experience -0.228* 

X6 Annual income -0.012NS 

X7 Cropping intensity 0.153** 

X8 Irrigation intensity 0.227* 

X9 Productivity 0.001NS 

X10 Source of irrigation 0.019NS 

X11 Method of irrigation 0.035NS 

X12 Social participation -0.073NS 

X13 Extension agency 

contact 

0.233* 

X14 Innovativeness 0.233* 

X15 Risk orientation 0.007NS 

X16 Scientific orientation 0.116** 

X17 Economic motivation -0.013NS 

X18 Mass media exposure -0.033NS 

**   Significant at 1 per cent 

*     Significant at 5 per cent 

NS  Non-significant 

 

        Out of the eighteen independent variables taken for analysis, 

education, farming experience, cropping intensity, irrigation 
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intensity, extension agency contact, innovativeness, and 

scientific orientation were found to have positive significant 

relationship with the efficiency of water use for banana. 

                Educational status was found to have positive and 

highly significant relationship with the efficiency of water use 

for banana. Obviously, educated respondents develop a positive 

attitude towards efficiency of water use.  

        Farming experience showed a positive and highly 

significant relationship with the efficiency of water use for 

banana. As the farming experience increases their experience 

made them efficient to use the available water.  

        Cropping intensity showed a positive and highly significant 

relationship with the efficiency of water use for banana. As the 

cropping intensity increases the efficiency of water use also 

increases because more crops use the water efficiently.  

        Irrigation intensity showed a positive and highly significant 

relationship with the efficiency of water use for banana. As the 

irrigation intensity increases the efficiency of water use also 

increases because they get water from different sources.  

        Extension agency contact was found to have positive and 

highly significant relationship with the efficiency of water use 

for banana. More contact with extension agencies leads to 

increase in the efficiency of water use.  

        Innovativeness showed a positive and significant 

relationship with the efficiency of water use for banana. This 

shows more the innovativeness more will be the efficiency of 

water use. It is obvious that innovativeness could contribute to 

the efficiency of water use, for more the innovativeness more the 

farmers would try to acquire information about the new 

technologies to increase the efficiency of water use. This finding 

is in line with the findings of Vengatachalam (2005). 

        Scientific orientation was found to be significantly 

correlated with the efficiency of water use of the respondents. 

Respondents with more scientific orientation will definitely 

gather information on new technologies and they use the water 

efficiently. This finding is in line with the findings of Flora 

(2007). 

 

VI. REGRESSION OF CHARACTERISTICS OF RESPONDENTS 

WITH THEIR EFFICIENCY OF WATER USE 

        Regression was computed to know the relationship of 

characteristics of the respondents with their efficiency of water 

use. The results are given in Table 5 and 6. 

 

 

Table 5 Regression of characteristics of respondents with 

their efficiency of water use for paddy 
                                           

(n=300)                                                                                               

Variable 

No 

Variables Regression 

coefficient 

Standard 

Error 

‘t’ 

Value 

X1 Age 0.279 0.124 2.254* 

X2 Education 0.020 0.289 2.690** 

X3 Occupation 0.062 0.067 0.923NS 

X4 Farm size -0.026 0.137 -

0.191NS 

X5 Farming 0.023 0.014 1.615NS 

experience 

X6 Annual 

income 

0.009 0.001 0.196NS 

X7 Cropping 

intensity 

0.039 0.086 1.980* 

X8 Irrigation 

intensity 

-0.105 0.035 -

0.994NS 

X9 Productivity 0.057 0.138 2.118* 

X10 Source of 

irrigation 

0.008 0.040 0.202NS 

X11 Method of 

irrigation 

0.072 0.040 1.825* 

X12 Social 

participation 

-0.065 0.052 -1.241 

X13 Extension 

agency contact 

0.028 0.015 1.828* 

X14 Innovativeness 0.114 0.049 2.353** 

X15 Risk 

orientation 

0.032 0.145 2.489** 

X16 Scientific 

orientation 

0.054 0.378 1.693* 

X17 Economic 

motivation 

0.024 0.044 0.538NS 

X18 Mass media 

exposure 

-0.001 0.015 -

0.058NS 

 

R
2=

0.614      F=4.894                                

** Significant at 1 per cent     

*  Significant at 5 per cent      

NS  Non-significant 

  

        It could be observed from the Table 5 that all the eighteen 

variables together explained 0.614 per cent of variation in 

efficiency of water use. The ‘F’ value 4.894 was found to be 

significant. It could be concluded that a linear functional 

relationship between independent variables and dependent 

variables could be established. 

        Of the eighteen variables taken for analysis, education, 

innovativeness, and risk orientation were positively significant at 

0.01 per cent level of probability. Age, cropping intensity, 

productivity and method of irrigation, extension agency contact 

and scientific orientation were positively significant at 0.05 per 

cent level of probability towards efficiency of water use for 

paddy. 

        The analysis revealed that a unit increase in age, education, 

cropping intensity,  productivity, method of irrigation, extension 

agency contact, innovativeness, risk orientation and scientific 

orientation  would increase efficiency of water use for paddy by 

0.279, 0.020, 0.039,0.057, 0.072, 0.028,0.114,0.032,and 0.054 

units respectively. 

        Age showed a positive and highly significant relationship 

with the efficiency of water use for paddy crop. As the age 

increases their experience made them efficient to use the 

available water. This is in line with the findings of Flora (2007). 

Educational status was found to have positive and highly 

significant relationship with the efficiency of water use for 

paddy. Obviously, educated respondents develop knowledge 

towards efficiency of water use.  
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        Cropping intensity showed a positive and highly significant 

relationship with the efficiency of water use for paddy. As the 

cropping intensity increases the efficiency of water use also 

increases because more crops use the water efficiently.  

        Productivity showed a positive and highly significant 

relationship with the efficiency of water use for paddy. As the 

productivity increases the efficiency of water use also increases 

because the water use efficiency is expressed by the ratio of yield 

and water used. This finding is in line with the findings of Flora 

(2007).  

        Method of irrigation showed a positive and highly 

significant relationship with the efficiency of water use for 

paddy. Controlled irrigation increases the efficiency of water use, 

because the wastage of water is very less. This finding is in line 

with the findings of Vignesh (2006).  

        Extension agency contact was found to have positive and 

highly significant relationship with the efficiency of water use 

for paddy. More contact with extension agencies leads to 

increase in the efficiency of water use.  

        Innovativeness showed a positive and significant 

relationship with the efficiency of water use for paddy. This 

shows more the innovativeness more will be the efficiency of 

water use. It is obvious that innovativeness could contribute to 

the efficiency of water use, for more the innovativeness more the 

farmers would try to acquire information about the new 

technologies to increase the efficiency of water use. 

        Risk orientation showed a positive and highly significant 

relationship with the efficiency of water use for paddy. Risk 

orientation develops the respondent’s ability to face the odds in 

farming. Thus, increase in risk orientation increases the 

efficiency of water use of respondents. This finding is in line 

with the findings of Vengatachalam (2005). 

        Scientific orientation was found to be significantly 

correlated with the efficiency of water use of the respondents. 

Respondents with more scientific orientation will definitely 

gather information on new technologies and they use the water 

efficiently. This finding is in line with the findings of Flora 

(2007). 

 

 

Table 6 Regression of characteristics of respondents with their efficiency of water use for Banana 

 

                                                                                                                                                                                    (n=300) 

Variable No Variables Regressioncoeffic

ient 

Standard Error ‘t’ Value 

X1 Age 0.164 0.267 2.148* 

X2 Education 0.049 0.062 2.616** 

X3 Occupation -0.122 0.144 -0.810NS 

X4 Farm size 0.193 0.295 0.851NS 

X5 Farming experience -0.023 0.031 -0.657NS 

X6 Annual income 0.001 0.002 0.601NS 

X7 Cropping intensity 0.109 0.087 2.262* 

X8 Irrigation intensity 0.037 0.076 0.591NS 

X9 Productivity 0.049 0.110 0.494NS 

X10 Source of irrigation 0.006 0.086 0.524NS 

X11 Method of irrigation 0.077  0.089 0.073NS 

X12 Social participation 0.001 0.113 0.899NS 

X13 Extension agency contact 0.031 0.033 0.001NS 

X14 Innovativeness 0.183 0.105 1.961* 

X15 Risk orientation 0.212 0.142 1.752* 

X16 Scientific orientation 0.337 0.167 1.490NS 

X17 Economic motivation 0.131 0.095 2.015NS 

X18 Mass media exposure 0.025 0.033 1.377NS 

R
2=

0.512      F=5.162                                   

**Significant at 1 per cent    

*  Significant at 5 per cent    

 NS  Non-significant 

 

        It could be observed from the Table 6 that all the eighteen 

variables together explained 0.512 per cent of variation in 

efficiency of water use. The ‘F’ value 5.162 was found to be 

significant. It could be concluded that a linear functional 

relationship between independent variables and dependent 

variables could be established.  

        Of the eighteen variables taken for analysis, education was 

positively significant at 0.01 per cent level of probability. Age, 

cropping intensity, innovativeness and risk orientation were 

positively significant at0.05 per cent level of probability.  

        Of the eighteen variables taken for analysis, age, education, 

cropping intensity,  innovativeness and risk orientation would 

increase efficiency of water use for banana by 0.164, 0.049, 

0.109, 0.183 and 0.212 units respectively. 

        Age showed a positive and highly significant relationship 

with the efficiency of water use for banana. As the age increases 

their experience made them efficient to use the available water.  
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Educational status was found to have positive and highly 

significant relationship with the efficiency of water use for 

banana. Obviously, educated respondents develop a positive 

attitude towards efficiency of water use.  

        Cropping intensity showed a positive and highly significant 

relationship with the efficiency of water use for banana. As the 

cropping intensity increases the efficiency of water use also 

increases because more crops use the water efficiently.  

Innovativeness showed a positive and significant relationship 

with the efficiency of water use for banana. This shows more the 

innovativeness more will be the efficiency of water use. It is 

obvious that innovativeness could contribute to the efficiency of 

water use, for more the innovativeness more the farmers would 

try to acquire information about the new technologies to increase 

the efficiency of water use. 

        Risk orientation showed a positive and highly significant 

relationship with the efficiency of water use for banana. Risk 

orientation develops the respondent’s ability to face the odds in 

farming. Thus, increase in risk orientation increases the 

efficiency of water use of respondents. This finding is in line 

with the findings of Vengatachalam (2005). 

 

VII. CONCLUSION 

        This study clearly shows that majority of the farmers 

possess low water use efficiency. Hence, it is suggested to 

conduct farmers field school to create awareness and motivate 

the farmers to adopt the irrigation management technologies to 

increase the efficiency of water use. 
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Abstract- In this paper an effort is made to review the investigations that have been made on the “stress analysis of an infinite plate 

with cut-outs”. A number of analytical and experimental techniques are available for stress analysis around the different types of cut-

outs for different condition in an infinite plate, made up of different materials under different loading condition has been reported in 

this article. The methods compared are tabulated with their findings. Singularities of circular hole in rectangular plate and elliptical 

hole in rectangular plate are considered in present study. 

 

    Index Terms- Stress concentration factor, Discontinuity, Complex variable, Stress function, Conformal mapping 

 

 

I. INTRODUCTION 

 Openings/cut-outs are made into structures in order to satisfy some service requirements, results in strength degradation. In 

practice different shape of holes are used for different applications for example manhole of any pressure vessel is either circular 

or elliptical while the window or door of an airplane is rectangular hole having chamfer of some radius at corners. 

    The stress analysis of infinite plate with openings is interesting field of investigation. Many researchers have contributed in this area 

by taking different hole geometry and loading pattern. Here, an attempt is made to solve elastostatic problem of infinite plate subjected 

to different type of loading, with different shape of cutouts. 

    This hole/opening works as stress raisers and may lead to the failure of the structure/machine component. Hence it is an important 

aspect of stress analysis to predict stress concentration for regular or irregular holes. The irregularity in the hole shape may be because 

of chemical degradation. Under the effect of external loading and chemical process some irregular shapes may evolved. It is necessary 

to know stress distribution around such irregular shaped hole which may be useful to know hole shape evolution. 

A. Stress Concentration 

    Stress concentration is localization of high stresses mainly due to discontinuities in continuum, abrupt changes in cross section and 

due to contact stresses. To study the effect of stress concentration and magnitude of localized stresses, a dimensionless factor called 

Stress Concentration Factor (SCF), Kt as defined by Eq. (1) is used. 

                                                                                                  Kt = σ max / σnom                                                                                       (1) 

Where, σ max is maximum stress at the discontinuity and σ nom is nominal or background stress. 

    The stress concentration factor can be determined analytically by applying elasticity theory. For a large thin plate with a small 

circular hole at the center, that is subjected to uni-axial far-field tension, σ, acting along the x-axis, the stresses (radial, circumferential 

and tangential ) around the vicinity of the hole are given in polar coordinates (r,θ) which shown in figure 1: 

 
Figure 1: Plate with single circular hole subjected to uni-axial stress 

B. Measurement of stress 

    Stress analysis of the critical elements under various loading conditions is carried out by the researchers for safe design of the 

element. Stress is measured by experimental methods or analytical/numerical method. 

O 
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1. Experimental Methods 

    From the various experimental methods available for stress analysis, the following methods are long established. 

1.1 Photo Elasticity 

    Photo elastic stress analysis is a full field technique for measuring the magnitude and direction of principal stresses. When polarized 

light is passed through a stressed transparent model, interference patterns or fringes are formed. These patterns provide immediate 

qualitative information about the general distribution of stress, positions of stress concentrations and of areas of low stress using the 

principals of stress optic law, Eq. (5) [2]. 

                                                                                           σ1 – σ2 = N fσ /t                                                                                               (2) 

where, σ1 and σ2 are the values of the maximum and minimum principal stresses at the point under consideration, N is the fringe 

number or fringe order at the point, fσ is the material fringe value and t is the model thickness. 

1.2 Brittle Coating 

    The brittle-lacquer technique of experimental stress analysis relies on the failure by cracking of a layer of a brittle coating which has 

been applied to the surface under investigation. Specially prepared lacquers are usually applied by spraying on the actual part. Pattern 

of small cracks appear on the surface of this coating where the strain is high indicating the presence of stress concentration. The cracks 

also indicate the directions of maximum strain at these points since they are always aligned at right angles to the direction of the 

maximum principal tensile strain. These crack data could be used to locate strain gauges for precise measurement of the stress. The 

method is however, sensitive to temperature and humidity [2]. 

1.3 Electrical Strain Gauges 

    The method is one of the most popular and widely accepted for strain measurements and stress analysis. The strain gauge consists 

of a grid of strain-sensitive metal foil bonded to a plastic backing material. Any change in length will result in a change of resistance. 

Thus measurement of this resistance change with suitably calibrated equipment enables a direct reading of linear strain to be obtained 

[3]. 

    Change of resistance and strain may be expressed as follows: 

Δ R / R = K×ΔL / L 

K = (ΔR / R) / (ΔL / L) 

                                                                                              ε = (ΔR / R) / K                                                                                           (3) 

Where, ΔR and ΔL are the changes in resistance and length respectively, K is termed as the gauge factor and ε is the strain. Thus 

measurement of this resistance change with suitably calibrated equipment enables a direct reading of linear strain to be obtained. 

2. Analytical/Numerical Methods 

    Distribution of stresses in a structure with boundary conditions, i.e. displacements and/or forces on the boundary can be determined 

by using either the closed form analytical methods or by approximate numerical methods. Boundary value problems can be solved 

analytically by using constitutive equations based on the elastic or plastic behavior of the material under load. Analytical or close-form 

solutions can be obtained for simple geometries, constitutive relations and boundary conditions. Approximate solutions for boundary-

value problems can be obtained through the use of numerical methods such as finite element method, finite difference method, 

boundary element method and finite volume method. 

2.1 Finite Element Method 

    The structural model to be analyzed is divided into many small pieces of simple shapes called elements. Finite Element Analysis 

(FEA) program writes the equations governing the behavior of each element taking into consideration its connectivity to other 

elements through nodes. These equations relate the unknowns, for example displacements in stress analysis, to known material 

properties, restraints and loads. The program assembles the equations into a large set of simultaneous algebraic equations - thousands 

or even millions. These equations are then solved by the program to obtain the stress distribution for the entire model.  

    In recent years, with the advent of advanced software’s, the FEA based software ANSYS, COSMOL, DIANA, ABACUS and 

NASTRAN have been very useful for stress analysis. These software’s are preferred by users according to the type of stress analysis, 

the type of elements to be analyzed and the depth of accuracy required. 

2.2 Boundary Element Method 

    In this method the governing differential equation is converted into an integral form, often involving only integrals over the 

boundary of the domain. Consequently, only the boundary has to be discretized in order to carry out the integrations. The 

dimensionality of the problem is thereby effectively reduced by one. A three dimensional volume problem becomes a two dimensional 

surface one, while a two-dimensional plane problem involves only one-dimensional line integrations. Also, because the interior of a 

solution domain is not discretized, there is much less approximation involved in representing the solution variables and rapid 

variations of, for example, stresses and displacements can be resolved very accurately. Stresses are accurate as there are no 

approximations imposed on the solution in interior domain points. The method is suitable for modeling problems of rapidly changing 

stresses. Boundary Element Method (BEM) uses less number of nodes and elements for the same level of accuracy as other methods. 

The Boundary Element Method is unsuitable if information is required at a large number of internal points [3]. 
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2.3 Complex Variable Approach 

    Complex analysis, traditionally known as the theory of functions of a complex variable, is the branch of mathematics investigating 

functions of complex numbers. The difference between real functions and complex function is that complex functions can handle 

areas while real functions can handle only direction. So it can use easily for two dimensional problems of physics. Complex analysis is 

one of the classical branches in mathematics with its roots in the 19th century and some even before. Important names are Euler, 

Gauss, Riemann, Cauchy, Weierstrass, and many more in the 20th century. In 1909 G V Kolossoff wrote his doctoral degree 

dissertation of Dorpat University, USSR on the subject on “One application of the theory of functions of a complex variable to a plane 

problem in the mathematical theory of elasticity.” In which systematic use of the complex variable theory was first proposed, making 

use of Gousat’s, a French Mathematician’s and two complex stress functions to represent the biharmonic equations. Then in next 40 

years theory come to successful conclusion. In 1933, N I Muskhelishvili wrote a book on the basis of this theory titled “Some basic 

problems of the mathematical theory of elasticity.” in Russian language which was translated in English by J M Radok in 1953. 

    In case of complex variable approach complex functions are used in which independent as well as dependent variables all are 

complex numbers. Let us consider one complex function f (z) where, z = x + iy and the relation w = f (z) will give representation of 

complex variable function. w = u(x, y) + iv(x, y) represents the function in form of two real valued functions u and v [5]. 

 

II. LITERATURE REVIEW 

    In order to satisfy certain service requirements holes/openings are made in structures and machine components. These holes are of 

different shape and size. Also, the chemical erosion may lead to irregularity in the hole shape. These holes are the stress raisers and it 

is essential to know the stress pattern around such holes. There are different methods to calculate stress concentration factors and to 

know the stress field around holes of different geometry under different loading conditions.     
1) Close form solutions: Complex function theory (conformal mapping, boundary collocation method, Laurent series expansion, 

integral transforms (Fourier, Mellin, Hanckel transforms, Eigen function expansion) limited to very simple cases. 

2) Computational solutions (Finite element method, Boundary element method, Finite difference method.) 

3) Experimental solutions (photo elasticity, moiré interferometry….) 

    An attempt is made to review few of the important contribution for stress analysis in the infinite plate with the different types of 

cut-out in the present work. 

A. Stress analysis of plate with single hole 

    Stress concentration around irregular holes using complex variable methods are reported by K. R. Y. Simha and S. S. Mahapatra 

[6].Conformal mapping method has been used for evaluation of stresses. The method is an operation in complex mathematics which 

maps a set of points in one coordinate system to a corresponding set in another, keeping the angle of intersection between two curves 

constant, and is widely used in solving elasticity problem. Nine hole shapes with same area and different perimeter are studied. 

Irregular holes may change their shape if not their size by exchanging surface energy with strain energy. A linear elastic analysis 

followed in this paper may not support the physics of change in shapes but can be extended to a linear visco-elastic material. 

    The analytical solution of infinite elastic plate with an circular hole and elliptic hole subjected to arbitrary biaxial loading is 

obtained by Xin-Lin Gao [7]. The complex potential method is used to formulate the boundary-value problem, and the elliptic-

hyperbolic coordinate system is adopted to simplify the formulation. Two adjustable parameters-the biaxial loading factor λ and the 

orientation angle β-contained in the expressions for stress and displacement field are derived. He should be pointed out that in his 

analysis the hole boundary is assumed to be traction-free.  

    Formulation which given by the Savin [8] for stresses around holes in anisotropic plates under inplane loading  a general solution is 

obtained to consider an arbitrary shape of hole and arbitrarily oriented uniaxial, biaxial, and shear stresses at infinity as well as 

uniform tangential force, and uniform pressure around the hole. This is achieved by V.G. Ukadgaonker and Rao [9] introducing a 

general form of mapping function and an arbitrary biaxial loading condition into the boundary conditions. They extended the basic 

formulation for multilayered plates. They introducing the computer program, the constants of the mapping function, the arbitrary 

biaxial loading factor, the orientation angle and the complex parameters for the laminate, the stresses around the hole can be easily 

obtained. 

    Zirka et al. [10] have analyzed stress concentration around circular hole in a rectangular plate for orthotropic and isotropic plates 

under dynamic and static loading. They have used photo elastic method for analysis. 

    Ukadgaonkar and Vyasraj [11] have analyzed the stresses in an orthotropic plate with an irregular shaped hole for different in-plane 

loading. They find the solutions for in-plane loading is applicable for isotropic as well as for orthotropic cases. They are found that 

angle ply laminates are inducing more stress concentration for shear loads and are not suitable. They are produce many results with 

different shape of hole for uni-axial, (loading in x- or y-direction), as well as for biaxial loading conditions and also a pure shear 

loading case is considered. These results are supported with finite element solutions. 

    Jike Liu and Chengwu Cai [12] determine the stress concentration in structures with a circular or elliptic hole and it investigated by 

analytical methods. They studied the problem with a rectangular hole and approximate results are derived. They deduce the analytical 

solutions to the stress concentration problem in plates with a rectangular hole under biaxial tensions. By using the U-transformation 
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technique and the finite element method, the analytical displacement solutions of the finite element equations are derived in the series 

form. They derive the stress concentration factors for various ratios of height to width of the hole are obtained. 

    D S Sharma , Khushbu Panchal and Patel Nirav [13,14] obtain the general solution for determining the stress field around circular 

hole and triangular hole in infinite orthotropic plate subjected to internal pressure by use of the Muskhelisvili’s complex variable 

method and numerical results are obtain using MATLAB 7.6. They studied the effect of fiber orientation and material parameter on 

stress pattern around pressurized circular hole. They use the ANSYS for preparation of model and results are compared with the 

Muskhelisvilli’s complex variable method. The formulation which they find is a good tool for the designer to predict stress pattern 

around internally pressurized hole and to predict failure pattern of mechanical component and structures. 

 
Figure 2: Plate with circular hole 

 

    They find the stress components for plane stress conditions in terms of Muskhelisvilli’s complex function ϕ (z1) and Ψ (z2) as 

follows: 
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Table 1: Comparison of results of present method with ANSYS results for circular hole [13] 

 

Material Stress Present Method Result ANSYS Result 

 Max σX 1.00 1.001 

Isotropic Max σY 1.00 1.001 

 Max τXY 1.00 0.9955 

Glass/Epoxy Max σX 1.6521 1.555 

Fiber orientation Max σY 1.3085 1.209 

=0
o 

Max τXY 0.8537 0.8554 

Glass/Epoxy Max σX 1.7916 1.611 

Fiber orientation Max σY 1.7916 1.599 

=0
o
/90

o 
Max τXY 0.7164 0.7942 

 

    D K N Rao, Ramesh Babu and K R Reddy [15] find the solution is useful for finding the stress distribution around holes in 

symmetric laminates as well as in isotropic plates and also to determine the failure strength of the laminate on first ply failure basis by 

Tsai-Hill, Hashin-Rotem and Tsai-Wu criteria. This is a one stop solution for all kinds of in-plane loading on symmetric laminates as 

well as isotropic plates with any shape of cutout. They using the Savin’s basic solution for anisotropic plates, the stress functions are 

derived for generalized mapping function for the hole and arbitrarily oriented in-plane loading. Square and rectangular holes in 

symmetric laminates of Graphite/epoxy and Glass/epoxy are studied. The stress results are also obtained by ANSYS for comparison. 

    In Table 2, contributions of work from many researchers have been summarized. Different techniques over the years have been 

used for stress analysis by the researchers. These have been compared on the basis of type of discontinuity in the element like notches 

or holes, circular/elliptical hole etc., the types of material used for the element, different types of loading applied to the element like 

axial transverse, biaxial loading etc. 

 

Table 2: Review of stress analysis in plate with singularities 

 

Sr. No Author Year Discontinuity Material Loading Analysis Techniques 

1 R. E. Peterson  

[4] 

1966 Holes, 

Notches 

Isotropic 

plate 

Axial, 

bending 

moment, 

twisting 

moment 

Complied work of many researchers 
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2 Xin-Lin Gao 

[7] 

1995 Circular hole 

and elliptic 

hole 

Infinite 

elastic plate 

Arbitrary 

biaxial loading 

Complex potential method 

3 K. R. Y. Simha 

and S. S. 

Mahapatra [6] 

1998 Ir-regular 

holes 

Infinite 

elastic plate 

Hydrostatic 

tension, pure 

shear loading, 

pure shear state 

Kolosov – Muskhelisvilli’s complex 

variable approach 

4 V.G. Ukadgao-

nker and 

D.K.N. Rao [9] 

1999 Triangular 

hole 

Isotropic 

and 

orthotropic 

plate 

Uniaxial, 

biaxial, shear 

stress, 

tangential shear, 

uniform 

pressure 

Savin’s conformal mapping and 

Cauchy integrals 

5 A. I. Zirka [10]  2004  Circular Hole  Orthotropic 

plate  

Static and 

dynamic 

Photo elastic method 

6 Ukadgao-nkar 

and Vyasraj 

[11] 

2005 Different 

shape of hole           

(circular, 

elliptical, etc.) 

Orthotropic 

laminate 

Uniaxial, 

biaxial, pure 

shear stress 

Savin’s complex variable method and 

Finite element method 

7 Jike Liu and 

Chengwu Cai 

[12] 

2008 Rectangular 

hole 

 Biaxial loading U-transformation technique and Finite 

element method 

8 D S Sharma , 

Khushbu 

Panchal and 

Patel Nirav [13] 

2010 Circular hole Orthotropic 

plate 

Internal 

pressure 

Muskhelisvilli’s complex variable 

method and Finite element method  

9 D S Sharma , 

Khushbu 

Panchal and 

Patel Nirav [14] 

2010 Triangular 

hole 

Orthotropic 

plate 

Uniaxial, 

Biaxial and 

Shear loading 

Muskhelisvilli’s complex variable 

method and Finite element method 

10 D K N Rao, 

Ramesh Babu 

and K R Reddy 

[15] 

2010 Square and 

Rectangular 

hole 

Symmetric 

laminates 

Arbitrary 

biaxial loading 

Savin’s complex variable method and 

Finite element method 

 

B. Stress analysis of plate with multiple hole 

    In Table 3, contributions from many researchers on Stress analysis of plate with multiple holes have been summarized. Different 

techniques over the years have been used for stress analysis of plate with multiple holes by the researchers. 

 

Table 3: Review of stress analysis in plate with multiple holes 

 

Sr. No Author Year Discontinuity Material Loading Analysis Techniques 

1 V. G. 

Ukadgaonker 

and Patil [16] 

1993 Two elliptical 

holes 

Isotropic Uniform 

pressure and 

tangential 

stresses 

Complex variable approach 

2 T. K. Paul and 

K. M. Rao [17] 

1995 Two circular 

holes 

Thick FRP- 

finite 

laminated 

plate 

Transverse 

loading 

Finite element displacement method 

along with high order bending theory 

3 J.M. Henshaw,  

J. R. Sorem Jr, 

Glaessgen [18] 

1996 Multiple holes Laminated 

composite 

plate 

Tensile and 

shear loading 

Finite element method 

4 K. Ting, K. T. 

Chen, W. S. 

Yang [19] 

 

1999 Multiple 

elliptical holes 

Infinite 

domain 

Remote 

uniform stresses 

Boundary alternating method 
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5 E. Pan, B. 

Yang, G. Cai , 

F.G. Yuan [20] 

 

2000 Multiple 

circular hole 

Infinite 

composite 

laminate 

Uniform loads 

on the hole 

boundaries & at 

infinity 

Boundary element method 

6 Jianlin Wang, 

Steven L. 

Crouch, Sofia 

G.Mogilevskay

a [21]  

2003 Multiple 

circular hole 

Infinite 

isotropic 

plate 

Uniform loads 

on the hole 

boundaries & at 

infinity 

Complex integral equation method 

7 L Q Zhang, A Z 

Lu, Z Q Yue,Z 

F Yang [22] 

2009 Two elliptical 

holes 

Infinite 

elastic plate 

Uniform loads 

on the hole 

boundaries  

Schwarz’s alternating method and 

Muskhelishvili’s approach 

 

    L Q Zhang, A Z Lu, Z Q Yue and Z F Yang [22] using the Schwarz’s alternating method and the Muskhelishvili’s complex variable  

function techniques to determine the stress solution for an infinite elastic plate around two elliptic holes which shows in figure 3 

subjected to uniform loads on the hole boundaries and at infinity. This algorithm can be used to compute the stress concentration 

factors. 

 
 

Figure 3: An infinite elastic plate containing two elliptical holes subjected to any uniform stress at the infinity, normal tractions N1 and 

N2 and tangential shears S1 and S2 on the boundaries 

III. CONCLUSION 

    In this paper an effort is made to review the investigations that have been made on the stress analysis of infinite plate with cut-out. 

An attempt has been made in the article to present an overview of various techniques developed for stress analysis of infinite plate. 

Singularities of circular hole, elliptical hole, triangular hole and rectangular hole and multiple hole like circular hole and elliptical hole 

in infinite plate are considered.    
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Abstract- Intrusion detection in Wireless Sensor Network (WSN) 

is widely used in many applications such as detecting an intruder. 

The intrusion detection is a mechanism for a Wireless Sensor 

Network to detect the existence of inappropriate, incorrect or 

unsuspicious moving attackers. WSN consumes lots of energy to 

detect an intruder. The main objective of this approach was 

developed under JFrame Builder tools is to provide simple and 

secure algorithm for energy efficient approach for external 

intrusion as well as internal intrusion detection. Wireless sensor 

networks (WSNs) often consist of tiny devices with limited 

energy, computational power, transmission range, and memory. 

WSNs offer a variety of potential means to monitor 

environments. Furthermore, we consider two sensing detection 

models: single-sensing detection and multiple-sensing detection. 

Our simulation results show the advantage of multiple sensor 

heterogeneous WSNs. 

 

Index Terms- Intrusion detection, sensor nodes, Wireless Sensor 

Network (WSN), Heterogeneous WSN. 

 

I. INTRODUCTION 

n Intrusion detection system (IDS) is designed to detect 

unwanted attempts at accessing, disabling of computer 

mainly through a network, such as the Internet. Intrusion 

detection plays an key role in the area of network security, so an 

attempt to apply the idea in WSNs makes a lot of sense. 

Intrusion, i.e. unauthorized access or login (to the system, or the 

network or other resources); intrusion is a set of actions from 

internal or external of the network, which violate security aspects 

(including integrity, confidentiality, availability and authenticity) 

of a network’s resource. There are two approaches: misuse 

detection and anomaly detection. Misuse detection identifies an 

unauthorized use from signatures while anomaly detection 

identifies from analysis of an event. When both techniques detect 

violation; they raise an alarm signal to warn the system. Wang 

divides intrusion detection techniques into single-sensing 

detection and multi-sensing detection. In single-sensing 

detection, the intruder can be successfully detected by one 

sensor. While in multisensing detection, multiple collaborating 

sensors are used to detect the intrusion. 

           A wireless sensor network (WSN) is a type of wireless 

network consist of small nodes with capabilities of sensing 

physical or environmental conditions, processing related data and 

send information wirelessly.WSN is a wireless network 

consisting of spatially distributed autonomous devices using 

sensors to cooperatively monitor physical or environmental 

conditions, such as temperature, sound, vibration, pressure, 

motion or pollutants, at different locations. The development of 

wireless sensor networks was originally motivated by military 

applications such as battlefield surveillance. However, wireless 

sensor networks are now used in many industrial and civilian 

application areas, including industrial process monitoring and 

control, machine health monitoring, environment and habitat 

monitoring, healthcare applications, home automation and traffic 

control. The sensor nodes are tiny and limited in power. Sensor 

types vary according to the application of WSN.Whatever be the 

application, the resources such as power, memory and bandwidth 

are limited. Moreover, most of the sensors nodes are throw away 

in nature. 

           Early study on wireless sensor networks mainly focused 

on technologies based on the homogeneous wireless sensor 

network in which all nodes have same system resource. 

However, heterogeneous wireless sensor network is becoming 

more and more popular recently. And the results of researches 

show that heterogeneous nodes can prolong network lifetime and 

improve network reliability without significantly increasing the 

cost.A typical heterogeneous wireless sensor networks consists 

of a large number of normal nodes and a few heterogeneous 

nodes. The normal node, whose main tasks are to sense and issue 

data report, is inexpensive and source-constrained. 

 

II. HETEROGENEOUS WSN 

           A heterogeneous wireless sensor network (WSN) consists 

of several different types of sensor nodes (SNs). Various 

applications supporting different tasks, e.g., event detection, 

localization, and monitoring may run on these specialized sensor 

nodes. In addition, new applications have to be deployed as well 

as new configurations and bug fixes have to be applied during 

the lifetime. In a network with thousands of nodes, this is a very 

complex task .A heterogeneous node has more complex 

processor and memory so that they can perform sophisticated 

tasks compared to a normal node. A heterogeneous node 

possesses high bandwidth and long distant transceiver than a 

normal node proving reliable transmission.  

 

2.1. Types of Heterogeneous resources 

           There are three common types of resource heterogeneity 

in sensor node: 

 

2.1.1. Computational Heterogeneity: 

A 
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           Computational heterogeneity means that the 

heterogeneous node has a more powerful microprocessor and 

more memory than the normal node. With the powerful 

computational resources, the heterogeneous nodes can provide 

complex data processing and longer term storage. 

 

2.1.2. Link Heterogeneity:  

           Link heterogeneity means that the heterogeneous node has 

high bandwidth and long-distance network transceiver than the 

normal node. It can provide more reliable data transmission. 

 

2.1.3. Energy Heterogeneity: 
           Energy heterogeneity means that the heterogeneous node 

is line powered, or its battery is replaceable. 

           Among above three types of resource heterogeneity, the 

most important heterogeneity is the energy heterogeneity because 

both computational heterogeneity and link heterogeneity will 

consume more energy resource. If there is no energy 

heterogeneity, computational heterogeneity and link 

heterogeneity will bring negative impact to the whole sensor 

network, i.e., decreasing the network lifetime. 

           A heterogeneous node is line powered (its battery is 

replaceable).The heterogeneous WSN consists of different types 

of sensors with different sensing and transmission range. So 

while selecting the sensor nodes for intrusion detection, we need 

to consider these inequality of sensing and transmission range. 

For example, if two nodes have different transmission range it is 

better to select the one whose transmission range is higher. In 

this paper, we are considering N types of sensors. Here the 

sensing range and transmission range is high for Type 1 

compared to Type2 and so on. The sensors are uniformly and 

independently deployed in a area A = LxL. 

 

III. COMPARATIVE STUDY OF HETROGENEOUS WSN 

AND HOMOGENEOUS WSN 

           In homogeneous networks, all the sensor nodes are 

identical in terms of battery energy and hardware complexity. 

heterogeneous networks achieve the former and the 

homogeneous networks achieve the latter. In homogeneous 

network, single (uniform) platform is used for per research group 

and all nodes in the network share the same functionality where 

as in heterogeneous network all the nodes treated differently. In 

the real world, the assumption of homogeneous sensors may not 

be practical because sensing applications may require 

heterogeneous sensors in terms of their sensing and 

communication capabilities in order to enhance network 

reliability and extend network lifetime. Also, even if the sensors 

are equipped with identical hardware, they may not always have 

the same communication and sensing models. In fact, at the 

manufacturing stage, there is no guarantee that two sensors using 

the same platform have exactly the same physical properties. 

This taxonomy focuses on heterogeneity at the designing stage, 

when sensors are designed to have non identical capabilities to 

meet the specific needs of sensing applications. 

          In the heterogeneous wireless sensor network, the average 

energy consumption for forwarding a packet from the normal 

nodes to the sink in heterogeneous sensor networks will be much 

less than the energy consumed in homogeneous sensor network. 

IV. LITERATURE SURVEY 

           There exist several tools for security in networks and IDSs 

are important tools. Many solutions have been proposed in 

traditional networks but it cannot be applied directly to WSN 

because the resources of sensor nodes are restricted. Ad-hoc and 

WSNs security has been studied in a number of proposals.  

           Zhang and Lee [5] are among the first to study the 

problem of intrusion detection in wireless Ad-hoc networks. 

They proposed architecture for a distributed and cooperative 

intrusion detection system for Ad-hoc networks; their scheme 

was based on statistical anomaly detection techniques. But the 

scheme need much time, data and traffic to detect intrusion. 

           Detecting a moving intruder is a crucial application in 

wireless sensor networks, thus, first contact time when the 

intruder hits the sensing range of a sensor belonging to the large 

sensor cluster. To date, most of the existing work focus on the 

problem of network configuration for efficiently detecting the 

intruder within a pre-specified time threshold, under the 

constraints of tight power saving and/or cost efficiency.  

           Liu et al. [6] have explored the effects of sensor mobility 

on sensing coverage and detection capability in a mobile WSN. It 

is demonstrated that sensor mobility can improve the sensing 

coverage of the network, and provide fast detection of targeted 

events. 

           Wang et al. [7] have provided a unifying approach in 

relating the intrusion detection probability with respect to the 

intrusion distance and the network parameters (i.e., node density, 

sensing range and transmission range), under single-sensing 

detection and multiple-sensing detection models, in both 

homogeneous and heterogeneous WSNs.  

           Xi Peng et al[3] proposed a security management model 

for self organizing wireless sensor networks based on intrusion 

detection. It can prevent most of attacks. Then an analysis of 

each layer of networks in security model is discussed and the 

security management measures in the data link layer and network 

layer are described in detail especially. Such a structure is built 

based on the existing encryption and authentication protocols. 

           Byunggil Lee et al., [4] have developed management 

platform and security framework for wsn. The proposed 

framework has advantages as regard secure association and 

intrusion detection. This also provides the background a wsn, its 

security issues and requirements.  

           Qi Wang et al., [8] have developed a intruder detection 

algorithm of low complexity for static wireless sensor network. 

The intrusion detection model includes characteristics that 

determine the average frequency of execution of order. A 

distributed algorithm in which the sensor collects the information 

from the neighbouring nodes to analyses the anomalies if any 

from the neighbours. The intrusion detection algorithm on 

detecting anomalies packets received from its neighbours basic 

alarms to report the anomaly. 

 

V. OUTCOME  

           In our survey we have studied about the intrusion 

detection, wireless sensor network and about the heterogeneous 

wireless sensor network and about the homogeneous wireless 

sensor network. In this approach we see that ID becomes very 



International Journal of Scientific and Research Publications, Volume 2, Issue 11, November 2012      567 

ISSN 2250-3153  

www.ijsrp.org 

fast and effective. Its detection rate and accuracy are high for 

using hybrid approach. Also we have studied about the WSN, 

Wireless sensor networks (WSN) consist of tiny devices. These 

tiny devices have limited energy, computational power, 

transmission range and memory. However, wireless sensor 

networks are deployed mostly in open and unguarded 

environment. There are two types of WSN first, homogeneous 

WSN and second, heterogeneous WSN. We have chosen 

heterogeneous WSN for our servay because there are following 

advantages of heterogeneous WSN: 

 

1. Prolonging network lifetime 

2. Improving reliability of data transmission. 

3. Decreasing latency of data transportation. 

These qualities are not present in homogeneous WSN. 

 

VI. PROPOSED SYSTEM 

1. Intrusion detection in heterogeneous WSNs by 

characterizing, intrusion detection with respect to the 

network parameters.  

2. Detectors filter the packets and deliver only authorized 

packet to sink node. 

3. Awake and sleep mechanism for the detector to save 

power.  

4. In Heterogeneous wireless sensor, Intruder detected 

anywhere in the network.  

We are detecting the intruder in multiple sensor 

heterogeneous wireless sensor networks. 

5. Two detection models are: Single-sensing detection 

model & Multiple-sensing detection model 

 

VII. PROBLEM FORMULATION AND METHODOLOGY 

1. Improving response scheduling, priority responses and 

having more control on response production 

mechanism;  

2. Providing higher level of security, fault tolerant and 

robustness for suggested architecture;  

3. Centralizing more detailed information about system 

activities for forensic analysis. 

4. Efficient data management.  

5. Developing user friendly interfaces which allow 

dynamic reconfiguration of systems and representing 

the activities of these systems in graphical. 

6. Approaches for data aggregation in WSNs different 

protocols. 

7. Techniques for using of mobile nodes in WSNs. 

 

7.1. Algorithm 

         The algorithm for node selection trying to select the high 

capacity nodes compared to other one. High capacity means large 

sensing range and transmission range. 

 

     Si- set of type i sensors in the WSN area. 

     S- set of all sensors 

     N (a) - set of neighbours of node a  

     Repeat 

     For i=1 to N 

     Select node a with min N (a) in set Si 

     If N (a) ≠Ø 

    Select a 

    SN= {j/the distance between a and 

    N (a) < (rsi/2)} 

        If SN > 1 

        S=S-(SN U a) 

        Else 

        S= S-a 

      Until S is null set. 

 

         The algorithm select a certain set of nodes that cover the 

entire area based on type of node, its transmission range and 

sensing range. 

 

7.2. Single-Sensing Detection 

         An intruder is detected when it enters the sensing range of a 

sensor. When the intruder enters the area through the boundary 

and the boundary is covered by the sensors, then the intruder will 

be detected as soon as it enters the WSN area. Otherwise it has to 

move a certain distance D before detected by any of the sensors. 

When the intruder starts from a point of the network boundary, 

given an intrusion distance D > 0, the corresponding intrusion 

detection volume V is almost an oblong volume. 

 

 
 

fig 1: The area covered by sensors at the boundary 

 

Theorem 1 

         The probability P(D) that an intruder can be immediately 

detected once it enters a heterogeneous WSN can be given by, 

 
 

Where ni is the number of type i nodes activated in the area 

πrSi
2
/2. 

 

Proof: 

         Here the area we need to consider when the intruder enters 

from the boundary is A1=(πrS1
2
)/2,A2=(πrS2

2
)/2,…AN=πrSN

2/
2 

as shown in figure 1.So P(0, A1),(0,A2)….P(0,AN) gives the 

probability that there is no Type 1, Type 2…Type N sensors in 

that area. the probability that neither type 1 nor type 2….nor type 

N are given P(0,A1)P(0, A2)…..P(0.AN)=1-e
-n1

e
-n2

…e
-nN

 where 
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n1,n2,…nN are the number of selected nodes from each type. So 

the probability of detecting the intruder when it enters the 

boundary is given by complement 

P(0,A1)P(0,A2)….P(0,AN)=1-e
-n1

e
-n2

 ….e
  -nN

. 

 

Theorem 2 

         Suppose η is the maximal intrusion distance allowable for a 

given application, the probability P (D) that the intruder can be 

detected within η in the given heterogeneous WSN can be 

derived as 

 
 

Where ni is the number of sensors participating in intrusion 

detection area Ai= 2ηrSi+(1/2) rSi
2 

 

Proof: This can be proved just like above theorem. 

 

7.3. Multi-Sensing Detection 

         In the multi-sensing detection model, an intruder has to be 

sensed by at least m sensors for intrusion detection in a WSN. 

The number of required sensors depends on specific applications. 

For example, at least three sensors’ sensing information is 

required to determine the location of the intruder. Multi sensing 

in a heterogeneous WSN is explained in fig 2. Here multiple 

sensors have to detect a intruder at the same time.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fig 2. Multi-Sensing 

 

Theorem 3 

         Let Pm (D= 0) be the probability that an intruder is detected 

immediately once it enters a WSN in multi sensing detection 

model. It has  

 
         Where Aj is the area covered by type j sensor and we are 

assuming that nj of type j sensors are activated in the area Aj. 

 

         Proof: This theorem can be proved just like above 

theorems. Here the area is only one half circles with radius rs.. P 

(i, A) gives the probability of detecting the intruder with i 

sensors. 

                        
gives the sum of the probabilities of detecting the intruder with 

less than m sensors. So the complement will give the multi 

sensing probability. 

 

VIII. RESULT AND SIMULATIONS 

         In the results, it shows a number of alarm messages and 

active nodes. This also represents the energy consumption. IDS 

mechanism detects unusual behavior from incorrect format. In 

case an incorrect packet is not related to transmission error (for 

example an incorrect node id), it raises an alarm signal to prepare 

for intruders. Then a group of activated nodes will be surrounded 

the intruders to protect from breaking into network. We have 

performed a simulation-based verification of our analytical 

results in both homogeneous and heterogeneous WSNs. The 

simulation is carried out for single-sensing. The analytical results 

are calculated by using Theorems 1-3.For successive simulation 

runs, the sensors are uniformly redistributed in the network 

domain. 

 

IX. CONCLUSION 

         This paper presents an energy efficient intrusion detection 

mechanism that improves life of WSN. Wireless sensor networks 

are vulnerable to several attacks because of their deployment in 

an open and unprotected environment. This paper describes the 

major security threats in heterogeneous WSN and also describes 

different intrusion detection techniques by using various 

algorithm Moreover, the paper also describes several existing 

approaches to find out how they have implemented their 

intrusion detection system. 
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Resource Reservation In Advance 

Aware Sachin Bhaskarrao  

 

 

     Abstract— Resource management offers Quality-of-Service 

reliability for time-critical continuous media applications. 

Currently, existing resource management systems in the Internet 

and ATM domain only provide means to reserve resources 

starting with the reservation attempt and lasting for an 

unspecified duration. However, for several applications such as 

video conferencing, the ability to reserve the required resources 

in advance is of great advantage. This paper outlines a new 

model for resource reservation in advance. We identify and 

discuss issues to be resolved for allowing resource reservation in 

advance. We show how the resource reservation in advance 

scheme can be embedded in a general architecture and describe 

the design and implementation of a resource management system 

providing reservation in advance functionality.  

 

     Index Terms – Resource Reservation in Advance, Resource 

Management, Quality of Serice (QoS) 

I. INTRODUCTION 

omputer systems used for continuous media processing 

must cope with streams having data rates of several 

Mbits/s and must provide timely processing guarantees. 

For instance, an end system shall synchronize audio and video 

streams up to a granularity of about 80 ms . Since available 

system resources are not abundant, applications have to be 

‘protected’ such that they have access to the required resources in 

time. Otherwise the user will notice a glitch or drop in the 

presentation quality. Hence, means to manage the available 

system resources are necessary. 

Resource management provides a way to offer 

applications reliability with respect to Quality-of-Service (QoS) . 

A resource management system controls the access to scarce 

system resources needed for audio and video data processing. It 

checks whether additional service requests can be satisfied, and if 

yes, the required resources are reserved for that application, else, 

the request is rejected. Sophisticated systems will allow for a 

negotiation according to the available capacities and constraints 

(e.g., by tariffs). 

 Requirements of Application Scenarios 

Today existing resource management systems, for 

instance, HeiRAT , QoS Broker , Tenet , offer functions which 

only allow to reserve resources for a time interval which starts 

with the reservation attempt and which lasts for an unspecified 

time. For several application scenarios this model of immediate 

reservations is not appropriate. Consider, for instance, a virtual 

meeting room (conferencing) scenario supported by multimedia 

systems. Traditionally, a meeting will be scheduled for a specific 

time at a well defined location (room). To be sure that the 

respective room will be available at the scheduled time, a 

reservation entry, in some form of a meeting room calendar, is 

written before the meeting starts. The time between the 

reservation and the meeting itself can vary from short intervals, 

e.g., half an hour or a few hours, to very long periods, e.g., 

months. In addition to ‘one time events’, meetings such as 

project meetings occur periodically. To support these ‘virtual 

meeting room’ scenarios the resource reservation system must 

offer mechanisms to reserve in advance the resources needed for 

the conference, i.e., certain capacities of networks, routers, and 

end-system resources.  

Resource Reservation in Advance (ReRA) is not only 

needed for conferencing but for other scenarios such as video-on-

demand as well. This resembles a video rental scenario where a 

user ‘orders’ a video for a specific time: for the video-on-demand 

system it means that the resources necessary to retrieve, transfer 

and present the video have to be reserved in advance, 

i.e., video server, network, router, and end-system resources. 

Further application areas can also be found outside of typical 

multimedia applications, e.g., within manufacturing process 

control systems (where time-critical data must be processed and 

transmitted) or any kind of remote surgery in medicine. 

Where resources are plentiful, not even immediate 

reservations may be necessary, but where resources are scarce 

enough to justify reservations at all, it makes sense to be able to 

make them in advance.” 

Classification of Reservation 
Types 

To distinguish ReRA schemes from other reservation 

schemes, e.g., existing reservation techniques, we classify 

reservations based on two key factors: 

• Whether the resources are exploited at reservation time, and 

• Whether the reservation duration is known at reservation time. 

The most stringent use of resource management is in the 

domain of process and control systems including embedded real-

time systems. There, resources are reserved for the whole active 

phase of such systems,  

i.e. for the lifetime. Changes can only be done at the 

initialization phase (and not at the actual run-time phase). 

Therefore we characterize such approaches as “static”  opposed 

to the dynamic approaches. Traditional resource management 

systems (non-ReRA) assume that the resources are immediately 

used after they have been successfully reserved and no 

assumptions are made on the duration of the reservations. A 

ReRA scheme, on the contrary, is characterized by deferred 

resource usage and reservations of known duration (which might 

possibly be enlarged). In case of immediate usage and known 

duration, both schemes can be realized.  

 

C 
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Architecture for resource reservation  

Management of reservation 

To allow for reservations in advance, the time axis is 

divided into slices. Within each slice a certain set of 

reservations exists and there is no change of this set or of the 

QoS parameters of these reservations, i.e., the reservation state 

is stable within each slice and changes only at the boundaries. 

Thus, the resource management system has a similar view as 

before: at a certain point in time (in a time slice) a fixed set of 

reservations with fixed QoS exist corresponding to a fixed 

resource utilization and free resource capacity. This  view 

changes only if new reservations are established or existing 

ones end. Therefore, the following compo- nents of the 

resource management system need modification: 
 

•  The interface of the resource management system needs in 

addition to the QoS parameters now also specifications of 

the time parameters (begin and duration). 

•  These time values must also be contained in the flow 

specification distributed via the resource reservation 

protocols to all affected network nodes. 

•  The database of existing reservations must represent the 

time slices. For each time the set of existing resp. reserved 

streams with their QoS parameters and the free resources 

must be known. 

•  The resource management algorithms must take 

the time parameters into account. 

•  Additional failure handling mechanisms and means to save 

state information in permanent storage are necessary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:Component Of Resource Management System 

 

Management of Resources 
Characteristics 
 

The usable capacity of a resource can vary within a long 

time interval, for instance, due to neccessary maintenance 

work only parts of the full capacity, e.g., in a network, 

might be available. Therefore, a system component 

independent of the reservation management should exist 

which keeps track of the capacities and characteristics of the 

managed resources. 

The time of the reservation of resources does not 

necessarily coincide with the beginning of the usage phase, 

hence, the reserving application is in the mean time 

usually not active and reachable. Thus, in case of changes, 

another instance must be available which can implement 

corresponding reactions. This part can be taken over by 

the reservation management – it is informed about 

resource capacity changes and checks then whether all 

active and reserved streams can still  be served. If the 

available resources are not sufficient to serve all these 

streams, some of the streams must  be modified. For 

active streams, the application can be informed, whereas 

for reserved but not yet active streams, the application 

might not be reachable now. It will be informed about the 

changed situation when it contacts the reservation 

management, i.e., when it wants to use the reserved 

resources. 

Algorithms for advance 
reservation 

Different bandwidth allocation schedules could be  

obtained  using heuristics and learning of performance data. 

The conflict free bandwidth schedule satisfies all user service 

requests in advance and the set of policies required by the 

provider. Such advance bandwidth reservation schedules are 

obtained considering the duration of the bandwidth reservation 

of applications, the bandwidth requests in advance and the 

possible times for allocations of the requests . For provision of 

more dynamical and flexible planning, as well as to consider 
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the impact of the environment, reinforcement learning 

techniques are used. In particular, reinforcement learning 

strategies are applied to find automatically the most 

appropriate conflict-free bandwidth plan based on learning of 

performance and traffic behavior . The learning algorithms are 

based on the calculation of initial conflict-free bandwidth 

schedule with minimum duration.  

 

The Decomposition Algorithm 
We represent the set accept by labelling each order 

(or order) with “accept” or “reject”2. Our first solver uses 

branching on accept/reject alternatives combined with a 

decomposition strategy which breaks the original problem in 

independent subproblems. It applies various operations to 

perform its decomposition.  

Figure presents these operations. This example 

comprises 5 orders competing to access a uniform resource 

capacity of 10 units. The x-axis displays time slots.  

The first operation that we can present is the 

RemoveTime, which is performed each time the capacity 

exceeds the demand. After this operation, the problem is 

bounded to time slots t3, t4 and t16. 

The second operation is the ForcedAccept which can 

force the acceptance of the third order. We apply it each time 

the required QoS is compatible with the resource capacity. We 

can easily present ForcedReject as the inverse operation, 

i.e., when the demand is higher than capacity. 

  

Figure 2: Removal of time slots combined with forced accept 

and split in independent subproblems 
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Conclusions 

While current resource management systems provide 

mechanisms which offer reliability with respect to QoS, this is 

not sufficient since many well established application scenarios 

We presented an architecture which addresses such 

issues and offers suitable ReRA functionality. Our 

implementation shows that it is possible to provide ReRA 

capabilities to time constrained multimedia applications. 
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Abstract- Host-based Intrusion Detection System (IDS) are based 

on comparing the system call trace of a process against a set of k-

grams. A simple extension to self-based IDS incorporates system 

call arguments and process privileges either to reduce or make 

Mimicry attacks more difficult. To avoid increasing the false 

positives supplied, specifications has to be used to abstract the 

system call arguments and process credentials. The specification 

takes into account what objects in the system that can be 

sensitive to potential attacks. 

 

I. INTRODUCTION 

omputers systems are being continually changed by vendors, 

system administrators, and users. Programs are added and 

removed, and configurations are changed. Formal verification of 

a statically defined system is time-consuming and hard to do 

correctly; formal verification of a dynamic system is impractical. 

We can incrementally improve security through the use of tools 

such as Intrusion Detection Systems (IDS). The IDS approach to 

security is based on the assumption that a system will not be 

secure, but that violations of security policy (intrusions) can be 

detected by monitoring and analyzing system behaviour. 

          There are many different levels on which an IDS can 

monitor system behaviour. It is critical to profile normal behavior 

at a level that is both robust to variations in normal, and 

perturbed by intrusions. Privileged processes are running 

programs that perform services (such as send or receive mail), 

which require access to system objects that are inaccessible to the 

ordinary user. To enable these processes to perform their jobs, 

they are given privileges over and above those of an ordinary 

user. 

          Privileged processes need superuser status to access 

system resources, but granting them such status gives them more 

permission than necessary to perform their specific tasks. 

Consequently they have permission to access emphall system 

resources, not just those that are relevant to their operation. 

Privileged processes are trusted to access only relevant system 

resources, but in cases where there is some programming error in 

the code that the privileged process is running, or if the 

privileged process is incorrectly configured, an ordinary user 

may be able to gain super user privileges by the use of system 

calls. 

          Corruption of the services can allow an intruder to access 

the system remotely. Monitoring privileged processes also offers 

some advantages over monitoring user behaviour, which has 

been the most method to date.  An Intrusion Detection System 

(IDS) continuously monitors some dynamic behavioural 

characteristics of a computer system to determine if an intrusion 

has occurred. 

 

A. Host-based intrusion detection system 

 

Host-based Intrusion Detection System (IDS) identify attempts to 

exploit program vulnerabilities, frequently by monitoring the 

program’s execution. Intrusion detection aims at raising an alarm 

any time the security of host system gets compromised. There are 

much different architecture for IDS. IDS can be centralized (i.e. 

processing is performed on a single machine) or distributed 

across many machines. Almost all IDS are centralized; the 

autonomous agents approach is one of the few proposed IDS that 

is truly distributed. Furthermore, an IDS can be host-based or 

network-based; the former type monitors activity on a single 

computer, whereas the latter type monitors activity over a 

network. Hofmeyr et al.[15] proposed a biologically-inspired 

host-based IDS which detects anomalies on a running process. 

          Though highly successful, Intrusion Detection Systems are 

all susceptible of mimicry attacks. IDS and their refinements[2-

4] called as self-based IDS, compare the un-parameterized 

system-call trace of a process against the process normal profile 

stored as a set of k-grams, i.e. short sequences of system calls 

with length k. IDS can be classified as black, gray or white-box 

detectors. 

          While self-based IDS seem quite reasonable and have been 

shown to be executive in detecting intrusions, they can be 

susceptible to evasion or mimicry attacks which disguise an 

attack so that it appears “normal" to the IDS. 

 

II. RELATED WORK 

          Mimicry attacks on self-based IDS were introduced in 

[6,9]. Wagner and Soto[6] use finite state automata (FSA) as a 

framework for studying and evaluating mimicry attacks. They 

show that a mimicry attack is possible because additional system 

calls which behave like no-ops can be inserted into the original 

attack trace so that the resulting trace is accepted by the 

automaton of the IDS model. They demonstrate how a mimicry 

attack can be crafted from the autowux WU-FTPD exploit.  

          Independently, Tan et al. [9] show attack construction on 

self-based IDS as a process of moving an attack sequence into 

the IDS detection's blind region through successive attack 

modification. The focus in these works was to demonstrate the 

feasibility of mimicry attacks, but not on a detailed look at 

automatic attacks.Recently, Gao et al. [5] performed a study of 

black-box self-based IDS and also several gray-box IDS. They 

investigated mimicry attacks with window sizes up to length 6 

C 
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and showed the existence of mimicry attacks across the methods 

and window sizes studied. They demonstrated that various forms 

of IDS are susceptible to attacks but did not go into details of 

attack generation. Here given an automatic attack construction 

algorithm for self-based IDS and similar IDS models, and show 

empirically that it is computationally easy to generate attacks on 

self-based IDS for larger window sizes ranging from k = 5 to 11. 

There are a number of other gray-box enhancements using run-

time information which aim to increase the IDS' robustness.  

          Sekar et al. [14] proposed a FSA model built from both 

system calls and program counter information. Feng et al. [7] 

also make use of the call stack to extract return addresses. These 

enhancements have been evaluated in [9] where it is shown that 

attacks still can be constructed. The idea of analyzing arguments 

of operations for detecting behavior deviance appears in a 

number of works. For example, [13] shows how the use of 

enriched command-line data can enhance the detection of 

masqueraders.  

          Kruegel et al. [3] make use of statistical analysis of system 

call arguments which can be used to evaluate features of the 

arguments such as: string length, string character distribution, 

structural inference and token finder. White-box techniques 

which incorporate some form of program analysis can 

complement gray-box techniques. Giffen et al. [7] present a 

white-box IDS which makes use of static analysis to counter 

mimicry attacks. They provide some partial results which show 

how static analysis can make it more difficult for an attacker to 

manipulate the process and generate a mimicry attack.  

          Finally, sandboxing techniques also make use of system 

call argument checking. The systrace system [12] uses system 

call policies to specify that certain system calls with specific 

arguments can be allowed or denied. This can be thought of as 

being a self-based IDS with a window size of one. 

 

III. MIMICRY ATTACK CONSTRUCTION 

          Trace: A trace is a sequence of system calls invoked by a 

program in its execution.  

          Consider self-based IDS model where the alphabet for 

traces are the system call numbers. To distinguish traces 

generated by a “normal” program execution versus one where the 

program has been attacked in some fashion. 

  

Subtraces: Which are simply substrings of a trace.  

          Consider subsequences, which differ from subtraces as 

they are a subset of letters from the trace arranged in the original 

relative trace order, i.e. need not be contiguous in the trace. The 

objective of a self-based IDS is to examine subtraces and 

determine whether they are normal or not. Let us call a basic 

attack subtrace, one which is detected by the IDS. A mimicry 

attack disguises a basic attack subtrace into a stealthy attack 

subtrace which the IDS classifies as being normal. 

 

A. Pseudo Subtraces 

          A weakness of a self-based IDS which makes use of a 

normal profile represented as a set of k-grams is that it can accept 

subtraces which actually do not occur in the normal trace(s). For 

example, consider the following two subtraces of a normal trace: 

( . . . . ,mi-4, mi-3 ,mi-2, mi-1,  A, B, C,D ,E, . . . . . . . . ,B, C,  D,  E,  

F, ni+1,  ni+2, ni+3, n , . . ..) 

          Suppose the window size is 5, and assume that the subtrace 

(A,B,C,D,E,F) never occurs in the normal trace. This subtrace, 

however, will be accepted as normal by a self-based IDS since 

the two 5-grams derived are present in the normal profile .Call 

such a subtrace, a pseudo subtrace for window size k, since it is 

not supported by the actual normal trace, yet passes the IDS 

detections all its k-grams are present in the normal profile. 

          A pseudo subtrace can be constructed by finding a 

common substring of length k – 1 + l with l > = 0 in two separate 

subtraces of length (m > k + l) and (n > k + l) respectively, and 

then joining them to form a new subtrace of length m + n – k – l 

+ 1, considering l = 0. Then concatenate a pseudo subtrace with a 

normal subtrace or another pseudo subtrace to create a longer 

pseudo subtrace. A stealthy attack version of a basic attack is 

simply a pseudo subtrace in whichthe basic attack subtrace is its 

subsequence.  

          The term pseudo subtrace is used specifically so as to refer  

the resulting overall subtrace which is obtained by joining two 

separate subtraces. The resulting subtrace contains a foreign 

sequence of length k + 1 + l as a substring. When l = 0 in the 

joining operation, the foreign sequence is a minimal foreign 

sequence. In the previous example, (A,B,C,D,E,F) is a minimal 

foreign sequence for k = 5. The above process constructs a 

pseudo subtrace for a mimicry attack where minimal foreign 

sequences of length k + 1 may exist along that subtrace, each 

combining two unconnected subtraces of normal traces together. 

Here, it is to emphasize that the core components of mimicry 

attacks depend on the notions of subtraces  and  subsequences. 

 

B. The Overlapping Graph Representation 

          Given a normal trace, represent a profile using what is 

called an overlapping graph. Consider the normal trace of a 

program N of length n, (N1, N2, N3,…., Nn) where Ni is the letter 

representing a system call. Let K be the set of all k-gram 

subtraces derived from N according to the profile generation rule 

of a self-based IDS. Given two strings p and q, the function 

overlap (p, q) gives the maximal length of a suffix of p that 

matches a prefix of q. The overlapping graph G is defined as a 

directed graph (V,E) where the vertices V are the k-grams in K 

and the edges E connect two vertices p and q whenever 

overlap(p, q) = k – 1. Augment the trace N by adding a suffix 

consisting of the k – 1 occurrences of sentinel symbol, denoted 

by ‘$’, signifying the end of the trace. This adds some additional 

k-grams and simplifies the algorithm. Figure 1 illustrates the 

overlapping graph constructed from a normal trace N 

:(A,B,C,D,E,F,G, A,B,E, F,H) with a sliding window of length 3-

grams corresponding to (F,H, $) and (H, $, $) which are in G. 

          There are two kinds of edges in G: direct edges and pseudo 

edges. The direct edges are those edges which result from normal 

subtraces. Pseudo edges are those which are not created by two 

consecutive substrings of length k- 1 in the trace. Thus, pseudo 

edges can be used to generate certain pseudo subtraces since it is 

not in a normal subtrace. In Figure 1, the direct edges are drawn 

with a single arrow, while the pseudo edges are drawn with a 

double arrow. 
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Figure 1. Overlapping graph G for N : (A,B,C,D,E, F, G, 

A,B,E, F,H) with k = 3 

 

          The graph G can also be viewed as a finite state automata 

model for recognizing normal traces. A slightly different graph 

representation is described where the k-gram database are the 

state transitions. Their representation however does not 

distinguish between what in the overlapping graph corresponds 

to direct and pseudo edges. Since our concern is to address the 

limitations of self-based IDS, the overlapping graph allows a 

natural variant where we can evaluate the difference between 

allowing pseudo edges and removing them. 

 

C. Constructing of Mimicry attack 

          Rather than working with the FSA, it is more convenient to 

directly use the overlapping graph for constructing mimicry 

attacks. Given an overlapping graph G and a basic attack 

sequence A : (A1, A2,  A3 ,. .  . . Al ) is detectable by the IDS, to 

construct automatically  the shortest stealthy attack subtrace   L : 

(L1, L2, L3 ,. . ..L m ) where m – l which contains  A1, A2, A3, . . . 

.A l  as a subsequence and where the other system calls in {L – 

A} behave as  no-ops with respect to A. Transforming a basic 

attack subtrace A into the shortest stealthy subtrace L is 

equivalent to: finding the shortest path P on the overlapping 

graph G which monotonically visits nodes whose k-gram label 

begins with the symbol Ai for all 1≤ I≤ l. 

          Let augment G with an additional sub-graph, the 

occurrence subgraph. The nodes in the occurrence subgraph, 

which we will call W, are individual letters for each occurrence 

of the letter from its k-grams in G. For each node wi in W, add an 

outgoing edge to all nodes in G where the first letter in its k-gram 

label is the same as the letter for w i. The set of new edges from 

W to V be, the Occ set. The resulting graph G0 is simply (V +W, 

E + Occ), which is called the extended overlapping graph.  

 

 
 

Figure 2, Extended overlapping graph for graph in Figure 1. 

 

          Illustration of the mimicry attack construction with the 

following example. Suppose that we want to construct a stealthy 

subtrace from a basic attack subtrace A : (G,C,D) using the 

extended overlapping graph G0 in Figure 2 for the graph in 

Figure 1. Note that the subtrace (G,C,D) is detected as it is not  

a 3-gram of the normal trace. Inspecting graph G0,  the stealthy 

path: GAB-ABC-BCD-CDE-DEF. Thus, the stealthy attack 

subtrace is the sequence of (G, A, B, C, D), with A and B added 

as no-ops. This example uses the pseudo edge (GAB, ABC).  

          Attack construction performs a search to find the shortest 

mimicry attack. Each node in the search tree corresponds to one 

letter in the original attack string, Ai. The branches from Ai are 

the choices of constructing a subtrace starting from the potential 

k-grams for Ai+1 pointed to by Occ. The process continues until 

we reach Al which is the last node in the attack. In order to make 

the search more efficient, let us employ a branch-and-bound 

strategy to prune the constructed attacks which exceed the best 

solution found so far. The implementation uses the Dijikstra all-

pair shortest path algorithm both to test connectivity between two 

nodes in G and also to assist in pruning for branch-and-bound 

search. A sketch of the algorithm is as follows. 

 

Attack Construction Algorithm 

 

Input: 

- Sliding window length k 

- A normal trace N : N1, N2, N3, . . . , Nn 

- Basic attack subtrace A : A1, A2, A3, . . . , Al 

Output: 

- Shortest stealthy subtrace L : L1, L2, L3, . . . , Lm 

- Or failure, if no solution trace can be found. 

1. Perform Dijkstra all-pairs shortest path algorithm     

     for all the nodes V . 

     Between two adjacent nodes, set distance: =1. 

     If two nodes are not connected then distance: = ∞. 

2. Set Min_distance: = ∞ and Min_path: = < >. 

    Create a special node ʋ0 where V i .distance(ʋ0; ʋi)    

     := 0. 

3. Perform branch-and-bound search on the search  

    tree, 

    for all i:=1 to l choose ʋi from {ʋi│(Ai; ʋi) ϵ Occ}: 

    - If distance(ʋi -1, ʋi ) = ∞ then backtrack. 
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    - Add distance(ʋi -1, ʋi ) to current cost. 

    - If current_cost ≥ Min_distance then backtrack. 

    - If complete solution is found then 

        If current cost < Min distance then 

        Min_distance := current_cost; 

        Min_path := current_path. 

4. Once the search tree is fully explored: 

    If Mi_ distance =∞ then return failure; 

    Else return L : L1, L2, L3, . . . , Lm. 

In order to use this algorithm in a buffer overflow setting, it 

needs to be modified to take into account the border k-gram. This 

is further discussed. 

 

IV. IDS ENHANCEMENT 

          Consider a simple gray-box enhancement to an IDS which 

can either prevent or make mimicry attacks more difficult. To 

simplify the discussion and evaluation, apply the enhancement to 

the baseline self-based IDS which use system call numbers in the 

k-grams 

 

A. Arguments abstraction and privileges 

          The credentials which determine the current privileges of a 

process are its effective user-id (euid) and effective group-id 

(egid). The euid (egid) is either the actual real uid (gid) of the 

user, or it has been changed by invoking a setuid (setgid) 

executable. So, euid and egid are simply a subset of all the user 

and group-id values defned in a system. 

          It is proposed to enhance k-gram to include not only the 

system number but also (abstracted) information about the euid, 

egid and system call arguments.It is common for attacks to try 

and exploit programs executing in a privileged mode. The idea is 

that such attacks can be detected if the corresponding system call 

subtraces are unprivileged in the normal trace(s). A program 

which conforms to a good setuid programming practice generally 

drops privileges as soon as possible.  

          Rather than using the actual values, we can abstract the 

euid, egid and system call arguments into categories based on a 

configuration specification. This is mainly to reduce the false 

positive rate which can be higher since the space of values is 

much greater. The abstraction technique also provides flexibility 

for us to group arguments and privileges together in terms of 

their importance/sensitivity level. Formally, we can represent the 

privilege and argument categorization in the operating system 

model with the following mapping functions: 

 

Function EuidCat : U → UꞋ, where: U = the set of euid and  UꞋ ⊂ 

N (the set of natural numbers). 

Function EgidCat : G → GꞋ, where: G = the set of egid and GꞋ ⊂ 

N. 

 

For each sϵ S with S= the set of system call numbers, function 

ArgCats : 

As,1 Χ As,2 Χ ……Χ A s,max_arg  → Cs ,where As,i for i ϵ [1. . 

max_arg] = the set of possible entries for i-th argument of the 

system call s, and Cs ⊂ N. 

 

          In the basic self-based IDS, the alphabet was over the 

system call numbers S, while in the extension, the alphabet is 

now a tuple UꞋ Χ GꞋ  Χ SꞋ Χ C where C = UsϵS Cs 

 

B. Privilege abstraction 

          The euid and egid section are meant to provide the actual 

value mapping for EuidCat:        

U→UꞋ and EgidCat : G→GꞋ. The example specification uses the 

following syntax for euid and egid: 

 

< uꞋ i >: <ui1 > ,< ui2 >, …………., <uin >;  

< gꞋ i >:  <gi1 > ;< gi2 >; …………., <gim >;  

 

Where uꞋ i  ϵ UꞋ,  u ij  ϵ U,  gꞋ ij  ϵ GꞋ ,  g ij ϵ G 

 

          To ensure that EuidCat (EgidCat) is a total mapping, a 

special entry “*” is employed to indicate other euids (egids) so 

that the mapping satisfies the requirement for a function. As 

euid=0 and egid=0 signify important privileges in Unix, each of 

them has a distinguished mapping.    

 

C. Argument abstraction 

          The specification is a straightforward one. It maps the 

system call together with its corresponding arguments (defined in 

an argument specific fashion, i.e. understands pathnames for 

open) into a number (its category). One point to note that while it 

is possible to have more complex abstractions, it is sufficient to 

only use a single abstract value to represent multiple arguments. 

  

 Some considerations in creating a definition: 

 

          The approach we have used is to focus the specification to 

a subset of system calls SꞋ ⊂ S which should be checked in order 

to prevent attacks aimed at gaining full control of the system. 

          Consider SꞋ to be the system calls in Threat-Level 1 

Category namely: open, chmod, fchmod, chown, fchown, 

lchown, rename, link,unlink, symlink, mount, mknod, init 

module and execve. Other system calls in S – SꞋ which have not 

been defined in the specification are mapped to a unique default 

value. Likewise Threat-Level 2 and Threat -Level 3 can be 

created. Given a system call sꞋ ϵ SꞋ, a simple approach for the 

choice of abstraction is to ensure that any critical operations on 

security-sensitive objects are mapped to a value different from a 

normal one. It is convenient, when specifying the abstractions 

and categories to make use of sequential matching from the start 

to the end of the definition. In this fashion, more specific 

mappings can be made first and the most general ones last. 

Pathnames require special treatment and we use a special 

notation, 

 

p =<pathname>. 

 

D. Disallowing Transitions. 

          It is also useful to specify the transitions that can lead to 

“bad states". The idea is to identify those singleton system calls 

with the corresponding privileges which can be sufficient to 

compromise the system's security. An example would be the 

operation of chown() on /etc/passwd with root privileges. Thus, 

the usual way of measuring anomaly signal by means of LFC 
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function. This can also be used as an enhancement to access 

control to actually deny such a system call invocation in a 

program.Our category specification defines bad transitions as: 

 

sꞋ   c    [uꞋ, gꞋ]* 

 

where c is the abstracted value for the arguments of system call 

sꞋ, uꞋ and gꞋ are the abstracted privileges for user and group. Let 

D0 be the set of bad transitions. This specification may be too 

strict and needs to be adjusted with respect to the normal traces. 

When the normal profile is extracted from the normal trace 

dataset, collect the set DN, those transitions from D0 which match 

against normal traces. The final adjusted negative transitions are  

          D = D0-DN. The IDS detection then concludes that any 

system call in an execution trace matching an illegal transition d 

ϵ D constitutes an intrusion. In addition, we may also prevent the 

operation itself. 

 

V. EXPERIMENTAL RESULTS 

          The construction of the shortest stealthy attacks on the two 

variations of self-based IDS and our improved IDS is presented 

with three IDS variants given in Table 1. Improved IDS is 

experimented against various mimicry attack strategies and 

investigate its false-positive rate. In the experiments,a sample 

generic configuration with several files which are security critical 

in the Unix/Linux environment: user and group related files 

(/etc/passwd,/etc/shadow, /etc/group), kernel memory device 

(/proc/kmem), and system configuration files (/etc/hosts.equiv) 

will be used. For simplicity most of the system configuration 

files in/etc (such as: /etc/inetd.conf, /etc/hosts,/etc/cron/*) and 

devices files in /dev are omitted. Included entries for various 

directories commonly found in the Unix/Linux file system 

hierarchy conforming to the File system Hierarchy Standard    

(http: //www.pathname.com/fhs/pub/fhs-2.3.html). While one 

can use a more detailed specification, this is already sufficient to 

show an increase in IDS robustness. 

          Remarks on the exploits used. Objective is to investigate 

the practicality of automated attack construction, that experiment 

with real programs using existing real exploits. Here,just 

consider two attack scenarios: (i)buffer-overflow scenario: where 

one can replace the shellcode of a buffer-overflow exploit with a 

code sequence executing a stealthy attack trace; and (ii) direct 

attack: which might be  the result of replacing the program by a 

trojan which then executes a stealthy trace to fool the IDS. 

 

The following remarks apply to our experiments: 

          - The three exploits make use of execve() system call to 

spawn a root shell. However, execve() is not present in the 

normal trace. Therefore, we can use an alternative strategy to 

write an entry to the file “/etc/shadow". This actually 

corresponds to Attack-strategy A2 from the list of strategies 

shown in Table 3. This particular attack strategy is chosen for 

detailed comparison here as it has been used for mimicry attacks 

in self-based IDS. 

          - In the buffer-overflow case, there is another constraint 

that the stealthy attack trace must be introduced at the “attack-

introduction point" or  “point of seizure". Hence, we need to 

manually determine this point and make note of the k system 

calls before the attack point, which we can call as border k-gram. 

Given this, we need to ensure that the concatenation of border k-

gram and the stealthy attack trace still passes the IDS. Thus, we 

need to slightly modify the search algorithm as follows: (i) the 

border k-gram must be included as an additional input which will 

then define the associated border-node in V ;and (ii) the first-

level nodes in V are explored during the search only if they are 

connected to the border node (and with path _length > k - 1). 

 

          Traceroot2 (Traceroute Exploit) The exploit attacks 

LBNL Traceroute v1.4a5which is included in the Linux Redhat 

6.2 distribution. The original attack sequence is: 

setuid(0),setgid(0), execve("/bin/sh"). This is changed into: 

open(),write(), close(), exit().  

          The result of the attack construction on normal traces 

generated from three Traceroute's sessions(with a total of 2,789 

system calls) for sliding-window sizes from k=5 to k=11 is given 

in Table 2. 

 

A. Improved IDS. 

          Resistance against Various Attacks Having shown that the 

improved IDS can better withstand mimicry attacks, now 

evaluate the IDS against a number of different attack 

strategies.First, list some important files from the security 

viewpoint, namely F1:/etc/passwd, F2:/etc/shadow, F3: 

/etc/group, F4: /proc/kmem and F5: hosts. equiv. Next, Table 3 

contains a list of number of common attack strategies in the 

Unix/Linux environment on those files above when the system 

calls are executed with superuser euid/egid privilege. While the 

list is not comprehensive, it suffices to demonstrate 

improvements in the resistance level of the IDS.Here, let chose 

the Traceroute program for this experiment. The experiment was 

done on normal traces described earlier (2,789 system calls) with 

a sliding-window size set to 5.Found that all the attack strategies 

listed in Table 3 fail on the tested normal traces even in the 

direct-attack search scenario. For most of the strategies (A6 - 

A61), the attacks fail because the needed attack system calls do 

not appear in the normal traces. In attacks A1 - A5, given the 

category specification, the attack searches fail because the 

normal traces do not contain the particular categories. 

 

B. False-Positive rate. 

           Here are some preliminary results comparing the new IDS 

in terms of its false-positive rate to the baseline self-based IDS. 

Let chose a progras: traceroute in Redhat Linux 7.3. For this 

program, there are 10 trace sessions and then randomly chose 

one to be tested against the other 9. The results are shown in 

Table 4 below. Here we can simply measure the number of 

foreign k-grams. As can be seen, the enhancement does not 

increase the false positives. 

 

VI. CONCLUSION  

          This paper presents an efficient algorithm for automated 

mimicry attack construction on self-based IDS. This is useful for 

evaluating the robustness of the IDS to attacks. Proposed an 

extension to self-based IDS using privilege and argument 

abstraction. This extension is both simple to use and also makes 

the IDS more robust. An important advantage of our IDS 

http://www.pathname.com/fhs/pub/fhs-2.3.html
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extension is its simplicity. the simplicity means that it is easy to 

integrate into various IDS and also can be easily combined with 

other gray-box techniques to get a significantly more secure IDS. 
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Abstract- The purpose of this study was to examine the 

relationship of selected kinematics variables with the 

performance of back court spike in volleyball. The subjects (5 M, 

age 20 -24 years) who were participated in All India Inter 

University of Volleyball.  Pearson product moment correlation 

was used to analyze the linear (Height of center of gravity of the 

body & ball) and angular kinematics (Angles of Shoulder, 

Elbow, Hip, Knee and Ankle joints) variables at the moment of 

ball contact. The results have shown that the values of co-

efficient of correlation are at right ankle joint (-0.843), left ankle 

joint  (-0.651), right Knee joint (0.879), left knee joint (-0.593), 

right hip joint (-0.298), left hip joint (-0.081), right elbow joint 

(0.884), left elbow joint (-0.720), right shoulder joint (-0.560), 

left shoulder joint (-0.815), Height of C.G. of body (0.112) and 

height of C.G. of ball (0.497) whereas tabulated value of 3 

degree of freedom at .05 level of significance is 0.87. Value of 

coefficient of correlation in case of the Angle at right Elbow & 

right Knee joint has shown the significant relationship where as 

other selected biomechanical variables shown the insignificant 

relationship at.05 level of significance. 

 

I. INTRODUCTION 

he game of volleyball is most popular today, not only in 

India but also in the whole world. For many people 

volleyball is highly skilled game, which dominates the 

competitive element for some it is sport for fun and recreation. 

(Saggar 1994) Every sport activity needs certain movements, 

procedure to tackle a particular task, which refers to technique. 

Technique is mechanics or skill. Skill is series of gross 

movement, fine movements and movements along with posture 

necessary to perform a required physical task effectively. . They 

combine the skill into patterns of increasingly greater specificity 

and complexity. (Wick storm 1977) Jumping events present a 

unique challenge to the earth bound human being. A challenge to 

put strength skill and coverage against force of gravity, inertia 

and momentum of different games and sports. Volleyball is one 

such game where strength and power dominates and plays an 

effective role. Because of this volleyball is also known as power 

volleyball. (Philips & Horneck 1979)  

           Volleyball is no longer thought to be an easy game in 

which the ball is simply slapped back and forth across the net. 

Skill in volleyball may be considered as an important part of the 

specific means necessary for the players to participate 

successfully in the game. The most spectacular and joyous part 

of volleyball is spiking or smashing and its contributes to about 

44 percent of team’s success. Latest strategies insist on all 

spikers and all defenders. The final aim of a team during a rally 

is to ‘kill’ the ball. It is important to remember that the ball must 

be hit at a minimum height of 2.43 m to clear the net and in 

match it needs to be even higher in order to pass the blockers. . 

(Khayambashi 1986) 

           Spike is the finishing touch to the team’s play. It is not 

designed to win the rally for the team. As a result the spiker has 

the spot light during the game and every player wants to be a 

specialist spiker. Unfortunately the physical requirements of top 

level spikers are more limited than for any other role in 

volleyball. The players must be tall and have a good vertical 

jump. (Murugesan 1981) 

           To identify a movement as an economic one, it is very 

essential to analyses the movement first. Sometimes, it is very 

difficult for a human eye to analyze the movement of all the body 

segments and joints at the same time so, various instruments like 

still camera, video camera etc. are used to analyze various 

movements. The best method to analyze or evaluate is called 

cinematography. This is a quantitative method which is very 

accurate but at the same time costly and time consuming. The 

role of cinematography in biomechanical research involved from 

a simple form of recording motion to a sophisticated means of 

computer analysis of motor efficiency. Over the years, now 

techniques in filming and timing having been perfected to aid the 

research in achieving accurate time measurements of both simple 

and complex locomotion patterns. (Newton, Aronocher & 

Abramson 1971) 

 

           Kinematics-  It is the branch of biomechanics that is 

concerned with describing the motion of the bodies. It deals with 

such thing that how far a body moves, how fast it moves and how 

consistently it moves. (James G.Hay 1973) 

 

           Back Court Attack - The back row attacker must jump to 

hit from beyond the attack line. Contact may be made with the 

ball in front of the attack line as long as the back court attacker is 

still in the air or part of the ball is below the top of the net. 

Broad jumping is very effective for back row attackers because a 

broad jump enables them to fly through the air contacting the ball 

closer to the net. Possessing great volleyball skills for attacking 

from the back court can often be an effective way to score 

because…  

1. It gives a setter another attacking option. 

2. It is often a more difficult hit to block because it's 

harder to time the jump to block. 

 

           Opposing blockers may jump with the front row attackers 

which may leave more areas open for attacking.        

T  
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           The purpose of this study was to find out the relationship 

of selected kinematic variables with the performance of back 

court spike in volleyball. 

 

II. METHODOLOGY 

           Five male volleyball players of Lakshmibai National 

University of Physical Education participated in the inter-

university Competition were the subjects of the study. The age of 

the subjects was 18-24 years. The subjects were good players and 

have been practicing the technique of back court spike for quite a 

considerable time. The subjects were explained about the filming 

procedure and asked to provide full cooperation during the 

testing. 

           The test for performance of the technique of back court 

spike was conducted outdoors on the Volleyball court of 

LNUPE, Gwalior. On the word of command “go” the subject 

passed the ball to the settuper and goes for the spiking technique 

taking 3 - 5 strides. Photographs were taken for the selected 

moment only. Height of centre of gravity of player and ball at 

moment of contact and angles of ankle joint, knee joint, hip joint, 

shoulder joint and elbow joint were recorded. Each individual 

was given 3 trials and the best trail was used by the researcher 

for analysis purpose of this study. 

           The digital photography was used as a technique for 

kinematic analysis of back court attack in volleyball. A standard 

motor driven camera, i.e. Nikon D - 100 was used to obtain 

photo sequences of selected moment during spiking. 

           The camera was mounted on a tripod stance at a height of 

1.32 m from the ground. The camera was placed perpendicular to 

the initial line and parallel to the horizontal plane. The filming 

zone was set at 6.35 m within which the photographs were taken. 

 

 
 

Fig. 1 Back Court Spike (Moment Contact) 

 

III. ANALYSIS OF THE FILM 

           After obtaining the photographs by digital photography 

which is an important method for analyzing the movements, the 

stick figures were drawn from the photographs by the help of 

joining of joints. The centre of gravity of each body segment and 

the whole body was determined by segmentation method as 

suggested by James G. Hey (1993). The step-wise analysis was 

done as follows: 

 

1. The various joints were marked on the photograph as 

the reference point associated with each segment. 

2. Stick figure was obtained by ruling straight line between 

appropriate reference points. The trunk line was 

obtained by joining the midpoint of the line between the 

right and left hip joint to the midpoint of the trunk at the 

level of suprasternal notch. 

3. The length of the each segment was measured and 

divided into various lengths into appropriate ratio as 

indicated in table 1. The point of division of each 

segment line serves as the center of gravity for each 

segment. 

 

Table – 1: 

Location of Center of Gravity of Body Segment 

 

   S.No Segment C.G. location expressed as 

percentage of                        

 total distance between 

reference points 

1.  Head  46.4% to vertex;53.6% to chin-

neck intersect  

2.  Trunk 43.8% to suprasternal notch;56.2% 

to hip  axes 

3.  Upper arm 49.1%shoulder axes   ;50.9% to 

elbow axes 

4.  Fore-arm 41.8% to elbow axes;58.2% to 

wrist axes 

5.  Hand 82% to wrist axes ;18%to knuckle 

three 

6.  Thigh 40% to hip axes ; 60% to knee axes 

7.  Calf 41.8% to knee axes;58.2% to ankle 

axes 

8.  Foot 44.9% to heel;55.1% to hip of 

longest toe 

 

4. Two arbitrary axes (OY & OX) were drawn, one to the 

left and one below the stick figure. 

5. Form was prepared such as that shown in Table 2 and in 

column 1 entered the weight of the segment taken from 

Table 2. 
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Table – 2: 

Weight of the Body Segments Relative to the Total Body Weight 

 

S.No Segment Relative         

 weight 

1.  Head 0.073 

2.  Trunk 0.507 

3.  Upper arm 0.026 

4.  Fore-arm 0.016 

5.  Hand 0.007 

6.  Thigh 0.103 

7.  Calf 0.043 

8.  Foot 0.015 

 

6. For each of the segment measured the perpendicular 

distance from the center of the gravity of the 

line OY, and entered this in the appropriate 

place on the form (Table 3, Column 2). 

7. To find the moments about OY, the weight of each 

segment were multiplied by the distance of its 

center of gravity from the line as shown in 

column of table. 

8. The total sum of moments about OY was found by 

adding all the moments about OY. 

9. A line O’Y’ was ruled parallel to OY at the distance of 

the total sum of moments about OY. The 

center of gravity of the whole body lies on 

this line. 

10. The above steps were repeated from 5 to 9, taking 

moment about OX instead of OY. The center 

of gravity of the subject on his O’X’ drawn 

parallel to OX and at the distance of the total 

sum of moments about OX. The point of 

interaction of the two lines i.e. O’Y’ and 

O’X’, served as the center of gravity of the 

subject. 

 

         Since the C.G. lies on both O’Y’ and O’X’ and these two 

lines have only one point in common (the point where they 

intersect), it is here that the centre of gravity of the subject is 

situated.(Appendix G –K) 

         The height of centre of gravity was obtained by calculating 

the distance from the court and the centre of gravity of the body 

of the players (Appendix –M) 

The height of centre of gravity of the ball was also obtained by 

the same way. (Appendix L) 

 

IV. ANGULAR KINEMATIC VARIABLES 

         The selected angles of ankle joint, knee joint, hip joint, 

shoulder joint and elbow joint were obtained by measuring with 

the help of protector from the stick figures. 

 

V. ANALYSIS OF DATA 

         The relationship of selected kinematic variables with the 

performance of Volleyball Players in Back Court Spike was 

calculated by using Pearson’s product moment correlation and 

for testing the hypothesis the level of significance was set at .05. 

  

VI. RESULT 

         Pearson’s product moment correlation was used to find out 

the relationship of selected biomechanical variables to the 

performance of male volleyball players in back court spike. The 

level of significance in order to check the relationship was set at 

.05. 

         The score of each independent variable linear and angular 

biomechanical variable were correlated with performance of 

subjects in back court spike in volleyball. In order to ascertain 

the relationship of selected biomechanical variables namely 

angle of shoulder joint (right & left), elbow joint (right & left), 

hip joint (right & left), knee joint (right & left), ankle joint (right 

& left) and height of centre of gravity with the performance of 

Back Court Spike, the Pearson’s product moment correlation was 

calculated. The values of co-efficient of correlations are 

presented in Table no. 3. 
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Table-3: 

Relationship of Selected Biomechanical Variables to the Performance of Back Court Spike 

(N=5) 

S.No.  Variables                  Mean        Co-efficient of  

                                   Correlation ‘r’              

1. Angle of right  ankle joint(Deg.)           108.4                 -0.843 

2. Angle of left ankle joint (Deg.)          120                              -0.651 

3. Angle of right Knee joint (Deg.)          153.2                    0.879* 

4. Angle of left Knee joint (Deg.)          161.8                 -0.593 

5. Angle of right hip joint (Deg.)          167.6                 -0.298 

6. Angle of left hip joint (Deg.)           177.4                 -0.081 

7. Angle of right elbow joint (Deg.)               152.4                  0.884* 

8. Angle of left elbow joint (Deg.)          109.2                 -0.720 

9. Angle of right shoulder joint (Deg.)           167.6                 -0.560 

10. Angle of left shoulder joint (Deg.)               34.4                 -0.815 

11. Height of C.G. of Body (Mtr.)             1.82                 0.112 

12. Height of C.G. of Ball (Mtr.)              2.80                 0.497  

* signified at 0.05 level. 

            Table - 3 reveals that the value of co-efficient of 

correlation of selected angular kinematics variables at moment  

of back Court spike were right ankle joint (-0.843), left ankle 

joint  (-0.651), right Knee joint (0.879), left knee joint (-0.593), 

right hip joint (-0.298), left hip joint (-0.081), right elbow joint 

(0.884), left elbow joint (-0.720), right shoulder joint (-0.560), 

left shoulder joint (-0.815), Height of C.G. of body (0.112) and 

height of C.G. of ball (0.497) whereas tabulated value for 3 

degree of freedom at .05 level of significance is 0.87. 

 

VII. DISCUSSION OF FINDINGS 

            As shown in the table 3 that only two variables that is 

angle at right elbow and right knee joint of subjects, which 

happen in back court spike of a right handed spiker has exhibited 

a significant relationship at the selected level of 0.05. 

However, other angular kinematic variables ankle joint (left and 

right), knee joint  left, hip joint right and left, shoulder joint right 

and left, elbow joint  left, and height of C.G. of body and height 

of C.G. of Ball did not show significant relationships. 

 

VIII. DISCUSSION OF HYPOTHESIS 

            The results of the study have shown that only in case of 

right elbow and knee joint of subjects had shown a significant 

relationship with the performance in back court spike while other 

selected biomechanical variables have shown the insignificant 

relationship with the performance of back court spike. 

            Therefore, the hypothesis as stated earlier that there is 

significant relationship between the angles at different joints and 

height of C.G. with performance in back court spike is accepted 

in case of right  elbow and knee joint of the subjects and rejected 

in case of other selected variables at the .05 level of significance. 
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Abstract- A very interesting phenomenon was observed by G.J. 

Ranque (1931) and R. Hilsch (1945) when a compressed gas is 

introduced tangentially into a tube. The tube is fitted with a 

central aperture orifice at one end (this end of the tube being very 

close to the tangential entry nozzle) and a throttle valve at the 

other end (this end being a little far off from the entry nozzle). 

The shape and size of the nozzle is such that the gas attains 

maximum velocity of emission as it enters into the tube. In the 

process of movement of the gas inside the tube towards the 

throttle end, there develops in the spiraling gas a region of high 

pressure in the peripheral layers and a region of low pressure in 

the axis of rotation. Thus a hot stream of gas comes out through 

the throttle end and a cold stream through the orifice. By 

manipulating the throttle valve, the amount of gas and also the 

extent of heating and cooling can be controlled. This very simple 

device with practically no moving parts is sometimes referred to 

as Ranque tube, Ranque-Hilsch Vortex Tube (RHVT) or 

Ranque-Hilsch energy separator. 

           The RHVT has been used for many decades in various 

engineering applications. Because of its compact design and little 

maintenance requirements, it is very popular in heating and 

cooling processes. Despite its simple geometry, the mechanism 

that produces the temperature separation inside the tube is fairly 

complicated. A number of observations and theories have been 

explored by different investigators concerning this phenomenon. 

This report goes over some of the major conclusions found from 

experimental and numerical studies since the vortex tube's 

invention. One of these studies demonstrated that acoustic 

streaming caused by vortex whistle plays a large part in the 

Ranque-Hilsch effect. In addition, thermal and kinetic energy 

considerations have been used to explain temperature separation. 

Another study showed that a centrifugal field is generated inside 

the tube. This field may be utilized in the separation of the gas 

mixture according to their molecular weights. It is expected that 

components with higher molecular weights will be concentrated 

at the periphery of the vortex while those with lower molecular 

weights at the axis. Therefore it is expected that the stream 

coming out of the throttle valve will be richer in high molecular 

weight components and the other stream coming out through the 

orifice will be richer in low molecular weight components. Thus 

together with energy separation, there may be separation of mass. 

So besides being a heat pump, the vortex tube is expected to 

serve as a diffusion battery. There have also been plenty of 

numerical analyses that confirm earlier experiments. One fact 

still remains, however. There is no unifying theory that explains 

the temperature separation phenomenon inside the vortex tube. 

 

Index Terms- Ranque Hilsch effect,throttle valve,Vortex tube 

 

Nomenclature: 

Cp: Specific heat capacity at constant pressure (psig) 

Cc: Cooling capacity (J) 

D: Tube diameter (in) 

H: Standard thermodynamic variable representing enthalpy (S 

kg
-1

) 

ΔH: State variable representing changes in enthalpy (J kg
-1

) 

K: Kinetic energy (J) 

min: Mass flow rate of inlet stream (g min
-1

) 

mh: Mass flow rate of hot outlet stream (g min
-1

) 

mc: Mass flow rate of cold outlet stream (g min
-1

) 

P: Pressure of the compressed air in pressure regulator (psig) 

Pa: Atmospheric pressure (mm Hg) 

Pc: Cold outlet stream pressure (mm Hg) 

Ph: Hot outlet stream pressure (mm Hg) 

Pin: inlet stream pressure (mm Hg) 

Q: Standard thermodynamic variable representing heat added 

Qc: Volumetric flow rate of the compressed air at the cold outlet 

R: Ideal gas law constant 

Rmax: Radius of the tube from tube axis to the tube wall (in) 

S: Entropy (J kg
-1

 K) 

Sgen: Entropy generated by the system (J kg
-1

 K) 

ΔStotal : Total change in entropy of the system (J kg
-1

 K) 

ΔSc: Entropy change in the cold stream (J kg
-1

 K) 

Tref: Reference temperature (°C) 

T1, Tin (°C): Temperature of compressed air after passing through 

regulator 

T2, Th: Temperature of hot outlet stream (°C) 

T3, Tc: Temperature of cold outlet stream (°C) 

T4: Temperature of the air prior to entering the pressure regulator 

T5: Unused temperature meter variable (°C) 

T6, T1/2h :Temperature of compressed air halfway down the 

vortex tube 

U: Internal energy (J) 

V1: Volumetric flow rate of the compressed air at the inlet 

(SLPM) 

V2: Volumetric flow rate of the compressed air at the (SLPM) 

W: Work done on a system (J) 

Z: Height of the tube’s axis 

Θ: Tube’s radial axis 

µ: Fraction of the cold air mass flow rate / total air mass flow 

rate 

 

Plan of Present Work:  

          Object: The purpose of the present work is to study the 

effect of cold fraction at the same temperature on Ranque-Hilsch 

Vortex Effect. 

          Plan: It is planned that the cold fraction of the outlet gas 

will be raised or lowered. For this purpose, the compressed gas 
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free from oil, water & moisture will be passed through a hot 

tubular furnace having adequate temperature and pressure 

controller. Thus we will take a certain number of runs under 

different cold fractions (µ) and verify our results each time. For 

different values, we get different temperature differences of our 

outlets and this will be verified each time.  

 

I. INTRODUCTION 

he vortex tube is a mechanical device that separates 

compressed air into an outward radial high temperature 

region and an inner lower one. It operates as a refrigerating 

machine with a simplistic geometry and no moving parts. It is 

used commercially in CNC machines, cooling suits, refrigerators, 

airplanes, etc. Other practical applications include cooling of 

laboratory equipment, quick start up of steam power generators, 

natural gas liquefaction, and particle separation in the waste gas 

industry. It contains the following parts: one or more inlet 

nozzles, a vortex chamber, a cold-end orifice, a hot-end control 

valve and a tube. When high-pressure gas (6 bars) is tangentially 

injected into the vortex chamber via the inlet nozzles, a swirling 

flow is created inside the vortex chamber. When the gas swirls to 

the center of the chamber, it is expanded and cooled. In the 

vortex chamber, part of the gas swirls to the hot end, and another 

part exist via the cold exhaust directly. Part of the gas in the 

vortex tube reverses for axial component of the velocity and 

move from the hot end to the cold end. At the hot exhaust, the 

gas escapes with a higher temperature, while at the cold exhaust, 

the gas has a lower temperature compared to the inlet 

temperature. 

           A RHVT has the following advantages compared to the 

normal commercial refrigeration device: simple, no moving 

parts, no electricity or chemicals, small and lightweight, low 

cost, maintenance free, instant cold air, durable (because of the 

stainless steel and clean working media), adjustable temperature. 

But, its low thermal efficiency is a main limiting factor for its 

application. Also the noise and availability of compressed gas 

may limit its application. Therefore, when compactness, 

reliability and lower equipment cost are the main factors and the 

operating efficiency becomes less important, the RHVT becomes 

a nice device for heating gas, cooling gas, cleaning gas, drying 

gas, and separating gas mixtures, DNA application, liquefying 

natural gas and other purposes. 

           The underlying physical mechanism processes that 

determine the cooling of gas in this device have not been 

resolved completely in the past. The research on vortex tube 

generally concerns the following aspects: the compressible fluid 

dynamics of turbulent and unsteady flow; thermodynamics; and 

heat transfer. These aspects make the research complicated and 

challenging. The interest in this research dates back to the work 

by Westley who states that, “Besides its possible importance as a 

practical device, the vortex tube presented a new and intriguing 

phenomenon in fluid dynamics”. 

 

II. THEORY 

            The vortex tube is a mechanical device that separates 

compressed air into an outward radial high temperature region 

and an inner lower one. It contains the following parts: one or 

more inlet nozzles, a vortex chamber, a cold-end orifice, a hot-

end control valve and a tube. When high-pressure gas (6 bars) is 

tangentially injected into the vortex chamber via the inlet 

nozzles, a swirling flow is created inside the vortex chamber. 

When the gas swirls to the center of the chamber, it is expanded 

and cooled. In the vortex chamber, part of the gas swirls to the 

hot end, and another part exist via the cold exhaust directly. Part 

of the gas in the vortex tube reverses for axial component of the 

velocity and move from the hot end to the cold end. At the hot 

exhaust, the gas escapes with a higher temperature, while at the 

cold exhaust, the gas has a lower temperature compared to the 

inlet. It operates as a refrigerating machine with a simplistic 

geometry and no moving parts. It is used commercially in CNC 

machines, cooling suits, refrigerators, airplanes, etc. Other 

practical applications include cooling of laboratory equipment, 

quick start up of steam power generators, natural gas 

liquefaction, and particle separation in the waste gas industry. 

            Since the 1930s, the mechanism of the energy separation 

inside the RHVT system has puzzled researchers. Even now, 

there is no clear theory that can explain the phenomenon 

completely. The chamber influence is considered and the 

compressible flow analysis (gas dynamics) is applied in the 

analysis of the inlet nozzle. The comparison between the two 

models shows that MAM agrees better with the measurement 

than OSCM. At the end, the thermal efficiencies are defined, 

analyzed, and derived as functions of the inlet and exhaust gas 

properties. 

 

 

 

 

 

 

 

 

 

 

 

T  
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          In the middle section of the tube is the inlet for the 

compressed air. Note that the inlet is much closer to the cold 

outlet than the hot outlet. There is a very important aspect of the 

tube related to this feature which will be discussed shortly. From 

the above figure, one can see the middle part which says spiral 

chamber in this part. The spiral chamber is the essential 

component of the tube because it is the source of hot and cold 

separation of the gas. How it works is based primarily on the 

Physics of rotational motion and on Maxwell’s law of random 

distribution. Maxwell’s law states the basis of kinetic theory of 

gases which in turn helps explain the fundamental properties of 

gases such as diffusion and pressure. Usually the law refers to 

velocity but can also be applied to molecular momentum. In this 

particular case, we are focusing on velocities of all the molecules 

in the spiral chamber. From the law, scientists can create what 

are known as Maxwell-Boltzmann distribution functions which 

have importance in physics and chemistry. 

 

 

 
           An example of such a distribution function is shown 

above. In this figure, we see three different graphs showing 

velocity distributions under three different temperature 

conditions. 

           The physical mechanism inside an operating vortex tube 

can be observed physically, but difficult to explain. Compressed 

air is sent through the inlet nozzle. Swirl generators at the inlet 

plane create the vortex motion inside the tube. As the vortex 

moves along the tube, a temperature separation is formed. Hot air 

moves along the tube periphery, and cold air is in motion in the 

inner core. The hot air is then allowed to exit through the cone 

valve at the far end of the tube, while the cold air outlet is next to 

the inlet plane. This resulting radial temperature separation inside 

the vortex tube is also called the Ranque-Hilsch effect, named 

after its pioneers. 

 

III. TYPES OF VORTEX TUBES 

           There are two classifications of the vortex tube. Both of 

these are currently in use in the industry. The more popular is the 

counter-flow vortex tube. The hot air that exits from the far side 

of the tube is controlled by the cone valve. The cold air exits 

through an orifice next to the inlet. Counter-flow vortex tube. On 

the other hand, the uniflow vortex tube does not have its cold air 

orifice next to the inlet. Instead, the cold air comes out through a 

concentrically located annular exit in the cold valve. This type of 

vortex tube is used in applications where space and equipment 

cost are of high importance. The mechanism for the uniflow tube 

is similar to the counter-flow tube. A radial temperature 

separation is still induced inside, but the efficiency of the uniflow 

tube is generally less than that of the counter-flow tube. 

           For this tube, the distribution profile is much different 

because of the shape of the spiral tube itself. What is known 

though is that as compressed air enters into spiral chamber, it 

immediately desires to diffuse based on this diffusion function. 

The velocity of all molecules will have both a Z-component and 

a θ component, where Z is the direction along the tube axis and θ 

is the angular direction above the axis itself. The majority of 

molecules will diffuse in such a way to create a gas vortex within 

the tube which expands as the molecules diffuse down the tube. 

We know that molecules spiraling down the tube far from the 

tubes Z-axis will have a higher velocity. In other words, the 

molecules rotating about the tube axis are moving faster as they 

travel down the tube. 

           The first law of thermodynamics states that the increase of 

internal energy of a thermodynamic system is equal to the 

amount of heat energy added to the system minus the work done 

on the system by its surroundings. Mathematically, the law is - 

 

U = Q-W  

 …………………………………………………………. 

(Eq 1) 
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Or written in differential form, 

 

dU = dQ - dW 

 …………………………………………………………. 

(Eq 2) 

 

           In the equations, U refers to the internal energy of the 

system, Q refers to the heat of the system and W refers to the 

work done on the system by its surroundings. Applying Eq 1 to 

the Vortex tube, the thermodynamic law reduces to Eq 3 below - 

 

dU = dQ  

 …………………………………………………………. 

(Eq 3) 

 

           since no work is done on the system. This means that any 

change in internal energy is related to the change in heat of the 

system. 

           One can now understand why the cold outlet valve is 

much closer to the inlet than the hot outlet valve. As the 

molecules travel down the tube, they begin slowing down in both 

Z and θ direction. This slowing is a reduction in the axial 

convection of the Vortex as it moves down the tube. In other 

words, the molecule diffusion rate slows down as the gas fills 

more space and relieves pressure causing a slower propagation of 

the molecules down the line. As this happens, less kinetic energy 

is used and converted back to internal energy which in turn 

increases the temperature of the gas. Since the original radial 

pressure gradient caused a flow of kinetic energy towards the 

outer molecules, they have more kinetic energy to convert back 

to internal energy and hence have higher temperature. This is 

known as viscous dissipation of kinetic energy. 

           The reason the cold outlet is closer to the inlet is due to 

the desire to reduce the effects of viscous dissipation of kinetic 

energy. The outlet must be close to the inlet because the further 

away it gets, the more viscous dissipation will occur and hence 

higher the gas temperature will be.  The reason the cold outlet is 

not directly next to the inlet is to give the system pace to utilize 

the radial pressure gradient and to transfer kinetic energy to the 

molecules at the tube wall.  The outlet then is logically 

positioned to remove gas from the center of the tube. 

           The hot outlet is positioned further from the inlet than the 

cold outlet is for similar reasons. Instead of getting the air out 

quickly to keep it cool, the scientist lets it travel farther down the 

tube warming up by prolonged viscous dissipation of kinetic 

energy. As the gas travels down the tube, axial convection also 

decreases, reducing the gradient of temperature of pressure down 

the tube, to make a more unified stream. By the time the stream 

reaches the outlet, nearly all of it has the same temperature and 

has a higher temperature than the inlet due to the increased 

kinetic energy it had initially. The outlet is drawn from the tube 

walls to obtain the molecules with maximum high temperature. 

 

IV. MECHANISM OF RANQUE EFFECT 

           Ranque himself explained the effect in the following 

manner. According to him, the rotating air stream (in a screw like 

motion) produces a region of increased pressure near the wall 

inside the cylinder by adiabatic compression and region of 

decreased pressure near the axis. Hence the temperature is 

increased near the wall and decreased near the axis. Therefore, 

according to Ranque the diaphragm end which permits the 

escape of air only from the central region and thereby emits the 

old stream, the throttle valve however emits the hot stream. 

           The experimental fact of such separation is also known for 

fluid in nominal Ranque tubes. Flow heat separation was 

numerically simulated on the example of laminar self-similar 

whirled flows in expanding cone-like channels, channels had an 

injection vector oriented along the porous wall. The mechanism 

of the process, which has a kinematic basis, is brought to light. 

The kinematic factor that is exhibited by intense flow swirl 

conditions stipulates higher inner supply of viscous dissipation 

heat of fluid kinetic energy compared to its absence (by means of 

an increased radial speed gradient near the wall in its essence). 

The implemented mathematical model allowed reconstructing 

qualitatively the non-monotonic character of excess temperature 

( t − tw ) alteration in the cross section of the channel with cooled 

walls and heat outflow of the channel, and also its negative 

values near the real Ranque tube axis . The realized ( t – tw ) 

values are conditioned by the recurrent character of transition 

lines (via convection and thermal conductivity) of heat in the 

meridional section of the cone channel, those lines coincide at a 

specific point r = 0 from where they start. The results of the self-

similar heat task solution also prove the non-monotonic profile of 

excess temperature and recurrence of transition lines in the case 

of flat cone-type fluid flow (Hamel flow in flat extending 

channels). The specific case of stagnation temperature 

stratification along the channel section in a cone-like whirled 

flow of viscous gas is discussed. 

 

           The final formula of Fluton may be given by the 

maximum temperature difference that can be obtained at the cold 

end. 

 

(Δtx)max = (1-½PR*) . Δtx 

 

Where Δtx = Ideal adiabatic temperature difference 

PR* = Turbulent analogue of Prandtl criterion 

 

V. DESCRIPTION OF THE APPARATUS 

           Flow Sheet: Passing it through two cyclone separators, 

one after the other in series first of all dries the compressed air 

from the compressor. The drying agent is Silica gel. An auxiliary 

line provides hot air from the tubular furnace to the driers fro 

regenerating the drying agent. The air stream then passes through 

the thermostat so that its temperature is more or less constant as 

it enters the Vortex chamber. The furnace has sufficient heat 

transfer area for raising the temperature of inlet air. The hot and 

dry stream at constant temperatures flows into the nozzle of the 

Vortex tube. A pressure gauge is fitted just before the entrance 

nozzle of the tube to measure the pressure of the inlet air. The 

temperature of this air is also noted by means of a thermocouple. 

Depending on the temperature to be measured, Cu-Constantan 

was used for lower ranges and Chromel-Alumel for higher 

ranges. The hot end of the Vortex tube is connected to an orifice 

meter through a globe valve. After the valve, there is an 

arrangement for inserting a thermocouple to measure the 
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temperature of hot air. The cold end stream goes to another 

orifice meter, its temperature being measured by another 

thermocouple as required. The tube from the vortex chamber 

towards the hot and cold end is insulated with thick layers of 

glass wool and asbestos rope. 

 

VI. SPECIFICATIONS OF THE APPARATUS 

           The air compressor used for this experiment is a three 

stage compressor of model 15T2 manufactured by M/S Ingersoll 

Rand Ltd. There is a maximum capacity of 30 cfm and 600 psig 

pressure. The construction and the tangential introduction of the 

gas into the tube is of crucial problem in the experiment. 

A complete design of the Teflon block containing the nozzle 

channel,the orifice plate and the drilled hole for Vortex tube as 

shown in the fig below. 

           A convergent divergent channel of rectangular cross 

section (2mm width and 4mm depth) is engraved in the teflon 

block. A metallic tube(stainless steel) of desired length (50D = 

62.5 cm) and diameter (D = 12.5 mm) is threaded into the block 

and I.D of the hole in the block and the I.D. of the tub are made 

the same so that the combination will serve as one tube. This is 

therefore the hot end which s closed by a globe valve. A globe 

valve may also be replaced by a throttle valve and the effect is 

found to remain the same. 

           A thin Teflon plate of 12.5 mm thick now closes the side 

of the steel block containing the engraved channel permanently. 

The plate contains an orifice of 6.25 mm dia. The thickness of 

the plate surrounding the orifice is of 1.56 mm descending 

uniformly a radius of 6.25 mm. This plate is fixed with a block 

containing a channel by means of 8 screws of 18.75 mm dia. A 

thin copper foil serves as the gasket. The 6.25 mm hole on the 

steel plate is positioned axially to the drilled hole of 12.5 mm and 

is serving as the centrally aperture orifice. A flanged steel tube is 

now fixed through the block to channelize the flow through the 

orifice to serve as the cold end. 

           For temperature measurements either precision 

thermometers ranging from   -10
o
C to 110

o 
C and from 0

o 
C to 

250
o 

C with graduations of 1/10
TH 

 of a degree or by means of 

digital thermometers. 

 

VII. EXPERIMENTAL PROCEDURE 

           The compressed air after proper drying is passed through 

the tubular furnace for raising the temperature of air to a desired 

value and then it is passed through the nozzle of the vortex 

chamber .The pressure of the gas is made constant ast 650 

psig,100psig and 150 psig and all observations are made at these 

three different pressures. Then the globe valve at the hot end is 

regulated for a a particular µc . The readings are taken at about µc 

values of .05, .15, .35,.5,.6.75 and .9. 

           At first the vortex temperature separation was carried at 

room temperature (about 30°C).The temperature of the inlet air 

Ti, the hot end stream and the cold stream Tc are noted at 5 min 

intervals until the cold end temperatures is found to be constant 

for 10 mins. The pressure readings at the orifice in hot and cold 

end stream are also noted. The first reading is taken at 

approximately µc  =. 05 .Then other readings are taken at the same 

inlet temperature keeping the pressure constant. The process is 

repeated for 3 different pressures (50 psig 100psig &150psig) 

In this way readings are taken at temperatures of 80 °C, 130 °C, 

180 °C, 230 °C and 280 °C. Then [Tf=Ti - J.T. cooling at 

experimental pressure], ΔTc [Tf - Tc], ΔTh [Th-Tf] are 

calculated by calculating mc and mh from the manometer 

readings at the orifices. Four graphs are plotted at each pressure 

as shown later: 

 

 ΔTc vs. µc 

 ΔTh vs. µc 

 hcold vs. µc 

 hhot vs. µc 

 

           Thus for three different pressures, twelve curves were 

obtained and the curves are studied. 

 

VIII. APPLICATIONS 

           The importance of study of Vortex tube can be realized 

from the possible spheres of its applications. 

 Dave Williams has proposed using Vortex tubes to 

make ice in third-world countries. Although the 

technique is inefficient, Williams expressed hope that 

vortex tubes could yield helpful results in areas where 

using electricity to create ice is not an option. 

 There are industrial applications that result in unused 

pressurized gases. Using vortex tube energy separation 

may be a method to recover waste pressure energy from 

high and low pressure sources.Helikon vortex 

separation process: It is an aerodynamic uranium 

enrichment process designed around a device called a 

vortex tube. This method was designed and used in 

South Africa for producing reactor fuel with a uranium-

235 content of around 3–5%, and 80–93% enriched 

uranium for use in nuclear weapons. The Uranium 

Enrichment Corporation of South Africa, Ltd., (UCOR), 

developed the process, operating a facility at Pelindaba 

(known as the 'Y' plant) to produce hundreds of 

kilograms of HEU. Aerodynamic enrichment processes 

require large amounts of electricity and are not 

generally considered economically competitive because 

of high energy consumption and substantial 

requirements for removal of waste heat. The South 

African enrichment plant has apparently been closed. 

 

           In the vortex separation process a mixture of uranium 

hexafluoride gas and hydrogen is injected tangentially into a tube 

at one end through nozzles or holes, at velocities close to the 

speed of sound. The tube tapers to a small exit aperture at one or 

both ends. This tangential injection of gas results in a spiral or 

vortex motion within the tube, and two gas streams are 

withdrawn at opposite ends of the vortex tube; centrifugal force 

providing the isotopic separation. The spiral swirling flow decays 

downstream of the feed inlet due to friction at the tube wall. 

Consequently, the inside diameter of the tube is typically tapered 

to reduce decay in the swirling flow velocity. This process is 

characterized by a separating element with a very small stage cut 
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(the ratio of product flow to feed flow) of about 1/20, and high 

process-operating pressures. Due to the extremely difficult 

plumbing required to link stages together, the design was 

developed into a cascade design technique (dubbed Helikon), in 

which 20 separation stages are combined into one module, and 

all 20 stages share a common pair of axial-flow compressors. A 

basic requirement for the success of this method is that the axial-

flow compressors successfully transmit parallel streams of 

different isotopic compositions without significant mixing. 

 

IX. OBSERVATION TABLES 

 

Table I - At about -5 °C 

 

Initial 

Condition 

 Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th in 

°C 

R2 in 

cm 

Cfm 

0   6.0 6.5  24.70 2.08 

5 -

5.26 

-9.23 6.0 6.5 27.75 24.70 2.08 

10 -

5.26 

-9.23 6.0 6.5 27.75 24.70 2.08 

15   6.0 6.5  24.70 2.08 

 

 

Initial 

Condition 

 Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th in 

°C 

R2 

in 

cm 

Cfm 

0    4.23  3.8 4.35 

5 -5.26 -10.5  4.23 12.13 3.8 4.35 

10 -5.26 -10.5  4.23 12.13 3.8 4.35 

15    4.23  3.8 4.35 

 

 

Initial 

Condition 

 Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th 

in °C 

R2 

in 

cm 

Cfm 

0   24.7 2.08  6.0 6.5 

5 -5.26 -14.8 24.7 2.08 4.62 6.0 6.5 

10 -5.26 -14.8 24.7 2.08 4.64 6.0 6.5 

15   24.7 2.08  6.0 6.5 

 

Table II - At about 35 °C 

 

Initial 

Condition 

 Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th 

in 

°C 

R2 in 

cm 

Cfm 

0 35.1 19.9 6.0 6.5 69.9 24.70 2.08 

5 34.9 18.8 6.0 6.5 71 24.70 2.08 

10 34.8 18.5 6.0 6.5 70.6 24.70 2.08 

15 34.8 18.5 6.0 6.5 70.6 24.70 2.08 

20 34.7 18.3 6.0 6.5 70.4 24.70 2.08 

 

Initial 

Condition 

 Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th in 

°C 

R2 

in 

cm 

Cfm 

0 33.8 7.7  4.23 51.6 3.8 4.35 

5 34.5 8.5  4.23 53.5 3.8 4.35 

10 35.1 8.9  4.23 55.6 3.8 4.35 

15 35.2 9.0  4.23 55.9 3.8 4.35 

20 35.2 9.0  4.23 56 3.8 4.35 

 

 

 

Table III - At about 55 °C 
 

Initial 

Condition 

 Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th 

in 

°C 

R2 in 

cm 

Cfm 

0 55.1 36.9 6.0 6.5 83.8 24.70 2.08 

5 54.9 36.9 6.0 6.5 83.7 24.70 2.08 

10 54.9 36.9 6.0 6.5 83.4 24.70 2.08 

15 54.9 36.9 6.0 6.5 84.4 24.70 2.08 

20 54.9 36.9 6.0 6.5 84.4 24.70 2.08 

 

 

 

 

 

 

 

Initial 

Condition 

 Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th 

in °C 

R2 

in 

cm 

Cfm 

0 33.7 5.3 24.7 2.08 41.5 6.0 6.5 

5 33.9 5.9 24.7 2.08 42.5 6.0 6.5 

10 34 6.2 24.7 2.08 42.6 6.0 6.5 

15 34.1 6.9 24.7 2.08 42.5 6.0 6.5 

20 34.1 6.9 24.7 2.08 42.5 6.0 6.5 
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Initial 

Condition 

 Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th in 

°C 

R2 

in 

cm 

Cfm 

0 54.8 25.9  4.23 72.3 3.8 4.35 

5 54.8 25.9  4.23 72.3 3.8 4.35 

10 54.9 26  4.23 73.2 3.8 4.35 

15 54.9 26  4.23 73.2 3.8 4.35 

20 54.2 25.3  4.23 73.2 3.8 4.35 

 

 

 

 

Table IV - At about 75 °C 

 

Initial 

Condition 

Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th in 

°C 

R2 in 

cm 

Cfm 

0 74.7 55.2 6.0 6.5 87.8 24.70 2.08 

5 75.3 55.8 6.0 6.5 93.9 24.70 2.08 

10 76.0 56.5 6.0 6.5 96.5 24.70 2.08 

15 76.0 56.9 6.0 6.5 97.5 24.70 2.08 

20 76.4 56.9 6.0 6.5 97.5 24.70 2.08 

 

 

 

Initial 

Condition 

 Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th in 

°C 

R2 

in 

cm 

Cfm 

0 75.5 43.7  4.23 88.3 3.8 4.35 

5 75.3 43.9  4.23 89.0 3.8 4.35 

10 75.1 43.8  4.23 89.2 3.8 4.35 

15 75.8 43.6  4.23 89.1 3.8 4.35 

20 75.8 43.6  4.23 89.1 3.8 4.35 

 

 

 

 

 

 

 

Initial  Cold   Hot   

Condition End End 

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th 

in °C 

R2 

in 

cm 

Cfm 

0 75.8 41.5 24.7 2.08 82.4 6.0 6.5 

5 75.7 40.5 24.7 2.08 80.9 6.0 6.5 

10 75.6 39.9 24.7 2.08 80 6.0 6.5 

15 75.4 39.6 24.7 2.08 79.7 6.0 6.5 

20 75.4 39.6 24.7 2.08 79.7 6.0 6.5 

 

 

Table V - At about -5 °C 

Tf Tc ΔTc Th ΔTh mc mh hcold µc 

-

5.86 

-9.23 3.37 27.75 33.61 7.8 2.59 212 0.752 

-

5.86 

-

10.54 

4.68 12.13 17.99 5.065 5.325 183 .488 

-

5.86 

-

14.86 

9 4.62 10.48 2.48 7.9 162.5 .239 

 

Table VI - At about 35 °C 

 

Tf Tc ΔTc Th ΔTh mc mh hcold µc 

34.2 18.5 15.7 70.6 36.4 8.3 2.77 900 .75 

34.6 9 25.6 55.9 21.3 5.35 5.7 945 .484 

33.5 6.9 26.60 42.5 9 2.62 8.45 481 .286 

 

Table VII - At about 55 °C 

 

Tf Tc ΔTc Th ΔTh mc mh hcold µc 

54.3 36.9 17.4 84.4 30.1 8.55 2.84 1035 .75 

54.2 22 28.2 73.3 11.1 5.5 5.9 996 .482 

54.6 22.6 32 6139 7.3 2.505 8.7 555 .223 

 

Table VIII - At about 75 °C 

 

Tf Tc ΔTc Th ΔTh mc mh hcold µc 

75.8 56.9 18.9 97.5 21.7 8.85 2.9 1169 .752 

74.2 43.6 30.6 89.1 14.9 5.7 6.05 1195 .485 

74.8 39.6 35.2 79.7 4.9 2.785 8.96 683 .237 

 

 

 

 

 

Initial 

Condition 

 Cold 

End 

  Hot 

End 

  

Time(t) 

mins 

Ti in 

°C 

Tc in 

°C 

R1 

in 

cm 

Cfm Th 

in 

°C 

R2 

in 

cm 

Cfm 

0 54.6 22.3 24.7 2.08 61.6 6.0 6.5 

5 55.1 22.5 24.7 2.08 61.8 6.0 6.5 

10 55.32 22.6 24.7 2.08 61.8 6.0 6.5 

15 55.2 22.6 24.7 2.08 61.9 6.0 6.5 

20 55.2 22.5 24.7 2.08 61.9 6.0 6.5 
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X. SAMPLE CALCULATIONS 

 

J.T. cooling at 50 psig = 0.6 °C 

Tf = True feed gas temperature in°C = (Initial feed gas 

temperature - J.T. Cooling) 

= [ Ti - J.T. cooling ] in °C 

Tf1 = 34.8 - 0.6 = 34.2 

Tf2 = 35.2 - 0.6 = 34.6 

Tf3 = 34.1 - 0.6 = 33.5 and so on 

ΔTc = [Tf  - Tc] in °C 

Hence, ΔTc1 = 34.2 - 18.5 = 15.7 

    ΔTc2 = 34.6 - 9.0 = 25.6 

    ΔTc3 = 33.5 - 6.9 = 26.6 

  

ΔTh = Th - Tf 

Hence, ΔTh1 = 70.6 - 34.2 = 36.4 

    ΔTh2 = 54.9 - 34.6 = 21.3 

    ΔTh3 = 42.9 - 33.5 = 9.0 

Similarly, other value of T and Tb were calculated 

ΔTcop in °C = (Tf + Tc)/2 

 

Hence, T1cop = (34.2 + 18.5)/2 = 26.35 

    T2cop = (34.6 + 9)/2 = 21.8 

    T3cop = (33.5 + 6.9)/2 = 20.2 

    Thop = ( Th + Tf )/2 

Hence, T1hop = (70.6 + 34.2)/2 = 52.4 

    T2hop = (55.9 + 34.6)/2 = 45.25 

    T3hop = (42.5 + 33.5)/2 = 38 

 

 

 

 

 

 

 

 

 

 
 

XI. CONCLUSION 

           After performing extensive Literature Survey, which has 

revealed the huge amount of work done in the field of Ranque-

Hilsch Vortex Effect, it shows that this is quite important for 

academic and industrial purposes. Even after so many works 

done in this field, there still remain some questions about topics 

unanswered. Moreover, the fair numbers of applications of this 

Vortex tube like mass separation of gases, measurement of 

velocities of airplanes etc. show huge scope of this subject. 

Performing the cost survey for various instruments, literature 

survey, collection of information for proceeding on this project 

and defining or objectives has helped us start on a right note on 

this project. 

           After completion of our actual experiment, we have 

obtained our desired results of temperature differences at the two 

outlets. The obtained temperature difference differences under 

the current conditions are satisfactory, taking into consideration 
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the possibility of errors here. So our observations are acceptable 

within the limits of experimental errors. 

XII. DISCUSSIONS 

           In general the results corroborate the findings of the 

previous workers. It also confirms that with increases of µc, hot 

end temperature increases continuously and cold end temperature 

increase continuously. With the increase of µc,  ΔTc decreases but 

below room temperature it decreases in another fashion which is 

perhaps due to the inaccuracy of temperature measurements. 

Also ΔTh value increase with increase of µc. the value of µc for 

which minimum temperature of the cold flow can be obtained is 

about 0.2. The value of µc for which maximum temperature of 

the cold flow can be obtained is about 0.8 

           The effect of feed gas temperature on the temperature 

separation at the same pressure (30 psig) is shown .It is observed 

that with increase of feed gas temperature ΔTc increases 

(temperature of the cold flow decreases)and again with increase 

in feed gas temperature ΔTh  decreases. But it is found that in the 

case of -5°Cthe curves are slightly different which is perhaps due 

to inaccuracy of temperature measurements. 

           The conclusion drawn above is only approximate because 

the data taken are not sufficient. 

 

XIII. SUGGESTION FOR FUTURE WORK 

           The simplicity of this apparatus has been alluring to many 

research workers. The mechanism of this experiment is still 

obscure. Vortex tubes have the potential to be utilized in a 

compact air separation system that can extract and liquefy 

oxygen for many purposes including onboard propellant 

generation for rocket vehicles. 

Many analysts identify Carbon dioxide capture and separations 

as a major road block in efforts to cost effectively mitigate green 

house gas emissions via sequestration. 
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Abstract- The aim of image enhancement is to improve the 

perception of information in images for human viewers, or to 

provide `better' input for other automated image processing 

techniques. There is no general theory for determining what 

`good’ image enhancement is when it comes to human 

perception. However, when image enhancement techniques are 

used as pre-processing tools for other image processing 

techniques, then quantitative measures can determine which 

techniques are most appropriate. Here we are proposing some 

enhancement algorithms based on spatial domain for better 

image analysis in medical field. 

 

Index Terms- Adaptive Filters, Medical Images, Image 

Enhancement, X-ray, Fractures 

 

I. INTRODUCTION 

 mages captured by Medical Instruments are not 

good in quality and it requires some enhancement. 

There exist many techniques that can enhance a digital 

image without spoiling it. Presently, the enhancement 

methods available with the doctors are not classified 

according to the technique of imaging but common 

algorithms are applied to all images. But as every 

image is unique in terms of basic image parameters of 

Colour, texture and contrast, it’s obvious that a same 

set of algorithms can’t be applied to all images having 

different imaging techniques. 

          We have used different algorithms on images to 

enhance their perception for a human eye as well as 

machines. Our motive of applying these algorithms to 

these images was to arrive at a chain of enhancement 

algorithms which would best suite a particular type of 

a medical image and hence give our suggestions 

accordingly. 
 

II. PREVIOUS WORKS 

           Presently either the doctors use the images from medical 

images directly or at best apply a common set of some basic 

filters like average, median or gray scale on the images which 

again does not guarantees a better outcome. Images obtained 

after this transformations may be luckily good for some cases 

while for others this may even degrade the quality. 

 

III. Basic Idea 

        First step was to analyze the images from different 

instruments to find out the types of noise present in these images. 

 

For example – 

a) Chest Radiography 

b) Mammography 

c) CT Scan 

d) MRI 

e) X-ray 

 

           Next we apply different set of optimizing and enhancing 

algorithms to increase the perception of images. Thus finally 

deriving what sets of algorithm should be applied for each 

category of these images.  

 

IV. PROPOSED ALGORITHMS 

          Chest Radiography: It is basically used to detect a small 

round blob in early stage of lung Cancer. 

 

Flow Chart:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mammography: Used to detect Breast Cancer. 

Flow Chart:  
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CT Scan: For detecting brain tumors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MRI Scan: For detecting Psychological disorder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

X-Rays: Used to analyze bone structures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. RESULTS 

 

Chest Radiography:  
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Mammography: 
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CT Scan: 

 

       
  (Initial)                  (Final) 

 

 

MRI Scan: 
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    X-Rays: 
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   (Initial)                    (Final) 

VI. CONCLUSION 

           One can clearly see from the results obtained that the 

images were enhanced after the use of this algorithm. The 

obtained final image were clear and neat and was helpful in 

determining problems easily and accurately. 
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  Abstract- Teaching is a profession, which lays foundation for 

preparing the individuals for all other profession. Effective study 

skills through teaching create an effective interaction between   

teachers and learners. It also creates the sets of values and beliefs    

which in turn enrich   the views of reality. Learners can have 

multi- dimensional personalities. The   instructional design aimed 

to produce specific change in the behavior and it can be used  to  

shape the curriculum in the study skills and other settings. 

    The teacher is a social agent. He should make the favorable 

study skills though the process of teaching in the class room and 

to develop the skills for a single learning situation at a time like 

problem solving ability, intellectual inquiry, memory, retention 

and concept formation in a logical way. The present study helps 

the teacher to promote the interaction of learning by improving 

the study skills and academic achievement. The results revealed 

that the respondents developed a favorable study skills and 

academic achievement towards the teaching profession after the 

completion of the programme. 

I. INTRODUCTION 

t is the teacher who a pivotal role in the educational system 

and catalytic agent of change in the society. Teacher training 

programme helps a teacher to feel how a teacher thinks, feels 

about the ways in which a teacher tends to act as a teacher. 

    This present paper is presents critical analysis of the influence 

of personal and demographic variables on teacher educators’ 

study skills and academic achievement towards the existing 

teacher education. The sample of the study comprised of 100 

teacher trainees. the results of the study revealed that the teacher 

educators have expressed their concern over standards in teacher 

education. 

    The most popular meaning of the term education identifies 

with the process of instruction and training that take place in an 

educational institution. Funk and Wagnall’s college standard 

Dictionary defines education as “The systematic development 

cultivation of the natural powers, by inculcation. Thus a research 

study was designed to establish the relationship between study 

skills and academic achievement of B.Ed. teacher trainees. 

II. SCOPE OF THE STUDY 

    This study will be useful to educators, teachers, students, 

education department, research scholars and social scientists. It 

will be useful for framing curriculum and construction methods 

that will promote the development of academic achievement of 

B.Ed. teacher trainees. 

 

Academic Achievement:  

    Achievement means an accomplishment or proficiency of 

performance in a given skills or body or knowledge. According 

to dictionary of education Carter (1959) academic achievement 

means the knowledge attained or skills developed. Academic 

achievements of teacher trainees are influenced by a number of 

factors which are classified by Gupta1973 in three categories. 

 Abilities (intelligence, scholastic, attitude). 

 Effort (drive, achievement, motivation, aspiration) 

 Environment (social, economic condition in home 

and school).   

    Academic achievement is more important for learning and 

personality development of a teacher trainees assessing trainees 

progress by means of identifying what he has achieved acquiring 

skills in academic matters is important as a means of attaining 

complete realization and it is unique responsibility of school.  

 

Study Skills: 
    “How habits are developed in us and how finally our whole 

personality is influenced by our habits and concludes that 

everything we are the result of habit”- Swamy Vivekananda.  

Study skills are really best understood as learning skills. People 

skilled as learning get more out of them lives because they look 

for opportunities to grow and gain more knowledge. If we have 

learning skills, we will not only get more out of our experiences 

in school, well be better equipped to meet our other goals in life. 

    Learning or study skills carry over into other areas of life 

beyond school. Good listening skills help us in our relationship 

with peers, colleagues, friend and family. We need learning skills 

for everything we do in life. We have probably heard the phrase 

“Knowledge is power” there are stages towards gaining 

knowledge that might see difficult along the school, from high 

school to college, or from the work force back to college or a 

training program. But there is nothing fear except, perhaps, that 

our life will be progressively more interesting in building or our 

knowledge is a gradual process.  

Study skills focus on:  

 Goal setting 

 Internalization or positive attitude towards 

academics 

 Self-awareness and decision making. 

Learning styles:   
    The three main learning styles are: 

 Visual (seeing) 

 Auditory (listening/learning) 

 Kinesthetic (moving, doing, touching). 

Steps to improve study skills: 

 Behavior modification can work for you. 

I 
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 Do not study more than an hour at a time without 

taking a break. 

 Separate the study of subjects that are like/dislike. 

 Do not study when you are tried. 

 Prepare for you class at the best time. 

 Use the best note – taking system. 

 Memorize actively, not passively. 

 Read and study at the same time. 

 Make up a color and sign system for text and notes. 

 Do not buy underlined text book. 

    Study skill is defined as a learning skill to carry over into other 

areas of life beyond school composing of good listening skills, 

computation, expression, memory, time management, problem 

solving and systematic analysis effectively. 

III. SIGNIFICANCE OF THE PROBLEM 

    There is a plethora of research on study skills generalizing 

information on the B.Ed.  teacher trainees in all content area. 

However, limited research specifically analyzed the effect of 

study skills on B.Ed.  teacher trainees. A major component of 

study skills is the integration of critical thinking activities. 

Attention is being directed at finding methods that will increase 

attention in studies. Study skills provide excellent revenue for 

such integration of new strategies. 

IV. OBJECTIVES OF THE STUDY 

 To find out influence of study skills and academic 

achievement of B.Ed.   teacher trainees. 

 To find out the influence of  study skills and academic 

achievement of male B.Ed.  teacher trainees. 

 To find out the influence of  study skills and academic 

achievement of female B.Ed. teacher trainees. 

 To find out the influence of educational qualification in  

relation to academic  achievement of B.Ed. teacher 

trainees 

V. HYPOTHESIS OF THE STUDY 

 There is no significant relationship between study skills 

and academic achievement of B.Ed. teacher trainees. 

 There is no significant relationship between study skills 

and academic achievement of male B.Ed. teacher 

trainees.  

 There is no significant relationship between study skills 

and academic achievement of female B.Ed. teacher 

trainees.   

 There is no significant relationship between educational 

qualification and academic  achievement of B.Ed. 

teacher trainees                                                                                                       

VI. SAMPLE 

    The present investigation is essentially a survey type of 

research aimed at evaluating the study skills and academic 

achievement of B.Ed. teacher trainees. The sample for the 

present study constitutes 100 B.Ed. trainees of private, 

government and government - aided colleges in Chennai. 

 

Variables used:  

    In the present study expost factor design has been used as the 

most suitable variable for analysis. The sample of 100 B.Ed. 

trainees was taken.The dependent variable is academic 

achievement. The independent variable is study skills. 

Tools used: 

    The researcher has two different tools for the study. 

 Study skill scale constructed by M.Kanchana 

(1986). 

 Achievement test questionnaire constructed by the 

researcher with the help of guide. 

    Study skills questionnaire has 60 questions for the measuring 

the achievement of B.Ed.  trainees. One mark is given for each 

correct answer and zero mark is given for each wrong answer. 

Achievement test consists of  20 questions ,one  mark  is   given 

for each correct answer. 

VII. THE INFLUENCE OF PERSONAL AND DEMOGRAPHIC 

VARIABLES ON B.ED. TEACHER TRAINEES STUDY SKILLS 

AND ACADEMIC ACHIEVEMENT 

 

SEX: 

The   influence   of  sex  on  the  study skills of  the B.Ed.  

teacher   trainees is tested  by the ‘ t’ test and   the results are 

presented below in the table:  

 

 

 

 

 

 

 

 

 

The above table reveals that the study skills scores obtained by 

the male and  female teacher trainees reveal that the female 

teacher trainees have scored a better mean when compared to 

men teacher  trainees and the ‘t’ value obtained to the test the 

significance of difference is found to be not significant at 0.05 

level .Hence ,the null hypothesis that the  male  and  female 

teacher trainees do not differ significantly with regard to their 

study skills towards their academic achievement is accepted . 

EDUCATIONAL   QUALIFICATION: 

   In the present study the mean and standard deviations of 

academic achievement of teacher trainees possessing varied 

qualifications are compared with the ‘t’ test and the results are 

presented in the table No:2. 

S.No     Variables   Sex    N    Mean     SD      ‘t’ 

1.       

   Study skills 

Male   25 111.01 17.37 1.15@ 

2. Female    75 115.96 20.47  
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The influence of educational qualifications on academic achievement of B.Ed. teacher trainees 

 

 

 

 

 

 

 

 

    The teacher trainees who have UG level of educational 

qualifications have secured a better mean score than those with 

minimum level of educational qualifications prescribed for B.Ed.  

teacher  trainees  ( 116.63>110.7). However, the calculated ‘t’ 

value of 1.39 is found to be statistically not significant at 0.05 

level.  Hence, the null hypothesis that the educational 

qualification of teacher trainees does not significantly influence 

their academic achievement is accepted. 

VIII. CONCLUSION 

    It is concluded from the present study that the teacher 

education programme - B.Ed.        helps to develop favourable 

academic achievement of teacher trainees.  Therefore, all the 

teachers irrespective of level i.e. Schools, Colleges and 

University should undergo some sort of teacher education. 

    Teacher  education    programmes  should  be   modernized  by  

providing   latest     infrastructure  facilities  in  the  present  day  

context.   There   should   be interaction with the teacher 

education institutions of other universities in the state so as to 

have more exposure. 

    It is high time to strengthen the academic achievement 

component   in teacher    education which can   serve    two 

purposes.  first it is to orient   teachers   on   humanism , moral  

and  spiritual  values , and   second is to empower  them  for   

development  and  implementation  of   standardized  education  

curriculum at  school  level. 

    Thus during the teacher education programme, the B.Ed. 

teacher trainees have various types of experiences which are 

responsible for shaping the behavior and academic achievement.   
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    Abstract- Direct torque control based on space vector 

modulation (SVM-DTC) preserve DTC transient merits, 

furthermore, produce better quality steady-state performance in a 

wide speed range. The SVM-DTC system based on input-output 

linearization technique for induction machine drives is developed 

in this paper. A sliding-mode observer for estimating flux is 

introduced. The observer is inherently sensor less because they 

do not employ the rotor speed adaptation, and thus they are 

insensitive to speed estimation errors. Moreover, the observer is 

extremely robust. The simulations of conventional DTC and the 

proposed control topologies are given and discussed. It is 

concluded that the proposed control topology outperforms the 

conventional DTC in reducing torque ripple and parameter 

robust. 

 

     Index Terms- Direct torque control ，Sliding-Mode observer, 

Input-output Linearization. 

 

I. INTRODUCTION 

n high-performance variable-speed drive applications for 

induction machines, there are two most popular control 

strategies: field-oriented control (FOC) and direct torque control 

(DTC) [1,2]. Both of them can decouple the interaction between 

flux and torque control, and provide good torque response in 

steady state and transient operation conditions. 

Unlike field-oriented control, direct torque control does not 

require coordinate transformation and any current regulator. It 

controls flux and torque directly based on their instantaneous 

errors [3]. In spite of its simplicity, direct torque control is 

capable of generating fast torque response [4]. In addition, direct 

torque control minimizes the use of machine parameters [5], so it 

is very little sensible to the parameters variation. 

     One of the disadvantages of conventional DTC is high torque 

ripple [6]. Several techniques have been developed to reduce the 

torque ripple. One of them is duty ratio control method. In duty 

ratio control, a selected output voltage vector is applied for a 

portion of one sampling period, and a zero voltage vector is 

applied for the rest of the period. The pulse duration of output 

voltage vector can be determined by a fuzzy logic controller [7]. 

In [8], torque-ripple minimum condition during one sampling 

period is obtained from instantaneous torque variation equations. 

The pulse duration of output voltage vector is determined by the 

torque-ripple minimum condition. These improvements can 

greatly reduce the torque ripple, but they increase the complexity 

of DTC algorithm. An alternative method to reduce the ripples is 

based on space vector modulation (SVM) technique [9,10]. At 

each cycle period, a preview technique is used to obtain the 

voltage space vector required to exactly compensate the flux and 

torque errors. The required voltage space vector can be 

synthesized using SVM technique. The torque ripple for this 

SVM-DTC is significantly improved. 

     An approach for conventional DTC flux estimation is based 

on the voltage model integrators. The pure integrator has the 

following drawbacks. 1) input dc offset leads the output into 

saturation limit; 2) initial condition error produces a constant 

output dc offset; and 3) it is very sensitive to stator-resistance 

identification, especially at low speeds. Usually, adaptive 

observers employ the time-variable full order IM model to 

estimate the flux. At least one equation of the model contains a 

speed-dependent term, and the observer must always be speed 

adaptive. In most cases, the rotor speed calculation is the last step 

of the estimation process. Thus, the estimated speed is always 

affected by cumulative errors, noises, and time delays. This in 

accurate speed estimation is feed back to the adaptive flux 

observer and then the accuracy of flux and speed estimator may 

progressively worsen. Undesirable effects, such as limit cycles, 

higher noise sensitivity, or delays may occur and deteriorate the 

system overall performances, especially at very low stator 

frequencies, where the fundamental excitation is low. A solution 

for this is to use non adaptive observers. A distinct approach for 

sensor less flux estimation is based on full-order sliding-mode 

observers (SMOs). The sliding mode control theory presents 

promising features: disturbances rejection, strong robustness to 

parameter deviations, system order reduction [11]. Solutions 

using speed-adaptive SMOs are proposed in [12, 13]. These 

observers use sliding mode surfaces that combine the stator-

current errors within the flux estimation. They are speed 

adaptive, with the aforementioned disadvantages. Accurate 

model parameters are required, especially in low-speed 

operation; therefore, online parameter identification is employed. 

     In this paper, SVM-DTC scheme based on input output 

linearization technique for induction machine drives is 

developed. Furthermore, a sliding-mode observer is used to 

estimate flux is introduced. The observer is inherently sensor less 

because it does not employ the rotor speed adaptation, and thus 

they are insensitive to speed estimation errors. Moreover, the 

observer is extremely robust. Simulation results with a sensor 

I 
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less direct-torque-controlled (DTC) IM drive using the observer 

prove the estimation accuracy, robustness, and high-dynamic 

performance in wide speed range. It is shown that the observer is 

able to sustain accurate very low-speed operation. 

     The remainder of this paper is organized as follows. The 

proposed SVM-DTC principle based on input-output 

linearization technique is described in Section II. In Section III, a 

sliding-mode observer for estimating flux is introduced. 

Simulation results of the proposed scheme are given and 

discussed in Section IV. Finally, conclusions are summarized in 

Section V 

 

II. SVM-DTC BASED ON INPUT-OUTPUT 

LINEARIZATION 

        Under assumption of linearity of the magnetic circuit 

neglecting the iron loss, a three-phase IM model in a stationary 

D-Q axes reference with stator currents and flux are assumed as 

state variables, is expressed by: 

 

iD = -[1/α(Rs/Ls+Rr/ Lr)] iD -ωm.iQ+[Rr/( αLsLr)].ΨD 

+ [ωm/ α Ls]. ΨQ+ [1/ α Ls].uD  (1) 

 

iQ=-[1/α(Rs/Ls+Rr/Lars)] iQ +ωm.iD+[Rr/( αLsLr)].ΨQ 

- [ωm/ α Ls]. ΨD+[1/ α Ls].uQ  (2) 

 

                    ΨD= uD- Rs.iD   (3) 

        ΨQ= uQ- Rs.iQ   (4) 

 

where  ΨD ,ΨQ ,uD ,uQ ,iD ,iQare respectively the d-q axes of the 

stator flux, stator voltage and stator current vectorcomponents, 

ωmis the rotor electrical angular speed, Ls, Lr, Lm are the stator, 

rotor, and magnetizing inductances, respectively, α=1-

(Lm
2
/LsLr)and Rs, Rrare the stator and 

rotor resistances, respectively. 

Also, the motor mechanical equation is 

             To=TL+Bω+J.    (5) 

where, ω is the rotor mechanical angular speed, TL is the 

motor load torque, J is moment of inertia, B is factor of 

friction coefficient and Te is the motor generated torque 

which is defined by: 

Te
=pnΨs* is =pn (ΨDiQ－ΨQiD) (6) 

where, pn is the number of pole pairs. 

 
 

Fig 1: The block diagram of the DTC-SVM system 
 

     Unlike field-oriented control, direct torque control does not 

require coordinate transformation and any current regulator. It 

controls flux and torque directly based on their instantaneous 

errors. In spite of its simplicity, direct torque control is capable 

of generating fast torque response. In addition, direct torque 

control minimizes the use of machine parameters, so it is very 

little sensible to the parameters variation. However, there is only 

one voltage vector can be selected to minimizes the torque error 

and flux error in one sampling period and normal voltage source 

inverter can only provide six voltage vector. So it is impossible 

to minimizes the torque error and flux error. The SVM principle 

based on the switching between two adjacent active vectors and a 

zero vector during one switching period can synthesize arbitrary 

voltage vector, which can overcome the drawback of 

conventional DTC. The proposed DTC-SVM system based on 

feedback linearization is illustrated in fig.1. 

    The DTC-SVM scheme is developed based on the IM torque 

and the square of stator flux modulus as the system outputs; 

stator voltage components defined as system control inputs and 

stator currents as measurable state variables. 

     Define the controller objectives e1 and e2 as 

                            e1= To-Toref   (7) 

 

                      e2=| Ψs
2
|-| Ψsref

2
|   (8) 

 

From (1-6), 

 

=p
n( .iQ+ ΨD. - .iD- ΨQ. ) 

=p
n[ c(ΨD.iQ- ΨQ.iD) + ωm(ΨD.iD+ ΨQ.iQ) 

- (ωr/αLs) | Ψs
2
| + ( iQ- ΨQ/ αLs) uD* 

-(iQ- ΨD/ αLs) uQ*]   (9) 

 

 

ΨD.uD*+ ΨQ.uQ*) 

           -2Rs (ΨD.iQ+ ΨQ.iD)   (10) 
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Equations (9) and (10) in the form is 

 

+D    (11) 

where, 

g1=p
n[c(ΨD.iQ- ΨQ.iD) + ωm(ΨD.iD+ ΨQ.iQ) 

- (ωr/αLs) | Ψs
2
|] 

g2=2Rs(ΨD.iQ+ ΨQ.iD) 

 
Using the IM model, 

  (12) 

 

Linking (9-12), 

) pn (ΨdΨD－ΨqΨQ) 

= ).pn(  ΨS)            (13) 

= ).pn | Ψr|| Ψs|. Cos ( ) 
From (13), D is a nonsingular matrix since the inner product of 

stator flux vector and rotor flux vector can not be physically zero. 

Based on input-output feedback linearizing, the following control 

inputs are introduced: 

(14) 

where, ux, uy are the auxiliary control inputs and are 

defined 

based on the pole placement concept of the linear 

control systems so that 

 (15) 
Where c1 and c2 are positive constants. 

The SVM unit receives the D-Q components of  

thereference voltage vector uD∗ and uQ*in a stator 

flux reference frame as inputs and generates the 

inverter’s command signals.The reference voltage 

vector uref=uD∗+j.uQ*derived from (14) can be 

produced by adding two adjacent active 

vectorsuk(uk,αk) and uk+1(uk+1,αk+1),(αk+1=αk+π/3)and, 

if necessary, a zero vector u0(000) or u7(111), which 

is illustrated in fig. 2. 

The duty cycles t1 and t2 for each active vector are 

the solutions of the complex equation. 

. . (16) 

. .  (17) 

where, UDCis the dc-link voltage. 

The duty cycle for the zero vectors is the remaining 

time 

inside the switching period T. 

(18) 

 

 

 

 

 

 
 

Fig.2 synthetically reference voltage vectors 
    The sequence guarantees that each transistor 

inside the inverter switches once and only once 

during the SVM switching period. A strict control of 

the switching frequency can be achieved by this 

approach. Fig.3 shows the command signals for the 

inverter when the vectors u1(100) or u2(110)and zero 

vectors u0(000) or u7(111) are applied. 

 

 
 

Fig.3 SVM voltage vector timing 

 

III. SLIDING-MODE STATOR FLUX OBSERVER 

The IM state model with stator-flux ψs and rotor-

flux ψras state variables, in arbitrary reference 

frame rotating with angular speed ωe is given by 

(19) 

 

 
Where, Ts= Ls/Rs, Tr= Lr/Rr. 

 

 

A.   SMO for Flux Estimation 

    The full-order SMO for flux estimation is shown in 

Fig. 4, where the basic SMO solution has k1I = 0. It 

is a sensor less observer that does not employ speed 
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adaptation, and therefore, it is insensitive to 

speed estimation errors. This quality is extremely 

important at very low speeds and during fast 

transients, where the speed estimation tends to be 

poor. Moreover, the SMO technique helps to increase 

the overall robustness. In order to ease the 

implementation, to improve the estimation accuracy, 

and to avoid speed adaptation, the SMO is 

constructed using: 1) stator model in stator 

reference (ωe= 0, without superscript), replacing ψr 

from (12) in (19) and 2) rotor model in rotor-flux 

reference (ωe= ωr, with superscript “r”). 

Therefore 

           

(21)  

(22) 

= - (23) 

 

 
Fig.4 SMO for flux estimation 

 

where, ωris the rotor-flux speed, k1, k2 are the 

observer gains, 

and “ˆ” marks estimated variables or parameters. 

 

Apparently, (22) employs the speed. In fact, there 

is no need, neither for ωm, nor for ωr, since in 

rotor-flux reference, the imaginary component of 

(22) is zero and its real component is 

+ Re 

(    
 (24) 

The coordinate transformations require the angle 

 

where r  in stator reference is 

( . )           (25) 

An SMO gain with rotor-speed-dependent imaginary 

Components may be used 

K= =[ ](26) 
wherek1r, k1i, k2r, k2i are constants determined in 

simulation 

such that the observer is fast and stable. The ωmin 

(26) can 

be either the estimated speed  , or the 

reference speed 

. 

From noise considerations, is employed. 

 
B. Speed Estimation 

The rotor speed ωm depends on the rotor-flux speed 

 

=  

or equivalent 

= [  

        = (27) 

where, is given by (25). 

The derivative estimation (27) gives fast estimation and compact 

computation. However, the estimation accuracy is based on the 

accuracy of r (25) estimation, which depends on s and 

electromagnetic parameters. The derivative method is sensitive to 

noise via measured signals, 

i.e., the current is. 

The rotor speed estimation is given by 

, (28) 

Where, is the slip frequency, is the estimated 

electromagnetic torque. 

 

IV. SIMULATIONS AND DISCUSSIONS 

     To verify the SVM-DTC scheme based on input-

output linearization and sliding-mode observer, 

simulations are performed in this section. The 

parameters of the induction motor used in simulation 

research are as follows 

 
TABLE I. PARAMETERS OF INDUCTION MOTOR 

 

Rated power PN(kW)     3 

Rated voltage UN(V)     380 

Rated voltage IN(A)     6.8 

Rated frequency (Hz)     50 

Magnetic pole pairs pn    2 
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Rated speed(rpm)     1420 

Stators inductance Ls(H)     

0.086 

Rotor inductance Lr (H)     

0.086 

Mutual inductance Lm (H)     

0.243 

Stator resistance Rs (Ω)    

 1.635 

Rotor resistance Rr (Ω)    

 1.9 

Stator flux linkage ψs  (Web)     

0.8 

 

fig. 5 shows the flux along the Q-axis and D-axis. 

The sampling period of the system is 100 μs, the 

reference stator flux used is 0.8 Wb and the command 

speed value is 5 rpm in both two systems. At 

startup, the system is unloaded, the load torque is 

changed to 17Nm at t=1s, then the load torque is 

changed from 17Nm to 10Nm at t=1.5s. Fig.6 and Fig.7 

shows the flux linkages of  and flux linkages of 

. In order to highlight validity of the sliding-
mode observer, the stator resistance and rotor 

resistance are set to twice of the rated value in 

simulation. The simulation results are shown 

infig.8, fig.9and fig.10. 

 
Fig.5 flux along Q-axix and D-axis 

 

 
Fig.6 2-phase flux linkages of  

 

 
Fig.7 2-phase flux linkages of  

 

 

 
Fig.8 Current 
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Fig.9 Speed of induction motor 

 

 
                                   Fig.10 Torque 

developed 

 
     

     Fig 6 with fig 7, the SVM-DTC system based on feedback 

linearization has much smaller torque ripple than 

conventionalDTCsystem.Infig.7, the blue curve is  the real speed 

of the SVM-DTC system, there done is the estimated speed of the 

system. The estimated speed is still well and truly at very low 

speed. From fig.9and fig.10,itcan be seen that the slide-mode 

observer  can estimate the speed of motor well and truly ,even 

though there is well developed torque. 
 

 

V. CONCLUSION 

A new SVM-DTC scheme based on input-output line arization 

has been presented in this paper. By analyzing the torque wave 

forms, it shows that the SVM-DTC scheme based on input –

output linearization can reduce torque ripples obviously 

.Simulations has been carried out. The simulation results verify 

that the SVM-DTC scheme based on input-output linearization 

achieves a reduction of torque ripple. The slide-mode observer 

can estimate stator flux well and truly even though there is 

exaggerated parameter variation. The speed estimation method is 

still validate very low-speed. 
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    Abstract- Customers are always been important for the 

business. With the high rate of competition in every market, it is 

critical to retain the customer/ loyal customers. The purpose of 

the paper is to highlight how short term actions with bit 

compromise with the profit will turn into long term customer 

loyalty and hence long term benefit. In this paper we will be 

focusing on understanding the customer retention and customer 

loyalty, their importance to the business. After analyzing the 

importance of benefits, we will understand the approach of how 

to increase customer retention and customer loyalty towards your 

business. Though there will be many strategies for each of them, 

we will also understand what considerations should be done 

while deciding the best strategy for the business as different 

business has different scope and also their limitations too.   

 

    Index Terms- Business-To-Customers (B2C), Return on 

Investment (ROI), Gift Certificate (GC), Equated Monthly 

Installment (EMI) 

 

I. INTRODUCTION 

 

   With the increase in the options the customer have today, be it 

in online or at store, it has become a cumbersome job to get the 

customers back to you. Today, the use of loyalty programs as a 

technique for companies to enlarge customer loyalty is extremely 

popular as it is believed that both consumers and companies can 

reap benefits from it. [4] For many products, there has been the 

tendency to shift from mass marketing of a homogenous product 

to anonymous buyers towards customization of product to meet 

the needs of known individuals whose needs have become 

observable through some form of dialogue based relationship.[5] 

Customers also appear to prefer certain styles of marketing from 

suppliers. When customers enter into a relationship with a firm, 

they are often eager to forego other options and to limit their 

choice. Some of the motivations to do so result from greater 

efficiency in decision making, reduction in information 

processing, achievement of greater cognitive consistency in 

decisions, and reduction of perceived risks associated with future 

decisions. Customer loyalty is being seen as important to the 

success of any retail organization, because it is known that 

drawing new customers is more expensive than keeping existing 

one. [6] 

   In this paper, we will discuss the strategies to increase the 

customer retention/loyalty which helps the business to make 

profit. We will first understand the importance of how they are 

important to the business, what could be the benefit while have 

the same customers to their business and then how to get them 

repeatedly. 

 

II. WHAT ARE CUSTOMER RETENTION/ LOYALTY? 

 

   Customer loyalty may be termed as the tendency of any 

customer to buy the goods that you sell rather than those 

available in the market with the same or comparable quality of 

the goods or services. Many companies have customer retention 

programs, incentives to motivate customers to remain customers. 

Think of supermarkets that recognize your patronage by giving 

you a percentage discount on your next purchase [7] 

   Customer Retention is the commotion which is carried out by 

the selling organization to condense the abandonment of the 

customers. The success of it starts when the customer contacts 

the organization for the very first time and then the relationship 

continues over the entire life span. For a company, it is not only 

important to draw in and hold back new customers, but also 

concerned with the product or services, the services its existing 

customers are creating and the reputation it creates in the 

marketplace – within and outside. 

 

 

III.     WHY CUSTOMER RETENTION AND LOYALTY IS 

IMPORTANT? 

   On average, online retailers lose 25% of their customers every 

year. It has been published that a small increase in customer 

retention can increase profits by more than 25%. The calculation 

to prove this is actually very simple. Suppose that 100,000 

customers buy from you every year and you expect 20% to never 

buy from you again.  If it costs you say $100 to acquire a new 

customer, then replacing the lost customers is costing you $2 

million dollars. In this scenario, for every percentage point that 

you decrease, you save $100,000. [2] 

   Customer “satisfaction” isn’t enough anymore [10]. Less 

than half of your satisfied customers will come back. You need 

to cross the bridge from customer satisfaction over to customer 

loyalty [10]. Customer retention is perhaps the most important 

influencer of profit growth, and a key motivator for executives to 

buy from you. It's so important because it costs so much to 

influence customers to buy and so little to induce a repurchase 

[12]. 

   Customer retention in turn earns the business a good reputation 

and goodwill in the open market. It also generates a healthy 

competition with the opponents. The record of retention of the 

customer is the best proof regarding the quality of the products 

and the services provided to them. It also paves the way for more 

research and development to happen in their products and 

services. The business also hears the voice of its existing and 

potential customers and adopts a methodology to offer the best 

customer satisfaction products and services in the open market. If 

http://en.wikipedia.org/wiki/Product_(business)
http://en.wikipedia.org/wiki/Marketplace
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a business is able to add new clientele and retain customers then 

it is a good sign for the overall business and those associated 

with it. [13] 

   It helps in our business when you need loyal customers for 

your business. We should make them happy and make sure that 

they feel that we respect them, give importance to their choice so 

that always they come back to you repeatedly, give more 

business to you by spending money. It is also vey helpful that 

when those customers become loyal, they would certainly refer 

your services, the quality of the products you sell to their friends 

and family. 

 
Figure 1: Why Customer Loyalty is Important? [14] 

 

IV. WHAT IS THE BENEFIT? 

   Customer Retention and Loyalty programs have very deep 

impact on the business which leads to a huge profit over a period 

of time. Fifty per cent consumer brands are taking their loyalty 

programs more seriously, said Florian Wolfframm, Head of 

Marketing and Rewards, PAYBACK India, while presenting the 

opening inaugural session of India’s largest Loyalty summit. [18] 

 A. Benefits of Customer Retention 

   The benefits are innumerous but some of them are discussed 

below 

i. Customer Acquisition cost is negligible: Hiring new 

customer needs a lot of time. It is important that we come up 

with the plan for acquisition, implement and then analyze 

the data as it flows in. It is also an important task that we 

track the number of customers coming as with new plans 

and strategy coming in. All this in place will free us for a 

time which we can utilize by creating value of what we 

know best. We can also understand which all things are 

attracting the customers and which not. 

 The cost of getting new customer is 5-12 times greater than 

the cost of retaining the old customer 

 

ii. Business knows who the existing customers are: We 

always think that only acquisition takes a lot of time. But we 

should also understand that even making the relationship 

with customer also needs time. Once we have created 

customers with our company, it is required that we spend 

time and energy on bonding the relationship with the new 

ones. We should put an effort to understand their 

expectation, shopping pattern, sensitivity to the price and 

affinity to the promotions/loyalty programs. This helps to 

create loyal customer but initially the profit from them is 

very less as compared to the old ones.  

 

iii. Helps to serve better: It is never good for the business to 

hire and fire your customers as and when they wish. This 

will always ruin the relationship and customers will never 

think of coming back to you even you are offering 

something which is really good. We do business to make 

money which no or least effort put into. 

 

iv. More profit: It requires a lot to acquire new customers - 

time, energy, man power, and money which is just an add on 

to the initial cost and hence less profit. We can only recover 

the cost invested during the acquisition process, when the 

customers are loyal to us i.e. they are with us over a period 

of time. With the existing loyal customer, we might have 

already recovered the amount and now we are earning a 

good profit out of them. But this is not the case with the new 

customers. Their worth is yet to be proved. Also in the 

beginning we never know whether they are going to stay 

with us or they will leave. Question arises in our mind, 

should we take the chance? Why should we take the chance? 

 

The ROI is up to 10 times higher for investments in 

customer retention than for acquisition of new customers 

B. Benefits of Customer Loyalty 

   Customer base is the deciding factor in the expansion of 

the business. So you must act towards the customer retention 

with intelligibly defined goals. The objective of the customer 

retentions shouldn’t be overlooked. It is vital to consider 

your goals when you need to works towards encouraging 

customer/brand loyalty. Some of the benefits obtained are: 

i. Increasing loyalty and customer retention by just 5% can 

increase profits by 75% [17] 
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                      Figure 2: Retention Profit 

 

ii. Most dissatisfied customers will eventually tell nine other 

people about their problem [17] 

 

iii. Only 4% of dissatisfied customers actually complain to the 

company [17] 

iv. Satisfied customers, on the other hand, tell 5-6 other 

people about their positive experience [17] 

 

v. Repeat business: Loyal customers will offer you more 

business as these are the customers who tend to have 

approach and buy from you more than the new customers. 

In a year, you will end up in selling more to loyal 

customers as compared to the new customers coming in. 

 

vi. More Quantity: As you have built good and reliable 

relationship with the customers, it will lead to the selling 

of more number of goods. This comes naturally as they 

rely on you and your products more than anybody else. In 

any case, higher volumes means, greater sales resulting 

into higher profits 

 

vii. Cross Selling Opportunities: Customers who are loyal 

have faith in the quality and varieties you sell for the 

products. This provides an opportunity for you that you 

can satisfy more of the needs of the customers than the 

traditional ones that you currently meet. So what this 

should mean to you. It’s simple. You can sell the 

products/services to the loyal customers across product 

lines which therein, increase the overall sales volume 

without putting an effort to attract the new customers. 

 

viii. Less Competition: The more loyal customers you have in 

your business, the safer you are with the competition 

world around. [1] It works as immunity toward the 

competitive forces around you. 
 

V. CUSTOMER RETENTION ANALYSIS 

   Customer Retention analysis helps us to answer the below 

queries 

i. What is my loyalty/retention rate? 

ii. Which brands and product types did our customers defect to 

most often?[21] 

iii. Why customers choose our brand instead of others available 

in the competitive world?  

iv. What exactly made the customers stick to us and make a 

repurchase – is it the brand quality or the competitive price? 

v. And, if you choose to include competitor brand owners in 

the analysis, you can also determine how your retention rate 

stacks up to the competition and why some competitor 

owners switch to your brand[21] 

 

   Customer Retention is calculated from the Churn Rate. Churn 

rate, when applied to a customer base, refers to the proportion of 

contractual customers or subscribers who leave a supplier during 

a given time period. It is a possible indicator of customer 

dissatisfaction, cheaper and/or better offers from the competition, 

more successful sales and/or marketing by the competition, or 

reasons having to do with the customer life cycle. The churn rate 

can be minimized by creating barriers which discourage 

customers to change suppliers (contractual binding periods, use 

of proprietary technology, unique business models, etc.), or 

through retention activities such as loyalty programs. It is 

possible to overstate the churn rate, as when a consumer drops 

the service but then restarts it within the same year. Thus, a clear 

distinction needs to be made between 'gross churn', the total 

number of absolute disconnections, and 'net churn', the overall 

loss of subscribers or members. The difference between the two 

measures is the number of new subscribers or members that have 

joined during the same period [20]. 

 

Retention Rate = 1 – (Churn Rate) 

 

VI. STRATEGY FOR CUSTOMER RETENTION AND LOYALTY 

 

   With the innumerous benefits we have discussed with the 

Customer Retention and loyalty, it is important to know what 

should be the strategy in order to achieve them. It is a very 

cumbersome and important to understand the impact and 

implement them in our business 

A. Strategy for Customer Retention 

   Though business implements some strategy to get the benefit 

out of the repeated customers, we need to understand the various 

strategies which they implement. Let us discuss some of the 

important ones below 

i. Proper Email Communication/Marketing: Avoid sending 

the emails to the huge list of customers with a high 

frequency. When the customer gets many mails which are 

not of their interest, then this leads to disengagement of 

customers rather than retention. Try to differentiate the 

customers with proper demographics and purchase 

information, and send the right mails with personalized 

information to the right customers. 

 

ii. Understand the value of lifetime: You should know how 

much business and profit you are going to gain with a 

customer over the lifetime. Once the analysis for a customer 

is done, it is easy to understand the importance of the 
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customer retention in the business. Share of wallet combined 

with lifetime value help us to understand which customer 

has more potential for growth which allows to focus on the 

customers that is critical to the business 

 

iii. Analyze and sell: Retailers perform the research to find the 

frequency of customer visit and purchase of good. They 

focus on converting the site into the sale. You should know 

which products sell well together and which ones is an 

obvious after sale. You should also know how long it takes 

the customers to purchase again so you can strike when the 

customer is thinking of another purchase. [2] So, what you 

need to do is- sell and then analyze. 

 

iv. Customer Feedback and Solicit Complaints Regularly: 
There are a lot issues faced by the customers when they 

make a purchase of goods/services. But they feel hurt when 

there is nobody to help or resolve their issues – customer 

care representative did not answer your query, queue is long 

and unmanageable, no helper to describe the product. It 

takes less time to hear the customer’s problem and resolve. 

When you do so immediately, customer feel they are being 

heard and valued. This may lead to forget the bad feedback 

he had and make him happier.   

 

v. Give Surprises To Customers: Loyalty programs will keep 

on adding the points when they make any purchase. There 

are several retailers who gift their customer when a threshold 

spent amount is reached. Consider that you are booking your 

flights with yatra.com by being registered user. Once you 

have reached to a reward point of 500, you will get the free 

Reebok wrist watch free. This would be a surprise for the 

customers as they were unaware of this. 

B. Strategy for Customer Loyalty 

   Understanding the strategies for the customer loyalty is very 

important to the business as this provides them a huge profit over 

a period of time. The more better strategy, the more loyal 

customers and hence more benefit from them. Below we will 

discuss the different strategies: 

i. PAYBACK: PAYBACK is India’s first and one of Europe’s 

largest multi-partner loyalty programs. PAYBACK has 30 

partners in the network, namely ICICI bank, HPCL, BIG 

Bazaar, Make my trip, Megamart, UniverCell, Hometown, 

Food bazaar, Ezone, Central, Brand factory, book my 

show.com, Letsbuy.com. The largest partner portfolio and 

widest range of redemption points in India assure that 

members can not only collect points for everyday shopping 

quickly from many outlets using just one card but also easily 

convert them into attractive rewards. Companies benefit 

from PAYBACK’s state-of-the art direct marketing and 

couponing services. [18] 

 

ii. Discount over time/volume of goods: The seller offers a 

low price of goods or services in return of the buyer 

purchasing the good at an extended period of time. Say, if 

you buy laptop from Croma and pay some amount then you 

may get extended warranty on your laptop. Also, there are 

offers from the retailer/seller that they provide the buyers 

with some percentage of the amount paid if you buy the 

premium for a period of time. This attracts many buyers and 

also makes the customer dedicated to the buyer for over the 

period of time. 

 

iii. Bundle goods: The seller sells ancillary goods or services 

with the main item at no extra cost. Personal computer 

manufacturers such as HP or Sony bundle printers, monitors 

and even 24-hrs service at the price of computer. But the 

seller needs to make sure that they do not compromise with 

the overall benefit with the bundles they create and sell 

 

iv. EMI option: With the price hikes over a period of time, it 

has become difficult for the middle class buyers to afford 

expensive products/services. In this case, EMI option is a 

boon to the sellers and the buyers. Buyers are attracted to the 

retailers which provide this facility which provide a term 

relationship and confidence with the sellers. 

 

v. Pre-purchase/Buy Forward: The seller offers a discounted 

price to a buyer who pays in advance for an amount of goods 

or services to be delivered at some future date or over a 

certain time period, with the discount rate being greater than 

the interest rate paid on money placed in a low-risk 

investment. The benefit of this technique to the seller is that 

it locks in the buyer’s business over a certain period. The 

benefit to the buyer is that it eliminates any price increases 

during the contracted period.[19] 

 

vi. Membership/Loyalty Program: Loyalty programs or 

memberships are created in an effort to increase the 

marketing which therefore increases the loyalty of the 

customers. In retail world of marketing, reward points, 

loyalty card, club card is either an account or card which is 

same as debit/credit card which will be associated to the 

customer and the benefits as per the program he/she has 

applied for. Consider that a retailer sponsors a membership 

card which will add on the points to the purchases you do. 

Also the members of the loyalty program will get the special 

benefit (20% additional off on the current sales value). This 

will help the customers coming back to the retailer/seller 

repeatedly 

 

vii. Frequent Buyer Program: With the increase in 

competition in the retail world, retailers offer the rebate/low 

or free cost/service to the customers if the number of 

purchases or the total purchase amount reaches the limit. 

This creates the tendency in the customers to make those 

counts of purchases or the total purchase value in order to 

get the offer. It increases the sale of product leading to 

customer loyalty over that period of time 

 

viii. Issue Gift Card/Certificates: Retailers have introduced the 

concept of Gift vouchers (with some amount and validity) of 

their company known as Gift Certificates/cards (GC). With 

the variety of choices and different tastes of everybody, it is 

difficult to gift our dear ones with the things that they would 

love. So GC demand has increased a lot. With the GCs, it 
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binds the buyer to go to the retailer who has issued the GCs 

and spend the amount. With the available amount of GC, 

customer will end up in buying the goods more than the cost 

and hence increase in selling of goods. If one likes the 

concept and the availability of goods, then customers 

become regular one.  Also, issue some amount of gift 

certificate to the customer when the transaction amount 

reaches the offer limit (say make a purchase of Rs.2500, get 

the gift certificate of Rs200) 

 

ix. Return Policy for Privileged/Loyal Customer: The 

retailer/seller offers the extended return policy to the 

member of their shop (i.e. Loyal Customers). Consider that 

if you are member, you can return the goods within 45 days 

rather than 15 days for the regular customers who are not 

member. This provides confidence to the customers as return 

is always a major concern of many.  

    

VII. HOW TO CHOOSE BEST LOYALTY PROGRAM? 

 

   As we have discussed innumerous Loyalty Programs, it is 

important to understand which will suit your business. In order to 

come to a conclusion, it is good to consider the below  

 

i. Choose a web-based (cloud) solution that does not require 

local software 

ii. Choose a program that separates your business from the 

crowd and allows customized rewards 

iii. Keep it simple and focus on your business operations, not 

your loyalty program 

iv. Make sure you have the ability to quantify the use of your 

loyalty program 

v. Choose a loyalty program that gives you the ability to easily 

change rewards at any time 

vi. Choose a loyalty program that can also be used for direct 

email, mail, or social media marketing 

vii. A loyalty program that allows your business to provide 

nonprofits a fundraising program using your merchandise, 

food, or services is a bonus [16] 

 

VIII. CONCLUSION 

 

   With the understanding of the behavior of the customers and 

satisfying them provides the benefit to the business in the long 

term. Establishing good relationship with them by providing 

better services will create customer loyalty and hence more visits 

over time. This will bring more profit to the business in long-

term and will reduce the competition.  

   We have identified the strategies which attract the customers to 

the retailer and also understood the considerations to be done 

while implementing them. With this, it will help the business to 

gain customer retention and loyalty towards their business if they 

implement them diligently. And also, we have scope to 

understand when the business has to re-visit their strategies so 

that they do not lag behind in this competitive world.  
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