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A Comparative Study of Different Artificial Neural 

Networks Based Intrusion Detection Systems 

Afrah Nazir 

 
 Computer Engineering Section, Women’s Polytechnic, A. M. U. Aligarh, 202002, India 

 
Abstract- Information is an important asset of an organization. 

Large amount of information need to be stored and processed in 

network based computers. The confidentiality, integrity and 

availability of the system resources have raised the vulnerability 

of these systems to security threats, attacks and intrusions. One 

idea is to use a neural network algorithm for detecting intrusions. 

The neural network algorithms are popular for their ability to 

’learn’ the patterns in a given environment and thus can be 

trained to detect intrusions by recognizing patterns of an 

intrusion. In this work we perform a comparative study of 

Multilayer Feed Forward, Elman Back Propagation, Cascaded 

Forward Back Propagation and Self Organizing Feature Map 

neural networks based intrusion detection systems. In this study 

we work on the well structured KDD CUP 99 dataset. 

 

Index Terms- Multilayer Feed Forward (MLFF), Self Organizing 

Feature Map (SOFM), Elman Back Propagation (ELBP), 

Cascaded Forward Back Propagation (CFBP) Intrusion Detection 

Systems (IDSs). 

 

I. INTRODUCTION 

n a network based computers large amount of information 

need to be stored and processed and thereby raising their 

vulnerabilities to attacks. An intrusion is defined as any set of 

actions that compromise the integrity, confidentiality or 

availability of a resource in a system. Data integrity is the 

assurance that data received are exactly as sent by an authorized 

entity (i.e. contain no modification, insertion, deletion, or replay). 

Data confidentiality is the protection of data from unauthorized 

disclosure. Availability of resource or access control is the 

prevention of unauthorized use of resource. 

        An intrusion detection system inspects all inbound and 

outbound network activities and identifies suspicious patterns 

that may indicate a network or system attack from someone 

attempting to break into or compromise a system. The learning 

ability of neural networks can be used in connection with an 

intrusion detection system, where the neural network algorithm 

can be trained to detect intrusions by recognizing patterns of an 

intrusion. 

        This work compares and evaluates the performance of 

Multilayer Feed Forward, Elman Back Propagation and 

Cascaded Forward Back Propagation neural networks approaches 

to intrusion detection based on classification rate, false positive 

rate and false negative rate for each of the four classes of attacks 

present in KDD CUP 99 Dataset. 

        This paper is organized as follows. In next section, we 

discuss related work in the area of intrusion detection using 

Neural Networks. In the next four sections, we discuss the details 

of different neural networks used for intrusion detection in this 

study, namely, Self Organizing Feature Map, Multilayer Feed 

Forward Neural Network, Elman Back Propagation, Cascaded 

Forward Back Propagation and Neural Network. In section 7, we 

discuss the training and test datasets used in this study. In section 

8, we discuss the various performance evaluation criteria. In 

section 9, we show our system’s results and finally conclude in 

last section. 

 

II. RELATED WORKS 

        The intrusion detection systems operate by making results in 

the sense of predictions based on known as well as unknown 

patterns. With the use of neural network models it is possible to 

comply with this process, since these models offer the option to 

train a custom network and use it as some sort of a trainer for 

new incoming network connection and thereby detect abnormal 

behaviors. 

        A Multilayer Perceptron (MLP) was used in [1] for anomaly 

detection. The proposed model is a single hidden layer neural 

network. The performance of this model tested on the DARPA 

1998 data set was a correct detection rate of 77%with 2.2%false 

alarms. 

        A Self Organizing Map was selected in [2] for intrusion 

detection. In that work, the self-organizing map was designed to 

learn the characteristics of normal activities. The variations from 

normal activities provided an indication of a virus. 

        In [9], SOM was used to map the network connections onto 

2-dimensional surfaces, which were displayed to the network 

administrator. The intrusions were easily detected in this view. 

However, the approach needs a visual interpretation by the 

network administrator. 

        In this work, we develop and perform a comparative study 

of different neural networks based IDSs. 

 

III. KOHONEN’S SELF ORGANIZING FEATURE MAPS (SOFM) 

        The model was first described by the professor Teuvo 

Kohonen and is thus sometimes referred to as a Kohonen Map. 

The SOFM is often used in the fields of data compression and 

pattern recognition. The structure of the SOFM is a single feed 

forward network, where each source node of the input layer is 

connected to all output neurons. The number of the input 

dimensions is usually higher than the output dimension. The 

neurons of the Kohonen layer in the SOFM are organized into a 

grid. The training utilizes competitive learning, meaning that 

neuron with weight vector that is most similar to the input vector 

is adjusted towards the input vector. This neuron is said to be the 

’winning neuron’ or the Best Matching Unit (BMU). 

I 
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        The weights of the neurons close to the winning neuron are 

also adjusted but the magnitude of the change depends on the 

physical distance from the winning neuron and it is also 

decreased with the time. The algorithm tries to find clusters such 

that two neighboring clusters in the grid have codebook vectors 

close to each other in the input space. Another way to look at this 

is that related data in the input data set are grouped in clusters in 

the grid. 

        The algorithm proposed by Kohonen follows two basic 

equations: matching and finding the winner neuron determined 

by the minimum Euclidean distance to the input. The topological 

ordering property has induced in adopting Self- Organizing 

Feature Map for intrusion detection. 

 

IV. MULTILAYER FEED FORWARD NEURAL NETWORK 

(MLFF) 

        Artificial Neural Networks can be viewed as parallel and 

distributed processing systems which consists of a huge number 

of simple and massively connected processors. The MLP 

architecture is the most popular paradigm of artificial neural 

networks in use today. The neural network architecture in this 

class share common feature that are as follows: - 

        All neurons in a layer are connected to all neurons in 

adjacent layers through unidirectional branches. That is, the 

branches and links can only broad information in one direction, 

that is, the "forward direction”. The branches have associated 

weights that can be adjusted according to a defined learning rule.  

        Feed forward neural network training is usually carried out 

using the called BPA. Hence it is also called by the name Back 

Propagation Network (BPN). Training the network with BPA 

results in a non-linear mapping between the input and output 

variables. Thus, given input/output pairs, the network can have 

its weights adjusted by the BPA to capture the non-linear 

relationship. After training, the networks with fixed weights 

provide the output for the given input.  

 

V. ELMAN BACK PROPAGATION NEURAL NETWORK 

(ELBP) 

        A strict feed forward architecture does not maintain a short-

term memory. Any memory effects are due to the way past inputs 

are represented to the network (as for the tapped delay line). A 

simple recurrent network, Elman network, has activation 

feedback which embodies short-term memory.   

        A state layer is updated not only with the external input of 

the network but also with activation from the previous forward 

propagation. The feedback is modified by a set of weights as to 

enable automatic adaptation through learning (e.g. back 

propagation).  

        In the Elman neural network, if it is a fully recurrent 

network, every neuron receives inputs from every other neuron in 

the network. These networks are not arranged in layers. Usually 

only a subset of the neurons receive external inputs in addition to 

the inputs from all the other neurons, and another disjoint subset 

of neurons report their output externally as well as sending it to 

all the neurons. These distinctive inputs and outputs perform the 

function of the input and output layers of a simple recurrent 

network, and also join all the other neurons in the recurrent 

processing. 

 

VI. CASCADED FORWARD BACK PROPAGATION NEURAL 

NETWORK (CFBP) 

        A cascade correlation net consists of input units, hidden 

units, and output units.  Input units are connected directly to 

output units with adjustable weighted connections. Connections 

from inputs to a hidden unit are trained when the hidden unit is 

added to the net and are then frozen. Connections from the 

hidden units to the output units are adjustable consequently. 

        Cascade correlation network starts with a minimal topology, 

consisting only of the required input and output units. This net is 

trained until no further improvement is obtained. The error for 

each output until is then computed. Next, one hidden unit is 

added to the net in a two-step process. During the first step, a 

candidate unit is connected to each of the input units, but is not 

connected to the output units. The weights on the connections 

from the input units to the candidate unit are adjusted to 

maximize the correlation between the candidate’s output and the 

residual error at the output units.  

        The residual error is the difference between the target and 

the computed output, multiplied by the derivative of the output 

unit’s activation function, i.e., the quantity that would be 

propagated back from the output units in the back propagation 

algorithm. When this training is completed, the weights are 

frozen and the candidate unit becomes a hidden unit in the net.  

        The second step in which the new unit is added to the net 

now begins. A second hidden unit is added using the same 

process. The process of adding a new unit, training its weights 

from the input units and the previously added hidden units, and 

then freezing the weights, followed by training all connections to 

the output units, is continued until the error reaches an acceptable 

level or the maximum number of epochs (or hidden units) is 

reached. 

 

VII. TRAINING AND TESTING DATASETS 

        The dataset used in this study for intrusion detection is the 

KDD Cup 99 Dataset [9]. The KDD 99 intrusion detection 

datasets are based on the 1998 DARPA [7] initiative, which 

provides designers of intrusion detection systems (IDS) with a 

benchmark on which to evaluate different methodologies. 

 

7.1 Categories of Attacks in KDD 99 Dataset 
        Attacks in KDD 99 Dataset fall in the following four major 

categories: 

        Denial of Service (DoS) attacks: - DoS is a class of attacks 

where an attacker makes some computing or memory resource 

too busy or too full to handle legitimate requests, thus denying 

legitimate users access to a machine There are different ways to 

launch DoS attacks: by abusing the computer's legitimate 

features, by targeting the implementations bugs; or by exploiting 

the system's misconfigurations. Smurf, Teardrop, Neptune, pod 

are the common DoS attacks.  

        Probe: - Probe is a class of attacks where an attacker scans 

a network to gather information or find known vulnerabilities. 
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An attacker with a map of machines and services that are 

available on a network can use this information to look for 

exploits. Portsweep and Satan are the common Probing attacks.  

        User to root attacks (U2R): - User to root exploits are a 

class of attacks where an attacker starts out with an access to a 

normal user account on the system and is able to exploit 

vulnerability to gain root access to the system. Rootkit and perl is 

the User to Root attacks.  

        Remote to user attacks (R2L): - A remote to user is a class 

of attacks where an attacker sends packets to a machine over a 

network, then exploits machine's vulnerability to illegally gain 

local access as a user. Multihop, Spy, is the common Remote to 

User attacks.  

 

7.2 Training Dataset  

        The “10 % KDD” dataset is used for the training of different 

intrusion detection systems. It includes 22 types of attacks 

connections. This dataset contains 22 attack types and is a more 

concise version of the “Whole KDD” dataset. It contains more 

examples of attacks than normal connections and the attack types 

are not represented equally. Denial of Service attack accounts for 

the majority of records of the dataset. 

 

7.3 Test Dataset 

        The “Corrected KDD” dataset is used for testing purpose. 

The “Corrected KDD” dataset provides a data with different 

statistical distributions as compared to the data present in either 

“10% KDD” or “Whole KDD” datasets. Labels for each of the 

connection records are used to verify our classification 

predictions made during testing. 

 

VIII. EVALUATION CRITERIA 

        Following are the different criteria for performance 

evaluation of the different neural networks based intrusion 

detection systems.  

 

8.1 Classification Rate (CR) 

        It denotes true-positives rate or true-negatives rate. An 

intrusion detection system gets more accurate as it detects more 

attacks and raises fewer false alarms. Or in other words its 

classification accuracy or classification rate is high. 

 

True-positives = Total Number of Normal Instances detected & classified by the system 

Total Number of Normal Instances present in the Test Dataset 

 

True-negatives = Total Number of Attack Instances detected & classified by the system 

Total Number of Attack Instances present in the Test Dataset 

 

Classification Percent is True-positives x 100 or True-negatives x 100. 

 

 

8.2 Mean Square Error 

        Mean Square Error (MSE) is the squared prediction error. 

Lesser the MSE the better the classification rate of the network, 

this means less number of false classification. 

 

8.3 Confusion Matrix 

        Network Intrusion detection is a two-class classification 

problem i.e. classify a connection record to a normal or an attack 

connection. Its effectiveness can be defined as the ability to make 

correct predictions of samples. Table 1 shows the confusion 

matrix for Normal-Attack Classification problem.  

 

Table 1 Confusion Matrix 

 

Predicted  

Negative 

 

Positive Actual  

Negative a b 

Positive c d 

 

 False-Positive Rate =   b / (a + b) 

False-Negative Rate =   c / (c + d) 

 

        A False-positive (FPR) occurs when the system classifies an 

action as anomalous (a possible intrusion) when it is a legitimate 

action. Although this type of error may not be completely 

eliminated, a good system should minimize its occurrence.  

        A False-negative (FNR) occurs when an actual intrusive 

action has occurred but system allows it to pass as non-intrusive 

behavior. This implies malicious data is not detected and alerted. 

It is a more serious error. 

 

8.4 Training Time  

        Training time is the time required to train the network 

according to the parameters set for training. It is measured in 

seconds. In this study training time for each of the 5-Folds of the 

5-Fold Cross Validation training approach is calculated for each 

of the Sub-dataset of the specific connection type (normal, DoS, 

R2L, U2R).  

 

IX. EXPERIMENTAL RESULTS OF DIFFERENT NEURAL 

NETWORK BASED INTRUSION DETECTION SYSTEMS 

        In the previous section, we described the various 

performance evaluation criteria. Now, we list the results of 

comparison of the four different neural networks intrusion 

detection systems namely: (i) MLFF, (ii) CFBP, (iii) ELBP and 

(iv) SOFM based IDS, on the basis of these performance 

evaluation criteria. 

 

9.1 Results with Different Training Functions 

        Here in this section, the results are shown for testing new 

untrained connection records on the “41 41 40 1” neural 

architecture. This implies that each of the neural network 

intrusion detection systems contains 41 nodes in input layer, 41 

nodes in first hidden layer, 40 nodes in second hidden layer and 1 

node in output layer. The MLFF, CFBP and ELBP are evaluated 
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on this architecture with the training parameters as listed in Table 

2. 

 

Table 2 Training Parameters for “41 41 40 1” Neural Network 

Architecture 

 

Parameters for training Value of the parameter 

Number of Nodes in Input Layer 41 

Number of Nodes in Output Layer 1 

Number of Nodes in First Hidden 

Layer 

41 

Number of nodes in second 

Hidden Layer 

40  

Training Functions  trainoss OR traingdx OR 

trainrp 

Activation function for HL1, HL2 

& OL 

tansig, logsig &  purelin 

Learning Rate  and Number of 

Epochs 

0.2 & 1000 

 

         1. CFBP Neural Network Intrusion Detection System: 
The Average Classification Rate for CFBP Neural Network is 

shown in Table 3. The percentage of normal or attack 

connections detected by CFBP network using “trainrp” function 

is the higher of the other two functions. Like for example CR (%) 

for correctly classified data of class DoS is 90.03 % with 

“trainoss” function, 92.76 % with “traingdx” function and 94.73 

% with “trainrp” function. However the classification rate of R2L 

with “trainoss” training function is good as compared to 

classification rate (%) of 81.84 with “traingdx” function, but still 

the classification percentage for R2L is better with “trainrp” 

function. 

 

 

Table 3 Average Classification Rate for CFBP Neural Network 

 

 

Training function Class Classification Rate (%) 

Trainoss Normal 92.77 

 DoS 90.03 

 Probe 90.23 

 U2R 81.23 

 R2L 84.73 

Traingdx Normal 92.83 

 DoS 92.76 

 Probe 93.08 

 U2R 86.47 

 R2L 81.84 

Trainrp Normal 93.86 

 DoS 94.73 

 Probe 94.05 

 U2R 90.08 

 R2L 92.36 

 

         2. MLFF Neural Network Intrusion Detection System: 
The Average Classification Rate for MLFF Neural Network is 

given in Table 4. The percentage of normal or attack connections 

detected by MLFF network using “trainrp” function is the higher 

of the other two functions. Like for example the classification for 

attack type “DoS” is 97.78 % using “trainoss” training function, 

while it is 96.85 using “traingdx” training function and 97.88 % 

using “trainrp” training function. This shows that for the attack 

type DoS the performance of “trainoss” training function is better 

than the “traingdx” training function.  

 

 

Table 4 Average Classification Rate for MLFF Neural Network 

 

Training function Class Classification Rate (%) 

Trainoss Normal 96.44 

 DoS 97.78 

 Probe 97.38 

 U2R 90.86 

 R2L 91.01 

Traingdx Normal 96.75 

 DoS 96.85 

 Probe 96.91 

 U2R 89.95 
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 R2L 92.06 

Trainrp Normal 97.75 

 DoS 97.88 

 Probe 97.92 

 U2R 90.88 

 R2L 95.46 

 

         3. ELBP Neural Network Intrusion Detection System: 

The Average Classification Rate for ELBP Neural Network is 

given in Table 5. Classification rate with “trainrp” is better of 

other two training functions. 

 

Table 5 Average Classification Rate for ELBP Neural Network 

 

 

Training function Class Classification Rate (%) 

Trainoss Normal 97.75 

 DoS 97.95 

 Probe 97.95 

 U2R 92.89 

 R2L 96.76 

Traingdx Normal 98.57 

 DoS 97.98 

 Probe 98.81 

 U2R 94.56 

 R2L 97.66 

Trainrp Normal 98.59 

 DoS 99.95 

 Probe 98.91 

 U2R 94.95 

 R2L 97.86 

 

         4. Performance of Different Neural Networks based 

ID s  sin  “trainoss”   nction: Figure 1 shows, the 

performance of ELBP network is better than other two networks 

using “trainoss” function. For the classes normal, DoS and Probe 

the performances of ELBP and MLFF neural networks in terms 

of classification rate are very close. CR (%) of attack type Probe 

is 97.38 % using MLFF neural network, while for ELBP it is 

97.95 %. 

 

0
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40
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80

100

CR (%)

Normal DoS Probe U2R R2L

Class

Classification Rate (%) for CFBP, ELBP and MLFF Neural Network 

IDSs using "trainoss" function

CR (%) CFBP

CR (%) MLFF

CR (%) ELBP

 
 

Figure 1 Classi ication Rate  it  “trainoss”   nction 

 

         5. Per or ance  sin  “train  x”   nction: Figure 2 

shows that the classification rate for various classes of data with 

MLFF neural network is close to classification rate with ELBP 

network, but still the performance of ELBP neural network IDS 

is better. 
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Fi  re 2 Classi ication Rate  it  “train  x”   nction 

 

         6. Performance of Different Neural Network IDSs using 

“trainrp”   nction: Figure 3 shows that the performance of 

ELBP neural network IDS is better than other two networks with 

“trainrp” function for all classes of connection records under 

testing. It is clear from Figure 3 that by using this training 

function the difference in classification rate compared to all three 

neural network IDSs is large for all the classes of connections. 
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Fi  re 3 Classi ication Rate (%)  it  “trainrp”   nction 

 

         7. Mean Square Error for CFBP, MLFF and ELBP 

Ne ral Net ork ID s  sin  “trainoss”: Smaller mean square 

error implies better the classification rate and lesser the rate of 

misclassifications. Table 6 shows that MSE using “trainoss” 

training function is larger for CFBP neural network (i.e. average 

of 0.06854) in comparison to other networks. 

 

Table 6 MSE using “trainoss” function 

 

Class MSE for 

CFBP 

MSE for 

MLFF 

MSE for 

ELBP 

Normal 0.0236 0.0092 0.0037 

DoS 0.0468 0.0034 0.0035 

Probe 0.0447 0.0037 0.0035 

U2R 0.1642 0.0447 0.0324 

R2L 0.0634 0.0346 0.0084 

 

         8. Mean Square Error for CFBP, MLFF, and ELBP 

Ne ral Net orks ID s  sin  “train  x”: ELBP neural 

network shows that the mean square error is 0.0051 (average 

MSE for all classes), which is smaller than the MSE of 0.058 

with CFBP neural network and a MSE of 0.0192 with MLFF 

neural network (see table 7).  

 

Table 7 M E  sin  “train  x”   nction 

 

Class MSE for 

CFBP 

MSE for 

MLFF 

MSE for 

ELBP 

Normal 0.0221 0.0084 0.0029 

DoS 0.0234 0.0049 0.0032 

Probe 0.0207 0.0046 0.0021 

U2R 0.0607 0.0457 0.0136 

R2L 0.1631 0.0324 0.0037 
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         9. Mean Square Error for CFBP, MLFF, and ELBP 

Ne ral Net orks ID s  sin  “trainrp”: Smaller mean square 

error implies better classification rate and lesser the rate of 

misclassifications. Table 8 shows that MSE using “trainrp” 

training function is larger for CFBP neural network in 

comparison to other networks. 

 

Table 8 M E  sin  “trainrp”   nction 

 

Class MSE for 

CFBP 

MSE for 

MLFF 

MSE for 

ELBP 

Normal 0.0203 0.0036 0.0028 

DoS 0.0198 0.0033 0.0005 

Probe 0.0121 0.0031 0.0020 

U2R 0.0457 0.0442 0.0124 

R2L 0.0246 0.0102 0.0034 

 

         10. Average MSE Performance of Different Neural 

Networks: Figure 4(a) shows the variations in MSE with 

“trainrp” training function are larger for CFBP neural network 

IDS in comparison to other neural networks IDSs. 

 

 

Variations in MSE for CFBP, MLFF and ELBP Neural Network IDSs using "trainrp" 

Training Function
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Figure 4(a): MSE using “trainrp” training function 

 

         Figure 4(b) shows the variations in MSE with “traingdx” 

training function is larger for CFBP. However the MSE is very 

small for the attack types DoS and Probe, with both the ELBP 

and MLFF neural networks. 
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Figure 4(b): MSE using “traingdx” training function 

 

         Figure 4(c) shows the variations in MSE with “trainoss” 

training function is smaller and very similar for both the MLFF 

and ELBP neural networks for all the attack classes, except for 

attack R2L for which MLFF neural network IDS has greater 

value as compared to ELBP.  
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Fi  re 4(c): M E  sin  “trainrp” trainin    nction 

 

         11. Average Classification Rate for Three Different 

Neural Network Intrusion detection systems: Table 9 shows 

overall Classification Rate (%) for “41 41 40 1” Neural Network 

Architectures for CFBP, MLFF and ELBP Intrusion detection 

systems using all 3 different training functions. Results show that 

ELBP Neural Network with training function “trainrp” is better 

of all the other networks with Classification Rate of 98.04 %. 

 

Table 9 Average Classification rate using different training 

functions 

 

Training 

Function 

CR (%) 

for CFBP 

CR (%)  

for MLFF 

CR (%)  

for ELBP 

Trainoss 87.82 94.50 96.66 

Traingdx 89.39 94.69 97.53 

Trainrp 93.82 95.98 98.04 

  

         Figure 5 shows the variations in classification rate (%) for 

three different neural networks IDSs with 3 different training 

functions. Classification rate percentages with ELBP are higher 

of the other two neural networks. The ELBP neural network 

intrusion detection system achieves the better performances for 

all the classes of attacks using “trainrp” training function. The 

classification rate (%) for MLFF neural network using training 

function “trainoss” and “trainrp” is almost similar to ELBP IDS. 

 

 

Variations in Classification Rate (%) using three different Training 

Functions
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Figure 5: Variations in CR for 3 different Neural Networks 

 

9.2 Test results by varying number of nodes in hidden layer 

         Here in this section, the results are shown for testing new 

untrained connection records on the “41 41 35 1” neural 

architecture. This implies that number of nodes in second hidden 

layer is changed from 40 to 35. The effects of change in number 

of nodes on the performances of the MLFF, CFBP and ELBP 

neural networks are given in this section. 

1. Effects of change in Number of Nodes in second 

Hidden Layer for CFBP Network: Table 10 shows, 

with the change in the number of nodes in the second 

HL from 40 to 35, the CR degrades significantly 

thereby leading to an increase in misclassifications. 
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Table 10 Change in Classification Rate for CFBP with 35 

Nodes in Hidden Layer 2 

 

Network 

Architecture 

CR with 

“trainoss” 

CR with 

“train  x” 

CR with 

“trainrp” 

35 Nodes in 

HL 2 

0.8682 0.8834 0.9287 

41 Nodes in 

HL 2 

0.8782 0.8939 0.9382 

 

         2. Effects of change in number of nodes in second 

Hidden Layer for MLFF Network: Table 11 shows, with the 

change in the number of nodes in the second hidden layer from 

40 to 35 the classification rate degrades significantly for MLFF 

network. For example CR is 0.9498 with 35 nodes using 

“trainrp”, while it is 0.9598 with 40 nodes. 

 

Table 6.11 Change in Classification Rate for MLFF with 35 

Nodes in Hidden Layer 2 

 

Network 

Architecture 

Classification 

rate with 

“trainoss” 

Classification 

rate with 

“train  x” 

Classification 

rate with 

“trainrp” 

35 Nodes in 

HL 2 

0.9421 0.9361 0.9498 

41 Nodes in 

HL 2 

0.9450 0.9469 0.9598 

 

         3. Effects of change in Number of Nodes in second 

Hidden Layer for ELBP Network: Table 12 shows degradation 

in classification rate for ELBP Neural Network with the change 

in the number of nodes in the second hidden layer from 41 to 35. 

 

Table 12 Change in Classification Rate for ELBP with 35 

Nodes in Hidden Layer 2 

 

Network 

Architecture 

Classification 

rate with 

“trainoss” 

Classification 

rate with 

“train  x” 

Classification 

rate with 

“trainrp” 

35 Nodes in 

HL 2 

0.9566 0.9657 0.9724 

41 Nodes in 

HL 2 

0.9666 0.9753 0.9804  

 

         4. Average Classification Rate with Three Different 

Training Function by Varying Nodes of Second Hidden 

Layer: Table 13 shows classification rate (%) for CFBP, MLFF 

and ELBP Neural Networks with three different training 

functions, by varying number of nodes in second hidden layer to 

35 from 40. This average of CR is taken as the union of all attack 

and normal connections recognized correctly by the classifier. 

The CR achieved through ELBP neural network using training 

function”trainrp” is higher as compared to other two neural 

networks by varying nodes in second hidden layer. The overall 

CR percentage is reduced for all networks as compared to CR 

given in Table 9. 

 

Table 13 Average Classification rate by varying Number of 

Nodes in Hidden Layer 

 

Training 

Function 

CR (%) 

for CFBP 

CR (%) 

for MLFF 

CR (%) 

for ELBP 

trainoss 86.82 94.21 95.66 

traingdx 88.34 93.61 96.57 

trainrp 92.87 94.98 97.24 

 

         6. Variations in Average Classification Rate with 

Change in Number of Nodes: Figure 6 shows graphically the 

variations in the classification rate for each of the 5 classes 

shown in table 14, for ELBP network using training function 

“trainrp”, with the change in the number of nodes from 40 to 35 

in HL 2. Similar variations exist for other networks.  

 

Table 14(a) Variations in CR  or “41 41 40 1” an  “41 41 35 

1” ELBP Net ork 

 

Class CR for ELBP with 

40 nodes in HL 

CR for ELBP with 

35 Nodes in HL2  

Normal 0.9842 0.9798 

DoS 0.9978 0.9897 

Probe 0.9874 0.9850 

U2R 0.9478 0.9391 

R2L 0.9769 0.9688 
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Figure 6 shows the changes in CR with the change in the number of nodes in hidden layer. 
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Neural Network

Variations in Classification Rate with the change in Number of 

Nodes in Hidden Layer

Normal
DoS
Probe
U2R
R2L

 
Figure 6: Effects of number of hidden layer nodes on ELBP network 

 

         Table 14(b) shows the variations in classification rate for 

different classes of data with MLFF neural network. The 

classification rate for attack class U2R is reduced to a greater 

extent by the change in number of nodes in second hidden layer 

from 41 to 35. CR for U2R is changed from 90.88 % to 84.78 %. 

 

 

Table 14(b) Variations in CR  or “41 41 40 1” an  “41 41 35 1” MLFF Net ork 

 

Class CR for MLFF with 40 nodes in HL CR for MLFF with 35 Nodes in HL2  

Normal 0.9775 0.9601 

DoS 0.9788 0.9533 

Probe 0.9792 0.9671 

U2R 0.9088 0.8478 

R2L 0.9546 0.9343 

 

         Table 14(c) shows the variations in classification rate for 

different classes of data with CFBP neural network. The 

classification rate for attack classes U2R and R2L is reduced to a 

greater extent by the change in number of nodes in second 

hidden layer from 41 to 35. CR for U2R is changed from 90.08 

% to 84.23 %. CR for U2R is changed from 92.36 % to 85.56 %. 

 

 

Table 14(c) Variations in CR  or “41 41 40 1” an  “41 41 35 1” CFBP Net ork 

 

Class CR for MLFF with 40 nodes in HL CR for MLFF with 35 Nodes in HL2  

Normal 0.9386 0.9123 

DoS 0.9473 0.9186 

Probe 0.9405 0.9236 

U2R 0.9008 0.8423 

R2L 0.9236 0.8556 

 

9.3 Results for SOFM Neural Network Intrusion Detection 

System 

         Parameters of SOFM Neural Network training are defined 

in Table 13. Table 15 below shows CR (%) using SOFM for 5 

different classes. CR (%) for class “Probe” i.e. 98.81 % is higher 

of all other classes by using SOFM neural network. 

 

Table 15 CR (%) for SOFM Neural Network 

 

Class CR (%) 

Normal 98.76 

DoS 97.72 

Probe 98.81 

U2R 91.36 

R2L 91.36 

 

9.4 Results for TCP Connection Records to Other Services 

         KDD 99 Dataset consists of connection records collected 

over TCP connections. Here in this section, we evaluate the 

performance of TCP connection records to other services which 

constitute the majority of records of KDD 99 Dataset. The 

services considered are: “http”, “ftp_data”, “telnet”, “all”. 

Results evaluated on the basis of False Positive Rate (FPR) & 

FNR. 
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         1. False Positive Rate and False Negative Rate results 

For TCP to  ervice Type “all”: Service type “all” indicates that 

all the services considered together that are available in KDD 99 

dataset. ELBP Neural network has lowest FPR for Probe i.e. 0.8 

and lowest FNR for DoS i.e. 0.10 as shown in Table 16. 

 

 

Table 16 FPR & FNR  or TCP to “all” services 

 

Neural 

Network 

Normal DoS Probe U2R R2L 

FPR FNR FPR FNR FPR FNR FPR FNR FPR FNR 

CFBP 0.33 0.36 0.24 0.25 0.21 0.22 0.49 0.51 0.37 0.11 

MLFF 0.22 0.15 0.18 0.11 0.13 0.14 0.18 0.17 0.16 0.15 

ELBN 0.11 0.11 0.9 0.10 0.8 0.12 0.15 0.14 0.12 0.12 

SOFM 0.19 0.13 0.16 0.11 0.12 0.11 0.17 0.16 0.15 0.13 

 

         2. False Positive Rate and False Negative Rate results 

 or TCP to service “ ttp”: Table 17 shows the FPR and FNR 

for the Service type “http”. Lowest FPR i.e. 0.07 and FNR i.e. 

0.11 for attack type DoS with ELBP neural network. The highest 

FPR is 0.42 for attack type R2L with CFBP neural network. Also 

the highest FNR is 0.36 for attack type R2L with CFBP neural 

network. As discussed before higher the FPR and FNR the 

greater the number of misclassification for a particular class. 

 

Table 17 FPR & FNR  or TCP to “ ttp” services 

 

Neural 

Network 

Normal DoS Probe U2R R2L 

FPR FNR FPR FNR FPR FNR FPR FNR FPR FNR 

CFBP 0.20 0.26 0.19 0.19 0.22 0.23 0.23 0.21 0.42 0.36 

MLFF 0.20 0.17 0.18 0.18 0.21 0.17 0.23 0.19 0.20 0.19 

ELBN 0.12 0.12 0.07 0.11 0.08 0.11 0.13 0.15 0.15 0.12 

SOFM 0.17 0.16 0.15 0.16 0.17 0.13 0.18 0.17 0.16 0.18 

 

       3. False Positive Rate and False Negative Rate results for 

TCP to service “ tp_ ata”: Table 18 shows the FPR and FNR 

service type “ftp_data” is considered. Lowest FPR is for DoS i.e. 

0.07 with ELBP. In terms of false positive rate and false negative 

rate, SOFM neural network performs better than MLFF neural 

network and CFBP neural networks for intrusion detection. Like 

for example, for class U2R the FPR is 0.23, 0.23 and 0.17 with 

CFBP, MLFF and SOFM neural networks respectively. 

 

Table 18 FPR & FNR  or TCP to “ tp_ ata” services 

 

Neural 

Network 

Normal DoS Probe U2R R2L 

FPR FNR FPR FNR FPR FNR FPR FNR FPR FNR 

CFBP 0.20 0.27 0.19 0.22 0.22 0.14 0.23 0.16 0.42 0.12 

MLFF 0.20 0.16 0.18 0.18 0.21 0.18 0.23 0.21 0.20 0.20 

ELBN 0.12 0.13 0.07 0.12 0.08 0.23 0.13 0.41 0.15 0.34 

SOFM 0.16 0.15 0.15 0.14 0.16 0.20 0.17 0.22 0.17 0.22 

 

        4. False Positive Rate and False Negative Rate results for 

TCP to service “telnet”: Table 19 shows the FPR and FNR for 

service type “telnet” . FPR and FNR are higher for all classes 

with CFBP neural network; this means that number of 

misclassifications is more with CFBP neural network intrusion 

detection system. 

 

Table 19 FPR & FNR  or TCP to “telnet” services 

 

Neural 

Network 

Normal DoS Probe U2R R2L 

FPR FNR FPR FNR FPR FNR FPR FNR FPR FNR 

CFBP 0.18 0.20 0.17 0.18 0.20 0.19 0.37 0.32 0.43 0.29 

MLFF 0.18 0.17 0.20 0.19 0.17 0.13 0.32 0.22 0.41 0.19 

ELBN 0.08 0.13 0.06 0.12 0.07 0.12 0.12 0.17 0.07 0.19 

SOFM 0.11 0.15 0.17 0.18 0.15 0.12 0.18 0.19 0.21 0.17 

 

         5. Variations in false negative rate with different 

services for DoS attacks: Figure 7 shows the variations in FNR 

for four different neural networks IDSs, over different services 

for DoS attack. Lowest FNR is for ELBP neural network with 

service type all. Using CFBP neural network for intrusion 

detection the number of misclassifications is higher than with 

any other neural network for intrusion detection shown in figure 

7.  
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Fi  re 7: Variations in FNR  or attack type “Do ” 

 

         6. Variations in false negative rate with different 

services for Probe attacks: Figure 6.8 shows the variations in 

FNR for 4 different neural networks over different services for 

Probe attack. SOFM and ELBP networks show better 

performance in terms of lower FNR. 
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Figure 8: Variations in FNR for attack type “Probe” 

 

         7. Variations in false negative rate with different 

services for U2R attacks: Figure 9(a) shows the variations in 

FNR for four different neural networks over different services for 

U2R attack. MLFF neural network shows an average 

performance for all type of services i.e. FNR is more or less 

similar for all services. 
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Fi  re 9(a): Variations in FNR  or attack type “U2R” 
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        8. Variations in false negative rate with different services 

for R2L attacks: Figure 9(b) shows the variations in FNR for 

four different neural networks over different services for R2L 

attack. MLFF neural network shows an average performance in 

terms of FNR for all type of services i.e. FNR is more or less 

similar for all services. 

 

0

0.1

0.2

0.3

0.4

FNR

all http ftp_data telnet

Service Type

Variations in False Negative rate for R2L Attack under various 

Service Types for 4 Neural Networks

CFBP

MLFF

ELBN

SOFM

 
Figure 9(b): Variations in FNR for attack type “R2L” 

 

9.5 Training Time for Different Neural Network IDSs 

         This section describes the performance of different neural 

network intrusion detection systems in terms of time required for 

training. Table 20, 21 and 22 shows the variations in training 

times for 3 different neural networks IDSs, using 3 different 

training functions. It can be concluded from these results that 

ELBP requires least training time as compared to other networks 

and performs better in terms of training times with “trainrp” 

training function. 

 

Table 20 Variations in trainin  ti es  it  “trainoss”   nction 

 

Neural Network 

Architecture 

Training Time (sec) for 

“trainoss” 

DoS Probe U2R R2L 

CFBP 856 869 220 200 

MLFF 746 668 211 213 

ELBP 578 632 200 209 

 

       Table 21 shows that there is great reduction in training time 

for attack type “DoS” using ELBP neural network with 

“traingdx”. Training time of 631 seconds, 431 seconds and 256 

seconds is required by CFBP, MLFF and ELBP neural network 

respectively for attack type DoS. 

 

Table 21 Variations in trainin  ti es  it  “train  x”   nction 

 

Neural 

Network 

Architecture 

Training Time (sec) for 

”traingdx” 

DoS Probe U2R R2L 

CFBP 631 492 218 219 

 MLFF 431 393 200 202 

ELBP 256 257 195 193 

 

Table 22 Variations in trainin  ti es  it  “trainrp” trainin    nction 

 

Neural 

Network 

Architecture 

Training Time (sec) for 

”trainrp” 

DoS Probe U2R R2L 

CFBP 550 547 197 168 

MLFF 293 237 194 190 

ELBP 253 257 186 184 
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       Figure 10 shows the variations in training times of three 

different neural networks with training function “trainoss”. With 

ELBP intrusion detection system, the training time is reduced 

largely.  
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Figure 10: Variations in Trainin  Ti e  it  “trainrp” 

 

       ELBP neural network give better results in comparison to 

other networks in terms of Classification rate, False Positive Rate 

and False Negative Rate. Table 23 shows some of the important 

finding derived from above in terms of good performances. 

 

Table 23 Important Findings 

 

Parameter Better Results obtained with 

Neural Network Architecture Elman Back Propagation Neural Network  

Training Function Trainrp 

Number of Nodes in Different Layers 41, 41, 40, 1 

 

X. CONCLUSIONS 

        This paper presented a comparative study of four different 

neural networks based intrusion detection systems in a network 

based computer system. The data required for the development of 

neural network intrusion detection systems have been obtained 

from KDD Cup' 99 data. Totally 4 category of attacks which 

include 24 number of intrusion from the computer network were 

considered in the developed models.  

        We find that larger the distinct number of records for 

training the neural network, the better the classification rate for 

untrained records because the generalization capability of the 

network is enhanced, thereby leading to better classification rate 

for different classes of records. 

        Change in the number of nodes in hidden layer resulted in 

the change in classification rate and also change in the false 

positive rate and false negative rate for the neural network based 

intrusion detection systems. With number of nodes close to the 

size of input vector (i.e. 41), the classification rate achieved is 

better than the one achieved by using number of nodes less the 

size of the input vector.  

        For all kinds of attacks considered the ELBP intrusion 

detection system shows very good classification rate, smaller 

false positive and false negative rates, as compared to the results 

reported by the simple MLFF, CFBP and SOFM neural network 

based IDS. 
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Abstract- A total of 497 HIV patients were selected from cohort 

retrospective and non concurrent method and classified in to 

“low group or medium group”, HAART was started based on the 

CD4 count, (Threshold CD4 count <250 cells /microL and >250 

Cells /microL).Associated risk factors were analyzed by the 

conditional logistic regression. The change in CD4 count was 

evaluated. The mean age of the HIV patients was 32.90 years and 

the majority (63%) were men. 484 patients were initiated ART at 

a CD4 <250 (IQR 49-125) and 14 patients initiated at CD4 >250 

(IQR 250-375).Patients initiated at CD4 more than 250 were 

12.50% less likely to die (aHR 0.31,95% CI- 0.19-0.49) and 20% 

less likely to be lost to follow up (aHR 0.59,95% CI- 0.41 -

0.84).Using subjective decision CD4 count as predictor variable 

(The variable CD4 count less than 250 at start ART and > 250 no 

start ART  were coded ; Code 01 and code -0 respectively). The 

model was constructed by an iterative maximum likelihood 

procedure -2 log likelihood statistics was very small (107.49) 

with Cox Snell R
2
 (0.013) and mean CD4 count was (458±36.10 

µ/dl). It depicts that better the CD4 count at start of ART more 

the longevity of life. 

 

Index Terms- HIV, HAART, CD4, MLE’s, ART 

 

I. BACK GROUND 

he HIV –forecasting disease modeling is that it leads to clear 

statements of the assumptions about the biological and social 

mechanisms, which influence disease spread and dynamism. The 

model formulation process is more valuable for statistician, 

Epidemiologists, Mathematician’s and modelers, because it 

forces them to be precise about the relevant aspects of diseases 

transmission, course of infectivity, recovery, treatment prognosis 

and renewal of susceptibility. .The Statisticians need to formulate 

the models clearly and precisely using different clinical and 

biological parameters, which has been very well-understood in 

connection to dynamics of HIV –diseases, such as increase in 

CD4 count after inception of HAART, spectrum of HIV TB co 

infection, HCV HBV co infection etc., The Complete statements 

of the assumptions have crucial role, so that the reasonableness 

of the model can be interpreted by the relevant conclusions. The 

matrix of the Forecasting model may help physician, 

policymakers, young researcher and innovators. Limited number 

of HIV-forecasting model’s study has been documented in India 

.In this context the Present study aims to formulate the different 

forecasting models, assessing quantitative conjectures and 

identify the trend of CD4 count before initiation of HAART 

therapy.  

 

II. MATERIALS AND METHODS 

         A total 497 HIV infected pre- ART and alive and on ART 

patients were recruited with written consent. Retrospective 

cohort data viz., baseline (start of ART treatment), first year , 

second year , third year ,fourth year and fifth years cohort data 

was recorded systematically. As per the National guidelines we 

have classified the CD4 count as low CD4 count and medium 

CD4 count (Threshold CD4 count <250 cells /micro L and >250 

Cells /microL) .Collected data were compiled by using SPSS-

16.50 version. Logistic regression forecasting model, spearman 

rank correlation, polynomial curve fitting model were used to 

draw the relevant conclusion.  

 

III. MODEL FORMULATION 

         Retrospective Secondary data were collected from different 

government ART centres in Bangalore city. Logistic Regression 

model was used to find out the variation among CD4 count of 

PLHIV and HIV associated parameters. we have assumed that  

‘n’ is independent Bernoulli random variables of CD4<250 

micro/dL and CD4>250 micro/Dl with observed value 

(Y1,Y2…..Yn )  ,where ‘i=1,2….n   and (Xi1, Xi2…..XiP, 

XiP+1…… XiP+q) 1 be a (p+q) vector of explanatory variables 

and denoted X=(X1, X2, X3 …Xn) 1 Let ß Πi= Π (Xi) =Pr 

(Yi=1/Xi) be the event of probability for each   observation of  

i=1, 2…n.  

 

           , then the logistic regression 

model is  

 

=  

 

Logit (πi) = Log 

iX
i

i
1

1














 

 

       Where  is un known parameter 

vector, the joint probability of the observed  is a product of ‘n’ 

Bernoulli i function 

 

 

 

T  
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         Present study hypothesis was tested by using unconditional 

likelihood method (for maximizing the likelihood function).Our 

fitted model is  in the form of Lo it (P)= βo+βjXj; the 

parameters βo, β1…… βk is typically estimated using maximum 

likelihood theory , let’  n’ denote the sample size and let 

(Xi1,Xi2….Xky ) for the    i 
th

  observation (i=1,2,……n) , treating 

each  Yi as the outcomes of independent random variable with 

success  of probability Pi . 

 

 

  
 

         The maximum likelihood estimates (MLE’
s
), (β1, β2….. βk) 

that maximum were used to compute MLE’
S
 by using Newton 

rapson iteration method .the convent of present model became 

 Log










 P

P

1 = βo+ β1X1+ β2X2……. + βkXk  

 

IV. RESULTS AND DISCUSSION 

 

Tab (1): Base line c aracteristics o  PL IV’ . 

 

SL  Variable  Male 

Mean±SD 

Female 

Mean±SD 

Pool P-Value 

1  Age (Year)  36.24 ±6.96 

(295-59.35%) 

32.26±7.18 

(202-40.64%) 

35.30±6.19 

(497) 

0.029* 

2  Base line  CD4  128.29±82.62 

(295) 

116.36±56.46 

(202) 

123.44±71.98 

(497) 

0.492
Ns

 

4.  CD4-at the end of  

six month  
380.36±135.20 

(287) 

302.01±152.28 

(196) 

348.56±142.13 

(483) 

0.036* 

5.  CD4-at the end of  

one year  

 cohort  

428.86±45.65 

(285) 

372.28±96.73 

(195) 

405.87±66.40 

(480) 

0.006** 

6  CD4-at the end of  

Two year cohort  
465.69±39.40 

(282) 

379.36±65.39 

(193) 

430.61±49.96 

(475) 

0.021* 

7  CD4-at the end of  

Three year cohort  
502±30.61 

(278) 

410.00±49.50 

(191) 

464.53±38.30 

(469) 

0.085* 

8  CD4-at the end of  

fourth year cohort  
534.89±28.33 

(275) 

445.00±41.29 

(187) 

498.50±33.57 

(462) 

0.011* 

9  CD4-at the end of  

fifth year cohort  
542.16±20.02 

(272) 

451.00±36.98 

(185) 

505.25±27.97 

(457) 

0.003* 
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         Baseline characteristics. A total of 497 PLHIV were 

considered for the study, out of which male comprises 295 (26%) 

and Female was 202(47%).The average age of patient was 

35.30±6.19years, CD4 count  was recorded at follow up interval , 

the mean base line CD4 count was 123.44± 71.98 

micro/Dl(P=0.492) ,CD4 count at six month, one year ,two years 

follow up ,three years ,fourth years and fifth years was 

348.56±142.13(P=0.036) micro per Dl,405.87±66.40(P=0.006) 

micro per Dl,430.61±49.96(P=0.021) microperdL,464.53±38.30 

(P=0.085) micro perdL, 498.50±33.57(P=0.011) micro per Dl 

and 505.27 ±27.97 micro per Dl (P=0.003) respectively 

presented in Tab(1). 51.0% PLHIV were taking  first line 

HAART therapy and only  4 () patients while on second line 

HAART, mortality rate was found to be 40 (8.08%).The mean 

body weight was 63 kg (70.25kg for men and 62.38 kg for 

women), and the mean hemoglobin was 13.8 g/dL (14.2 g/dLfor 

men and 12.6 g/dL for women). The median CD4 count was 330 

cells/micro dL and median TLC was 1,692 cells/L. 

         Logistic regression Model: As per the fitted model actual 

predicted observed odds ratio of the base line CD4 Count was 

(OR) 0.35; 95% with confidence interval (CI) 0.26–0.59; 

P<0.0028]. Later initiation of ART therapy OR reported was 

(OR 1.16; 95% CI 1.03–1.3; P<0.02) and not statistically 

significant (p>0.05).After one year completion of HAART 

therapy CD4 count is directly proportional to the increase of 

Immunogical goal. The result shown that, CD4 count was 

improved after one year completion of HAART therapy (mean 

405.87±66.40 micro/Dl (P=0.006),at the end of the five  year 

cohort, mean CD4 count was 505.25±27.97 micro/Dl (P=0.003) 

it was clearly shown that ,immunogical  factor (increase of CD4 

count )   is inversely proportional to the decline of  RNA plasma 

viral load. 

 

Tab (2).Association relation between CD4 count and age of the patients. 

 

 

 Clinical parameters 

B S.E. Wald Sig. Exp(B) 95.0% C.I.for EXP(B) 

          Lower Upper 

1 Age -.053 .021 6.438** .011 .948 .910 .988 

 2 Cd4-Baseline 1.92 .002 .018ns .892 1.000 .997 1.003 

 3 Cd4-at the end 

of the five year 

co hort 

.002 .001 4.766** .029 1.002 1.000 1.003 

 4 Regimen  .377 .296 1.626** .202 1.458 .817 2.603 

 5 WHO-Stage -.440 .190 5.358** .021 .644 .444 .935 

 6 Blood group 1.280 .996 1.653** .199 3.597 0.652 0.889 

2 Log likelihood, Cox & Snell R Square-0.076, Nagelkerke R Square-0.103 

 

         The associated influenced parameters for the increase of 

CD4 count was presented in Tab (2). As per the fitted model age 

β(-0.053) SE (0.021) CI 95 % 0.910-0.988 , CD4 count at base 

line (Inception of HAART) β(1.92) SE (0.002) CI 95 % 0.997-

1.003, type of regimen (NRTI+2NNRTI, NNRTI+2NRTI) 

β(0.377) SE (0.296) CI 95 % 0.817-2.603 WHO clinical stage  

β(-0.440) SE (0.190) CI 95 % 0.44-0.935 and blood group 

β(1.280) SE (0.996) CI 95 % 0.652-0.889. The age, regimen, 

WHO clinical stage and Blood group were statistically 

significant (p<0.05) and more induced  factors for the increase of 

CD4 count up to 192 micro per Dl   

 

 

Tab (3).Correlation matrix of influenced parameters of HAART therapy. 

 

Clinical parameters Blood group Age 

Cd4-

baseline Cd4-present Regimen WHO-stage 

01 Blood group 1.000      

 02 Age -.753 1.000     

 03 Cd4-Baseline -.088 -.062 1.000    

 04 Cd4at fifth year cohort 0.62** 0.70** -.266 1.000   

 05 Regimen  -.386 -.047 -.240 .742* 1.000  

 06 WHO-Stage -.429 .082* .490* 0.541* .000 1.000 
*, 

Significant @0.05 

 

          Correlation matrix of HAART therapy and concurrent 

parameters were analyzed by using spear man rank correlation 

method presented in Tab (3). Age(r= -0.753) ,CD4 count at 

inception of HAART(r= -0.088)  , regimen (r= -0.386)  and 

WHO clinical  stage (r= -0.429) were negatively correlated with 

patient blood group.CD4 count(r= 0.70)  and WHO Stage(Stage 

I,II,III and IV) (r= 0.082) were positively associated with age of 

the patients , regimen and advanced WHO clinical stage(r= 

0.490)  were positively correlated with CD4 count at the end of 

the five year cohort  (r= 0.742).   
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V. CURVE FITTING 

           Extent and determinants of long-term increase of CD4 cell
  

after initiation of antiretroviral therapy (ART) were compiled by 

using curve fitting model,. The  mean base line CD4 was 

128±82.62 cells/mm
3
 (95% confidence

 
interval [CI 95%105- 

136) in males and females was 116.36±56.46 cells/mm
3
 (95% CI 

=96- 102.50) respectively .Independent predictors of long-term
 

CD4 cell reconstitution variable were  analyzed by linear and 

poly nominal Curve fitting method .Fifth and fourth  degree poly 

nominal  equation was  fitted with respect to the gender . 

 

Fig (1) : Observed Groups and Predicted Probabilities 
 

      16                          2                                   

                                  2                                   

                                 22                                   

F                                22                                   

R     12                       2 22 2                                 

E                        2  2  2 22 2                                 

Q                        2  2 22 22 2  2                              

U                        2  1 21212 22 2                              

E      8                 2  122121122222                              

N                     1 212 122111121222                              

C                     12212 122111121222  2  2                        

Y                     111122111111121212  2 22                        

       4            21111111111111111212221 22    2                   

               212  21111111111111111211121212    2                   

               1111111111111111111111211121211222 2                   

              11111111111111111111111111111211111 1  1                

 

Predicted 

 

  

 Prob:   0            .25            .5             .75             1 

  Group:  111111111111111111111111111111222222222222222222222222222222 

 

          Predicted Probability is of Membership for 2.00 

          The Cut Value is .50 

          Symbols: 1 - 1.00 

                   2 - 2.00, Each Symbol Represents 1 Case. 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      27 

ISSN 2250-3153  

www.ijsrp.org 

 
Fig (1): Curve Fitting-Linear trend (CD4 Count at base line). 
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Fig (2): Curve Fitting-Linear trend (CD4 Count at the end of the cohort) 
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Fig (3) Fifth degree polynomial trend of CD4-Countin PLHIV Males (N=295) 
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Fig (4) Fifth degree polynomial trend of CD4-Countin PLHIV Females (N=202) 
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The logit model reflects the 2×2 table 

        The Present study was demonstrated by using odds ratio 

model, the model expressed the ratio of the number of Patients 

who acquired CD4 count (<250 to >250 micro/Dl) with respect 

to the age of the patients (25-35 years). The formulation of the 

model was expressed by 2 × 2 contingency table: 

OR=










BxC

AxD

 

 

Tab(4): Association between age and base line CD4 count 

 

CD4 Count   25-35 years >36 years 

CD4 Count  <250 

micro/dL 

188 

(A) 

295 

(B) 

CD4 Count >250 

micro/dL 

09 

(C ) 

05 

(D) 

 

 

OR=

35.0
)(09)(295

)(05)(188










CxB

DxA

 

 

         The model determines that, 65% of patients above the age 

group of 36 years have base line CD4 count <250µ/dl. The 

standard dispersion of CD4 count and age group of the patients 

was calculated. (Collett1991), 

 

 SE ln (OR) =











dcba

1111

 

 

SE ln (OR) =











5

1

9

1

295

1

188

1

=0.564 

 

95%CI  or t e ln (OR) = −1.032 ± 1.96 × .564 = 

(−1.474 −.590) 

95%CI  or OR = (e−1.474  e−.590) = (.229  .554). 

 

VI. DISCUSSION 

          As per the   model formulation, the odds prediction 

equation was    
bXaeODDS    .  The fitted model R

2 
was 

80.26%( 

45.0931.)0(28.1053.   eeODDS .

458.137.)1(28.1053.   eeODDS ). over a period of time 

the male and female  cd4 count was found to be 45µ/dl and 14.58 

µ/dl,  which were likely to improve the CD4 count after initiation 

of HAART therapy.  Due to adverse (ADV) and serious adverse 

drug reaction(SDV) the demonstrated model was  

30.0
458.1

450.0

1
ˆ 




ODDS

ODDS
Y

  . Based on this fitted 

model 30.80% and 59.0% of women and men enrolled for ever 

started HAART. Base line CD4 count was not statistically 

significant (p<0.05) and it was negatively correlated (r=-0.62),(-

0.88) with  clinically associated parameters  viz., age of the 

person , WHO-clinical stage and HAART regimen. As per the  

fitted model, we have explained  that , whose CD4 count was less  

at the time inception of HAART generally suffered  from 

diarrhea ,fatigue, high fever, OI’s and dermatological 

complications . After one year completion of HAART with 

effective counseling, palliative care and comprehensive support, 

theCD4 count was positively correlated with clinically associated 

parameters (r=+ve 0.70) presented in Tab (3).The variance of the 

estimated model was calculated by using MLE’s.   The main 

implications of our fitted model were designed to ensure to 

maintain maximum efficiency, accuracy and relevancy. 

However, our fitted model clearly demonstrated that, MLE’s of 

the model-2 log likelihood was found to be 107.49 with very less 

expression of Coxsnell R
2
. As per the above study, the results 

shown that the fitted model is considered as user-friendly due to 

relative prediction, efficiency, sufficiency and accuracy.  

 

VII. CONCLUSION 

        The fitted model is very useful for clinical decisions, and 

also it can be used to predict the future trend of different HIV –

Biomarkers. The method of ODD ratio model would provide 

good estimates of slopes and their standard errors.  
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Abstract- The password techniques used in market are very insecure. The textual passwords which we normally use suffer with both 

security and usability problems. Therefore in this extended abstract, we have discussed different graphical password authentication 

systems such as Cued Click Points (CCP), a cued-recall graphical password technique and other techniques which uses sound 

signature for password authentication. Various techniques for password authentication have been discussed in details.  

 

Keywords- CCP; pass points; POI. 

 

I. INTRODUCTION 

ser authentication is a most important component in most computer security. It provides user with access control and user 

accountability [1]. As we know there are many types of user authentication systems in the market but alphanumerical 

username/passwords are the most common type of user authentication. They are many and easy to implement and use. 

Alphanumerical passwords need to satisfy two requirements. First and foremost requirement is they should be easily remembered by a 

user, while they should be hard to guess by fraudulent person [2]. If short passwords are used then they are easily guessable and are 

target of dictionary and brute-forced attacks [3, 4, and 5]. Whereas if strong passwords are enforced a policy sometimes leads to an 

opposite effect, as a user may write his or her difficult-to-remember passwords on notes or on the notepad and if seen by some other 

user exposes it to direct theft that is misuse can be done. 

  The textual passwords used are easily guessed. To sort out these problems the market was provided with techniques like OTP 

(One Time Password). But the OTP password is provide by token devices. These token devices are very expensive. It has normally 

been told to use an easy to remember long phrases (passphrase) rather than a single word [6].  

Another proposed solution is to use graphical passwords, in which graphics (images) are used instead of alphanumerical 

passwords [7]. The selection of regions from an image can be done rather than typing characters as in alphanumeric password 

approaches. Graphical passwords are better alternative than the traditional alphanumeric passwords as memorization of pictures is 

easier than words. So other systems which we have discussed have been developed to overcome the problems of predefined regions, 

predictable patterns and password attacks, a new method called Cued Click Points (CCP) is a proposed as an alternative to PassPoints. 

In addition selection of the sound signature can be done corresponding to each click point which can be used by the user in recalling 

the click point on an image. 

 

II. RESEARCH ELABORATIONS  

Graphical Passwords 
As discussed earlier the graphical passwords uses images (also drawings) as passwords and are easy to remember, as humans 

remembers images better than words [8]. Moreover the password has to be more resistant to bruteforce attacks as the search space is 

infinite [7]. 

Basically the graphical passwords techniques are divided into: recognition-based and recall based and cued recall graphical 

techniques [7, 9]. In recognition-based techniques a user chooses images during the registration stage and is said to be an authenticated 

user only when he/ she identifies one or more images. In recall-based techniques, a user selects images during the registration and is 

asked to reproduce something that he or she created during the registration phase. Passfaces comes under the recognition-based 

technique in which a user is authenticated if he/she is able to recognize human faces [10]. An early recall-based graphical password 

approach was introduced by Greg Blonder in 1996 [11]. In this approach, a user creates a password by clicking on several locations on 

an image during the registration phase. During authentication phase, the user must click on those locations only then he/she is said to 

be the authenticated user or else is said to be fraudulent.  

 

Graphical Based Authentication Technique 

In Graphical Based Authentication Technique, a user creates a password by first entering a picture he or she chooses at the 

time of registration. The pictures are stored in the database. As soon as the option of pictures is clicked they are retrieved from the 

database and are displayed to the user. The user chooses one of the images from number of images and then chooses several point-of-

interest (POI) regions in the image. Each POI, is described by a circle (center and radius).  For each POI the user types a word or 

U 
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phrase which will be combined with POI. If the user does not type any text after selecting POI then that POI is combined with an 

empty string. The user can choose either to enforce the order of selecting POIs (stronger password), or to make the order insignificant 

[12]. 

For example if a user creation of graphical password has to be done. The user chooses a picture of his or her parents by 

pressing “Load Image button”. Then the user clicks on the parents faces suppose clicks are done in the order of their ages (order is 

enforced). For each of the selected region, the user types the parents name or nickname. This is done under registration. Now for 

authentication or for login, the user first enters his or her username. Then the display of the image stored in the database during 

registration phase is done. Now the user has to correctly pick the POIs and type the same words which were selected and typed during 

registration phase. At any time, typed words are either shown as asterisks (*) or hidden [12].  

The advantages of this system are that, a free selection of picture from number of pictures can be done by user, POIs and 

corresponding words. If strong authentication is the main criteria then the order and number of POIs can be kept has one of the main 

constraints. Together, these parameters allow for a very large password space. The next advantages are that: 

• Combination of graphical and text-based passwords is done and tried to achieve the best of both worlds. 

• It provides multi-factor authentication (graphical, text, POI-order, POI-number) in a friendly intuitive system [12]. 

 
Various methods of graphical Password Authentication Techniques 

As said earlier graphical password schemes can be grouped into three general categories: recognition, recall, and cued recall 

[7, 8]. Recognition based password is the easy technique for human memory whereas pure recall is most difficult as the information 

must be accessed by user with no triggers. Cued recall falls somewhere between the two as it offers a cue which should establish 

context and trigger the stored memory [13].  

Among existing graphical passwords, CCP is almost close to Passfaces [14], Story [9], and PassPoints [19, 20]. In 

implementation it is most similar to PassPoints. Passfaces [14] is a graphical password scheme based on recognizing human faces. 

During password creation, selection of a number of images from a larger set is done by the user. To log in, users must identify one of 

their pre-selected images from amongst several decoys. Users must correctly respond to a number of these challenges for each login.  

Davis et al. [9] implemented own version called Faces and conducted a long-term user study. Results showed that users could 

accurately remember the images but disadvantage was that the user-chosen passwords were predictable to the point of being insecure. 

Therefore Davis et al. [9] proposed a scheme called Story which used everyday images instead of faces and also required that users 

select their images in the correct order. Users needed create a story in their memory. But the disadvantage with this was that it was 

somewhat worse than Faces for memorability [9], but user choices were much less predictable.  

The idea of click-based graphical passwords originated with Blonder [11] who proposed a scheme where a password 

consisted of a series of clicks on predefined regions of an image. Later, Wiedenbeck et al. [15, 16] proposed PassPoints, wherein 

passwords consisted of several (e.g., 5) points which could be anywhere on an image.  

Cued Click Points (CCP) 

As seen in the earlier methods the user has to choose the click points in the same image and is also insecure in security point 

of view. So the CCP technique was introduced. Whereas CCP password consists of one click-point per image. That is in the graphical 

based authentication technique the user has to remember many points in one image and this is the major disadvantage of graphical 

password authentication technique. 

  In the CCP technique the users are required to remember only one point in one image. The images are stored in the database 

as in the earlier methods too. This is done for a sequence of images. That is the user has to do the selection in sequential order only 

that is in the same order in which he or she did during registration. The next image is displayed only when the user clicks on the click 

point of previous image correctly. So the users receive immediate implicit feedback whether they are on the correct track or not when 

logging in. So the Cued Click Points technique not only improves usability but also security. The observation for this method was that 

selecting and remembering only one point per image is much simpler or easier. Moreover seeing each image triggers the user’s 

memory of where the corresponding point was located. The CCP technique provides higher security than PassPoints as the number of 

images increases the workload for attackers [14]. It offers cued-recall and introduces visual cues that instantly alert valid users if they 

have made a mistake when entering their latest click-point (at which point they can cancel their attempt and retry from the beginning) 

[13]. 

So each right click results in showing a next-image, in effect leading users down a “path” as they click on their sequence of 

points. That is if suppose during the registration phase five images were chosen that is five points were chosen then the user has to 

choose the images in the same sequence. The user can go the second image only when he chooses the first image click point correctly. 

Similarly the user can go to third only when he chooses last two image click points correctly. At last, the user goes to last that is fifth 

only when he chooses last four image click points correctly. A wrong click leads down an incorrect path and the indication is given 

explicitly by the system about the authentication failure. If the user dislikes the resulting images, creation of a new password involving 

different click-points could be done to get various images. [13].  

In CCP a user has a client device (which displays the images) to access an online server (which authenticates the user). 

Through SSL/TLS the images are stored server-side with client communication. It initially functions like PassPoints. A method called 

discretization is used to find a click-point’s tolerance square and corresponding grid during the creation of password. This grid is 

retrieved from the database and used to find if the click-point falls within tolerance of the original point and this is done for each click-

point in a subsequent login attempt. With the help of CCP, we further need to find which next-image to display. 
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Suppose for example if we take images of size 451x331 pixels and tolerance squares of 19x19 pixels. If we used robust 

discretization, we would have 3 overlapping candidate grids each containing approximately 400 squares and in the simplest design, 

1200 tolerance squares per image (although only 400 are used in a given grid). A function f (username, currentImage, 

currentToleranceSquare) is use which uniquely maps each tolerance square to a next-image. A minimum set requirement of 1200 

images is suggested at each stage. There may be an argument against fewer images and having multiple tolerance squares map to the 

same next-image, that this could result in misleading implicit feedback in (albeit rare) situations where users click on an incorrect 

point yet still see the correct next-image [13, 17]. 

Each 1200 next-images would have 1200 tolerance squares and thus require 1200 next-images of them. With this the number 

of images would quickly become large. So re-using the image set across stages is done. By reusing images, there is a slight chance that 

users see duplicate images. During 5 stages in the password creation, the image indices a1,.., a5 for the images in the password 

sequence are each in the range  1 _ ab _ 1200. When computing the next-image index, if any is a repeat (i.e., the next ab is equal to ac 

for some c < b) then the next-image selection function f is deterministically perturbed to select a distinct image [13, 17]. 

The system selects user’s initial image based on some user characteristic (like an argument to f above we have used 

username). Each time a user enters the password the sequence is re-generated from the function. If an incorrect click-point is entered 

by the user, then the sequence of images from that point onwards will be incorrect and thus the login attempt will fail. This cue will 

not be helpful for an attacker who does not know the correct sequence of images. 

A major usability improvement over PassPoints is the fact that legitimate users get immediate feedback about an error when 

trying to login. When incorrect image is seen by the user he/she understands that the latest click-point was incorrect and can 

immediately cancel the attempt and try again from the beginning [13]. Another usability improvement is that being cued to recall one 

point on each of five images appears easier than remembering an ordered sequence of five points on one image. 

The following are the steps which have to be followed in CCP: 

Password creation phase: The point selection has to be done on each of the image. That is if there are five images first point 

will be selected on first image, second point will be selected on the second image and so on. That if a user wants to create a password 

he has to perform this step [13]. 

Confirm phase: Confirmation of password is done by re-entering it once again. If the password typed is incorrect then the 

user has to return to step 1. Even if a new password is started with the same initial image, but generally includes different images 

thereafter, depending on the click-points [13]. 

MRT: Complete a Mental Rotations Test (MRT) puzzle [10]. A paper based task is given to the user to distract him/her for a 

minimum of 30 seconds. It is generally a visual task in order to clear his/her working memory [13]. 

Login phase: Now if the user wants to Log in he/she must know ID and password. The user can cancel the login attempt and 

try again if an error is noticed by the users during login. The creation of the new password can be done, by returning to Step 1 of the 

trial with the same initial image as a starting point if the user doesn’t remember the password. The user could skip this trial and move 

on to the next trial if he/she feels too frustrated with the particular images to try again  [13, 18]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Cued Click Points Steps 

Cued Click Points with sound signature 

 

Previously we have seen different graphical authentication techniques. In CCP we just used to click one point in one image and this is 

done for number of images as discussed previously. But in the CCP with sound signature we also have go select sound as a signature 

as this will provide the user with better authentication. The sounds of different birds or animal or the user’s preferable sound will be 

stored in the database. Then when the user chooses the points in each image after this the user is asked to select the sound signature 

corresponding to each click point this sound signature will be used to help the user in recalling the click point on an image. That is 

here a graphical password system with a supportive sound signature helps to increase the remembrance of the password is designed. 

Very good performance has been shown by the system in terms of ease of use, speed and accuracy. Users preferred CCP as compared 

Password creation phase 

Confirm phase 

MRT 

Login phase 
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to Pass Points, as remembering only one point per image was easier and sound signature helped them considerably in recalling the 

click points [19]. 

As this system has been integrated with sound signature it helps in recalling the password. It has been said that sound signature or tone 

can be used to recall facts like images, text etc [19, 20]. In daily life we see various examples of recalling an object by the sound 

related to that object [19, 20]. Our idea is inspired by this novel human ability. 

The system creates user profile as follows- 

Master vector           User ID, Sound Signature frequency, Tolerance 

Detailed Vector       Image, Click Points 

 

Steps in Cued Click Points with sound signature 

 

Registration Process 

As shown in the fig.2 if the user doesn’t have the id and password then he needs to register himself/herself or create a new id. 

So if the user doesn’t have id he will get a unique user id and password. After the selection of id he/ she need to select sound 

signature. The user also needs to select the tolerance level [21]. After this the user selects the image and click on pass point. This is 

saved in the database. The sound frequency is selected. A tolerance value is  selected which will decide that the user is authenticated 

or fraudulent and the same sound frequency is selected which he/she wants to be played at login time To create detailed vector user 

has to select sequence of images and clicks on each image at click points of his choice. Profile vector is also created [19]. 

Now the system asks whether the user wants to select more images or not. If the user clicks on no then the data gets stored in 

the database and the user is asked if he/ she wants to continue or not. If the user click yes then again the user has to select the next 

image and click on the pass point and again the system will ask whether the user wants to select the next image or not. This can be 

done five times if we have kept the limit of five. 

  In this system user has to remember the click point’s for each image. Also user need to upload the images by own. The user 

needs to remember the click points as well as the images very well. If he/she fails to remember then user will not be allowed to 

perform the login session. The user also needs to remember the path that the sequence of the images clicked as password otherwise 

he/she fails to perform the login session . 

   After creation of the login vector, system calculates the Euclidian distance between login vector and profile vectors stored. 

Euclidian distance between two vectors p(x, y) and q(a,b) is given by- 

 

 

 

  Above distance is calculated for each image if this distance comes out less than a tolerance value D. The value of D is 

decided according to the application and may be also selected by the user.   

At last the user profile vector will be created and stored in the database so that the information can be used if a user login the 

system. 
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Figure 2: Registration Phase of Cued Click Points with sound signature 

 

 

Login 

This is the next phase after the registration has been done. Login is allowed to be performed only when the user is registered 

user otherwise first he has to register himself/herself first and then he/ she can perform the login. 
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Figure 3:  Login phase of Cued Click Points with sound signature 

 

Now once the registration has been done by the user and he/she does the login. First of all the user ID is read. Then the user 

profile vector is stored in the database during the registration phase so it is fetched from the database. The image which is selected 

during registration phase is retrieved from the database and the image is displayed. The user needs to select the same points which he 

chooses during the registration phase [22]. The user also has to select the same position which he selected during the registration 

phase. If suppose the mouse position is equal to user profile then the sound signature is played and the click points are obtained and 

the preparation of login vector is done. Now the comparison of login and user vector is done. If d<D then the login is successful and 

the user is assumed to be the authorized person else the user is assumed to be fraudulent. If the user is authenticated then he is allowed 

go into the banking module. If mouse position is not equal to user profile then the random sound is played then the user obtains the 

click points and prepare login vector. Then comparison of login and user vector is done.  

Banking system 

The user can access this module only if his user id and the password are correct that is only the authenticated user is allowed 

to perform this session. In this module various operations could be performed such as Net Banking Menu, Account Menu, Creating 

New Account, Update Personal Details, Pin code Generated, View Account Details, Transaction, Loan Request, View Loan Details 

etc [23]. 

After typing the correct username and password the user will be transferred to the banking module where he/she has to 

choose one of the options from all the given options. The various options are loan, account, transaction, personal details and sign out. 

If the user wants to open a new account he/she has to click on accounts option under which there are two options. First is new account 

and second is glance on account details [24]. If the user clicks on the open account option then he/she can open new account and if 

he/she wants to just view the account details then he/she can click on the option glance on account details. If the user wants to fill up 

all the user personal details then the user has to go to personal details option and fill up the details. If the user wants to perform the 

transaction he/she has to put account number and the pin number and click the submit button. If the user wants to request for the loan 

he can do so by clicking on the loan option and then apply for the loan. If the loan details have to be viewed by the user it can be 

viewed by the user by clicking the option loan details. If the user forgets the password of his/ her account he/she has to choose the 
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option forget password. After clicking on the option security question will be displayed which the user has to answer.  After answering 

the question correctly the password is be sent on the mail id. 

Comparison of alphanumeric password authentication systems and graphical password authentication systems 

Alphanumerical username/passwords are the most common type of user authentication while graphical passwords are not 

much in use. But day by day the use of graphical password is increasing. Alphanumeric passwords are easy to implement and use and 

also graphical passwords are easy to implement and use. The requirement of the alphanumeric passwords is that they should be easily 

remembered by a user, while they should be hard to guess by fraudulent person [2]. These both requirements are for graphical 

passwords too and it gets satisfied as remembering images are much easier than remembering textual passwords. If short passwords 

are used then they are easily guessable and are target of dictionary and brute-forced attacks [3, 4, and 5]. Whereas if strong passwords 

are enforced a policy sometimes leads to an opposite effect, as a user may write his or her difficult-to-remember passwords on notes or 

on the notepad and if seen by some other user exposes it to direct theft that is misuse can be done. Whereas is graphical passwords are 

used these all problems do not arise. 

Comparison of OTP systems and graphical password authentication systems 

The first and foremost advantage of OTP is that the user doesn’t need to remember the password it is directly sent to the user 

to his / her mobile or email, while the graphical passwords are required to be remembered though remembering them is easy because 

human brains can easily remember images.  But the OTP password is provided by token devices and these token devices are very 

expensive. While providing graphical passwords is not expensive and doesn’t need any device for generation.  

Comparison of Cued Click Points (CCP) and Cued Click Points with sound signature 

In CCP password consists of one click-point per image. That is in the CCP technique the users are required to remember only 

one point in one image. The images are stored in the database as in the earlier methods too. This is done for a sequence of images. 

That is the user has to do the selection in sequential order only that is in the same order in which he or she did during registration. The 

next image is displayed only when the user clicks on the click point of previous image correctly. So the users receive immediate 

implicit feedback whether they are on the correct track or not when logging in. So the Cued Click Points technique not only improves 

usability but also security.  

Previously we have seen different graphical authentication techniques. In CCP we just used to click one point in one image 

and this is done for number of images as discussed previously. But in the CCP with sound signature we also have go select sound as a 

signature as this will provide the user with better authentication. The sounds of different birds or animal or the user’s preferable sound 

will be stored in the database. Then when the user chooses the points in each image after this the user is asked to select the sound 

signature corresponding to each click point this sound signature will be used to help the user in recalling the click point on an image. 

That is here a graphical password system with a supportive sound signature helps to increase the remembrance of the password is 

designed. Very good performance has been shown by the system in terms of ease of use, speed and accuracy. 

The observation for this method was that selecting and remembering only one point per image is much simpler or easier. 

Moreover seeing each image triggers the user’s memory of where the corresponding point was located. The CCP technique provides 

higher security than PassPoints as the number of images increases the workload for attackers [14]. It offers cued-recall and introduces 

visual cues that instantly alert valid users if they have made a mistake when entering their latest click-point (at which point they can 

cancel their attempt and retry from the beginning) [13].  

Users preferred CCP as compared to Pass Points, as remembering only one point per image was easier and sound signature 

helped them considerably in recalling the click points [19]. And if the system has been integrated with sound signature it helps in 

recalling the password. It has been said that sound signature or tone can be used to recall facts like images, text etc [19, 20]. In daily 

life we see various examples of recalling an object by the sound related to that object [19, 20].  The system creates user profile as 

follows- 

Master vector           User ID, Sound Signature frequency, Tolerance 

Detailed Vector       Image, Click Points 

 

IV CONCLUSION AND FUTURE WORK  

Various techniques for graphical authentication was discussed and found that the graphical authentication is much more useful than 

the other types of authentication techniques. It is also very easy to use than the alphanumeric password or OTP technique. Due to the 

use of graphical based techniques a brute force attack are avoided and is the most important advantage of graphical based password. In 

the CCP technique the users are required to remember only one point in one image and the next image is displayed only when the user 

clicks on the click point of previous image correctly. A graphical password system with a supportive sound signature is much more 

helpful as it helps to increase the remembrance of the password and has shown very good performance. 
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Abstract- The concept of creative accounting became  focus and 

attention by accountants and auditors so dramatically in recent 

years, especially  when the company (Enron) and other leading 

companies  were collapsed and the  company of (Arthur 

Andersen) was responsible to audit the accounts of (Enron)  

company that is  a part of the for the collapse of the company  , 

that  accused of manipulating data accounting for the company 

taking advantage of some treatments and accounting policies that 

appear accounting data without true and correct form. we through 

this research, we highlighted the concept of creative accounting 

of several aspects with a focus on the role of the auditor in the 

verification of practices and the results of creative accounting. 

This research has included seven chapters, the following is a 

summary of each chapter. 

 

I. INTRODUCTION 

he responsibility of the auditor is still for the detection of 

accounting practices creative  of fraud and misrepresentation 

that are considered the  most controversial issues that faced the 

auditing profession, but we can say that it is one of the main 

reasons that contribute to the occurrence of what is known as (the 

expectations gap) is that the gap between what to expect from the 

community and the general public of auditors and the reviewers, 

and  what the auditors and reviewers have  already done in 

accordance with the generally accepted auditing standards. 

If the sects of community are interested in the report of the Audit  

, they expect to discover auditors accounting practices of creative 

manipulation and deceit, but the standards of the profession have 

confirmed that the Auditors' responsibility in this regard  ,they 

are going to be the determination of the audit process  in regular 

place at the first place to detect fraud and errors only, it was  

controversial at the beginning of the era of audit and auditor's job 

was especially focused on external discovery of errors and fraud, 

and then  they evolved into a neutral opinion about justice and 

sincerity of the financial lists 

        However, that concern the responsibility of auditors have 

detected fraud and misrepresentation  that were an active and 

began again occupy the forefront in the early eighties as a result 

of the failure of many projects and companies go unexpected 

bankrupt and collapses for many of the capital markets, as well 

as people have increased awareness and political interest in the 

public the gravity of the size of manipulations and fraud and 

misrepresentation in a lot of data structures, particularly that is 

done by the members of the Board of administration and 

managers. 

 

        The concept of creative accounting has become focus and 

attention by accountants and auditors so dramatically in recent 

years, especially when the company (Enron) and other leading 

companies  were collapsed and the  company of (Arthur 

Andersen) was responsible to audit the accounts of (Enron)  

company  that accusing it of manipulating the company's 

accounting data were taking advantage of some treatments and 

accounting policies that appear accounting data without the 

correct shape. 

        The researcher will discuss the main problem for the search, 

which is that there are some people willing to achieve specific 

goals, both members of the board of directors or own businesses 

or stakeholders, which pushes them sometimes to address the 

accounting data of the company or manipulated by inventing 

ways and methods of accurate accounting by taking advantage of 

some of the accounting policies or legal loopholes which are  so-

called (creative accounting) in order to achieve the goals of their 

aspirations. 

        In view of the nature of the above-mentioned problem,  

researcher poses the following two basic assumptions of the 

research. 

  

First hypothesis: 

        There is a significant relationship between the awareness of 

users of financial reports and the discovery of creative 

accounting practices and thus reduce them. 

 

The second hypothesis: 
        There is an active role for both auditors and audit personnel 

who are working in institutions or sectors which monitors the 

work of companies in the collections of accounting or internal 

auditors who are working in companies to detect  the creative 

accounting practices and reduce them. 

 

The researchers also will achieve the following objectives 

through this research to: 

        1. Shed light on previous studies that addressed the issue of 

creative accounting and reached up to be the starting point for 

this search. 

        2. Review of the most important methods that used in 

creative accounting. 

        3. Identify trends and means to detect creative accounting 

practices, and their contribution to restrict manipulation in the 

financial statements and the role of international organizations in 

the accounting. 

        4. Identify the ethical perspective of creative accounting. 

        5. The role of the auditor in the verification of practices and 

the results of creative accounting. 

        In conclusion, we hope the Almighty Allah that we have 

been successful in providing this research appropriately in a 

scientific and accurate manner. 

 

T 
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II. RESEARCH AND COLLECTION IDEA 

The Concept of Creative Accounting and its Definitions 

        The creative accounting  or fraud accounting, as some calls 

it an event that was  born in the eighties, it is likely to have begun 

when the companies faced difficulties in the recession that 

occurred in the early eighties, where there was pressure to 

produce profits better in time when it was difficult to find those 

profits and any other kind, and when the company discovered 

that the laws only tell you what cannot be done, not what you can 

do! Therefore companies have felt as if they cannot earn profits, 

they can at least to innovate them. 

        Many researchers, writers and specialists have tried to 

define the concept of creative accounting, and because of the 

different orientations and points of view  of these researchers and 

writers have appeared  in many definitions of this concept, those 

definitions have built, each according to the viewpoint of the set, 

the following researcher will view of the many definitions of 

creative accounting ,then the researcher will conclude a 

comprehensive and  concise definition of creative accounting 

from his the point of view. 

         (1) (Nasser) defined creative accounting from the academic 

viewpoint as "a conversion numbers of financial accounting than 

it is actually to what the authors want it by exploiting or taking 

advantage of the existing laws and / or ignore each other and / or 

all ". 

         (2) (Amat) defined creative accounting as "the process 

which uses by accountants knowledge of accounting rules to 

address the recorded figures in the accounts of businesses." 

         (3) ( Phillips) his concept of creative accounting was being 

as "comprehensive description in the process of manipulating 

that is  amounts or financial offer for internal motives." 

         (4) (Mulford,) defined the creative accounting that it is the 

actions or steps that are used to manipulate the financial terms, 

by using options and practices of accounting principles, or any 

action or step in the direction of profits management or pave 

income. 

         (1) (Ani) uses   the term of  accounting  creative rather than 

the term of creative accounting, as he describes as the "process of 

manipulation of figures accounting through to seize the 

opportunity to get rid of compliance with the rules of accounting 

and alternatives measurement applications and disclosure for the 

transfer of the financial statements, which must be like to 

preferably prepared this statements to reach him, which is also a 

process by which you are structuring transactions in order to 

produce the results that are required accounting instead of 

reporting these transactions in a coordinated and impartial 

manner. 

         (2) (Bambooweb Dictionary) describes creative accounting 

that refers to the use or the use of practices  about deviant 

practices of accounting standard , normative or familiar, which 

are characterized by the use of methods and practices that are 

modern, complex and innovative to get the privilege of income , 

properties  , assets or liabilities. 

         (Bambooweb Dictionary)also adds  that the results of such 

practices are complex , tiring and exciting in the financial reports 

and this has called creativity  , it sometimes calls terms: 

inventing, innovating  or adventurer (Aggressive), it adds that 

this creative accounting used more seriously in order to distort 

the real income and properties of  businesses companies. 

         (3) In (Accounting Dictionary), it has been defined as a 

general concept for the organization of accounts  that give the 

illegal or dubious entity benefits to maintain accounts. 

 

        In view of reading what came earlier by researchers, writers, 

and others, it is clear to the researcher that creative accounting is 

the process or practice can accountants use their knowledge of 

the rules and laws of accounting to address the recorded figures 

in the accounts of companies or manipulated in order to achieve 

specific goals, but this can be summarized as the concept of 

creative accounting of our point of view as a "modern processes 

or practices, complex and innovative through which accountants 

use their knowledge of accounting rules and laws to deal with the 

recorded or manipulated figures in the accounts of companies or 

manipulated in order to achieve specific goals." 

        Before I  conclude this section I  will refer to some of what 

was said by specialists for creative accounting through their 

experience and observations about the practices of creative 

accounting,
1
   (Yan Griffith Griffiths) wrote from the viewpoint 

of a journalist in the field of business and accounting "Every 

company in the country to deal with profits in its own way, but 

each set of published accounts based on the basis of the books, 

which is prepared in minutes or fully readied, and that the figures 

obtained by the public investor twice a year, they are changed 

completely in order to protect and hide the crime, it is the biggest 

trick since the Trojan horse, and he adds... In fact, this deception 

be prepared very attractive, which is wholly legitimate ... It's 

creative accounting. " 

        It was reviewed by (Jameson)
2
   from the viewpoint of the 

accountant says, "it includes the process of accounting for 

addressing many issues of governance and conflict resolution 

between the curriculum or competitive  entrances in order to 

display the results of financial events and business processes, this 

flexibility provides opportunities for manipulation , fraud , 

deception , distortion and /or poor presentation. These activities 

have become fruitful elements of the accounting profession  that 

was known  by creative accounting ". 

        As (Smith)
3
 says, according to his experience as an 

investment analyst "We felt that a lot of apparent growth in 

profits  were occurred in the eighties, there were the result of 

sleight of hand dexterity accounting or creative accounting, it 

was not as a result of economic real growth, he adds .. We started 

in the detection methods main involved in this and provide vivid 

examples of companies that use those creative methods. " 

        The researcher adds to creative accounting " the concept of 

creative accounting lies in the term of practices that carried out 

by accountants  to mislead the reader of the financial statements   

for any goals to strengthen market shares, maximize the rewards 

of board of executive administration or others. " 

 

The Methods  that are Used in Creative Accounting 

        As I noted previously, the accounting creative has several 

definitions , one of these definitions is the definition of creative 

accounting as a "methods or means that are used to transform 

                                                 
1  Amat, O. and  Blake ,  J. , “ The Ethics of Creative 

Accounting P 8 
2  The previous source   p 9 
3  The previous source  p    01  
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numbers of financial statements than it is actually to what authors 

want by taking advantage of the current rules and / or neglecting 

some or all of them. "
4
 

 

        In this part of the research we will review the most 

important of these methods that are used in creative accounting, 

here it must be noted that there are many means and methods that 

used in creative accounting, but we chose to review the most 

important of these methods , they are as following: 

 

        1) Accounting rules sometimes allow for the company to 

choose between a number of different methods of accounting, for 

example, they  allow to the company in many countries to choose 

between a policy to delete the expense of development, they also 

depend on  consumption at the expense of project life the related 

to them, so the company can choose accounting policy that give 

its favorite image. 

        2) Using some input in the accounts that are related to the 

assessment or prediction. 

        In some cases, when  you assist  the age of one asset for the 

calculation of depreciation, it is usually performed these 

assessments within the work , it made available opportunity to 

the creative accountant to make mistakes in terms of caution or 

optimism in this evaluation. In some other cases it can usually 

hire an external expert to work evaluations, For example an 

expert statistical can be evaluated the financial commitment for 

future pensions, in this case the accountant can be creative to 

manipulate the value either by the means, by putting the overall 

evaluation , by choosing valuer or a known resident to adopt  a 

trend optimistically or pessimistically as desired by the 

accountant. 

        3) It can enter either synthetic trades to manipulate the 

amount of the budget or to move profits between accounting 

periods. 

        This is achieved by entering into two transactions or more 

connected with a third party inclined to help, for example, to 

assume that someone was making arrangements for the sale of 

one asset to a bank instead of leasing this asset for the rest-of-life 

so that they can put the sale price of the asset under (sales and 

recessive leasing ) is higher or lower than the current value of the 

asset because it can compensate for the price difference by low 

or high lease. 

        4) Manipulating the timing of transactions in order to 

identify a certain age to upload gains or losses for any 

accountant`s purpose aimed to achieve , especially if there are 

clear differences between the carrying amount , the market value 

or real value. 

 

        The researcher concludes the accounting methods that are  

used in its multiple innovative forms and fairly complex, and 

they can`t only be discovered by specialists, and later they will 

be shown how to detect and address them . 

  

Creative Accounting and Management Accounting Profits 

and Beautifying Images of Income 

                                                 
4  Amat, O. and  Blake ,  J. , “ The Ethics of Creative 

Accounting P 11 

        Authors exploits the financial data ,who engage in creative 

accounting of some accounting policies and legal loopholes,  in 

order to provide the impression "misleading" for profit that 

serves  different purposes and objectives, there are many 

methods and practices that are used in the management of profits 

and beautifying  images of income. As following ,we will review 

the most important of these practices and the target to do them : 

         (1) Generally, companies prefer to submit a report about 

the direction of the steady growth in profit instead of Showing  

unstable series of dramatic highs and lows of  profits, they are  

achieved by the management of a large reserve that is necessary 

in order to financial commitments and against the values of the 

assets in good years, which can even reduce this reserve and 

thereby improve profits that are  prescribed in the bad years. 

Thus oscillations disappear or dips that may affect income , in 

this regard  shareholders or investors may pay to ask questions to 

the board of directors. 

        Here are highlighted the seriousness of creative accounting 

in the lack of transparency and the absence of the role of 

investors in terms of that in the case. If the trading conditions 

worked unstable and volatile, the investors  would find out,  

actually they`ve right to know that. 

         (2) One  of the different forms to manage earnings and 

beautify images of income is manipulated earnings in order to 

link predictions,
5
 (Fox1997) indicates how to design accounting 

policies in some economic units through the accounting rules 

regular to match the reported profits with the predictions of 

profits. For example, when that unit sells  its products  , the 

recognition of a large part of the detective profit is postponed 

including for future years under the pretext of meet potential 

expenditures to quality improvement and customer support.  

        The importance of such practices are sometimes evaluated 

in the performance of board members on the basis of 

expectations and forecasts that are placed when they receive their 

functions, so it whenever forecasts achieved, it means that the 

framers of forecasts  have a high level of skill , competence and 

intuition. thus they have raised the economic status of the 

company ,thus they get high ratings and so they will a big bonus 

rewards . 

         (3) The members of the board of directors change in 

accounting policies for the purpose beautify of income in some 

cases, they have so desirous to distract  investors or observers for 

the bad news. 

        
6
 (Collingwood 1991) indicates  to a famous incident 

happened  in the United States  , when K-Mart company changed 

in some their accounting policies in order to show profits quarter, 

including more than 30% of its value in view  of the former 

accounting policies so as to coincide with the bad news , there is 

the largest retail company in the United States that  declines from 

the first position to the second ,so the purpose of that to  distract 

investors and observers for this news. 

                                                 
5  Healy, P. M. and Wahlen , J. M. , “ A Review of    the 

Creative Accounting Literature and its Implications   for 

Standard Setting ”p12-13 
6  Healy, P. M. and Wahlen , J. M. , “ A Review of  the Creative 

Accounting  Literature and its Implications   for Standard 

Setting ”. p 15-16 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      42 

ISSN 2250-3153  

www.ijsrp.org 

         (4) The creative accounting can help either to keep the 

price per share or promote it, either by reducing the obvious 

levels of lending  that make the company to appear to be subject 

to less risk or by creating an appearance on good profit direction 

which helps the company in the collection of capital through the 

issuance of new shares and to show its private shares in the 

company's own offerings. 

        In general,
7
  (Dharan and Lev) noted in a prepared study in 

1993 that analysts in markets have high efficiency and attentive, 

they won`t deceive  in beautifying  accounting practices, that 

changes the accounting for the settlement of income is 

considered as an indication of weakness. the study also pointed 

out that any beautifying procedure to the image of income 

undertaken by the company certainly , it will be followed by a 

poor performance in the stock price in years that followed those 

accounting changes to increase income. 

 

Recent Trends and Methods to Detect Creative Accounting 

Practices and Reduce them. 

        There is no doubt that the fight against practices of creative 

accounting is one of the difficult and complex things, so people 

who interested in this area constantly seeking to know the 

developments in creative accounting and to detect such practices 

and then try to reduce them. In this chapter,  the researcher will 

present  the most important trends and the modern means and 

methods that are used to detect creative accounting practices and 

reduce them, they are as following : - 

         (1) The idea of audit committees appeared in the United 

States after the violent financial shocks  as resulting from the 

manipulation of financial reports, which are resulted in the 

establishment of both the New York Stock Exchange (NYSE) 

and the Capital Market Authority of United States  

****(SEC)*** that recommended to establish a committee of 

registered companies that composed of a number of Members of 

non-executive, their tasks  were to assign the external auditor , 

and they determine his fees as an attempt to increase his 

independence when he decided  an opinion about financial lists  

issued by companies, the American Institute of Certified Public 

Accountants (AICPA) has recommended in 1967, all companies, 

whether listed or public need for the establishment of the 

Commission for review ,In 1972, the Commission issued Capital 

Market Authority of United States  ***(SEC)*** recommended 

to compel companies  to establish a committee for review . In 

1978 the New York Stock Exchange committed all registered 

companies with the need to the compose the review committees. 

        2) Many of the economies of East Asia, Latin America and 

Russia suffered After the economic collapse of and financial 

crises in the late twentieth century , there were financial 

collapses in many markets of the world, as well as under the 

openness of the global capital markets ,the globalization of 

markets , the private sector relied on to increase economic 

growth rates for many countries of the world , these companies 

have become the huge expansion in the size, there is an urgent 

need to lay the foundations for a new professional ethical 

standards , they were called the concept what is now by  

corporate governance so as to reduce the phenomena of creative 

accounting and its damages that  as result of a lack of the 

                                                 
7  the 01 –  00 p  pepuoivo oiverp  

necessary transparency, which would raise the level of global and 

local economies. 

         (3) The field of selection the alternatives and accounting 

treatments will be minimized by reducing the number of 

alternatives and available accounting treatments or identifying 

conditions that can be used where each treatment, but this is for 

the International Accounting Standards Committee (IASC)  its 

amendments , recently  they had abolished in the alternative 

treatment standards, and  they developed a standard treatment in 

their criteria. 

        The reduction of the alternatives will lead the company 

,which will choose a particular accounting treatment ,which 

produces desired image in later so it would force to use the same 

treatment  in similar circumstances in the future in which the  

result is less satisfaction. 

         (4) reduce the misuse of certain accounting policies, and 

this is done as following: 

        A - Act of making  rules that reduce the use of certain 

accounting policies or even they are canceled, and in this respect 

when some accountants is heading in British companies partially 

"item of emergency" for the accounts of loss and profit of the 

items that they wish to avoid included operating profit, and that  

the British accounting standards has considered to cancel " item 

of emergency " finally so as they don`t exploit wrongly. 

        B – There is other way through the activation hypothesis 

"stability", this means here consistency in the use of the 

accounting policies adopted by the preparers of financial 

statements, this means when any company chose accounting 

policy that is relevant  to one of the years ,it must continue to be 

applied in subsequent years, which may not fits those policies as 

they were, here that does not mean it is not allowed to change 

accounting policies, but the intention will not change these 

policies only if they are absolutely necessary and they  provided 

as the disclosure of financial impacts caused by changing these 

policies. 

         (5) The most important and powerful way , which  attentive 

and efficient auditors , observers and audit committees discover 

practices of creative accounting that are followed by the other. 

This is done by choosing the audit offices with high efficiency 

and reliability, as skilled and efficient references based on the 

design of audit procedures to obtain reasonable assurance about 

the distortions arising from the creative accounting that are 

discovered, which are considered material to the financial lists.  

         (6) There will be  development of accounting culture 

among investors ,interested parties and users of financial 

information on the various spectrum, This is done through self -

education, that aimed to improve their levels of accounting, or by 

the authorities concerned the safety and financial lists 

transparency that is given by the information from  government 

or the private sector, and the process of education is offering  by 

accounting programs of education and  it is sending illustrative 

educational messages or holding seminars for users of financial 

information that explain the innovative practices by some 

companies and the most important developments in the field of 

auditing and accounting. 

         (7) Activating the professional organization for the 

accounting and auditing profession , the development of the 

Charter of professional behavior and the formation of a 

professional committee of ethics of the most important functions 
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of rules of conduct that must be adhered by the accountant and 

certified references . 

 

        In general, researcher concludes that efficient auditor seeks 

usually for evidence to prove sufficient and appropriate to prove 

that it didn`t occur distortions or errors, and here it must be noted 

to the important point that is as a result of inherent limitations in 

the audit process, it no risks cannot be avoided in non-discovery 

of misrepresentations core in the financial lists as a result of 

creative accounting practices, it is possible to be the discovery of 

distortions and excesses of the financial lists for the period 

covered by the auditor's report, but that this does not mean the 

failure of references to adhere to the fundamental principles and 

necessary procedures for review. Sometimes despite adhering to 

these principles and procedures, it is possible to discover some of 

the excesses and distortions in the financial lists. 

 

        The role of the International Council of the Accounting 

Standards to issue emanating from the International 

Federation of Accountants to reduce the creative accounting 

practices. 

        When the Council decided to issue international accounting 

standards emanating from the International Federation of 

Accountants to make modifications to international accounting 

standards that are issued by the international) standards 

accounting that changed to International Financial Reporting 

Standards , this change aimed to several points including:  

 

        1-Convergence with U.S. accounting standards
8
. 

         (2) Economic Unity Council of the European Union fulfill 

the desire to issue new accounting standards that help to 

standardize the application of accounting between the countries 

of the European Union similar to unify the currency in  European 

union. 

         (3) The major developments and changes are considered 

when they have occurred, especially many countries have issued 

in the world by local accounting standards that are based mainly 

on international accounting standards. 

         (4) Some abuses and bad exploitation occurred by some 

accountants to these standards through the exploitation of some 

weaknesses in standards and there was one of the results of the 

emergence of creative accounting. 

 

        In this sense, the Council issuing international accounting 

standards considered to include some adjustments and changes so 

as to avoid a bad exploitation of the old standards, as well as to 

eliminate any practices of creative accounting practices which 

appeared under the old international accounting standards.the  

most important of these adjustments are as following : 

 

        1) Working  to eliminate the majority of alternatives  

(standard treatment) and (alternative treatment) in the new 

accounting standards, and sustainment process accounting that 

                                                 
8  Yahya Mohammed Abu Taleb, "International Accounting, 

According To The Latest Versions of the Egyptian 

Accounting Standards that Prepared in Accordance with 

International Standards of Financial Reporting in the Context 

of Accounting Theory", p 205-215 

aimed to unifying treatments and not giving way to choose 

among several alternatives so take advantage of these alternatives 

in the beautifying the image of income , inflate profits or 

coverage of up some notes on the company's activity. 

        2)  Adding attachments for each standard accounting that  

shows how practical application is considered the most important 

changes from the researchers` point view  or adjustments that  

made to the new International Accounting Standards, it is clear 

that there are difficulties in multiple practical application of 

many paragraphs of accounting standards, where many 

specialists have difficulty   to explain how the proper application 

that has ambiguity in some paragraphs within the standard which 

may be exploited by some weak people to do the process of 

manipulation or distortions in some items of financial reports 

under the lack of clarity in pretext or understanding the proper 

standard. 

        3) Canceling  the contradictions and conflicts between some 

,as well as to remove any ambiguity surrounding these standards 

which closes the door to those who want to take advantage of 

these contradictions or the vagueness in some of these standards. 

        4)  Providing explanations that attached to the standards 

within the same standards rather than to be separated in a special 

supplement for each criterion.. 

 

        An Ethical Perspective of Creative Accounting 
so to the moral perspective of creative accounting , many ethical 

considerations have originated as following: 

 

         First: Accounting system shared with the systems of law in 

many ways, where we can look to the values and ideas that are  

emanating from the law and justice systems because such 

systems are social installations we can look behind to find basic 

ethical values  as honesty, (Lyons 1984) has discussed values as 

examples in legal processes, where respect for the law is known 

as an important moral, "For example, it can operate well-the 

procedures established to encourage respect the law and then 

obedience to the law, which many  people consider them as  

good thing "
9
. Perhaps some debate arises about systems that 

because either they were drafted badly or the mechanisms  are 

not applied very suitable and  respectful. In addition , Lyons 

discusses rule of law but this point shows more strongly on the 

non-legislative system such as accounting system, where if they 

fail to gain respect by those who are called upon to apply it is 

likely that the consequent failure of oeosps . In the context of 

large and small manipulation in financial lists, which  we knew it 

raises the problems in system of accounting, so the system lacks 

authority if  it exposed to manipulation by the economic or 

political forces to any objective. 

 

        Many philosophers has pursued similar ethicists ideas with 

regard to justice in accordance with the rights for every person or 

every group throughout history. According to this conception, 

perceptions  of justice and recent others, such as the famous 

theory of Raul for Justice , it was developed in 1972, there is no 

doubt that the writers of the financial lists who abuse the 

                                                 
9  Lyons, D.: 1984, Ethics and the rule of law (Cambridge 

University Press, Cambridge),P196 
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authority in office  by committing some sort of oppression and 

injustice  . 

         (Fischer and Rosenzweig 1995)
10

 (3) was found that the 

accounting and MBA students criticize trades that exposed to 

manipulation and misuse of accounting principles. 

        Naser and Pendlebury 1992
11

 (4) also discovered that 

auditors and  accountants have lack of desirability for such 

situations in Britain . 

        The transition from the general concept of injustice and 

dishonesty , we can address to more personal level where 

individuals make decisions about work to be able defend it one 

way or another, however, the business decisions are not exempt 

from ethical considerations, as Solomon 1993 "
12

 explained 

where we cannot accept again the moral notion that "the work is 

work ". 

         It helps to understand that to keep in mind the idea of  

individual responsibility for wrongful acts and the idea of good 

character when studying the unethical discussions to some 

extent, which employs to be an excuse for the behavior of 

manipulating accounting, where there could be a defense for the 

behavior of creative accounting that based on agency theory and 

accounting theories, Revsine 1991
13

 has discussed "assumptions 

,financial representation theories or wrong selective," It was 

considered that the problem is related and suggests that each of 

them can take advantage of non- tightly formulated accounting 

standards which allow discretion in determining the time of 

income and profits, 

        In the fact , holders of shares could  have benefit that 

managers are able to manipulate profits to " settle" income, 

including that it may reduce the instability of earnings clearly 

suffered by the company which leads to an increase in the value 

of their shares. in the fact , this is included a deliberate 

manipulation and deception are ignored, during that point of 

view so that shares holders are just absolutely unfamiliar with 

manipulation but theoretical assumptions of the agency provide 

this behavior that is inevitable because there is the inherent 

conflict in agency relations. 

        An ethical perspective can be considered that manipulations 

hated and forbidden morally, it is not fair to users, where 

includes practice is unfair to power and is working to weaken the 

authority of the organizers, when they are violated laws and 

regulations without penalty which the consequent lack of respect 

for them and procedures, basically it is prudent to ask the 

question about  the validity of the logic that involved in activities 

to hide proper financial data to provide an image of economic 

activity that cannot implicit fully justified. 

        Therefore, the researcher believes that creative accounting 

can be considered morally and hated what accountants see ethical 

violations that  pursued by them in their careers, and that needs 

                                                 
10  Fischer, M. and K. Rosenzweig: 1995, ‘Attitudes of Students 

and Accounting  Practitioners Concerning the Ethical 

Acceptability of Earnings Management’, Journal of Business 

Ethics 14, P444 
11  Naser, K. and M. Pendlebury: 1992, ‘A Note on the use of 

Creative Accounting’,  British Accounting Review 24,P 111. 
12  Solomon, R. C.: 1993, ‘Corporate Roles, Personal Virtues: An 

Aristotelian 
13  Revsine, L.: 1991, ‘The Selective Financial Misrepresentation 

Hypothesis’, Accounting Horizons, December,P 16–27. 

to address these behaviors can even get adequate transparency 

and credibility. 

 

        The Role of the Auditor in the Verification of Practices 

and the Results of Creative Accounting 

 

        First: The pivotal role of the auditor and the framework of 

soo/spe  responsibilities: 

        Generally , that organizational process defined as that lead 

through the qualified and neutral auditor (Competent and 

Independent) to validate the verifiable information and 

allegations that related to the activities and financial events and 

matching the results of economic relations with the accounting 

standards prescribed as (Established Accounting Standards) by 

collecting and evaluating evidence to prove audit  (declarations, 

approvals , observations , inquiries and examination) with a 

report on the results of those parties process that used 

information to use in making their decisions. 

        Accounting and auditing profession have arisen in an 

environment . they are  characterized high degree of complexity 

economic , they also provide which management facility 

information on resources , the burden of obligations to help 

investors , suppliers , lenders and other interested parties in 

making their decisions through the preparation of financial 

statements that include economic allegations and clarifications 

and that's where the administration which represents the authors 

of the financial lists.  (Preparers or Providers) have their 

operational goals and their own interests, which may differ from 

the interests of information users, and they must be checked as to 

that information via professional accountant and impartial to 

express an opinion about the credibility and reliability. 

        Hence, we can say that the audit profession that  has arisen 

in response to the need neutral audit to information, and until the 

provision of such service seeks references in an objective and 

impartial investigation to gather evidence relating to allegations 

subject of examination, where I have been to that evidence in the 

accounting data in books and diaries, accounts and supporting 

documents and approvals, etc.,  

        The auditor compares these allegations and information 

with the prescribed standards (including accounting standards or 

any other basis of agreed accounting ) on the allegations and the 

information that contained in the financial lists may be presented 

honestly and fairly, they do not include any primary 

responsibility of the auditor to make it clear in her/his opinion of 

the parties , they would provide the coupling auditor's report to 

the users of such information for the benefit of the possibility of 

credibility and reliability 

        Figure (1)explains objective neutrality audit, which is done 

by qualified auditor who express her/ his opinion that the 

financial information  provided by company management to the 

Users concerned .Basically, the primary responsibility of the 

auditor is to make clear opinion about  the parties  that used for 

accounting information as to whether the financial statements 

that include allegations administration could have offered a 

sincere and fair, as well as without any excesses or distortions , 
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and they do not include any exercise of the creative accounting 

practices.
14

 

        However, it must be noted to important and vital matter that 

the audit does not provide a guarantee of full discovery all 

practices of creative accounting, because it is not simply perfect 

operation, where it is no possibility of non-discovery of some of 

the practices of creative accounting, and this is even under the 

best possible performance that  required checker`s procedures by 

(Professional Auditing Standards), where if any Checker tries to 

discover all practices of creative accounting, the cost of the audit 

will be significant and unacceptable, so it should focus efforts in 

areas where there is a significant risk of distortions or 

manipulation, and during the actual audit process implementation 

has had a great deal of (Assurance) to discover, although it is not 

a confirmation at all but it is a  high level positive, and therefore 

the accuracy of the financial lists for all companies would rise, 

which capital markets would enable to work as efficient markets 

, hence we can say that the audit provides economic benefits to 

many of society. In the United States, there are (15000) public 

companies offer their shares for public subscription that  must be 

reviewed annually,  these companies cannot be get capital by 

offering shares in the capital markets without auditing  the  

financial lists. Many private companies need an annual review of 

their financial lists to obtain and maintain financing in banks and 

other financial institutions. In most cases, the company can get 

low rates financing if it has financial lists that are audited 

annually, and here we can say that the audit of financial lists 

reduces the cost of capital. 

        The auditors usually helps both workers in the audit 

institutions or sectors which monitors the companies works of in 

the audit bureaus or internal auditors of companies to improve 

their performance and internal control methods. Where they 

brought to management proposal results of  implementation to 

reduce costs by improving operating efficiency and reducing any 

distortion or manipulation or fraud. As results of the audit 

procedures implementation that all members and staff work 

facility better to reduce the chances of committing fraud and 

erroneous practices. 

        As a result of an increased information risk, there are many 

causes ,which  are the complexity in the business community , 

increasing the size of establishments  companies , the multiplicity 

of its financial operations carried out and characterized by 

difficult and expansion exchanges as well as decision maker  has 

a difficulty in reaching to information directly, the possible 

existence of distortions , bias , an intentional impact of producers  

or on one of its aspects that appeared inevitable auditing and the 

pivotal role of impartial role in reducing the risk information, 

which reflect these risks the possible inaccuracy of on the work 

dangers on the facility -specific work hazards or company 

(inaccuracy of the financial lists). 

        Some departments of companies sometimes has agreement 

with the auditor to provide suitable confirmation for users about 

the possibility of relying on these lists, as if they were the 
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  Aospelsppa l. Ahmad Lutfi, "The Responsibilities and 

Procedures of the References in the Report about Fraud and 

False Accounting Practices," p 20 

 

adoption of these lists are incorrect, and they  include some 

creative accounting practices, the auditor will face possible 

prosecution by both the user and some members of the directors 

board or what is known as legal liability for the auditor toward 

customers or any third party, Where users ssup prosecuted the 

auditor on the basis of professional responsibility to confirm the 

reliability of the financial lists, and the user can also prosecute 

the department, thus  the auditor has a great responsibility legally 

  

        Second: Enhance the auditor`s work performance to reduce 

the innovative practices 

        According to the standards , audit process aims to provide 

reasonable assurance that the financial lists as a single unit is 

generally free of any material misstatement or fraud or 

manipulation or any practices of creative accounting practices. 

To reach these reasonable assertions must be available at the 

level of audit firms or audit bureaus , there are several accounting 

mechanisms and conditions that  help to enhance the work 

performance of the auditor to reduce creative practices. 

the most important mechanisms conditions are  the following: 

         (1) The availability of qualified human resources and 

trained them , where the availability of such competencies 

warranty to the best work completion that assigned to the audit 

office or the audit bureau. In this regard , it must be considered 

the proportionality between business and human resources 

numerically and qualitatively, and it must be considered the 

attention to training aspects , continuing education , the expertise 

transfer and experiences within the system of checking whether  

in the audit office or accounting bureau. 

        The investment must occupy in human resources that ranked 

first in the priorities of audit firms and accounting bureaus. In 

contrast , it must be to have the ability to keep these resources to 

the appropriate extent .  

         (2) The audit profession needs people who have special 

specifications, so they have  awareness of professional culture 

and sufficient cognition in various economic activities and 

developments in the business environment .The factors may 

affect the financial positions of customers , the elements , 

resources of their business or in their ability to continue. In 

addition to,  they should have independent feeling , the ability to 

do in the right direction and a sense of the importance of what 

they are  doing work. 

         (3) The audit firms or accounting bureaus must assess the 

possibility of relying on what they offer company management 

that is checking the data and information. all transactions and 

events of the company have increased by 100%, because the 

audit function has natural limits and the impossibility to surround 

all auditor`s transactions that assesses the possibility of 

withdrawing from the task or apologize them if grown into a 

knowledge of what makes the secretariat of the company's 

management with advanced data or information that are in doubt. 

In this regard , it may be to be reconsidered in the drafting of 

model audit report financial lists in order to reflect in more detail 

of the task nature of the auditor , the natural border for this task 

to mention the items or subjects that have the available evidence 

of the validity, which is statements of the Company's 

management. 
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         (4) The task of the auditor is not easy, especially there are  

complexity of corporate activities , the continuing evolution in 

the methods of production , marketing and finance, where they 

are no longer limited traditional methods of checking the 

documentary and look at the books and accounting restrictions, 

but they became subjects such as imaging techniques of financial 

lists and disclosures required different accounting standards and 

obligations  , they have not restricted books in the first interest 

for auditor. 

        In conclusion, we can say that often doing manipulation or 

accounting practices of creative accountants ,which are  on the 

high level of craftsmanship and innovation, so it is necessary to 

offset the other end of the auditors both in audit firms or auditors  

in accounting bureaus to be on the same level, if it is not higher , 

in order to detect such practices and reduce them so that it can be 

up to provide reasonable assurances gap in the financial reports 

of any deviations , manipulation or fraud. 

 

III. RESULTS 

First: Results: 

       (1) There are several definitions of the concept of creative 

accounting but they all agree they are modern, complex and 

innovative processes or practices through which accountants use 

their knowledge of the rules and laws of accounting to deal with 

the figures recorded in the accounts of companies or manipulated 

in order to achieve specific goals. 

        (2) There are many means and methods that are used in 

creative accounting, and they are  the most important: 

        * Choose accounting policies that are appropriate to achieve 

goals  that based on the company , its owners or exploit legal 

gaps. 

         * Manipulation of the data, information, or use some of the 

entries in the accounts that are related to the assessment or 

prediction 

        * Fabricate synthetic trades either to manipulate the amount 

of the budget , to move profits between accounting periods or 

specify a particular time of the actual deals to give the 

impression of unwanted accounts. 

         (3) The most important goals are  to provide an impression 

of "misleading"  in creative accounting for profits and puff 

income in order to serve different purposes and goals, and there 

are many methods and practices that are used in the profits 

management and beautify images of income. 

         (4) There are many trends and modern methods for the 

detection and reduction of creative accounting practices. 

Notably, governance companies and audit committees, and 

accounting policies and many other methods have not changed.  

         (5) The process of anti-accounting practices of creative 

things are difficult and complex, so people who  interested in this 

area constantly seeking to uncover these practices and then 

attempt to reduce them . Attentive and efficient auditors and 

observers in the discovery of accounting practices creative , that 

is the most important means and the strongest anti-practices of 

creative accounting. 

         (6) The emergence of creative accounting practices is one 

of the reasons that forced the Council of the International 

Accounting Standards issued to change into the International 

Financial Reporting Standards 

         (7) The Auditor has important and pivotal role in the 

verification and disclosure practices and the results of creative 

accounting 

         (8) The research shows that the ethical perspective of 

creative accounting is the foundation that cannot be ignored, as it 

is clear that there are  controls of the profession ethics, that will 

lead to prosperity accounting profession, which will contribute to 

the reduction of creative accounting practices. 

         (9) The task of the auditor is not easy especially in field of 

the large size businesses and the complexity of their activities 

and interests, and they continued development of methods of 

production, marketing and finance so it must audit firms or 

accounting bureaus to assess the possibility of relying on what 

they offer company management that is checking the data and 

information to prevent any manipulation , misrepresentation or 

fraud. 

 

IV. CONCLUSION 

 

A -general recommendations: 

         (1) Raising sufficient  awareness to see the creative 

accounting and clarify damages and thus to reduce and fight 

against them through the  proper means. 

         (2) Activating the professional organization of accounting 

and auditing profession , developing the Professional Conduct 

Charter and formation a committee of professional ethics to the 

most important rules functions of conduct that must be adhered  

by the accountant and certified auditor.. 

         (3) Activating the audit committees because they have  role 

in reducing manipulations and creative accounting practices. 

         (4) Focusing and working to develop and train the auditors 

on continuously , especially if we know that the exercise of the 

audit profession that needs people with special specifications, so 

they should have awareness of professional culture , sufficient 

cognition in various economic activities , developments in the 

business environment and the factors .They may affect by  the 

financial positions of customers , in their  elements resources or  

in their ability to continue. 

        (5)  Developing the culture accounting among investors, 

whether beginners or who have experience and interested parties 

and users of financial data and information on various spectrum, 

The educational process has had by offering accounting 

education programs and educational illustrative or sending 

messages or holding seminars for users of financial information 

to explain the creative practices  that practiced by some 

companies and the most important developments in the field of 

auditing and accounting. 

         (6) Where the economy of any country has privacy and 

nature that differ from other the rest of the economies, so it must 

be issued accounting standards especially in the State of Kuwait 

to be applied to companies and economic units that operate in the 

State of Kuwait, so that the basis of those criteria are the new 

standards issued by the Council version international Accounting 

Standards. 

         (7) Emphasis censorship by regulators and competent State 

authorities (Ministry of Commerce -  Kuwaiti Securities Market - 

the Chamber of Commerce and Industry, etc.) the  companies 
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that get involved in doing some creative accounting practices of 

manipulation or distortion of data and information in their own.  

        (8)  Activating the role of (corporate governance), 

companies and financial institutions urged to apply their role in 

increasing transparency and disclosure, which helps minimize 

creative accounting practices. 

         (9) Promptness of the issuance necessary  laws and 

regulations that reveal the creative accounting practices and help 

to reduce them. 

     

B- The Recommendations that are Related to Audit Bureau 

         (1) Distribute the concept of creative accounting among  

auditors at the Audit Bureau and rehabilitation through the 

following: 

          The auditors who are working at the Audit Bureau have 

definition of accounting concept of creative accounting. 

         The most important practices , methods and means that 

are used in creative accounting. 

         Education and the definition of accounting auditors who 

are working at the Audit Bureau of the latest developments and 

means that help to detect creative accounting practices and 

reduce them. 

         The concept of creative accounting be published by 

establishing training courses or publication and distribution of 

educational publications that are related to creative accounting, 

especially  the auditors who are working in private sector and 

investment companies. 

 

        1) The Audit Bureau has published the concept of creative 

accounting among the parties to control the companies and 

financial institutions, especially these contribute to the state by 

moving from the capital that urged them to develop the capacity 

and efficiency of their staff to cope with any practices or 

manipulation data or financial information because they have a 

positive effect in achieving the ultimate goal of the Audit Bureau 

to preserve the public money. 

 

        2) The reports include recommendations in the audit bureau 

of companies and financial institutions under the supervision , 

that need to adopt the concept of creative accounting and 

detection methods for creative accounting practices and 

reduction. 
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    Abstract- Dairy industry is one of the largest food processing 

industry which causes severe environmental problems due to the 

generation of wastewater containing high Solid concentration, 

high BOD and COD. The removal of COD plays a vital role in 

the treatment design. An attempt has been made to remove COD 

from dairy wastewater using water hyacinth - low cost biosorbent 

as a cleaner production option. The wastewater was collected 

from AAVIN dairy, Coimbatore and analysed for various physic-

chemical parameters. The COD value was found to be 2850 mg/l. 

Batch study was adopted in this investigation and COD reduction 

was determined. The optimum contact time was found to be 40 

minutes for a COD reduction of 65.4% and optimum dosage was 

observed as 15 g with an removal efficiency of 89.5% .  

 

    Index Terms- COD, Biosorbent, Dairy Wastewater 

 

I. INTRODUCTION 

airy industry is considered to be largest source of food 

processing industries which cause severe environmental 

problems because of generation of strong wastewater 

characterized by high biological oxygen demand (BOD5) and 

chemical oxygen demand (COD) [1]. Water is used in all 

processes in the dairy industry, wastes from dairy industry 

contains high concentration of organic materials, high BOD and 

COD, high concentration of Suspended solids and oil grease[2]. 

All of these require treatments to prevent or minimize 

environmental problems. The wastewater generated from dairy 

industry can be separated into two groups namely, the first group 

comprises wastewater having high flow rates and the second 

group comprises of the effluents produced in small milk 

transformation units [3]. The COD of dairy wastewater is mainly 

due to milk, cream or whey. A number of technologies such as 

coagulation / flocculation process and oxidation process have 

been developed over the years to remove organic matter 

(expressed as chemical oxygen demand, COD) from industrial 

wastewater. These methods are expensive, time consuming, 

complicated and requires skilled personnel. The adsorption 

technique is a promising technique in the removal of COD, the 

high cost of commercial activated carbon has simulated the 

search of cheaper alternatives. The application of biosorption in 

environmental treatment has become a significant research area 

in the past 10 years. It is widely recognized that biosorption 

provides a feasible technique for the removal of pollutants from 

wastewater. There is a continuing search for cheap, high capacity 

sorbents for colour because the relatively high cost commercial 

sorbents such as activated carbon and ion-exchange resins 

remains a major obstacle to the use of sorption processes[4]. 

Many agricultural products and byproducts of cellulosic origin 

have been tested for metal ion adsorption. The removal of copper 

from effluents has been studied using many sorbent materials 

such as biomass, kaolinite, dry hyacinth and seafood shell 

waste[4]. Cleaner production is a positive and integrated solution 

to pollution prevention by reducing or eliminating pollutants at 

the source during the production processes. Biosorption is a 

promising technology in terms of cleaner production. The main 

objective of the present investigation is to reduce the COD level 

by using biosorption technique.  

 

II. STUDY AREA 

    Coimbatore is an important district in western part of 

Tamilnadu. 

    AAVIN dairy processing unit is located in the Perur-Siruvani 

highway surrounded by modest greens. Spread over 10 acres of 

land, the unit is Coimbatore’s most sophisticated processing 

plant. Milk vans collect milk from even the remote villages and 

15 vans report to this particular unit. Nearly 1,10,000 liters of 

milk is processed at Coimbatore plant and supplied to the near by 

districts. The wastewater generated from various units namely 

receiving station, bottling, condensing, creaming and cheese 

making were collected in a neutralization tank for further 

treatment. The wastewater for the current study was obtained 

from AAVIN dairy industry Coimbatore.  

    The city of Coimbatore consists of the following nine major 

lakes (wetlands).Singanallur Lake, Kuruchi Lake, Valankulam 

Lake, Krishnampatti Lake, Muthannan Lake, Seevagasintamani 

Lake, Periya Kulam, Barathipuran lake and Ammankulam 

(Disappeared). In an urban ecosystem, these wetlands are the 

major life-supporting component with high concentrations of 

birds, mammals, reptiles, amphibians, fish and invertebrate 

species. The Coimbatore urban wetlands harbor more than 125 

species of resident and migratory birds, with August – October 

being the peak season. Spot-billed Pelican, Painted Stork, Open 

Billed Stork, Ibis, Spot-billed Duck, Teal, Black Winged Stilt are 

a few species of the migratory visitors. All the above mentioned 

lakes, the water is polluted by the Water Hyacinth. The water 

hyacinth (Eichhornia crassipes) is a free floating aquatic weed 

originated from Brazil and had been introduced in India as an 

ornamental plant. Water hyacinth was introduced as an 

ornamental crop species in many countries more than a century 

ago, because of their attractive blue, lilac to purplish flowers and 

round to oval leaves. As of now, the lakes in Coimbatore have 

almost formed a part of the city drainage system. Encroachment 

D 
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is another serious trouble faced by these lakes, most of the people 

living nearby, have extended their cultivation lands to these 

fertile flood plains of these shrinking lakes. Sewage is also 

discharged into some of the lakes in some places. Over 

nourishment of water bodies due to the excessive nitrates and 

phosphates received through runoff from crop fields results into 

the growth of algae and this condition is known as 

Eutrophication. Due to eutrophication the lakes got invaded by 

algal blooms. The algal species quickly complete their life cycle 

and die there by adding a lot of dead organic matter. The water 

gets depleted of oxygen due to rapid decomposition of organic 

matter and fishes were killed.Water hyacinth is blamed for 

reduction of biodiversity and increased evapotranspiration. It also 

acts as a good breeding place for mosquitoes, snails and snakes. 

All most all the lakes in the Coimbatore city are polluted by the 

water hyacinth. Hence, it is essential to control the problems 

caused by the water hyacinth in an effective manner. As a part of 

cleaner production technology the effective utilization of water 

hyacinth a solution to pollution is taken as an objective in this 

study.  

 

III. METHODOLOGY 

Preparation of Biosorbent : The Biosorbent- Water hyacinth 

(Eichhornia Crassipes) was collected from Vallakulam, 

Coimbatore. Plant samples were washed and separated into 

leaves, petioles and roots. Then, they were oven dried at 100
0
 C 

for 3days. The dried samples were pulverized using 300μ sieve. 

Biosorbent, thus prepared from each part of the plant were then 

subjected to characterization and batch adsorption studies.  

 

Analysis of Dairy Wastewater: The dairy wastewater was 

collected from AAVIN dairy industry, Coimbatore and anlaysed 

for various physico-chemical parameters as per standard 

methods.  

 

Batch Study: Batch adsorption studies were conducted using the 

biosorbents prepared from Water hyacinth. 400ml of sample was 

taken in a beakers and biosorbent of 5g was added, samples were 

agitated in a flocculator to reach equilibrium. The contact time of 

biosorbent was kept as 10 minutes, 20 minutes, 30 minutes, 40 

minutes and 60 minutes. Suspensions were then filtered through 

whatmann filter paper. The filtrates were analysed for COD 

removal. From which optimum contact time was determined. To 

get the optimum dosage, time of stirring is kept constant and the 

dosage is varied from sample to sample. Different dosages of 

biosorbent from 5 mg/l to 15 mg/l are added[5].  

 

IV. RESULTS AND DISCUSSIONS 

 

The characteristics of dairy wastewater were presented in Table 

1.1.  

TABLE 1.1 Characteristics of Dairy Wastewater 

 

Parameter Value  

pH 7.8-8.5 

Total Solids (mg/l) 2100 

Total Dissolved Solids (mg/l) 1900 

BOD (mg/l) 1350 

COD (mg/l) 2850 

Reduction of COD: The results of batch study for determination 

of optimum contact time and optimum dosage of biosorbent was 

presented in Table 1.2 and 1.3 respectively. 

 

Table 1.2 Optimum Contact Time 

S.No. Dosage (g) Time (min.) COD (mg/l) 

1 5 10 2100 

2 5 20 1755 

3 5 30 1215 

4 5 40 986 

5 5 60 980 

Table 1.3 Optimum Dosage 

S.No. Time (min.) Dosage (g/l) COD (mg/l) 

1 40 5 986 

2 40 7.5 889 

3 40 10 684 

4 40 12.5 486 

5 40 15 298 

The optimum contact time was determined by adding 5 g of 

biosorbent in 400 ml of wastewater and agitated for various time 

of contacts varied from 10 minutes to 60 minutes. The optimum 

time was found to be 40 minutes from Table 1.2.  

The optimum dosage was determined by keeping the time of 

stirring as constant for varied dosages from 5 g to 15 g. The 

optimum dosage was found to be 15 g.  

V. CONCLUSION 

The present study was aimed at evaluating the potential of water 

hyacinth for COD reduction in dairy wastewater. In batch study, 

the untreated dairy wastewater samples having a COD of 2850 

mg/l were subjected to find the optimum contact time and 

optimum dosage of biosorbent. The samples were observed for 

temporal changes in COD reduction of 65.4% during 40 minutes 

contact time at 5 g biosorbent and a removal efficiency of 89.5% 

at 40 minutes contact time, 15g biosorbent. From the present 

study it clear that utilization of water hyacinth have effectively 

removed the COD content of dairy wastewater and this is a better 

solution for achieving cleaner production technology.     
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Abstract- Introduction: Globally, about 1 million cases of 

pediatric tuberculosis are estimated to occur every year 

accounting for 10-15% of all tuberculosis; with more than 

100,000 estimated deaths every year, it is one of the top 10 

causes of childhood mortality.1 The source of infection to a child 

is usually an adult, often family member with sputum smear 

positive tuberculosis. The frequency of childhood tuberculosis in 

a given population depends on: (a) the number of infectious cases 

;( b) closeness of contact with an infectious case; (c) the age of 

child when exposed to tuberculosis; and (d) the age structure of 

the population .2The objective of this study was to study the 

prevalence of Tuberculosis among severely acute malnourished 

children and socio-demographic factors associated with it.  

         Study methods: A retrospective cohort study was 

conducted in Nutritional Rehabilitation Centre of Molakalmuru, 

Chitradurga district. All the 13134 children (0-6years) in 

Molakalmuru block were screened by AWW for severely acute 

malnourished as per criteria laid down by Government of 

India.3Out of 386 identified severely acute malnourished 

children only 269 cases attended Nutritional Rehabilitation 

Centre. A detailed history, general physical examination, 

systemic examination and investigations were done. The findings 

were recorded in a predesigned pretested structured proforma. 

Screening for tuberculosis was done as per current RNTCP 

standards.4The data thus collected was compiled and analyzed 

by using Microsoft Excel software.  

         Results: The prevalence of pulmonary tuberculosis among 

severely acute malnourished children was 5.6%; out of them 

86.6% were females. 92.3% of tuberculosis patient had history of 

contact in the house hold was more among females. 5.2% of the 

children were positive for sputum or gastric aspirate smear 

examination, 5.6% also had positive PPD test and chest X-ray 

was showing the evidence of tuberculosis making the prevalence 

to be 5.6%.A statistically significant association was found 

among sex, age and history of contact in the house hold. 

 

Index Terms- Severely malnourished children, Prevalence, 

Tuberculosis. 

I. INTRODUCTION 

rom the oral tradition of medicine and public health, it is 

clear that malnutrition is an important risk factor for the 

development of tuberculosis. The available literature suggests 

that the rate of infections are higher in a malnourished children 

compared to well nourished children.
5
 According to Government 

of India, severe acute malnutrition is defined as “very low weight 

for height /length (Z score below 3 SD of the median WHO child 

growth standards) or by visible severe wasting or by the presence 

of nutritional oedema”.
3
Severe malnutrition leads to an 

immunodeficiency state known as NAIDs (Nutritionally 

Acquired Immune Deficiency).
6
 Malnutrition mainly affects cell 

mediated immunity (CMI) and CMI is the principal host defense 

against tuberculosis.
7
           

        The global burden of childhood tuberculosis is not known, 

but it has been assumed that 10% of the actual total case load is 

found amongst children. According WHO Global tuberculosis 

report 2012, at least half million of children became ill with 

tuberculosis and an estimated 64000 children died of tuberculosis 

in 2011. It ranks as the second leading cause of death from an 

infectious disease worldwide, after HIV.
1
 Tuberculosis infection 

among children can be used as a marker of recent ongoing 

transmission in the communities. Therefore information on 

prevalence of tuberculosis infection among children is important 

to evaluate tuberculosis transmission in community.  

        The commonest age for developing childhood tuberculosis 

is 1 to 4 years.
8
 Children rarely have sputum smear-positive 

tuberculosis. Children under five years of age are more prone to 

develop (up to 20 %) the disease, mostly within 2 years 

following infection.
 

  Many studies have established that 

prevalence of tuberculosis is higher in household contacts, the 

highest being for those who are sharing activities and room air 

with sputum smear positive cases. Studies have also shown that 

the socio economic factors such as poor housing, crowded 

condition, poorly ventilated spaces, low income, lack of access to 

medical care, lack of knowledge of tuberculosis prevention are 

associated with tuberculosis infection.
8
 

        Globally, tuberculosis control program has given low 

priority to childhood Tuberculosis.
8
The reason for this may be 

diagnostic difficulties faced of pediatric tuberculosis, the limited 

resources available for tuberculosis control activities, a 

misplaced faith in BCG, a lack of data on treatment and the 

belief that tuberculosis in children is rarely infectious.
9
 

Additionally, contact tracing is rarely done in developing 

countries like India because of lack of resources and social 

stigma. Hence the study was carried out to know the prevalence 

of Pulmonary Tuberculosis among severely acute malnourished 

children and the socio-demographic factors associated with it. 

 

F  
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II. METHODOLOGY 

        A retrospective cohort study was conducted in Nutritional 

Rehabilitation Centre of Molakalmuru block, Chitradurga 

district. All the 13134 children (0-6years) in Molakalmuru block 

were screened by AWW for severely acute malnourished as per 

criteria laid down by Government of India.
3
Out of 386 identified 

severely acute malnourished children only 269 cases attended 

Nutritional Rehabilitation Centre. A detailed history, 

examination and screening for tuberculosis was done as per 

current RNTCP standards.
4
The findings were recorded in a 

predesigned pretested structured proforma. The data thus 

collected was compiled and analyzed by using Microsoft Excel 

software. 

 

III. RESULTS 

        There were a total of 13134 children aged between 0-6 years 

in Molakalmuru taluk out of which 8717(66.4%) were well 

nourished, 4031(30.7%) were moderately nourished and 

386(2.9%) were severely malnourished. Among the 386 severely 

malnourished children, 269(69.7%) attended the NRC, out of 

which 162 were in the  age group of 0-3 years and 107 in the  age 

group of 3-6 years  (Table 1). The dropout rate was 30.3%.  

        All the severely acute malnourished children belonged to 

below poverty line family and were immunized with BCG. 

Almost of all the parents were illiterates or educated up to 

primary school level. More than 70% of severely acute 

malnourished children belonged to SC/ST category. Majority of   

severely acute malnourished children were from rural area 

(80%). 

        Out of 7972 children in the age group of 0-3 years, 

222(2.1%) were severely acute malnourished.  Among 4910 

children in the age group of 3-6 years, 164 (2.3%) were severely 

acute malnourished. (Table 1) 

        Among 8717 well nourished children, 4288 (49.19%) were 

males. Among 386 severely acute mal- nourished children, 219 

(56.73%) were females. There was statistically significant 

association between the sex of the children and nutritional status. 

(Table2) 

        In this study the prevalence of pulmonary tuberculosis 

among severely acute malnourished children was more among 

those aged between 3-6 years (6.5%), in females (8.17%) and in 

urban (11.11%) and those with history of contact. (Table 3) 

Statistically significant association was found between the 

tuberculosis and age as well as sex of the severely acute 

malnourished children. However there was no statistically 

significant association between the location of the severely acute 

malnourished children. (Table 3) 

        In present study 5.2% of the children were positive for 

sputum or gastric aspirate smear examination, 5.6% also had 

positive PPD test and chest X-ray was showing the evidence of 

tuberculosis making the prevalence to be 5.6%. 

        Among 15 diagnosed tuberculosis severely acute 

malnourished children 86.6 % of the females had tuberculosis as 

compared to 13.4% in male children. There is a significant 

association between sex of child & tuberculosis. It is evident that 

the prevalence of tuberculosis was high in rural children   

compared to urban children. Statistical significant association 

between location & tuberculosis was not found. 

        Among the 15 identified severely acute malnourished 

children with tuberculosis there was a history of contact in the 

household for 13 children, out of which 12(92.3%) were female 

and 1 (7.7%) was male.   (Table 4)         

 

IV. DISCUSSION 

        In present study, prevalence of severely acute malnourished 

children aged between 1 to 6 years in Molakalmuru block was 

found to be 2.9%. According to NFHS-III survey, 6.8% of 

children below 60 months of age were found to be suffering from 

acute variety of severe under-nutrition.
10 

Out of 386 severely 

acute malnourished children 269 were reported to NRC. The 

drop out was found that 30.3% which  may be due to migratory 

population. Molakalmuru is a backward taluk of Chitradurga, 

where most of the people are laborers and engaged in mining. 

Poverty, illiteracy, ignorance, lack of knowledge are the factors 

associated.  

        Among 269 severely acute malnourished children who 

attended NRC, 66.22% were < 3years. Mean age was 32.7 

months. Similar findings were found in study conducted by Md. 

Iqbal Hossain
5
 et al in Bangladesh. It was found that 66% of the 

severely acute malnourished children belonged to age group of 

less than 2 years. In another study conducted by Sunguya Bruno
7
 

et al showed that more than75% of all severe protein energy 

malnutrition children were below 2 years of age. Prevalence of 

Severe malnutrition increases with age up to the maximum at the 

age of 1 to 2years and there after it decreases.
 
The reason may be 

because of the weaning and other eating habits of the children 

which make them more prone to infections such as diarrhea, 

measles, tuberculosis etc.   

        Out of total 269 severely acute malnourished children 

59.1% were females. The male: female ratio was 0.69.  The study 

conducted by Mittal et al
11 

in Punjab & Dwivedi et al. 
12

 showed 

that malnutrition is more common in females. Our study also 

shows similar findings.  

        The percentage of severely acute malnourished children was 

more in rural area than in urban area. Similar findings were 

concluded by severely acute malnourishedi-ul-haq
13

 in which 

61.5% of the cases were from rural area. More than 70% of 

severely acute malnourished children belonged to SC/ST caste. 

In less developed countries, place of residence usually 

determines people’s life-styles, their economic, social and 

cultural activities, and, most importantly, their health conditions 

.
14

 One of the reasons forwarded to explain the urban health 

advantage has been that unlike villages, cities generally have an 

important modern health care system which facilitates public 

health interventions. Some studies point out that even when 

health facilities are available in rural areas, they are often ill-

suited to deliver the primary health services needed by the rural 

populations, and that people have to travel a greater distance to 

obtain care than the urban dwellers .
15

 Most of the parents (58%) 

were illiterates. A study conducted by severely acute 

malnourished-ul-haq# showed the similar results in which 51.5% 

was illiterate.
13

 

        Out of 269 severely acute malnourished children 15(5.6%) 

were suffering from pulmonary tuberculosis. A study conducted 
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by Md. Iqbal Hossain
5
 et al in Bangladesh showed that 9% of 

severely acute malnourished children were suffering from 

pulmonary tuberculosis. A prospective observational study 

conducted in tertiary hospital; Delhi by Praveen Kumar et al
16

 

found that the prevalence of pediatrics tuberculosis among 

severely acute malnourished children was 9.3% which is similar 

to our study.            

        About 86.66% of the females had tuberculosis compared to 

13.34% in male children. A study conducted by VK Arora et al. 
17

 showed that female children were more susceptible to 

tuberculosis. This is because the privileged and male dominated 

society usually delays the medical treatment for girls. Females 

are ignored in a society like India especially in rural areas which 

thus leads to malnutrition and various infections like 

tuberculosis. 

        The younger the age of involvement, the greater will be the 

morbidity & mortality in children. In our study 53.3% of children 

had tuberculosis between the age group 0 to 3 years. A study by 

Chakravorty et al.
18

 reported pediatric tuberculosis in 54.3% 

cases and another study by Narain et al. 
19

 reported 38.98% in 

children below 4 yrs of age. Though the children can present 

tuberculosis at any age, majority of cases present between 1 to 4 

years. Disease usually present within 1 year of infection and 

dissemination will be more in younger age group who present 

disease with earlier. In children with pulmonary tuberculosis 

usually sputum smear negative and pulmonary tuberculosis to 

extra pulmonary tuberculosis ratio is around 3:1. Prevalence of 

pulmonary tuberculosis usually low between 5 to 12 years of age 

and increases with advancing age.
20

 

        Overall the risk of disease highest among infants and in late 

teens, with the lowest risk between 5 and 10 years - the so-called 

“safe school years” .Thus because disease in young children 

reflects recent infection, rather than secondary reactivation, the 

pediatric disease burden potentially provides a useful measure of 

current transmission within a community, including Multi-drug 

resistant (MDR) and extensively drug resistant (XDR) strains.
21

     

        In present study 86.7% severely acute malnourished 

children had Tuberculosis with house hold contact with 

Tuberculosis. A study from Pakistan by Emad uddin Siddiqui et 

al.
22

 found that 66% had Tuberculosis with house hold contact 

with Tuberculosis. Tuberculosis in children is mainly due to 

failure of tuberculosis control in adults.
 
The risk of infection to a 

child depends on extent of exposure infectious droplet nuclei. An 

infant whose mother has sputum smear positive pulmonary 

tuberculosis has a high chance of becoming infected. The chance 

of developing the disease is greatest shortly after infection, and 

steadily decreases as the times go by. 

 

V. CONCLUSION 

        Our findings suggest that prevalence of tuberculosis among 

severely acute malnourished children is higher than the general 

population and risk is significantly increased with malnutrition, 

but is significant for house hold contact of sputum positive 

persons, significant association between sex of child & 

tuberculosis and significant association between the tuberculosis 

and age. Severe malnutrition, younger age, illiteracy and lower 

socioeconomic status are significant risk factors for prevalence of 

tuberculosis.   

VI. RECOMMONDATIONS   

        More robust regional data on the epidemiology of childhood 

tuberculosis are urgently needed to define the true burden of 

disease, and to characterize current transmission rates and 

circulating strains. Recent WHO guidance recommending 

reporting of all cases of childhood tuberculosis (smear positive, 

smear negative and extra pulmonary) in two age bands (0-4 and 

5-14 years) takes an important step in this direction.
23 

More 

detailed study is needed to evaluate the prevalence tuberculosis 

among severely acute malnourished children. This study argues 

strongly in favor of routine screening of all children who were 

suffering from malnutrition and identifies the group of children 

at higher risk who should be screened on a priority basis if there 

are constraints of resources and time.  
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TABLES: 

Table-1: Distribution of children as per age nutritional status 

Age 0-3(years)  

N=7972 

3-6(years) 

N=4910 

Total 

N=12992 

Well nourished babies n (%) 5466 (62.7) 3251(37.29) 8717  

Moderately Malnourished n (%) 2344(60.27) 1545(39.72) 3889 

Severely acute Mal- nourished 

babies’ n (%) 

222 (57.51) 164 (42.48) 386  

Table-2: The relationship between Nutritional status of children and sex of children. 

 

Nutritional status of children  
Male 

N=4455 

Female 

N=4648 

Total 

N=9103 

Well nourished Children N (%) 4288  (49.19) 4429(50.80) 8717 

Severely acute Mal- nourished Children N (%) 167  (43.23) 219 (56.73) 386 

Chi-Square- 7.19                                          p value <0.05 

 

Table-3: Association between TUBERCULOSIS and socio demographic factors of SEVERELY ACUTE MALNOURISHED 

children 

 

Particulars 

TUBERCULOSIS 

Present 

 

TUBERCULOSIS 

Absent 

Prevalence of 

TUBERCULOSIS P value 

Age group 
0-3 years 8 154 

 

4.9 240.67 

*p<0.05 

3-6 years 7 100 6.5 

Sex 
Male 2 108 

1.8 
4.99 

*p<0.05 
Female 13 146 8.17 

Location 
Urban 3 24 

11.11 
1.75 

p>0.05 
Rural 12 230 4.9 

History of 

contact 

Male 1 109 0.9 6.33288 

*p<0.05 Female 12 145 7.6 

 

 

Table 4: Distribution of SEVERELY ACUTE MALNOURISHED as per history of contact with tuberculosis patients 

 

Particulars Tuberculosis 

absent 

Tuberculosis 

present 

History of 

contact 

Yes 25 13 

No 229 2 

Total 254 15 
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Abstract- A deadlock occurs when there is a set of processes waiting for resource held by other processes in the same set. The 

processes in deadlock wait indefinitely for the resources and never terminate their executions and the resources they hold are not 

available to any other process. The occurrence of deadlocks should be controlled effectively by their detection and resolution, but may 

sometimes lead to a serious system failure. After implying a detection algorithm the deadlock is resolved by a deadlock resolution 

algorithm whose primary step is to either select the victim then to abort the victim. This step resolves deadlock easily. This paper 

describes deadlock detection using wait for graph and some deadlock resolution algorithms which resolves the deadlock by selecting 

victims using different criteria. 

 

Index Terms-Deadlock, WFG, Processes, Resources, Release set,Transactions. 

 

I. INTRODUCTION 

 set of process is in a deadlock state if each process in the set is waiting for an event that can be caused by only another process in 

the set[1][2][3][15]. In other words, each member of the set of deadlock processes is waiting for a resource that can be released 

only by a deadlock process. None of the processes can run, none of them can release any resources, and none of them can be 

awakened. 

A deadlock occurs when there is a set of processes waiting for resource held by other processes in the same set. The processes in 

deadlock wait indefinitely for the resources and never terminate their executions and the resources they hold are not available to any 

other process [3]. A deadlock lowers the system utilization and hinders the progress of processes. Also the presence of deadlocks 

affects the throughput of the system. The dependency relationship among processes with respect to resources in a distributed system is 

often represented by a directed graph, known as the Wait for Graph (WFG). In the WFG each node represents a process and an arc is 

originated from a process waiting for a resource to a process holding the resource.  

In a distributed system, a deadlock occurs when there is a set of processes and each process in the set waits indefinitely for the 

resources from each other[15]. Therefore it is quite essential that a fast deadlock detection and resolution mechanism is applied 

otherwise the processes involved in the deadlock will wait indefinitely and will lower the system utilization and hinders the progress 

of processes.  

A deadlock needs to be resolved timely because if not resolved, the deadlock size will increase with the deadlock persistence time as 

more processes will be trapped in the deadlock where a deadlock size is defined as the total number of blocked processes (BP) 

involved in deadlock, where BP is the process that waits indefinitely on other processes. Because of deadlock none of the any 

processes involved can make any progress without obtaining the resources for which they are waiting. 

 

 
 

Figure1: A few processes in deadlock 

 

A 
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Figure 2: Increasing deadlock size as more processes trapped in deadlock 

 

Because distributed systems are vulnerable to deadlocks, the problems of deadlock detection and resolution have long been considered 

important problem in such systems. Several models have been proposed for the processes operating in distributed system. As per the 

AND model, a process sits idle until all of the requested resources are acquired. In the OR model, a process resumes execution if any 

of the requested resources is granted. In the P-out-of-Q model also known as the generalized model, a process makes Q resource 

requests and remains blocked until it obtains any P resources. A generalized model is found in many domains such as resource 

allocation in distributed operating systems and communicating processes.  

A deadlock is defined differently depending on the underlying model. Since a process becomes blocked if any of its resource requests 

is not granted, a deadlock in the AND model corresponds to a cycle in the WFG. In the OR model, the presence of a knot in the graph 

implies a deadlock. In the generalized model a deadlock involves a more complex topology in the WFG. A cycle is a necessary but not 

sufficient condition for deadlock in this model.  

II. WAIT FOR GRAPH  

Deadlock detection is the process of actually determining that a deadlock exists and identifying the processes and resources involved 

in the deadlock. The basic idea is to check allocation against resource availability for all possible allocation sequences to determine if 

the system is in deadlocked state. Of course, the deadlock detection algorithm is only half of this strategy. Once a deadlock is detected, 

there needs to be a way to recover several alternatives exists:  

 Temporarily prevent resources from deadlocked processes. 

 Back off a process to some check point allowing preemption of a needed resource and restarting the process at the checkpoint 

later. 

 Successively kill processes until the system is deadlock free. These methods are expensive in the sense that each iteration 

calls the detection algorithm until the system proves to be deadlock free. The complexity of algorithm is O(N2) where N is 

the number of proceeds. Another potential problem is starvation; same process killed repeatedly. 

 

The simplest and easiest way to detect deadlock is wait for graph. A wait-for graph in computer science is a directed graph used for 

deadlock detection in operating systems and relational database systems. In computer science, a system that allows concurrent 

operation of multiple processes and locking of resources and which does not provide mechanisms to avoid or prevent deadlock must 

support a mechanism to detect deadlocks and an algorithm for recovering from them. One such deadlock detection algorithm makes 

use of a wait-for graph to track which other processes a process is currently blocking on. A wait for graph is a graph that consists of 

set of edges (E) and vertices (V). Processes are represented by vertices. In a wait-for graph, an edge from process Pi to Pj implies Pj is 

holding a resource that Pineeds and thus Pi is waiting for Pj to release its lock on that resource. A deadlock exists if the graph contains 

any cycles. The wait for graph scheme is applicable to a resource allocation system with multiple instances of each resource type. 

 

 
 

Figure 3: Wait for graph for deadlock detection. 
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In figure 3, Pi , Pj and Pk  represents the processes in deadlock. An edge from Pi to  Pj  represents that Pi  is waiting for resource x that is 

currently hold by Pj  and so on. 

III. DEADLOCK RESOLUTION 

Deadlock detection is the process of actually determining that a deadlock exists and identifying the processes and resources involved 

in the deadlock. The basic idea is to check allocation against resource availability for all possible allocation sequences to determine if 

the system is in deadlocked state. The deadlock detection and resolution algorithm always require that transactions should be aborted 

.For this reason several issues must be carefully considered.  

1) Aborts are more expensive than waits.  

2) Unnecessary aborts result in wasted system resources.  

3) Optimal concurrency requires that the number of aborted transactions be minimized 

 

These factors must be considered so that the transaction being aborted will have the least impact on system performance and 

throughput[5]. Basically the deadlocks present in a system are detected by a periodic initiation of an effective deadlock detection 

algorithm and then resolved by a deadlock resolution algorithm and it is always tried that the resolution algorithm used does not cause 

any unnecessary aborts / roll backs.  

The appropriate scheme for handling deadlocks in distributed systems is detection and resolution. A typical method to resolve 

deadlock is to select a proper victim. The victim is to abort itself for deadlock resolution. 

The primary issue of deadlock resolution is to selectively abort a subset of processes involved in the deadlock so as to minimize the 

overall abortion cost. This is often referred to as the minimal abort set problem. The victim (aborted) processes need to cancel all 

pending requests and releases all acquired resources so that false deadlocks detection and resolution could be avoided. 

Usually, the deadlocks are resolved by aborting deadlocked processes. Therefore, two facts have to be considered when analyzing the 

cost associated to deadlock resolution algorithms: the cost of detecting a deadlock and the time that the aborted processes have wasted. 

Deadlock situations when detected should be resolved as soon as possible but ensuring a minimum number of abortions and only those 

processes should be aborted which has been selected as victim. Thus, algorithms (safe-resolution algorithms) verifying the safety 

correctness criterion of resolving only true deadlocks should be designed  

In fact the deadlock detection using wait for graph is safe detection algorithm and it is considered correct because they detect in finite 

time, all deadlock of the system and do not detect false deadlock[5]. Generally this algorithm doesn’t take into account how a detected 

deadlock is resolved. It is only assumed that it is properly resolved. The algorithms do not explicitly model the resolution of detected 

deadlocks. Neither the system nor the code of the algorithm includes the effect of resolutions. Most of deadlock resolution algorithms 

abort or terminate the victim process. The only ways in which they differ is how they select the victim. Most of the strategies of victim 

selection have been reviewed in the literature, the only drawback of such strategies is that it leads to abort of the victim, or they restart 

the victim which leads to wastage of resources, wastage of the work done by the aborted process, low throughput of system and it 

makes execution time of processes unpredictable. May be sometimes the aborted process have to be restarted in order to complete 

their work. Restarting a transaction is more expensive than waiting; therefore aborting a transaction needs to be avoided. In this paper 

algorithms for deadlock resolution have been discussed that uses different approaches for selecting a victim.  

IV. RESOLUTIONALGORITHMS 

Here we will discuss two algorithms for deadlock resolution which uses different criterion for victim selection  

A. Resolution by using Timestamp 

One of the most commonly used technique for deadlock resolution is timestamp based approach for selecting the victim. In this 

approach, a timestamp is allocated to each process as soon as it enters the system. The timestamp of the younger process is greater 

than the timestamp of older process. According to this approach, the victim is selected on this timestamps, the process with the higher 

timestamp is aborted, that is the youngest process is selected as the victim and is aborted in order to break the deadlock cycle. The 

goal behind choosing the youngest process as victim is that the youngest process would have used less resources and less CPU time as 

compared to older process. One problem with this technique is that it can cause starvation problem because every time a younger 

process is aborted which can starve the younger process from completion. 

B. Resolution by using Burst time 

Another approach for selecting a victim to break deadlock cycle is considering the burst time of each process. Burst time means the 

CPU time needed by any process for its execution. This can also be considered as one parameter for selecting a victim. The process 

with maximum burst time can be aborted in order to break cycle. The problem with this technique is that it can abort the process with 

high burst time which has been in the system for very long i.e. an older process with high burst time can be aborted which is 

inefficient approach. 

C. Resolution by Degree 

In a wait-for-graph for any system, the degree of any vertex denoting a process determines how many resources a process is holding 

and how many resources a process is requesting. There are two types of degrees in a directed WFG: 
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1. In-degree: In-degree means the number of edges coming to any node of WFG and it denotes number of request for resources 

held by a process. 

2. Out-degree: Out-degree means the number of edges going out of a node in WFG denoting number of request for resources 

done by the node. 

In resolution by degree, degree of each process is calculated and process having highest degree is aborted. Degree of any process can 

be calculated by taking sum of in-degree and out-degree.  

D. Resolution by combination of Timestamp and Burst time 

Another approach for selecting victim for deadlock is using both timestamp and burst time in combination. Select a process as victim 

which is younger and has high burst time for resolving deadlock. The advantage with this approach is younger process which will take 

maximum execution time will be aborted to allow processes with less execution time to complete first.  

E. Resolution  by combination of Burst time and Degree 

Another combination for resolving deadlock is considering Burst time and Degree both for selecting a victim. Process with high burst 

time and high degree should be aborted that means a process which is having more resource request and will take high time to 

complete will be aborted. Although, there is still the problem of older process to be aborted but the advantage with this approach is 

aborting process with high burst time and high degree will release maximum resources needed for completion of other process with 

less execution time needed. 

F. Resolution by combination of Degree and Timestamp 

Taking degree and timestamp both in combination for resolving deadlock can prove to be another technique for deadlock resolution. A 

younger transaction with high degree will be aborted.The problem of starvation in considering only timestamp will be avoided in this 

case as degree of the node is also considered along with timestamp in order to select victim for resolving deadlock in the system.  

 

G. Time Efficient Deadlock Resolution          Algorithm 
Deadlock is a major concern in a distributed system, since resources are shared among processes at sites distributed across a network. 

One of the most accepted methods of deadlock handling is detection and resolution. Both deadlock prevention and avoidance 

strategies are conservative solutions, whereas deadlock detection is optimistic[15]. In deadlock detection and resolution, deadlocks are 

allowed to occur[3][15]. Periodically, or on certain conditions, a detection algorithm is executed; if any deadlock state is found, 

resolution is undertaken. To resolve a detected deadlock, the system must abort one or more processes involved in the deadlock and 

release the resources allocated to the aborted processes. Here deadlock resolution with reusable resources is considered. In resolving a 

deadlock state, it is desirable to minimize the number of processes to abort to make the system deadlock-free. Concept of release set is 

introduced here. A release set is a set of one or more processes that can be reduced if a process is aborted and its resources are 

released[15]. The release set is represented by R(pi). For example release set of process P7 and P5 in figure 4 is R(P7)= {P8} and R(P5)= 

{P6 ,P7, P8}. 

 

 
Figure 4: Deadlock cycle 

 

Here two criterions for victim selection are considered. According to criterion 1 abort P such that | R(p)| = max{| R(pi)|, 1<= i<=Np} 

where Np is the number of processes that are reduced. Using Criterion 1 in the example of figure 4, P6or P6 is chosen. 

The second criterion for deadlock resolution that is present concerns counting the number of cycles that involve resources hold by a 

process i.e  resources hold by a process is involved in how many deadlock cycles. A deadlock vector d is defined such that d i = c 

represents that vertex i is involved in c different cycles. Now according to criterion 2 for each process in the RAG, we sum the 

numbers of cycles to which the resources held by the process are bound. A good victim candidate is then a process which maximizes 

deadlock vector. In figure 4, p6 holds two resources, each of which are involved in one cycle. All other processes in figure 4 hold one 

resource, each of which are involved in one cycle. Thus, P6 with d6 = 2 would unambiguously be chosen by Criterion 2. 
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Figure 5: Deadlock Cycle 

 

In figure 5, P8holds one resource which is involved in two cycles, P9 holds two resources, each of which are involved in one cycle, and 

P7 holds two resources, one which is involved in one cycle and one which is involved in two cycles. In other words, d7 = 2 and P7 = 3; 

thus, P7 would be selected by Criterion 2. In both our example RAGS, only a single process is aborted by Criterion 2. 

 

H. VGS Algorithm for Deadlock Resolution 
This section describes the solution to deadlocks in distributed systems i.e. VGS Algorithm an efficient deadlock resolution algorithm. 

In a distributed system if deadlock is detected at a site, then the site coordinator can apply VGS algorithm to resolve the deadlock[15]. 

This algorithm is based on the mutual cooperation of the transactions and is described as follows: 
 

 
 Figure 6: A deadlock cycle 

Ti REQUESTS Ri+1  

Ti+1 REQUESTS Ri+2  

.  

.  

Tn-1 REQUESTS Rn  

TN REQUESTS Ri 

 

 
Figure 7: Transaction Ti+1, Tn suspended and release resources 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      61 
ISSN 2250-3153  

 

www.ijsrp.org 

 

 
 Figure 8: Ti, Tn-1 executing successfully. 

 

Suppose Ti, Ti+1, Ti+2………Tn are the transactions involved in a deadlock. They form a deadlock cycle such that Ti holds resource 

Ri, Ti+1 holds resource Ri+1, Ti+2 holds resource Ri+2…………..Tn holds Rn and Ti is requesting for resource Ri+1 , Ti+1 is 

requesting for resource Ri+2 ……,Tn is requesting for Ri. Since each transaction is holding a resource and waiting indefinitely for 

other resource held by the other transaction, they form a deadlock cycle and none of them is being able to proceed ahead.  

In the proposed deadlock resolution algorithm transaction, coordinator observes the scenario and it suspends Ti+1 for some random t 

seconds and it releases resource Ri+1 which is acquired by the requesting transaction Ti. It has been allotted the resource for the t 

seconds which is the time for which Ti+1 has been suspended. Ti is supposed to utilize Ri+1 and execute successfully in t seconds.  

If Ti successfully executes before t seconds it sends a message to coordinator that it has successfully executed and to resume 

transaction Ti+1 and gives its resource Ri+1 back to Ti+1. If Ti is not able to complete its execution within t second coordinator 

preempts resource Ri+1 from Ti and provides it back to Ti+1. The value Ri+1 is the value partially updated by Ti. Now Ti+1 will 

check whether Ti is still requesting for Ri+1. If it is requesting ,Ti+1 informs coordinator and is suspended again for some random t 

seconds and resource Ri+1 is again allotted to Ti, Ti acquires it and resumes its execution and when completed before t seconds Ti 

informs coordinator to resume Ti+1 and gives back resource Ri+1 to Ti+1.  

Similarly coordinator blocks Tn for some random t seconds and it releases resource Rn which is acquired by the requesting transaction 

Tn-1. It has been allotted the resource for the t seconds which is the time for which Tn has been suspended. Tn-1 is supposed to utilize 

Rn and execute successfully in t seconds. 

If Tn-1 successfully executes before t seconds it sends a message to coordinator that it has successfully executed and to resume 

transaction Tn and gives its resource Rn back to Tn. If Tn-1 is not able to complete its execution within t seconds coordinator 

preempts resource Rn from Tn-1 and provides it back to Tn. The value of Rn is the value partially updated by Tn-1. Now Tn checks 

whether Tn-1 is still requesting for Rn. If it is requesting Tn informs coordinator and is suspended again for some random t seconds 

and resource Rn is again allotted to Tn-1, Tn-1 acquires it and resumes its execution and when completed before t seconds Tn-1 

informs coordinator to resume Tn and gives back resource Rn to Tn. 

V. CONCLUSION 

Deadlock is a major problem in operating systems. However there are several techniques to dead with deadlock such as deadlock 

avoidance, prevention etc. but still deadlock can occur. The only way to deal with deadlock when it occurs is to detect and resolve it as 

soon as possible. Several techniques to resolve deadlock are mentioned above. One can use any of the above technique to resolve 

deadlock and deadlock will be resolved. 
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Abstract- This study aims to establish and develop an 

understanding of the effect social media and social networks 

technologies have in developing and sustaining rural SMMEs, by 

evaluating how social media and social networks can be used to 

enhance and add value to the marketing promotions and 

development of rural SMMEs in KZN. A mixed approach of 

qualitative and quantitative techniques was used to collect 

primary data from five rural villages in KwaZulu Natal (KZN). 

Various social technologies appropriate for rural business 

networking have been identified and recommended. Results of 

the survey revealed that the majority of respondents do not use 

social media and social networks for business purposes, these 

media and networks are, instead, used to socialize with friends 

and families, with a few respondents indicating that they 

sometimes communicate with other people about business-

related issues. Further research should aim to develop a social 

media and social networking communication model in remote 

and underdeveloped areas for unskilled or illiterate consumers. 

Technological, developmental know-how of rural entrepreneurs 

in KZN, as well as a reduction in marketing promotional costs, 

will mean that more and more promotional information will be 

easily available to more rural SMMEs’ customers. This will 

result in unprecedented levels of transparency of dealings 

between businesses and their customers. The main challenge, 

when applying social media and social networks, is how to 

protect the business image and reputation from negative 

comments about the business. This paper provides practical 

guidance on how to use social media and social networks as a 

promotional tool for rural SMMEs. 

 

Index Terms- social media, social networks, promotional tool, 

rural, SMMEs 

 

I. INTRODUCTION 

he paper aims at providing a clear understanding of how 

SMMEs in rural KZN can make use of social media and 

social networking as marketing promotional tools for sustainable 

growth and future development of their business. South African 

rural SMMEs can take advantage of social media and social 

network technologies to enhance their businesses, by increasing 

market share and sharing marketing information with potential 

customers. Based on the survey, it is evident that South African 

rural SMME’s in KZN are behind in leveraging these 

technologies to promote their products and services, as well as 

for interacting with potential customers. Since these technologies 

are not applied properly as promotional tools by rural SMMEs, 

and are instead used inactively, their full potential is not realized. 

The survey recommended that these technologies should be 

better understood, in terms of how powerful they may be to 

marketing promotions of rural business, where interaction is not 

only with potential clients but also with other entities, such as 

stakeholders and supporting institutions, including financial 

support agencies for rural development and communities. In 

order to implement these technologies correctly, social network 

sites should not be directed at only meeting the needs of a single 

business function, in the manner in which SMMEs consider 

using social networks; the leverage and use thereof should be 

aligned to all the divisions of a business. In this way, social 

network sites could be used as a strategy for business growth and 

competitive intelligence. [1] 

 

II.  PROBLEM STATEMENT 

        Mobile networks report 63-million active accounts, making 

for cellular penetration of 126 percent; a consequence of 

widespread use of dual-SIM cards. World Wide Worx research 

shows true individual penetration to be about 80 percent, with 

40-million South Africans using phones [2]. Furthermore, [3] 

indicates that the use of social networks by SMMEs in South 

Africa is very low. Reports highlight that one in 10 SMMEs are 

beginning to treat social networks as a business tool, mostly for 

marketing purposes. While 90 percent of SMMEs use word-of-

mouth as their preferred marketing tool, 34 percent rely on 

leaflets and 17 percent place adverts in printed mass media such 

as newspapers. According to [1], the application of such 

technologies in rural-township SMME’s is therefore not clear. 

[4] support the premise that people in developed and developing 

countries who have access to the internet, are increasingly using 

social media for entertainment, socializing, and information 

gathering, rather than for brand promotions and competitive 

differentiation. 

 

III. AIMS AND OBJECTIVES 

A.  Aims 

        The overall aim of the study was to establish and develop an 

understanding of the impact of existing social media and network 

technologies in developing and sustaining rural SMMEs, by 

evaluating how social media and social networks can be used to 

enhance and add value to the marketing promotions and 

development of rural SMMEs in rural KZN. 

T  
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B  Objectives 

        To achieve the overall aim of the study, the following sub–

objectives were fulfilled, by means of a questionnaire/survey, 

through which data was collected and analysed:  

(i) To determine how existing social media and social 

network technologies are used by rural SMMEs as 

a promotional tool in rural KZN;  

(ii) To establish factors influencing the use of social media 

and networks as a promotional tool in rural KZN;  

(iii) To identify knowledge of, and to what extent social 

media and network technology can be used as a 

promotional tool in rural KZN;  

(iv) To suggest proper social media and social network 

technologies that can be used by rural SMMEs in 

KZN as a promotional tool. 

 

IV. LITERATURE REVIEW 

A. Defining social media and social networks  

         [6] describe social media as customer-generated media that 

have changed the tools and strategies for communication with 

customers significantly. This form of media is a descriptive term 

to illustrate sources of online information that customers create, 

initiate, and use, with the intention of telling each other about 

products, brands, services, and issues. It thus includes a wide 

range of online, word-of-mouth forums such as blogs, discussion 

boards and chat rooms, customer-to-boards and forums, moblogs 

and social networking websites. The small business environment 

in the rural areas is often mistakenly understood as “non- 

conducive for business”. Rather non- conducive means that 

integration within essential social, socio-economics, and 

economics situation, organizational and governmental networks 

to refine business operations and develop markets. According 

[5], [6], social media is a hybrid element of the promotion mix 

because in a traditional sense it enables companies to talk to their 

customer, while in a non-traditional sense it enables customers to 

talk directly to one another.  

        Electronic technology tools, social media included, have 

become so popular that most individuals, even if not using them, 

know what they are [7]. How the world communicates is 

changing and requires expansion to change as well. Social media 

provides abundant opportunities to interact with and meet with 

client’s needs on platforms they are using and embracing in their 

everyday lives [8]. SME networking is becoming an increasingly 

important tool for development “SME-friendly’’ [9]. [10] 

Indicates that more and more businesses are adopting social 

media as a marketing tool, however, it is just one of many tools 

being used, and the one they rely on most, is marketing through 

their own websites. 

 

B. Social media and Social networking in the South African 

context 

        Social media in South Africa has crossed the age barrier, the 

urban/rural divide, and even the relationship gap [11]. The South 

African Social Media Landscape 2012 study, produced by 

technology market researchers World Wide Worx and 

information analysts Fuseware, shows that the fastest growing 

age group among Facebook users in South Africa is the over-60s. 

Between August 2011 and August 2012, the number of over 60s 

on Facebook grew by 44 percent compared to less than 30 

percent for those aged 30-60, less than 20% for those aged 19-30, 

and less than 10 percent for teenagers. 

        This is good news for South Africa because the entire time 

infrastructure is an obstacle for development in South Africa, 

more especially so in the rural areas. Poor roads, congestion, and 

lack of ports are some problems. Building infrastructure is not 

easy. Lack of government budget allocation makes land 

acquisition hard to achieve. Over the last decade, South Africa 

has achieved massive development in internet infrastructure. The 

development of internet users and providers has risen 

significantly.  [12] indicates that at the end of August 2012, 5.33 

million South Africans were active on the Web, 2.43 million 

were on Twitter while 9,35 million were using Mixit. Due to 

Facebook not measuring mobile usage only among those who 

have registered via their cell phones, the full extent of its 

penetration is significantly understated. Primary research by 

World Wide Worx shows that 6.8 million people access 

Facebook on their phones. 

        The use of internet for economic development seems 

promising for South Africa, with wireless and satellite 

technologies likely to be the best tools available for reaching 

rural and remote areas in South Africa. Rising costs of fixed line 

installation and falling fees for setting up mobile networks have 

made mobile systems cheaper to install. 

 

 

Most used social networks in South Africa 

 

Social network statistics in South Africa 

* Number of active users, not registered shown in absence of accurate data. 

Social  

network 

Registered  

users 

Source 

 

MXit 10,000,000* MXit / World of Avatar 

Facebook 4,840,360 SocialBakers 

BBM 3,300,000 
Rough estimate based on Our Mobile  

Planet stats 
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Social network statistics in South Africa 

LinkedIn 1,100,000 World Wide Worx and Fuseware 

Twitter 1,100,000 World Wide Worx and Fuseware 

Google+ 466,828 plusdemographics.com 

 

Source: http://mybroadband.co.za/news/internet/44061-biggest-social-networks-in-south-africa.html (26/04/2013) 

 

A. Social media and social networks in rural KZN 

        The rural poor, who are in need of the benefits of ICT 

applications, are mostly unskilled and illiterate [13]. Rural areas 

lag behind in terms of ICT access, with contributing factors 

including that of illiteracy, lack of computer skills, and lower 

household incomes [14]. The major factors preventing rural 

regions from benefiting from ICTs are quality and cost, as well 

as low penetration of landline telecommunication services. The 

recognition and application of social networking, based on 

indigenous knowledge systems, requires greater attention on the 

part of policy makers, especially in rural areas where it has 

sustained the livelihoods of people in many developing countries 

for generations [15]. In the absence of effective market 

institutions; social networks play an important role in spreading 

knowledge about a firm's existence and its practices. Networks 

also help a business learn appropriate behaviour and therefore 

obtain needed support from key stakeholders and the general 

public. This suggests that networking can positively impact on 

the growth of new SMEs in rural KZN [16]. 

 

B. Social media as promotional marketing tool for rural 

SMMEs 

        It needs to be understood that social media marketing is not 

a ‘one size fits all’ tool. Each business is unique, with its own 

flavour and voice in its 'community', and each business is 

situated within a community. The rules for engaging with 

communities have changed radically since the inception of the 

web. Within a South African context, people are still as 'wide 

eyed as a rabbit caught in the headlights of an 18-wheeler' [17]. 

Social media providers need to understand how to tackle digital 

media and mould it to benefit small businesses and non-profit 

organisations. "People think that they can simply set up a 

Facebook page and post a few things here and there, and the 

sales will come flooding in. In truth, social media needs to be 

seen as an integral part of your overall marketing strategy and 

activities, for it to deliver to its full potential," explains [18]. 

 

V. RESEARCH METHODOLOGY 

        In this study, primary data was collected from 184 

owners/managers of SMMEs in rural KZN, with a questionnaire 

containing both closed–ended and open-ended questions. The 

research design was exploratory and cross-sectional in nature. 

Collection of the primary data was carried out using both 

quantitative and qualitative methods. The research was 

descriptive and a cross-sectional research design was used. 

Open-ended questions were used, in addition to the closed-ended 

questions of the descriptive questionnaire, with a total of 184 

respondents interviewed. The target population of this study was 

SMMEs located in rural areas of the KZN province. Since a 

suitable sampling frame was not available from which to draw a 

probability sample, a quota sampling approach was used to select 

respondents from five areas in rural KZN, namely from 

uMzimkhulu, Underberg, Zingolweni, Harding and Ixopo. The 

sample quotas were based on area, as well as the Department of 

Trade and Industry’s definition of SMMEs in terms of number of 

employees, which was important as it allows for a comparison 

with DTI statistics [19]. The specific sample elements in each 

quota group were selected on the basis of convenience. A final 

usable sample of 184 respondents was obtained. 

        The literature was used as the source of information to 

formulate the questionnaire for this study. A questionnaire, 

consisting of closed-ended questions, was employed as 

measuring instrument. Each question was provided with space 

for the inclusion of any other open-ended, relevant information 

regarding the question. Self-administered questionnaires were 

delivered to the respondents at their respective business sites. To 

standardize the conditions under which the questionnaires were 

completed; research assistants at local villages in the selected 

areas were recruited and trained as fieldworkers. They conducted 

interviews with respondents during the period 1 October 2012 

and 30 January 2013, on weekdays and over weekends. The 

respondents’ ability to answer the questionnaire was increase by 

the provision of a number of instructions throughout the 

questionnaire, and the questionnaire was personally 

administered. 

 

VI. RESULTS AND DISCUSSION  

A.  Results 

        A survey was conducted among entrepreneurs in rural KZN. 

The total sample size consisted of 184 registered entrepreneurs. 

A careful analysis of data reveals the following results:  

        Respondent numbers regarding the possible use of social 

media and social networks as marketing promotional tools 

for business 

 

Figure – I 

 

        Percentage of respondents on the use of social media and 

social networking as marketing promotional tools 

 

Figure - i 

        A total of 73 percent of respondents indicated that they 

never thought of using social media and social networks for 

marketing promotions of their business, pointing out that it is 

http://mybroadband.co.za/news/internet/44061-biggest-social-networks-in-south-africa.html
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very expensive to use Facebook or Twitter and sometimes there 

is no electricity or internet connection in their areas. Respondents 

indicated that they only use social media and social networks 

when chatting with friends and relatives. Only 27 percent of the 

respondents indicated that they did think of using social media to 

promote their businesses, even though they did not yet use it for 

that purpose. 

 

        Respondent numbers for other things social media and 

social networks are used for 

 

Fig – 2 

 

        Percentages of respondents regarding other things social 

media and social networks are used for 

 

Fig – ii 

 

        Three quarters of the respondents indicated that they do not 

use social media and social network at all with regard to their 

businesses activities. Only 10 percent of respondents stated that 

they sometimes use social media for business related issues but 

not necessarily for the marketing of their products and services. 

The use of social networks for uses other than business related 

matters was indicated by 15 percent of respondents.  

 

        Number of respondents for benefits from social media 

and social network technologies 

 

Figure – 3 

 

        Percentages for benefits from social media and social 

network technologies 

 

Figure - iii 

         

        While 63 percent of respondents indicated that they use 

social media and social networks to socialize with family and 

friends, 20 percent specified that they use social media only for 

socializing with friends. A total of 18 percent of the respondents 

said that they use social media to gain business exposure in their 

surrounding communities, with seven percent indicating that they 

do use social media and social networks for the marketing of 

their businesses. These results suggest that the use of social 

media and social networks, as marketing promotional tools for 

rural SMMEs in KZN, is not yet receiving adequate attention, 

and the benefits are not clearly understood. 

 

VII. CONCLUSIONS AND RECOMMENDATIONS  

A. Conclusions 

        Since the use of social media and social networking is 

rapidly growing in South Africa in both the business and social 

sectors, owners/managers in rural KZN should be made aware of 

the value of social media and social networking, in promoting 

their business, especially on Facebook and Twitter. Cost benefits 

and advantages of using social networks as marketing 

promotional tools for products and services must be clearly 

understood. 

 

B. Recommendations  

        In order to enable SMMEs to improve their use of network 

technologies as promotional tools, it is recommended that more 

needs to be done to promote online entrepreneurship in rural 

KZN. Apart from the difficulties of broadband and electricity, 

rural SMMEs also face barriers such as poor telecommunications 

infrastructure, insufficient entrepreneurial knowledge, 

management incompetence, and a lack of marketing skills. It is 

recommended that government strengthen the human resource 

base by ensuring strategic ICT co-ordination in its policy 

development programme delivery in the rural areas. This will 

help business people in rural areas to understand the benefits of 

using network technologies. A further recommendation is that 

government establish a steering agency responsible for 

championing and co-ordinating a skills agenda for rural training 

and skills building capacity, with specific reference to ICT use.  
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Abstract- Rapid urban population growth has led not only to an 

increasing demand for urban land, particularly for housing, but 

also for other various urban uses. And that in many countries, the 

increasing demand for land is affecting rural-urban fringes. This 

paper attempts to situate the rural-urban fringe within the urban 

context by reviewing literature and theories on urban land use. 

The review of literature is guided by the view that there is no 

single dominant theory or paradigm of land use change and 

development.  

        A multiple conceptual review of different literature sources 

on land, housing, economic, urban, among others is done with 

the aim to derive partial insights on different aspects of a rural-

urban fringe. The adoption of a multiple conceptual review 

provided insights into mechanisms of a rural-urban fringe land 

uses from different theoretical perspectives, with each 

emphasizing different but related aspects. Accordingly, within 

each of four substantive sections of this paper, the review 

organises the commentary by ideas drawn from different 

contexts.  

        The review thus is not aimed at comparing or contrasting 

various aspects of rural-urban fringes in different regions and 

countries but to build a case for what a rural-urban fringe and 

how issues within it can be understood. The theoretical 

approaches reviewed in this paper may aid in the 

conceptualisation of different aspects of the rural-urban fringe 

land uses, designing the research methodology and in the 

analyses of field experiences, rather than to prove the theories 

themselves. 

 

Index Terms- Rural-urban fringe, land, theories, human agency, 

economy, urban. 

 

I. INTRODUCTION 

he process of urbanization is one of the most important 

drivers of economic, social and physical change in many 

countries (Clancy, 2008; Pieterse, 2008; Simon, 2007; Hall and 

Pfeiffer, 2000). Rakodi (1997: 1) argued that it is “almost a 

truism that the planet’s future is an urban one...”   Aguilar and 

Ward (2003) indicated that rapid urban population growth has 

led not only to an increasing demand for urban land, particularly 

for housing, but also for other various urban uses. And that in 

many countries, the increasing demand for land is affecting rural-

urban fringes.  

        This paper attempts to situate the rural-urban fringe within 

the urban context by reviewing literature and theories on urban 

land use. The review of literature is guided by the view that there 

is no single dominant theory or paradigm of land use change and 

development. Accordingly, within each of four substantive 

sections of this paper, my review organises the commentary by 

ideas drawn from different contexts and sometimes out of strict 

historical sequence. The review thus is not aimed at comparing 

or contrasting various aspects of rural-urban fringes in different 

regions and countries but to build a case for what a rural-urban 

fringe and how issues within it can be understood. 

        Throughout this review of significant theoretical comment, 

the paper is premised on the idea that  rural- urban fringe is not a 

distinct entity, but one of the parts of an ‘urban organism’ that to 

a greater extent is subject to the same urbanisation forces that 

operate in a variety of ways within cities (Starchenko, 2005: 38). 

These premise allowed for a review of a variety of literature that 

situates the subject of rural-urban fringe within the broader 

literature on urbanisation and land use.  The review of various 

literatures was aimed at getting partial insights on different 

aspects of the rural-urban fringe.  

        The paper begins by focusing on various characterisations 

of rural-urban fringe development that are based on spatial 

considerations. Realisation that spatially-oriented theories do not 

provide a full explanation of the rural-urban fringe phenomena 

called for the review of aspatial theoretical perspectives 

(Briassoulis, 2006: Iaquinta and Drescher, 2001). Therefore, 

insights from neo-classical economics and political economy 

approaches were reviewed using a broader lens of social theory 

(Pennock, 2004: 5). Insights from neo-classical economics and 

political economy approaches were, however, found to be limited 

in accounting for the role of agency and contingency in rural-

urban fringe land uses. Insights from structure and agency 

perspectives, which attempt to account for the role of agency, 

were thus reviewed.  Insights from structure and agency theory 

were thus reviewed used alongside neo-classical economics and 

political economy approaches to guide the theorizing dynamics 

of land use in rural-fringes with each emphasizing different but 

related aspects.  

 

II. THE RURAL-URBAN FRINGE: SPATIAL DEFINITION AND 

CHARACTERIZATION 

        Placing the rural-urban fringe into the context of urban 

development allows an understanding of the continuous change 

in the characteristics of this part of the city and, based on that 

understanding, suggests an approach to defining and delimiting 

rural-urban fringe areas independent of a particular time or place 

(Starchenko, 2005: 42). 

 

T  



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      72 

ISSN 2250-3153  

www.ijsrp.org 

        Collins (1994) observed that the word ‘fringe’ can be used 

literally to mean the outside boundary or surface of something; or 

a part of the city far removed from the centre. When considered 

as a space the characteristics of the rural-urban fringe become as 

important as its literal meaning. However, definition and 

attributes of the rural-urban fringe are not constant but change 

according to time and place (Masuda and Garvin, 2008: 112; 

Woods, 2006: 581; Simon et al., 2006: 4-5; Allen, 2003: 135; 

Spain, 1993). 

        Despite many attempts to describe the rural-urban fringe, 

Audirac (1999: 6-8) noted that it remains understudied and has 

seldom been defined in detail. Thus a quantifiable criterion that 

one might utilize to identify the fringe into an actual area does 

not exist. Differences notwithstanding, some agreement over 

definitions or appropriate terminology to describe the fringe area 

has emerged. These terms are sometimes used interchangeably to 

identify quite separate areas that have overlapping 

characteristics. They include periphery, rural-urban fringe (Pryor, 

1968), metropolitan fringe (Daniels and Daniels, 1999; Browder 

et al., 1995), urban fringe (Bryant et al., 1982), peri-urban areas 

(Dupont, 2007), peri-urban region (Ford, 1999), rurban fringe 

(Schenk, 1997), peri-urban fringe (Simon, 2008; Swindell, 1988), 

desakota
15

 regions (McGee, 1991),  and rural-urban interface 

(Rojas-Caldelas et al., 2008). As a result of this multitude of 

terms, Thomas (1990: 134) notes that ‘confusion in terminology’ 

resulting from various studies is considerable. This difficulty in 

the way rural-urban fringe is conceptualised and put into use may 

be a result of entrenched ideologies regarding the nature and 

processes of urban growth. However, a common thread among 

them indicates that they are transitional zones or interaction 

zones, where urban and rural activities are juxtaposed and the 

landscape features are subject to rapid modifications induced by 

human activities (Rojas-Caldelas et al., 2008 643; Iaquinta  and 

Drescher,  2000). 

        How far the fringe extends from the city varies 

considerably, and many commentators on the rural-urban fringe 

do not provide measured delimitations. The earliest attempts at 

delineating the rural-urban fringe can be traced to the 13th 

century B.C., when  

[t]he Lord said to Moses ..., command the people of Israel that 

they give to the Levites ... cities to dwell in; and pasture lands 

round about the cities. The cities shall be theirs to dwell in, and 

their pasture lands shall be for their cattle and for their livestock 

and for all their beasts. The pasture lands of the cities . . . shall 

reach from the wall of the city outward a thousand cubits all 

around (Numbers 35: 1-4) (King James version Bible 1974). 

        There have been many subsequent attempts at defining and 

delineating the rural-urban fringe. For instance, in trying to 

differentiate rural from urban land uses, Wehrwein (1942 in 

Thomas, 1974) described the fringe
16

 as a transition between land 

which is predominantly for urban uses and the area purposely 

meant for agriculture.  

        In an attempt to trace a link between the city and the 

surrounding areas, Pryor (1968, 204) argued that definitions of 

the rural-urban fringe should provide a logical link between 
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 In Malay, desa means rural or village and Kota refers to a city or town. 
16Where the term ‘fringe’ is used, it is intended to indicate the same meaning as 

the term ‘rural-urban fringe.’ 

theories of urban invasion on one hand and practical techniques 

for the delineation of the rural-urban  fringe boundaries on the 

other. He categorized fringe areas into two, namely: those that 

relied upon structural components (such as location and 

population density) and those that are based on functional 

components (such as land use and employment). Neither of his 

categorizations, however, showed a successful integration of 

components of the rural-urban fringe either with theory or with 

practical delineation techniques (Starchenko, 2005).  

        Looking at patterns of land use development within the city 

and the surrounding areas, Johnson (1974), noted that it was 

easier to delimit the rural-urban fringe of pre-industrial cities 

than cities during the industrial period. During the pre-industrial 

period rural-urban fringes of most cities were secondary to the 

central city where social, political, and economic power were 

concentrated. Fringes constituted zones around the edges of cities 

mostly inhabited by disadvantaged groups. With increased 

industrial growth, however, more land was required for 

expansion and this led to the increased rate of industrial land uses 

at the fringe. Other land uses which are also located at the fringe 

are those that require no frequent or immediate access by the 

whole city population. These land uses include waste dump sites, 

water treatment and storage plants. Johnson continued to observe 

that the enhanced transport infrastructure and absence of strict 

planning regulations led to development patterns at the fringe 

that were dispersed or at low density. This pattern of land use 

weakened the ties between the fringe and the core of cities as 

new employment opportunities, shopping centres, and 

recreational facilities in the rural-urban fringe gave rise to 

patterns of travel that made the core of the city like any other 

desirable travel destination.  

        Considering the relationship between fringe areas and the 

city centre in defining the rural-urban fringe, the concept of 

urban field is useful. Friedmann and Miller (1965: 313) described 

a scale of urban influence that penetrated deep into the periphery, 

and that made it necessary to change the scale of the spatial 

consideration of urbanization. Their idea challenged the 

traditional concepts of the city that did not take into account the 

relationship of the city core with the surroundings. Friedmann 

and Miller put forward a concept of ‘urban field’, where the 

extent of a region of influence is based on the relationships or 

functional links between sections within it. Their concept of 

urban field entailed a continuum of urban influence that starts at 

the core of the city and disperses outward, though not in a 

uniform manner, especially as the distance from the core 

increases.   

        Coppack (1988: 18) observed that although the urban field 

concept did not explicitly mention the rural-urban fringe within 

its framework, it has nevertheless influenced many rural-urban 

fringe studies.  It should, however, be noted that the concept of 

the urban field was based on a limited set of conditions (it did not 

include environmental, cultural and political factors) despite its 

acclaimed universal status. Limitations notwithstanding, 

concepts such as ‘regional cities,’ subsequently grew from the 

‘urban field’.  

        With regard to regional cities, Starchenko (2005: 23) noted 

that like the urban field concept, it put forward an idea of a space 

with multiple functions that possess three main characteristics. 

The first characteristic is nodes of intensive land use activities 
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scattered amidst farmland and undeveloped areas. The second 

characteristic is the relationships amongst the nodes which are in 

the form of physical flows, such as, of goods and people, and 

non-physical flows such as of information. The third 

characteristic is the periodicity of relationships which is made up 

of different rhythms such as daily, seasonal, and weekly 

exchanges.   

        Bryant et al., (1982: 10) observed that regional cities require 

linkages among various functions. These linkages provide the 

possibility of access in all directions within the region, though 

the largest flows are still directed towards the city core.  The 

countryside is important within the regional cities concept as it is 

considered to be influenced by the social and economic processes 

of the regional city as a whole.  

        Bryant et al., (1982: 14)  also noted that these linkages can 

be conceptualized in terms of a continuum between rural 

hinterland and urban area, divided into several zones of inner and 

outer fringe zones (see Figure 1; Box 1).  The inner fringe is 

where the transition to urban uses is advanced, while an outer 

fringe is where rural landscape is dominant. They referred to the 

outer zone of the city’s countryside as the urban shadow and 

rural hinterland, which has links with or is influenced by the city. 

The outer zone boundaries are temporal in that they fluctuate 

periodically in response to various rhythms of the regional city. 

In reality, however, according to Starchenko (2005: 23), the 

continuum of individual zones may merge into each other and 

make the specific geographic definition difficult. I argue, 

therefore, that the definition of fringe zones thus need to be 

inductively developed depending on specific places while 

identifying several key variables for which threshold values 

could be categorized. 

        In an attempt to show why there is an uneven land use 

development in the rural-urban fringe, Bryant et al., (1982: 14) 

observed that urban development may not occur around all urban 

centres in all directions. This, they explained, may be due to 

constraints and enabling aspects of the physical environment or 

planning controls and land use regulations. It is also due to 

variations in societal response to changes within the surrounding 

areas of a particular city which are not expressed uniformly 

across geographic space. This makes the rural-urban fringe a 

discontinuous spatial phenomenon around most cities. 

Starchenko (2005: 25-26) therefore observed that the regional 

city concept represents an attempt to anchor the concept of the 

rural-urban fringe within the general context of urban 

development, with a link to broader socio-economic processes.  

 

 
Figure 1: The rural-urban fringe scheme. Source: (Modified from Bryant et al., 1982: 12). 

 

        Box 1:  Brie  explanations o  Bryant’s  o el on t e 
rural-urban fringe. Source: (Bryant et al., 1982: 13-14).  

        Inner fringe is characterized by land in the advanced stages 

of transition from rural to urban uses, land under construction.  

Outer fringe is an area where although rural land uses dominate 

the landscape, the penetration of urban oriented elements is clear 

(often single family housing).  

        Urban shadow is an area where physical evidence of urban 

influences on the landscape is minimal but metropolitan 

influence emerges through the commuting patterns of part-time 

and hobby farmers and residents of small towns.  

        Rural hinterland is second homes/recreational uses, 

extensive agricultural uses and open spaces. 

        Browder et al., (1995: 312) observed that rural-urban 

fringes are characterized by diverse land uses, which often vary 

in relation to their functional linkages to the urban and rural 

sectors. They are also transitional in nature as they progressively 

become more agrarian in their orientation as one moves from the 
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city centre to the rural areas. These areas are highly diverse 

because they are linked to both urban and rural areas which thus 

complicate efforts to characterize them. There are however cases 

where urban growth has engulfed existing rural areas and 

villages. This ‘capture’ of rural areas and villages results in 

progressive replacement of the rural character of the fringe by a 

more urban character in terms of land use, employment, income 

and culture (Sindhe, 2006: 193).  

        While focusing on population and livelihood aspects, 

Aberra (2006: 119) and Memon (1982: 148) indicated that there 

are cases where rural migrants move into rural-urban fringes as 

the first step in a progressive migration towards urban centres. 

Here rural-urban fringes become transitional spaces or temporary 

holding locations for new migrants to the urban centres. In yet 

other cases, new settlements on the rural-urban fringe entail long-

time urban dwellers moving to the rural-urban fringe to take 

advantage of low land rents or to capitalize on new opportunities 

for land acquisition, speculation and informal enterprise (Briggs 

and Mwamfupe, 2000; Memon and Lee-Smith, 1993; Memon, 

1982: 152-154). Unlike within the city, rural-urban fringes 

provide residents and entrepreneurs with cheaper housing, more 

relaxed building and business regulations (Briggs and 

Mwamfupe, 2000; Memon, 1982: 152, 155). Inconsistent 

availability of land for urban uses results in ‘leapfrogging’ of 

parcels of land thus creating a pattern of scattered or patchy 

residential development (Bryant et al., 1982: 64, 174).  

        Adopting multiple perspectives, Masuda and Garvin (2008: 

112) and Dupont (2007: 89) indicated that there are many forces 

that affect land uses in rural-urban fringes. These are social, 

economic, political and cultural forces operating at macro, meso 

and micro scale. They include housing and land markets, 

planning decisions, ownership patterns, land use characteristics, 

infrastructure and transportation structure and roles of actors 

within these processes. These forces lead to rapid physical, social 

and economic transformation in rural-urban fringes which then 

generate conflicts and opportunities (Douglas, 2008; Mbiba and 

Huchzermeyer, 2002: 122). 

        Additionally, there are socio-economic aspects that may be 

used in characterization of rural-urban fringes. These include 

high house construction/ownership rate, heterogeneous 

occupational structure and heterogeneous socio-economic status 

(Furuseth and Lapping, 1999; Ford, 1999; Daniel and Daniels, 

1999: 9). Due to heterogeneous social and economic 

characteristics of rural-urban fringes, there are bound to be 

competing land uses and interests. For example, there is a 

likelihood of smallholders and large landholding farmers, low-

income and informal settlers, industrial entrepreneurs and urban 

middle- and upper-income residents co-existing within the same 

area but with different and often competing interests, practices 

and perceptions (Tavernier and Onyango, 2008: 554; Shindhe, 

2006: 181; Allen, 2003: 137). Allen (2003: 136) viewed rural-

urban fringes as having paradoxical problems in that they can be 

characterized by lack of 'urbaneness’ (such as lack of adequate 

infrastructure, services and regulations among others), or lack of 

‘ruraliness’, (such as high prices for land, loss of fertile soil and 

social cohesion, among others). 

        According to Starchenko (2005: 210) and Allen (2003: 

137), uneven development of rural-urban fringes reflects socio-

economic characteristics of the residents. Rural-urban fringes of 

developed and developing countries show different development 

characteristics. For example, while the experience of developing 

countries indicate that most of those occupying this area are 

engaged in informal economic activities (Memon, 1982: 154), 

those in developed countries, on the other hand, are mostly from 

upper and middle income groups (Furuseth and Lapping, 1999; 

Daniels and Daniels, 1999: 9).  

        In regard to developing countries several authors (Rojas-

Caldelas, 2008; Allen, 2006; Aguilar and Ward, 2003; Mattingly, 

1999; Adell, 1999; Browder et al., 1995; Memon, 1982) have 

used different phrases to describe conditions of rural-urban fringe 

settlements which include, but are not limited to: agglomerations 

of poverty; metropolitan village; belts of misery; informal 

settlements; spontaneous and low-income settlement; slums of 

despair, among others. The main theme of these phrases is that 

people living in these areas have rural roots, are engaged in 

informal economic activities and have less effective services and 

facilities compared to those available at the city centres. 

Although urban development in these countries may show some 

common characteristics, there are however some differences. 

Differences are a result of historical, legal, cultural and social 

backgrounds of different countries and regions within countries. 

        Starchenko (2005: 38) advises that, while definitions of 

rural-urban fringes should ideally be based on parameters that are 

unique to different areas and that are likely to remain constant 

over time, this is impossible due to constant changes in rural-

urban fringe experience. These constant changes render any set 

of defining parameters quickly outmoded (Dangalle and Narman, 

2006: 165). Mbiba and Huchzermeyer (2002: 123) also observed 

that there is no single spatial definition of the rural-urban fringe 

across the world and/or even for any single city. As such any 

definition would have to be specific to some interests (depending 

on some pertinent issues or for specific purposes) with precise 

criteria.  

        Starchenko (2005: 38) explained that an approach that is 

inclusive and flexible is thus required in order to resolve this 

situation, taking into account that a rural-urban fringe is an 

abstraction of reality and therefore there are no universally 

applicable definitions or boundaries, only shifting definitions and 

shifting phenomena.  He considers that a number of dimensions 

can be used in developing definitions in each case under 

consideration. He further argued that these dimensions may 

include but are not limited to environment, settlement patterns, 

land values, nature of land use, demographic, social, economic, 

administrative, political, and infrastructure supply, among others. 

Spatial delimitations can however help in highlighting and 

describing what a researcher deems to be key components in 

relation to the research at hand (Mbiba and Huchzermeyer, 2002: 

123). In delimiting a rural-urban fringe, Simon et al., (2004: 

247), argue that: 

        In terms of present-day qualitative and post-structural 

approaches to research, empirical measurement and identification 

of specific distances and areas corresponding to such labels 

(urban and rural) is not seen as important. This is extremely 

difficult to do in practice, has limited use and is subject to rapid 

change in such dynamic conditions. 
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III.  INFLUENCES ON LAND USE:  INSIGHTS FROM NEO-

CLASSICAL ECONOMIC THEORIES 

        Weintraub (1993) explains that, neo-classical economic 

theories focus on the determination of prices, outputs, and 

income distributions in markets through supply and demand, 

mediated through economic ‘agents,’ either households or firms. 

In Weintraub’s view, agents are thought of as being characterised 

by having unlimited desires and wants which exist amidst 

various constraints or scarcities. Tensions or the decision 

problems emanating from competing desire and wants are 

assumed to be worked out through market mechanisms or forces. 

Prices are taken as the signals that tell households or firms 

whether their conflicting desires can be/have been reconciled.  

        According to Pennock (2004: 9), the neo-classical paradigm 

on urban land use is based on the assumption that urbanisation is 

a result of cumulative actions of individual households and firms 

within a particular locality. These actions materialize into 

demand for land. In theory, demand for land results in particular 

land uses which reflect profit making potential for each 

location/site relative to all other locations. For this demand to be 

met there is a need for a free market that operates in an 

economically rational way. Factors such as labour supply, 

location of land use, cost of transportation and availability of 

natural resources are considered to be important components of 

neo-classical economic approaches (Gottdiener, 1994).  

        Alonso (1960) provided one of the earliest applications of 

neo-classical economic approaches to study urban land use. His 

model assumed that firms and individuals were rational actors in 

an urban land market.  He supported his assumptions by 

describing a land bid-rent curve, whereby the location of a 

particular land use within an urban area was determined by the 

bid-rent curve. This was because the bid-rent curve was thought 

to represent profit maximization potential for firms or 

satisfaction maximization for residents (Alonso and Joint Center 

for Urban Studies, 1964). Alonso’s model was based on 

numerous assumptions such as existence and availability of 

perfect knowledge and information as pertaining to land markets 

and perfect transportation access, while discounting other non-

economic factors that are likely to influence urban land use 

(Pennock, 2004: 10).  

        Pennock (2004: 10) observed that the assumption of 

economic rational land use allocation discounts the role of 

government which is seen to be unnecessary or even undesirable. 

There is, however, an appreciation that there is a likelihood of 

short-term inefficiencies and externalities in land use, but (over 

time) it is held that the market as a self-regulating and 

equilibrium seeking system resolves these problems.  

        Logan and Molotch (2007: 9) noted that the assumption that 

markets allocate properly and that users, buyers, and sellers have 

optimal information, holds true to some extent. However, the 

rationality of actors regarding their use of land is determined by 

various factors. Land markets are far from being perfect because 

a number of actors, at any point in time, are limited and land 

market is rife with speculation based on prices. The approach 

also fails to account for such factors as social, cultural, personal 

and political inequalities (Davis, 1991: 57) which have the 

potential to affect the use to which land may be put into or access 

to information and other resources necessary in meaningful 

market situations. They further observe that markets are not 

ordered by impersonal laws of supply and demand but are a 

result of cultures which are bound up with various interests. Land 

markets, thus, work through such interests and institutions that 

they are derived from. These forces organize how land markets 

work, what prices will be paid/received, as well as behavioural 

responses to prices. Another problem with a purely economic 

approach is that information on land prices and its determinants 

is very difficult to find.  

        Chicoine (1981) further observed that physical 

characteristics of the land parcel and the economic value of it 

may influence land use. Physical characteristics, such as size of 

plots, topography, arability, structural improvement and natural 

resources, influence other uses of land such as agriculture, 

recreation, residential or commercial development and may raise 

the land’s value (Nelson, 1992: 138). In some cases certain 

features such as slopes or wetlands may make certain uses 

difficult or illegal under environmental and planning legislation. 

It is a case of physical features of land intersecting with public 

policies and regulation to shape peoples’ actions on land.  

        Mbiba and Huchzermeyer (2002: 124) agree that neo-

classical approaches assume an existence of a perfectly equal and 

homogenous land character and also note that it omits any 

consideration of non-material values (Logan and Molotch, 2007: 

1-4) such as customary ties to the inherited land. Furthermore, it 

does not consider land markets in ‘pre-capitalist societies’ where 

land use is based on customary laws (Zein-Elabdin, 2009: 1158; 

Rakodi, 2005: 5). In this case, land use changes are not ordered 

by the ‘formal’ markets or ‘Western style’ individual land title. 

Berner (2001: 6) noted that:  

... market expansion [is] incomplete even in the most advanced 

societies. Economic activities within households (and sometimes 

communities) neither follow the logic of the market, nor are they 

regulated by the State. There is no monetary remuneration, and 

entitlements are defined and governed by personal relations 

rather than property rights.  

        Pennock (2004: 9) observed that although neo-classical 

economics approaches are contested by a variety of critical 

theories, particularly those derived from political economy, their 

perspectives have been applied to the study of urban land use and 

with time have become interwoven into the fabric of urban 

research such that they have almost become hegemonic. They 

have formed a huge part of the ideological structure that has been 

used as a guide to assist in understanding and explaining urban 

growth.  

 

IV.  INFLUENCES ON LAND USE: INSIGHTS FROM POLITICAL 

ECONOMY THEORIES 

        Pennock (2004: 11) argued that because land markets are 

based on private property and voluntary exchange for private 

gain, for markets to function optimally, great intervention is 

needed to manage these arrangements. Thus the role of 

government in ordering land markets cannot be easily 

discounted. For instance, government intervenes in diverse ways 

(such as, through sectoral policies, or as a development 

intermediary) in order to safeguard particular interests and 

values. Protection of the environment is one such example where 

such interventions are needed. This intervention calls for an 

approach that focuses on the role of the State in regulating land 
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uses and land markets.  Such an approach may reinforce a gap in 

understanding why some land uses occur and not others, one of 

inadequacies of neo-classical economic approaches. There is a 

need to explore beyond outward appearances and events of land 

uses, to actual mechanisms that produce such land uses. 

Specifically, neo-classical approaches (and also political 

economy) do not directly address the issue of human agency
17

, 

and in most cases human agency is absorbed as part of 

assumptions within theoretical parameters in analyses (Healey 

and Barrett, 1990: 92). 

        The political economy approach to land use attempts to 

address shortcomings of neo-classical economics by including 

the issue of government in land markets. It advocates an 

integrated and relational approach to understanding the 

interconnectedness of economic, political, social and ecological 

processes that work together to produce uneven urban (rural-

urban fringes) land use distribution (Swyngedouw and Heynen, 

2003: 902).  

        Different forces and processes influence land use 

behaviour/activities in the rural-urban fringe (Logan and 

Molotch, 2007: 1-4). One way to understand these forces and 

processes in a locality is to focus on the interaction between 

activities and people, and between the locality and the external 

environment (Liffmann et al., 2000: 363, 369). This allows the 

linking of human activities within systems of exchange or 

interaction which include economic, social, political, regional, 

national and even biophysical aspects (Logan and Molotch, 

2007: 20; Bryant, 1995: 257).  

        One set of relations that calls for further attention is the 

interaction between the government and the land market, 

including government‘s efforts to manage land development, 

influence land use and protect natural resources. Through time, 

state intervention constrains the use to which land can be put and 

therefore affects its uses. It is however argued that it is necessary 

for government to be involved in the land market to safeguard 

public interests (Watson, 2008: 231-232; Bryant, 1995; Peterson, 

1991: 15; de Soto, 1989: 183).  

        Liffmann et al., (2000: 369) indicated that in managing land 

uses, different governments have come up with a range of public 

policies and regulations. These include zoning, subdivision and 

environmental regulations that aim at regulating or influencing 

land use decisions of private landholders. These regulations 

constrain landholders’ options for the use of land, and thus 

influence present and future market values of land. Government 

policies that promote infrastructural development (such as 

construction of roads, highways, municipal sewers and water 

supply) may also influence the use of land.  In addition, policies 

such as those related to land rates and taxes influence 

landholders’ financial calculations and therefore influence the 

way they use land (Maconachie, 2007: 12; Logan and Molotch, 

2007: 23; Hart, 1991a; Hart 1991b).  

        Property rights also influence the way land is put to use. 

Where land rights guarantee long-term tenure to a particular 

parcel of land, landholders may decide to use such land for a 

longer time without selling it. This may be contrasted with short-

term tenure which may make landholders avoid long-term 
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Agency is defined as “the actions and motives of human actors in the practice 

of social conduct” (Gregory, 2000: 349). 

commitment to the land (Cavailhes and Wavresky, 2003: 344; 

Raymond, 1997). 

         Land uses are also characterised by societal competition 

which support an argument that they are socially produced. The 

social production of land uses is embedded within the structure 

of the overall system of production and consumption, which are 

the outcomes of societal organisation (Logan and Molotch, 2007: 

12; Gottdiener, 1985; Massey and Catalano, 1978: 22).  In such a 

competitive environment, inequalities are reproduced at all 

societal land use levels including city, rural areas, and rural-

urban fringes (Simon, 2008: 15; Mbiba and Huchzermeyer, 2002: 

124). 

        Mbiba and Huchzermeyer (2002: 125) argued that in rural-

urban fringes, rapid urban growth and land commercialisation 

impinge on livelihoods of local households and institutions. This 

creates a condition that threatens the wellbeing of actors in these 

areas (Logan and Molotch, 2007: 1-2, 20, 23; Plantinga et al., 

2002: 561; Liffmann et al., 2000: 363, 369; Davis, 1991: 57). 

Compared to a good number of city residents and institutions, the 

rural-urban fringe residents are under-resourced with respect to 

knowledge and skills to effectively participate in the emerging 

urbanised local economy. This is largely attributed to persistent 

structural inequalities (due to what Lipton (1977) calls urban bias 

in development) and inadequate decentralisation of national 

resources to local levels. This has produced social phenomena 

such as proletarianization, squatter settlements and poverty when 

the unprepared local actors are faced with city-wide forces. 

Under such conditions, actors’ capacities to cope and adopt are 

limited and this leads to few local (and non-local) individuals and 

institutions dominating the local production systems (Binns and 

Maconachie, 2006: 217; Bryant, 1995; Simon et al. 2004: 243). 

The process of peasants’ dis-enfranchisement by city-based 

forces is akin to unequal global economic relations being played 

at the international levels with the exception that at the local 

level, the forces are either direct or indirectly mediated through 

governmental operations.  

        Global forces influence costs of agricultural production and 

prices of local produce (Logan and Molotch, 2007: 256). Under 

traditional farming systems, agriculture is local as much of it is 

bound to local practices of landholders who are attempting to 

make the best out of their land under prevailing local conditions. 

However, while land is not internationally mobile, some inputs 

(e.g. seed, fertilizer, animal feed), outputs and knowledge related 

to agriculture are very mobile, even in a global sense. The use of 

agricultural land is also not just for economic purposes but it is 

bound with historical conditions and cultural systems. Thus, 

opening it up to the global economy has far-reaching 

implications for the cultural transformation of the local actors. 

Globalisation
18

 enforces increased competition for places of 

production and consumption, the consequence of which is 

pressure on local institutional arrangements as local people try to 

adjust to changing conditions (Simon, 2008; Maconachie, 2007; 

Arabindoo, 2005; Bryant, 1995; Braun, 2002). 

 

                                                 
18
Globalisation “…is a process by which the experience of everyday life, marked 

by the diffusion of commodities and ideas, is becoming standardized around 
the world” (Braun, 2002). 
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        In some contexts, globalization may foster decentralisation 

in political, administrative and fiscal powers and thus facilitate 

the local empowerment (through local management of public 

goods) and economic independence.  However, the (envisaged) 

empowered, diverse and culturally rich local communities may 

not arise automatically without broad political support. Instead it 

may result in dualism, where one part of the community enjoys 

benefits of globalisation (through their ability to adjust their 

agricultural production systems to serve global markets e.g. 

export flower farming in rural-urban fringes) while the other part 

of the community remains marginalized and subsistence-oriented 

in their agricultural production (Braun, 2002).  

        Mbiba and Huchzermeyer (2002: 125) indicated that when 

the local economy is ‘captured’ for the production of raw goods 

and materials for global markets (e.g. coffee, tea or flowers), its 

capacity and capability to support local basic needs is 

diminished/altered. Local livelihood systems especially those 

that support poor households (who are usually weak and 

unprepared) are weakened or lost. Local institutions are also 

overwhelmed by the entry of more powerful actors than the local 

structure and capacity can handle. This leads to further 

marginalisation of the local people, who in many cases are 

indigenous farmers, and the weakening of local institutions. 

When this happens, breakdown in land use governance and 

administration is likely to take place. Breakdown in local 

institutions leads to corruption and other self-seeking incidences 

which further lead to marginalisation of the indigenous actors. 

This further hinders them from actively taking part in new 

economic opportunities. Where social and economic conditions, 

such as local employment, income, population growth and 

national economic trends are favourable, landholders can pursue 

various options to achieve certain life goals. The existence of 

alternative opportunities can thus enable them to make diverse 

social and economic choices, thereby influencing their 

engagements with the land as a source of livelihood (Simon, 

2008: 11; Dayaratne and Samarawickrama, 2003: 102). 

        Bryant (1995: 257) observed that on the macro scale, 

“…there are forces that link economic activities in the rural-

urban fringe to systems of exchange nationally and 

internationally..” And that these forces are also partly responsible 

for the changing relationship between the rural-urban fringe and 

the city. For example, in different rural-urban fringes, there may 

be dairy and horticultural farms that have links with cities and 

international markets. In understanding dynamics of such 

production systems, a broader focus that includes global markets 

and policies is thus needed.  In most cases local production 

activities and decisions are influenced by global forces that 

barely take into account local circumstances (such as need for 

local food production and customary land use and ownership), 

though they affect local conditions of production (Mbiba and 

Huchzermeyer, 2002: 125). 

        Promotion of neoliberal policies by the World Bank and 

International Monetary Fund (IMF) and the pressure on 

developing countries to adopt an enabling and facilitative 

approach to housing (instead of mass provision) has given rise to 

policies that indicated the growing acceptance of different forms 

of self-housing in most developing countries (UN-Habitat, 2003: 

43; Briggs and Yeboah, 2001: 21). These led to a shift in policies 

dealing with informal housing in different countries. However, 

access to land for housing, especially in cities remains a problem. 

Uncertainty in systems of land availability and governance 

within many cities (especially in developing countries) has led 

many residents to seek construction land in rural-urban fringes 

(Pacione, 2005; Potts, 2004; Home and Lim, 2004 1; UN-

Habitat, 2003: 46).  

        Furthermore, the adoption of neo-liberal policies affected 

smallholder farming production as a result of reduced 

government spending on agricultural extension services. 

Maconachie (2007: 11) observed that reduced government 

support for smallholder farming in many countries where neo-

liberal policies in form of Structural Adjustment Programmess 

were implemented led to reduced farm productivity. This further 

weakened smallholders’ capacities and thus constrained their 

coping mechanisms and transition to other land development 

alternatives. 

        Cheru (2005: 6) observed that when a local production 

system (such as smallholding farming) is weakened, it becomes 

marginalized from the mainstream of national development. Low 

levels of agricultural production, coupled with lack of non-farm 

employment opportunities and the absence of vibrant small and 

medium-size urban centres (to facilitate interaction between rural 

areas and major cities) and disparities in the level of services 

provided collectively accentuate the abandonment of farming by 

people who move to primate cities.  

        Effects of the exodus to primate cities are also felt 

throughout the metropolitan system of many developing 

countries (Pacione, 2009: 120; UN-Habitat, 2005: 4; Briggs and 

Yeboah, 2001: 23). These migration forces are producing 

regional or meso effects (trade policies, regional economic 

integration, legal framework, transportation policies among 

others). These forces are mostly manifested in the form of 

population expansion and spread of residential development in 

former farmlands. The forces also underlie processes that are 

linked to unequal economic and living conditions between rural-

urban fringes and the cities (Bryant, 1995: 258). 

 

V. TOWARDS A LOCALISED CONCEPTUAL APPROACH 

        Lambin et al., (2001: 266) observed that political economic 

explanations of a rural urban fringe focus on differential power 

and access, enforced by dominant social structures. Explanations 

tend to assume that capitalist-based structures (above all others) 

exacerbate differences in power and access, and hence land use 

changes. Changes resulting from non-capitalist structures are 

dismissed or taken as part of explanatory assumptions (Zein-

Elabdin, 2009: 1158). For example, one non-capitalist 

contributor to land use change in rural-urban fringes is the actor’s 

agency (Mbiba and Huchzermeyer, 2002: 126) which, although 

relatively neglected, may have a great influence on land use and 

the process of land conversion.  

        A focus on local actors in societies (such as those in 

developing countries) where both pre-capitalist (traditional) and 

capitalist (modern) systems operate may allow us to see how 

structural forces from globalization and socio-cultural influences 

circumscribe the agency of actors, thus highly affecting their life 

choices (Bryant, 1995; Mbiba and Huchzermeyer, 2002: 124). 

Such an approach may also show how actors manoeuvre through 

various constraints to come up with strategies for their day to day 
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living: that is, how actors meet their life needs or solve their 

problems amidst lack or inadequate provision by formally or 

officially sanctioned bodies or organisations (Rakodi, 2005: 5). 

        A conceptual approach that provides a framework on which 

to base an understanding of the agency (alongside explanations 

of how actors use agency to challenge or reinforce the existing 

structures that affect their use of land) is thus needed. Such an 

approach can help to reveal ways in which land for urban 

development is used and known, while challenging the 

unacknowledged and acknowledged assumptions at the heart of 

land use planning discourses that are insensitive to meanings and 

values in practices of non-dominant cultures (Harrison, 2006). 

Such an approach reasserts the importance of historical and 

contemporary voices through a reconstruction of history and 

knowledge production (Zein-Elabdin, 2009: 1155; McEwan, 

2002: 127-128).The approach may also seek to capture voices 

and actions which are usually ignored in dominant varieties of 

space production narratives. These ignored voices and actions are 

also referred to as ‘subaltern voices or actions’ (Sharp, 2009: 

115; Yeboah, 2006: 51, 61; McEwan, 2002: 127-131; Spivak, 

2000: xxi; Spivak, 1988: 298).Through actors’ actions (as 

evidence of their agency) there can emerge a possible way of 

identifying culturally appropriate ways of infrastructure and 

services provision in situations where formal provisions by 

local/central governments are inadequate. This (agency) would 

also give information on ways landholders are able to manoeuvre 

to accommodate changes in their local environment. 

        Given the reduced presence of the government in 

management of day- to- day affairs of the society and the 

economy (in part due to effects related to Structural Adjustment 

Policies (SAPs) especially developing countries) local actors 

have assumed a major responsibility for managing different 

aspects in their localities (UN-Habitat, 2009: 26; Simon, 2008; 

Bryant, 1995: 258; Potts, 2004). In such cases, land use planning 

ideals and methods (required and advocated by governments) are 

no longer accepted or supported by the majority of actors (Batley 

and Larbi, 2004: 9).  Simon (1997: 190) observed that reduced 

central/local government influences lead to, 

...individuals and groups of people at a local level ... seeking the 

attainment of their aspirations for better living standards outside 

the realm of State. 

        Many countries particularly developing countries 

(especially in Africa and Latin America) with a colonial legacies 

have weak central/local government institutions. Therefore 

changes taking place are not just on land use but also political, 

cultural and social as well. The process of transition from 

‘traditional’ (indigenous) to ‘modern’ systems is however not 

clear-cut; it is on-going and characterised by a systems mix 

(Zein-Elabdin, 2009: 1155; Sharp, 2009: 135; Maeda, 2009: 345; 

Harrison, 2006; Sandercock, 2004). The strategies emanating 

from such processes are thus hybrids of both traditional and 

modern livelihood strategies. Simon (1997: 192) and Nabudere 

(1997: 214) however argued that many of the hybrids strategies 

are not postcolonial but are rather post-traditional because they 

embody 

... indigenous values, social structures and identities that survived 

–admittedly to differing extents and with differing degree of 

engagement with or transformation by colonial impositions 

(Simon, 1997: 192). 

        The resultant hybrid strategies empower the actors in the 

articulation of their experiences and also in their engagement 

with social, economic and environmental transformation. These 

strategies work in complex and sometimes covert ways, mostly 

in contradiction to the prevailing official social and economic 

channels (Harrison, 2006; Bryant, 1995; Young, 2003 79).  

Hybrid formations are however not uniform as they differ in 

distribution and practice within a particular locality and even 

among actors (Yeboah, 2005: 61; Sandercock, 2004). These 

formations (or hybridity) involve processes of interaction that 

create new social spaces to which new meanings are given within 

specific situations and localities (Young, 2003: 79).  

        Following from the above understanding on hybridity, a 

focus on the local actors thus provides a good basis for locating 

the spaces of hybrid formations (Yeboah, 2005: 61; Harrison, 

2006). Localised actions are thus significant in understanding 

aspects of land use and change. Therefore, a look at actors and 

specifically at the aspects of structure and agency can reveal how 

people make choices within locally variable social, economic, 

environmental and cultural conditions (Bryant, 1995). Such an 

approach may also allow us to understand how innovations may 

be introduced and adopted in certain areas and not in others.  In 

addition, it may lead to understanding why people continue to 

follow socially and environmentally destructive paths, despite 

evidence of the damage to their locality. The actions may be 

explained using Simon’s (1997: 190) words: 

...they are seeking the basic needs... but have despaired of the 

ability of the State and official development agenda to deliver on 

their promises and have thus taken their own initiatives. 

        In understanding land conversions, it is thus worth 

appreciating that locally constituted conditions are critical in 

influencing land use change (Bryant, 1995: 258; Bryant et al., 

1982: 59) at the micro level. However, it is at this level that there 

are tendencies to see individual and local actors as reactive and 

as such following or being led by macro and meso scale forces 

and processes (Bryant, 1995: 258). These tendencies are partly 

theoretical positions that underpin the literature catalogued above 

(from neoclassical economics and political economy 

perspectives) which generally “…ascribe a relatively passive 

level or reactive role to local community involvement...” (Bryant, 

1995: 258) in land use decisions. For example, while 

conceptualizing meso scale change in the rural-urban fringe, the 

focus is put more on the effects of the influences emanating from 

the city core than on the locally-based influences (Bryant, 1995: 

258). In such cases land use changes are usually represented in 

the form of external pressures and influences without a clear 

consideration of internal influences (Plantinga et al., 2002: 561). 

Such influences include environmental, familial, societal, and 

cultural diversity and the existing settlement structure within the 

rural-urban fringe. Such representations thus miss out on 

complex realities that characterise land use in the rural-urban 

fringe and the individual actor’s capacity to choose (or 

circumvent) between macro and meso processes (Bryant, 1995). 

Therefore, structuration theory (structure and agency approach) 

is relevant as adds insights into the understanding of the actors 

and the shifting nature of their agency. 

 

4.1  Insights from structure and agency approach 
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        Long and Long (1992: 21) noted that actors process 

information and strategize in their dealings with one another and 

are active participants in their social worlds. Actors may be 

either institutions or individuals. Furthermore, actors attempt to 

solve problems, and learn how to intervene in the flow of events 

around them, while also continuously monitoring their own 

actions, observing how others react to their behaviour and taking 

note of various contingent circumstances (Bernstein, 1989: 26). 

Commenting on the ability of actors to monitor their activities 

and those of others, Giddens (1984: 29) observed that: 

Human actors are not only able to monitor their activities and 

those of others in the regularity of day-to-day conduct; they are 

also able to ‘monitor that monitoring’ in discursive 

consciousness. ‘Interpretative schemes’ are modes of typification 

incorporated within actors’ stock of knowledge, applied 

reflexively in the sustaining communication. The stocks of 

knowledge which actors draw [upon] in the production and 

reproduction of interaction are the same as those whereby they 

are able to make accounts, offer reasons, etc. 

        Vanclay (1995: 111) and Davis (1991: 57) observed that 

although social, economic, environmental and cultural structures 

may promote or constrain certain values (for instance about 

land), actors are able to manoeuvre and act on their decisions to 

generate new forms of values (in the case of this paper, land 

uses). This can occur even in situations of severe 

restrictions/limitations but whereby individuals can still make 

choices among options or actions. This leads to the notion of 

agency which attributes to the individual actors the capacity to 

process social experience and devise ways of coping with life.  

        According to Giddens (1984: 4), the power of actors to act 

is grounded in human consciousness, which exists in three levels 

(Figure 2). First of these levels is the discursive consciousness 

which is the level at which humans can express their thoughts, 

emotions and reasons for actions. That is, it is that which they are 

able to say or to give verbal expression concerning social 

conditions, including conditions of their own action. Here there 

exists a conscious awareness of procedures and rules guiding a 

particular action. The level thus comprises of the knowledge of 

how to do things or to live, and whereby social agents can 

explain the reasons for their actions and intentions.  

        The second level is the practical consciousness level which 

consists of extensive knowledge about life by actors on how to 

survive in their environment, how to cooperate, compete, cope 

and get things done. It is based on what they know or believe 

about particular conditions but cannot express discursively 

(Giddens, 1990: 301; Giddens, 1984: 6-7). Here social agents are 

tacitly aware of the reasons for their actions, and therefore it is at 

this level where application of basic skills (common sense skills) 

necessary for handling daily existence operates. It is routinized 

into humans’ daily existence and involves little if any motivation 

or concentration to access/apply, though when social agents are 

pressed to account for their actions, they can give explanations 

pertaining to them. The knowledge and skills at practical 

consciousness level is mutually shared with other members of a 

particular group or society and, are essential for the execution of 

social life (Emirbayer and Mische, 1998: 963-964; Thompson, 

1989: 59).  However, (Giddens, 1988: 58) observed that:  

        More important are the grey areas of practical consciousness 

that exist in the relation between the rationalisation of action and 

actors’ stocks of knowledge; and between the rationalisation of 

action and the unconscious. The stocks of knowledge, in 

Schutz’s term, or what I call mutual knowledge employed by 

actors in the production of social encounters, are not usually 

known to those actors in an explicitly codified form: the practical 

character of such knowledge conforms to the Wittgensteinian 

formulation of knowing a rule. 

        In both discursive and practical consciousness levels, 

humans can explain the intentions and reasons for their actions. 

These levels can interpenetrate each other and thus their 

distinction is fluid and can be altered by many aspects such as 

socialization and experience. The unconscious level is not 

accessible by discursive consciousness. It is the level where life 

histories, knowledge of experiences, emotions and thoughts are 

usually filed from the immediate conscious recall, especially 

during daily discussions (Tucker, 1998: 81; Giddens, 1984: 375).  

 

 
Figure 2: Relationship between discursive consciousness, 

practical consciousness and unconscious motives/cognition. 

Source: (Modified from Giddens, 1984: 7). 

 

        Social agents/humans, draw upon these three layers of 

consciousness, which can be described by a stratification model 

(see Figure 2) of human actions (Craib, 1992: 40). The 

stratification model according to Thompson (1989: 59) and 

Giddens (1984: 6, 376) comprises of three moments: first, is the 

motivation of action which is derived from unconscious and 

which is important for overall plans and situations which 

sometimes break with the routines of life; secondly, there is 

rationalization of actions derived from practical consciousness 

and thirdly, through reflexive monitoring of actions. Giddens 

further observed that there exists a repression in form of 

unconscious motivations and which creates a barrier that affects 

the discursive consciousness and the unconsciousness. It is the 

existence of this barrier that leads to a rejection of the notion of 

the very existence of unconscious motivation (Tucker, 1998: 81; 

Cohen, 1989: 51-52). 

        Giddens (1993) made a point that people act with 

knowledge, skill and intention, and that their motivation has a 

structure which responds to their needs/wants at any given time 

in life. In arguing against the notion of existence of unconscious 

motivations, Giddens noted that infants are not born with the 

capacity to meet their own needs, though they possess them 

(needs), and these must be met by others. Meeting of their 

(infant) needs is further extended to mediation and guidance of 

them (infants) in/with the social world. This mediation and 
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guidance is meant to align the wants of infants with demands and 

expectations of the wider society. This is how human actors are 

grounded into reciprocal social relations with others within their 

environment. The statement below affirms this grounding of 

individual actors in a set of social relations. Giddens (1993: 124) 

stated that given,  

        …the modes of management of organic wants represents the 

first, and in an important sense the most all-embracing, 

accommodation which the child makes to the world, it seems 

legitimate to suppose that a ‘basic security system’ – that is, a 

primitive level of management of tensions rooted in organic 

needs – remains central to later personality development; and 

given that these processes occur first of all before the child 

acquires the linguistic skills necessary to monitor its learning 

consciously. 

        The initial level of human needs thus becomes the core 

influence in the development of future human personality, with 

the major need being the basic security system, which is largely 

inaccessible to our consciousness (Cohen, 1989: 51). 

Maintenance of this security system thus becomes a pre-

occupation of each social actor (e.g. the landholder) through an 

ongoing involvement with the social world. Because the 

environment in which people live is not secure and predictable, 

the basic security or ontological security
19

 drives human 

motivation (Giddens, 1993: 123-124; Craib, 1992: 38; Cohen, 

1989: 53).  

        Giddens (1989: 278) observed that access to (or existence 

of) basic security allows individuals to develop their full 

potential within uncertain or unpredictable localities. For 

example, responses to rapidly changing land uses in a rural-urban 

fringe may reflect a need for some form of nurturing a source of 

livelihood (land) in an environment full of uncertainties. Lack of 

nurturing or inconsistent nurturing produces tensions in (or 

damage to) sources of livelihood (Craib, 1992: 39). To reduce the 

tension or the damage, landholders are continuously searching 

for ways to enhance this security in their surroundings, albeit in 

rapidly changing and unpredictable conditions.  Also, in their day 

to day encounters, landholders always face potential risk to their 

livelihood. To further ground their security and minimize their 

risk, individuals cooperate through the use of tact and trust as a 

society or community. This allows people to enhance their 

position and knowledge of how to access and maintain their 

livelihood (Davis, 1991: 57; Held and Thompson, 1989: 9).  

        As a result of individuals’ cooperation, a system of social 

practices that forms the social system (systems
20

) is created 

(Craib, 1992: 40; Held and Thompson, 1989: 10). The drive for 

cooperation among people is meant to achieve self identity and 

personal security in their lives, and is manifested through 

routinized predictable actions (Gregory, 1989: 197), such as 

becoming a member of religious groups, merry-go-round groups, 

                                                 
19

This kind of security entails the confidence or trust that the natural and social 

worlds, including the self and social identity, are as they appear to be. It is 
because of ontological security that actors are more likely to re-produce known 

or dominant structures than they are to create new structures (Giddens, 1984: 

50, 375). 
20According to Moos and Dear (1986), systems are regularised social practices 

situated in time and space. They also argued that systems that are “deeply 

embedded” parts of life are called institutions and have no reality or existence 
separate from the action of the people. 

vigilante groups etc.  Actions by individuals form part of societal 

structures (Vanclay, 1995: 114; Thompson, 1989: 73). When 

such social practices are continued over time, people master them 

as a way of living in unpredictable and changing conditions 

(Emirbayer and Mische, 1998: 1006-1007; Giddens, 1990: 301), 

thus further replacing (though sometimes gradually) previous 

social relations that supported their livelihood.  

        Giddens (1984: 29) observed that mastering of skills 

involves possession of the ability to handle unfolding challenges 

and tensions in an ongoing manner. With time, mastered skills 

become a sort of mutual knowledge among people (community) 

in a locality which consists of rules
21

 of legitimation and 

signification (c.f. Tucker, 1998: 83; Craib, 1992: 45). These rules 

are meant to reduce possibilities of losses for each individual. 

Rules of legitimation provide a rationale through which actions 

are sanctioned as an acceptable form of behaviour among 

individuals. That is, legitimation provides morality in form of 

shared sets of values and ideals, normative rules, mutual rights 

and moral obligations. For example, it may be acceptable for 

landholders in a rural-urban fringe to sell small parcels of land 

and move out to more rural areas to buy bigger parcels of land, or 

to sell portions of their land and leave intact a space where there 

is graveyard. On the other hand, rules of signification enable the 

effective communication of meanings on various behavioural 

tendencies. For example, landholders in a rural-urban fringe may 

use various arguments, such as the decline of income from 

coffee, to justify land sale and its conversion for residential 

purposes, even if they did not use land to cultivate coffee 

previously.   According to Giddens (1984: 29): 

        The communication of meaning, as with all aspects of the 

contextuality of action, does not have to be seen merely as 

happening ‘in’ time-space. Agents routinely incorporate temporal 

and spatial features of encounters in the process of meaning 

constitution. Communication, as a general element of interaction, 

is a more inclusive concept than communicative intent (i.e. what 

an actor ‘means’ to say or do). 

        Rules of legitimation and signification are embedded in 

individuals’ life in such way that in most cases they can only 

tacitly be understood, with and their explanation at best being an 

interpretative prediction (Pennock, 2004: 21). Giddens (1984) 

noted that regularized social practices once they are embedded in 

life become institutionalized. This institutionalization of 

routinized social practices comes as a result of their 

recognisability and acceptability by the collective membership of 

the society and also when they are reproduced over a 

considerable period.  Every act of reproducing the rules thus also 

reproduces the structure of the social institution and its context, 

thereby reinforcing mutual knowledge among individuals. 

Therefore, human need for ontological security leads to the 

repeat of routine patterns of behaviour that unintentionally 

reproduce existing structures.  Other than just reproducing social 

structures, individuals also through their practices reproduce the 

social system (Saunders, 1989: 225).   

 

                                                 
21

Rules guide regularized behaviours that are implicitly acknowledged as being 

appropriate and enable people to manage their daily lives and understand the 
world around them (Giddens, 1984: 21-23). 
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        Pennock (2004: 21) observed that there are however some 

times when the process of reproduction is by-passed and instead 

power and domination are used to alter social events in a way 

that is transformational. Allocative and authoritative resources 

are used to effect such changes (Craib, 1992: 47). Allocative 

resources include command over objects, goods or material 

phenomena that are used to enhance and maintain power. For 

example, city-based land seekers, with more money than 

indigenous local residents are likely to bid up land prices rise to a 

level where continued farming is not justifiable economically. 

On the other hand, authoritative resources include command over 

people and are meant to gain control over others (Cohen, 1989: 

28). For example, indigenous residents in the rural-urban fringe 

may invoke customary regulations and social norms in dealing 

with land uses and security matters even in relations with the 

newcomers who do not subscribe to such norms and practices.   

        Pennock (2004: 21) added that rules of legitimation and 

signification are needed to access and use both of the above 

resources (allocative and authoritative) and that these resources 

are unevenly distributed within society as some actors have more 

resources and power than others. However, even those with little 

power have some influence on those with greater power and 

resources. As a result, individuals live within limits of resources, 

having skills and knowledge of the broader social conditions that 

may be influencing their locality (given that each individual 

possess some room for manoeuvre). Agency then arises from the 

individual’s understanding of rules and capacity to utilize 

resources (Giddens, 1989: 253; Giddens, 1984: 33, 74). 

 

       4.2 The agency/structure interface 

        Social relations take place within structures, institutions and 

cultural conditions that have links at micro and macro levels 

(Vanclay, 1995: 114; Long and Long, 1992). In an attempt to 

bridge the gap between macro and micro, subjective and 

objective, actor and structure, Giddens introduces a structuration 

approach (c.f. Tucker, 1998: 11; Vanclay, 1995: 119; Giddens, 

1991: 204; Giddens,1984: 29). The process of structuration is 

however difficult to observe especially at empirical level 

(Starchenko, 2005: 83; Flyvbjerg, 2004: 299, 300; Gregson, 

1989: 240, 246). To address this obstacle, Starchenko (2005: 83) 

advises that adopting Giddens’ concept of bracketing, becomes 

helpful (c.f. Cohen, 1990: 43; Giddens, 1984: 288). The notion of 

bracketing holds that, neither actor nor system is placed “... in a 

superior position in analysis, but rather integrates both areas of 

concern even though the focus may be on one or the other” 

(Starchenko, 2005: 83). 

        The primary concept of the theory of structuration is the 

duality of a structure and agency (Tucker, 1998: 12; Craib, 1992: 

33-34; Giddens, 1991: 204; Giddens, 1989: 253; Cohen, 1989: 

10), that is “the rules and resources drawn upon in the production 

and reproduction of social action are at the same time the means 

of system reproduction” (Giddens, 1984: 19). Human actions are 

therefore assumed as being able to reproduce and transform 

themselves. According to Giddens (1984: 2): 

        Human social activities, like some self-reproducing items in 

nature, are recursive. That’s to say, they are not brought into 

being by social actors but [are] continually recreated by them via 

the very means whereby they express themselves as actors. In 

and through their activities [actors] reproduce the conditions that 

make these activities possible. 

        Giddens (1991: 204) noted that depending on events and 

circumstances, individuals within the society can draw power 

and resources to alter potential
22

 outcomes and therefore bring 

them (social outcomes) under control. Because of the duality of 

societal structures, empirical observation of the social system is 

possible (through bracketing) as they are linked and bounded in 

social practices across space and time. Therefore social practices 

not only influence structure but also constitute and reproduce the 

structure. This proceeds in a continuous manner, as structures 

can be changed (reproduced) when knowledgeable human actors 

put their knowledge, resources and power into practice. Giddens 

(1984: 25) averred that: 

        Structure is not ‘external’ to individuals: as memory traces, 

and as instantiated in social practices, it is in [a] certain sense 

more ‘internal’ than exterior to their activities…  Structure is not 

to be equated with constraints but is always both constraining 

and enabling. This of course does not prevent the structured 

properties of social systems from stretching away, in time and 

space, beyond the control of any individual actors. 

        The concept of the duality of actor and structure avoids the 

tendency of belittling the lay actors,
23

 as it allows/ascribes to 

individuals a capacity to knowingly perform certain practices 

while ensuring that those practices simultaneously reproduce the 

wider system, though often in unintended ways (Bryant and Jary, 

1991: 23; Giddens, 1989: 253; Cohen, 1989: 26). Practices are 

structured in such a way that while individuals (in the case of this 

study, landholders) are knowledgeable about their locality, they 

act in a way which unintentionally reproduces the wider system 

of land use in the rural-urban fringe (Giddens, 1991: 204; 

Giddens, 1989: 300). 

        Giddens (1984) argued that people as social agents are 

capable of producing, reproducing and transforming their own 

history. They are thus constantly creating and recreating their 

society and locality. Additionally, people are knowledgeable 

about institutions (i.e. customary and local governance) and 

practices of their society and locality (i.e. land subdivision 

through inheritance and reduced economic viability of land sizes) 

which is absolutely essential for their continued livelihood. 

These actors may intervene in any course of events in that they 

can use their knowledge, power and resources to alter the 

outcome of any event (e.g. initiation of private security by 

residents when there is increase in crimes as a result of 

breakdown of communal and social ties). This is because they 

can choose to act or not to act. If their choice to act (i.e. to 

address to a particular issue such as insecurity) is successful, then 

end result may become routinized into the process of social 

reproduction (Gregory, 1989: 188). 

        Vanclay (1995) and Davis (1991) argued that individuals 

make decisions that are contingent upon the conduct of others. 

That is, their behaviours and actions are also affected by diverse 

                                                 
22

It is this potential for action that brings into question the concepts of scientific 

positivism in relation to human interaction and agency. 
23
“Lay-knowledge or practical consciousnesses are only atheoretical in the sense 

that their conceptualisations and claims are relatively unexamined. Since lay-

knowledge is both part of our object, and a competing account of it, our 

response to lay knowledge must not be to dismiss it, but rather to examine it” 
(Sayer, 1988: 267). 
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external institutions, structures and cultural factors that are 

beyond their immediate setting. The influence on their behaviour 

is not only through direct interaction or through activities of 

entities (such as the public media) but is also based on collective 

cultural history. Culture is constraining as well as empowering. 

Making choices among the cultural repertoire restricts actors 

from facing or addressing situations that they may not have 

experienced before (Vanclay, 1995: 114; Davis, 1991: 57).  This 

may be so in situations of rapid change (such as in the rural-

urban fringe) where people may not have appropriate behavioural 

responses within their cultural repertoire to address resulting 

consequences. In explaining how human behaviours and actions 

are structured, Giddens (1984: 27) observed that: 

        The flow of action continually produces consequences 

which are unintended by actors and these unintended 

consequences also may form unacknowledged conditions of 

action in a feedback fashion. Human history is created by 

intentional activities but is not an intended project; it persistently 

eludes efforts to bring it under conscious direction. However, 

such attempts are continually made by human beings, who 

operate under the threat and the promise of circumstance that are 

the only creatures who make their ‘history’ in cognizance of that 

fact. 

        Emirbayer and Mische (1998: 963, 1006) observed that in 

addressing change, actors draw on agency. Thus it is the use of 

agency that enables actors to break away from normalized 

behaviours. This takes place in a temporally embedded process 

of social engagement that reproduces and transforms the social 

world through the interplay of habits, imagination and judgments 

of actors (Bathelt and Gluckler, 2003). Temporal 

embeddedness
24

 defines how actors may reproduce or transform 

social systems. For instance, a focus on the past allows actors to 

make selective reactivation of past patterns of thought and action, 

while a focus on present allows actors to make practical and 

normative judgments among alternate actions in response to the 

emerging and evolving situations; and if the focus is based on the 

future, actors use imagination to generate possible future actions 

defined by actors’ hopes, fears and desires (Emirbayer and 

Mische, 1998: 1006-1007). 

        Emirbayer and Mische (1998: 979, 1006-1007) continued to 

note that agency has three temporal orientations (i.e. past: 

routine, contemporary: sense-making and future: strategic action) 

that operate in conjunction. There is however interplay among 

the three orientations. Routine behaviours are always available 

for enactment; sense-making is necessary, while choosing among 

alternatives is a strategic action. Actors, however, adopt one of 

the three forms of orientation depending on the prevailing 

dominant condition. When the focus on the past is dominant, 

actors are likely to re-enact past patterns of behaviour to achieve 

stability in their life. When behaviours are routinized, they 

produce a sense of stability, concreteness and permanence among 

individuals (Pennock, 2004: 20). However, the selective nature 

of reactivation will in some occasions call for change. This 

change may not be spontaneous, but become only recognizable 

through gradual accumulation (as in the case of landholders 

selling small portions of their lands independent of one another 

                                                 
24Embeddedness is not spontaneous but experience-based and develops over time 

from a historical process (Bathelt and Gluckler, 2003: 134). 

in their locality and gradually changing the area), or may be 

drastic (where rapid sub-divisions of several parcels of land takes 

place at once).   

        During the process of land use change and in conditions of 

uncertainty/impermanence about the future of farming as a viable 

economic enterprise, there may be no previous pattern to borrow 

from or no chance to act in a strategic way (Liffman et al., 2000: 

363, 369). This happens especially if individuals such as 

indigenous residents in a rural-urban fringe are not structurally 

prepared to adopt capital and labour intensive farming such as 

horticulture after the collapse of the traditional farming such as 

coffee farming. It is one of those instances/situations where 

urgency is required and choice has to be made at that moment in 

time and space. In this case, actors (landholders) are amenable to 

make sense of their situations, and will come up with a way that 

will help them to react/act to changes to reduce the uncertainty at 

hand (Emirbayer and Mische, 1998: 1006-1007). In such 

situations some landholders may seek off-farm employment or 

sell portions of their farmland to meet their immediate livelihood 

needs. These activities however can contribute to further 

marginalisation of agriculture as a source of livelihood for the 

concerned landholders.  Commenting on such human actions, 

Giddens (1984: 14) observed that: 

        Repetitive activities, located in one context of time and 

space, have regularised consequences, unintended by those who 

engage in those activities, in more or less ‘distant’ time-space 

contexts. What happens… then, directly or indirectly, influences 

the further conditions of action in the original context. To 

understand what is going on, no explanatory variables are needed 

other than those which explain why individuals are motivated to 

engage in regularised social practices across time and space, and 

what consequences ensue. The unintended consequences are 

regularly ‘distributed’ as a by-product of regularised behaviour 

reflexively sustained as such by its participants (actors). 

        Emirbayer and Mische (1998: 963, 1006) explained that 

where elasticity of time allows, actors are able to exercise their 

imaginative power, express their hopes and fears and come up 

with a strategic project to achieve the desired future. The choice 

is made among different alternatives and with different values 

being articulated in taking a particular course of action.  For 

example, where some landholders diversify their farm production 

when the situation is normal, the effect of abrupt change may not 

be adverse to them. Those that diversify their farm production 

capabilities have a cushion against the immediate effects of 

income loss and may even have elasticity for manoeuvring to 

other sources of livelihood.  

        Long and Long (1992: 23) warned that agency should not be 

confused with the decision-making capacities of actors. They 

explained that agency is comprised of social relations and, can 

only be effected through them. Thus, agency rests fundamentally 

on the actions of a chain of agents with each of them translating 

it according to her and his projects, while trying to enrol each 

other into their own projects. For example, although decline in 

returns for agricultural produce may affect most of the 

landholders, not all of them will respond in the same way. There 

are issues other than just product prices that are likely to affect 

the ability of landholders to manoeuvre. Such issues include land 

tenure (Davis, 1991: 10) and cultural factors (e.g. customary 

aspects of land ownership/use). This explains why different 
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landholders respond in different ways to the seemingly similar 

phenomenon. However for some of their actions to be 

forthcoming/ beneficial, some collective systems (Davis, 1991: 

56-57) are necessary to aid them accommodate changes. For 

example, the presence of a large number of landholders in a 

given area (say, keeping dairy cows) has the likelihood of 

attracting milk traders from big cities to buy milk because they 

have enough supply to support commercial dairy operations.  

        In addition, in cases where insecurity is a problem, use of 

vigilante groups by community members indirectly attracted 

more tenants seeking rental houses than before when insecurity 

was a problem. In such cases strategic generation/manipulation 

of a network of social relations among landholders and the 

channelling of specific items through certain central points of 

interaction, such as through membership to a family or a village 

can affect the agency. The concept of agency also integrates the 

actor’s individual action in collective relations (Sewell, 1992: 

21).  

        Change may also occur when social agents who choose to 

act, produce unintended consequences (e.g. a small community 

projects such as an access roads opening up new areas for land 

conversion). A single act may result in effects that were never 

intended by actors, but consequences may not be large enough to 

affect the entire system. However, a set of individuals’ actions 

may result in a pattern of unintended consequences, which may 

then produce effects large enough to influence both the 

livelihood system and the pattern of regularized practices. The 

end result, though unintended, may become routinized into the 

social system, thus altering the pattern of reproduction within the 

community in a certain locality (Giddens, 1990: 301; Giddens, 

1984; Saunders, 1989: 225; Gregory, 1989: 197). These 

observations accord with Giddens’ (1984: 27, 28) observation 

that: 

        Homeostatic system reproduction in human society can be 

regarded as involving the operation of causal loops, in which a 

range of unintended consequences of action feed back to 

reconstitute ‘information filtering’ whereby strategically placed 

actors seek reflexively to regulate the overall conditions of 

system reproduction either to keep things as they are or to change 

them. 

 

VI. SYNTHESIS AND CONCLUSIONS 

        From the foregoing theoretical review, it is clear that land 

use change in rural-urban fringes are influenced by three sets of 

conditions that are interrelated and have evolved over time. 

These include (i) macro conditions and interactions such as 

political and economic conditions, agricultural produce markets, 

corruption, Structural Adjustment Programmes, national 

regulations and policies, (ii) micro/local conditions and 

interactions such as local political affairs, local government 

regulations, corruption, neighbours, customs, off-farm jobs, 

pollution, land prices, historical aspects (e.g. colonial past), 

infrastructure and (iii) landholding/ farm/household  conditions 

that influence land use decisions such as values, family labour, 

clan membership, lifecycle elements, and locational aspects of 

the land, among others. The three sets of conditions overlap as 

they are not mutually exclusive (Cark, 2008: 11). 

 

        Each landholder
25

 has a set of relations that extend across 

place and scale or both. The context in which landholders are 

positioned affects their response or adjustment mechanisms 

(Bathelt, 2006: 225). There are also influences on landholders 

which emanate from their local communities or local interactions 

such as social networks, clans, neighbours etc. In this case the 

locally-based relations have a key role in influencing 

landholders’ decisions which lead to land conversions and may 

also affect the way they respond to the resultant changes.  

        Landholders are not universally impacted by the macro, 

micro and landholding conditions, but at the same time they do 

not have the ability to act entirely outside these forces. Their 

actions represent countervailing systems that evolve both in 

resistance to these forces and also as a way to take advantage of 

local opportunities. Their actions however reproduce the macro 

and micro structures. Their actions result in a variety of 

responses, due to agency (Clark, 2008: 13).  

        Agency (as the ability to act) shows that landholders may 

act differently and this is the reason why we do not have a 

homogenous rural-urban fringe landscape (Clark, 2008). Agency 

defined as the ability to change the context also means that 

context affects the amount of agency. In Figure 3, there is a 

portion of household/landholder that is overlapped by 

local/micro and macro contexts and a portion that is not. The 

portion of landholder that is not overlapped (and therefore not 

constrained by the context) represents agency or the proactive 

strategies that result in adaptations or responses (see Figure 3). 

The portion of the landholder that is within the overlapping 

context is a part of landholder that is reactive to the context 

within which he/she operates. The amount of agency thus 

depends on the level of landholder’s subsumption into micro and 

macro conditions. Therefore, responses by landholders in the 

rural-urban fringe can be a reaction and or a realized intention or 

a combination of the two (Clark, 2008: 13). Their individual 

responses manifest specific actor-structure relations and are 

specific expressions of agency. 

 

                                                 
25This paper acknowledge the presence of diverse actors but  have chosen to give 

landholders more prominence than other actors because the decision to convert 

land (or not) ultimately depends on them. However, because landholders do not 

live in isolation, where necessary the paper have made references and links to 
other actors. 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      84 

ISSN 2250-3153  

www.ijsrp.org 

 
Figure 3:  Showing a structuration process in land use conversions. Source: (Adapted from Clark, 2008: 17). 

 

        The amount of agency changes over time or among 

landholders. Agency enables landholders to move away from the 

norm if conditions call for change. These deviations lead to a 

variety of responses, one of which is land conversion. The 

responses and land conversion consequences are then fed back 

into all the three components, that is, micro, macro and 

landholding. The effects of each of the three components vary 

over time and space. Variations in these components affect the 

level of agency and responses among landholders in the rural 

urban fringe. This is because agency is mediated through 

relationships among landholders, and micro and macro 

conditions. A focus on the agency thus allows one to explore 

why landholders have different responses in what may seem to 

be similar structural circumstances. This perspective lead to an 

approach Evans (2008) called a modified political economic 

approach. This approach emphasises the importance of State 

policies (or lack of policies), social, environmental, cultural and 

economic conditions in constraining actions of landholders (and 

other actors), whilst offering scope to acknowledge that actors 

usually retain a modicum of choice in their actions under such 

conditions (Evans, 2008: 217).  

 

        This paper concludes that there is no single way to define or 

characterise a rural-urban fringe. This is because there are no 

definite boundaries administratively, either regionally or locally, 

and thus rural-urban fringe is an abstraction of reality.  Definition 

or characterisation should therefore be specific to some condition 

of interest relating to pertinent issues or for specific purposes, 

with the criteria used made explicit.  

        In an attempt to characterise a rural-urban fringe, spatial-

oriented theoretical perspectives were considered. However 

spatial-oriented theories were judged inadequate with respect to 

providing explanation of rural-urban fringe phenomena such as 

social, economic and cultural aspects that influence land use. In 

addressing this gap, an alternative theorisation that included neo-

classical economics and political economy approaches were 

explored for insights, “… through a broader lens of social 

theory” (Pennock, 2004: 5).  These approaches were however, 

also limited in accounting for the role of agency and 

contingency
26

 in the rural-urban fringe land uses. The actor and 

                                                 
26

The principle of contingency states that one event does not necessarily cause 

another particular event.  Therefore identical pre-conditions for human action 
do not have the same consequences at any place and time.  This provides an 
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agency conceptualization, which provided an ontological 

framework for understanding the role of agency in land 

development, was therefore adopted. The issue of bridging the 

gap between structure and agency at the empirical level was also 

addressed. The notion of bracketing from the theory of 

structuration is useful as an analytical bridge to the divide 

between structure and agency.  

        The paper argues that there is no a single dominant theory 

or paradigm of land use change that can also offer a cogent 

explanation of rural-urban fringe phenomena. A multiple 

conceptual framework from different literature sources on land, 

housing, economic, urban, among others is thus needed, with the 

aim to derive partial insights on different aspects of a rural-urban 

fringe.  The adoption of a multiple conceptual approach provides 

insights into mechanisms of a rural-urban fringe land uses from 

different theoretical perspectives, with each emphasizing 

different but related aspects.  

        The theoretical approaches reviewed in this paper may aid 

in the conceptualisation of different aspects of the rural-urban 

fringe land uses, designing the research methodology and in the 

analyses of field experiences, rather than to prove the theories 

themselves. 
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    Abstract- This study aimed to investigate the level of 

mathematics anxiety and the relationship between mathematics 

anxiety and mathematics performance among undergraduate 

students of Payame Noor university (PNU) in Hamedan, Iran. In 

particular, the study investigated the relationship between 

mathematics anxiety and gender, and field of study. The sample 

of the study consisted of 275 (162 women and 113 men) 

undergraduate students of various fields of study. To measure the 

mathematics anxiety level, the participants responded to the 24 

Items of The Revised Mathematics Anxiety Rating Scale 

(RMARS), which consisted of learning mathematics anxiety and 

mathematics evaluation anxiety subscales. The data were 

analyzed by One-way ANOVA and independent-samples t- tests 

using the Statistical Procedures for Social Sciences (SPSS 11.5). 

The results showed significant differences between men and 

women’s evaluation anxiety and no significant difference was 

observed concerning field of study. Also, there is a significant 

correlation between high level anxiety and low academic 

performance. 

 

Index Terms- Mathematics Anxiety, Mathematics performance, 

Gender differences. 

I. INTRODUCTION 

athematics anxiety is one of the most important problems 

for many students. “mathematics anxiety involves feelings 

of tension and anxiety that interfere with the manipulation of 

numbers and the solving of mathematical problems in a wide 

variety of ordinary life and academic situations” (Richardson & 

Suinn, 1972, p. 551).  However, Byrd (1982) accepted this kind 

of definition as deficient both from conceptualization of 

mathematics and also from conceptualization of anxiety 

perspectives. Thus, it should be regarded from a larger 

perspective as a complex construct consisting of “affective, 

behavioral and cognitive responses to a perceived threat to self-

esteem which occurs as a response to situations involving 

mathematics” (Atkinson, 1988). Generally, high level of anxiety 

is more closely associated with lower performance among low 

ability students (Sena et al., 2007). Mathematics anxiety can be 

defined as a state of discomfort created when students are 

required to perform mathematical tasks (Cemen, 1987). 

However, there is no general consensus among the scholars on its 

causes and effects. In fact, mathematics anxiety is more than a 

dislike toward mathematics (Vinson, 2001). Thus it can be 

observed that mathematical basic skills or concepts acquired in 

lower form are vital for students (Siti & Rohani, 2010). The 

findings will help to improve understanding of mathematics 

learning concerning mathematics anxiety.  

 

II. MATHEMATICS ANXIETY AND GENDER DIFFERENCES 

A particular focus of the present study was gender differences 

and mathematics anxiety. The studies concerning the relationship 

between gender and mathematics anxiety show different results 

(Anglin, Pirson, & Langer, 2008; Hall, Davis, Bolen, & Chia, 

1999; Meelissen & Luyten, 2008; Penner & Paret, 2008). Some 

studies report that women have higher mathematics anxiety than 

men (Baloglu & Koçak, 2006). As Aiken (1970) pointed out, 

‘‘no one would deny that sex can be an important moderator 

variable in the prediction of achievement from measures of 

attitude and anxiety’’. Specifically, Aiken (1970) stated that 

‘‘measures of attitude and anxiety may be better predictors of the 

achievement of females than that of males’’. Similarly, Eccles 

and Jacobs (1986) asserted that gender differences in 

mathematics anxiety are directly attributable to gender 

differences in mathematics achievement. However, some studies 

indicated that the achievement disparity in mathematics is “small 

and declining” with competence beliefs as a stronger driver of 

performance outcomes. (Frenzel, Pekrun, & Goetz, 2007). Ma’s 

(1999) meta-analysis concluded that gender differences are not 

statistically significant in mathematics anxiety. 

III. MATHEMATICS ANXIETY AND MATHEMATICS 

ACHIEVEMENT 

Researchers have made efforts to examine individual differences 

in the relationship between mathematics anxiety and 

mathematics achievement. The relationship between 

Mathematics anxiety and mathematics achievement was studied 

by Ma and Jiangming Xub (2004). Tocci & Engelhard (1991) 

found that students with a higher level of mathematics anxiety 

perform at a lower level of mathematics achievement. Similarly, 

Hembree’s (1990) meta-analysis reported an average correlation 

of -.34 between mathematics anxiety and mathematics 

achievement. In a more recent meta-analytic review on the 

relationship between mathematics anxiety and mathematics 

achievement, Ma (1999) found that the common population 

correlation for this relationship is -.27. This magnitude was 

associated with a prediction that ‘‘measures (or treatments) that 

resulted in the movement of a typical student in the group of high 

mathematics anxiety in the group of low mathematics anxiety 

would be associated with improvement of the typical student’s 

M 
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level of mathematics achievement from the 50th to the 71st 

percentile’’. Also a negative correlation between mathematics 

anxiety and mathematics achievement was reported by (Ashcraft, 

2002; Ashcraft & Kirk, 2001; Bandalos, Yates, & Thorndike-

Christ, 1995; Cates & Rhymer, 2003; Miller & Bichsel, 2004). 

The goal of the present research is to answer the question: Is 

there any relationship between mathematics achievement and 

mathematics anxiety? 

 

IV.  SAMPLE AND PARTICIPANTS 

The sample of the present study was 275 undergraduate students 

from 960 students who took the general mathematics courses in 

2010-2011 semesters at Payame Noor University of Hamedan, 

Iran. The participants number was determined by Cochran’s 

formula (Cochran, 1977).  

The students were selected by using a random sampling method. 

Of these students, 162 (58.9%) were female and 113 (41.1%) 

were male. The participants’ age ranged between 18 to 30 years 

with a mean of 20.65 (SD = 2.43). Nineteen different 

departments were represented in the study: 3 (1.1%) subjects 

were from the Agricultural Mechanization department, 30 

(10.9%) from Agricultural Engineering department, 83 (30.2%) 

from Computer Engineering department, 28 (10.2%) from 

Geology department; 17 (6.2%) form Hydraulics, 17 (6.2%) from 

Industrials engineering, 21 (7.6%) from Mathematics, 5 (1.8%) 

from Agricultural Economics, 4 (1.5%) from Economics, 4 

(1.5%) from Law, 7 (2.5%) from Psychology, 5 ( 1.8%) from 

Environmental Engineering, 10 (3.6%) from Geography, 11 (4%) 

from Biology, 2 (.7%) from Social Sciences, 2 (.7%) from 

Business Management, 7 (2.5%) from public Management and 4 

(1.5%) from Animal sciences and 6 ( 2.2%) from educational 

sciences. 9 students did not write down the names of their Fields 

of study. 

V. INSTRUMENTS AND PROCEDURE 

Mathematics anxiety was measured by using The Revised 

Mathematics Anxiety Rating Scale (RMARS, Plake B.S and 

Parker C.S, 1982) and the participants were required to complete 

a demographic information sheet used to collect data. The 

participants were informed about the research which was carried 

out in their classrooms. The time allocated to their answering the 

questions of the study was 25 minutes. 

Let us say a few words about the instruments used in this study. 

Because the pioneering assessment was 98-item Mathematics 

Anxiety Rating Scale (MARS), with high reliability and validity 

(Richardson F.C and Woolfolk R.L, 1980), MARS was too time 

demanding for students (Pajares F and Urdan T, 1996), following 

MARS, researchers developed several shorter versions Scale. 

Plake and Parker (1982) developed, a 24-item shortened version 

of the MARS, the Revised Mathematics Anxiety Rating Scale 

(RMARS) and the 9-item Abbreviated Mathematics Anxiety 

Scale (AMAS) was introduced by Hopko D.R et al in 2003. In 

Iran, Vahedi and Farrokhi (2011) evaluated the psychometric 

properties of an Iranian version of the AMAS and to test 

measurement invariance across gender. Their Results showed 

that the AMAS has high internal consistency, with Cronbach's 

Alpha .82.  

In this study, Revised Mathematics Anxiety Rating Scale was a 

5-point, Likert-type scale composed of 24 items and two 

subscales: learning mathematics anxiety (the 16 first questions) 

and mathematics evaluation Anxiety (the 8 final questions). The 

Cronbach alpha coefficient for the reliability of the measurement 

of the RMARS was .9368, .9184 for measurement of 

mathematics evaluation Anxiety, and .8816 for measurement of 

learning mathematics anxiety. The Iranian grading system is 

similar to that of France in secondary schools and universities; 

the passing grade for undergraduate students is 10 and the 

maximum grade is 20. Iranian grades are not converted to the 4.0 

scale GPA directly. (WES Grade Conversion Guide). Table 1 

Shows the information about converting the Iranian grades to the 

4.0 scale GPA.  

 

Table1. The Iranian grading system 

 

Iran Grading system Grade Description U.S. Grade Equiv. 

16-20 4 A 

14-15 3 B 

12-13 2 C 

10-11 1 D 

0-9 0 F 

 

In order to find the student mathematics performance, the 

participants were required to answer a question about their 

mathematics grades. The students’ grades were divided into four 

sections: 12 students had mathematics grade less than 10 (4.4%). 

The mathematics grade of 55 students was between 10 and 12 

(20%). 110 students had mathematics grade between 12 and 15 

(40%) and mathematics grade of 91 students was between 15 and 

20 (33.1%). 7 students did not write down their mathematics 

grade (2.5%) on the paper sheet.  

The Statistical Procedures for Social Sciences (SPSS) 11.5 was 

used to code and analyze the data. T-tests were conducted to 

determine if the results were affected by gender and also to 

measure RMARS scores. In order to test the role of the 

independent variables, a between-subjects factorial analysis of 

variance (ANOVA) was used with a non-orthogonal design. In 

the case of any significance, the analysis followed with Scheffe’s 

post hoc tests to assess the importance of each independent 

variable. Since we used a repeated measures analysis of variance 

(ANOVA) method to answer the research questions, the 

normality of the dependent variables, the homogeneity of 

variance, and the homogeneity of covariance were tested in order 

to receive unbiased and reliable F-values and descriptive 

statistics for the dependent variables (Mathematics experience) in 

each case were provided.    

http://www.ncbi.nlm.nih.gov/pubmed/?term=Vahedi%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farrokhi%20F%5Bauth%5D
http://en.wikipedia.org/wiki/Academic_grading_in_France
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VI. RESULTS 

This study assessed mathematical anxiety based on two sub-

categories (learning mathematics anxiety and mathematics 

evaluation anxiety). According to one sample t-tests, there were 

significant differences between the test values and the mean of 

the observed data scores for the total mathematics anxiety (t 

(274) = -5.248, p<.01), mathematics evaluation anxiety (t (274) = 

-6.713, p<.01), and learning mathematics anxiety (t (274) = -

11.580, p<.01) of all students. The mean of the observed data 

scores for the total mathematics anxiety was 65.8764, and the test 

value was 72. It means that the total mathematics anxiety of the 

students was less than the test value. The mean of the learning 

mathematics anxiety scores was 38.7309 and the test value was 

48. The findings showed that the students had low learning 

mathematics anxiety in general. The data was detected for 

mathematics evaluation anxiety. The mean of the observed data 

was 27.1455 and the test value was 24. It showed that the 

students had high mathematics evaluation anxiety. The findings 

are presented in Table 2. 

 

Table2. One sample T-test scores of the Revised Mathematics Anxiety Rating Scale and its Subscales. 

 

Dependent variables Mean df T Test value p 

Learning mathematics anxiety 38.7309 274 -11.580 48 .0001** 

Mathematics evaluation anxiety 27.1455 274 6.713 24 .0001** 

Total Mathematics anxiety 65.8764 274 -5.248 72 .0001** 

                          **p<.01, n=275 

 

 

The results presented in Table 3 show the gender differences in 

mathematics anxiety among the students. The findings from T-

tests, indicated that there were significant differences 

(t(273)=3.56, t(273)=2.4, p< .05) between male and female 

students in their total mathematics anxiety and mathematics 

evaluation anxiety. Although, the mean of learning mathematics 

anxiety for female students (39.68) was greater than that of male 

(37.36), there is no significant difference (t(273)=1.43, p>.05) 

between male and female students in their mathematics learning 

anxiety. 

 

Table 3. The independent sample t- test to show Gender differences in mathematics anxiety. 

 

Variables Group N M SD SE T df P  Value 

Learning mathematics anxiety 
Male 113 18.25 7.64 .71 

3.56 273 .0001 
Female 162 28.51 7.58 .51 

Mathematics evaluation anxiety 
Male 113 37.6 13.62 1.28 

1.43 273 .154 
Female 162 39.68 12.98 1.01 

Total mathematics anxiety 
Male 113 62.54 19.59 1.84 

2.4 273 .017 
Female 162 68.19 18.89 1.48 

 

 

In order to investigate the total mathematics anxiety between 

various fields of study, One-way ANOVA was used and the test 

indicated no significant difference (F(18,274) =1. 533, p>. 05). 

Also the test showed no significant difference in learning 

mathematics anxiety (F(18,274) =1. 529, p >.05) and 

mathematics evaluation anxiety (F(18,274) = 1.508, p >.05) for 

students of various fields of study (table 4). It should be noted 

that Scheffe’s post hoc tests was not used because of no 

significant differences. 

 

 

Table 4. One-way ANOVA for comparing the mathematics anxiety between various fields of study 

 

Source Sum of squares Df Mean squares F P-value 

Learning mathematics anxiety 

Between groups 4694.270 18 
260.793 

1.529 .080 Within groups 42136.242 247 

Total 46830.511 265 170.592 

Mathematics evaluation anxiety 

Between groups 1594.648 18 
88.592 

1.508 .087 Within groups 14506.740 247 

Total 16101.387 265 58.732 

Total mathematics anxiety 

Between groups 10127.761 18 
562.653 

1.553 .073 Within groups 89509.355 247 

Total 99637.117 265 362.386 
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Differences in mathematics anxiety scales based on the students 

mathematics grades were investigated. One-way ANOVA 

indicated a significant difference between the students’ total 

mathematics anxiety with respect to the mathematics grades 

(F(3,264) = 7.243, p <.05), but Scheffe’s post hoc analysis 

showed that the only significant difference was between the 

students with 10-12 and those with 15-20 mathematics grades. 

Students with 10-12 mathematics grades have more total 

mathematics anxiety than those with 15-20 mathematics grades. 

One-way ANOVA indicated a significant difference between 

students’ learning mathematics anxiety (F(3,264) = 4.77, p <.05), 

and mathematics evaluation anxiety (F(3,264) = 8.82, p <.05), 

with respect to mathematics grades. Scheffe’s post hoc analysis 

showed that the students with 10-12 mathematics grades had 

more learning mathematics anxiety than those with 15-20 

mathematics grades and the those with 10-12 and 12-15 

mathematics grades had more evaluation mathematics anxiety 

than students with 15-20 mathematics grades. Scheffe’s post hoc 

analysis showed no significant differences between learning 

mathematics anxiety and evaluation mathematics anxiety of other 

students with respect to mathematics grades (Table 5). 

 

 

Table 5. One-way ANOVA for comparing mathematics anxiety and mathematics performance 

 

Source Sum of squares df Mean squares R Squared F P-value 

Mathematics evaluation anxiety 

Between groups 1444.127 3 
481.376 

.91 8.82 .0001 Within groups 14406.779 264 

Total 15850.907 267 54.571 

Learning mathematics anxiety  

Between groups 2191.521 3 
730.507 

.51 4.77 .0001 Within groups 40428.136 264 

Total 42619.657 267 153.137 

Total mathematics anxiety 

Between groups 7048.363 3 
2349.454 

.76 7.243 .0001 Within groups 85632.514 264 

Total 92680.877 267 324.366 

 

 

VII. Discussion AND conclusion 

The aim of the present study was to investigate the relationship 

between mathematics anxiety and mathematics performance 

among undergraduate students. In addition, the study measured 

the mathematics anxiety scores and indicated the relationship 

between gender, fields of study and mathematics anxiety. 

According to the results, although the total mathematics anxiety 

and learning mathematics anxiety levels of all students was not 

higher than the mean, evaluation mathematics anxiety scores was 

more than the mean and the students had high evaluation 

mathematics anxiety. In fact we can conclude that the students 

had low mathematics anxiety in the classrooms when they were 

learning mathematics, but the examination situation could create 

high mathematics anxiety for them. The results showed that the 

differences were complex. It was probably because of the 

multivariate factor construction of mathematics anxiety. (Baloglu 

& Koçak, 2006; Kazelskis, 1998)  

The results also indicated that the total mathematics anxiety 

scores and the evaluation mathematics anxiety scores showed a 

significant difference between females and males. The women 

scored higher than the men. However, no significant difference 

was observed between learning mathematics anxiety scores of 

females and males. Furthermore, the results of total mathematics 

anxiety supported previous studies which had concluded that 

there is a significant difference between females and males. 

(Baloglu & Koçak, 2006; Cook, 1998; D’Ailly & Bergering, 

1992; Flessati & Jamieson, 1991). It means that the mathematics 

testing situations caused more anxiety in females than males in 

Iran. Special programs seem to be necessary to reduce 

mathematics anxiety in women. Playing video games, has shown 

to be a good remedy (Feng, Spence, & Pratt, 2007). However, 

some other studies did not detect any gender differences (Coates, 

1998; Cooper & Robinson, 1991). This demands further 

investigation to compare areas with high sex differences and 

those without any sex differences in order to find part of the 

causes of anxiety, especially for women.  

One of the purposes of this study was to make comparisons 

between fields of study and mathematics anxiety. There was no 

significant difference in mathematics anxiety of students of 

various fields of study. The results indicate that all two subscales 

as well as the total mathematics anxiety appear in the same way 

in all academic disciplines. This finding is notable, because it is 

obtained from a large number of the departments in the study. 

We may conclude that mathematics anxiety was not dependent 

on the variety of mathematics lessons: the mathematics anxiety 

of mathematics students was the same as those of social sciences 

students, but the mathematical lessons of mathematics students 

are different than the mathematical lessons of social sciences 

students.  

 One of the most important impacts of mathematics anxiety 

relates to performance, because there is a negative correlation 

between mathematics anxiety and mathematics achievement. 

(Ashcraft & Kirk, 2001; Cates & Rhymer, 2003; Ma & Xu, 2004; 

Miller & Bichsel, 2004). Our study showed a significant 

difference between mathematics anxiety and mathematics 

performance. The results also showed that the students with 

mathematics grades near the passing grade had more 

mathematics anxiety than others. Perhaps the optimistic belief in 

a successful outcome and more ability of answering mathematics 

questions necessitates less mathematics anxiety. 

Finally, mathematics instructors should also pay closer attention 

to the fact that the requirements of the female and male learners 

may be different in the classroom. Further studies seem to be 

needed to compare mathematics anxiety in various fields of 
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study. Other studies may focus on new evaluation methods to 

reduce the mathematics evaluation anxiety. 
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    Abstract- Heavy metal environmental pollution, especially 

with lead has become very disturbing, because it causes multiple 

negative effects in living organisms. It is known that lead is a 

potent inhibitor of ALA-D activity. The current investigations 

provide an attempt to find minimal critical level of lead that 

produces inhibitory effect of ALA-D activity of erythrocyte. In 

present study it has been also examined the effect of high 

temperature in activity of ALA-D. Research was performed in 

human blood hemolysate. For that purpose we selected a healthy 

human individual who has not been exposed to lead intoxication, 

does not smoke and does not consume alcohol. The negative 

correlation was estimated between Pb  concentration and ALA-D 

activity in all concentration (2-100 μg%). Exception from this 

inhibition trend is the activity of enzyme at 60°C in lead 

concentration from 7-10 μg%. In concentration of lead above 7 

μg% and in temperature of 37°C the activity of enzyme was low 

while in the same concentration bat in temperature of 60 °C the 

activity of enzyme was recovered. In high concentrations of Pb, 

the activity of ALA-D was significantly inhibited at 37°C in 

comparison to other temperatures (42°C, 50°C and 60°C). 

 

    Index Terms- ALA-D, lead, blood, temperature 

I. INTRODUCTION 

ead concentration in different environments (air, soil and 

water) is very variable, and its level in environment during 

last three centuries is growing up more than 1000 time as a result 

of human activity (ASTDR, 2005).  The most threatened areas 

concerning of lead contamination are urban areas, industrial zone 

and areas near the mining and smelter of lead.  

In living organisms, lead enters through inhalation (by 

breathing), or by ingestion (during feeding). The most sensitive 

target of lead attack is: renal system nervous system, 

hematological and cardiovascular system, but also other systems 

in which lead can have influence because of its different way of 

activity cannot be excluded from attack. Effects are same, 

whether lead enters through inhalation or by ingestion 

(ToxFAQs: CABS, 2006). Anemia that results from reduced 

hemoglobin production and shortened life-spam of erythrocytes 

is a sensitive indicator of lead exposure and it has been observed 

only in hard cases of lead intoxication (Ma, 1996). Determination 

of D-ALA activity in erythrocyte is one of most appropriate ways 

to evaluate lead exposure, because its activity is very sensitive 

and specific for different lead concentrations in blood (Sakai, 

2000). 

Concerning of ALA-D sensitivity on lead, it has been reported in 

Hernberg et al. 1972. Authors show that ALA-D is very sensitive 

on lead and they proved that lead inactivate this enzyme without 

any distinct limit concentration. This enzyme is such sensitive 

that its activity decrease on half if lead concentration in blood is 

15 μ\dl, and in quarter if lead concentration is a 30 μ\dl.  

Inhibition of D-ALA activity increases its substrate δ-ALA in 

plasma and in body liquids, which causes high δ-ALA excretion 

in urine (Mushak, 2002).  

ALA-D is reach with sulfhydryl group therefore thiol are more 

than needed for maximal activity of enzyme. Because of great 

affinity between sulfhydryl groups and metal ions especially 

heavy metals, it can be expected that metals bond for enzyme in 

normal conditions.  

Reports for metal requirements of enzyme from different author 

sometimes are contradictory. Some authors reported copper as 

cofactor of D-ALA (Iodice et all., 1958, Komai and Neilnd, 

1968, Evans, 1973), while some authors shows that zinc is 

involved in enzyme acitivity (Ozretic M, dhe Ozretic B. 1980). 

Four main enzymes that participate in hem synthesis which are 

target of different chemical toxicity are: ALA dehydratasae (D-

ALA), uroporphyrinogen decarboxilase (UROD), 

protoporpfyrinogen oxidasa (PPO) and ferrochelatase (FeC). 

Inhibition of these enzymes results on appearance of deceptive 

porphyries. 

D-ALA is one of the most sensitive enzymes which inhibits hem 

synthesis caused by toxic substances including also lead. 

Inhibition of D-ALA in erythrocytes caused by lead can be 

restored entirely by heating hemolysate for five minutes at 

temperature 60°C as is shown in some of publications 

(Tomokuni).  

In the current research the focus was on the influence of different 

lead concentrations and different temperatures (37°C, 42°C, 

50°C and 60°C) of human blood hemolysate in activity of D-

ALA.  

 

II.      MATERIAL AND METHODS  

In the current investigation all experiments were done with blood 

hemolysate of only one human individual which in this case was 

selected to be person who is healthy, is not exposed 

professionally to lead contaminations, does not smoke and does 

not drink alcohol. The blood lead level was determined in 

advance.  

For blood treatment with lead, two series of test-tubes were 

prepared with nine tubes for each series. Test-tubes were 

wrapped with aluminum folio and heparinizied with 0,02 ml 

heparin/ml blood. 

L 
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Blood was treated with lead acetate in different concentrations 

from 3-10μ% for each subunit and from 20-100μ% in every ten 

subunits.  

Blood lead level was determined with flame atomic absorption 

spectrometry, method by Milic (Milic, 1985). 

The activity of D-ALA was estimated according by standardized 

method of Berlin and Schaller (1974). 

Results of this investigation were also processed statistically and 

presented as average values with corresponding standard 

deviations. Statistical software Sigmastat was used for processing 

results. 

III. RESULTS 

Results presented in Fig. 1 demonstrate that activity of D-ALA 

corresponds to linear inhibition starting from 2-10 μg % of lead 

concentration. It was noticed from Fig. 1 that there was negative 

correlations between activity of D-ALA and lead concentration 

in all temperatures. Exception from this inhibition trend is the 

activity of enzyme at 60°C in lead concentration from 7-10 μg%. 

In concentration of lead above 7 μg% and in temperature of 37°C 

the activity of enzyme was low while in the same concentration 

bat in temperature of 60 °C the activity of enzyme was recovered  

(Fig. 1). 

 

 

 

 

 

Fig 1: Correlation between ALA-D activity and lead 

concentration (2-10 μg%) in different temperatures (37°C,42°C, 

50°C and 60°C) 

 

Compared with temperature 37°C, in all other temperatures 

enzyme activity is higher but with negative correlation with lead 

concentration. From Fig. 1 it is obvious that point of 7μg% at 

37°C is critical for enzyme activity, because there appears a 

significant decline of D-ALA activity.           

In other case, in high lead concentration (20-100 μg%) at 37°C, 

activity of D-ALA shows linear decrease until value of 70μg%, 

and above this value enzyme activity remain unchanged and very 

low (Fig. 2). 

At temperature of 42°C until the lead concentration of 50μg% the 

enzyme activity is higher than at temperature of 37°C. At high 

temperatures such as 50°C and 60°C, enzyme activity is much 

higher than in temperatures of 37°C and 42°C. Temperature of 

60°C has restored activity of enzyme in lead concentration from 

20μg% till 50μg%. After that enzyme activity has started to fall 

down and in lead concentration of 100μg% the enzyme activity is 

56 U /LE as is shown in Fig. 2. 

 

 

 

 

 

Fig. 2: Correlation between ALA-D activity and lead 

concentration (20-100 μg%) in different temperatures 

(37°C,42°C, 50°C and 60°C) 

IV.     DISCUSSION 

The relationships between the amounts of dose and the degree of 

effect produced by the dose are denoted as dose-effect 

relationship and are an essential requirement for biological effect 

monitoring (Sakai, 2000). 

Determination of ALAD activity in erythrocytes is one of the 

most useful methods for evaluation of lead exposure, because the 

activity is extremely sensitive and specific for blood lead 

concentration. The activity is inhibited by lead in concentration 

between 5 and 50μg/100g blood (33-36 Sakai 2000).   

The present study has shown negative correlation between lead 

concentration and D-ALA activity. These results are compatible 

with data obtained previously in the laboratory of our Institute 

carried out with different natural animal population and human 

population near of lead and zinc smelter “Trepca” in Mitrovica 

(Elezaj et all., 1988, Bakalli et all., 1990, Elezaj et all., 2004). 

The research done by Hernberg and Nikanen (1970) with 26 

students with blood lead concentration of 15 μg / dl, shows also 

an exponential negative correlation between ALA-D activity and 

blood lead concentration. 

Campagna et all. (1999) claims that they have identified lowest 

potential threshold of lead (3.2-4.8 μg / dl), above which ALA-D 

might be inhibited, while under these values ALA-D activity 

might be insensitive. 
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In our investigation the threshold of lead was 7 μg / dl blood, 

above witch ALA-D activity was evidently inhibited (37 °C). 

Unlike to the low lead concentrations, in high concentrations of 

Pb, the activity of ALA-D was significantly inhibited and above 

60μg/dl of blood lead concentration, activity of ALA-D   is close 

to zero (37°C/60 min).  

In present study it was also examined the effect of high 

temperature (42°C/ 60 min., 50°C/60 min. and, 60°C/60 min) in 

activity of ALA-D. In all temperatures (42°C/ 60 min., 50°C/60 

min. and, 60°C/60 min), enzyme activity is higher than in 

temperature at 37 °C, but with negative correlation with lead 

concentration. From figure 2 it is evident that in temperature at 

60°C, activity of ALA-D is recovered in lead concentration from 

20μg/dl until 50μg/dl blood. Achieved results of our 

investigations about effect of high temperatures in activity of 

ALA-D are in agreement with the results of other authors, such is 

Tomokuni, 1975; Sakai et all., 1980; Kajimoto et all., 1983.  

Tomokuni (1975) has observed that ALA-D activity of exposed 

lead workers is more stable in high temperature (60°C) than 

activity of enzyme in control group, which we have observed 

also in our investigation. The ALA-D activity is higher and more 

stable at 60 °C compared to the activity of enzyme at 37 °C. 

Based on the research results, there could not be identified a 

threshold dose of lead that does not have negative effect on 

organism. In other words there is no safe level of lead below 

which lead appears to be safe.   

In the past 30 years, recommendations for limiting exposure to 

lead in the community have been largely driven by the need to 

protect children from the effects of lead on developing brain. 

(CDC)  

Lead exposure may lead to anemia, due to reduced hemoglobin 

production and shortened life-spam of erythrocytes. Lead has 

significant effect on hemoglobin synthesis as it inhibits δ- 

aminolevuilinc acid dehydrogenase (ALAD) thereby decreasing 

hem synthesis, which leads to an increase in δ-aminolevuilinc 

acid synthase. The activity of ALAD may be inhibited at PbB 

concentrations as low as 3 – 34 μg dL-1 with no threshold yet 

apparent (HPA 2012).  

Based on results of current investigation the critical level of lead 

appears to be at 7μg/dl of blood, from that point the activity of 

ALAD has decreased significantly. 

In Australia NHMRC has recommended an overall goal of blood 

lead concentration below 10 μg / dl. It was never intended the 

goal of 10 μg / dl to be interpreted as either a “safe” level of 

exposure or a “level of concern”. CDC, ASTDR, and WHO also 

have a goal of 10 μg / dl. While some groups have recently 

lobbied the US Government for a further reduction in this figure, 

CDC has argued for its retention (CDC, 2005; Brown and Rhods, 

2008). 
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Abstract- On 25

th
 May 2009 morning severe cyclone Aila hit the 

Bay of Bengal coast of The Indian Sundarban region with it tidal 

surges of up to 6.5 metres, affecting 11 coastal districts. This 

surge of water damaged and washed away over 1,743kms of 

embankments, removing the only protection available to many 

people along the coast. This tidal surge causes floods over the 

entire region which brought high salinity and pH. This flood 

increased salinity and pH condition of agricultural land and 

highly affect over crop production. Crop production has 

markedly reduced after this severe cyclone. Economic conditions 

of the people in this region also highly affected by this natural 

disaster. 

 

Index Terms- Cyclone Aila, Vulnerability, Crop Production. 

 

I. INTRODUCTION OF THE INDIAN SUNDARBAN 

he estuarine system of the Ganga- Brahmaputra deltaic 

region forms the largest mangrove eco-system in the world 

shared between India and Bangladesh approximately in the 

proportion of 60:40. It has been declared as a World Heritage 

Site by UNESCO. The extension of the region is between 21
º 
30’ 

N to 22
 º 
30’N and 88

 º
 10’E to 89

 º
 10’E covering about 104 

islands of which 54 have been completely deforested. The 

‘Dampier-Hodges Line’ named after the two Surveyor-General 

of India, Mr. William Dampier and surveyor Lt. Alexander 

Hodges, marks the northern limit of the Sundarbans, running in a 

slightly zigzag pattern from Basirhat in the north-east to Kulpi 

along the Hugli in the west. Politically the Sundarbans in North-

24 Parganas falls within the six Blocks of Minakhan, Haroa, 

Sandeshkhali-I and II, Hasnabad and Hingalganj while in South 

24 Parganas it extends over thirteen Blocks of Gosaba, Basanti, 

Canning-I, Canning-II, Joynagar-I, Joynagar-II, Kultuli, 

Patharpratima, Namkhana, Sagar, Kakdwip and Mathurapur-II. 

The entire Indian Sundarban covers an area of 9630 sq. km 

bounded between estuary of river Hugli in the East, Bay of 

Bengal in the South, Ichhamati-Raimangal in the East and 

imaginary Dumpier and Hodges line in the North. 

 

II. LOCATION OF THE STUDY AREA 

          The Gosaba Block (22
0
9’47” N, 88

0
48’10” E) consists of 

51 mouzas with an average area of 5.6 ha. According to the 

District Statistical Handbook, Government of West Bengal, 

2000-01, the decadal population growth rate is 11.2% (1991-

2001) with a population density of 799 persons/ sq.km. There 

were total 222822 people in the Gosaba Block living in 44478 

households with 5254 persons in Gosaba village alone. Of the 

16896 cultivator population 2.44% are bargadars, 7.1% small 

farmers, 20.96% pattaholders and 40.53% marginal farmers. 

 

                

 

 
 

Fig: 1 Location of the Study Area 

 

T  
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III. OBJECTIVES 

         The main objective is to analyse the impact of severe 

cyclone Aila on the crop production system of Gosaba island.
 

 

IV. SEVERE CYCLONE AILA AND IT’S IMPACT 

         Cyclone Aila was the second tropical cyclone to form 

within the Bay of Bengal 2009. The cyclonic disturbance that 

was to become Cyclone Aila formed on 21 May 2009. Over the 

following days the disturbance slowly intensified into a cyclonic 

storm, named Aila, and located approximately 350 kms offshore. 

Cyclone Aila became a severe cyclonic storm on 25 May 

morning. The system maintained a cyclonic intensity for 

approximately 15 hours after making landfall. Hitting during 

high tide, the cyclone brought with it tidal surges of up to 6.5 

metres, affecting 11 coastal districts. This surge of water 

damaged and washed away over 1,743kms of embankments, 

removing the only protection available to many people along the 

coast.  In many areas the damage to the network of embankments 

has resulted in a prolonged continuation of what affected 

communities faced in the immediate aftermath of the cyclone – 

flooding. Breeches in the embankments, which become severe 

during daily high tides, and particularly during periods of full 

moon, have prevented the high levels of self‐recovery normally 

seen in Bangladesh following disaster events.  The severe 

tropical cyclone Aila, the landfall of which coincided with spring 

high tide at Indian Sundarban on 25 May 2009, caused most 

widespread inundation of the region in recent times. With this 

tidal surge huge amount of salty water came into the agricultural 

land and stagnant for a long time. Due to this flood salinity of the 

soil increased highly which affect agricultural production. 

Agricultural system totally damaged due to high salinity of the 

agricultural field. Before this disaster where production of rice 

was 640 – 800 kg per bigha reduced to 320-400 kg per bigha. 

Economy of this region is totally hampered due to this severe 

cyclone Aila. Stalinization resulting from water logging 

destroyed agricultural fields and fresh water quality. On the 

agricultural fields thin veneer of salt was observed and the water 

bodies were heavily contaminated. So Aila has altered the 

livelihood of the peoples of Sundarban and Satjelia is not an 

exception. A questionnaire has been prepared and the villagers 

were asked to rate the listed problems they have faced after Aila. 

The study shows that according to them salinization, agricultural 

losses, loss of property, degradation of water quality are the 

major concerns. 

 

 
Fig: 2 Track of Cyclone Aila 

 

Table1: Salinity of water bodies in and around Gosaba. 

(Source: Oceanography Department, Jadavpur University) 

 

 
 

 

Table: 2 Damages caused by severe cyclonic storm Aila 
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V. CYCLONE AILA AND ITS IMPACT ON AGRICULTURAL 

SYSTEM 

         Agricultural production system is totally hampered after 

Aila due to high salinity and pH condition of soil. Paddy, Wheat, 

Sugarcane, Chilli and Pulses production is highly destroyed. 

Mainly two type of paddy were cultivated in this region. One is 

Aman paddy which cultivated in Monsoon season and another is 

Boro paddy which is cultivated in winter season. Before Aila 

Average production of Boro Paddy was 34671 kg/ hectare in 

2008-09, which reduced to 20833 kg/hectare in 2012-13 and 

Aman paddy production reduced from 28004kg/ hectare in 2008-

09 to 14525kg/hectare in 2012-13. Maximum reduction of Boro 

paddy production found in Rangabelia mouza where maximum 

reduction of Aman paddy production observed in Hentalbari 

mouza. 

 

  
Fig: 3 Boro Paddy productions of 2008-09 and 2011-12, Data Source: ADO, Gosaba 

 

  
Fig: 4 Aman Paddy Productions of 2008-09 and 2011-12; Data Source: ADO, Gosaba 

 

  
Fig: 5 Aman and Boro paddy production, 2008-09 and 2012-13; Data Source: ADO, Gosaba 

 

VI. CONCLUSION 

         Aila has massively damaged the agricultural system of 

Gosaba Island. Due to lack of proper drainage system the surge 

water could not be flow back into the river and hence leaving a 

thick layer of salt on the top soil over agricultural plots and 

fertility was markedly reduced. To increase the fertility of the 

agricultural land soil must be frequently ploughed and use of 

fertiliser with organic matter for root development is necessary. 

Soil management is very much needed for both plant growth and 
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mineralisation of organic matter and irrigation system should be 

developed for betterment of production. 
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Abstract- MGIRI nurtured as field trainer the locally available 

lay-women of Wardha for designing new products from Khadi. It 

was decided to prepare handbags from Khadi, according to the 

needs and problem of different segments of the society, a series 

of new designs of Khadi handbags were prepared at MGIRI. 

With the help of trained human-resources of MGIRI several 

experiments in training and production were conducted. The aim 

of the institute in conducting these experiments was to finalise 

the pathway for creation of more and more employment for the 

general mass as well as to give new dimensions to fashion 

accessories using Khadi. Field trainers nurtured by MGIRI were 

engaged by different organizations of Wardha, to organise 

training in bag making.  The experiment is to bring about 

plausible changes in the rural mentality. The idea is not only to 

enhance the present earnings but also produce worthwhile 

supplementary employment. 

 

Index Terms- Artisanal Industry, Khadi-Crafts, Fashion 

Accessories, Designer Handbag, Lay-women, Field Trainer, 

Skills Upgradation, Value Addition, Plausible Turnaround 

 

I. INTRODUCTION 

t the time of independence India was the poorest nation. 

The planned approach of economic development has used 

all the models of growth; socialist, mixed and now neo-capitalist. 

The GDP growth is impressive but the social disparity has been 

glaring. The chasm is widening and that has been causing a 

problem. Village continues to be the centre of all socio-economic 

considerations, but neither the agriculture has improved nor the 

village craft. (Mishra, S. P., 2012a)  

         The official patronage to small scale, rural or cottage 

industries does not appear to have made a noticeable impact on 

the problem of rural-urban migration. The establishment of 

cottage and village craft emporia and training of artisans and 

design workshops has also not mitigated the situation. (Ibid).  

         The Khadi and handloom sectors do seem to continue 

providing an additional source of income in villages. It is, 

however, doubtful if these industries, left to themselves, have the 

inherent strength to face competition by the modern mill sector. 

The problems responsible for the poor progress of village 

industries were well summed up by the Third Five Year Plan 

(1961-62 to 1965-66): 

         Rural artisans are usually dispersed in a large number of 

scattered villages and this, combined with their low standard of 

literacy and poor economic condition, is a considerable 

impediment to rapid implementation of development 

programmes. 

         Among the other factors responsible for the slow progress 

of village industries' programmes have been the general lack of 

previous experience in regard to the development of these 

industries, lack of trained and qualified field trainers, location of 

production centres in unsuitable places, lack of adequate funds 

and organization for procurement of raw materials in bulk and 

failure to introduce more efficient techniques of production. 

Even such technical improvements as were introduced did not go 

far enough to secure a material increase in productivity. They did 

not, therefore, gain general acceptance. (Government of India, 

1961). 

         During the year 2008, Mahatma Gandhi Institute for Rural 

Industrialization, (MGIRI) Wardha decided to conduct few 

innovative experiments with Khadi both on product 

diversification and employment generation. It was believed that 

Self Help Groups in the villages can make eco-friendly 

handicraft products using Khadi. Value addition of locally 

available Khadi at village level will create a big spectrum of 

employments opportunities. Areas as growing the fiber will be 

involved in this industry and surrounding villages will be 

engaged in product, prepared from the fabric. Khadi is prepared 

on the loom & hence is rough, has a crushed look and coarse 

textural quality, but it is far superior to mill-made fabric and 

most suitable to design craft products like fashionable handbags, 

room decorations like sofa cover, cushion cover, etc. (Mishra, S. 

P., 2012b)  

         It was decided to begin the experiment by designing 

handbags using Khadi. Today the handbag has an almost iconic 

status in the world of fashion. There are many uses of bags right 

from domestic to professional ones. These days various styles 

and designs of bags have come in the market they have the power 

to attract the customer. The changing trend and living style have 

also influenced their choice. Some bags are designed with the 

help of traditional materials and this gives them a unique 

traditional appeal. Bags have really changed the outlook of the 

whole world. People are very much inclined to purchase well 

designed bags. Bags have also played a major role in making 

human life much better.  

         MGIRI is designing the contemporary handbag not only 

with the single medium but also by using associated material. It 

was decided to design Khadi handbags with the help of skilled 

persons who were available in the area itself. Technically skilled 

persons were selected and nurtured as technology advisors. 

Based on the needs and problems identified, a series of new 

designs of Khadi handbags were prepared at MGIRI, Wardha. 

A 
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MGIRI collected the first-hand feed-back of the market through 

different self help group’s production center to reorient its design 

and education/training system. With the help of technology 

advisors, an experiment in nurturing lay-women as field trainer 

was conducted during the period of January to March 2009.  

With the help of these experiments, the institute aimed to create 

more and more employment for the general mass as well as to 

give a new dimension to the fashion accessories with the help of 

Khadi.  

 

         Present scenario of village craft industry : The urban 

population is the main customer of craft industry. Today the 

living standard of urban society has changed completely and a 

huge gap has developed between the life style of rural and urban 

society. Only one person manages the village based craft 

industry. The artisans and SHGs are quite far from the exposure 

of latest technology and management practices, like- 

 information about good quality raw material at a 

reasonable price, 

 availability of latest tools and technology,  

 targeted customer, 

 like and dislikes of targeted customer and 

 Marketing network. 

 

         Present module of entrepreneurship development 

programme : In India the entrepreneurship development 

programme was organized by NGOs. Their target is as follows- 

 to get financial approval of entrepreneurship 

development programme from state/central  government 

organizations, 

 to identify a national/regional expert 

 to identify a group of trainees 

 to organize a workshop/training programme 

 

         In most of cases prior to the training, they were without a 

detailed survey of the artisan’s cluster specially the management, 

technological and marketing gaps. The curriculum of almost all 

training programme approved by different agencies were pre-

decided. On the other hand the educational standards of 

participants were not uniform, so pre-decided curriculum for 

rural participants and SHGs is not making any remarkable 

impact. The trainers are interested to transfer the skills of few 

articles/items as per the pre-decided curriculum. After training 

the artisan/SHGs starts the production with available raw 

materials in their localities. The local market or haat is in their 

reach for marketing of finished products. In most of cases the 

quality of finished products are sub-standard and out of desire of 

local market. The NGOs are not interested in the marketing 

aspect of artisanal business because NGOs are basically non-

profitable organizations. So, how can these trained village groups 

fulfill the following needs, in order to start the business – 

 loan 

  quality and at a reasonable price raw materials  

 to identify the targeted customer to sell the of finished 

products and 

 quality control. 

 

         In such a situation it is not easy for artisans and SHG 

members, to set-up a successful business. There is a great need 

for a bridge between rural craft industry and targeted customer, 

for a steady support in terms of technology, fashion and quality 

control to craft industry. Creation of field trainers in every nook 

and corner of the district will fill this void. 

 

         Proposed module to support SHGs : For a steady flow of 

design, technology, quality control and marketing support to 

clusters/SHG’s it is necessary to develop n-number of the “field 

trainers” within the area of the cluster itself in the following way- 

1) Nurturing of locally available lay-women as “field 

trainers”. 

2) For appropriate solutions of specific problems regional 

experienced technology advisors and national experts 

must be consulted. 

3) Providing continuous guidance and quality control to 

artisan’s clusters/SHGs to develop products based on 

cultural heritage & present market trend. 

4) To encourage the field trainer to set-up their own 

business and marketing network. 

5) Marketing of finished products prepared by SHGs, 

through the brand name & marketing network of field 

trainers. 

 

II. METHODOLOGY  

         It’s a case study of a hands-down experimental 

transformation process observed and documented by the research 

team. The qualitative research technique with triangulation 

approach was used to document the experiment and its outcome 

which spanned over a period of one year from April 2012 to 

March 2013 in Wardha. The investigators had become a part of 

the training and the production process. Data cleaning was done 

and verified with a cross verification with the project 

beneficiaries and moderators. 

 

III. R&D OF MGIRI FOR EMPLOYMENT GENERATION  

         To conduct experiment on “Nurturing lay-women as “Field 

Trainer” for designing of Khadi Designers Bags, a training was 

organised at the MGIRI campus from 10
th

 January to 10
th

 March 

2009. ( Dhone, J., etal, 2009) The ladies belonging to the middle 

income group with minimum matriculation and maximum 

intermediate educational background and staying in Wardha 

itself were involved to study the need of bags on different 

occasion. In the first phase of this experiment, trainer’s were not 

only nurtured but also convinced for accepting the technique. 

The two month training programme was conducted in two parts-  

         a) first month training was organized on exploratory 

entrepreneurial  learning method. Here the trainer becomes a 

facilitator giving the material and information, setting the tasks 

on concept of design based on the need of different class of 

customers and leaving the learners to find out for themselves and 

         b) second month training was organized on presentation 

entrepreneurial  learning method. The trainer presents the skills 

in cutting & stitching and shows the trainees how to do things. 

(Government of India) 

         The participants were facilitated to understand the concept 

to design a bag, based on the different class, categories & age 
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group of customers and their needs & problems. In this 

experiment they were provided help in selection of colour, shape 

and size of bags. 

 

         Classification of customers according to income : With 

the help of participants different categories/classes in the society 

and their purchasing competency for craft products like designer 

handbags and designer jewellery were identified as presented in 

T able-1. 

 

Table-1, Classification of customers 

 

S No Class of customers Monthly income range 

(Rs) 

Monthly 

capacity to 

spend for craft 

products (Rs) 

1a Lower class- daily wages  5000 to 7500/- 50/- 

1aa Lower class- business 7500 to 10,000/- 50/- 

1b Lower class-  Job, Working in shops, etc         10,000 to 15,000/- 100/- 

1bb Lower class-  Own business like shops              15,000 to 25,000/- 100/- 

2a Medial class Working in good org 25,000 to 30,000/- 150/- 

2aa Medial class - Own business 30,000 to 45,000/- 150/- 

2b  Upper-middle class- job 45,000 to 55,000/- 200/- 

2bb Upper- middle class-business 55,000 to 75,000/- 250/- 

3a Higher class-job 75,000 to 90,000/- 500/- 

3aa Higher class-business 90,000 to 1,00,000/- 750/- 

4a Upper higher class-job 1,00,000 to 1,25,000/- 1000/- 

4aa Upper higher class-business 1,25,000 to 2,00,000/- 1500/- 

5a Creamy class-job 2,00,000 to 5,00,000/- 2,000/- 

5aa Creamy class-business 5,00,000/- & above 5,000-10,000/- 

 

         Classification of customers according to age group : 

During the training the participants were identified  the different 

groups of customers according to the age groups as shown in 

Table-2. 

 

Table-2 Classification of customers according to age group 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         Classification of bags according to the requirements : 

After classification of different classes of the society, the 

participants identified the following varieties of bags based on 

their needs and use.  

a)    Shopping bag                                    

b)    Traveling bag 

c)    School bag                                            

d)    Collage bag 

e)    Office bag                                             

f)    Excursion bag 

g)    Party bag                                             

h)    Tiffin bag 

i)     Bottle cover                                          

j)    Money purse 

K)   Casual bag                                           

l)    Daily use shoulder bag 

m)  Utility shoulder bag         

   

         Concept for composition of bags : It was observed that 

the mechanical type of conventional training makes instant 

impact only during the period of training, so it was planned to 

organize training with logic and concept, which will have a 

permanent impact not only in designing a new product but will 

also have the power to change the life-style of the participants. In 

the first phase of the experiment, trainer’s were nurtured and 

convinced to act as a facilitator only during the process of 

S NO  Class of customers  

1  Students of nursery standard  

2  Students of primary  standard 

3  Students of  matriculation   standard 

4  College going student boys 

5  20-25 years unmarried college going young girls  

6  20-25 years office going ladies/ housewife  

7  25-30 years office going  ladies/ housewife 

8  30-40 years office going  ladies/ housewife 

9 40 years and above office going  ladies/ housewife 
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teaching of this technique. It was very difficult to explain to the 

trainers that the lay-women will design the bag without any 

direct guidance. The trainers were exposed to practical 

demonstration. During the demonstration, the participants were 

asked a series of logical questions like, if they are really willing 

to design a handbag for a teenager specially for the purpose of 

tuition. They also had to figure out questions like- 

- In which class is the   teenager studying? 

- What is the amount of books he is required to carry for 

tuition? 

- What will be the maximum size of the books he is 

needed to carry? 

- What colour will be preferred by the teenager and his 

friends? 

- Will they prefer to carry the bag on the shoulder or on   

the back? 

 

         After demonstration the trainers were instructed to just 

guide the participants, they will not provide any answer or 

solution to quarries of the participants. They will try to inspire   

the participants the find out the solution themselves. Once the 

participants are able to ascertain the solution, their moral statue 

will automatically boost-up because they will feel that the 

solution was obtained by them itself and it is result of their own 

finding .As a result they will never forget the process and the 

result. During these experiments they were given assistance in 

the selection of colour, shape and size of bags.   

         The curriculum was designed in such a way, that the 

participants will feel that the complete task of designing was 

done just by them. The concept of training focused on three 

major issues which are discussed in depth in following paras- 

 

1) Dimensions of bags : During the year 2008, the Rural 

Craft and Engineering Section of MGIRI organised 

three conventional trainings (Table -4) and it was 

observed that specially for ladies in general, it is quite 

difficult to remember the dimensions of bags. During 

the discussion with the ladies, who were experienced in 

tailoring their own garments at Varur, the point became 

clear that they tended to take the help of each other in 

cutting of garments. They said that the finalization of 

dimensions and cutting of garment is a tough job, and 

hence they took the help of each other often during the 

process of cutting, they wasted the entire fabric. So now 

it was decided, that during the training, the dimensions 

of bags will be decided by the participants themselves. 

Once the dimension is fixed by the participants, they 

will neither forget it nor ask anyone, as they had 

decided it. For the finalization of dimensions, they were 

shown how to determine the volume of the bag with 

respect to need and utility. For example on an average 

how many books will a student of sixth standard carry?. 

So average size of books was calculated along with 

some extra margin. It was necessary to consider that 

along with the books, he will need other items like, 

instrument box, lunch box, and water bottle, etc. Taking 

all this into consideration dimensions were decided and 

bags was designed. From now onward before chalking 

out any new bag they will verify the needs and utility, 

and only then they will decide the ultimate dimension. 

2) Colour and design of bags : Colour was another big 

issue. It was observed that they selected a series of 

contemporary colour for their own use, but preferred 

colours like blue, red for bags. This means that they 

were aware about current trends in fashion but they 

were unaware about the choice of different classes and 

age groups. Hence we had to create the awareness about 

life-style of different classes of society and the need and 

problems of customers belonging to different age 

groups. They were asked to visualise the colours of 

garments used by different class of society. The bags 

designed will have to be either matching or in contrast 

with the dress of the target group.  

3) Cutting and stitching techniques : Cutting and 

stitching techniques are skill oriented, which can be 

acquired by tutoring and practice. So it was decided that 

when the participants selects the fabric and decides the 

dimension of bag as per the need of customer, the 

trainers of MGIRI will give  training in detail  about the 

cutting and stitching skills for the said bag. And when 

they are able to prepare their own design, they will be 

taught five different designs, which will cover almost all 

techniques of cutting nd stitching. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. ACHIEVEMENTS  

          After completion of training the participants identified the 

following parameters to design a bag- 

1) utility of the bag,  

2) the shape & size according to the utility of bag, 

3)  colour & appearance according to different class of 

customer. 

 

 

 

 

Figure 1, Cutting of fabric, teaching by doing 
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         During the training, the participants prepared bags which 

had a modern touch. Even today these designs are still in demand 

in the market. No one has been able to modify these designs. In 

that particular training programme, five participants successfully 

completed the training. Out of these five, four are actively 

engaged in the process of bag manufacturing and, two of them 

are working as a field/master trainer. Table-3 is shows the 

tangible benefits accrued by the beneficiaries from the MGIRI 

experiments. The following paras give a brief description about 

them -  

        1) Mrs Jayshri Bhamkar belongs to a family of middle 

income group with an intermediate educational background. 

After completing the training, she has started preparing bags as 

per the orders of the customers form in her locality. The 

Swadashi Bhandar, Sevagram, Maharashtra, has contacted her to 

make the bags on the basis of fixed payment. The Swadashi 

Bhandar, is already manufacturing Khadi garments. Now they 

have told her to prepare bags with the left over material or 

wastage collected from readymade garment unit. So she collects 

suitable pieces of fabrics and then aims for perfect matching. But 

many times due to non-availability of matching fabric in the 

waste material, she has to buy fresh fabric in order to obtain 

perfect matching which she desires. In such a case, the Bhandar 

provides her the fresh fabrics. The Bhandar provides the 

complete attachments and fitting of bags.  With the help of the 

available material she creates her own designs for bag, purse and 

mobile cover. Usually she begins the process after lunch around 

12 noon and works until evening but after that, she has to pay 

attention to her household duties. When she gets urgent order she 

has to work late in the night too. Normally she earns Rs150 to 

200/- per day.  

 

 

 

 

 

 

 

 

 

    

 

 

Figure 3 Mrs Jaishri Bhamker stitching the Khadi bags 

        Different organizations of Wardha have engaged Mrs 

Bhamkar as a master trainer. During 2012-13, MGIRI Wardha, 

also hired Mrs Jaysree Bhamkar as a master trainer to organize 

a series of training programmes in the manufacturing of Khadi 

Designer Bags and for this work she was paid Rs7500/- per 

month. In the month of Feb 2013, she has successfully 

managed the training independently. 

 

Figure 4 Jaishri Bhamkar with participants of Khadi bag 

making & officers of MGIRI 

 

        2) Mrs Shubhangi More stays near the bypass road which 

is 8 km from Wardha. After receiving the training, she has 

started to prepare school bags, tuition bags and ladies bags. In 

her area, people are mostly from the middle income group. So 

naturally their priority regarding school bags is affordable price 

and durability.  In the beginning they tended to purchase the raw 

material for school bags from town and used to come to her in 

order to get good quality school bags. For this she would get upto 

Rs50/- per bag.  Now she herself purchases raw materials in bulk 

from the nearest town which is Nagpur. She has invested about 

Rs50,000/- in order to purchase raw material & heavy duty 

sewing machine. Now in a day, she is able to prepare three to 

four bags and earns about Rs 5000/- per month. Now she has put 

up her products for sale through the shops of her father and 

sister. Further she is planning to increase the numbers of sale 

counters as well as production capacity of her unit. 

 

        3)Mrs Vandana Kale – has received motivation for social 

work from her husband who is himself   a famous social worker, 

Mr Vijay Kale. After receiving the training, she has started 

preparing school bags and many other handy utility bags 

specially for ladies. In less than three to four hours she is able to 

cut the material atleast for ten bags and along with this within 

two to three days she is able to produce the finished product. She 

purchased raw materials worth Rs30,000/- made bags from it and 

sold them for about  one lakes rupees, so she carried a profit of 

around 50 to 60 thousand  including the labour charges. She sold 

the bags at her place itself.  But now she is planning to brand her 

product and to acquire a sale counter at Wardha .  

        Different organizations are hiring her as a master trainer to 

conduct   training for making bags.  In the year 2010, she has 

trained five batches of tribal ladies from Amravati district. 

During 15
th

 Feb to 15
th

 April 2013 a NGO sponsored to organize 

a residential training programme in bag making for ten tribal 

Figure 2 Khadi bags designed by 

participants 
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ladies from Asthi, Arvi and Karanja blocks of Wardha district. 

Mrs Kale recived Rs10,000/- per month as an honorarium.  The 

training hours were little different than the usual ones. It started 

from 10 am and finished around 7.30 pm, with full discipline. 

She is a dedicated parson hence she expects the participants to be 

as disciplined and dedicate as her. But when she sees the 

participants not paying attention, she becomes disturbed. Then 

she has to explain the importance of concentration in work 

because only then the work will become fine and fetch good 

price. They should not compromise in quality. This is specially 

true when working with sewing machine. During valedictory 

function of the training Ms Vibha Gupta, member of MGIRI’s 

General Council paid a visit, personally took interest in 

everything and conversed with the participants. She was very 

impressed with the quality of bags prepared during training.  

        4) Mrs Ishavari  Dhanvij  -  After completing the  training 

she started  manufacturing  bags  as a side business along with 

the ladies dress- making business as she is already involved in 

dress designing  business since quite long. During the off season  

in her own business, she takes up bag production. As a result she 

is busy all the time. She has become successful in maintaining 

balance in both the works. This gives her a steady flow of 

income throughout the year. 

              Figure 6 Mrs Ishavari Dhanvij stitching bags 

 

Figure 5 Mrs Vandana Kale organized training for tribal ladies  

                                on making of bags  

 

 

 

Table : 3  Results of the innovative experiments conducted  during Jan-March 2009 

 

  

 

 

 

 

S No Name of training 

programme 

Period No of 

beneficiaries who 

successfully 

completed the 

training 

Income 

before 

training 

Income after 

training 

Rs 

Monthly income 

Rs 

1 Nurturing of lay-

women as a“Field 

Trainer” for 

Designing of 

Khadi Designers 

Bags 

10
th

 Jan to 

10
th

 

March 

2009 

5(4 are involved 

in production cum 

training) 

Housewife 

& stitching 

ladies 

garments 

Rs50-100/- 

per day 

Rs150/- per 

day after 

doing the 

household 

works 

Monthly income 

Rs4000/- per person 

from manufacturing of 

bags & Rs5000 to 

10,000/- per month for 

organising different 

trainings. 
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Table-4, Khadi Designer Bags Training and Workshop 
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S No Name & Place of Workshop               Date                                 No of 

participants 

successfully 

completed  

In collaboration 

2008- 2009 

1.  Preparation o  “ esi ner ba s” o    te  

canvas & khadi fabric at MGIRI 

Wardha 

6
th

 June to 25
th

 

June 2008  

7 Mahila Arthik Vikas 

Mahamandal 

2.  Preparation o  “ esi ner  ba s” o    te  

canvas & khadi fabric at MGIRI 

Wardha 

12
th

 to 21
st
 June 

2008 

12 DRDA Wardha 

3.  Preparation  o  “ esi ner   ba s” o    te  

canvas & khadi fabric at Seloo, Wardha 

July to August 

2008 

10 DRDA Wardha 

4.  Designing of khadi  designer  bags at 

MGIRI Wardha 

September 2008 1 Experiment along with 

Mrs Chitra Bhagat to 

nurturing as a field 

trainer. 

5.  Nurturing lay-women as a“Fiel  

Trainer” for Designing of Khadi 

Designers Bags 

10
th

 Jan to 10
th

 

March 2009 

5  MGIRI, Wardha.  
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Abstract- The present research aims to study relationship 

between the spiritual leadership of principals and work life 

quality of teachers in high schools of Izeh county .Its method is 

descriptive-correlative and research sample includes principals 

(80 people) and teachers (452 people) in high schools of 

Izehcounty. Sample size calculated by Karjis-Morgan table 

(1970) for 66principals and 207 teachers. But returned 

questionnaire was 63 for principals and 188 for teachers. To 

select teacher's simple random sampling method and for teacher's 

classification random sampling used in proportion to statistical 

sample of men and women teachers. Measurement tools include 

a 16items questionnaire made by the researcher of spiritual 

leadership due to Rio (2005),Fry (2003) by a reliability factor of 

/85 and a 30 items questionnaire of work life quality of 

valton(1973)by reliability factor of /88.To analyze data, 

statistical methods of regression analysis, correlationfactor were 

used. Results indicate that observed r in p≤ 0/05 show significant 

and positive correlation between spiritual leadership of principals 

and their work life quality of Izeh high school teachers. Observed 

r in p≤/05 shows positive and significant correlation between 

work significance promotion components andproviding 

persistentdevelopment and security opportunities, legitimacy in 

organization, social dependence of worklife, social integrity 

andhuman capabilities developmentcomponents, 

betweenphilanthropy culture development and providing 

persistent development and security opportunitiescomponent, 

legitimacy in organization social dependence of worklife, overall 

life space, social integrity and human capabilities development, 

betweenrightness, honesty and humbleness in work and 

providing opportunities of persistent development and security, 

legitimacy in organization, overall life space and social integrity. 

 

 

Index Terms- spiritual leadership, principals, work life quality, 

teachers, high school 

 

I. INTRODUCTION 

ctivities related to improvement of work life quality include 

facililities,encouragement plans, job security (job 

enrichment and development),give importance to role and place 

of personnel in organization,…(toso,2009). Cascio&Wayne 

(2009) believed that quality of work life could be regarded in 

2ways: in one hand it referred to abstract and concrete conditions 

in organizations such as interior promotion policies, liberal based 

leadership, personnel participation and activities of secure work 

and in the other hand assumed by personnel standpoint about 

security feeling, development capability as an equal human. So, 

what could be found of these definitions is one of important and 

effective subjects on quality of work life, among them if 

management is based on spirituality more calmness could be 

brought to personnel. In this way spiritual leadership plays an 

important role in the quality of work life. Spiritual leadership 

theory is a causal theory for organizational alteration, produced 

to bring about the learning organization having interior stimuli. 

This developed based on the interior motivation that is a 

combination of prospect, faith to goal implementation, 

philanthropy and spiritual survival. The objective of spiritual 

leadership is attention to the basic needs of followers that provide 

their spiritual survival. Such a leadership make personnel 

recognize the real concept of their job, give importance to the job 

which have (meaningfulness). Also, they have a feeling of their 

job is important in view of organization, et al (membership). (Fri, 

2003). Based on Rio theory (2005) and Fry (2003) in the field of 

spiritual leadership components could be classified into 4 

meaningfulness of work to personnel, development of 

philanthropy culture in organization, insight and rightness, and 

honesty, humbleness regarded as making base of spiritual 

leadership measurement tools in this research. So development of 

spiritual leadership brings positive effects on quality of work life 

that due to it the present research aims to study relationship 

between the spiritual leadership of principals and quality of work 

life of teachers. 

 

II. METHODOLOGY 

         Method: regarding that researcher tries to study 

relationship between the spiritual leadership of principals and 

quality of work life of teachers in Izeh .So, its method is 

descriptive of the correlative type. 

         Statistical sample: this includes principals and teachers of 

high schools in the Izeh  in school year 2012-2013 that is a 

statistical sample of principals 80 and teachers 452. 

         Sample size: to determine sample size of a statistical 

sample of principals and teachers Karjis and Morgan Table 

(1970) was used. Based on this table calculations for statistical 

sample of principals by 80 people sample size selected 66 people 

and for teacher's statistical sample by 452 people, sample size of 

A 
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207 people is sufficient. thus, in a similar amount spiritual 

leadership questionnaire distributed among principals and quality 

of work life questionnaire among teachers but completed 

returned questionnaire of principals were 63 and for teachers 

188.due to them statistical analysis conducted on obtained 

numbers of questionnaires. 

         Sampling method: to select a statistical sample of teachers 

and principals 2 sampling methods were used. To select 

principals simple random sampling used regarding their limited 

numbers. To select teachers considering that statistical sample 

number of men and women teachers of education organization of 

IzehCounty were different so to account a share equal to their 

statistical sample, random classification sampling used in the 

proportion of men and women teachers statistical sample. 

         Measurement tools: in the present research 2 

questionnaires used as follows: 

         1)spiritual leadership questionnaires: This made by 

researcher and has 16 questions produced due to Rio (2005), Fry 

(2003) theories in the field of work meaning, philanthropy 

culture development, work in sight, rightness, humbleness and 

honesty at work. Provided questions as an answer package by 5 

alternatives spread (very much, much, fairly, low, very low), 

belong 5, 4,3,2,1 degrees respectively. Validity calculated using 

Kendal factor /71 that indicated proportional validity of the 

questionnaire. In the present research reliability by kronbakh α 

factor was/85. 

         2) Quality of work life questionnaire: This produced by 

Alton (1973). Mentioned questionnaire has 30 questions with 5 

alternatives spread (very low, low, average, much, very much) 

that belongs 1, 2,3,4,5 degrees to them, respectively. This 

measures quality of work life regarding fair  and sufficient 

payment, secure and hygienic setting, providing persistent 

development and security opportunities, legitimacy in 

organization, social dependence of work life, overall life space, 

social integrity, human capabilities development. Alton (1973) 

reported reliability factor /88.In the present research reliability 

calculated from Kronbakh α factor results follow: 

 

Analysis :  

         Overall hypothesis: there is a relation between the spiritual 

leadership of principals and quality of work life of high school 

teachers in city of  Izeh. 

         Observed r in p≤/05 level indicated positive and significant 

correlation between spiritual leadership of principals and quality 

of work life of high school teachers in Izeh county .In other 

words, spiritual leadership development among high school 

principals of Izeh improves quality of work life. 

         1
st
hypothesis: there is a relation between work meaning 

promotion and work life quality of teacher's components. 

         Observed r in p≤/05 level indicated positive and significant 

correlation between work meaning promotion and providing 

development and security opportunities, legitimacy in 

organization and human capabilities development Components. 

While there is no significant correlation between work meaning 

promotion and fair and sufficient payment, secure and hygienic 

work setting and overall life space components. Regression 

analysis indicated the influence of work meaning promotion on 

providing persistent development and security opportunities, 

legitimacy in organizations, social dependence work life and 

human capability development and if they could develop work 

meaning promotion component in high schools in accord to 

spiritual leadership style, it would be expected that providing 

persistent development and security, legitimacy in organizations, 

social dependence work life and human capability development  

components enhance among teachers. 

 

         2
nd

hypothesis: there is a relation between philanthropy 

culture development and work life quality components of 

teachers. 

         Observed r in p≤/05 level indicated positive and significant 

correlation between philanthropy culture development and 

providing persistent promotion and security opportunities, 

legitimacy in organization, social dependence of work life, social 

integrity and human capabilities development components. 

While there is no significant correlation between philanthropy 

culture development and fair and sufficient payment, secure and 

hygienic work setting and overall life space. Regression analysis 

indicated the influence of philanthropy culture development of 

social dependence of work life, social integrity and human 

capability development components and if principals could 

develop a philanthropy culture component in high schools 

according to their spiritual leadership style, it would be expected 

that social dependence of work life, social integrity and human 

capability development components enhance in the work life of 

teachers 

         3
th

 hypothesis: there is a relation between work insight and 

work life quality components of teachers. 

         Observed r in p≤/05 level indicated positive and significant 

correlation between work insight and providing persistent 

promotion and security opportunities, legitimacy in organization, 

social dependence of work life, social integrity and human 

capabilities development components. While there is no 

significant correlation between work in sight and fair and 

sufficient payment, secure and hygienic work setting. Regression 

analysis indicated the influence of work insight on providing 

persistent promotion and security opportunities, legitimacy in 

organization and human capability development components and 

if principals could develop work insight component in high 

schools, it would be expected that providing persistent promotion 

and security opportunities, legitimacy in organization and human 

capability components enhance in the work life of teachers. 

         4
th

hypothesis: there is a relation between rightness, 

honesty and humbleness and quality of work life components of 

teachers.  

         Observed r in p≤/05 level indicated positive and significant 

correlation between rightness, honesty and humbleness in work 

and providing persistent promotion and security opportunities, 

legitimacy in organization, overall life space and social integrity. 

Regression analysis indicated the influence of rightness, honesty 

and humbleness on  providing persistent promotion and security 

opportunities , legitimacy in organization, overall life space and 

social integrity components and if principals could develop 

rightness, honesty and humbleness component in high schools 

according to their spiritual leadership style, it would be expected 

that providing persistent promotion and security opportunities , 

legitimacy in the organization, overall life space and social 

integrity enhance in the work life of teachers. 
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III. DISCUSSION AND CONCLUSION 

         Obtained results indicated positive and significant 

correlation between spiritual leadership of principals and work 

life quality of teachers in Izeh county .In other words, use of 

spiritual leadership by principals bring about promotion of work 

meaning development, philanthropy culture development, work 

insight and rightness, honesty and humbleness development in 

high schools of Izeh so makes some improvements in work life 

quality of teachers. Based on De Hough &Den Hartog study 

(2008) spiritual leadership brings leadership success in 

advancement of job goals and due to happiness study (1383) in 

designation of 3D model of leadership styles, work life quality of 

personnel and principals efficiency, spiritual leadership plays an 

important role in improvement of work life quality of personnel 

which is in according to this research findings. So, spiritual 

leadership by particular focus on human and development of 

human behaviors and respect to human place could affects on 

work life quality of personnel in organization and improve it. 

These findings are in accordance with findings of Louis, et al 

(2001), Waitayangkoon (2003), and ConCeDien&Ecrit (2003). 

Mokgele (2005), Glaser (2007), Rothman&Coetzee (2010) 

Yilmaz (2010) Walumbwa, et al (2010) and Der janinieh (2011). 

         Obtained results indicated a positive and significant 

correlation between work meaning promotion and providing 

persistent development and security opportunities, legitimacy in 

organizations, social dependence of work life, social integrity 

and human capability development components. By making 

work and job meaningful, personnel will have reasoned insight to 

how to do their tasks and awareness of job processes and goal 

organization have a positive influence on their performance 

because resulted insight on work meaning make them to follow 

required job and organizational skills. Thus, spiritual and ethical 

leadership improve personnel capability in technical and 

specialized and human skills which lead to job success. This 

subject rose in Ameri(1390),Golparvar et al (389), Ziyai et al 

(1388) that spiritual and ethical leadership introduced as an 

important factor in job potency. Results indicated a positive and 

significant correlation between philanthropy culture development 

and providing persistent promotion and security opportunities, 

legitimacy in organizations, social dependence of work life, 

social integrity and human capability development components. 

This subject reported in the present research and Louis, et al 

(2001), Waitayangkoon (2003), ConCeDien&Ecrit (2003). 

Mokgele (2005), Glaser (2007), Rothman&Coetzee (2010) 

Yilmaz (2010) Walumbwa, et al (2010) and Der janinieh (2011). 

So it is concluded that to develop work life quality must more 

attention give to the philanthropy culture of spiritual leadership 

components and principals provide particular emphasis on it to 

develop and promote organizational goals. Results indicated a 

positive and significant correlation between work insight and 

providing persistent promotion and security opportunities, 

legitimacy in organizations, social dependence of work life, 

social integrity and human capability development components. 

Based on yilmaz study(2010)spiritual leadership develops ethical 

standards to handle personnel behaviors and effective  use of 

ethical standards in according to their behaviors that could be 

regarded as attempt to promote fairness, respect to others 

characteristics and combination of honesty, being 

trustable,closeness,mutuality,democratic decision making and 

supportive participation and being kind and sympathetic.So,in 

this condition quality of work life improved and lead to 

improvement of performance and organizational efficiency. This 

subject reported in Havlo (2012), Moradian (1382), Nazem 

(1380), Ghasemi (1379) Ghomizade (1379), Rastegari (1378) 

and Gohari (1376). Obtained results indicated a positive and 

significant correlation between rightness, honesty and 

humbleness in work and providing persistent promotion and 

security opportunities, legitimacy in the organization, overall life 

space and social integrity. Nor Shahi (1387) reported ethics and 

spiritual affairs in his leadership style and necessary requirement. 

Also, Alameh (1378) in his research regarded quality of work life 

based on Islamic values (focus on Nahjolbalaghe) as a substantial 

policy in organizations that lead to mental disturbance release in 

organizations. 
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    Abstract- Healthcare is approaching a critical situation. The 

ageing of population is increasing the prevalence of chronic 

diseases. Cardiovascular and respiratory diseases not only kill 

hundreds of thousands of people each year around the globe but 

also cost billions of dollars. Patients have to make frequent visits 

to their doctor to get their vital signs measured. People in remote 

places are deprived of proper healthcare. Hence, there is a need 

to develop a system which will help in reducing the frequent 

visits to the clinic and also help in early diagnosis of dangerous 

diseases. A system must be targeted both for monitoring elderly 

and for monitoring rehabilitation after hospitalization period and 

at the same time economically efficient. This paper presents our 

initial attempts to develop such a system with the help of 

Adaptive Neuro-Fuzzy Inference System (ANFIS) by adaptive 

learning mechanism. The MATLAB simulation results indicate 

that the performance of the ANFIS approach is valuable and easy 

to implement. The developed healthcare system can be useful for 

the elderly and terminally ill patients confined within their homes 

and at the same time helpful to the pregnant women for their 

regular checkups without personally visiting to the clinic. 

. 

 

    Index Terms- Adaptive Neuro-Fuzzy Inference System, 

adaptive learning mechanism, healthcare, health monitoring, 

rehabilitation 

 

I. INTRODUCTION 

ealth concerns all of us. Information and communication 

technologies (ICTs) are increasingly providing us with the 

tools and knowledge that we need to improve health care, 

enabling solutions that benefit patients as well as healthcare 

professionals and institutions in both the private and public 

sectors worldwide. Home health monitoring can serve as a 

vehicle for the transformation of health conditions in the 

developing world, particularly for those living in rural and 

remote areas. Ageing of population, growing mobility in society 

and growing shortage of staff resources in the health care sector 

require new models for information handling and communication 

in order to guarantee quality-oriented health care of the elderly. 

However, to assure high quality health services for the elderly at 

a reasonable cost, standardized co-ordination of information 

handling and communication between different care providers is 

a prerequisite. As the population grows older, people becomes 

increasingly dependent as their sensory, motor and cognitive 

physiological health capacities deteriorate; these age related 

changes, are amplified if they are accompanied by pathological 

conditions that are common in the elderly population. Most 

European countries are now facing an urgent requirement to 

provide appropriate retired home environments solutions for 

these citizens and allow them to play a role in our society. 

Patients have to make frequent visits to their doctor to get their 

vital signs measured. Regular monitoring of vital signs is 

essential as they are primary indicators of an Individual’s 

physical well-being.  

 

The vital signs include:  

   1. Pulse rate 

2. Blood pressure 

3. Body temperature 

4. Oxygen saturation level 

    Traditionally, it was a custom to get these vital signs measured 

during a visit to the doctor. With advances in medicine and 

technology, this concept has adapted. There are many devices 

available in the market today that allow patients to monitor their 

own health on a regular basis from the comfort of their home. 

These devices are having a huge impact on health care costs as 

they are reducing the time and resources of medical physicians 

and facilities required by patients. This is advantageous for both 

patients and physicians. Patients can monitor their health 

regularly and adjust their diet and physical exercise as needed to 

keep their vitals in balance. Health care professionals can access 

this information from their computers via wireless network and 

can check their patients’ vitals at their own time. If they notice 

abnormalities, they can always schedule an appointment with 

their patients. This paper presents our initial attempts to develop 

a low cost, reliable, non-intrusive, and non-invasive vital signs 

monitor that processes and analyses the data acquired from 

measuring instruments to determine if an individual is within a 

“normal” range. Most of the population of India is located in the 

rural areas which are deprived of the proper health care facilities. 

Hence, whenever they want the health care services they have to 

make the regular and most frequent visits to the city hospitals. 

This proves to be cost ineffective with a lot of inconvenience to 

the patient as well as his family members. The proposed system 

will prove to be cost effective and convenient in such case. One 

H 
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of the diversified applications of this work is to monitor the 

regular health status of a pregnant woman at home. 
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                                                                       Physician’s opinion 

 

Figure1. Health Monitoring Workflow 

 

  Neural Fuzzy Systems can create fuzzy rules and membership 

functions for complex systems for which the fuzzy approach may 

fail, limiting themselves to lesser number of rules. This limits the 

performance and accuracy of the system. Whereas, the neural 

networks have the ability to adapt itself to the changes in input 

until the output matches the desired value increasing the 

reliability of the system. Hence a combination of fuzzy logic and 

adaptive nature of neural network is made use for detecting the 

health status of an individual. The neuro-fuzzy systems can 

handle any type of information (numerical, linguistic, logical, 

etc.), manage imprecise data and are self-learning. Hence it 

minimizes the human decision making process [1]. 

      The patient is checked for vital health parameters with the 

help of portable digital instruments such as pulse oxymeter, 

thermometer and blood pressure monitor. The measured 

parameters are then given as input to the proposed system. If the 

outcome represents that the patient is abnormal then the 

appropriate medications are provided by the physician. This is 

illustrated in figure.1 above. Family-based healthcare services 

allow patients full mobility at their homes, where health-care 

providers can monitor their health data remotely. Such family-

based connected healthcare systems besides reducing the waiting 

time for face-to-face contact with physicians are capable of 

generating alerts being sent to the patients or to the informal 

care-taker by the physician [2]. 

   The paper is structured as follows. In section 2, a survey on 

related work is discussed. Section 3, explains the proposed work 

where the processes involved in neuro-fuzzy based classification 

are discussed. Results are discussed in section 4 followed by 

conclusions and future work to be carried out in section 5. 

II. RELATED WORK 

    Ibrahim Khalil et al., [3] developed an advanced prediction 

model so as to estimate the heart rates of selected patients in a 

mobile care system. Koji Mukai et al., [4] developed a remote 

system for monitoring respiration rate, heart rate and movement 

behaviour of at-home elderly people who are living alone. 

Hiroshi Nakajima et al., [5] described a human health monitoring 

system by an air pressure sensor and an ultrasonic sensor system. 

K. Kuwana et al., [6] developed an implantable telemetry capsule 

for monitoring the heartbeat patient.  Mari Zakrzewski et al., [7] 

developed the system which was targeted both for monitoring 

elderly and for monitoring rehabilitation after hospitalization 

period.  

   Shoko Nukaya et al., [8] described a novel bed sensing method 

for non-invasive, constraint-free and subliminal detection of 

biosignals. Kyung-Ah Kim et al., [9] implemented a home self 

healthcare monitoring system which can monitor respiration, 

blood glucose, urinary flow, and temperature. Dr. V. Vaidehi et 

al., [10] proposed health care monitoring system enables 

significant responsiveness and process optimization by 

integrating complex event processing. A method using the 

combination of ZigBee and GPRS is presented by Hongzhou Yu 

et al., [11] which is a remote health monitoring system to collect 

and transfer biosignal data from the patient to healthcare center. 

This system  transfers the data effectively but  is not capable of 

decision making. Namrata Nawka et al., [2] presented 

“SESGARH”, a scalable and extensible smart-phone based 

healthcare system, to provide realtime continuous monitoring of 

health conditions of individuals seeking professional healthcare. 

A real-time system for detecting the fall of elderly people in 

smart home is presented   by V. Dhivya Poorani et al., [1]. All 

the above approaches for health monitoring are beneficial but at 

the same time they have some limitations ranging from 

complexity to cost. Hence, there is a need to develop the 

proposed ANFIS based health monitoring system. 

     

III. ADAPTIVE NEURO-FUZZY INEFERNCE SYSTEM 

    The Adaptive Neuro-Fuzzy Inference System technique was 

originally presented by Jang in 1993 [12]. ANFIS is a simple 

data learning technique that uses Fuzzy Logic to transform given 

inputs into a desired output with the help of highly 

interconnected Neural Network processing elements and 

information connections, which are weighted to map the 

numerical inputs into an output. ANFIS combines the benefits of 

the two machine learning techniques (Fuzzy Logic and Neural 

Network) into a single technique [12]. An ANFIS works by 

applying Neural Network learning methods to tune the 

parameters of a Fuzzy Inference System (FIS). 

    The ANFIS system training methodology is summarized in 

Fig. 2. The process begins by obtaining a training data set 

(input/output data pairs) and testing data sets. Two vectors are 

Recorded health parameters 

Patient’s bedside computer 
 (proposed health monitoring 

system) 

Normal    

? 

Recorded health parameters 

Physician’s computer 

 (proposed health monitoring 

system) 
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used to train the ANFIS system: input and output vector. The 

training data is a set of input and output vectors. It is used to find 

the premise parameters for the membership functions. A 

threshold value for the error between the actual and desired 

output is determined. The consequent parameters are found using 

the least squares method. If this error is larger than the threshold 

value, then the premise parameters are updated using the gradient 

decent method. The process is terminated if the error is less than 

the threshold value [12]. ANFIS training learning rules use 

hybrid learning, combining the gradient descent and the least 

squares method. aim of using ANFIS for health monitoring is to 

achieve the best performance possible. ANFIS training begins by 

creating a set of suitable training data in order to be able to train 

the Neuro-Fuzzy system. 
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Figure2. ANFIS Training system 

 

    The data set used as the input to the ANFIS function must be 

in a matrix form, where the last column in the matrix is the 

output, and the matrix contains as many columns as needed to 

represent the inputs to the system. The rows represent all the 

existing data situations.  Once the initial membership functions 

are created, system begins training. When the training process is 

finished the final membership functions and training error from 

the training data set are produced. After the system training is 

complete, ANFIS provides a method to study and evaluate the 

system performance by using the evalfis function.  Once the 

ANFIS is trained, we can test the system against different sets of 

data values to check the functionality of the proposed system 

[13]. 

   To implement and test the proposed architecture, a 

development tool is required. MATLAB Fuzzy Logic Toolbox 

(FLT) from MathWorks was selected as the development tool. 

This tool provides an environment to build and evaluate fuzzy 

systems using a graphical user interface. It consists of a FIS 

editor, the rule editor, a membership function editor, the fuzzy 

inference viewer, and the output surface viewer. The FIS editor 

displays general information about a fuzzy inference system. The 

membership function editor is the tool that displays and edits the 

membership functions associated with all input and output 

variables. The rule editor allows the user to construct the rule 

statements automatically, by clicking on and selecting one item 

in each input variable box, one item in each output box, and one 

connection item. The rule viewer allows users to interpret the 

entire fuzzy inference process at once. The ANFIS editor GUI 

menu bar can be used to load a FIS training initialization, save 

the trained FIS, and open a new Sugeno system to interpret the 

trained FIS model. 

IV. RESULTS AND DISCUSSION 

    The data were divided into two separate sets: the training data 

set and the testing data set. The training data set was used to train 

the ANFIS, whereas the testing data set was used to verify the 

accuracy and the effectiveness of the trained ANFIS model. The 

optimal ANFIS model setting will be selected based on the 

minimum training and testing error values for number of epochs. 

The Gaussian membership function is taken into consideration 

for the better results. The ANFIS system was structured by 

selecting five inputs namely: SystolicBP, DiastolicBP, 

PulseRate, OxygenSaturation, and Temperature having 3,3,3,2,2 

membership functions respectively and one output as Health 

Status. The generated fuzzy inference system structure contains 

108 fuzzy rules.  

    The ANFIS model structure is as shown in the figure 3 below. 

The five inputs each having the membership functions are 

represented. With the help of these membership functions the 

rules are constructed and accordingly an output is generated. 

There are 108 rules (3*3*3*2*2)for five inputs and one output. 

The additional information about the developed ANFIS system is 

as follows: 

1) Number of nodes: 250 

2) Number of linear parameters: 648 

3) Number of nonlinear parameters: 26 

4) Total number of parameters: 674 

5) Number of training data pairs: 1620 

Start 

Load training & testing data 

FIS Model generation 

Input parameters & membership functions                  

FIS model optimization method (hybrid) 

Number of epochs for training and testing data 

Training data into ANFIS system 

Training 

finished? 

Results after training 

Testing data into ANFIS system 
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Generalised rules, adjusted membership functions and 

output surface 
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6) Number of testing data pairs: 648 

7) Number of fuzzy rules: 108 

8) Error tolerance: 0.0001 

    The initial membership functions corresponding to each of the 

inputs is as shown in the figure 4. Once the ANFIS structure is 

created and initial membership functions are ready, the ANFIS 

system is now trained for the number of epochs so as to get the 

least error and the optimized results. After training is completed 

the system is tested for the testing data loaded. 

In our system the data is trained for 300 epochs. The average 

training and testing errors obtained for 300 epochs are 0.15571 

and 0.24688 respectively.

  

  
Figure3. ANFIS model structure
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Figure4. Initial membership functions before training 
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Figure5. Final membership functions after training 
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Figure6. Initial surface plots before training 
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Figure7. Final surface plots after training 
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During the process of training the initial membership functions 

associated with each of the inputs undergo changes and shift in 

their position. This shift in membership functions in one way 

indicates that the system has undergone appropriate training. The 

final membership functions obtained after training are as shown 

in the figure 5. Similar to the membership functions the surface 

plot between inputs and output is different before training and 

after training the ANFIS system. This can be easily understood 

by comparing both the surface plots. Figure 6 and Figure 7 shows  

some of the surface plots before training and after training 

respectively. 

V. CONCLUSION 

This paper introduced the initial attempts for remote health 

monitoring using Adaptive Neuro-Fuzzy Inference System 

adaptive learning mechanism. The performance of ANFIS was 

evaluated by diagnosing number of patients under the 

supervision of a medical practitioner in a private healthcare 

centre. After comparing the results obtained from the developed 

system and the opinion of the physician it was found that the 

ANFIS system proved to be satisfactory with the minimum 

training error of 0.15571. The ANFIS approach has successfully 

solved the problem of incompleteness in the fuzzy rule base 

made by the human expert. Hence, the system can be used 

effectively for home health monitoring. Future research could be 

to monitor the health of patients on a continuous, regular and real 

time basis. The developed healthcare system will thus be useful 

for the elderly and terminally ill patients confined within their 

homes and at the same time helpful to the pregnant women for 

their regular checkups without personally visiting to the clinic. 
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Abstract- An attempt has been made to study one of the most 

severe hazards in West Bengal, India. Study has been carried out 

to analyze and report the river bank erosion due to morphometric 

change of the Ganga River, upstream of Farakka Barrage up to 

Rajmahal. Here, Sinuosity, Braidedness Index, percentage of the 

island area to the total river reach area have been measured for 

the year of 1955, 1977, 1990, 2001, 2003, 2005 and 2010. The 

analysis shows a drastic increase in all of those parameters over 

the period of time. For increasing sinuosity, the river has been 

engulfing the large areas of left bank every year. The victims are 

mostly from Malda district. Another task of this study is to get 

the temporal shift monitoring for the river reach. 22 cross-

sections have been made to get that shift statistics along each 

cross-section. This task has been followed by vulnerability 

analysis to assess the risk for the gram-panchayets for next 10 

years. These risk zones have been identified by applying linear 

regression method for each cross-section after proper validation. 

So, by risk zoning with the aid of remote sensing and GIS 

technologies, we can plan for better hazard prevention and 

preparedness programs. 

 

Index Terms- Morphometric change, shift, Vulnerability 

analysis, remote sensing and GIS. 

 

I. INTRODUCTION 

ufficient energy for bank erosion and intensified secondary 

circulation appear to be necessary for active meandering 

(Richard, 1973). Bank erosion for channel migration demands 

available stream energy that reaches its peak level during bank 

full stage. Higher velocity and direct flow against one bank 

enforce the changing in direction of the alternate sides in the 

downward stretch. More dramatic changes may result from the 

formation of cut-offs. In this process, the pattern of broad 

channel may change, new bars may be formed and the old bars 

may be destroyed and the whole channel may shift across the 

flood plain. 

          The time sequential Earth Observation Satellite data play a 

facilitator role in conceptualization of the morphogenesis of the 

landform units in a meaningful way through visual 

communication to enrich the individual thinking on the matter. 

The spatial database generated through comparative study of the 

SOI toposheets, Police Station maps with the up-to-date satellite 

imageries reveal that the oscillation of the Ganga River is very 

much restricted within the limit of the former flood plain of the 

river, at least in the last century. This base line data  may be 

considered as a synergetic tool by the decision makers for better 

understanding to put effort in setting up related technical aspects 

and social adaptations in monitoring of the recurrence of the 

natural disasters like flood, bank failures etc. in this stretch of 

river reach.  

          Remote sensing will give the accurate bird’s-eye picture of 

the total area at a particular time which is spatially corrected and 

true to scale. GIS will correlate temporal, spatial as well as non-

spatial information, to make a comparative analysis among them. 

So, satellite data interpretation in GIS environment gives us the 

primary data base to analyze in statistical control followed by the 

outcome of a tentative tendency of the river oscillation for future.   

 

II. BRIEF DESCRIPTION OF THE STUDY AREA 

          The study area comprises Ganga River channel flowing 

through five blocks of Malda district and two blocks of 

Murshidabad district of West Bengal. These are Manikchak, 

Kaliachak-I,II,III and English Bazar of Malda District and 

Farakka and Shamsherganj of Murshidabad District.  The area 

extends from 87
0
76’ E to 88

0
 E and from 24

0
64’ N to 25

0
29’ N. 

This stretch of the river has been taken to study the 

morphometric changes in this project. Another micro-level study, 

carried out for the mouza Jot Kasturi of Kaliachak-II block, has a 

geographical extent from 24
0
39’ N to 25

0
14’ N and 87

0
44’ E to 

88
0
12’ E. This mouza has an area of 288.49 km

2
. Number of 

household is 926. Total population of the mouza is 4491 among 

which 2353 are male and 2138 are female (2001).  

 

III. METHODOLOGY 

           Firstly, river layers for the total study area have been 

generated from Police Station Map, Toposheets and satellite 

images of 1977, 1990, 2001, 2003, 2005, 2009 and 2010. Those 

river reaches are then used for a comparative analysis of 

sinuosity, braidedness and island area. These are also used for 

shift measurement of left bank along 22 cross sections, which are 

made across the study area river reach. It helps to identify the 

vulnerable zones along the left bank of the river and analyze the 

economic viability of the bank protection measures to be taken 

along those vulnerable banks.   

 

S  
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IV. DATA USED 

 

 

 
 

V. RESULTS AND ANALYSIS 

DETECTION OF CHANGE IN GANGA RIVER 

MORPHOMETRY WITH TIME: 

1920-21 Ganga River reach:   

          The river course has been taken from the 1920-21 Police 

Station Map. It shows the river course before the establishment 

of Farakka barrage. The river course was almost straight. The 

sinuosity index for the entire river reach from Rajmahal to 

Farakka Barrage was 1.09. There was a very small island 

developed in the river reach and the island area is 2.1 km
2
. which 

is 1.72 % of the total river area. The braiding of the river was 

also very low. The measured Braiding Index is 0.12. The one 

cause must be that till then there was no obstruction before the 

river. River width was also quite small. 

 

1977 Ganga River reach:   
          The river has been digitized from the Landsat MSS data 

of10th Feb, 1977. Here river started bending just after the 

Farakka barrage establishment. The river course got a bend about 

14 km upstream of the barrage. The sinuosity index of the total 

river reach was 1.12. From 1920s, the sinuosity has changed 

0.03104. The island area in this year has been also increased. It 

has increased to 24.94 km
2
; which is 12.89 % of the total river 

area. So it’s the year when there was a drastic change in the 

island area, an increase of 11.17% island area, may be partly 

because of the long gap from the date of survey of the previous 

data. The river width has also increased. It shows that the lateral 

erosion has been increased because of high sedimentation.  The 

Braiding Index was also increased with the increasing islands. It 

has been measured as 0.82. But, the river and island area may 

have some error because of the low resolution of the Landsat 

MSS data. 

 

1990 Ganga River reach:     

          The river course has been traced out from the Landsat TM 

imagery of 21
st
 November, 1990. In this year, the bend became 

broader and it was at a higher distance from the barrage than 

1977. The sinuosity became slightly lower at 1.1. The total area 

of the islands increased to 71.13 km
2
, which is 29.4% of the total 

river reach area. So, the island area now has increased by 

18.23%.The Braiding Index has been also increased. All the 

measurements give the hints of higher sedimentation over time. 

 

2001 Ganga River reach:       
          Here the river reach has been identified from the Landsat 

ETM+ imagery of 20
th

 October, 2001. The sinuosity has been 

increased this time to 1.14. That means the river became more 

sinuous. The linear distance between the barrage and the cross 

section where the highest bend occurred, is about 21.7 km. Island 

area has also increased more because of high sedimentation. It 

had increased to 90.21 km
2
, which is 33.78% of the total river 

reach area. So, the island area was increased by 4.38% from 

1990. The braiding index has also increased to 1.32. In this year, 

a typical character of river morphometry has been found. Two 

prominent channels were diverted from the main river. They had 

diverted mainly from the Manikchak area, on the right bank of 

which there is a rigid geological obstruction in the form of 

Rajmahal hills. The right cannel diverted from the opposite of 

Manikchak Ghat area near Rajmahal hills and joined again with 

the main channel near a place about 15 km upstream of the 

Farakka Barrage. Another channel called the Central Channel 

diverts itself about 7.8 km downstream of the right channel 

diversion and merges with the main channel about 200 mts 

upstream of the right channel meeting place. Among these 

channels also, there were many interconnected narrow channels. 

 

2003 Ganga River reach:    

          The river reach was identified and analyzed from the IRS 

LISS-III data of February, 2003. Sinuosity measure was higher 

than the previous years, It was 1.21. The areal distance between 
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the barrage and the cross section where the highest bend 

occurred, is about 21.8 km. So, the major bend of the river seems 

to have its trend towards north-east, because, it is moving 

towards upstream and eroding its left bank. The Braiding index 

also increased to 2.08. The island area is measured as 119.11 

km
2
. That is 45.55% of the total river reach area 

 

2005 Ganga River reach:    

          The river has been identified from the IRS LISS-III 

satellite imagery. The image is of 15
th

 November, 2005. The 

sinuosity has been measured as 1.25. The Braiding index has also 

been increased to 2.17. Here the island area has been measured 

as 242.57 km
2
. It is less than the island area of 2003, but we can 

see from the previous analysis that the island area has a trend to 

be increased over time. So, it may be assumed that, because of 

the higher water level in November than February, the visual 

island area measurement has given lesser value. In this year the 

island covers about 39.6% of the total river reach. 

 

2010 Ganga River reach:    

          The river reach has been taken from LANDSAT TM data 

received on 25
th

 Nov, 2009. Sinuosity has been slightly increased 

to 1.22. This year the island area has come to 296.69 km
2
. It is 

66% of the total river reach. The sinuosity has been decreased 

here mainly due to the diversion of main flow from left to mid 

channel. Channel area has been considerably changed for the 

sudden huge sedimentation in left channel. So, with that 

braidedness has also increased to about 2.50. 

 

 

 
Fig-1: Changing Course of river through time 

 

 
Chart-1 
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Chart-2                                                                                  Chart-3 

 

LEFT BANK SHIFT ANALYSIS AND STATISTICAL 

APROACH TO IDENTIFY VULNERABLE AREAS: 

           For the temporal study on left bank shift of Ganga River, 

22 cross-sections, parallel to each other have been made covering 

the entire stretch of the river. Superimposing left bank position in 

different years, average and highest shifts per year for the study 

area have been measured as follows. 

 
Fig-2: Cross-Sections across the river reach
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Chart-4                                                                               Chart-5 

 

Table-1: Showing Shifts along Cross-Sections 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1920-1971 1971-1977 1977-1990 1990-2001 

2001-

2003 2003-2005 2005-2010 

A 3075 208 1277 381 1 -49 236 

B 0 1395 1089 -465 -8 94 521 

C -1064 1021 2100 1222 16 50 736 

D 1513 -101 875 876 167 264 27 

E 2436 232 194 65 -54 473 334 

F 2458 421 -72 -1347 44 56 -226 

G 2742 709 -402 520 -91 -21 -78 

H -355 279 -408 687 159 402 472 

I 3665 66 903 591 -12 39 264 

J 5178 -101 147 2436 12 35 3 

K 7120 126 -400 2415 38 37 106 

L 7078 350 201 2200 330 756 16 

M 7335 619 -501 -500 0 439 355 

N 7037 2436 0 7 0 31 45 

O 385 6301 1305 -79 30 -6 12 

P 145 827 2464 334 58 32 40 

Q -520 196 0 17 15 33 26 

R 78 225 -40 0 8 176 689 

S 1680 202 590 616 -10 28 40 

T TOPO U.A 202 60 384 13 17 191 

U TOPO U.A 36 412 -407 -22 237 -196 

V TOPO U.A -1159 -718 780 -2 18 -11 
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Chart-6 

 

         For the shift monitoring of Ganga River, there are sufficient 

temporal satellite data from 1977 onwards, whereas, 

topographical sheet (1:50,000) of 1971 and police station map of 

1920 are also available. Because of the variation of intensity of 

bank erosion in different locations along the left bank of river 

reach in different time span, 22 cross-sections have been drawn 

across the river bank randomly. Temporal shifts have been 

calculated on those individual cross-sections, as shown in the 

following table.  

 

         Here all positive values represent erosion, whereas, all 

negative values represent deposition. 
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Chart-7 

 

             For the risk zoning, along each segment the temporal 

shifts have been measured. Then regression trend line has been 

drawn for each cross-section. On the basis of this temporal shift 

of left bank since remote past, this study went through a 

validation procedure which suggests a statistical technique that 

results a prediction closest to the fact. In that procedure, 

regression analysis has been carried out for the shifts up to 2003, 

based on which, the trend of erosion has been predicted for 2003-

2010. We have the actual shift measurements for that predicted 

time span. So, we can compare the linear as well as polynomial 

regression methods. We can get the most preferable method to be 

used which has less discrepancy between the predicted and actual 

shift during 2003-2010.  As a result, Linear Regression Method 

was preferred most because it has the highest similarity with the 

actual scenario.  

 

  POLYNOMIAL       
LINEAR 

(Y-ax+b) 

ACTUAL 

2003-2010 

A -344.5x
2
 + 1592.x - 912 -3762   A 28.1 88 

B 543.1x
3
 - 3883x

2
 + 7540.x - 2806 19955.6   B -1514.8 510 

C -571.2x
2
 + 2466.x - 793.2 -6560.4   C -272.8 391.4 

D -421.2x
2
 + 2186.x - 1853 -3900.2   D 736 147.6 

E -20.25x
2
 + 2.55x + 254.7 -459   E -236.2 581.4 

F 471x
2
 - 2595.x + 2718 4104   F -1080.6 -182.4 

G 

-594.3x
3
 + 4582.x

2
 - 10698x + 

7419 -20185.8   G -333.3 -418 

H -567.5x
3
 + 4296x

2
 - 9602.x + 6153 -19383   H 436.5 539 

I -360x
2
 + 1745.x - 1276 -3766   I 195.9 190 

J -668x
2
 + 3602.x - 3373 -5809   J 1543.3 30 

K 

-1422.x
3
 + 10204x

2
 - 21181x + 

12526 -54368   K 1437.6 119 

L 

-1002.x
3
 + 7091x

2
 - 14402x + 

8664 -38904   L 1448.9 347 

M 405x
2
 - 2210.x + 2393 3713   M -745.1 -171 

N 

-409.5x
3
 + 3678.x

2
 - 10605x + 

9772 -9902   N -1944.6 -20 

O 

-353.1x
3
 + 3925x

2
 - 14299x + 

17028 -3735.6   O -5176 9 

P -478.2x
2
 + 1947.x - 361.2 -5894.4   P -632.2 82 

Q -38.66x
3
 + 338.5x

2
 - 940.8x + 837 -972.36   Q -127.1 71 

R 68.25x
2
 - 402.3x + 542.2 585.4   R -165.6 665 

S -253.5x
2
 + 1206.x - 765.5 -2655.5   S 136 75 

T -193.5x
3
 + 1394x

2
 - 2969.x + 1971 -11397   T 79.7 203 

U 399.8x
3
 - 2996.x

2
 + 6566.x - 3934 13962.8   U -342.8 45 

V -305.7x
2
 + 2025.x - 3045 -1900.2   V 1464.4 11 
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         With this method, trend identification has been made on the cross-sections for the next 10 years on the basis of measured shifts 

in past time spans.  

 

CROSS-

SECTIONS 

TRENDLINE EQUATION BY  

LINEAR REGRESSION 

LEFT BANK  SHIFT WHEN x IS 

10 YEARS 

(positive shows erosion, negative 

shows deposition) 

 

A -365.5x+2205 -1450 Deposition 

B -76.28x+680.2 -82.6 Deposition 

C 49.07x+386.7 877.4 Erosion 

D -158.4x+1151 -433 Deposition 

E -216.8x+1393 -775 Deposition 

F -309.5x+1428 -1667 Deposition 

G -343.1x+1855 -1576 Deposition 

H 117.6x-294 880 Erosion 

I -399x+2384 -6374 Deposition 

J -549.5x+3299 -2196 Deposition 

K -742.2x+4317 -3105 Deposition 

L -723x+4453 -2777 Deposition 

M -742.8x+4078 -3350 Deposition 

N -920.9x+5048 -4161 Deposition 

O -536x+3279 -2081 Deposition 

P -153.9x+1173 -366 Deposition 

Q 47.39x-222.8 251.1 Erosion 

R 63.67x-92.42 544.28 Erosion 

S -209.5x+1287 -808 Deposition 

T 5.571x+1001.5 157.21 Erosion 

U -22.14x+97.14 -124.26 Deposition 

V 108.4x-589.8 494.2 Erosion 

  

Table: 1 
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Fig: 6 

 

VI. CONCLUSION 

        To conclude on the study, it can be said that remote sensing 

and GIS technology with the aid of GPS can prove itself very 

important in utilization of land resources and mitigation 

purposes. Since the middle of 20
th

 century, thousands of people 

had been changed from land owners to refugees. Changes in their 

lifestyles are evidenced by the linear bamboo huts along the 

roads. Sometimes clashes occur between refugees and local 

people. Trend of the river course is now to shift westward again. 

Mid channel is going to be the main channel and a huge land is 

expected to be added to the mainland with the sedimentation in 

the left channel. This is the land which was once eroded 

relatively. The main discharge is expected to flow through the 

mid-channel, which will naturally hit the left bank south of 

Panchanandapur. After 1977, the river was shifting westward in 

this area leaving numerous spill channels. But, those areas again 

are becoming vulnerable to erosion. These areas should be kept 

in government authorities’ attention to take preventive bank 

erosion measures like making spurs. The expected additional 

land including left channel should be bounded by permanent 

bank protection schemes, so that, further eastward devastating 

shift can be avoided in future. In this area, it is natural for the 

river to swing eastward and westward. But with the help of study 

of river oscillation from multi-dated satellite images, we can 

make a conceptual prediction on the river’s future trend and thus 

vulnerable areas can be identified, so that, it can help the 

administration to make mitigation programs for natural hazards 

like river bank erosion.  
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Abstract- Quality differences among the three Ethiopian 

plantation white sugars from Metahara, Finchaa and Wonji sugar 

factories and refined sugar (control) in reference to the 

carbonated soft drink industry requirements were evaluated. 

Degree of pol (
o
Z), sucrose (%), color (IU), turbidity (IU), pH, 

reducing sugar (%) and SO2 (mg/kg) for the three sugar samples 

were: 99.73–99.79, 99.73–99.79, 210-271, 181210, 6.59-6.82, 

0.032-0.083 and 10.60–13.11, respectively, and for the control 

sugar sample were: 99.94, 99.94, 36, 10, 7.21, 0.076 and 0.00, 

respectively. Conductivity ash (%), moisture (%), dextran 

(mg/kg), insoluble matter (mg/kg), particle size (mm), iron 

(mg/kg), copper (mg/kg) and lead (mg/kg) contents were: 0.012-

0.018, 0.010-0.023, 72-78, 82.67-118.67, 0.90-1.02, 0.97-1.56, 

0.26-0.42 and 0.11-0.30, respectively and for the control sugar 

sample were: 0.003, 0.013, 74.67, 4.67, 0.65, 0.21, 0.13 and 0.11, 

respectively. The three plantation white sugars have certain 

quality differences like pol, color, SO2, reducing sugar, iron, 

copper and lead contents. Sugars from Finchaa and Metahara 

have exhibited almost similar and better quality than Wonji 

possibly on the account of high pol and sucrose, lower- SO2, 

insoluble matter and turbidity. Although the three sugar samples 

met the Codex Alimentarius standards set for the plantation white 

sugars and some quality requirements of the soft drink industry, 

there are still limitations particularly on pol, SO2, color, turbidity 

and insoluble matter for direct use in the carbonated soft drink 

industries.   

 

Index Terms- Finchaa; Metahara; Physicochemical quality; 

Plantation white sugar; Soft drinks; and Wonji 

 

I. INTRODUCTION 

ugar cane (Saccharum officinarum) is the major raw material 

for the production of sugar. In the cane sugar processing four 

key operations are involved: extraction of raw juice, purification, 

evaporation, and crystallization. The end-product, raw sugar, is 

about 96.0-98.5% sucrose, which is further refined to remove the 

remaining impurities to the extent that the final product is 99.9% 

sucrose (Rein, 2008). Sugar is principally used as a sweetener, 

but also as filler and preservative. Its industrial users include 

bakeries, manufacturers of: confectioneries, pharmaceuticals, soft 

drinks, vegetable canneries and dairy. Sugar makes about 10% of 

the soft drinks content. Carbonated soft drinks account 45% of 

sugar consumption in the soft drink industries (Shachman, 2005).  

 

         Sugar quality features such as color, polarization, sulfur 

dioxide, iron, lead, arsenic, ash, moisture content, total 

suspended matter, invert sugar, turbidity, particle size, flocks, 

odor, taste, total bacteria, yeast and mould counts are commonly 

used to evaluate the quality of sugar for the carbonated soft drink 

productions (Shachman, 2005; Eggleston et al 2003; Hamerski et 

al. 2012; Eggleston et al. 2011). These quality features are 

affected by many factors such as variety, maturity level of the 

cane, weather conditions, diseases, growing-harvesting 

conditions, cut-to-crush delay and by the processing technology 

used (Godshall et al., 2002; Hamerski et al. 2012; Eggleston et 

al. 2011). Although plantation white sugar is acceptable as a 

food, it has certain limitation to fulfill the requirements of certain 

users, for example carbonated beverage, pharmaceutical 

manufacturers, canners and confectionery manufacturers that 

requires high degree of purity that can be satisfied from the 

refined sugar or more recently from direct white sugar products 

(Rein, 2008). Particularly, the carbonated soft drink industries, 

which have strict quality requirement is a potential market for the 

Ethiopian sugar industries. But the carbonated soft drink 

industries are importing huge amount of refined sugar from 

abroad that meets their quality standards. This is mainly because 

of some quality limitations in the plantation white sugars that can 

impair their production processes and the final soft drink quality. 

Some of the common defects in the soft drink industries that can 

be related with poor sugar quality are formation of acid flocks 

(turbidity), alteration of flavor, color and taste (Steindl and 

Doherty, 2005). 

         Currently, the Ethiopian Government is building modern 

sugar factories and expanding the existing ones with the aim of 

maximizing the production volume to alleviate the current 

scarcity of sugar in the country (EIA, 2008). This work was 

conducted in view of the limited information on quality 

evaluation of Ethiopian plantation white sugar with reference to 

the carbonated soft drinks, canners and pharmaceutical 

requirements. Thus, in this work, physicochemical properties of 

the plantation white sugars from Metahara, Finchaa and Wonji, 

Ethiopia in reference to the requirements of carbonated soft 

drinks are reported. 

 

II. MATERIALS AND METHODS   

Experimental site   

         All physicochemical quality analysis except the trace 

metals were conducted at the Ethiopian Sugar Development 

Agency, Sugar and Ethanol Technology Laboratory, Wonji. 

S  
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Trace metal analysis were conducted at Haramaya University, 

Ethiopia. 

 

Collection of samples 

         Annual composite plantation white sugar samples from 

Metahara, Finchaa and Wonji sugar factories produced in 

2009/2010 working season was collected from Ethiopian Sugar 

Development Agency, Sugar and Ethanol Technology 

Laboratory, Wonji, Ethiopia. Control sample, imported refined 

sugar from the United Sugar Company, Saudi Arabia, which is in 

use by the East Africa Bottling Share Company under the 

approval of Coca Cola International was collected from the East 

Africa Bottling Share Company, Dire Dawa Plant, Dire Dawa, 

Ethiopia. Information on processing technology and cane 

varieties used at the three sugar factories were collected using 

semi-structured questionnaires. 

 

         Polarization (
o
Z)- was determined by Automatic 

Saccarometer (Model: AUTOPOL 880, SN: 80851, USA) using 

a light source 589.44 nm (yellow) according to ICUMSA method 

GS1/2/3-1 (1994). 

 

         Sucrose content (%)- was determined after dissolving 52.0 

g sugar sample and employing lead acetate as clarifying agent by 

Automatic Saccarometer (Model: AUTOPOL 880, SN: 80851, 

USA) taking reading before and after inversion of the sample 

with hydrochloric acid according to AOAC (1990).  

)20(53.0)13(0794.056.132

)(100
 (%)






tm

IP
Sucrose

 
 

         Where: P= direct reading, normal solution; I= invert 

reading, normal solution; t = temperature at which readings was 

made; m=g total solid from original sample in 100 mL invert 

solution 

 

         Color (IU)-was measured at absorbance of 420 nm 

according to ICUMSA method GS 1-7 (1994) and the value was 

expressed in ICUMSA Units (IU). 

 

         Turbidity (IU) -was determined according to SMRI Test 

methods TM025 (2004) as ICUMSA color absorbance (420 nm) 

difference between unfiltered and filtered (0.45 µm cellulose 

nitrate membrane) solutions after dissolving sugar sample (50 

g/100 mL) in distilled water.  

 

         The pH of sugar solution (50g/100g concentration) was 

determined using glass electrode attached to pH meter (Model: 

3P, INDIA) after calibration at pH 4.00, 7.00 and 9.00 at 20
O
C 

following ICUMSA method GS1/2/3/4/7/8-23 (1994).  

 

         Reducing sugar content (%)-was determined by Lane and 

Eynon constant volume titrametric method of ICUMSA method 

GS1/3/7-3 (1994).  

 

         Sulfite content (mg/kg) was determined by measuring 

absorbance at 560 nm with UV–VIS spectrophotometer (Model: 

Light wave II, SN: 109888, UK) for both sample and standard 

sulfite sugar solutions of sulfite/rosaniline complex color that 

were developed by reaction of decolorized rosaniline solution in 

the presence of formaldehyde by ICUMSA method GS2-33 

(1994). Amount of SO2 in each sample was estimated from the 

standard calibration curve.  

)(

10SO  g
 /SO mg 2

2
gsugarofmass

xgraphfrom
sugarkg




 
 

         Conductivity ash (%) -Inorganic, soluble ash content was 

determined by measuring electrical conductivity with 

conductivity meter (Model: seven easy, SN: 1229305224, 

CHINA) at 20±0.2 
O
C after dissolving sugar sample (31.3 g/100 

mL) in distilled water according to ICUMSA method GS2/3-17 

(1994).  

 

         Moisture content (%)- was determined as mass loss on 

drying (105
 
±1

O
C) for 3 h in an air forced drought oven (Model: 

MIDO/3/CLAD) according to ICUMSA method GS2/1/3-15 

(1994).  

 

         Dextran content (mg/kg)- was determined by ICUMSA 

method GS1-15 (1994) after removal of interferences (starches 

with α-amylase and protein by trichloroacetic acid precipitation 

and filtration) and formation of haze by dextran upon addition of 

denatured absolute ethanol. Absorbance of the haze formed was 

measured at 720nm for both sample and standard dextran 

solutions and dextran content was then estimated from the 

standard calibration curve. 

 

         Insoluble matter content (mg/kg) was determined by 

membrane filtration method as the increase in the mass of 

membrane filter after dissolving sugar sample in hot distilled 

water, filtration (membrane filter of pore size 8.0 µm, 50 mm 

diameter), washing and drying in an oven (Model: 

MIDO/3/CLAD) at 63
O
C for 3 h according to ICUMSA method 

GS2/3-19 (1994).  

 

         Particle size distribution (mm) -was determined by 

sieving method according to ICUMSA method GS2-37 (1994).  

 

Iron, Copper and Lead  

         The Fe, Cu and Pb contents was determined by Flame 

Atomic Absorption Spectroscopy (Model: 210 V GP, SN: 687, 

USA) methods (Leblebici and Volkan, 1998) after digestion of 

sugar sample (100 g). Standard solutions were prepared for iron 

from pure iron wire, copper from copper wire and lead from lead 

nitrate in the range 0-12mg/L, 0-5mg/L and 0-5mg/L, 

respectively. The levels of Fe, Cu and Pb were estimated from 

their respective standard calibration curves after measuring the 

absorbance (nm) for both samples and standards at 248.33, 

324.75 and 283.31, respectively.  

 

Data analysis 

         At least a triplicate data were analyzed for analysis of 

variance (ANOVA) by SAS (2002) statistical analysis software 

version 9.0, 2002, SAS Institute Inc., Cary, NC, USA and mean 

differences were compared using Duncan
’
s Multiple Range Tests 

(DMRT) at p<0.05. Data collected from questioners were 

analyzed qualitatively. 
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III. RESULTS AND DISCUSSION 

Polarization (pol,
 o
Z) 

         The pol for the three plantation white sugar samples had 

varied between 99.73–99.79 (Table 1). Among the plantation 

white sugar samples, the highest pol was for Finchaa and the 

least was for Wonji. The pol for the control sugar sample meets 

minimum pol 99.9
o
Z set for refined sugar (USC, 2008) and was 

significantly (p<0.01) higher than for the three plantation white 

sugars. Wonji had significantly different pol value than Finchaa 

and Metahara. The pol values of the plantation white sugars 

obtained in this work are in the range 99.5-99.8 reported by Rein 

et al. (2007) and also meets the minimum codex standard of 99.5 
o
Z for plantation white sugar (Codex, 2001). Pol is a measure of 

sucrose purity and carbonated soft drink manufacturers require > 

99.9
 o

Z (USC, 2008). Thus, none of the plantation white sugar 

samples meet the pol requirement of the carbonated soft drink 

industries.  

 

Sucrose 

         The sucrose content of the three plantation white sugar 

samples had varied from 99.73 to 99.79 % with the highest being 

for Finchaa (99.79%) and Metahara (99.79%) and the least was 

for Wonji (99.73%) (Table 1). Sucrose content for the control 

sugar sample was 99.94% and was significantly higher (p<0.01) 

than the three plantation white sugar samples. The sucrose 

content of the three plantation white sugars was in the range 

99.50 to 99.80
 
% (Rein et al. 2007), but higher than 99.33 to 

99.55% reported by El-Syiad (2000) for Egyptian plantation 

white sugar. High percentages of sucrose indicate high purity and 

lower impurities. Thus in terms of sucrose content, the three 

plantations white sugar are still inferior as compared to the 

control refined sugar.  

 

Color  

         There is a significant difference in color among the sugar 

samples (p<0.01) (Table 1). The plantation white sugar colors 

were high (210 to 271 IU) (Finchaa > Wonji > Metahara) as 

compared to for the control sugar sample (36 IU) (Table 1). The 

plantation white sugar color was in the range 80 to 250 IU except 

for Finchaa (Steindl and Doherty, 2005), lower than 477 to 667 

IU (El-Syiad, 2000) but was higher than 10 to 80 IU (Trott, 

1988) and the Codex (2001) recommendation of ≤ 150 IU. Color 

to the sugar is contributed from plant pigments (polyphenols- 

such as flavonoids, phenolic acids, phenolic glucosides and 

phenylpropanoids), from a process induced color formations 

(melanoidins, caramels and alkaline degradation products of 

fructose) and by the factors that can impair color removal 

(residual dextran, heavy metal, pH, processing temperature and 

sulfitation efficiency) (Okuno and Tamaki, 2002; Hamerski et al. 

2012). Dextran can increase the viscosity of the juice and thereby 

reduces filtration, crystallization and impair color removal 

efficiency (Godshall et al. 2001). Strong correlations was 

observed between color and trace metals (copper, iron and lead) 

contents because trace metals like iron will reacts with phenolic 

compounds and contribute to the formation of dark brown color 

(Table 2). The relatively high color in Finchaa sugar sample may 

be contributed by high dextran (Table 3), high iron and copper 

than in the Metahara and Wonji sugar samples (Table 4). 

Carbonated soft drink manufacturers demand the maximum color 

of the sugar to be ≤ 45 IU (USC, 2008). None of the samples 

from the local sugar factories satisfied the color requirements of 

the carbonated soft drink industries.  

 

Turbidity   

         The turbidity had varied from 181 to 210 IU for the three 

plantation white sugars and the highest was for Wonji and the 

least was among Metahara and Finchaa (Table 1). The turbidity 

of the three sugar samples were significantly different (p<0.01) 

from the control sugar sample (10 IU). The turbidity found for 

the three samples and control was in the range 100 to 500 IU and 

10 to 30 IU, respectively (Trott, 1988). Strong correlation (r= 

0.951) was observed between turbidity and color since as color 

increases, the non-sugar contents that contributes to the turbidity 

also increases (Table 2). Turbidity is one main parameter used to 

assess the clarification process performance because it is related 

to the presence of non-sugar, flocks and suspended formation 

contributing materials such as starch, dextran and other 

indigenous sugar cane polysaccharides, gums and proteins in the 

juice (Hamerski et al. 2012). The removal of turbidity indicates 

the removal of these components. Soft drink bottlers demand 

non-foaming sugar without turbidity and the plantation white 

sugar from the three sugar factories are limited in this aspect to 

meet the requirements of soft drink industries.  

 

pH  

         The sugar pH had varied significantly (p<0.01) among the 

three plantation white sugars and ranged from 6.59 (Finchaa) to 

6.82 (Metahara) (Table 1). The control refined sugar has the 

highest pH value (7.21). Control of pH has a considerable 

importance because at low pH below 7.0 there is a sucrose losses 

by inversion and at high pH greater than 9.0 there can be an 

increase in the color because of trace reducing sugars 

degradations (Hamerski et al. 2012). The difference in pH among 

the sugar samples could be related to the variation in liming and 

sulphitation degrees on the clarification of the juice.  

 

Reducing sugar  

         There was significant difference (p<0.01) among the three 

plantation white sugars and the control sugar sample on their 

reducing sugar (RS) contents (Finchaa > control > Metahara> 

Wonji) (Table 3). The RS content of white sugar was reported in 

the range of 0.01-0.10% (Trott, 1988). The requirement of 

carbonated soft drink manufacturers for RS content is 0.1% 

(USC, 2008) and all sugar samples can satisfy this requirement. 

The RS content had a positive (r=0.784) and negative (r= -0.612) 

correlations with dextran and sulfite contents, respectively (Table 

2). If there is high RS, with storage of such sugar, there can be an 

increase in the color via caramelization and Maillard reactions.  

 

Sulfite content  

         There was a significant difference (p<0.01) among the three 

plantation white sugars samples on their sulfite contents (Wonji > 

Metahara > Finchaa) (Table 3). The control sample had 

insignificant (virtually 0 mg/kg) sulfite content. The least sulfite 

content found in Finchaa sugar sample as compared to the other 

two sugars indicates, the sulfite application may be reduced or 

the processing in the production of this sugar is somewhat had 
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suppressed the sulfite content since the Finchaa sugar bears the 

highest color (271 IU). According to ICUMSA (1994) the sulfite 

content of plantation white sugar can range from 5 to 15 mg/kg 

and the maximum level recommendation by Codex is 70mg/kg 

(Codex, 2001). The result showed that all samples from the three 

sugar factories can meet the codex recommendations but are 

limited to meet the carbonated soft drink industry demand of 

maximum 6 mg/kg sulfite (USC, 2008).  

 

Conductivity ash   

         The conductivity ash was significantly (p<0.01) varied 

among the sugar samples (Metahara > Wonji > Finchaa > 

control sample). The conductivity ash showed a strong 

correlation with copper (r=0.507), iron (r=0.734) and lead 

(r=0.510) contents (Table 2). Conductivity ash is contributed 

from inorganic cations (calcium, magnesium, potassium), anions 

(chloride, phosphate, nitrate, nitrite, sulphate and sulphite) and 

ionized acids supplied to the factory from the soil associated with 

harvested sugar cane, sugar cane tissues (leaf and stem tissues) 

and lime added during the juice clarification process (Eggleston 

et al. 2011). High conductivity ash in the sugar is a characteristic 

of lower purity of lower economic value (Hamerski et al. 2012). 

The conductivity ash contents of the three sugar samples can 

meet the codex maximum of ≤ 0.1% (Codex, 2001), but except 

for Finchaa and the control sugar samples, the other samples 

from the two factories are limited to meet the carbonated soft 

drink manufacturers requirement of  0.015% (USC, 2008).  

 

Moisture  

         The moisture content had varied significantly (p<0.01) 

among the sugar samples (Table 3) and the highest (0.023%) was 

found in Finchaa and the lowest (0.010%) was for Wonji. 

Moisture content below 0.15 % is generally considered 

satisfactory (Starzak, and Mathlouthi, 2011). All the sugar 

samples had moisture level that lead to safety factor limit of < 

0.25. This condition is not conducive for micro-organisms 

growth to cause spoilage and sucrose losses (Starzak, and 

Mathlouthi, 2011). The carbonated soft drink manufacturers 

require maximum moisture content of ≤ 0.04% (USC, 2008) and 

the Codex (2001) standard for plantation white sugar is ≤ 0.1%. 

Thus, the moisture content of the three plantation white sugar 

samples satisfies both the carbonated soft drink industry 

requirements and the Codex standards.  

 

Dextran  

         There is a significant difference (p<0.05) among sugar 

samples on the dextran contents (Finchaa > control >Metahara 

and Wonji) (Table 3). The dextran contents (71.87 to 78.40 

mg/kg) found for the sugar samples were less than 141 to 374 

mg/kg (El-Syiad, 2000) and 224 to 928 mg/kg (Godshall et al., 

2001) reported for the plantation white sugar. Dextran (molecular 

weight from 1500 to the order of 10
6
 Da) is a polymer of glucose 

synthesized from sucrose by the action of microorganisms 

dextransucrase enzyme secreted by Leuconostoc mesenteroides, 

Streptococcus and Lactobacillus (Kaur and Kaler, 2008; Aquino 

and Franco, 2009). The predominant microorganism implicated 

for dextran formation in the sugar cane industry is Leuconostoc 

species- ubiquitous in sugar cane filed (Aquino and Franco, 

2009). These enter the cane at places of exposed tissue caused by 

machine harvesting, cutting, burning, freezing, disease and pests. 

The presence of dextran indicates a lost sugar and is enhanced 

under wet conditions of temperature greater than 25
O
C. Dextran 

in the juice, syrups and sugars can lead to false pol reading (i.e., 

1000mg/kg dextran can enhance pol reading by 0.3
o
) (Kaur and 

Kaler, 2008). Dextran concentrations greater than 500 mg/kg in 

raw sugar juice can cause processing problems, such as increased 

viscosity, slowed filtration, crystal distortion and sucrose losses 

(Kaur and Kaler, 2008; Aquino, and Franco, 2009). In the 

alcoholic and soft drinks industries, the presence of dextran could 

lead to the formation of haze and precipitations in the products 

and spoilage in other food industries, such as candy and 

chocolate manufacture (Aquino and Franco, 2009). In soft drink 

industry there is a suggestion to use dextran because of its use in 

drugs especially as blood plasma volume expander (Bhavani and 

Nisha, 2010). 

 

Insoluble matter  

         The insoluble matter contents of the sugar samples had 

varied significantly (p<0.01) among the three plantation white 

sugars samples between 82.67 (Finchaa) to 118.67 mg/kg 

(Wonji) (Table 4). The control sugar had very low insoluble 

matter (4.67 mg/kg). The insoluble matters are predominately 

alcohol flocks comprising organic and appreciable amounts of 

inorganics. Soft drink bottlers require a maximum of 10 mg/kg 

insoluble matter content in the sugar sample (USC, 2008). Thus, 

except the control sample, none of the plantation white sugar 

samples met this requirement.  

 

Particle size   

         The particle sizes (mean) of the three plantation white 

sugars samples are coarse and had varied from 0.90 mm to 

1.02mm. There is a significant difference between the control 

sugar sample particle size (0.65 mm) and the three sugar samples 

(p<0.01) (Table 4). According to Baikow (1982), an acceptable 

sugar particle size range is from 0.6-1.0 mm, while the preferred 

size is 0.8 mm (i.e., all sugar samples were in accordance with 

this recommendation).  

 

Trace elements (Fe, Cu and Pb) 

         There was a significant difference (p<0.01) in iron (Fe), 

copper (Cu), and lead (Pb) contents of the plantation white sugar 

samples (Table 4). The Fe, Cu and Pb contents (mean) in the 

plantation white sugars had ranged from 0.97 to 1.56 mg/kg, 0.26 

to 0.42 mg/kg and 0.11 to 0.30 mg/kg, respectively. For the 

control sugar sample, these values were 0.21 mg/kg, 0.13 mg/kg 

and 0.11, respectively. High Fe and Cu contents were found in 

Finchaa sugar sample. Lead content was high in Metahara. 

Carbonated soft drink manufacturers like Coca Cola require 

maximum of 1 mg/kg for Fe and Cu and 0.1 mg/kg for Pb (USC, 

2008). Therefore, among plantation white sugar samples, only 

Wonji can satisfy the maximum allowable trace metal limits, 

whereas Metahara and Finchaa couldn’t meet the Fe and Pb 

limits required by carbonated soft drink manufacturers. The Fe, 

Cu and Pb contents found in the three plantation white sugar 

samples were less than those reported (Mohamed, 1999) (Fe = 

0.16 mg/kg, Cu = 14.00 mg/kg and Pb = 4.00 mg/kg) for 

Egyptian plantation white sugar (sucrose 99.7%). In addition to 

the soil upon which the sugar cane is cultivated, minerals were 
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reported to be contributed by the processing equipment used in 

the plantation white sugar production. There was good 

correlation of color with Cu, Fe and Pb contents (Table 2). This 

may be due to the reaction of trace metals with color precursor 

trace compounds of the cane to give dark color (Godshall et al 

2001).  

 

Processing technology and sugar cane variety utilized among 

the three local factories  

         Using semi-structured questionnaire, information on the 

sugar cane variety and processing technology difference was 

collected from professionals of the three respective factories.  

The number of sugar cane varieties grown and milled at 

Metahara, Finchaa and Wonji farm were 6, 11 and 12, 

respectively. Although there is a difference among the factories 

farm, some common varieties like B-52298 and NCO-334 were 

also grown in all the sugar farms. Sugar cane milling in Ethiopia 

is not done on variety bases. At Metahara cane varieties B 

52298, MEXICO 54/245 and NCO 334 are often crushed 

together. At Wonji B 52298, NCO 334 and N 14 are often 

crushed together. At Finchaa B 52298 and NCO 334 are often 

crushed together. Among these, MEXICO 54/245 were described 

by one factory respondents as poor in quality in terms of color, 

pol, ash and reducing sugar. If other factors are not limiting, it is 

an advantage to reduce the number of different sugarcane 

varieties crushed together to reduce the variety effect on the 

processing. There is a difference on the soil types used in the 

cultivation. At Metahara the soil was vertisol, clay loam and 

sandy soil. At Wonji are heavy clay, sandy loam and sandy 

brown soils and at Finchaa is Luvi and loam soil. Such variation 

might also contribute to the difference in the plantation white 

sugar quality. The three sugar factories virtually exercise similar 

processing technology and process monitoring experiences. 

However, there are some differences that can affect the quality of 

the final sugar to be different. Sugar cane is washed before 

milling by Finchaa by use of pressurized water through spray 

nozzles. Such washing may improve the quality with respect to 

soil mineral load, water soluble impurities and debris provided 

water used may not load additional minerals. There is a 

difference on cane varieties crushed together. At Metahara cane 

varieties B 52298, MEXICO 54/245 and NCO 334 are often 

crushed together. In terms sulphitation techniques, at Metahara 

simultaneous sulphitation, at Wonji pre-liming and at Finchaa 

shock liming are used. Such sulphitation and liming application 

differences are known to contribute to the slight variations on the 

quality of plantation white sugar quality differences (Eggleston et 

al. 2003; Hamerski et al. 2012). 

 

IV. CONCLUSIONS 

         In this study, the physicochemical properties of three 

Ethiopian plantation white sugar samples (Metaharaa, Finchaaa 

and Wonji) were evaluated in reference to the carbonated soft 

drink industry requirements. A significant difference on 

polarization, SO2, color and insolube matter was found among 

the three sugar samples. Sugar samples from Finchaa and 

Metahara have exhibited almost similar and better quality 

standards than Wonji possibly on the account of high polarization 

and sucrose, lower SO2, insoluble matter, turbidity and flocks 

contents. The three plantation white sugar samples although met 

some quality requirements of the carbonated soft drink 

manufacturers, there are considerable limitations, particularly on 

polarization, SO2, color and insoluble matters. Also there are 

limitations for Finchaa and Metahara plantation white sugar 

samples in the iron and lead contents and for Metahara and 

Wonji sugar samples in flocks content to meet the demanded of 

carbonated soft drink industries.   

         Considering the high demand of refined sugar locally 

together with export of raw sugar to European Union and 

complaints from carbonated soft drink industries, further refining 

technology plant annexed to one of the existing sugar factories is 

important both to add value to meet the requirements of soft 

drink and other industry demands for the refined sugar.  
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Table 1. Physicochemical quality (polarization, sucrose content, color, turbidity and pH) of plantation white sugar from three 

(Finchaa, Metahara and Wonji) factories and the control sugar sample 

 
Sugar type pol±SD (

o
Z) SC±SD (%) CO±SD (ICUMSA) TU±SD (IU) pH±SD (pH) 

Finchaa 99.79±0.01
b
 99.79±0.01

b
 271±1.32

a
 181.0±5.99

b
 6.59±0.056

d
 

Metahara 99.78±0.02
b
 99.79±0.01

b
 210±2.20

c
 186.0±7.18

b
 6.82±0.050

b
 

Wonji 99.73±0.01
c
 99.73±0.01

c
 236±3.11

b
 210.4±4.95

a
 6.73±0.015

c
 

Control 99.94±0.01
a
 99.94±0.01

a
 36.0±1.65

d
 10.0±1.64

c
 7.21±0.015

a
 

DMRT 

(p<5%) *** *** *** *** *** 

CV 0.01 0.01 0.96 2. 60 0.57 
Values in the same column followed by the same letter do not differ significantly at 5% probability; *** =significant at 1% 

probability level; DMRT =Duncan Multiple Range Test, CV= Coefficient of Variation; pol = Polarization; SC = Sucrose 

Content; CO =Color; TU=Turbidity; IU=ICUMSA Units and Control= Coca Cola company approved refined sugar sample 

imported from Saudi Arabia 

 

Table 2.  Pearson correlation coefficients for pol, SC, CO, IM, RS and CA 

 DX TU Cu Fe Pb SO2 

Pol 0.199 -0.983*** -0.685** -0.767** -0.324 -0.971*** 

SC 0.200 -0.975*** -0.693** -0.753*** -0.285 -0.959*** 

Color 0.107 0.951*** 0.908*** 0.935*** 0.513 0.917*** 

I.M. -0.293 0.983*** 0.635** 0.743*** 0.333 0.982*** 

RS 0.784*** -0.555 0.125 -0.071 0.099 -0.612** 

CA -0.411 0.938*** 0.507 0.734*** 0.510 0.975*** 

**= P< 0.05;
 
***=P< 0.01; Pol = Polarization (

o
Z); SC = Sucrose Content (%); Color IU); IM= Insoluble Matter 

(%); RS =Reducing Sugar (%); CA= Conductivity Ash (%); DX= Dextran (%); TU= Turbidity (IU); Cu, Fe and Pb 

(mg/kg) = Copper Iron and Lead, respectively and SO2(mg/kg) = sulfur dioxide 

 

 

Table 3. Physicochemical quality (RS, SO2, conductivity ash, moisture and dextran contents) of plantation white sugar from 

three (Finchaa, Metahara and Wonji) sugar factories and the control sugar sample 

 

Sugar 

sample  

RS (%) SO2(mg/kg) CA (%) MC (%) Safety 

factor  

DX (mg/kg) 

Finchaa 0.083±0.002a  10.60±0.056c 0.012±0.00002c 0.023±0.001a  0.11  78.40±1.62a 

Metahara 0.045±0.001c  12.88±0.028b 0.018±0.0002a 0.011±0.001c 0.05  71.87±1.62b 

Wonji 0.032±0.001d  13.11±0.032a 0.016±0.0002b 0.010±0.001c 0.04  71.87±1.62b 

Control 0.076±0.002b   0.00±0.016d 0.003±0.0001d 0.013±0.001b 0.22  74.67±1.62b 

DMRT 

(p<5%) 

*** *** *** ***  ** 

CV 3.08 0. 42 1.21 4.58  2.44 

Values in the same column followed by the same letter do not differ significantly at 5% probability; 

***=significant at 1% probability level; DMRT =Duncan Multiple Range Test, CV = Coefficient of Variation; 

RS=Reducing Sugar; SO2= Sulfur dioxide; CA=Conductivity Ash; MC=Moisture Content; DX =Dextran and 

Control= Coca Cola company approved refined sugar sample imported from Saudi Arabia 

 

 

Table 4. Physicochemical quality (insoluble matter, particle size, iron, copper and lead) of plantation white sugar from three 

(Finchaa, Metahara and Wonji) factories and the control sugar sample 

Sugar type IM±SD  (mg/kg)          PS±SD (mm)      Fe±SD (mg/kg)         Cu±SD  (mg/kg)        Pb±SD(mg/kg) 

Finchaa  82.67±1.15
c
 1.02±0.006

a
 1.56±0.026

a
 0.42±0.01

a
 0.25±0.015

b
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Metahara  95.33±1.15
b
 0.90±0.006

c
 1.29±0.026

b
 0.26±0.01

c
 0.30±0.008

a
 

Wonji 118.67±1.15
a
 0.99±0.006

b
 0.97±0.026

c
 0.28±0.01

b
 0.11±0.008

c
 

Control    4.67±1.15
d
 0.65±0.006

d
 0.21±0.026

d
 0.13±0.01

d
 0.11±0.008

c
 

DMRT (p<5%)        ***       *** *** *** *** 

CV 0.77 0.73 2. 91 1.92 5.88 

Values in the same column followed by the same letter do not differ significantly at 5% probability; 

***=significant at 1% probability level; DMRT =Duncan Multiple Range Test, CV = Coefficient of Variation; IM 

= Insoluble Matter; PS = Particle Size; Fe, Cu and Pb= Iron, Copper and Lead, respectively. 
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Abstract- Monitoring of soil water content (volumetric water 

content, VWC) is an important process in agricultural and 

ecological programs, and a vital process in flood and water 

resource management. There are several methods in estimating 

VWC but often these are time consuming, invasive and 

expensive. This paper investigates the applicability of a surface 

based geophysical technique, Ground-Penetrating Radar (GPR), 

for estimating the VWC in shallow soil (top 0.30 m of soil 

subsurface). The guided wave sounding, GWS, technique (an 

invasive application of the GPR technique) was used on a 

vegetable garden located at latitude 6.67 and longitude -1.56, 

south of the College of Engineering, KNUST, Kumasi, Ghana. 

The MALÅ ProEx GPR equipment using shielded antennae with 

a central frequency of 800 MHz was used for the measurements. 

The result showed that, on the average, the VWC at the top soil 

(0.065 m) containing humus was high (0.12 m
3
m

-3
) as compared 

to depth 0.295 m (0.10 m
3
m

-3
). Thus, the topsoil held more water 

than the soil beneath due to the presence of the organic humus 

layer. The cabbage planted which had an average root depth of 

0.30 m was found to be good for the area. Comparing GWS-

derived soil water content data with the gravimetric soil water 

sampling yielded a root mean square deviation of ±5%. Our 

research shows that the GWS technique offers a good, reliable, 

and relatively easy to use geophysical approach for estimation of 

shallow soil water content 

 

Index Terms- Electromagnetic wave, Geophysical technique, 

GPR, Guided Wave Sounding (GWS), Volumetric Water content 

(VWC) 

 

I. INTRODUCTION 

oil moisture content (volumetric water content, VWC) 

information is needed for studies across a variety of 

disciplines, such as hydrology, soil science, ecology, 

meteorology and agronomy. The accuracy and resolution of soil 

moisture estimates depend on the particular application and 

associated spatial scale of interest. The information obtained 

from monitoring is critical for optimizing crop yields, achieving 

high irrigation efficiencies, planning irrigation scheduling, and 

minimizing lost yield due to waterlogging and salinization. Such 

water content monitoring is also important for addressing issues 

of water quantity and quality, both relevant for managing the 

environmental impacts of irrigated agriculture and for protecting 

functional ecosystems.  

         Direct and indirect methods can be used to determine the 

volumetric water content of soils. The direct methods consist 

essentially of drying and weighing a known volume of a soil 

sample (gravimetric soil sampling method). The indirect methods 

are based on the correlation of certain physical and 

physicochemical properties of the soil with its water content 

(Schlaeger et al., 2005).  The guided wave sounding (GWS) 

survey (which is an indirect method) is an invasive application of 

the GPR technique in a mode similar to that of the conventional 

time domain reflectometry (TDR). This (GWS) method records 

the VWC by making use of the two-way reflection time data 

from the lower end of a metal rod which is lowered into the soil 

by constant increments through a vertical access tube or pipe 

(Preko and Wilhelm 2006). 

         There are several methods such as time domain 

reflectometry (TDR), frequency domain sensor, neutron probe 

and gravimetric method for measuring VWC but often these are 

time consuming, invasive and sometimes expensive. GPR which 

seems to overcome these challenges also have some shortfalls 

which introduce some errors in the measurements (Preko et al., 

2009).  The main reason as to why GPR techniques are not 

commonly used lies in the difficulties which accompany the 

determination of the travel time of the unguided wave. Hence, 

the application of guided wave sounding (GWS) survey (where 

additional provision is made for the easy reflection of the 

transmitted wave) overcomes these difficulties making the GWS 

technique an alternative for estimating the volumetric water 

content (Preko et al., 2009). 

         In the GWS method, a signal is sent down steel probes 

(wave guide), buried in the soil. The transmitted signal is 

reflected back from the end of the probe to the receiver due to 

dielectric contrast between the end of the waveguide and the 

surrounding. The travel time of the signal depends on the type of 

soil, its electrical properties and the water content. Guided wave 

sounding has a number of applications. For example, deep seated 

hydrocarbon accumulations have been successfully detected 

through guided wave sounding from active electromagnetic 

sources (Johansen et al 2005). Other applications of guided 

waves include the detection of fractures and defects (example 

Olsson et al 1992), location of underground tunnels and 

interpretation of geologic features. 

         This paper focuses on the applicability of the GWS 

technique in estimating the water content in the upper 0.30 m 

depth of a vegetable farm. The waveguide used here comprised a 

metal conductor embedded in a dielectric which was principally 

a sandy loam soil. 

 

II. BACKGROUND OF GPR 

         GPR is a geophysical technique that uses electromagnetic 

energy with central frequencies generally between 50 and 1200 

S  
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MHz to image the subsurface. Electromagnetic energy 

propagates the soil from a transmitting antenna, and is modified 

by subsurface contrasts in dielectric permittivity ( r ) and 

magnetic permeability (


). Part of the electromagnetic energy, 

the airwave, passes directly from a transmitting to receiving 

antenna through the air. Another part the ground wave travels 

between the air-ground interfaces beneath ground surface and 

still another part is reflected back to the receiving antenna 

primarily due to vertical differences in the dielectric properties of 

the soil (Davis and Annan 1989). 

 

 

 
 

Figure 1. MALÅ ProEx GPR equipment with an 800 MHz Shielded antenna (A – Console B–Monitor  C – Metal rod  D - 800 

MHz Shielded antenna  E - PVC access tube  F-Stopper) 

 

        The electromagnetic wave velocity propagation in 

subsurface, v  is connected to the dielectric constant of the 

subsurface, r  by Maxwell’s relation for low media 

(Scheuermann et al., 2001) by  

 r

c
v




  (1) 

where c  is the electromagnetic wave velocity in free space 

 

        By knowing the travel path length of the radar wave-front, 

the electromagnetic wave velocity can be estimated from the two 

way travel time, (TWTT) of the reflected wave. From equation 1, 

the velocity ( v ) of the soil can be related to r . 

        Petrophysical relationships, either developed for specific 

soils in the laboratory or with appropriate mixing rules can then 

be used to relate the permittivity to the soil water content. In the 

present study, the third-degree polynomial equation by Topp et 

al., (1980) was used to estimate the VWC from the relative 

dielectric permittivity r  (equation 2) i.e. 

 
2 2 4 2 6 3VWC 5.3 10 2.92 10 5.5 10 4.3 10r r r             

 (2) 

 

III. METHODOLOGY 

Study Area  

        The experiment was performed on the vegetable garden 

located at latitude: 6.67 and longitude: -1.56 south of the College 

Engineering, KNUST, Kumasi, Ghana (figure 2). 
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Figure 2 Map of KNUST, Kumasi showing the study area 

 

 

        The study site figure (3a) was mainly used to cultivate 

lettuce, cabbage and onion which have shallow root zone depth 

range of 0.05 – 0.4 m. This study site was chosen because of 

variations in vegetable crop vigour within the areas of identical 

rootstock might be controlled by natural heterogeneity in soil 

texture and associated VWC. 

 

IV. DATA ACQUISITION 

GWS method 

        Borehole was augured to a depth of 0.5 m below ground 

surface and cased with 22 mm external diameter PVC pipe of 0.5 

m in length. This was used as an access tube for the metal rod. It 

was ensured that the contact between the access tube and the soil 

was very good to avoid errors in the VWC readings (figure 4).  
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Figure 3: Picture showing (a) the study area and (b) observers in the field 

 

 

 
Figure 4 Cylindrical soil model with a metal rod of radius 10 mm at the centre surrounded by a thin air pocket 

 

        Precipitation data over the period of measurement was taken 

from agrometeorological station which is 1.5 km away from the 

study area. The MALÅ ProEx ground penetrating radar 

(GPR) equipment with shielded monostatic antenna of central 

frequency of 800 MHz manufactured by MALÅ Geoscience was 

used for the measurements (figure 1).  

        These measurements were taken with the help of a vertical 

access tube pre-installed into the soil (figure 3b). This served as a 

passage for a metal rod of about 0.4 m in length and with an 

external diameter of 20 mm graduated at 1 cm intervals. The air 

gap between the metal rod and the PVC pipe was very small to 

minimize measurement errors. The 800 MHz shielded antenna 

was positioned close (approximately 1 cm) to the access tube 

with the metal rod midway between the receiver and transmitter. 

This position was maintained throughout the experiment. 

Measurements were taken with the metal rod lowered into the 

access tube at intervals of 1 cm. Guided waves travelling along 

the metal rod were reflected from the lower end of the rod to the 

receiving antenna by reason of the impedance contrast between 

this end and the medium below it (Figure 5). 
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Figure 5 Schematic diagram showing reflected waves from the end of the metal rod (T-Transmitter antenna R- Receiver 

antenna) 

 

        When the rod was lowered down from the depth di to the 

depth df, the interval velocity ,i fv
 was calculated from the 

difference in the guided wave travel times ti and tf, and the 

interval depth if dd 
 by 

 

,

2( ) 2f i

i f

f i

d d d
v

t t t


 


  (3) 

where i and f are the initial and final respectively 

 

        Interval velocities calculated with equation (3) were very 

sensitive to the position and times of the reflection picks. In order 

to reduce processing errors in ,i fv
, running harmonic mean 

values of three interval velocities were calculated by equation 4; 

 1

1
n

k
i

k k

H v
s

g
v

 


  (4) 

 

        where 

1

i

1

g
n

i

i

s





 
  
 


 ,  si = total distance between 

arbitrary points, vi interval velocities, n is the number of interval 

and H is the harmonic velocity. The harmonic mean velocity was 

then related to the permittivity of the soil with equation (1) and 

subsequently VWC was calculated with the Topp et al (1980) 

equation. Further similar measurements were taken with this 

method over a period of 14 days. 

 

V. GRAVIMETRIC SOIL SAMPLING METHOD 

        Soil samples between depth range of 0.02 m to 0.16 m (0.02 

m interval) were taken in crucibles and oven dried at 105
o
C for 

24 hours to measure the gravimetric water content m [g/g]. This 

water content which is generally used as a standard was 

converted into volumetric water content by the equation 5 

(Black, 1965) and comparison with the GPR-derived VWC 

yielded a root mean squared deviation (RMSD) of ± 5%. 

 

VWC   s
m

w







  (5) 

where   m  is Gravimetric water content, w  is density of water  

and s  density of sampled soil. 

 

VI. DATA PROCESSING 

        GPR data were processed with Reflexw software 

(Sandmeier, 2011). Each observation from the end of the metal 

rod at a given depth comprised a minimum of 10 traces. A 

complete survey from the top to the base of the metal rod 

comprised 36 observation points. Traces from each observation 

point were first stacked into a single trace and stored as a file. 
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Subsequently, all 36 files were merged into a single radargram 

(figure 6a). Static errors were corrected for and background 

removal and f–k filtering (Yilmaz, 1987) were done to remove 

steeply dipping diffraction hyperbolae tails arising from the 1 

cm-interval graduation holes drilled in the metal rod. Band pass 

Butterworth filter with a lower cut-off of 266 MHz and an upper 

cut-off of 1066 MHz was applied to remove low- and high 

frequency noise in the data. All these processing steps were 

aimed at increasing the signal-to-noise ratio.  

 

 

 
Figure 6 Data processed; (a) after stacking and merging   (b) after background removal, bandpass frequency, dynamic 

correction, static correction and fk filter 

         Zero-crossing distance–time picks from the radargram 

(figures 7) were loaded in an ASCII-format and the parameters 

for estimating the interval velocities extracted.  
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Figure 7 Radargram from GWS survey. Picks are represented by red points 

 

        Equation (2) was used to calculate the corresponding 

relative dielectric permittivity and Topp et al (1980) equation (3) 

was eventually used to determine the VWC. Table 1 shows a 

table of how a day's VWC was calculated. 

 

Table 1: Steps (from left to right) towards the calculation of VWC 

Two way 

Depth 

[m] 

Two way 

travel time 

[ns] 

Interval 

Depth [m] 

Interval 

Velocity [m/ns] 

Harmonic 

Velocity 

[m/ns] 

Dielectric 

Constant 

VWC [m
3
m

-3
] 

(using Topp's 

model) 

0.050 3.820 0.080 0.149 0.136 4.850 0.076 

0.130 4.156 0.020 0.149 0.124 5.822 0.099 

0.150 4.290 0.040 0.112 0.116 6.746 0.120 

0.190 4.580 0.040 0.128 0.112 7.188 0.130 

0.230 4.803 0.080 0.112 0.114 6.965 0.125 

0.310 5.295 0.020 0.090 0.112 7.188 0.130 

0.330 5.518 0.060 0.128 0.121 6.150 0.107 

0.390 5.854 0.020 0.099 0.112 7.188 0.130 

0.410 6.055 0.020 0.128 0.122 6.040 0.104 

0.430 6.211 0.020 0.112 0.122 6.040 0.104 

0.450 6.390 0.020 0.128 0.117 6.601 0.117 

0.470 6.546 0.020 0.128 0.107 7.799 0.143 

0.490 6.703 0.020 0.099 0.099 9.097 0.170 

0.510 6.904 0.020 0.099 0.107 7.799 0.143 

0.530 7.105 0.020 0.099 0.117 6.601 0.117 

0.550 7.306 0.020 0.128 0.134 4.991 0.080 

0.570 7.462 0.020 0.128 0.141 4.505 0.068 

0.590 7.619 0.020 0.149 0.149 4.043 0.056 

0.610 7.753 0.020 0.149 0.141 4.505 0.068 

0.630 7.887 0.020 0.149 0.138 4.745 0.074 
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VII. RESULTS AND DISCUSSION 

        The VWC-depth distribution is seen in 2 main peaks 

(figures 8-9). This scenario is represented by the fitted curve in 

Fig. 10 which depicts two clear peaks at approximately 0.07 m 

and 0.28 m depths. The water content was very high at the top 10 

cm of the soil. The high VWC here is likely due to the humus 

layer, which like a spongy matrix has a high water retention 

capacity.  This zone coincided with the root zone (0.05-0.08 m) 

of the onions.  The next peak with the highest VWC reaching  

0.25 m
3
m

–3
 occurred in the depth range of 0.20-0.30 m. Close 

examination of this peak shows that it is followed by a sharp 

VWC decrease. It is most likely that the latter peak represents a 

porous soil layer underlain by a more compact layer of weaker 

porosity. Infiltration from other layers into this layer thus results 

in the accumulation of water here. 

 

 

 
Figure 8 VWC distributions over 2 days; (a) 16th April (b) 18th April 

 

 

 
Figure 9 VWC distributions over 2 days; (a) 19st April and (b) 20th April 

 

        Figure 10 shows the fourth degree polynomial fit for VWC-

depth relation (equation 6). The VWC to depth relation for the 

study area is generally given by  

 
4 3 2VWC  660.73  420.58  87.683  6.9491   0.0572x x x x      (6) 

where x is the depth of investigation.  

 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      144 

ISSN 2250-3153  

www.ijsrp.org 

 
Figure 10 Fourth order polynomial fit for VWC and Depth relation 
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Figure 11 Plot of VWC of gravimetric and GWS technique 

 

        Figure 11 shows a comparison between VWC determined in 

the same day from the gravimetric soil water sampling and GWS 

methods. From the graph (figure 11) the VWC values estimated 

using the GWS technique was comparable to that of the 

gravimetric method. However, VWC from the gravimetric 

method was relatively higher than that of the GWS technique. 

This may be  due to the fact that the heating (drying) done in the 

gravimetric method break off all water pockets adsorbed at the 

surface of the soil particles in addition to those trapped between 

soil particles, whereas the GWS method only measures the free 

water between the soil particles, hence rendering the gravimetric 

water sampling values higher. Error analysis revealed that the 

error (root mean square deviation) associated with the GWS 

technique was 5% when compared with the gravimetric method. 

 

Comparison of precipitation with VWC  

        Rainfall observation for the study period was taken from the 

Agrometeorological Station on KNUST campus, which is 

approximately 1.5 km from the field site and experiences similar 

precipitation and rainfall rates as that of the study area. From the 

observation it rained heavily on the 19/04/2012 night with an 

amount of 65.8 mm and also drizzled on the early morning of 

20
th

 with an amount of 8 mm. In the early morning of 25
th

 it also 

drizzled with an amount of 6.7 mm but a day before it was dry 

(no rains). On the 26
th

 it rained with an amount 0f 21.3 mm. But 

for the remaining days there were no rains. Attempt was made to 

ascertain if precipitation influence VWC. 

        From figure 12, observation form the 20
th

 April’s plot, 

reveals that the VWC at the top 0.1 m of the soil was high. This 

may be as a result of the infiltration of rainwater, form the 

previous night, which increased the soil water content at that 

depth. Also, at depth 0.2 m of the 21
st
 April plot, it was observed 

that VWC was high and this could be attributed to the infiltration 

of the rainfall at the top of 0.1 m. (from figure 12). Hence the 

precipitation in the area generally affects the VWC. 
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Figure 12 Plot of VWC with depth for 20th and 21st April 

 

 

Comparing Rainfall event with Average VWC 

        Average VWC was compared with rainfall amount to 

establish how rainfall affects the VWC in the soil in general. 

Generally the rainfall event affects the VWC values obtained 

(relatively high VWC values).  
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Figure 13 A graph comparing Rainfall event with Average VWC over the period of studies 

 

        Considering the average VWC the 20
th

, it was seen that the 

value is the highest. This may be due to the fact that it rained 

heavily on the previous night, with an amount of 65.8 mm and 

also drizzled in the morning of 20
th

 with an amount of 8 mm. On 

the average, the average water content decreased with an average 

amount of 0.03 m
3
m

-3
 on the following day (19

th
). But this 

amount was very small, indicating that, some of the water was 

retained in the soil. From 16
th

 to 19
th 

(figure 8a and 9a), there was 

a small variation in the average VWC of the soil even though it 

had not rained on any of these days (from figure 13). This 

indicates that rainfall was not the only factor that affected the 

VWC in the area. 

 

Temporal VWC for selected depths  

        The VWC was monitored over 6 days; with 4 days of no 

rains, a day of rain event and also what happened after the 

raining event. Temporal volumetric water content for some 

selected depths (depths of interesting observations) was plotted 

over the 6 days. This was to observe how the VWC varies with 

depth during the first 6 days. From figure 13, it was observed 

that, generally, the VWC at the top depth (0.065 m) was higher 

than that of the deeper depth (0.295 m). An interesting 

observation was seen at the depth 0.195 m.  It was observed that 

the volumetric water content at the depth 0.195 m was higher 

than that or the top layer (0.65 m).  This observation likely to be 

transition two layers a more compact soil layer and a less 

compact layer (likely to cause accumulation of water). 
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Figure 14 Temporal VWC for selected depths of 0.065 m, 0.195 m and 29.5 m 

 

        From the graph (figure 14), it was observed that there was 

variation in VWC over the days. This variation could be 

associated to the soil type layers and the weather condition of the 

day or a day before. Moreover, the variation in VWC with depth 

can be associated with the heterogeneous nature of the soil with 

depth. 

 

VIII. CONCLUSION 

        The research has assessed the utility of guided wave 

sounding technique for shallow water content estimation (VWC 

at shallow depth). The result showed that, on the average, the 

VWC at the top soil (0.065 m) containing humus was high (0.12 

m
3
m

-3
) as compared to depth 0.295 m (0.10 m

3
m

-3
). Thus, the 

uppermost topsoil holds more water than the soil beneath due to 

the presence of the organic humus layer. Hence planting of short 

rooted vegetable such as cabbage (which had an average root 

depth of 0.30 m), onions and lettuce was found to be good for 

such area. Rainfall event generally affected the VWC values, but 

it was observed that it was not the only factor. The error (root 

mean square deviation) associated with the technique was 5% 

when compared with the gravimetric method. The GWS 

technique offers a good, reliable, and relatively fast approach for 

field-scale estimation shallow soil water content. It also offers 

the possibility of repeated measurement (daily VWC reading) at 

the same spot and had a minimum disturbance of the soil. A 

similar project is recommend be done on a bigger scale to know 

the spatial distribution of the water content in the field. 
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    Abstract- The study was aimed at ascertaining the prevalence 

of typhoid fever by Salmonella typhii and the four year trend of 

the infection in Etinan, Akwa Ibom State using hospital-based 

data. Hospital records of those who attended the General 

Hospital Etinan for medical attention was collected and collated. 

The four year cumulative prevalence of Salmonella infection was 

63.8% (58.0% for males and 68.2% for females), Prevalence was 

significantly higher among females than among males (x2-test; p 

< 0.05).  Prevalence was comparable in all the years except for 

the year 2001, which had a significantly higher prevalence than 

that of each of the other years (x2-test; p < 0.05 for all the tests). 

A comparison of the prevalence of Salmonella typhi in each of 

the age groups between 2000 and 2003 showed that in 2001, 

there was significantly high prevalence (up to 80%) in the first 

two age groups, 0-4 years and 5-9 years, unlike in the other years 

where prevalence in the same age groups ranged from 12% to 

52% (x2-test; p < 0.05 for all the tests). Generally, prevalence 

among the various age groups ranged from: 12% in 0-4 years age 

group to 90% in the 40-44 years age group in the year 2000, 50% 

in the 10-14 years age group to 90% in the 39-34 years age group 

in 2001, 25% in the 5-9 years age group to 82% in the 10-14 

years age group in 2002, 25% in the 4-9 years age group to 82% 

in the 10-14 years age group in the year 2003. Only the age 

group 5-9 years has prevalence below 50%. Typhoid fever is 

highly prevalent in Etinan, and urgent steps towards its 

mitigation are recommended. 

 

    Index Terms- Typhoid fever, Salmonella typhi, potable water, 

water quality, Hospital. 

 

I. INTRODUCTION 

yphoid fever is a life-threatening infection caused by 

Salmonella serogroup typhii bacterium. There are about 21 

million cases and 200, 000 deaths due to typhoid fever around 

the world (CDC, 2004). It is common in developing world where 

it affects 12.5 million persons each year. In Nigeria between 10% 

and 50% prevalence have been reported (Okpokwasili et al., 

1996), while over 42,000 cases and 1214 deaths were recorded in 

the Congo between 2004 and 2005 (WHO, 2006).  

 

It has an insidious onset characterized by fever, headache, 

constipation, malaise, chills, and myalgia with few clinical 

features that distinguish it from a variety of other infectious 

diseases, but diarrhea is uncommon and vomiting is not usually 

severe.  Others clinical signs include confusion, delirium, 

intestinal perforation and death may occur in severe cases (CDC, 

2004), anorexia, relative bradycardia (slow heart rate), and non-

productive cough (Utah State Dept., 2004). The etiologic agent 

may be recovered from the bloodstream or bone marrow and 

occasionally from stool or urine. 

 

Typhoid is one of the sicknesses arising from microbiological 

contamination of water; and this contamination is enhanced by 

poor sanitation and siting of boreholes close to waste dumps and 

soakaways (Orji, et al. 2006; Nwidu et al., 2008; Akubuenyi et 

al., 2013). The risk factors of enteric typhoid or paratyphoid 

fever varies regionally. For example, in Indonesia, paratyphoid 

fever emanated more significantly from exposures outside the 

home, such as purchase of food from street vendors than from 

within the household avenues such as sharing of utensils, 

presence a patient with typhoid, and inadequate toilet facilities 

(WHO, 2006). It is contracted when a person takes in water or 

food contaminated with the S. typhii bacterium. The food or 

water is contaminated when an affected person handles it. This 

study was therefore undertaken to ascertain the prevalence of 

typhoid fever by Salmonella typhii and the four year trend in 

Etinan, Akwa Ibom State using hospital-based data; as a prelude 

to a comprehensive water quality study on the boreholes.    

 

II. MATERIALS AND METHODS 

A. STUDY AREA 

    The study area was conducted from July, 2009 through 

December 2009 in Etinan, a suburban area in Akwa Ibom State,  

Nigeria. The climate is tropical and the vegetation is 

predominantly semi-tropical rain forest. The area experiences an 

average annual rainfall of about 1600mm. There are two distinct 

seasons, the wet season (April through October) and dry season 

(November through March). The land is good for farming and 

farming is the main occupation of majority of the inhabitants.  

 

The Etinan General Hospital is the major health facility in the 

area. It is the only government owned and subsidized hospital in 

the area. There are a few privately-owned hospitals in Etinan, 

which are barely affordable to the people. Etinan has a number of 

Primary and secondary schools. Etinan has a good number of 

well-read citizens, however majority of inhabitants are relatively 

poor as others in other resource limited countries.  

 

T 
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Etinan lacks adequate supply of potable water. The people 

depend on privately owned commercial boreholes that sell water. 

Most of these boreholes are substandard and there is no effective 

supervisory system to monitor the water quality produced by 

these boreholes.     

 

B. STUDY POPULATION AND DESIGN.  

Data on people presenting themselves for medical attention at the 

General Hospital, Etinan in four years between the year 2000 

through 2003were collected and collated for the study. This 

hospital was chosen because of its general acceptability and 

patronage by vast majority of inhabitants of Etinan Local 

Government Area. As a government-subsidized hospital, it is 

relatively affordable.  

 

To calculate prevalence, the total number of persons who came 

to the hospital with various medical complaints was used as the 

Number of persons examined, while the number of those 

diagnosed with typhoid fever by the doctors was used as the 

Number of positives. This was calculated for the various age 

categories, sexes and years. 

 

C. ETHICAL CONSIDERATION 

The study was approved by the Ethical Committee of the Cross 

River University of Technology Calabar and the Management of 

the Etinan General Hospital, Etinan. 

 

D. ANALYSIS OF DATA 

The SPSS 2010 Version was used to enter the data while Epi Info 

was used to analyze data. The Chi square test was employed to 

ascertain significance of proportions. 

 

III. RESULTS 

    Now it is the time to articulate the research work with ideas 

gathered in above steps by adopting any of below suitable 

approaches: 

A. Prevalence of Salmonella typhii infection 

    The four year cumulative prevalence of Salmonella infection 

was 63.8% (58.0% for males and 68.2% for females), Prevalence 

was significantly higher among females than among males (x2-

test; p < 0.05). Among the age groups, prevalence ranged from 

49.2% to 73.9% (see Table 1). 

 

Comparison of prevalence of Salmonella typhii infection of each 

of the years between 2000 and 2003 in relation to sex is 

presented in Figure 1. Yearly prevalence was comparable in all 

the years except for the year 2001, which had a significantly 

higher prevalence than that of each of the other years (x2-test; p 

< 0.05 for all the tests).  
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Figure 1: Comparison of prevalence of Salmonella typhii 

between 2000 and 2003 in relation to sex 

 

     A comparison of the prevalence of Salmonella typhi in each 

of the age groups between 2000 and 2003 (see Figure 2) showed 

that in 2001, there was significantly high prevalence (up to 80%) 

in the first two age groups, 0-4 years and 5-9 years, unlike in the 

other years where prevalence in the same age groups ranged from 

12% to 52% (x2-test; p < 0.05 for all the tests). Generally, 

prevalence among the various age groups ranged from: 12% in 0-

4 years age group to 90% in the 40-44 years age group in the 

year 2000, 50% in the 10-14 years age group to 90% in the 39-34 

years age group in 2001, 25% in the 5-9 years age group to 82% 

in the 10-14 years age group in 2002, 25% in the 4-9 years age 

group to 82% in the 10-14 years age group in the year 2003.  

 

    The age groups 10-14 years as well as age groups between 15 

and 44 years have prevalence above 66.6% (two-third of persons 

with positive cases). Only the age group 5-9 years has prevalence 

below 50%. 

 

IV. DISCUSSION 

Results from the present study indicate high prevalence of 

typhoid fever in both sexes and in all age groups in Etinan. There 

were more positive cases than negative cases. This could be as a 

result of drinking contaminated water in homes and the use of 

same for domestic activities. Etinan area in Akwa Ibom State of 

Nigeria is facing widespread water scarcity and pollution due to 

effects of thrusts of growth, and urbanization. It is increasingly 

apparent that discharges of both domestic and cottage effluents 

have increased and clean water has become increasingly scarce. 

About a fifth of the world population does not have access to safe 

drinking water (UN, 2006); most of the affected communities are 

found in Asia and sub-Saharan Africa. The provision of portable 

water to the rural and urban population is necessary to prevent 

health hazards (Akubuenyi et al., 2013). The prevalence recorded 

in this study was higher than 39.4% recorded in Nassarawa State 

in middle belt of Nigeria (Iskaku et al., 2013). High prevalence 

of typhoid fever is widespread in Nigeria (Bello and Tanyigna, 

1996). 
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Further analysis of the prevalence trend in four years showed 

strikingly high prevalence in 2001. Similar finding of sudden 

upswing in typhoid fever occurred in some provinces in China in 

1991 and was attributed to poor quality of drinking water (Bello 

and Tanyigna, 1996). The poor quality of water for drinking and 

general domestic uses had assumed a worrisome dimension. The 

inhabitants of Etinan depend mostly on water from commercial 

boreholes for general use. These boreholes are numerous and 

exist as source of income for their owners. They were not closely 

supervised and there were no statutory guidelines or existing 

protocols for quality control. There is no evidence that the World 

Health Organization minimum permissible limits for drinking 

water (WHO, 2003, 2005) are adhered to. This is a typical 

example where the problem of water is more of potability than 

availability (Akubuenyi et al., 2013). Consequently, in Etinan the 

major water source available to the people is contaminated. High 

incidence of typhoid in Nigeria occurs when communal water 

supplies are lowest and people congregate at few sources left. 

There are times when contaminated water is spread by the rains 

(Talabi, 1994). 

 

One of the practices common among the inhabitants that have 

helped in sustaining high prevalence of typhoid in the area was 

the habit of not regularly washing containers used in storing 

drinking water and water for domestic activities. It is common 

knowledge whenever containers, vessels or utensils are 

contaminated with Salmonella, they remain contaminated and 

serve as potential source of infection and reinfection until they 

are thoroughly and regularly washed with detergent (Maudgal et 

al., 1982).  

 

There was high prevalence among the 0 – 4 years age group, 

even though children under two years of age were given boiled 

water. Explanation for this could be that the boiled water were 

served in contaminated plates, utensils and spoons. This unravels 

the high level of ignorance of the epidemiology of typhoid fever, 

and underscores the need for awareness campaign to educate 

inhabitants of the area on the risk factors of the infection as well 

as the essential practices for mitigating the infection. However, 

typhoid fever is generally known to be a disease that is 

predominantly of school age children and young adults (Balraj et 

al., 1992). In Nigeria some research findings indicate 

significantly higher prevalence among those less than 19 years of 

age than those above 20 years (Bello and Tanyigna, 1996). 

 

V. CONCLUSION 

In conclusion, there was high incidence of typhoid fever in 

Etinan in all the subgroups of age and sex between 2000 and 

2003. This high incidence was sustained by the paucity of 

potable water, and the proliferation of unsupervised commercial 

boreholes that produced non-potable water used by inhabitants 

for domestic activities. There is need for detailed protocols for 

monitoring boreholes in the area to ensure that the quality of 

water sold to the people meet the minimum permissible standard. 

The need for awareness campaign to enlighten people on the 

epidemiology of typhoid fever cannot be over-emphasized, so 

also the need to regularly wash all water-storing containers and 

utensils on a regular basis and to improve sanitation and personal 

hygiene. 

 

 

Table 1: Four-year cumulative prevalence of typhoid in relation to age and sex in Etinan 

Age in 

years 

Number examined Number positive (%) 

 Male Femal

e 

Total Male Female Total 

0-4 261 168 429 140 (53.6) 90 (52.9) 230 (53.5) 

5-9 79 40 120 39 (49.4) 20 (50.0) 59 (49.2) 

10-14 37 68 105 22 (59.5) 48 (70.6) 70 (66.7) 

15-19 102 241 343 62 (60.8) 139 (57.7) 201 (58.6) 

20-24 166 283 449 91 (54.8) 208 (73.5) 299 (66.6) 

25-29 190 359 549 122 (64.2) 262 (73.0) 384 (69.9) 

30-34 188 267 455 90 (47.9) 222 (83.1) 311 (68.4) 

35-39 241 311 552 139 (57.7) 238 (76.5) 377 (68.3) 

40-44 156 158 314 100 (64.1) 132 (83.5) 232 (73.9) 

45+ 219 247 466 146 (66.7) 101 (40.9) 247 (53.0) 

Total 1639 2142 3781 951(58.0) 1461 (68.2) 2411(63.8) 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      153 

ISSN 2250-3153  

www.ijsrp.org 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2: COMPARISON OF THE PREVALENCE OF SALMONELLA TYPHII BETWEEN 2000 AND 2003 IN RELATION TO AGE GROUP. 
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    Abstract- A total of 1350 mosquitoes were caught during the 

study. The monthly catches ranged from 210 to 360. Out of this, 

1306 (96.7%) were dissected. Overall, parous rate was 75.0%, 

and ranged from 62.2% in August to 91.3% in December, 2012. 

The variability in parous rates between months was statistically 

significant (×2-test, p < 0.05). Relating monthly parous rates 

with the wet and dry seasons within the sampling months showed 

significant variability, with higher parity in the dry than wet 

season (×2-test, p < 0.05). The analysis of parity levels among 

female mosquitoes caught during the study showed that Parous-

one (P1) was most abundant followed by parous-two. Parous-

four (P4) was the least. The distribution of parity levels in 

relation to the sampling months indicated that the proportion of 

P3s increased in the dry season months while the P1s decreased. 

In conclusion, ascertaining the age distribution of vectors is very 

important as it is useful in monitoring the success or otherwise of 

large-scale vector control measures. It is therefore recommended 

that control measures against adult mosquitoes be initiated and 

sustained in the study area. Periodic verification of the success or 

otherwise of such control measures should be carried out using 

the physiological age determination method.  

 

    Index Terms- Anopheline mosquito, parous rate, biting rate, 

physiological age 

 

I. INTRODUCTION 

he study of the age structure of vector populations is of great 

importance in the epidemiology of vector-borne diseases and 

the assessment of all control measures. The most direct way of 

checking the efficiency of imagicidal measures is to ascertain the 

age composition of the vector population treated with 

insecticides and comparing that with the age composition of 

untreated population. 

Different methods have been used to assess age of vectors. This 

includes assessing wear of the living scales (Zar, 1999), the 

changes in the size of the ampullae of the common oviduct 

(Banerjee et al., 1999), morphological changes in the ampullae of 

the tracheal system of the ovaries (Polovodova, 1941). Age 

determination has also been carried out using near-infrared 

Spectroscopy (Mayagaya et al., 2009), red pigment in the wing 

veins of sharp shooter, Homaloclisca vitripennis, and the ovarian 

oil injection technique (Hoc and Charlwood, 1990).  

The number of previous blood meals taken by a mosquito can be 

deduced from the number of eggs batches laid. The number of 

times a female has laid eggs is determined by the number of 

follicular dilatations in the ovarioles (Githeko et al., 1993). This 

makes it possible to estimate the importance of each female 

mosquito in the transmission of malaria or filariasis. The older 

the female, the greater is her epidemiological significance, as 

each blood meal provides an additional chance of the vectors 

being infected by the host or of the hosts acquiring infection 

from a vector.  

 

The genital apparatus of female mosquitoes experience changes 

in course of the gonotrophic cycles (Beklemisher, 1944). 

Important findings in this respect included age-related changes 

both in the ampullae of the oviduct (Polovodova, 1947), and in 

the tracheoles of the ovaries (Clements, 1992; Detinova, 1968), 

in the presence or otherwise of Corpus luteum in the distal part of 

the female oviduct (Beklemishev, 1944). These findings have 

enabled scientists to easily determine the number of egg batches 

laid by each female mosquito. This is predicated on the principle 

that after completion of a gonotrophic cycle, a normally 

developed follicle leaves a follicular dilatation in the distal end of 

the tube, indicating that the ovariole in question has produced a 

mature egg (Fox and Brust, 1994). However, not all follicular 

tubes behave similarly during each gonotrophic cycle (Hoc and 

Charlwood, 1990). 

 

The usefulness of determining the physiological age of 

mosquitoes is in assessment of the effectiveness or otherwise of 

control measures. It becomes possible to evaluate imagicidal 

control measures. Determination of physiological age of 

mosquitoes enables scientists to estimate several epidemiological 

indices that help for our better understanding of the vector-borne 

disease for informed decision-making processes (Mayagaya et 

al., 2009). 

 

It is more important to determine the physiological age (the 

number of gonotrophic cycles) of adult female mosquitoes than 

the number of days since their emergence. The chances of 

infection of the surviving females increase with each successive 

cycle. The number of gonotrophic cycles of each female is 

therefore very important epidemiologically. This study is 

therefore aimed at ascertaining the age composition of female 

anopheline mosquitoes in Calabar. 

   

II. MATERIALS AND METHODS 

A. Study location  

 The study location was Ekorinim area of Calabar, the 

Capital of Cross River State. The area is endemic for both 

malaria and bancroftian filariasis. The study was carried out 

between September and December, 2012.  

 

T 
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B. Collection of mosquitos  

 The light trap catches were performed and in each 

trapping night, anopheline mosquitoes were collected with light 

traps in three houses. The method employed by Uttah et al. 

(2013a) was adopted. These houses were chosen to represent all 

parts of the study area. The light traps were used in rooms were 

only one occupant slept. The occupant was taught how to turn-on 

and turn-off the trap, and also given an un-impregnated bed-net 

for use around the bed while sleeping. The traps were turned on 

at 1800 hours and turned off at 0600 hours. They were emptied 

and the collected mosquitoes were kept in cool boxes until 

identified and possibly dissected. 

 

C. Laboratory examination 

Collected mosquitoes were brought to the laboratory to be sorted, 

identified and dissected. Anopheline mosquitoes were sexed and 

identified based on external morphology after Gillies and Coetze, 

(1987), Gillies and de Meillon (1968), and Edwards (1941). 

The identified anopheline mosquitoes were knocked down with 

ether and kept in petri-dishes with moist cotton wool to prevent 

desiccation. After removal of legs and wings, the female 

anopheline mosquitoes  were placed on a slide and the ovaries 

were extracted and quickly transferred to a drop of distilled water 

on the slide and examined under high magnification for tracheal 

skeins and classified as parous or nulliparous adapting the 

methods of Kardos and Bellamy (1961) with slight modification. 

All parous females were further dissected to reveal the follicular 

dilatations. The physiological age of each female mosquito was 

determined by counting the number of dilatations in the follicle 

(Hoc and Wilkes, 1995). 

 

III. RESULTS 

     A total of 1350 mosquitoes were caught during the 

study. The monthly catches ranged from 210 to 360 (see Table 

1). Out of this, 1306 (96.7%) were dissected. 

 

Table 1. The total monthly cases and number of dissected 

anopheline mosquitoes during the study. 

Catch days Total number of 

female mosquitoes 

caught 

Total number of 

female 

mosquitoes 

dissected (%) 

August 360 348 (96.7) 

September 300 288 (96.0) 

October 276 270 (97.8) 

November 210 204 (97.1) 

December 204 196 (96.1) 

Total 1350 1306 (96.7%) 

 

 

Parity of female mosquitoes in relation to the month of the year 

is presented in Table 2. Overall, parous rate was 75.0%, and 

ranged from 62.2% in August to 91.3% in December, 2012. The 

variability in parous rates between months was statistically 

significant (×2-test, p < 0.05). 

  

 

 

 

Table 2. Parity of female mosquitoes in relation to catch days 

Catch days No of female 

Mosquitoes 

Dissected 

No. of 

parous (%) 

Percentage 

parous (%) 

August 348  216 62.1 

September 288 204 70.8 

October 270 208 77.0 

November 204 173 84.8 

December 196 179 91.3 

Total 1306 980 75.0 

 

 

Relating monthly parous rates with the wet and dry seasons (See 

Figure 1) within the sampling months showed significant 

variability, with higher parity in the dry than wet season (×2-test, 

p < 0.05). 

 

 
Figure 1. Seasonal differentials (Mean abundance and Parous 

rate) between the wet season months (August – October 2012) 

and the dry season months (November to December 2012). 

 

Analysis of the age of anopheline mosquitoes 

The analysis of parity levels among female mosquitoes caught 

during the study is presented in Table 3. Parous-one was most 

abundant followed by parous-two. Parous-four was the least. 

 

 

Table 3. Parity levels among female mosquitoes caught during 

the study 

Parity cycles Number of 

anopheline 

mosquitoes 

Percentage (%) 

P1 417 42.6 

P2 321 32.8 

P3 235 24.0 

P4 7 0.7 

Total 980 100.0 
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The distribution of parity levels in relation to the sampling 

months is presented in Table 4. The proportion of P3s increased 

in the dry season months while the P1s decreased.  

 

IV. DISCUSSION 

The relative abundance of the adult female mosquitoes feeding 

on man is of great epidemiological importance. The intensive 

biting of adult female mosquitoes is indicative of high relative 

abundance. Secondly, the relatively high percentage of biting 

mosquitoes caught in the area indicates preponderance of 

breeding sites in the area, and this implicates the observed lapses 

in sanitary conditions in the area; aiding the preponderance of 

stagnant water bodies, empty cans, overhead water tanks, broken 

septic tanks, abandoned motor-tyres among others. Furthermore, 

it depicts absence or failure of mosquito control measures in the 

area. 

 

 

Table 4: Distribution of parity levels in relation to the months of 

collection 

Month P1 

(%) 

P2 (%) P3 (%) P4 (%) Total 

August 108 

(50.0) 

67 (31.0) 39 (18.1) 2 (0.9) 216 

September 96 

(47.1) 

74 (36.3) 31 (15.2) 3 (1.5) 204 

October 102 

(50.0) 

67 (32.8) 37 (18.1) 2 (1.0) 208 

November 54 

(31.2) 

59 (34.1) 60 (34.7) 0 (0.0) 173 

December 57 

(31.8) 

54 (30.2) 68 (38.0) 0 (0.0) 179 

Total 417 

(42.6) 

321(32.8) 235(24.0) 7 (0.7) 980 

 

 

Comparing the relative abundance of biting female anopheline 

mosquitoes observed in this study with that of two similar studies 

in southern Nigeria shows similar seasonality trend in relative 

abundance both at Ogbakiri (Uttah et al., 2013a), and 

Umuowaibu, Okigwe (Uttah and Uttah, 2009). It also agrees with 

findings in other places (Gajanana et al., 1997; Mwangangi et al., 

2009). This was expected as mosquito population density 

variations are closely linked to rainfall and temperature (Zyzak et 

al., 2002; Crowley 2003; Uttah et al., 2013a). 

 

In another study in the study area, it was observed that the 

relatively higher malaria rates in the rainy season than in the dry 

season was due to higher infective biting by the anopheline 

mosquitoes during the rainy season. There was relationship 

between malaria occurrence and climatic factors such as rainfall, 

humidity and temperature (Uttah and Uttah 2013). A similar 

seasonal pattern of biting preponderance of female anopheline 

mosquitoes during the rainy season with consequent higher 

infection rates of malaria or filariasis in the same period has been 

reported from many regions of the world (Knight, 1980; Lindsay 

et al., 1991; Ramaiah and Das, 1992; Gyapong et al., 1996; 

Verhoef et al., 1999; Verhoef et al., 2001; Verhoef et al., 2002; 

Dekoninck et al., 2010). The relationship between the named 

climatic factors and malaria or filariasis has been corroborated in 

different regions of the world (Zyzak et al., 2002; Crowley 2003; 

Githeko and Ndegwa, 2001). 

 

The need for blood by adult female mosquitoes to develop their 

eggs is one of the reasons that they have become successful 

vectors of tropical diseases. The age and the ability of vectors to 

survive are among the important factors in the epidemiology of 

vector-borne diseases. Results from this study indicate that there 

was high rate of parous females between August and December 

2912 in the study area. This translates to high longevity of female 

anopheline mosquitoes in the area during the period of study. 

This is epidemiologically significant as any infected female 

anopheline mosquito would be involved in the transmission of 

malaria and filariasis, which are two important human tropical 

infections that are endemic in this area (Ejezie and Akpan, 1992), 

Parous rates in the respective months in this study were 

comparable to that reported at Ogbakiri which like Calabar is a 

coastal town in southern Nigeria (Uttah et al., 2013a). The 

seasonality pattern in parity observed in this study also agrees 

with that observed in Ogbakiri. This preponderance of older 

female mosquitoes during the dry season months could not be 

due to higher mortality during the rainy season because the 

higher humidity level during this season provides favorable 

conditions for survival (Uttah et al., 2013b). The explanation is a 

higher production of nulliparous mosquitoes during the rainy 

season due to the availability of more breeding sites. As the dry 

season gets underway, some of the breeding sites dry up 

completely while the permanent ones thin out both in expanse 

and productivity. This effectively translates to a drop in the 

recruitment of new nulliparous females into the female 

population thereby increasing the proportion of parous ones.  

 

The emergence of Parous-four female anopheline mosquitoes in 

this study could be an indication that mosquitoes are living 

longer now that previously, possibly due to climate change. The 

danger of such trend is that the female anopheline mosquitoes 

would have longer longevity, more gonotrophic cycles, and more 

opportunities to bite and infect more people, making them better 

vectors than they were previously. This will further worsen the 

health status of people living in malaria or filariasis in endemic 

areas. The emergence of the parous-four further underscores the 

need for the health authorities to urgently commence imagicidal 

control measures against female anopheline mosquitoes to curb 

their continued biting menace and transmission of malaria and 

filariasis in Calabar. Filariasis control programme was 

undertaken in Cross River State some years ago, combining 

human treatment (with diethylcarbamizine (DEC) and /or 

Ivermectin) and vector control by different means. There has 

been no sustained effort at mosquito control since then. The high 

parity rate in the study area indicates absence of any effective on-

going vector control measures. Imagicidal control measures 

should be pursued alongside use of Insecticide treated bed nets 

(ITN), since compliance with the latter is presently erratic among 

the people.  

   

V. CONCLUSION 

    In conclusion, ascertaining the age distribution of vectors is 

very important as it is useful in monitoring the success or 
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otherwise of large-scale vector control measures. This is 

important because it enables health authorities to have a clear 

picture of the outcome of every control effort targeted at the 

adult vectors. It is therefore recommended that control measures 

against adult mosquitoes be initiated and sustained in the study 

area. Periodic verification of the success or otherwise of such 

control measures should be carried out using the physiological 

age determination method. 
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Abstract- This Paper is about power-line voice communication 

over the low-voltage network. Power-line communications is the 

use of in-house power supply network for communication 

perseverance. Power-line network has very widespread 

arrangement in every building and power-line is developed for 

transmission of power at 50-60 Hz and 230 volts. Hence use of 

Power-line network for transmission of voice with power supply 

has increased considerations. 

        The communication approach that eventually could be used 

for voice transfer over the power-line network is described. 

Power transmission is achieved by using the principle of 

superimposition of voce over power in power-line cables. The 

structure described can be improved and reformed for future 

requirements. 

 

Index Terms- Power- line Communication, Superimposition,  

Phase lock loop, Pre amplifier, Power amplifier 

 

I. INTRODUCTION 

he word Communication can be defined as the transfer of 

meaningful information from one point to another point over 

a medium or a channel. The power-line communication (PLC) 

refers to transferring the information using power-lines as the 

communication media or channel. The PLC has turn out to be a 

flexible approach to implement low cost and reliable networks in 

home and industrial environment. In PLC, the present alternating 

current (AC) power wires in a building work as a communication  

medium or a channel, by means of which information is 

transmitted from a transceiver toward one or more transceivers.  

         Subsequently no new wires are necessary for the purpose of 

communication in power-line communication systems. As a 

result it significantly decreases the difficulty and struggle of 

installation of new wires, mainly for in-house applications. This 

technology helps to perform communication between the devices 

by connecting each of those to the electrical plug installed in 

each room in a house.  

         In the voice PLC system the transmitter transmits the voice 

signal together with an alternating power having the frequencies 

of 50 Hz. The receiver receives only the voice signal. A power-

line communication system typically operates by superimposing 

a modulated carrier frequency signal on the AC signal in a 

power-line.  

 
Fig 1: Superimposition of two signals 

 

         The superimposition of two signals is represented in the 

figure-1.The principle of superimposition possibly will be 

applied to signals whenever two (or more) signal moving through 

the common channel at the same time. The signals pass through 

each other without getting disturbed. The net displacement of 

superimposed signal at any point of time is merely the sum of the 

individual signal displacements.  

         In-housePower-line voice Communication is a method of 

transmitting voice signals at swiftness through a power-line in a 

building, which consist of three basic elements, firstly a 

transmission line that act as a channel for the transmission of 

carrier signal, next the coupling unit that isolates the device from 

the high-voltage transmission line finally the transmitter which 

modulates by adding the voice signal to the AC signal and 

receivers which demodulates by separating the voice signal from 

AC signal.  

 

II. SYSTEM DESIGN 

         The Voice communication over Power-line is represented 

as shown in figure-2. In Power-line voice communication the 

module used for transmitting the signal is also used for reception. 

The Voltage control oscillator (VCO) present in Phase Lock 

Loop (PLL) is used to modulate the signal during transmission. 

The same PLL is used for demodulating the signal when the 

Module is working as a receiver. Due to this, when the receiver is 

aligned, the transmitter gets aligned automatically. The speaker 

used for receiving the audio is also used as the buzzer to alert the 

user.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

 

 

 

T  
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Fig 2: Block diagram of voice communication over power-

line. 

 

         In Power-line voice communication the module used for 

transmitting the signal is also used for reception. The Voltage 

control oscillator (VCO) present in Phase Lock Loop (PLL) is 

used to modulate the signal during transmission. The same PLL 

is used for demodulating the signal when the Module is working 

as a receiver. Due to this, when the receiver is aligned, the 

transmitter gets aligned automatically. The speaker used for 

receiving the audio is also used as the buzzer to alert the user. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

         In the receive mode, the mains coupling unit separates the 

carrier signal present in the main line and passes it to the phase 

comparator input of the PLL transceiver. Since the free running 

frequency of the VCO present in the PLL unit is set to the carrier 

frequency, the frequency deviation in the carrier is reflected as 

voltage deviation at the output of the PLL unit. This will be the 

demodulated signal, which is amplified using an audio amplifier, 

and is fed to the speaker. 

  

         In the transmitting mode, the signal from the Microphone is 

fed to the VCO of the PLL unit. Therefore, the frequency of the 

VCO is varied with the instantaneous amplitude variation in the 

Microphone signal and appears at the output. This FM signal is 

then transmitted to the mains using the coupling unit.  

   

Mic and Speaker:  

         The Microphone (MIC) contains mouth piece for voice 

signals. It converts voice signal into suitable electrical signal. In 

the system design a condenser MIC is used for voice 

communication. The speaker converts electrical signal into 

suitable voice signal. This audio output device is for ring tone 

alerts at the other module. In this system a 20 watt 4 ohm speaker 

is used, which have hi-fidelity output handling capacity. 

 

PLl transceiver:  

         This Phase Locked Loop block transmits and receives voice 

signals, hence PLL is bidirectional and controlled by a switching 

block Duplexer. If duplexer is in receiving mode, ring tone is fed 

to Ring Tone Generator unit to alert the called party. If called 

party lifts the hand set, this unit switches to transceiver mode and 

hence allows both parties to make a conversation.  

 

duplexer:  

         The duplexer is a multiplexer and acts as digital switch. 

This change-over-switch is fast enough to change each unit as 

signal transmitter and receiver, as per the need. When the voice 

signal is modulated while transmission, the Duplexer changes the 

PLL into transmitting mode and while receiving the voice signal 

is demodulated the duplexer changes the PLL into the receiving 

mode. 

 

power amplifier:  

         The audio amplifier amplifies caller and called party’s 

audio signals with a gain of 200. The amplification is necessary 

as a voice signal has to travel long distance from one module to 

another. This block is bidirectional as each module 

receives/transmits voice signals simultaneously. The power 

amplifier provides the higher current necessary to drive speakers. 

 

Preamplifier: 

         A preamplifier is a component normally used with sound 

equipment to enhance the whole quality of the voice signal. 

Using preamplifier and the power amplifier, the Voice is not 

changed in quality, but it will be much louder. The preamplifier 

only supplies a voltage gain. 

 

Coupling unit:  

         A coupling unit helps to connect the communicating 

module to the power-line. The purpose of the coupling circuits is 

to prevent the damaging of the communication modules by 50 

Hz, 230 volts signal used for power supply. Also it confirms that 

the most important portion of the received/transmitted signal is 

within the frequency band used for communication.  
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III. TESTING AND RESULTS 

         The challenges faced in the PLC communication are noise, 

disturbances, power-line channel impedance variation, and signal 

attenuation. In the distribution network, the most common 

interference can be caused by the various house hold appliances 

and office equipment. The PLC communication system has a 

transmitter and a receiver with sufficiently low output/input 

impedance to approximately match channel impedance in the 

most operating situations.  

 

Set up for Voice communication 

         The setup for Voice communication over power-line is as 

shown in figure 3 & figure 4. The Module1 and Module2 are 

transceivers connected to electrical sink at two different ends 

inside a building for voice transmission and this device is helpful 

in bilateral voice communication over power-line. 

 

 
 

Fig 3: Voice communication transceiver Module1 

 

 
 

Fig 4: Voice communication transceiver Module 2 

 

         The designed Module is divided into these parts: Mains 

Coupling Unit, Phase Locked Loop Transceiver, Duplexer and 

Audio Amplifier. 

         The Mains Coupling Unit couples the voice communication 

unit with power-line.  This unit also provides working voltage of 

9V to the system and allows ring tone & voice signals to enter 

the gadget. The switch decides which section of the Module has 

come-in-to-action. When caller switches ON for communication, 

called party’s system switch is in OFF state. In such situation the 

cradle switch activates PLL Transceiver section, such that ring 

tone generator gets activated and attract the called party’s 

attention towards the Intercom. When called party switches on 

the PLL Transceiver with a digital change over switch Duplexer 

acts as telephone and switch over the Intercom circuit between 

listening mode and talking mode, as per the need. The Audio 

Power Amplifier circuit amplifies the ring tone and voice signals 

to a gain of 200. 

         Mains coupling unit provides the working voltage of 9V to 

the module and allows voice signals to flow between two units 

over power-line. The Mains step down transformer with voltage 

rating of 0-9V is used to draw the required voltage. This stepped 

down 9V across secondary winding is AC in nature but circuits 

need DC. Hence bridge rectifier is constructed using four 

1N4007 rectifier diodes and gets rectified +9V across end points. 

This is further regulated continuously by employing two filter 

capacitors, 470F/50V & 0.1F and 9V rating zener diode. 

         The coupling stage uses coupling transformers between 

power-line and Voice communication unit. The incoming signals 

are filter using two 022F/680V paper capacitors. The coupling 

transformer isolates the mains from +9V regulated DC and 

allowing only low frequency voice signals to pass through it. 

         Phase locked loop (LM567) is a tone decoder IC consists of 

a   frequency voltage-controlled oscillator [VCO] and quadrature 

dividers which establish the reference signals for phase and 

amplitude detectors. The phase detector and VCO form a phase-

locked loop [PLL] which locks to an input signal frequency 

which is within the control range of the VCO. When the PLL is 

locked and the input signal amplitude exceeds an internally pre-

set threshold, a switch to ground is activated on the output pin. 

External components set up the oscillator to run at twice the 

input frequency and determine the phase and amplitude filter 

time constants. 

         The IC can be operated at supply voltages of 2V to 9V and 

at input frequencies ranging from 1 Hz up to 500 KHz. Pin 4 is 

supply pin, which gets its working voltage from coupling 

transformer through cradle switch transistor. 

         The phase-locked loop [PLL] Pin 2 is the combined output 

of the phase detector and control input of the VCO. Capacitor 

1F/50V in conjunction with the nominal 80Kohm pin 2 internal 

resistance forms the loop filter. For small values of the capacitor, 

the PLL will have a fast acquisition time and the pull-in range 

will be set by the built in VCO frequency stops, which also 

determine the largest detection bandwidth [LDBW]. Increasing 

the capacitor value results in improved noise immunity at the 

expense of acquisition time, and the pull-in range will become 

narrower than the LDBW. However, the maximum hold-in range 

will always equal the LDBW. 

         The Duplexer is nothing but a digital switch, whose 

switching action takes place only if any one of two inputs goes 

low. The CD4093 has Quad 2-Input NAND Gates which are 

acting like Schmitt Trigger and gets triggered whenever anyone 

input goes low. In this Module duplexer IC’s three NAND gates 

are used to carry over the switching action between PLL 

Transceiver and Audio Power Amplifier with Speaker. The 

switching action is again depends upon the condenser 

Microphone, whose voltage variations are fed as input to two 
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NAND gates. It simply means no voice signals at Microphone 

end then audio amplifier with speaker comes into action. 

         Audio Power Amplifier with Speaker circuit is made using 

8-pin Audio Power Amplifier IC LM386. It comes into action 

when cradle is ON-Hook to transmit Ring tone and in 

conversation to transmit called party’s voice via loud speaker. 

         To make the LM386 a more versatile amplifier, two pins (1 

and 8) are provided for gain control. A capacitor is put from pin 

1 to 8 the gain will go up to 200 (46 dB). When using the LM386 

with higher gains (bypassing the 1.35 KΩ resistors between pins 

1 and 8) it is necessary to bypass the unused input, preventing 

degradation of gain and possible instabilities. This is done with a 

0.1 µF capacitor or a short to ground depending on the dc source 

resistance on the driven input. 

 

IV. APPLICATIONS, ADVANTAGES AND 

DISADVANTAGES OF VOICE PLC 

Applications: 

         The typical applications of in-house power-line Voice 

communication is that, this system allows easier and more 

efficient Voice communication between the end users inside a 

building. 

 

Advantages: 

         This section highlights the advantage of using power-line 

as transmission medium for in-house communication.  

-Affordable and Easy to install:  

         Power-line communication allows user to use their already 

existing electrical wiring to connect to the different devices. 

Hence does not require separate wiring for the purpose of 

communication. 

-Mobility:  

         This system can be helps for occasionally-connecting for 

communication and removing when not in use. 

-Flexibility:  

         Power-line communication extends connectivity to all 

electrical outlets in the home. The same electrical outlets that 

provide power will also serve as access point for the network 

devices. 

 

 

Disadvantages: 

         The proposed system have some problems that have to be 

overcome and some aspects that have to be taken into account to 

realize a successful communication. They are listed as below 

-Minimum-security levels:  

         Power-lines do not necessarily provide a secure media 

because each electrical sink inside a building acts as access point 

for communication. 

-Voice attenuation:  

         Due to the presence of numerous elements on a power-line 

network, voice attenuation is likely to be an issue. 

- Noise:  

         The greater amount of electrical noise on the power-line 

limits practical transmission speed. 

 

V. CONCLUSIONS AND FUTURE ENHANCEMANTS 

Conclusion: 

         The transmission Voice through power-line concept has 

many advantages and adds new aspect for communication. The 

system is inexpensive when compared with other technologies 

for example wireless technology for in-house application. This 

system also has high potential in terms of innovation and 

commercial value due to the uniqueness and the effectiveness.  

         Power-line communication is a valid technique that allows 

the exchange of voice by means of the power-line cables that are 

present in every dwelling and in every building. Information 

transmitted through the power-line can be used to share voice 

and also to control home and building automation systems.  

         Equipping a home environment with a smart power-line 

communication system will increase the comfort. A smart home 

system can improve the independence in the every day’s 

activities, in a comfortable environment which is very personal 

and peculiar for everyone, in any case different from a hospital-

like setting. 

         A communication system using power-line communication 

is successfully designed, implemented and tested.  

 

Future enhancement: 

         The Voice PLC can be implemented with the security to the 

system. Besides that, for further research interfere that may occur 

in power-line should be concern and consider to avoid or reduce 

the attenuation and noise.  
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Abstract- The present communication deals with description of 

two ciliate species Anoplophrya chkrawartii and Anoplophrya 

krishnamurthii n.sp. isolated from the intestine of Perionyx 

excavatus and Pheretima posthuma collected  respectively from 

different localities of Jalna district. Anoplophrya chkrawartii 

redescribed here which is previously described by Lalpotu as 

new species (1979) in Marathwada region. A new species 

(Anoplophrya krishnamurthii) differs from previously described 

species in having elongated macronucleus with irregular outlines. 

Micronucleus is small, elongated, somewhat banana shaped, 2 

rows of contractile vacuoles, 2 vacuoles in each row and it  

measuring about 25.63-39.6 µm in length and width from 16.2-

20.97 µm.  

 

Index Terms- Anoplophrya, Intestine, Perionyx excavatus, 

Pheretima posthuma. 

 

I. INTRODUCTION 

he genus Anoplophrya belong to class Oligohymenophorea, 

sub class Astomatia, order Astomatida and family 

Anoplophryidae. Genus Anoplophrya was reported by Stain 

(1860) [12] and redscribed by Claparede (1860) [3], Leidy 

(1877) [5],Vejdovsky (1869) [14],  Kent (1881) [6], Balbiani 

(1885) [4], Butschli (1888) [1], Shevyakov [11]. Astomatus 

ciliate commonly found in annelid worms and other 

invertebrates. As the name implies, this parasite has no mouth. 

Some astomes attach themselves to their hosts by suckers; others 

use various types of hooks or barbs. Asexual reproduction is by 

transverse fission. In some cases, chains of individuals form by 

repeated fission without separation of the cells. The sexual 

phenomenon of conjugation (nuclear exchange between 

individuals) also occurs. The general body form is elongate, 

cylindrical or slightly flattened, with rounded ends. The posterior 

end of the body is tapering in some species. Contractile vacuoles 

present, in one or two rows and scattered. Cytoproct absent; 

universally endosymbiotic , majority found in digestive tract of 

oligochaete annelids from soil, fresh-water, brackish, or marine 

habitats; but some species in polychaetes, leeches, turbellarians, 

or molluscs, and one major group exclusively in tailed 

amphibians. The macronucleus is almost always long and band 

formed, and generally extending through the entire length of the 

body. Micronucleus may be distinct in some species where as 

absent in other.  

II. OBJECTIVE 

       In the present paper two ciliates (Anoplophrya chkrawartii 

and Anoplophrya krishnamurthii n.sp.) described from two 

different host of earthworm and their morphological 

characteristics, similarities and differences were discussed 

compared with other species of this genus. 

 

III. METHODOLOGY 

       Hosts were collected from different localities of Jalna 

district. The earthworms were kept in loose littoral soil in the 

laboratory. The worms quickly dissected out after the 

anesthetized. The content of the intestine were removed in 

different watch glasses. Smear made were added in physiological 

salt solution and observed in the light microscope. Fixation was 

done by Schaudinn’s fixative and stained with Haematoxyline. 

 

IV. DESCRIPTION OF THE SPECIES 

1. Anoplophrya chakrawartii (Lalpotu 1979) 
       In living condition the ciliate appears extremely flattened 

and transparent with a relatively thin pellicle. It moves very fast 

with anterior narrow end forwards and swims in wide circle. The 

bodies appear to be flexible. The  body of the ciliate is 

elongated with narrow, bluntly rounded anterior end and broad 

posterior one third. The body covered with the uniform coat of 

cilia. Cytoplasm appears uniform granular and there is no distinct 

ectoplasm and endoplasm. There are about 75 to 80 kineties, of 

which, 35 to 40 being on dorsal side and 40 to 45 on the ventral 

side. The length of this ciliate varies from 83.2 to 114.17µm and 

width from 34.95 to 53.59µm.  The macronucleus is elongated 

and centrally placed with rounded end, slightly bent at posterior 

end. In some cases the outline appears to be slightly irregular. It 

measures about 27.96 to 55.92um in length 4.66 to 9.32um in 

width. Micronucleus is typically small, spherical and located at 

right side of the macronucleus. There is a single row of 

contractile vacuoles in which 4 are seen at a lateral side of 

macronucleus. In living condition all feeder vacuoles open near 

the posterior end of macronucleus. The funnel like passage opens 

to the outside of the posterior end of the body. 

 

T  
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V. DISCUSSION 

       The present species compared with previously described 

species, the shape of the body is elongated and oval resemble 

with A. lumbrici, (Shrank, 1803) [10], A. marylandnesis, 

(Conlkin, 1935) [2], A. pheretimii, (S. Raychaudhari, 1969) [9], 

A. perionychis and A. chakrawartii. (Lalpotu, 1979) [8]. The 

macronucleus is elongated and ribbon like in all above species. 

The irregular outline and several fine projections of 

macronucleus observed in A. perionychis and A. marylandnesis. 

In the present species macronucleus is elongated with smooth 

outline, anterior end is pointed and posterior end is slightly bent. 

In few cases the outline of macronucleus appears to be slightly 

irregular. The macronucleus of the present species is similar to 

the macronucleus of A. chakrawartii. Spherical shape of the 

micronucleus resembles with the all above species. The 

arrangement and number of contractile vacuoles is different than 

that of previous species, but it resembles with A. chakrawartii. 

Only in A. chakrawartii number of contractile vacuoles is 3 to 7 

and in present species the number is 4. The body dimensions 

resemble with A. pheretimii but it is smaller than A. 

chakrabwartii. After comparison it is concluded the species 

described by present author in all characters are very close to A. 

chakrawartii only it is smaller than it in size. So the present 

species is A. chakrawartii and redescribed. (Fig. 1). A 

comparison of the genus Anoplophrya species as shown in table 

(1).  

 

Type of species: Anoplophrya chakrawartii  

Host: Perionyx excavatus 

Habitat: Intestine 

Locality: Jalna (M.S.) India 

Deposition: Protozoology laboratory.  

Department of zoology B.A.M.University Aurangabad.  

 

2. Anoplophrya krishnamurthii (n.sp.)  

       The body of ciliates is uniformly flattened, elongated and 

oval in shape, but in some cases, anterior end is slightly pointed. 

The ciliates measure 25.63 to 39.61 µm in length and 20.97 to 

25.63 µm in width. The body covered with long cilia varied 

directly with the size of the parasites. Cytoplasm appears 

uniformly granulated and there is no distinct ectoplasm and 

endoplasm. The macronucleus is elongated with irregular 

outlines, extended through the long axis of the body with pointed 

ends. The length of the macronucleus is 23.3 to 38.94 µm and 

width is 4.66 to 6.99 µm. In some cases the width of 

macronucleus is more and both ends are rounded. The micro-

nucleus is small, elongated and somewhat banana shaped, lying 

at the lateral side of macronucleus. There are two rows of 

contractile vacuoles situated at the posterior region of 

macronucleus. Total number of vacuoles four and arranged in 

two rows. Two vacuoles in each row. (Binary fission as shown in 

fig. 3.)  

 

VI. DISCUSSION 

       The species described by author compared with the species 

described by pervious authors, some similar characters are seen, 

but some are totally different.  

       The shape of the body is similar to A. lumbrici, (Sharnk, 

1803) [10], A. marylandnesis (Conlkin, 1935) [2], A. perionychis 

and A. chakrawartii (Lalpotu, 1980) [8] but different than that of 

A. foldii (T.T.Shaikh 2006) [13] In. A. foldii, it is elongated with 

left lateral fold. The present species is smaller as compared to the 

dimensions of those described earlier. In the present species there 

are four vacuoles arranged in two rows. Two vacuoles in each, 

they are situated at the lateral side of macronucleus at posterior 

end. In A. lumbrici there are only 3 vacuoles, in A. marylandnesis 

4 vacuoles in single row. In A. pheretimii there are 3 to 6 

vacuoles in each row.  In A. chakrawartii there are 3 to 7 

vacuoles scattered in single row. In A. perionychis 5, two very 

small. In A. foldii they are in two rows 7 to 18 in each row. 

Macronucleus is elongated, ribbon shaped in all above species 

but several fine projections found in A. marylandnesis and 

irregular outlines found in present species. (Fig.2). Micronucleus 

is spherical in most of the earlier described species where as in 

the present species it is elongated banana shaped, situated in 

midway of macronucleus and outer wall.(Fig.2). A comparative 

analysis of different species of Anoplophrya as shown in table 

no. (2) 

       In view of its distinct vacuoles, small size and slightly 

elongated banana like micronucleus, the species is considered 

new to science and designated as Anoplophrya krishnamurthii 

(n.sp.). 

 

Type of species: Anoplophrya krishnamurthii n.sp. 

Host:    Pheretima posthuma 

Habitat: Intestine 

Locality: Parture, Jalna district. (M.S.) India 

Deposition: Protozoology laboratory.  

Department of zoology B.A.M.University Aurangabad.  

 

 
(Fig. 1. Anoplophrya chakrawartii ) 
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(Fig. 2. Anoplophrya krishanamurthii n.sp) 

 

 
(Fig. 3. Binary fission of A. krishanamurthii ) 
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Abstract- 21

st
 Century global competition demands the 

professional education and students to be competitive enough to 

face the global competition. At this juncture, there is a dire need 

in bringing vast changes in not only curricula of the professional 

education but also Teaching and Training methodologies 

focusing on Learner Centric system /approach. This paper throws 

a light on ‘focus on Learn to learn’ approach which can also be 

called as Self Reliant Learning (SRL) methodology to be 

inculcated and implemented in professional education. This 

methodology enables students to search for resources, generate 

creative ideas, assimilate new thoughts and arrive at a common 

conclusion. This practical practice enhances them to cop up with 

work place challenges. 

 

I. INTRODUCTION 

articipants / Students learn and acquire knowledge by various 

ways i.e. watching or observation and listening; acting and 

reflecting; memorizing and visualizing etc. In the same way 

teaching methods also vary like some of the lectures lecture, 

some demonstrate and discuss where as some insist on 

applications, few of them memorizing and others understanding. 

To what extent or level it is received by student depends on 

student(s) receptive ability, interest on the content or topic, 

compatibility of the students’ learning style, Teaching ability, 

style, demonstration standard of the instructors or facilitator. 

        Most of the cases mismatch occurs or lies between the 

conventional teaching styles & methods of professional college 

professors and professional students. This results students 

becoming bored, inactive in the class that leads for lukewarm 

performance in the evaluation (tests, viva, assessments). This 

even some times leads for losing interest in particular studies, 

hostile classes, dropouts, etc.     

        Most seriously, professional incompetence gets increased 

among students and country loses potentially excellent leaders, 

Managers, Engineers, etc of future. 

        In discussing this situation I’d like to explore focus on learn 

to learn methodology that has been best viewed to promote 

excellence in skill development and create self centric learners 

that is expected to be the most admired way in this web based 

learning generation.  

 

 

 

 

 

 

 

II. SUITABILITY OF INDUCTIVE/DEDUCTIVE 

METHODOLOGIES 

        It is felt that the two different methodologies of induction 

and deduction are indeed different learning preferences and 

different teaching approaches, for below the graduate level 

induction method can be the best, whether it be called problem-

based learning, discovery learning, inquiry learning, or some 

variation on those themes. When it comes to reality most of the 

colleges exercise the traditional deductive methodology with 

"fundamentals" and proceeding to applications (—“Just tell me 

exactly what I need to know for the test, not one word more or 

less.”). Even most of the students do prefer the same as inductive 

presentation is not a concise and prescriptive (—you have to take 

a thorny problem or a collection of observations or data and try 

to make sense of it).  

         (My speculation in the paper that more students would 

prefer induction was refuted by additional sampling.) I don't 

want instructors to be able to determine somehow that their 

students prefer deductive presentation and use that result to 

justify continuing to use the traditional but less effective lecture 

paradigm in their courses and curricula. Therefore I feel it’s time 

to give a serious thought on these models. 

 

III. VISUAL/AUDITORY DIMENSION TO 

VISUAL/VERBAL DIMENSION 

         “Visual” information clearly includes pictures, diagrams, 

charts, plots, animations, etc., and “auditory” information clearly 

includes spoken words and other sounds. The one medium of 

information transmission that is not clear is written prose. It is 

perceived visually and so obviously cannot be categorized as 

auditory, but it is also a mistake to lump it into the visual 

category as though it were equivalent to a picture in transmitting 

information. Cognitive scientists have established that our brains 

generally convert written words into their spoken equivalents and 

process them in the same way that they process spoken words. 

Written words are therefore not equivalent to real visual 

information: to a visual learner, a picture is truly worth a 

thousand words, whether they are spoken or written. Making the 

learning style pair visual and verbal solves this problem by 

permitting spoken and written words to be included in the same 

category (verbal). For more details about the cognition studies 

that led to this conclusion, see 

        R.M. Felder and E.R. Henriques, “Learning and Teaching 

Styles in Foreign and Second Language Education,” Foreign 

Language Annals, 28 (1), 21–31 (1995). 

<http://www.ncsu.edu/felder-public/Papers/FLAnnals.pdf>. 

P  

Unless you try to do 

something beyond what 

you have already 

mastered, you will 

never grow.    -- Ralph 

Waldo emerson 
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IV. REVIEW ON CHANGING TRENDS OF TEACHING 

METHODOLOGIES 

        Conventional Teaching Methodologies (Static, classroom-

led and teacher-centric delivery) are giving way to dynamic, 

content-led and student-centric learning 

        Technology-led developments have ensured that what is 

state-of-the-art yesterday is obsolete today. By definition that has 

mandated the entire approach to pedagogy to shift from teaching 

to learning in the 21
st
 century knowledge economy. Instead of 

just encouraging students to learn, we now have to focus on 

helping students master the survival imperative of “learn to 

learn.” 

        When they (participants) master the methodology, tools and 

techniques of learning they are ready to learn on their own 

continuously; that is the only way they can remain current and 

relevant since content development and delivery via technology 

is moving so fast these days. Static, classroom-led and teacher-

centric delivery is giving way to dynamic, content-led and 

student-centric learning. The “teacher” is evolving into the 

“mentor” who points the way and helps students’ access 

resources that clarify doubts and problems on their own. This 

approach is especially important in post-graduate programs, the 

last opportunity to make our vast multitudes of students 

employable.  

        Students arrive at the portals of different professional 

programs after 15 years of association with teacher-led teaching 

arena. Any incipient creativity or ability to think has long since 

been compromised by rote learning. In order to add value in the 

work place these students must be able to think for them, find 

and assemble resources, solve problems as they arise, act 

decisively and create consistent results. This is the skill-set that 

makes a person employable throughout his or her career. This 

skill-set can be developed and retained with razor sharpness only 

by intense and continuous learning. Therefore, professional 

students have to be discouraged from the “taught” mindset and 

encouraged to migrate into the “learning how to learn” mindset. 

        In the light of my experience I’m convinced that the 

pedagogical methodology provides a great room for the young 

minds to ponder on the given task or activity that leads to 

generating new ideas and then these ideas will be shared with co-

participants, finding solutions and striving for optimal individual 

contribution to accomplish group task. This is the basic 

philosophy underlying the Self Reliant Learning (SRL) 

methodology, which is all about participants being made 

responsible for learning together in groups (buzz or syndicate) 

without teacher intervention, demonstrating their learning 

insights/ knowledge through individual presentation, open 

discussion and being quizzed by other students. 

 

 

 

 

 

 

 

 

 

 

        The foundation of this methodology is to focus on imbibe 

Self Reliant Learning attitude, contributing towards achieving a 

common goal/ objective ,enhancing group dynamism and apply 

exponential pressure in an entirely positive, non-threatening and 

encouraging environment. Typically, the SRL program is run 

form five days with about 15 articles from world class journals 

being the focal points. Drawn from diverse subjects, participants 

study the material and work on their presentations in groups. The 

focus is not merely the content of the articles. Rather, it is the 

ability to understand concepts, communicate that understanding, 

ability to work in groups, present in public, think in innovative 

manner, help and lead teammates. The combination of these 

factors is highly potent in building the ability to cope, learn and 

deliver under extreme pressure. All these abilities craft 

tremendous self confidence in the participant that he/she can 

withstand and overcome the most challenging professional as 

well as personal circumstances.  

 

 

 

 

 

 

 

 

 

 

 

 

 

V. CONCLUSIONS 

        In 21
st
 century knowledge economy the Conventional 

Teaching Methodologies (Static, classroom-led and teacher-

centric delivery) are giving way to dynamic, content-led and 

student-centric learning. 

        In learner centric teaching approach emphasizing on learn to 

learn methodology can provide a great scope for practical 

learning experience, enhance group dynamism, boosts self 

confidence and creates a great platform to cop up with work 

place challenges resulting to optimal performance of a group.  

Apart from that students also cultivate a habit of continuous 

learning process that would not only create a room for acquiring 

up dated knowledge, but also excelling in their career or 

profession. I perceive that the increasing globalized competition 

will be the mother of many more creative teaching 

methodologies like SRL methodology in years to come.   
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    Abstract- The main purpose of this work is to analyze the vibration in diesel engine cylinder liner considering combustion gas 

forces and cylinder liner temperature using finite element software ANSYS. Also different materials are being tested in the software 

for this purpose. The output results were quite satisfactory to predict the behavior of deflection under different pressures. The 

combustion gas forces calculated for varying compression pressures. Results are presented the displacement vs frequency shows the 

amplitude of vibration.  By comparing the analytical results, the validity of the proposed analysis has been confirmed. Furthermore, 

this analysis is applied to evaluate the vibration of different materials along with increase in thickness, and revealing the closer 

response according to the material and vibration.  

 

    Index Terms- VCR [14] (Variable Compression Ratio) Diesel engine, Cylinder liner, Combustion gas force, Harmonic analysis 

(ANSYS 10)   
 

I. INTRODUCTION 

ost of the researchers have found for the mechanical noise i.e. piston slap. The noise due to combustion gas force is the major 

source for the occurrence of noise in the engine cylinder. Very few efforts are devoted for combustion gas force analysis. Little 

attention was paid on noise and vibration due to combustion gas force.   This work focuses on this issue. For this modeling was done 

at the cross section of engine cylinder liner including 2-dimensional and 3-dimensional analysis. Beam and 3-dimensional liner are 

consisting of thickness of cylinder and stroke length of cylinder. The results are considered for calculating the combustion forces for 

the certain ranges of compression pressure (between 45-75bar). Further, the effect of cylinder liner temperature was also analyzed.  

 

Piston slap is a collision phenomenon between the piston and the cylinder liner when the lateral force acting on the reciprocating 

piston. As a result piston slap was identified and the instants of slap were determined. These were compared with the instants of slap 

calculated from a theoretical analysis of the dynamics of the moving parts of the engine [1]. Another investigation presented the 

various methods for estimating the pistons slap. This phenomenon of piston slap has been investigated by oscillographic and 

simulation technique to determine its relative magnitude, compared with the other noise sources of the engine. It has been found that 

this source of noise is important and its significance will become greater as other sources, such as combustion are reduced [2]. The 

finite element method (FEM) is employed to simulate the vibration response of the hull due to the excitations of diesel piston-slap and 

vertical inertia force of reciprocating masses. The numerical results show that, piston-slap imposed rolling moment on the diesel frame 

may cause a higher level vibration [3, 4, 5]. 

 

 

Fig 1 Schematic Diagram Generation of engine noise / vibration related to piston slap  

The work focuses on vibration issue and the main causes of mechanical noise are the “piston slap” phenomenon [3-5, 7]. The Problem 

is formulated as under study of the cross section of engine cylinder liner as 2-dimensional and 3-dimensional model with the help of 

ANSYS Version 10. Beam and 3-dimensional liner are consisting of thickness of cylinder and stroke length of cylinder. In this 

analysis, application of combustion gas forces and cylinder liner temperature on the piston cylinder components to investigate the 

vibration. The problem is described in a two dimensional beam and three dimensional model along with model meshing as shown in 

figure 2.1 and figure 2.2. Calculating combustion gas forces for the certain peal ranges of compression pressure (between 45-75 bar), 

considering cylinder liner temperature [8]. 

 

In order to simulate the model, prerequisites are as follows,  

 

M 
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- Cross section of engine cylinder as a 2-D and 3-D model with the help of ANSYS.  

- By fixing left side of model as all DOF zero and fixing the right side of model as UX as zero.  

- Mapped (3-4 sided).  

- Combustion gas forces applied at TDC position only.  

- Analysis was done from nodal solution and graph.  

- Harmonic Analysis  

 

For the geometry analysis the work includes single cylinder, four stroke, and VCR (Variable Compression Ratio) Diesel 

engine. 

II. METHODOLOGY. 

1) An overview is given based on a literature survey of general theory for the vibration phenomenon. 

2) The system is modelled using ANSYS Version 10 software to create needed geometry, and carry out simulations. 

3)  The problem is described in a two dimensional beam and three dimensional model. 

4) Calculating combustion gas forces for the certain peal ranges of compression pressure (between 45-75 bar). 

5) Considering cylinder liner temperature [11.] 

 

Fig. 2: Figure showing the application Combustion Gas Forces in 2-Dimensional Beam after Meshing 

III. PISTON FORCE CALCULATION FOR GASES. 

Calculation of gas forces were carried out to define the compression pressure during combustion in an engine. Following are 

the calculations performed for featured analysis of vibration due to combustion gas force. 

Force acting due to gas pressure on piston 

Force = P * п / 4 * dp2         [12]  

Where, P   = Compression Pressure 

            dp  =  Piston Diameter. 

Sr. No. Pressures Force acting due to gas pressure 

on piston 

1.  45 bar 27022.32 N 

2.  50 bar 30024.8 N 

3.  55 bar 33027.28 N 

4.  60 bar 36029.77 N 

5.  65 bar 39032.25 N 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      172 

ISSN 2250-3153  

www.ijsrp.org 

6.  70 bar 42034.73 N 

7.  75 bar 45037.20 N 

Table 1: Calculated combustion gas forces for different compression pressure. 

IV. MODELING AND SIMULATION. 

Simulation technique can never be complete replacement for an experimental testing. But they can provide a useful service in 

that the effect of parameter changes may readily be expressed without resource cutting metal, leaving experiment to confirmatory role. 

Experiment must also provide the evidence needed to validate the mathematical model in first instance. Since, vibration characteristic 

can be found with empirical relations it is also helpful to get the point load that impact on the side of the cylinder, data was taken from 

books, which were used to run the program. 

The studied system representing an I.C. combustion engine is modeled as a cylinder liner which is consisting of cylinder 

thickness and stroke length. Simulation with the finite element software ANSYS lends to the integration to the piston and cylinder 

liner. 

Material name Modulus of 

elasticity 

Poison’s ratio Density 

Grey cast iron FG 150 100800 0.26 7050 

 FG 400 146100 0.26 7300 

Table 2 Properties of Material [13] 

 

Fig3: Nodal solution for 75 bar compression pressure 

(FG 400) 

 

Fig4: Graph for 75bar pressure (FG 400) 

 

Fig5: Nodal solution for 75 bar compression pressure(FG 150)  
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Fig6:Graph for 75bar pressure (FG 150)

 

V. RESULT AND DISCUSSION. 

This elaborates the results obtained after the analysis which includes different materials along with the directions. After 

applying gas forces to 2-dimensional and 3-dimensional cylinder liner, we get some results. In this chapter we discuss the node 

number at which we get the deflection due to each compression pressure for each material. 

    In following table, at node 22, the 2-dimensional beam deflects in Y direction due to combustion gas force. 

Compression pressure 

/ Property 

FG 150 

(Grey cast iron) 

FG 400 

(Grey cast iron) 

45bar 0.95242E-03 0.92293E-03 

50bar 0.10583E-02 0.10255E-02 

55bar 0.11641E-02 0.11280E-02 

60bar 0.12699E-02 0.12306E-02 

65bar 0.13757E-02 0.13331E-02 

70bar 0.14815E-02 0.14357E-02 

75bar 0.15874E-02 0.15382E-02 

Table 3: Nodes at which 2-Dimensional beam Deflects in Y direction 

  

Fig.7: Graph showing the deflection of FG 150 (Grey Cast Iron) material (for 2-D) 
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Fig.8: Graph showing the deflection of FG 400 (Grey Cast Iron) material (for 2-D) 

 

Fig.9: Compression Pressure vs. Deflection for all properties of materials for 2D 

From above Graph (Fig 9) deflection of FG 150 is little more than that of FG 400 for 2D. 
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Fig.10: Compression Pressure vs. Deflection in Y-direction for all properties of materials for 3D. 

3D 

     From above graph it is seen that, for grey cast iron material, at 45bar pressure the minimum value 

of deflection for the material FG 260. And the maximum values of deflection at 75 bar pressure for the material FG 400.. 

 

 

Fig.11: Compression pressure vs. Deflection for all properties of materials in Z-direction for 3D. 

From above graph it is seen that, the minimum value of deflection at 45 bar pressure for the FG 150 material 

 

 

VI. CONCLUSION 

In this paper, vibration analysis was carried out for 2-D and 3-D model along with different direction for different materials 

and nodes. In the analysis it is observed that 2-dimensional beam deflects least for FG 400 in Y-direction. 
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In 3-dimensional model it is observed that, FG 400 behaves similar to FG 150 and the difference in deflection between these 

two is negligible.  

  Further in order to reduce vibration level, thickness of outer periphery of cylinder increased by 1mm. Better results were 

obtained i.e. the level vibration is found to be less for FG 150 & FG 400 materials. Therefore it is observed that we can predict and 

understand vibration levels in a better way during engine operating conditions. 

REFERENCES 

[1]. W.J.Griffiths and J.Skorecki [1964] “Some aspects of vibration of a single cylinder diesel engine”, Journal of sound and vibration vol.1 (345-364).  

[2]. S.D.Haddad and H.L.Pullen [1974], “Piston slap as source of noise and vibration in diesel engine”, Journal of sound and vibration 34(2), (249-260).  

[3]. L. Chabot PSA Peugeot Citroen, Oliver G.K. Yates Ricardo Group, “Noise and Vibration Optimization of a Gasoline Engine”, Fifth Ricardo Software 
International User Conference in Detroit [2000].  

[4]. H. Zheng , G.R. Liu, J.S. Tao, K.Y. Lam, “FEM/BEM analysis of diesel piston-slap induced ship hull vibration and underwater noise”, ELSEVIER, Applied 
Acoustics 62 [2001] 341-358.  

[5]. S.H. Cho, S.T. Ahn And Y.H. Kim [2002], “A simple model to estimate the impact force induced by piston slap”, Journal of Sound and vibration Vol. 255 
(229-242).  

[6]. Takayushi Aoyama, Sigeo Suzuki, Atasushi Kawamto, Takashi Noda, Toshihiro Ozasa, Takeyushi Kato, Takashi Ito “Preventive Design and Analysis of 
Cavitation Noise on Diesel Engine”[2004], R and D Review of Toyata CRDL Vol. 40 No.1 36-42.  

[7]. Nobutaka TSUJIUCHI, Takayuki KOIZUMI, Shinya UEMURA Department of Engineering, Doshisha University, Japan[2006], “Modeling of Engine Block 
and Response Analysis of Piston Slap”.  

[8]. Anthony Deku, Subramanya Kompella, Department of Mechanical Engg., Blekinge, Sweedon, “Cavitation in Engine Cooling Fluid Due to Piston Cylinder 
Assembly Forces”, ISRN : BTH-AMT-EX-[2006]/D-13—SE.  

[9]. R.S.Khurmi and J.K.Gupta, “Machine Design”, S.Chand Publication[page no.[1137].  

[10]. Dr. Sadhu Singh, “Machine Design”, Khanna Publication Table A.4, page no. 1126 and 1143.  

[11]. VCR Engine Test set up, 1-cylinder, 4-strike, Diesel (Computerised), Kirloskar Oil Engine make, Instruction manual, Apex Innovations.  

[12]. ANSYS Release 10 Documentation.  

 

 

AUTHORS 

First Author – Sachin Pente is pursuing his masters degree in Mechanical engineering CAD/ CAM from PRMIT&R Badnera.Email- 

sachinpente6@gmail.com 

Second Author – Nitin wankhade, M.E. (mech), working as a professor at PRMIT&R Badnera 

Third Author – Prasad Hatwalne is pursuing his masters degree in Mechanical engineering CAD/ CAM from PRMIT&R Badnera. 

 

 

Correspondence Author – Sachin Pente, email address, sachinpente6@gmail.com. 9881908119 

  

 

 

mailto:sachinpente6@gmail.com


International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      177 

ISSN 2250-3153  

www.ijsrp.org 

Capital Market Securities in Retrospect: A Shift into 

Properties 

Alex A. A. Bruce
*
 

 
* Department of Business Administration, Gombe State University, Nigeria 

 
Abstract- Securities investors in the 21

st
 century seem to change 

trend of investment for fear of the effects of the global financial 

crises and executive fraud scandals which accounts for the quick 

fall in the value of shares and other investment securities in the 

Nigerian Capital market. Informed investors are of the view that 

the primary aim of their investment is to help create more wealth 

and advance their grip on corporate control yet these have not 

been realistic because of these crises hence the diversion from 

securities investment business to property ownerships. These 

have accosted most investors to resort to alternative investments, 

most especially the properties such as land and buildings.  

         The paper substantiates the nature of regrets of most 

investors of securities and their sudden shift to investment 

properties and the effects such will have on the consolidation and 

growth of the Nigerian Capital Market. Structured questions 

were asked 47 randomly selected investors in some selected 

Nigerian States- Lagos, Kaduna, Kano, Abuja, Jos, and Gombe. 

Data was empirically sourced from both primary and published 

materials which were analyzed via chi-square test to obtain 

results. 

         It was discovered that most capital market investors have 

began to shift their investment priorities to properties such as 

land, buildings and other valuables which have a bearing on 

quick investment appreciation and returns. The paper 

recommends that a complete shift from securities by investors 

may jeopardize the expected growth of the Nigerian Capital 

Market and investors may end up overstressing properties 

investment which may likely experience a similar trend as the 

stocks market, hence investors should only learn to diversify by 

spreading their investment on both securities and alternative 

investments. 

 

Index Terms- Investment, Capital Market Securities, Retrospect, 

properties, and corporate fraud 

 

I. INTRODUCTION 

nvestment into diverse forms of securities in the Nigerian 

Capital Market (NCM) has never been so popular until the mid 

twentieth century when investors began recognizing the 

importance of market securities compared to other investment 

properties. The growing anxiety was closely related to safety and 

prospects of the investment securities. This was because most 

investors at the later part of the twentieth century started to 

realize the importance and the revelation of investing in shares 

and other securities even though most of the companies were 

either government owned or expatriates manufacturing 

consumable products. 

         This made the Nigerian Capital Market to constitute a vital 

unit in the Nigerian Financial System because of its prime 

contributions to the mobilization of industrial funds for growth 

and development of the Nigerian economy since its advent in the 

1946. It is quite interesting to note that the Nigeria’s Economic 

Empowerment and Development Strategy (NEEDS), asserts in 

SEC (2003) that “Essentially, the level of national economic 

development and the extent to which most economic activities 

can effectively rely on the safety of the capital market are major 

indicators of a healthy balance between a sound financial system 

and macro-economic stability”. 

         The activities of the NCM have spread round every sector 

of the economy in fostering even economic development. This is 

because both the public and the private sectors access funds 

through the capital market (CM) for investment and development 

purposes. The CM pools funds from surplus economic units to 

deficit economic units for long-term productive activities. It 

provides a means of achieving efficient and effective distribution 

of scarce financial resources for socio-economic development. 

The NCM has been in the forefront of promoting private sector 

investment by providing an avenue for capital formation in form 

of equity and debt to several companies (both quoted and 

unquoted) as well as all tiers of government. For instance, a total 

of N0.55 trillion fresh capital was raised through the market from 

January to December 2005 compared to N12 billion raised in the 

same period in 1999 (SEC, 2006). This means that fresh capital 

raised between 1999 to December 2005 amounted to N0.11 

trillion. Out of this amount, a total of N730 billion or 69.1 

percent went to finance the private sector, while N326 billion or 

30 percent was raised by local, State, and Federal governments 

for developmental projects such as roads, health, agriculture, 

education, etc. by these developments in the NCM, the quest for 

investors in securities kept growing while little concern was in 

properties until the early 21
st
 century when the trend shifted 

because of economic and corporate trends. On this note, the 

study tries to examine the effects of the global financial crisis 

and corporate frauds on the investors’ confidence building 

towards the capital market securities and the alternative 

properties currently gaining acceptance at the expense of 

securities.  

 

II. PROBLEM AND OBJECTIVE 

         The hope for a vibrant capital market is almost jeopardizing 

due to the insecurity of the investment of investors. The effect of 

the global financial crisis and corporate frauds on the Nigerian 

capital market may have caused the prices of securities to drop 

drastically rendering low deals and fear of investment by security 

I 
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investors thereby shifting their portfolio investment into 

alternative investments such as land and buildings such that the 

trend has these illustrative indications. 

 

 
   

         The figure 1 is a negative indicator of a drastic shift of 

investors from investing in CM securities (i.e. from S1 to S2). On 

the other hand, Figure 2 indicates a positive shift of investors for 

properties such as land buildings etc from P1 to P2. This 

illustration is meant to describe the trend of investment to 

ascertain the reason for the shift of investment interest. Today, 

the Nigerian Stock Exchange is experiencing what is known as 

“exchange drain” where individual and corporate investors 

restrictively patronize because of losses and inefficient security 

margin and gains.  

         This trend has almost rendered shares and other securities 

unattractive while high priority is placed on investment 

properties given high returns on land and buildings. The study 

therefore, seeks to investigate whether the global financial crisis 

and corporate fraud incidents substantively form the reasons for 

investors’ shift of interest to investment properties. 

 

III. LITERATURE AND CONCEPTUALIZATION 

         The shift of investors from securities to properties is 

reviewed along the contexts of the global financial crisis and 

corporate frauds bedevilling the Nigerian Capital Market (NCM). 

Investors invest for the reasons of generating income/revenue for 

personal or business sustenance, or instead of leaving surplus 

funds idle in a bank account, one may appreciate investing for 

more profitable use such as short or long-term securities for a 

planned future commitments; funds could be set aside annually 

to invest in safe securities which will then be realized at the 

required date to provide the needed cash to meet the 

commitment. 

         The CM is the arm of the financial market, which is 

designed to facilitate the efficient flow of long-term capital 

(Ekineh, 2001:11). As a financial market, individuals, 

corporations and governments raise funds from already held 

securities or newly issued securities. It is a market that mobilizes 

savings from surplus spending units and channels same to deficit 

spending units for long-term investments (Yusuf, 2004:1). This 

means that the required funds for the execution of long-term 

projects and investment opportunities for development purposes 

are easily obtained from the CM. Unfortunately; the global 

financial crisis and corporate related frauds have turned this 

belief into a mirage. 

         Okeke (2009) observe that the third quarter 2009 saw 

persistent volatility in the Nigerian capital market with all the 

indices trending down-wards accentuated by continued share 

price decline, volume and value of traded stocks equally kept 

declining. Enebeli-Uzor (2009) further describes how credit 

flows across the world had virtually frozen and lender confidence 

dropped toward zero as some of the world’s biggest financial 

institutions crashed like packs of poorly arranged cards. Across 

the globe, economies are racing headlong into recession or 

depression, exposing fundamental weaknesses in the global 

financial system.  

         Kirkpatrick (2009) observes also that failures and 

weaknesses in corporate governance arrangements encouraged 

excessive risk taking in a number of financial services 

companies. For instance, the Central Bank of Nigeria (CBN) had 

to dismiss the management team of eight banks because of 

excessively high level of non-performing loans in which was 

attributable to poor corporate governance practices, lax credit 

administration processes and the absence or non-adherence to the 

banks’ credit risk management practices which resulted into total 

toxic loan portfolio of N1.2 trillion. Nwadioke (2009) observe 

that one area that has scandalized many watchers of the financial 

crisis is the evidence of over-pampered CEOs (and boards) 

making a killing sometimes on the carcasses of their firms. 

Example, in the five years ending in 2004, some 60 companies at 

the bottom of the Russel 3000 Index lost $769 billion in market 

capitalization, yet this did not deter their directors from 

disbursing more than $12 billion to top managers.  He further 

says that, in most countries, “golden handshakes” or “rewards for 

failure” became the routine for departing failed executives. In 

China also, reports show that the ratio of CEO salaries to average 

urban worker’s salary is around 345 times; while with 2011 data 

the average CEO of a company on the S&P 500 Index earned 

380 times the average American worker's wage, with average 

CEO pay having increased 13.9 percent in 2011 (Clawon, 2012). 
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         Nwaze (2009) asserts that the concept of bank fraud 

currently has a much wider connotation than was previously 

defined so that top executives in the banking system who are not 

committed to the principles of full disclosure, sound corporate 

governance and risk management can be conveniently classified 

as fraudulent in the current dispensation. This means that all acts 

that are capable of draining the corporation are fraud related. 

         According to SAS 13, investments are assets acquired by 

an enterprise for purposes of capital appreciation or income 

generation without activities in the form of production, trade or 

provision of services. In other words, investments are assets 

acquired not for use in the operation of an enterprise but for 

accretion of wealth through capital gains or incomes earned in 

the form of interest or dividend. Investment properties on the 

other hand, are investments in land or buildings held primarily 

for generating income or capital appreciation and not occupied 

substantially for use by, or in the operations of, the investing 

enterprise or another enterprise in the same group as the 

investing enterprise (Igben, 2004). This portrays the sense that 

investment cut across all individuals and enterprises irrespective 

of their differences in wealth. One thing is always certain, i.e. 

generation of profits, returns or income on an investment asset. 

Profits or income relation to Investment is associated with 

Sheffrin (2003) definition as the commitment of money or capital 

to purchase financial instruments or other assets in order to gain 

profitable returns in form of interest income, or appreciation of 

the value of the instrument as obtainable on the assets with the 

aim of earning income or capital appreciation.  

         The Debt Management Office of the Presidency posits 

investment as the commitment of funds with the expectation that 

additional money will be generated in return. This means that 

investment requires some sacrifice now in return for future 

benefits. Investment comes with the risk of the loss of the 

principal sum. The investment that has not been thoroughly 

analyzed can be highly risky with respect to the investment 

owner because the possibility of losing money is not within the 

owner's control. The difference between speculation and 

investment can be subtle. It depends on the investment owner's 

mind whether the purpose is for lending the resource to someone 

else for economic purpose or not.  

         Investment is also a deliberate action of an investor to 

deploy his funds from an existing venture or excesses account 

into a viable business or trading securities with an anticipation of 

a future growth on his funds; While, Investor Words (2010) 

refers to a property that is not occupied by the owner usually 

purchased specifically to generate profit through rental income 

and/or capital gains as investment property. Such a property is 

completely out of use by the owner or his affiliate because it is 

purposely purchased for income generation.  It also includes 

property that produces interest, dividends, or royalties other than 

in the course of a tax-payer’s trade or business which produces 

gain or loss from the sale of property (H&R Block Glossary, 

2008).  

         As recently as a few years ago, the world was very 

different. The market for financial products in so much as 

investment was concerned was a much simpler place, consisting 

mainly of individual savings accounts (ISAs), stock market 

investment, pension schemes and a variety of deposit-related 

accounts. But complexity has set in so that the firm is no longer 

transparent in its dealings with investors, customers and the 

environment. For instance, Bodie et al (2005) report that, the 

scandals of 2000-2002 in the U.S centred largely on three broad 

practices: allocation of shares in IPOs, tainted securities research 

and recommendations put out to the public, and, probably most 

important, misleading financial statements and accounting 

practices. 

         Property investment and land investment was still mainly 

the domain of land owners, estate agents and house builders, and 

so was really a virtual mystery to the average person looking at 

land investment. Likewise, buy to let and the buy to let mortgage 

products associated with this market were only just getting off 

the ground. It is clear to note that, even the IFAs were equipped 

to advise on a wide range of conventional financial products, 

property investment was seen as "alternative investments" and 

few advisors could offer a service to enable investors to purchase 

and manage property because of the barriers to entry that had 

previously made them unsuitable for the average investor 

regarding large capital outlay. However, because of the 

uncertainties in the capital market securities, informed investors 

are beginning to shift for properties investment. 

         With a wide range of high-risk investments available, 

choosing the investment tailored to ones requirements and 

financial capabilities has never been more important! A 

retrospect has set in because what investors earlier thought and 

knew was the income generating power of securities such as 

shares and debt instruments howbeit, the behaviour of such 

securities is no longer so going by the effects of the global 

financial crisis. For instance, house rent per annum has risen 

between N50,000-N400,000 on an average depending on the 

location while lands and buildings advertised for sale range from 

N500,000-N100 million depending on the town and the location 

of the property which is capable of yielding a minimum of 10% 

of the investment per annum.  

         The most secured securities (government securities) are no 

longer considered secured as opined by Ojo and Adewunmi 

(1981:52) that there are possible dangers posed by the 

predominant role of government securities on the market where 

the funds raised by the government is diverted to unproductive 

expenditure, the potential contribution by the financial institution 

to economic development is therefore, reduced. However, it is 

very clear that the NCM is predominantly submerged by banks 

constituting over 60% of stock market capitalisation (Okeke, 

2009). Giving this rate of banks accounting for more than half of 

stock activities of the market, it is necessary to consider the 

strength and confidence investors have on the banking subsector.  

The Nigerian Deposit Insurance Company (NDIC), in 

collaboration with the Central Bank of Nigeria (CBN) conducted 

a joint examination of the 24 insured deposit money banks 

operating in the system as at December 31, 2010.  The target 

examination reveals weaknesses such as: Poor corporate 

governance; Lack of robust risk management; Incomplete and 

poor credit documentation; inadequate collaterals; weak 

earnings; poor asset quality and insider abuses and large volumes 

of non-performing loans, which have affected the quality of 

assets in the books of many of the banks during the year and that 

made the financial condition of some of them to remain 

precarious (NDIC, 2010). Consistent to this assertion, is the 

reports of Reuters (2012) that the Director General of SEC noted 
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that it was the banks’ dealings in the CM that largely led to their 

demise; these abuses were that banks borrow money to buy their 

own shares, misusing banking funds to fund fuel import 

companies owned by its directors and buying and selling the 

bank’s own shares in short-term plays to turn a profit. 

         The NDIC (2009) observe that ten (10) banks among others 

have the highest number of reported fraud cases which resulted 

to a total amount of N37.18 billion in 2009, being slightly higher 

than the 2008 figure of N34.31billion while the total for all 24 

banks stood at N41.27 billion as indicated on Table 1 below. 

 

Table 1: Total Amounts involved in Fraud by Ten Nigerian Banks as at 2009 

 

   
  Source: NDIC, Annual Report 

 

         As a result of these examinations, the CBN had to bail-out 

9 banks at the cost of US$4 bn. The reasons to the NSE crashing 

are based on the incidences of financial skimming, 

misappropriation, false accounting, misrepresentation and 

questionable transactions; most of these dealings happen because 

of the over-dealings of banks on the market. These events have 

weakened the confidence of informed investors of the NCM. 

Another area of the economy which could have been secured for 

investing in securities is the manufacturing subsector. This is 

because given the growing population and the geometrical 

increase in demand for consumables; one could suggest that the 

global financial crisis may have only but a little influence on the 

sector. However, this view seems unrealistic given the rampant 

executive fraud incidences and dilapidating infrastructure. 

Today, manufacturing companies expend more than 30% of their 

total cost of production on power (Uzor, 2009:39). He also 

asserts that, the manufacturers Association of Nigeria (MAN) 

observes thus: 

         The dearth of infrastructural facilities has become a serious 

ban of the sector. Epileptic electricity supply, poor or non-

existent water supply, high cost of telecommunication services, 

and poor transportation systems and networks are major 

infrastructural challenges facing the sector. These factors have 

combined to cripple a lot of firms and the few surviving ones 

operate under severe constraints of over spending to make-up for 

infrastructure as well as problems of fraud/corruption, 

smuggling, excise duties, port congestion, high interest rates, 

high exchange rates, inconsistencies in investment policies, and 

recently, the depreciation of the Naira. 

         These factors have rendered Nigerian manufacturing firms 

uncompetitive in the global markets, as well as reduced profits. 

This way, the global financial crisis has impeded on the sector so 

easily because of the already existing paradox. 

         Added to these problems is the effect of the the global 

financial and economic crisis which impacted the economy 

through various channels: Significant decline in oil revenues 

leading to revenue attrition for all tiers of government; reduced 

capital inflows into the economy; depletion of external reserves; 

demand pressure in the foreign exchange market; substantial 

decline in stock market capitalization and share prices; huge 

bank losses on margin loans and share-backed facilities- low 

valuations with many banks trading below book value, declining 

asset values, declining credit growth--credit crunch and 

slowdown of output growth. The stock market was seriously 

affected, losing about 70 per cent of its market value in 2008. 

The price collapse within the market resulted in massive wealth 

destruction, credit contraction, impairment of banks, assets 

liquidation and loss of confidence in the global financial markets. 

For instance, bank stocks were hard hit on the market with 

second round effects on their balance sheets and lending 

capabilities (Sanusi, 2010).  

         Okeke (2009) asserts that the ill wind of the global 

financial meltdown, as in the last quarter 2008, continued its 

depressing effect on virtually all financial markets worldwide 

during the first quarter 2009. Thus, the trend in the Nigerian 

capital market during the period was typical of the situations in 

several jurisdictions: dominance of the bear run. Specifically, the 

Nigerian Stock Exchange All-share Index lost about 37 percent 

of its value at the end of 2008 to close in 2009 at 19,852 while 

the market capitalization shed 35.60 percent to hit N4.48 trillion 

during the period. This decline obviously resulted from equity 

price losses, and the delisting of 64 securities- 11 equities and 53 

fixed income securities.       

 

IV. METHODS 

         The study use descriptive statistics is employed to ascertain 

the shift in securities to properties as they are affected by the 

global financial crisis and corporate fraud incidence at a 5% level 

of significance. Shift in investment securities is regarded as 

dependent variable- X1. The financial crisis and corporate fraud 

are independent variables Y1 and Y2 such that X1= a1Y1 + a2Y2. 

Few Structured questions were administered to 47 investors in 

some selected Nigerian States- Lagos, Kaduna, Kano, Abuja, Jos, 

and Gombe. Statistical Package for Social Sciences (SPSS) is use 

to run the chi-square. The paper seeks to test the following 

hypotheses. 
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         H1: There is no significant relationship between capital 

market securities and investment properties. 

         H2:  The global financial crisis and corporate fraud 

incidents in securities trading are not the cause of the shift of 

investors’ decision on corporate securities to properties.  

 

V. RESULTS AND DISCUSSIONS 

         The data obtained from the questions administered to 

investors in the six States have the following results from the 

analysis. The table 2 below shows the response of that 70% 

support the view that the capital market securities are losing 

popularity and acceptance due to the trend in the financial 

market. Although 30% still admit that securities are still popular 

investment instruments despite the trend in the market. 

 

Table 2: Is securities Investment losing popularity, given the 

Trend in the Nigerian Financial Market 

 

Option Frequency Percent 

 

Yes 33 70.2 

No 14 29.8 

Total 47 100.0 

Source: Survey Data, 2012 

 

          Table 3 below indicates that 81% of the investors are of 

the view that investment preference has shifted from securities to 

properties while 19% still believe preference has not changed. 

However, it is very clear that preference has shifted going by the 

‘yes’ response. 

 

Table 3: Investment Preference 

Options Frequency Percent 

 

Yes 38 80.9 

No 9 19.1 

Total 47 100.0 

       Source: Survey Data, 2012 

 

         Table 4 shows 36% and 26% agreement that the rate of 

riskiness of investment properties is not significant in relation to 

the financial crisis and fraud incidences on securities while12.8% 

and 10.6% are of the view that the riskiness is significant. 

However, 14.9% were indifferent. This indicates that the 

riskiness attributable to properties investment is not significant 

and is not impacted by the financial crisis and corporate fraud. 

      

Table 4: Riskiness of Investment Properties in Relation to the 

Global Financial Crisis and Corporate fraud related 

incidences is not significant 

 

Options Frequency Percent 

 

Strongly Agree 17 36.2 

Agree 12 25.5 

Undecided 7 14.9 

Disagree 6 12.8 

Strongly Disagree 5 10.6 

Total 47 100.0 

         Source: Survey Data, 2012 

 

         Table 5 responses indicates that 31.9% have the perception 

that the financial crisis and corporate fraud impact on investment 

properties but 68.1% perceive the financial crisis and corporate 

fraud as being factors impacting on securities and not on 

properties. 

 

Table 5: perceived impact of the financial crisis and 

corporate fraud on Investment Properties 

 

Options Frequency Percent 

 

There is impact 15 31.9 

There is no impact 32 68.1 

Total 47 100.0 

                                 Source: Survey Data, 2012 

 

         Tables 2 and 3 above are use to test H1 while Tables 4 and 

5 are use to test H2. 

 

Table 6: Test Statistics for H1 

 

         a. 0 cells (0.0%) have expected frequencies less than 5. The 

minimum expected cell frequency is 23.5. 

 

         The significance values of 0.006 & 0.000<0.05 indicating 

that the X
2
 7.681 and 17.894 are greater than the critical hence 

the null hypothesis is rejected so that the evidence show that 

there is significant relationship between capital market securities 

and investment properties such that a negative shift in one will 

result in the positive shift of the other. 

 

 

Table 7: Test Statistics for H2 

 Riskiness Perceived 

Chi-Square 10.766
a
 6.149

b
 

Df 4 1 

Asymp. Sig. .029 .013 

 

 

        a. 0 cells (0.0%) have expected frequencies less than 5. The 

minimum expected cell frequency is 9.4. 

        b. 0 cells (0.0%) have expected frequencies less than 5. The 

minimum expected cell frequency is 23.5. 

 

         Again the values 0.029 & 0.013 are significant at 0.05 

meaning that the X
2
 10.766 and 6.149 are greater than the critical 

hence the null hypothesis is rejected so we establish that, the 

Table 6: Test Statistics for H1 

 trends Preference 

Chi-Square 7.681
a
 17.894

a
 

Df 1 1 

Asymp. Sig. .006 .000 
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global financial crisis and corporate fraud incidents are the cause 

of the shift of investors’ decision on securities to properties. 

 

VI. CONCLUSION 

         The early period of the 21
st
 century was characterized with 

high growth in investment securities until the global financial 

crisis surfaced and corporate frauds daunted the acceptability of 

investment securities thereby causing almost an absolute shift of 

informed investors from shares, corporate bonds, and even 

government bonds to investment properties such as land and 

buildings. The new trend seems the best option for the Nigerian 

investor since prices of properties are on the everyday increase. 

         Most of the informed investors characterize this change as a 

period of discovery of greater wealth accumulation especially in 

large and growing cities in Nigeria such as Lagos, Kaduna, 

Kano, Abuja, Jos, Gombe,  etc. investors travel from their home 

cities to invest in properties of other states irrespective of the 

origin. The fear is no longer as before since investments in 

properties are even done on the internet without travelling to 

acquire them. There are specialized estate developers and estate 

management and purchasing companies all over Nigeria whose 

business is to negotiate the purchases of properties for investors 

as well as build houses for lease and rents. 

         The paper observe that investors in the Nigerian financial 

market are shifting interest from securities  to property 

investments because of the effects of the global financial crisis 

and corporate uncertainties caused by fraud. The fears for 

companies’ collapse, financial insolvency and government’s 

revenue base collapse are the basic reasons that have constituted 

the insecurity of the corporate and government investment 

securities.   

 

   

VII. RECOMMENDATIONS  

         Having considered the reasons for the quick shift of 

securities investors to investment properties, this paper at this 

end, recommend the following: 

i) Informed investors should diversify their investment 

portfolios instead of a complete shift. This will reduce 

their risk to the barest minimum while returns will be 

maximized. This is because; the global financial crisis is 

a product of subprime mortgages and the same can 

happen to Nigerian investors if huge investment funds 

are committed into properties.   

ii)  The government through the Securities and Exchange 

Commission should provide an avenue to safeguard 

investors’ funds by spelling out the modalities that can 

compensate the investors in case the financial crisis and 

fraud related incidences bounce hard on securities. 

iii) The Central Bank of Nigeria (CBN) measures against 

the global financial crisis is not enough to save the 

Nigerian Capital Market going by the daily incessant 

corporate frauds, drop in securities prices and investors’ 

fears hence; investor’s confidence should be rekindled 

through fund rescue measures. This is because the 

measures taken by SEC, NSE, & CM operators to 

reduce fees by 50%; NSE review of its rules; the 5% 

daily price limit; NSE delisting of Moribund companies; 

the share buy-back limit of 15%, etc are not enough to 

save the Nigerian Capital Market and Securities of 

investees/investors.  
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Abstract- Use of CFC-contained systems has caused severe environmental hazards that have researchers looking for alternatives. 

Studies have shown that thermoacoustic technology is suited a candidate for conventional vapour compression cooling system in 

particular for special uses. In this research, theoretical, numerical and experimental studies were completed to identify optimum 

operating conditions for the design, fabrication, and operation of a thermoacoustic refrigerator. The system uses no refrigerant or 

compressor, and the only mechanical moving part is the loudspeaker connected to a signal generator that produces the acoustics. Here 

air at 1 atm is used as the working gas. The system fabricated with this grant is made of PVC and brass with a sinusoidal section to 

reduce power loss and can operate up to a maximum of 4 bar. The system can be taken apart if different stack geometry or material is 

to be studied. 
 

Index Terms- Standing wave thermoacoustic refrigerator, stack, resonator column, acoustics, stirling cycle 

 

I. INTRODUCTION 

hermoacoustics, as defined by Rott is a subject dealing generally with effects in acoustics in which heat conduction and entropy 

variations of a medium play a role. In this study the term thermo acoustics will be used in the limited sense of the generation of 

sound by heated surfaces and the process of heat transfer from one place to another by sound. In this section a brief review of the 

history of thermoacoustics is presented, along with a simple physical explanation of the effect, and some applications. 

The development of thermoacoustic refrigeration is driven by the possibility that it may replace current refrigeration technology. 

Thermoacoustic refrigerators, which can be made with no moving parts, are mechanically simpler than traditional vapour compression 

refrigerators and do not require the use of harmful chemicals. Because of their simplicity, TARs should be much cheaper to produce 

and own than conventional technology. The parts are not inherently expensive, so even initial manufacturing costs should be low. 

Furthermore, mechanical simplicity leads to reliability as well as cheaper and less frequent maintenance. Until efficiency can be 

improved, operation costs may be higher; but with fewer moving parts, TARs require little to no maintenance and can be expected to 

have a lifetime much longer than ordinary refrigeration technology. Also, efficiency is likely to improve as thermoacoustic technology 

matures. Therefore, thermoacoustic refrigeration is likely to be more cost effective.  

Besides reduced financial cost, environmental cost should be considered. Traditional vapour compression systems achieve their 

efficiencies through the use of specialized fluids that when released into the atmosphere (accidentally or otherwise) cause ozone 

depletion or otherwise harm the environment. Even most of the alternative fluids being developed cause harm in one way or another. 

For example, propane and butane won’t destroy the ozone, but are highly flammable and pose a threat if a leak should occur. On the 

other hand, TARs easily accommodate the use of inert fluids, such as helium that cause no harm to the environment or people in the 

event of a leak. Also, normal operating pressures for TARs are about the same as for vapour compression systems, so thermoacoustic 

refrigeration is just as safe in that respect. Furthermore, TARs can be driven by TAEs in which case the input power can come from 

any source of heat, including waste heat from other processes. Then the combination TAE/TAR device has no negative impact on the 

environment and, in fact, can utilize energy sources that are otherwise wasted. Overall, thermoacoustic refrigeration is much more 

benign than conventional refrigeration methods in terms of environmental and personal safety. 

One drawback, however, is a lack of efficiency in current TARs when compared to vapor compression. Traditional refrigeration 

techniques have  the benefit of generations of research and application whereas thermoacoustic refrigeration is a new technology, so it 

is no wonder that vapour compression refrigerators are currently more efficient; however, there is reason to believe that 

thermoacoustic refrigeration will overtake vapour compression in the long run. The major reason is that a TAR can be driven with 

proportional control, but vapour compression schemes are binary (on/off). Although standing-wave TARs are currently less efficient 

than comparable conventional refrigerators, some of the difference can be made up when less than full power is required, which is 

most often the case. A normal refrigerator must switch off and on to maintain a given temperature; so the compressor is working its 

hardest whenever it is on, and the temperature actually oscillates around the desired value. In contrast, a refrigerator capable of 

proportional control, such as a TAR, can tune its power output to match the requirements of the load; so if the load increases a small 

amount, the refrigerator can slightly increase its power for a short time rather than running full tilt. This is especially advantageous in 

applications where thermal shocks can cause damage, such as cooling electronics. As indicated above, it is absolutely possible—if not 

probable—that with expanded research efforts, thermoacoustic technology will become more efficient than vapour compression.  

T 
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Due to its advantages in mechanical simplicity and environmental and personal safety, thermoacoustic refrigeration is becoming 

more important in the research community and may soon reach a point in its development when it can replace vapour compression as 

the primary technology used in refrigeration applications. 

II. HISTORY 

The generation of acoustic oscillations by heat have been observed and studied for over two centuries. Byron Higgins made 

the first observations and investigations of organ-pipe type oscillations, known as singing flames in 1777. At certain positions of a 

hydrogen flame inside a tube, open at both ends, acoustic oscillations were observed. Fig.(2.1) shows a configuration for producing 

Higgins oscillations. A survey of the phenomena related to Higgins oscillations was given by Putnam and Dennis.  

 
Figure 2.1: One form of the singing-flame apparatus. For certain position of 

The flame inside the tube acoustic oscillations can be observed 

 In 1859, Rijke discovered that strong oscillations occurred when a heated wire screen was placed in the lower half of an 

open-ended pipe, as shown in Fig.(2.2). It was noticed that the convective air current through the pipe was necessary for the 

phenomenon to occur. Oscillations were strongest when the heated screen was located at one-fourth of the length of the pipe from the 

bottom end. Feldman gave a review of the literature on the Rijke tube [.Probably the research by Sondhauss, performed in 1860, 

approximates best what we define today as thermoacoustic oscillations. Sondhauss studied experimentally heat-generated sound, 

observed for centuries by the glass-blowers when blowing a hot bulb at the end of a cold narrow tube. 

 
Figure 2.2: Rijke tube. The rijke acoustic oscillations can be observed best with the heated wire screen at one-fourth of the 

pipe from the bottom end 

Fig.(2.3) a Sondhauss tube is shown; it is open on one end and terminated in a bulb on the other end.  In Sondhauss observed 

that, if a steady gas flame (heat) was supplied to the closed bulb end, the air in the tube oscillated spontaneously and produced a clear 

sound which was characteristic of the tube length and the volume of the bulb. The sound frequency was measured and recorded for 

tubes having an inside diameter of 1 to 6mm, and having various bulb sizes and lengths. Hotter flames produced more intense sounds. 

Sondhauss gave no explanation for the observed oscillations. Feldman gave also a review of the literature on the Sondhauss tube . In 

1962 Carter, during an experimental investigation of the feasibility of the Sondhauss tube to generate electricity, found that the 

insertion of a bundle of small glass tubes inside the Sondhauss tubes improved their performance. In 1887, Lord Rayleigh gave a 
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qualitative explanation, in his classic work on sound for the Sondhauss oscillations. If heat be given to the air at the moment of 

greatest condensation or taken from it at the moment of greatest rarefaction, the vibration is encouraged. So Rayleigh knew that 

thermoacoustics was due to the interplay of heat injection and density variations. 

 
Figure 2.3: Soundhauss tube. When heat is supplied for example by means of a flame to the closed end, sound can be generated 

Another form of Sondhauss oscillations, which occur in cryogenic storage vessels, are the so called .Taconis oscillations.. Taconis 

observed spontaneous oscillations when a hollow tube with the upper end closed was inserted in liquid helium. Taconis explanation of 

how the large temperature gradient along the tube caused the oscillations was essentially a restatement of the Rayleigh criterion. The 

Taconis oscillations have been studied experimentally by Yazaki et al. Although various aspects of what is now known as thermo 

acoustics have been of interest for centuries, the formal theoretical study of thermoacoustics started in 1949, when Kramers studied 

the Taconis oscillations. He generalized the Kirchhoff theory of the attenuation of sound waves at constant temperature to the case of 

attenuation in the presence of a temperature gradient. The results of Kramers theory were in disagreement with the experiment, 

because of some incorrect assumptions. In 1969, Rott continued the work of Kramers in a series of papers where a successful linear 

theory of thermoacoustics is given. Wheatley, Swift, and others have developed the connection between the acoustical part of thermo 

acoustics in a broader thermo dynamical perspective. Swift has reviewed much of this work. As can be understood from the above 

discussion, the history of heat-driven oscillations is rich and old. But the reverse thermodynamic process, of generating a temperature 

gradient by imposing acoustic oscillations, is a more recent phenomenon. Gifford and Longsworth demonstrated a heat-pumping 

process along the inner surface of a closed tube, where pressure pulses at low frequency were sustained . They called this cooling 

device a .Pulse tube, which is the precursor of the present orifice pulse-tube coolers. In 1975, cooling was also observed by Merkli and 

Thomann , at the velocity antinodes of a cylindrical cross-section acoustic tube in resonance. These two events formed the start of the 

work at Los Alamos National Laboratories (LANL) on thermoacoustic devices in the eighties, by Wheatley, Swift, and coworkers. 

The first acoustic heat pump (cooler), built at LANL, used a loudspeaker at one end of a closed tube to drive the acoustic resonance, 

and a stack of fiber glass plates positioned at the opposite end. The stack of plates was used to improve the thermoacoustic effect, as 

observed by Carter et al. With this arrangement, it was easy to produce a  temperature difference over the stack, as a result of the heat 

transfer process from one end of the stack to the other. Since then, several experimental set-ups have been built. 

III. BASIC PRINCIPLE OF THE THERMOACOUSTIC EFFECT 

Acoustic waves consist not only of coupled pressure and displacement oscillations in a gas, but also of temperature oscillations 

as a response to the pressure variations. The interaction of these effects in gas close to a solid surface generates thermoacoustic 

oscillations. At the surface, heat can be extracted or supplied to the gas. The result of this interaction is that a sound wave is sustained 

in case of a large temperature gradient along the surface. While in the reverse case acoustic work is absorbed in order to transport heat, 

generating a temperature gradient. The mechanism of the thermoacoustic effect can best be visualized by considering a tube 

containing a gas, closed at one end and at the other an oscillating piston is moving forwards and backwards, compressing and 

expanding the gas in the tube, as shown in Fig.(3.1). In order to understand how the thermoacoustic cycle works, we follow a small 

volume of gas (parcel), as indicated by the small square in Fig(3.1), as it moves alongside the wall of the tube. 

The motion of the piston is sinusoidal but for simplicity and clarity we consider a step by step cycle: (rapid motion-wait-rapid 

motion-wait-etc). This is indicated in Fig.(3.1) by the steps [1 − 2 − 3 − 4 − 1 − etc].This cycle forms the thermodynamic cycle of the 

thermoacoustic effect. It consists of two reversible adiabatic steps 1 and 3 and two isobaric heat transfer steps 2 and 4, like in the 

Brayton cycle. The heat-pump process (refrigeration) occurs when the temperature gradient on the wall is zero or small, Fig.(3.1a). At 

the beginning of the cycle (step 1), the piston moves to the right in the direction of the closed end, compresses the parcel of gas which 

warms up. At this time, the parcel of gas is warmer than the local wall temperature, and heat flows irreversibly from the parcel to the 

wall (2). In step 3 the piston moves back, the parcel expands and cools. The parcel of gas is now colder than the local wall position, 

and heat transfer from the wall to the parcel takes place (4). At this moment, the parcel of gas is at the initial position, and the cycle 

starts again. 
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Figure 3.1: A typical gas parcel executing the four steps (1-4) of the cycle in a thermoacoustic refrigerator (left side)and prime mover 

(right side), assuming an inviscid gas and square wave acoustic motion and pressure. In each step, the dashed and solid squares are 

vertical triangles show the initial and final states of the parcel and piston, respectively. (b) gas temperature Tg(x), and wall temperature 

Tw(x)versus position of the refrigerator. (d)Gas temperature Tg(x), and Wall temperature Tw(x) versus position for the prime mover. 

 

As a result a small amount of heat is transported by the parcel of gas from the left to the right. After many cycles, a temperature 

gradient builds up along the tube and the piston end cools down and the closed end warms up. This process takes place as long as the 

temperature gradient in the gas, as a consequence of compression, is higher than the temperature gradient along the wall (and vise 

versa for the expansion). The work used to compress the gas in step 1, is returned in step 3, so that net no work is consumed in these 

two steps. During the heat transfer, step (2), the parcel of gas will contract and the piston has to move a little to the right to keep the 

pressure throughout the gas constant. In step (4), the piston has to move to the left.  

A schematic pV-diagram for the refrigeration cycle, where V is the volume in front of the piston, is shown in Fig (3.2a). 
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Figure 3.2: Schematic pV-diagram for the thermoacoustic cycle (Fig. (1.4)). a) Refrigerator; the area ABCD represents the work used. 

b) Prime mover; the area ABCD represents the work produced 

The area ABCD represents the work used during the cycle. Actually, the whole gas alongside the wall of the tube contributes to 

the heat pump process. In Fig.(3.1c), the heat generation of sound in the so-called prime mover, is illustrated. The prime-mover cycle 

also consists of two adiabatic (1, 3) and two isobaric heat-transfer steps (2, 4). The only difference with the heat-pump case is that now 

we apply a large temperature gradient ∆T along the tube, so that the directions of heat transfer in steps 2 and 4 are reversed. When the 

parcel of gas is compressed, it warms up, but is still colder that the local wall position. Heat then flows from the wall into the parcel 

which expands. As a consequence of this expansion of the gas the piston will be pushed to the left and work is generated. In step 4, 

after the expansion, the gas element is warmer than the wall and heat flows into the wall. The gas contracts and work is done by the 

piston. The net work produced in one cycle is given by the area ABCD in Fig. (3.2b). As a result, a standing wave can be sustained by 

a large temperature gradient along the wall of the tube. In summary, during the compression step 1, the parcel of gas is both displaced 

along the wall and compressed. Two temperatures are important: the temperature of the gas after adiabatic compression and the local 

temperature of the wall adjacent to the parcel. If the temperature of the gas is higher than that of the wall, heat flows from the gas to 

the wall (heat pump). If the temperature of the gas is lower, heat flow sows from wall to gas (prime mover). Both heat flow and power 

can thus be reversed and the heat transfer process can be switched between the two modes by changing the temperature gradient along 

the wall. A small temperature gradient is the condition for heat pump; a high gradient is the condition for a prime mover. The gradient 

that separates the two regimes is called the critical temperature gradient. For this gradient, the temperature change along the wall 

matches the temperature change due to adiabatic compression, and no heat flows between the gas and the wall. The critical 

temperature gradient will be summarized in the next section. In the heat-pump regime work is absorbed to transfer heat from lower 

temperature to higher temperature. In this case, an acoustic wave has to be sustained in the tube to drive the process. In the prime 

mover mode the gas expands at high pressure (heat absorption), and contracts at low pressure (heat release), so that work is produced. 

In this case, the large temperature gradient sustains the acoustic oscillations. All periodic heat engines and refrigerators need some 

time phasing to operate properly. Conventional systems use pistons to compress and displace the gas in a given sequence. In 

thermoacoustic devices, this time phasing is ensured by the presence of the two thermodynamic media: gas and a solid surface, so that 

the irreversible heat transfer in steps 2 and 4 introduces the necessary time lag between temperature and motion. The compression and 

displacement are determined by the acoustic wave instead of pistons. At this stage, it is important to note that not all the gas in the 

tube is equally effective to the thermoacoustic effect. The elements of gas far away from the wall have no thermal contact, and are 

simply compressed and expanded adiabatically and reversibly by the sound wave. Elements that are too close to the wall have a good 

thermal contact, and are simply compressed and expanded isothermally. However elements at about a distance of a thermal 

penetration depth δk from the wall, have sufficient thermal contact to exchange some heat with the wall and produce a time delay 

between motion and heat transfer which is necessary for the heat pump process. The quantity δk is the distance across which heat can 

diffuse through the gas in a time 1/πf, where f is the acoustic frequency. 

 
Figure 3.3: A simple illustration of a thermoacoustic refrigeration 
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 As indicated in section II, Carter et al. realized that the performance of the thermoacoustic Sondhauss tube could be greatly 

improved by inclusion of a stack of small tubes. This has the effect of increasing the effective contact area between gas and solid over 

the cross-section of the tube, so that the whole gas contributes to the process. The appropriate use of stacks and their position in 

acoustically resonant tube scan produce powerful refrigerators (heat pump) and heat engines. We have to note here that even though 

the system uses a standing wave to displace, compress and expand the gas in the stack, a small travelling acoustic wave component is 

necessary to maintain the standing-wave resonance against the power absorption in the system. Systems using only traveling waves, 

which can be made more efficient, are also possible. 

IV. APPLICATIONS 

In previous section, the essentials of thermoacoustics were explained. Under favorable conditions, powerful or small size 

thermoacoustic devices can be built to operate as prime-movers or heat-pumps. Since the development of the first practical 

thermoacoustic apparatus in the early eighties at LANL, thermoacoustic technology has received an increasing attention as a new 

research area in heat engines and heat pumps. Since then, many thermoacoustic systems have been built, mostly at LANL, Naval 

Postgraduate School (NPS) in Monterey (California), and at Pennsylvania State University. Heat pumps and refrigerators use an 

acoustic driver (loudspeaker or prime mover)to pump heat from a cool source to a hot sink. A simple thermoacoustic refrigerator is 

shown in Fig.1.6. Such systems contain a loudspeaker, which drives an intense sound wave in a gas-filled acoustical resonator. A 

structure with channels, called the stack is appropriately placed in the tube. The stack is the heart of the refrigerator where cooling 

takes place. Two examples of refrigerators that were built and tested at NPS are: The Space Thermoacoustic Refrigerator (STAR), 

which was designed to produce up to 80K temperature difference over the stack, and to pump up to 4 watt of heat. The STAR was 

launched on the space shuttle Discovery in 1992. The second setup is the Shipboard Electronics Thermo Acoustic Cooler (SETAC) 

that was used to cool radar electronics on board of the warship USS Deyo in 1995. It was designed to provide 400watt of cooling 

power for a small temperature span, which is similar to a domestic refrigerator/freezer system. At Pennsylvania State University, a 

large chiller called TRITON is being developed to provide cooling for Navy ships. It is intended to produce a cooling power of about 

10 kW which means that it can convert three tons of water at 00C to ice at the same temperature in one day. At LANL, a heat-driven 

thermoacoustic refrigerator known as the beer cooler was built, which uses a heat-driven prime mover instead of a loudspeaker to   

sound necessary to drive the refrigerator. A similar device, called a Thermoacoustic Driven Thermo Acoustic Refrigerator (TADTAR) 

was recently built at NPS. It has a cooling power of about 90 watt for a temperature span of 25 
0
C. Such a device has no moving parts 

at all. Also at NPS, a solar driven TADTAR has been built which has a cooling capacity of 2.5 watt for a temperature span of 17.7 
0
C 

 At LANL, much of the efforts focused primarily on large thermoacoustic engines, using heat to generate sound, which is used 

to generate electrical power or to drive coolers to liquefy natural gas. One example of such efforts is collaboration between LANL and 

an industrial partner to develop a cryogenic refrigeration technology called Thermo Acoustically Driven Orifice Pulse Tube 

refrigeration (TADOPTR). This technology has the unique capability of producing cryogenic temperatures (115 K) with no moving 

parts. It uses a pulse-tube refrigerator which is driven by a natural-gas-powered thermoacoustic prime mover. A machine with a 

cooling capacity of 2kW producing about 0.5 m3/day, has been developed. A second system, using a traveling wave prime mover, is 

now under construction. This has a higher efficiency, and a cooling capacity of about 140 kW. It is expected that it will burn 20 % of 

natural-gas to liquefy the other 80 % at a rate of about 50 m
3
/day. At Tektronix, a TADOPTR was also built to provide cooling of 

electronic components. The prime mover, used in this cooler, provided 1 kW to the pulse-tube refrigerator with an efficiency of about 

23% of Carnot. The prime mover was driven by an electric heater. Hence the system had no moving parts. The potential of 

applications of thermoacoustic devices is substantial, as can be understood from the foregoing examples. Prime movers can be used to 

generate electricity, or to drive refrigerators. Thermoacoustic heat pumps can be used to generate heating, air-conditioning or cooling 

of sensors, supercomputers, etc. Their advantage is that they can have one (loudspeaker) or no moving parts no tight tolerances, 

making them potentially reliable and low cost. Besides being reliable, they use only inert gases (no CFC.s) so they are 

environmentally friendly. On the other hand, standing-wave thermoacoustic devices have a relatively low efficiency. However, 

thermoacoustics still a young technology. Recently, the LANL team has designed a traveling-wave prime-mover which has efficiency 

much higher than the standing-wave counterpart. This engine is a Stirling version of the thermoacoustic prime-mover. It has a thermal 

efficiency of 30 % while typical internal combustion engines are 25 to 40% efficient. Thermoacoustic refrigerators can also be made 

using this principle, and reach efficiencies comparable to vapor compression systems. Swift gave an excellent review of the current 

status of the field of thermoacoustics in his introductory book . 

V. BASIC THERMODYNAMIC AND ACOUSTIC CONCEPTS 

This section presents the underlying thermodynamic and acoustic principles, and discusses the interplay of these effects in 

thermoacoustics. The section starts with a review of the thermodynamic efficiency of a heat engine and the coefficient of performance 

of a refrigerator and heat pump. Then, a description of the thermo dynamics of the gas oscillating in the channels of a stack will be 

introduced. Simple expressions for the heat flow and acoustic power used in the stack will be derived. After that, the acoustics of 

thermoacoustic devices will be illustrated, and the important concepts for the operation will be explained. Finally, some basic 

measurements with a simple thermoacoustic refrigerator will be used to clarify the discussed effects. 
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V.I. THERMODYNAMIC PERFORMANCE 

In this section the thermal efficiency for prime movers and the coefficient of performance for refrigerators and heat pumps 

are introduced, using the first and second law of thermodynamics. From the thermodynamic point of view, prime movers are devices 

that, per cycle, use heat QH from a source at a high temperature TH and reject waste heat to a source at a lower temperature TC, to 

generate work W. On the other hand, refrigerators and heat pumps are devices that use work W to remove heat QC at a temperature TC 

and reject QH at a higher temperature TH. These devices are illustrated in Fig.(5.1). 

The energy flows into and out of thermodynamic systems are controlled by the first and second law of thermodynamics. The 

first law of thermodynamics is a statement of the energy conservation: the rate of increase or decrease of the internal energy U of a 

thermodynamic system of volume V equals the algebraic sum of the heat flows, and enthalpy flows into the system, minus the work 

done by the system on the surroundings; 

                     (5.1) 

 

 
Figure 5.1: Representation of a refrigeration of a refrigerator while exchanging per cycle heat and work with the surroundings. The 

directions of heat and work exchanged between the refrigerator and its environment are shown by the shaded arrows. In a prime mover 

the directions of the arrows are reversed. 

 

where  is the molar flow rate of matter flowing into the system, Hm is the molar enthalpy, and P represents other forms of work done 

on the system. The summations are over the various sources of heat and mass in contact with the system; transfers into the system are 

positive and those out of the system are negative. The second law of thermodynamics limits the interchange of heat and work in 

thermodynamic systems. This law states that the rate of change of entropy of a thermodynamic system is equal to the algebraic sum of 

the entropy change due to the heat flows, due to the mass flow, and due to the irreversible entropy production in the system [1] 

         (5.2) 

where the summation is over the various sources with the same sign convention as stated above. The heat flow, , into or out of the 

system, takes place at the temper-ature T. In addition the second law of thermodynamics requires that 

           (5.3) 

In the following the first and second law of thermodynamics, Eqs.(5.1)-(5.3), will be used to define the performance for 

refrigerators, heat pumps and prime movers. 

V.I.I.  REFRIGERATORS AND HEAT PUMPS 

The duty of a refrigerator or heat pump is to remove a heat quantity Qc at a low temperature TC and to supply a heat quantity 

QH to the surroundings at a high temperature TH. To accomplish these processes a net work input, W, is required. This process is 

illustrated in Fig.(5.1). Refrigerators and heat pumps have different goals. The goal of a refrigerator is to maintain the temperature of a 

given space below that of the surroundings. While the goal of a heat pump is to maintain the temperature of a given space above that 

of the surroundings. Since refrigeration and heat pump systems have different goals, their performance parameters, called coefficient 

of performance (COP) are defined differently. By considering the refrigerator illustrated in Fig.(5.1) and using the fact that there is no 

mass flow into or out of the system, the first and second law, Eqs.(5.1) and (5.2),take the simple form 

         (2.4) 

And 

          (5.5) 
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Where U and S are the internal energy and entropy of the system, respectively; Si is the irreversible entropy production in the system. 

The integration over one cycle of Eqs.(5.4) and (5.5), and the use of the fact that U and S are functions of state which do not change 

over one cycle, yields 

          (5.6) 

 And 

          (5.7) 

V.I.I(A).  REFRIGERATOR 

In the case of a refrigerator we are interested in the heat removed QC at TC, and the net work used to accomplish this effect, 

W. The COPref  is given by the ratio of the quantities, thus 

          (5.8) 

Substituting Eq.(5.6) into Eq.(5.8) yields    

          (5.9) 

Since Si ≥ 0, Eq.(5.7) gives 

           (5.10) 

Combining Eq.(5.9) with Eq.(5.10) gives 

          (5.11) 

          (5.12) 

The quantity is called the Carnot coefficient of performance which is the maximal performance for all refrigerators. This COP can be 

made larger than one if TC> TH/2. The coefficient of performance relative to Carnot’s coefficient of performance is defined as 

          (5.13) 

V.I.I(B).   HEAT PUMP 

The performance of heat pumps is defined as the ratio of the desired heat, QH, to the net work needed W. For a heat pump we 

are interested in the heat QH supplied to a given space. Thus the coefficient of performance, COPhp, is 

          (5.14) 

In combination with Eq.(5.6), this gives 

          (5.15) 

This expression shows that the value of the COPhp is always larger than unity. Combining Eq.(5.15) and Eq.(5.10) leads to the 

expression 

          (5.16) 

The temperature expression on the right is called the Carnot COPhp which is the maximum performance for all heat pumps. 

The coefficients of performance COPref and COPhp are defined as ratios of the desired heat transfer output to work input needed to 

accomplish that transfer. Based on the definitions given above, it is desirable thermodynamically that these coefficients have values 

that are as large as possible. As can be seen from Eqs. (5.11), (5.16), the second law of thermodynamics imposes limits on the 

performance, because of irreversibility in the system. 

V.I.II.  EFFICIENCY OF THE PRIME MOVER 

Since the prime mover uses heat QH to produce work W the directions of heat and work flows in Fig.(5.1) are reversed. The 

performance η of a prime mover is defined as the ratio of the produced work (output) and the heat used to produced that work(input), 

thus 

           (5.17) 

By use of Eq.(5.6), we have 

          (5.18) 

This expression shows that the efficiency of a prime mover is less than one. Since QH is entering the prime mover and QC is flowing 

out of it, Eq.(5.10) becomes 

                                                (5.19) 
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In a similar way as described above, we can derive the well-known relation 

                                         (5.20) 

The temperature expression on the right is called the Carnot efficiency, which is the maximal performance for all prime 

movers. 

V.II.  THERMODYNAMIC APPROACH TO THERMOACOUSTICS 

A simplified picture of the thermoacoustic effect will be given, using only thermo-dynamics and acoustics to explain how a 

temperature gradient and hence cooling develops across a stack. The discussion in this section is concerned with the derivation of 

approximate expressions for the critical temperature gradient and the heat and work flows in thermoacoustic devices. The papers of 

Wheatley and Swift form the basis for the discussion in this section. Most of the matter and illustrations discussed in the previous 

section will be repeated here for ease of discussion and derivation of thermoacoustic quantities.   

As discussed in the preceding section, thermoacoustic devices consist mainly of an acoustic resonator filled with a gas. In the 

resonator, a stack consisting of a number of parallel plates, and two heat exchangers, are appropriately installed (Fig.(5.2a)).The stack 

is the element in which the heat-pumping process takes place. The heat exchangers are necessary to exchange heat with the 

surroundings, at the cold and hot sides of the stack, as shown in Fig.(5.2a). A loudspeaker sustains an acoustic standing wave in the 

acoustic resonator. As an approximation, we neglect the viscosity of the gas and the longitudinal thermal conductivity. In response to 

the acoustic wave, the gas oscillates in the stack channels and is compressed and expanded. 

We begin by discussing the thermodynamics of a small parcel of gas oscillating along a stack plate, being compressed and 

expanded by the sound wave. An average longitudinal temperature gradient ∆Tm along the stack is supposed to exist. Addition-ally, 

we suppose that the pressure antinodes is to the right of the plate and a node to the left (Fig.(5.2b)). For simplicity, the following 

treatment will assume an in viscid ideal gas of vanishing Prandtl number The four steps of the thermoacoustic cycle are illustrated 

separately in Fig.(5.3). 

 

 

 

 
Figure 5.2: Model of a thermoacoustic refrigerator. (a) An acoustically resonant tube containing a gas, a stack of parallel plates and 

two heat exchangers. An acoustic driver is attached to one end of the tube and the other end is closed. Some length scales are also 

shown: the gas excursion in the stack x1, the length of the stack Ls, the position of the stack from the closed end xs and spacing in the 

stack 2 k. b) Illustration of the standing wave pressure and velocity in the resonator. 

 

We suppose that, in the start of the cycle, the temperature, pressure, and volume of the parcel are Tm – x1∆Tm,  pm − p1,  and V. In step 

1, the parcel of gas moves a distance 2x1, is compressed and increases in temperature by an amount 2T1. The adiabatic  Pressure 

change p1 and temperature change T1 are related by the thermodynamic relationship, 
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                          (5.21) 

where s is the specific entropy, ρ is the density, cp is the isobaric specific heat per unit mass, T is the absolute temperature, and p is the 

pressure. This expression can be rewritten as; 

                             (5.22) 

where 

                                 (5.23) 

The subscript m indicates that we are concerned with the mean value of the quantities between brackets. The parameter β is the 

isobaric volumetric expansion coefficient. Considering an ideal gas (βTm = 1) and using the ideal gas law, the expression (5.22) 

becomes 

                                  (5.24) 

 

where γ is the ratio of isobaric to isochoric specific heats. 

 

 
Figure 5.3: a) Typical gas parcel in a thermoacoustic refrigerator passing through a four-step cycle with two adiabats (step 1 and 2) 

and two constant-pressure heat transfer steps (2 & 4). B) an amount of heat is shuttled along the stack plate from one parcel of gas to 

another, as a result Q is transported from the left end of the plate to the right end, using work W. the heat increases in the stack from 

Qc to Qh. 

After the displacement and compression in step 1, the temperature, pressure and volume becomes Tm−x1∆Tm+2T1,  pm+p1, 

and V –V1. At this time, the temperature difference between the plate and the parcel of gas is 

                                   (5.25) 

where 2x1∆Tm is the temperature change along the plate. In step 2, for positive δT, heat δQ flows from the parcel of gas to the plate at 

constant pressure. The heat that flows out of the parcel is given by 

                                                  (5.26)                                                        

where m is the mass of the parcel of gas. 

In Fig.(5.4), a schematic pV -diagram of the cycle is shown. The work used in the cycle is equal to the area ABCD, and given by 

                     (5.27) 

The used acoustic power in each step is shown in Fig.(5.4). Using the acoustic approximation, p1, pm, and the Poisson’s law for the 

two adiabatic steps, the result after calculation is 
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                          (5.28) 

The volume δV is related to δT by Eq.(5.23), 

                                     (5.29) 

Insertion into Eq.(5.28) yields 

                                   (5.30) 

 

 
Figure 5.4: Schematic pV-diagram of the thermoacoustic cycle of Fig.(2.3). the four steps of the thermoacoustic cycle are illustrated: 

adiabatic compression (1), isobaric heat transfer (2), adiabatic expansion (3) and isobaric heat transfer (4). The area ABCD is the 

work used in the cycle which is also egal to the different steps. 

In step 3, the parcel of gas moves back to its initial position, expands and cools. At this time, the parcel of gas is colder than the local 

stack surface, and heat δQ flows into the parcel (step 4).In case δT is negative, heat flows into the parcel which expands and does 

work δW on its surroundings (prime mover). The sign of the temperature difference δT(and hence magnitude of ∆Tm) determines, 

after displacement and compression, the direction of the heat flow, into or out of the parcel of gas. Therefore, the refrigerator mode 

and prime mover mode can be distinguished by the sign of δT. If the temperature change 2x1∆Tm in the plate just matches the 

adiabatic temperature change 2T1, then the temperature gradient in the stack is named the critical temperature and is given by 

         (5.31) 

Using Eq.(5.22) and x1 = u1/ω, where u=1 is the gas particles velocity amplitude and ω the angular frequency, we obtain 

                                   (5.32) 

The two modes of operation are characterized in terms of the ratio of the temperature gradient along the stack and the critical 

temperature gradient 

         (5.33) 

Employing Eqs.(5.33), (5.22) and assuming an ideal gas (βT = 1) we can rewrite Eqs.(5.26) and (5.30), as 

                                    (5.34) 

And 

                                             (5.35) 

respectively. As can be seen from Fig.(5.5), if we suppose that Π is the perimeter of the plate in the direction normal to the axis of the 

resonator, Ls is the length of the plate parallel to the resonator axis (wave direction), and since only the layer of gas at a distance δk 

from the plate contributes to the thermoacoustic heat transport, the effective volume rate of flow of the gas is Πδku1. Here u1 is the 

amplitude of the speed of motion of the gas, caused by the sound wave. 

The thermoacoustic heat flow rate along the plate from TC to TH (refrigerator mode) is obtained by replacing V in Eq.(5.34) by the 

effective volume flow Πδku1, i.e. 

                        (5.36) 
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The total volume of gas that is thermodynamically active along the plate is ΠδkLs, so that the total work used to transport heat is given 

by 

                        (5.37) 

 

 

 
Figure 5.5: A single stack plate at length Ls and perimeter . The gas layer at a distance k from the plate is shown by dashed line. The 

gas area is equal to k and the total volume of gas in contact with the plate is k Ls. 

The power needed to pump the heat is the work per cycle times the frequency ω, so that 

                                   (5.38) 

 
Figure 5.6: illustration used in the derivation of the heat conduction equation 

 

When use is made of the definition of the speed of sound and the ideal gas law, 

                                  (5.39) 

where γ − 1 is the work parameter of the gas, we can rewrite Eq.(5.38) as 

                           (5.40)                                  

A quantitative evaluation of Q and W for sinusoidal p1 and u1would give the same results except that each expression has a 

numerical prefatory of 14 . The total heat flow and absorbed acoustic power in the stack can be obtained by using the total perimeter 

of the plates Πtot instead of the perimeter of one plate Π. 

Expressions (5.36) and (5.38) change sign as Γ passes through unity. Three cases can be distinguished: Γ = 1, there is no heat flow and 

no power is needed; When Γ < 1, the heat is transported against the temperature gradient so that external power is needed, and the 

device operates as a refrigerator; Γ > 1, due to the large temperature gradient, work is produced, and the device operates as a prime 

mover. Therefore, the device can operate as a refrigerator as long as the temperature gradient over the plate (stack) is smaller than the 

critical temperature gradient (Eq.(5.31)).But we can impose a large temperature gradient over the plate so that the device Operates as a 

prime mover (Γ > 1). 
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As stated previously, the thermoacoustic effect occurs within the thermal penetration depth δk, which is roughly the distance 

over which heat can diffuse through the gas in a time 1/πf, where f denotes the frequency of the acoustic wave. In Fig.(5.6),the heat 

conduction in one dimension through a rod of cross-section A is illustrated. Considering the energy balance for a small element dx of 

the rod, we suppose that heat is the only form of energy that enters or leaves the element dx, at x and x+dx, and that no energy is 

generated inside the element. Energy conservation yields 

                                           (5.41) 

The heat flow is given by the Fourier’s law of heat conduction 

                        (5.42) 

Where Ks is the thermal conductivity of the material. Substituting Eq.(5.42) and the thermodynamic expression du = csdT for the 

internal energy of solid-state material into Eq.(5.41) yields 

                                           (5.43) 

where cs and ρs are the isobaric specific heat and density of the material, respectively. If we substitute the characteristic dimensions δs 

= x/x0 and t0 = ωt into Eq.(5.43) we 

Get 

                                                   (5.44) 

so that 

                                           (5.45) 

and hence 

                                       (5.46) 

where κs is the thermal diffusivity, κs = Ks/ρscs. A similar procedure can be used to derive an analogous expression for the thermal 

penetration in a gas. Closely related to the thermal penetration depth is the viscous penetration depth in a gas δν. It is roughly the 

distance over which momentum can diffuse in a time 1/πf  and it is given by 

                                     (5.47) 

where the kinematic viscosity ν is given by 

                             (5.48) 

here η is the dynamic viscosity of the gas. An important parameter for the performance of thermoacoustic devices is the Prandtl 

number σ, which is a dimensionless parameter describing the ratio of viscous to thermal effects 

                                     (5.49) 

For most gases (air, inert gases) but not gas mixtures, σ is nearly 2/3 , so that for these gases thermal and viscous penetration 

depths are quite comparable. The effect of viscosity on the heat flow and acoustic power will be discussed in the next section. 

V.III.  ACOUSTIC CONCEPTS 

In this section, some acoustic concepts which are important for proper operation of thermoacoustic devices will be described. 

The discussion will be limited to standing wave thermoacoustic devices, which are more related to the subject of this research.A 

simple illustration of a thermoacoustic refrigerator is shown in Fig.(5.2). It consists of an acoustic resonator (tube) of length L (along 

x) and radius r. The resonator is filled with a gas and closed at one end. An acoustic driver, attached to the other end, sustains an 

acoustic standing wave in the gas, at the fundamental resonance frequency of the resonator. A stack of parallel plates and two heat 

exchangers are appropriately installed in the resonator.The first condition for the proper operation of thermoacoustic refrigerators is 

that the driver sustains an acoustic wave. This means that the driver compensates for the energy absorbed in the system. Hence, a 

small travelling wave component is superimposed on a standing wave; we have to note that in a pure standing wave there is no energy 

transport. 

To illustrate the acoustics, we consider for simplicity that the stack and the heat exchangers have no effect on the acoustic field in 

the tube. The driver excites a wave along the x direction. The combination of a plane traveling wave to the right and there affected 

wave at the closed end of the tube generates a sinusoidal standing wave. The acoustic pressure in the tube is given by 

                  

                                     (5.50) 

Where p0 is the pressure amplitude at the pressure antinodes of the standing wave, ω is the angular frequency of the wave, k is the 

wave number. By integration of Newton’s second law (acoustic approximation), ρ ∂u/∂t = −∂p/∂x, thegas particle velocity is  
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                                                (5.51) 

where 

                                                                           (5.52) 

From the fact that sin kx is zero where cos kx is maximum and vice versa, it follows that pressure antinodes are always velocity 

nodes and vice versa; the pressure and velocity are spatially 90 degrees out-of-phase. 

The frequency of the acoustic standing wave is determined by the type of gas, the length L of the resonator and the boundary 

conditions. A quarter-wavelength resonator is suitable, for many reasons as will be illustrated in upcoming section. But a half-

wavelength resonator can also be used. This depends on how the standing wave Þts in the tube. A half-wavelength resonator has two 

closed ends, so that the velocity is zero at the ends and the pressure is maximal (antinodes). The resonance modes are given by the 

condition that the longitudinal velocity vanishes at the ends of the resonator is used. 

                                                        (5.53) 

Hence, 

                (5.54) 

Where 

                              (5.55) 

In this case we see that the first (fundamental) mode which is usually used in thermoacoustic devices, corresponds to L = λ/2, 

ergo the name half-wavelength resonator. For a quarter-wavelength resonator, one end is open and the other end is closed. This 

requires a pressure node at the open end, hence 

                                                            (5.56) 

So that 

                                      (5.57) 

The fundamental mode corresponds to L = λ/4, ergo the name quarter-wave resonator. The refrigerator shown in Fig.(5.2), is assumed 

to be a half-wavelength device. Thus, in the resonance tube, we obtain the pressure and velocity distributions indicated in Fig.(5.2b). 

V.IV.  BASIC OPERATION CONCEPTS 

In the previous sections some basic thermodynamic and acoustic concepts have been introduced. In this section, we will 

illustrate the effect of the position of the stack in the standing-wave field on the behavior of the thermoacoustic devices .In Fig.(5.2), 

some important length scales are also shown: the longitudinal lengths, wavelength λ = 2L, gas excursion x1, stack length LS, and the 

mean stack position from the pressure antinode  xS, and the transversal length: spacing in the stack 2δk.For audio frequencies, we have 

typically for thermoacoustic devices: 

                                 (5.58) 

Since the sinusoidal displacement x1 of gas parcels is smaller than the length of the plate Ls, there are many adjacent gas parcels, each 

confined in its cyclic motion to a short region of length 2x1, and each reaching the extreme position as that occupied by an adjacent 

parcel half an acoustic cycle earlier (Fig.(5.3b)). During the first half of the acoustic cycle, the individual parcels move a distance x1 

toward the pressure antinodes and deposit an amount of heat δQ at that position on the plate. During the second half of the cycle, each 

parcel moves back to its initial position, and picks up the same amount of heat, that was deposited a half cycle earlier by an adjacent 

parcel of gas. The net result, is that an amount of heat is passed along the plate from one parcel of gas to the next in the direction of 

the pressure antinode as shown in Fig.(5.3b). 

Finally, we note that, although the adiabatic temperature T1 of a given parcel maybe small, the temperature difference ΔTm over the 

stack can be large, as the .number of parcels., Ls/x1, can be large (Fig.(5.3b)). As from Eq.(5.33) 

we find 

                                              (5.59) 

We find 

                                               (5.60) 

Since Γ < 1, and Ls À x1, we see that ΔTm can be made much larger than T1. 

V.IV.I.  TEMPERATURE GRADIENT 

The gas harmonic excursion, x1 is given by 

                                               (5.61) 

Hence, close to a pressure antinode (velocity node) the excursion of a typical parcel of gas is small. At the same time the parcel 

experiences large changes in pressure and a large adiabatic temperature change T1 (Eq.(5.22)). So, the critical temperature gradient at 

that position (∆T)crit = T1/x1 is large. If we replace u1 by its expression 
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from Eq.(5.51), we get  

                                             (5.62) 

Using Eq.(5.58) yields 

                          (5.63) 

Substituting this result into Eq.(5.31)we obtain 

                        (5.64) 

where Eqs.(5.39) and (5.24) have been used. In the refrigerator (heat pump), (∆T)crit is the maximum temperature gradient that can be 

developed over the stack, which means that close to a pressure antinodes we can expect the largest temperature difference over the 

stack larger, so the maximum temperature difference that can be reached is smaller. Changes become smaller whereas displacements 

become larger, so the maximum temperature difference that can be reached is smaller. 

 

V.IV.II.   HEAT FLOW 

Eq.( 5.36) shows that the heat flow is proportional to the product p1u1, and so vanishes if the stack is placed at either a 

pressure node or a velocity node of the standing acoustic wave. The maximum value of p1u1is at x = λ/8 = L/2. The factor (Γ − 1) 

appears also in the expression of heat flow. This factor is negative for refrigerators, and its effect can be derived from the discussion in 

preceding subsection. The lateral section of gas effective for the process Πδk, can be maximized by using more plates, optimally 

spaced, in the stack so that the total perimeter Π is as large as possible while maintaining a stack spacing greater than about 2δk . 

V.IV.III. ACOUSTIC POWER 

In the absence of viscosity, the expression for the power needed to pump heat, Eq.(5.40), is similar to that of heat flow, the 

only difference is the presence of the work parameter (γ − 1). Since each parcel along the plate absorbs net work, the total work done 

on the gas is proportional to the plate length Ls. 

V.IV.IV. VISCOSITY 

The discussion above concerns and in viscid gas. When viscosity is taken into account, the resulting expressions are much 

more complicated. These expressions will be presented in the following chapter.The viscous penetration depth is nearly as large as the 

thermal penetration depth, so most of the gas in the stack experiences significant viscous shear. However, the definition of the critical 

temperature gradient (Eq.(5.32)) will be kept throughout this thesis. In fact, with viscosity present, there is a lower critical temperature 

gradient below which the engine pumps heat and a higher critical gradient above which the engine is a prime mover. Between these 

two limiting gradients the engine is in a useless state, using work to pump heat from hot to cold. 

V.IV.V.  PERFORMANCE 

At this stage, an estimation of the theoretical performance of the thermoacoustic devices, using an inviscid working gas, can 

be calculated from the expression of COP(η) derived in previous section in combination with the heat and work equations the COP is 

given by 

                                               (5.65) 

Making use of Eqs.(5.32), (5.36), (5.38) and ΔTm = ∇TmLs yield 

                                         (5.66) 

Here COPC is Carnots coefficient of performance (Eq.(5.11)), the maximum possible performance of a refrigerator at Tm spanning the 

temperature difference ΔTm. We see that COPC is approached as Γ → 1, in which case heat and work are zero. 

 We note that standing-wave thermoacoustic devices are intrinsically irreversible. The irreversible heat transfer δQ across the 

temperature difference δT, steps 2 and 4 in Fig.(5.3), is essential to the operation of these devices. They do rely on the imperfect 

thermal contact across the thermal penetration depth δk, which provides the necessary phasing between displacement and thermal 

oscillations. This is the reason why the performance of standing wave thermoacoustic devices falls below Carnot performance. The 

performance will be degraded furthermore if viscous, thermal conduction and other losses in the different parts of the device will be 

considered. To date, the best performance reached with such devices is about 20 % of Carnot. 

VI. THEORY OF THERMOACOUSTICS 

Although thermoacoustic phenomena are experimentally observed for over two centuries, it is only during the seventies that 

the general linear thermoacoustic theory has been developed by Rott and coworkers. The theory was first developed for heat generated 

oscillations (prime mover), but it is also applicable to thermoacoustic refrigerators and heat pumps. In this chapter the Rott’s theory of 

thermoacoustics will be presented. 

VI.I.  GENERAL THERMOACOUSTIC THEORY 

The thermoacoustic theory as known today is first developed by Rott and reviewed later by Swift. Starting with the 

linearization of the Navier-Stokes, continuity, and energy equations, we will proceed to develop the thermoacoustic equations 
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avoiding much of the detail which has been provided elsewhere. For extended and detailed derivation of the different expressions, 

reference will be made to more specialized papers. The thermoacoustic equations are three fold: the first equation consists of Rott’s 

wave equation, which is the wave equation for the pressure in the presence of a temperature gradient along the stack; the energy 

equation, which describes the energy flow in thermoacoustic systems; and the third equation that is an expression for the acoustic 

power absorbed (refrigerator) or produced (prime mover) in the stack. We will follow the notation used by Swift .The geometry used 

to derive and discuss the thermoacoustic equations is illustrated in Fig.(6.1). We consider a parallel-plate stack placed in a gas-filled 

resonator. The plates have a thickness 2l and gas spacing 2y0. The x axis is along the direction of acoustic vibration and the y axis 

perpendicular to the planes of the parallel plates,with y = 0 in the center of the gas-layer and y = y0 at the gas-solid boundary. An y0 

axis is considered for the plates, with y0 = 0 in the center of the plate and y0 = l at the boundary. So there are two opposite coordinate 

systems as indicated in Fig.(6.1). 

Before beginning with writing the general equations of fluid mechanics, we will first summarize the assumptions which are 

used in deriving the general equations of thermoacoustics: 

 The theory is linear, second-order effects other than energy transport, such as acoustic streaming and turbulence are 

neglected. 

 The plates are stationary and rigid. 

 The temperature spanned along the stack is much smaller than the absolute temperature. 

 The temperature dependence of viscosity is neglected, which can be important at large temperature gradients. 

 Oscillating variables have harmonic time dependence at a single angular frequency ω. 

We note that sound results from a time-varying perturbation of dynamic and thermodynamic variables that describe the medium. a 

one-dimensional acoustic wave with an angular frequency ω exists, and the acoustic pressure is constant over the cross-sectional area 

of the stack, so that p = p(x). 

 
Figure 6.1: Geometry used for the derivation of thermoacoustic expressions. (a) Overall view, and (b) expanded view of the stack 

section. Each plate has thickness el, and each gas layer has thickness 2y 

 

In thermoacoustics, a first order in the perturbations is considered for variables, and a second order in the perturbations for 

the energies. The fundamental physics concerned with thermoacoustics is described by Navier-Stokes continuity and energy equations  

                 (6.1) 

                      (6.2) 

                           (6.3) 

where ρ is density, v is velocity, p is pressure, µ and ξ are dynamic (shear) and second(bulk) viscosity, respectively; K is the gas 

thermal conductivity,  and h are internal energy and enthalpy per unit mass, respectively, and Σ is the viscous stress tensor with 

components 

                            (6.4) 

The temperature in the plates is given by the conduction equation 

                   (6.5) 

where Ks, ρs and cs are the thermal conductivity, the density and specific heat per unit mass of the stacks material, respectively. The 

temperature in the fluid is given can be derived from Eq.(6.3)  

              (6.6) 

The temperatures in the plates and in the gas are coupled at the solid-gas interface where continuity of temperature and heat fluxes is 

imposed. These conditions are respectively expressed as  
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                                    (6.7) 

K          

where subscript 1 indicates a first-order in the perturbation. The complex notation is used for time-oscillatory variables: pressure p, 

temperature T, velocity components (u, v,w), density ρ, and entropy per unit mass s 

             (6.8) 

              (6.9) 

         (6.10) 

         (6.11) 

                  (6.12) 

In the acoustic approximation, the variables are harmonic and they have a e
jωt

 time dependence, where ω = 2πf, and f is the 

oscillation frequency. The mean values of the different variables are given by the subscript m and are real. The first-order terms in the 

expansion which are complex are indicated by a subscript 1. We assume that this lowest order in the acoustic amplitude suffices for all 

variables. Since δν, and λ are the characteristic lengths in x, y directions, respectively, and δν<<λ. This means that through this section 

we will always neglect ∂/∂x compared to ∂/∂y. To first order, the x-component of the momentum equation can be written in the form  

               (6.13) 

where u1 is the x component of v1. Thus Eq.(6.13) reduces to 

   (6.14) 

With the boundary condition u1(y0) = 0, the solution u1 of this equation can be written as the sum of the solution of the homogenous 

equation and a particular solution. The solution is 

   (6.15) 

Where 

   (6.16) 

The parameter δν is the viscous penetration depth of the gas as defined in chapter 2.To first order, Eq.(6.5) becomes 

   (6.17) 

Using the first boundary condition from expression (6.7), Eq.(6.17) has the solution 

                                 (6.18) 

Where 

 

    (6.19) 

     

      

And 

    (6.20) 

    (6.21) 

    (6.22) 

 

where δk is the thermal penetration depth of the gas, δs is the solids thermal penetration depth, and σ is the Prandtl number. The 

function f is the so called Rotts function and it is geometry dependent. Using the thermodynamic expression 

   (6.23) 
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where cp and β are the specific heat per unit mass and the isobaric thermal expansion coefficient of the gas, respectively. To first order, 

Eq.(6.6) becomes 

   (6.24) 

Substituting Eq.(6.15) for u1, and solving Eq.(6.24) for T1, with the boundary condition of Eq.(6.7). The solution is  

 
For the derivation of Rott’s wave equation, we begin with the continuity equation, Eq.(6.2), which to first order becomes  

   (6.25) 

By combining this equation with the x derivative of Eq.(6.14), one obtains 

   (6.26) 

The density ρ1 is related to T1 and p1 by the thermodynamic expression 

         (6.28) 

where γ is the ratio of isobaric to isochoric specific heats and a is the adiabatic sound speed. Substituting Eq.(6.28) into Eq.(6.27), 

yields 

   (6.29) 

By incorporating Eqs.(6.25) and (6.15) into Eq.(6.29), and integrating with respect to y from 0 to y0, we obtain the wave equation of 

Rott  

             (6.30) 

This is the wave equation for p1 in the presence of a mean temperature gradient dTm/dx in the stack. For an ideal gas and ideal 

stack with εs = 0, this result was first obtained by Rott. Now, we will proceed to develop an expression for the time-averaged acoustic 

power dW used (or produced in the case of a prime mover ) in a segment of length dx in the stack. This power is the difference 

between the average acoustic power at x+dx and x, thus 

   (6.31) 

where over bar  indicates time average, brackets  indicate averaging in the y direction, and Ag is the cross-sectional area of the gas 

within the stack. Expanding   in a Taylor series, and p being independent of y, Eq.(6.31) can be written as 

   (6.32) 

The time average of the product of two complex quantities such as p1 and u1 is given by 

   (6.33) 

where the star denotes complex conjugation and signifies the real part. Using Eq.(6.33) and expanding the derivatives in Eq.(6.32) 

gives 

   (6.34) 

 To evaluate this expression, the derivatives dp1/dx and  are needed. The expression for dp1/dx is obtained from Eq.(6.15), 

as follows  

   (6.35) 

so that 

          (6.36) 

The derivative dp1/dx can be obtained from the second term in Rott’s wave equation and Eq.(6.35), as follows 

   (6.37) 

 

Substituting this into Eq.(6.30) produces 
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   (6.38) 

Substituting Eqs.(6.36) and (6.38) into Eq.(6.34) yields  

          (6.39) 

This is the acoustic power absorbed (or produced) in the stack per unit length. The subscript 2 is used to indicate that the acoustic 

power is a second-order quantity; the product of two first-order quantities, p1 and u1.  

  The first two terms in Eq.(6.39), are the viscous and thermal relaxation dissipation terms, respectively. These two terms are 

always present whenever a wave interacts with a solid surface, and have a dissipative effect in thermoacoustics. The third term in 

Eq.(6.39) contains the temperature gradient dTm/dx. This term can either absorb (refrigerator) or produce acoustic power (prime 

mover) depending on the magnitude of the temperature gradient along the stack. This term is the unique contribution to 

themoacoustics. 

 Finally, we will now proceed to develop an expression for the time-averaged energy Flux  E2 in the stack, correct to second-

order in the acoustic variables. We consider the thermoacoustic refrigerator shown in Fig(6.1a), driven by a loudspeaker. We suppose 

that the refrigerator is thermally insulated from the surroundings except at the two heat exchangers, so that heat can be exchanged with 

the outside world only via the two heat exchangers. Work can be exchanged only at the loudspeaker piston. The general law of 

conservation of energy for a fluid, where there is viscosity and thermal conduction is given by Eq.(6.3), is expressed by Eq.(6.40) 

below 

                                     (6.40) 

where ε and h are the internal energy and enthalpy per unit mass, respectively, and Σ is the viscous stress tensor, with components 

given by Eq.(6.4). The expression on the left is the rate-of-change of the energy in unit volume of the fluid, while that on the right is 

the divergence of the energy flux density which consists of three terms: transfer of mass by the motion of the fluid, transfer of heat and 

energy flux due to internal friction, respectively. 

In steady state, for a cyclic refrigerator (prime mover) without heat flows to the surroundings, the time averaged energy flux 

E2 along x must be independent of x. Terms of third order in v are neglected. Taking the x component of Eq.(6.40), integrating the 

remaining terms with respect to y from y = 0 to y = y0, and time averaging yields 

 

=0                                           (6.41) 

The quantity within the square brackets is the time-averaged energy flux per unit 

Perimeter E2/Π along x 

=                 (6.42) 

Using the acoustic approximations Eqs.(6.8)-(6.12), keeping terms up to second order the first integral in Eq.(6.42) becomes 

 +               (6.43) 

The first term on the right in Eq.(6.43) is zero because u1 = 0. The integrals of the second and third terms in Eq.(6.43) sum to zero 

because the second-order time- averaged mass flux is zero 

=0                                                                                       (6.44) 

Hence, if we use the thermodynamic expression 

                (6.45) 

we obtain 

             (6.46) 

The largest term in the last integral in Eq.(6.42) is of order y0µu1/λ; but the term ρuh, in the first integral, is of order p1u1 ~ 

ρmau1
2
, so that the last integral can be neglected. Only the zero-order terms are significant in the second and third integrals 

in Eq.(6.42). Hence Eq.(6.42) becomes 

                    (6.47) 

           (6.48) 

 so that 

                        (6.49) 
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The subscript 2 is again used to indicate that the energy flux is second order in the acoustic quantities. Substituting Eq.(6.15) for u1 

and Eq.(6.25) for T1 and performing the integration yields finally 

+  

                                                                                                                                             (6.50) 

where As is the cross-sectional area of the stack material. This important result represents the energy flux along x direction (wave 

direction) in terms of Tm(x), p1 (x), material properties and geometry. For an ideal gas and ideal stack εs = 0, this result was first 

obtained by Rott . As can be seen from Eq.(6.47), the energy flux consists of three terms: the first term in p1u1 is the acoustic power, 

the second term in s1u1 is the hydrodynamic entropy flow, and the final term is simply the conduction of heat through gas and stack 

material in the stack region. As discussed before, the time-averaged energy flux  along the stack must be independent of x. With  

constant, we solve Eq.(6.50) for dTm/dx, so that Tm can be evaluated 

 
                                                                                                                                                                                       (6.51) 

   

As can be seen from Eqs.(6.39) and (6.50), the expressions for the acoustic energy flows are complicated and difficult to interpret. But 

they are useful for numerical calculation. 

In summary Eqs.(6.36), (6.38), and (6.51) form a system of have coupled equations because the two first equations are 

complex. These equations which represent the have real variables: Re(p1), Im(p1) , Re (<u1>), Im(<u1>) , and Tm, incorporate the 

physics of the thermoacoustic effect; and can be used for analysis and design of thermoacoustic systems. 

 

 

 

VI.II.  BOUNDARY LAYER AND SHORT-STACK APPROXIMATIONS 

The thermoacoustic expressions derived in the previous section are complicated to interpret. In this section we will use two 

assumptions, to simplify these expressions. First, we make use of the .boundary-layer. Approximation: y0>>δK, l >>δs, so that the 

hyperbolic tangents in Eq.(6.19)can be set equal to unity. Second, we make the short-stack. Approximation, Ls <<λ; where the stack is 

considered to be short enough that the pressure and velocity in the stack does not vary appreciably. Finally, we will consider standing-

wave systems, which are more related to the experimental work in this study. 

The standing wave acoustic pressure in the stack  , can be taken as real and is given by 

                 (6.52) 

and the mean gas velocity in x direction is 

                             (6.53) 

The superscript s refers to standing waves, p0 is the pressure amplitude at the pressure antinodes of the standing wave and k is the 

wave number. The factor (1+l/y0) is used because of the continuity of the gas volumetric velocity at the boundary of the stack which 

requires that the velocity inside the stack must be higher than that outside by the cross-sectional area ratio (1 + l/y0). The Rott’s 

function f in the boundary layer-approximation is given by  

                     (6.54) 

Using these assumptions and Ag = Πy0, As = Πl; the approximate expressions for   and   are obtained, respectively. 

 
(6.55) 

 

 

And  



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      203 

ISSN 2250-3153  

www.ijsrp.org 

   (6.56) 

Where 

            (6.57) 

In Eq.(6.55), LS is the stack length, Π is the total perimeter of the stack plates in the direction normal to the x axis, and ΠδkLS is the 

volume of gas within about a thermal penetration depth  from the plates. Γ = ∇Tm/∇Tcrit, and ∇Tcrit is given by Eq.(2.32) 

                                         (6.58) 

The second term on the right hand side of Eq.(6.55) and the second term between brackets (−1) are negative and are the 

viscous and thermal relaxation dissipation terms, respectively. These two terms have a dissipative effect on the performance of 

thermoacoustic devices. The first term between brackets on the right hand side of Eq.(6.55), proportional to Γ, is the acoustic power 

absorbed to transfer heat (Γ < 1)or produced in the case of a prime mover ( Γ > 1). We note again that the acoustic power W2 and 

energy E2 are quadratic in the acoustic amplitude. Furthermore, W2 is proportional to the volume ΠδkLS of gas that is located within δk 

from the stack surface. 

 As will be shown in the next section, the E2 is the heat removed from the cold heat exchanger in our refrigerator. The first 

term on the right hand side of Eq.(6.56) is the thermoacoustic heat flow. The second term on the right hand side of Eq.(6.56) is simply 

the conduction of heat through gas and stack material in the stack region. So that the heat conduction has also have a negative effect 

on the performance of thermoacoustic refrigerators. The energy flow E2 is proportional to the area Πδk, which is the cross- sectional 

area of gas that is at δk from the stack surface. If δk ~y0, essentially the entire cross-sectional area of gas in the stack participates in the 

thermoacoustic heat transport. The energy flow is also proportional to the product   . Equations (6.55) and (6.56) contain the 

important parameter Γ which determines the sign of this expressions and hence the mode of operation of the apparatus, as discussed 

previously. Substituting Eqs.(6.52) and (6.53) into Eq.(6.58), we obtain 

                    (6.59) 

Eq.(6.59), shows that the critical temperature gradient is independent of the acoustic amplitude for a given location of the stack center 

within the standing wave. We see from Eq.(6.55) and Eq.(6.56), that the energy flow and acoustic power depend on of the Prandtl 

number σ (viscosity), in a complicated way. The influence of the Prandtl number on   and   and hence on the performance of the 

refrigerator will be discussed in the next section. 

 

VI.III. ENERGY FLUXES IN THERMOACOUSTIC REFRIGERATOR 

In the preceding sections, expressions for the acoustic power W2 absorbed in a thermoacoustic refrigerator or produced in a 

prime mover and the total energy flow E2 in the system have been presented. As can be seen from Eq.(6.47), the total energy is the 

sum of the acoustic power (first term), the hydrodynamic heat flux (second term) and the conduction heat flux. An idealized 

illustration of the different flows and their interplay in a thermoacoustic refrigerator will be given in this section.  

 Fig.(6.2a) shows a standing wave refrigerator thermally insulated from the surroundings except at the heat exchangers where 

heat can be exchanged with the surroundings. The arrows show the different energy flows into or out of the system except the 

conductive heat flow which is neglected for ease of discussion. A loudspeaker (driver) sustains a standing acoustic wave in the 

resonator by supplying acoustic power W2 in the form of a travelling acoustic wave. A part of this power will be used to sustain the 

standing wave against the thermal and viscous dissipations, and the rest of power will be used by the thermoacoustic effect to transport 

heat from the cold heat exchanger to the hot heat exchanger, as discussed previously using Eq.(6.55). 

In Fig.(6.2b), An idealized energy diagram, illustrating the behavior of the different energy flows as function of the position, 

is given. A part of the acoustic power delivered by the loudspeaker is dissipated at the resonator wall (first and second term in 

Eq.(6.39)), to the left and right of the stack. The dissipated part to the right of the cold heat exchange shows up as heat at the cold heat 

exchanger. This will decrease the effective cooling power of the refrigerator. The acoustic power in the stack and heat exchangers 

decreases monotonously, as it is used to transport heat from the cold heat exchanger to the hot heat exchanger, and to overcome the 

viscous forces in the stack. 

This used power shows up as heat at the hot heat exchanger. The power dissipated at the tube wall to the left of the stack will 

also show up at the hot heat exchanger .Within the stack, the heat flux grows from  at the left end of the stack to  at the right end. 

The two discontinuities in the heat flux are at the two heat exchangers at TC and TH, supplying heat   and removing heat . The 

total energy flow is everywhere the sum of acoustic work and heat fluxes. Within the stack the total energy is constant. The heat flux 

rises while acoustic power decreases, so that conservation of energy holds. 
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Figure 6.2: a) A standing wave refrigerator, insulated everywhere wxept at the heat exchangers. B) Illustration of W2,Q2 and E2 in the 

refrigerator. The discontinuities in E2 are due to heat transfer at the heat exchangers. 

 If we apply the principle of energy conservation to the control volume shown by the dotted line in Fig.(6.2a), in steady state 

over a cycle, the energy inside the control volume cannot change, so that the rate at which energy flows out is  and the rate at which 

energy flows in is , we conclude that  is equal to . 

VI.IV. NON-LINEAR EFFECTS 

The thermoacoustic theory developed so far is based on the acoustic approximation. Hence only small amplitudes were 

supposed. Actually, thermoacoustic devices developed for practical use will always operate at high amplitude. Hence, one may expect 

that non-linear effects will be present in such systems. This section is intended to give a short survey of some non-linear effects. A 

detailed review of these effects can be found in the text of Swift . A short review of turbulence, and streaming will be given. Since 

these effects dissipate acoustic power, they have a negative effect on the performance of thermoacoustic devices. 

VI.IV.I.   TURBULENCE 

From many experimental studies on the structure of turbulent oscillatory flows, it has unanimously been observed that 

transition to turbulence in the boundary layer took place at a Reynolds number ( R
δν

 ) based on Stokes boundary-layer thickness of 

about 500 to 550, independent of the particular flow geometry (pipe, channel, oscillating plate) . The Reynolds number is defined as 

                            (6.60) 

here u1 is the average velocity given by Eq.(6.35). 

The transition between laminar and turbulent regimes for an oscillating flow in atube of radius r, occurs roughly at 

          

                          (6.61) 

Where 

                       (6.62) 

is the Reynolds number based on the diameter of the tube D, and the peak acoustic velocity u1. 

VI.IV.II.  STREAMING 

The word streaming refers to second-order steady flow, which is superimposed on the first-order acoustic oscillatory flow. 

Streaming is driven by first-order acoustic phenomena (c.f. Eq.(6.44)). The streaming has a negative effect on the performance of the 

thermoacoustic devices, because it generates a convective heat transport. In a refrigerator such convective heat adds an undesirable 

heat load on the cold heat exchanger. In an engine this effect wastefully removes heat from the hot heat exchanger without generating 

acoustic power. Many types of streaming exist depending on the driving cause: Gedeon streaming is a DC flow which may exists 

whenever a toroidal geometry is used. Rayleigh streaming occurs in tubes and is driven by the viscous and thermal boundary-layers 

phenomena at the side walls of the tube. A streaming is set upward near the walls of the tube and downwards in the central part of the 

tube (or vice versa). This streaming can be eliminated by using a tube with variable crossection. Toroidal streaming may also occur in 

the stack. Gravity driven convection is also another type of streaming which may be avoided by orienting the cold side of the system 

downward. 

VI.IV.III.  HARMONICS AND SHOCKS 
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Harmonics can be generated in thermoacoustic devices by non-linear phenomena, like the v.∇v term in the Navier-Stokes 

equation. In such case the fundamental mode, u1, interacts with its derivative to generate higher modes. As will be shown in 

proceeding section, some resonator geometries can be used to avoid that the higher resonator modes which occur at frequencies that 

are an integer multiple of the fundamental mode frequency ω, so that the cascade excitation of the higher modes by non-linearities 

may be avoided. Shock waves can also occur at very high amplitudes as a consequence of interactions between the different modes. 

Harmonics and shock waves can be easily detected using an oscilloscope. 

VII. DESIGN OF A THERMOACOUSTIC REFRIGERATOR 

This section  is concerned with the design, development and optimization of thermo acoustic refrigerators using readily 

available materials. The linear thermo acoustic theory presented in previous section will be used. Due to the large number of 

parameters, a choice of some parameters along with a group of dimensionless independent variables will be used. The optimization of 

the different parts of the refrigerator will be discussed, and likewise some criteria will be implemented to obtain an optimal system. 

VII.I  DESIGN STRATEGY 

 As discussed in the previous section, thermo acoustic refrigerators consist mainly of four parts: a driver, a stack, two heat 

exchangers, and a resonator (Fig. (3.3)). Our approach to the design and optimization of the refrigerator consists of the design and 

optimization of each part separately. In this section the optimization and design of the other modules will be considered.  

We start by considering the design and optimization of the stack. As can be seen from Eq.(6.55) the driver has to provide 

acoustic power for driving the thermo acoustic heat transport process and for compensating for all viscous and thermal dissipation 

processes in the stack, heat exchangers, and at the resonator wall. The coefficient of performance of the stack, defined as the ratio of 

the heat pumped by the stack to the acoustic power used by the stack, is the maximum performance of the refrigerator. The exact 

expressions, Eqs.(6.39) and (6.50), of the acoustic power and cooling power in the stack are complicated, so one can try to use the 

expressions deduced from the short stack, and boundary-layer approximations, Eqs.(6.55) and (6.56). These expressions still look 

complicated. 

They contain a large number of parameters of the working gas, material and geometrical parameters of the stack. It is difficult 

to deal in engineering with so many parameters. However, one can reduce the number of parameters by choosing a group of 

dimensionless independent variables. Olson and Swift wrote a paper about similitude and dimensionless parameters for thermo 

acoustic devices .Some dimensionless parameters can be deduced directly from Eqs.(6.55) and (6.56).Others can be defined from the 

boundary-layer and short-stack assumptions. The parameters, of importance in thermo acoustics, which are contained in Eqs.(6.55) 

and(6.56), are given in Tables (7.1) and (7.2). 

Table 7.1: Operation and working gas parameters 

Operation parameters Working gas parameters 

Operating frequency: f 

Average pressure: pm 

Mean temperature: Tm 

Dynamic viscosity: µ 

Thermal conductivity: K 

Sound velocity: a 

Ratio of isobaric to isochoric specific heats: γ 

 

 

 

Table 7.2: Parameters of the stack 

Material Geometry 

Thermal conductivity: Ks 

Density: ρs 

Specific heat: cs 

Length: Ls 

Stack center position: xs 

Plate thickness: 2l 

Plate spacing: 2y0 

Cross section: A 

The goal of the proper design of the thermo acoustic refrigerator is to meet the requirements of a given cooling power Qc and 

a given low temperature Tc or a given temperature difference ΔT over the stack. This requirement can be added to the operation 

parameters shown in Table 7.1. 

As discussed earlier, the boundary layer and short stack approximations assume the following: 

 The reduced acoustic wavelength is larger than the stack length: λ/2π = 1/k>>Ls, so that the pressure and velocity can be 

considered as constant over the stack and that the acoustic field is not significantly disturbed by the presence of the stack. 

  The thermal and viscous penetration depths are smaller than the spacing in the stack: δk, δν<< y0. This assumption leads to 

the simplification of the Rott.s functions, where the complex hyperbolic tangents can set equal to one (Eqs.(6.19)). 

  The temperature difference is smaller than the average temperature: ΔT<< Tm, so that the thermo physical properties of the 

gas can be considered as constant within the stack 

The length and position of the stack can be normalized by λ/2π. The thermal and viscous penetration depths can be normalized by 

y0. The cold temperature or the temperature difference can be normalized by Tm. Since δk, and δνare related by the Prandtl number σ, 
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this will further simplify the number of parameters. Olsonand Swift proposed to normalize the acoustic power and the cooling power 

by the product of the mean pressure pm, the sound velocity a, and the cross-sectional area of the stack A : pmaA. The amplitude of the 

dynamic pressure can be normalized by the mean pressure. The ratio p0/ pm is called the drive ratio: D. In practice the stack material 

can be chosen so that εs and the thermal conductive term in Eqs.(6.55) and(6.56) can be neglected. In this case the parameters of the 

stack material don’t have to be considered in the performance calculations. The porosity of the stack, sometimes called blockage ratio, 

defined as 

                              (7.1) 

is also used as a dimensionless parameter for the geometry of the stack. The resultant normalized parameters are given an extra index 

n and are shown in Tables (7.3)-(7.5). The number of parameters can once more be reduced, by making a choice of some operation 

parameters, and the working gas 

Table 7.3: Normalized operation parameters 

 

 

 

 

 

 

Table 7.4: Normalized gas parameters 

 

 

 

 

Table 7.5: Normalized stack parameters 

 

 

VII.II. DESIGN CHOICES 

For this investigation we choose to design a refrigerator for a temperature difference of ΔTm = 75 K and a cooling power of 4 watt. In 

the following, we will discuss the selection of some operation parameters, the gas, and stack material. 

Average pressure: 

Since the power density in a thermo acoustic device is proportional to the average pressure pm it is favorable to choose pm as 

large as possible. This is determined by the mechanical strength of the resonator. On the other hand, δk is inversely proportional to 

square root of pm, so a high pressure results in a small δk and very small stack plate spacing. This makes the construction difficult. 

Taking into account these effects, we choose to use 1bar. To minimize the heat conduction from the hot side of the stack to the cold 

side, we used a thin-walled stack holder made of a Ertacetal material. 

Frequency: 

As the power density in the thermo acoustic devices is a linear function of the acoustic resonance frequency an obvious 

choice is thus a high resonance frequency. On the other hand δk is inversely proportional to the square root of the frequency 

(Eq.(5.46))which again implies a stack with very small plate spacing making a comprise between these two effects and the fact that 

the driver resonance has to be matched to the resonator resonance for high efficiency of the driver, we choose to use a frequency of 

400 Hz. 

Drive ratio: 

The drive ratio,D , is defined as the acoustic pressure amplitude, P1, divided by the mean pressure ,Pm . This ratio should be 

kept sufficiently low so as to avoid acoustic nonlinearities such as turbulence. Specifically, the dimensionless Mach number, M, 

should be smaller than about 0.1, and the Reynolds number, Ry, should be smaller than 500. The following definition of the Mach 

number: 

   

This formulation seems to be better suited for use with the dimensionless equations in designing the stack. Given,  =1.43, 

the drive ratio must be less than 14.3% to ensure that and less than 10.0% to ensure that Ry < 500. Because the chosen mean pressure 

is 1 bar, the acoustic pressure amplitude must be less than 0.1 bar, a large number for a normal loud speaker, the intended driver. The 

actual drive ratio for a loud speaker is more likely to be on the order of a few percent. Therefore, to proceed with calculations it was 

Operation parameters 

Drive ratio: D = p1/pm 

Normalized cooling power: Qcn = Qc/pmaA 

Normalized acoustic power: Wn = W /pmaA 

Normalized temperature difference: ΔTmn = ΔTm/Tm 

Gas parameters 

Prandtl number: σ 

Normalized thermal penetration depth: δkn = δk/y0 

Stack geometry parameters 

Normalized stack length: Lsn = kLs 

Normalized stack position: xn = kx 

Blockage ratio or porocity:  
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assumed that D = 0.01 so that the actuator would not need to be driven excessively hard to achieve the calculated cooling power and 

efficiency. 

Dynamic pressure: 

The dynamic pressure p0 is limited by two factors namely, the maximum force of the driver and non-linearities. The acoustic Mach 

number, defined as 

                             (7.2) 

has to be limited to M ~ 0.1 for gases by nonlinear effects . It was indicated in previous section that in order to avoid turbulence the 

acoustic Reynolds number Ry
δν

 ,Eq.(6.60), should be smaller than 500. Since we intend to design a refrigerator with moderate cooling 

power we will use driving ratios D < 3 %, so that M < 0.1 and Ry
δν

< 500. 

Working gas: 

We use atmospheric air as working gas. In this way the resonance frequency of 400 Hz is easily obtained without making the 

system too small. It is cheap in comparison with the other other gases. A high thermal conductivity is wise since δk is proportional to 

the square of the thermal conductivity coefficient K. The effect of using other gases will be discussed later in this Chapter. 

Stack material: 

The second term in Eq.(6.56) represents the heat conductivity through the stack material and gas in the stack region. This 

heat conduction has a negative effect on the performance of the refrigerator. The stack material must have a low thermal conductivity 

Ks and heat capacity cs larger than the heat capacity of the working gas, in order that the temperature of the stack plates is steady. In 

this way the parameter can be neglected. The material Teflon is chosen, as it has a low heat conductivity (0.16 W/mK) and is produced 

in thicknesses of 10 µm-500 µm . 

 

Stack geometry: 

There is much geometry which the stack can have: Parallel plates, circular pores, pin arrays, triangular pores, etc. The 

geometry of the stack is expressed in Rott’s function f. This function is given for some channel geometries in the literature [3]. From 

Eq.(6.50) one can see that the cooling power is proportional to Im (−fk). The real and imaginary parts for some geometry as functions 

of the ratio the hydraulic radius rh, which is defined as the ratio of the cross-sectional area and the perimeter of the channel and the 

thermal penetration depth. The pin arrays and parallel-plates stacks are the best. We note that for parallel-plate stack rh = y0. The pin-

array stack is too difficult to manufacture. Hence, we choose to use a stack made of parallel-plates. The selection of a frequency of 

400 Hz, an average pressure of 1bar, and air as working gas, determines the thermal and viscous penetration depths. Using Eq.(5.46) 

and (5.47) we have δk = 0.1mm and δν= 0.08 mm. As can be seen from Fig.(7.1) for a parallel-plates stack Im (−fk) has a maximum for 

rh/δk = y0/δk = 1.1. Since the spacing in the stack is 2y0, this means that the optimal spacing is 0.22 mm. But in order not to alter the 

acoustic field, it was stated  to use a spacing of 2δk to 4δk. We choose to use a spacing of about 0.3 mm. The remaining stack 

geometrical parameters are the center stack position xs, the length of the stack Ls, and the cross-sectional area A. These parameters are 

determined from the performance optimization of the stack. 

 

VII.III.  Design of the stack 

We remain with three stack design parameters: the center position xn, the length Lsn and the cross-sectional area A. By using 

data for the gas parameters we first optimize the stack geometry parameters by optimizing the performance expressed in terms of the 

COP (Eq.(5.8)). This leads to the determination of xn and Lsn. Then the required cooling power will be used to determine the cross-

sectional area A. This area is equal to the resonator cross section at the stack location. Once these parameters are determined we can 

design the resonator. The dissipated acoustic power at the cold side of the resonator forms an extra heat load to the cold heat 

exchanger. This load, and the required cooling power, will form the total heat load that the cold heat exchanger has to transfer to the 

stack. The first law of thermodynamics (Eq.(5.6)) states that the total heat load at the hot heat exchanger is the sum of the heat pumped 

by the stack and the acoustic power used by the stack to realize the heat transfer process. The hot heat exchanger has to remove this 

heat from the hot side of the stack. The driver has to provide the total needed acoustic power. The design strategy is summarized in 

Fig.(6.1). 

Using the dimensionless parameters, the parameter Γ ( Eq.(6.59)) can be rewritten 

                               (7.3) 

The stack perimeter, Π, can be expressed as function of the cross-sectional area as 

                    (7.4) 

 

Eqs.(6.56) and (6.55) can be rewritten in a dimensionless form by using the dimensionless parameters, the gas data of Table 7.6, and 

substitution of Eqs.(6.3) and (6.4),thus 
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             (7.5) 

 

        (7.6)  

                                         (7.7) 

The thermal conductivity term in Eq.(6.56) has been neglected. As discussed earlier, the performance of the stack is expressed in 

terms of the coefficient of performance 

                  (7.8) 

Table 7.6: Parameters used in the performance calculations 

 

  

VII.IV. OPTIMIZATION OF THE STACK 

In the performance calculations, the data shown in Table 7.6 are used. The performance calculations as function of the 

normalized stack length Lsn, for different normalized stack positions xn. The normalized position xn = 0, corresponds to the driver 

position (pressure antinode). In all cases the COP shows a maximum. For each stack length there is an optimal stack position. 

As the normalized length of the stack increases, the performance peak shifts to larger stack positions, while the performance 

decreases. This behavior is to be understood in the following way: A decrease of the center position of the stack means that the stack 

is placed close to the driver. This position is a pressure antinode and a velocity node, as discussed earlier. Equation (6.55) shows that 

the viscous losses are proportional to the square of the acoustic velocity. Thus decreasing the velocity will result in a decrease of the 

losses and hence a higher COP. 

In Section V.IV. we discussed the effect of the position of the stack in the standing wave. It was concluded that the maximum 

cooling power may be expected at a position roughly halfway between the pressure antinode and pressure node (λ/8). The COP peak, 

the cooling power, and the acoustic power, calculated at the peak position, are plotted as functions of the stack length. The cooling 

power and the acoustic power increase while the COP decreases as function of the stack length and thus as function of the normalized 

stack center position. As can be seen from Fig.(7.4),for a normalized stack length above 0.35 the COP is lower than one. 

Considering the above remarks and for practical reasons, we have chosen for a normalized stack center position of xn =0.22. To 

achieve optimum performance this requires a stack length of  Lsn = 0.23. Expressed in terms of the normal stack center position and 

length, we have xs = 8 cm and Ls = 8.5 cm. This is equivalent to place the hot end of the stack at a distance of 3.75 cm from the driver. 

Under these conditions the dimensionless cooling power is Qcn = 3.72 .10−6. Since the required cooling power is 4 watt this leads to a 

cross-sectional area A = 12 cm2. This means a radius of r = 1.9 cm for a cylindrical resonator. To pump 4 watt of heat the stack uses 3 

watt of acoustic power (COP = 1.3). 

 

VII.V. RESONATOR 

The resonator is designed in order that the length, weight, shape and the losses are optimal. The resonator has to be compact, 

light, and strong enough. The shape and length are determined by the resonance frequency and minimal losses at the wall of the 

resonator. The cross-sectional area A of the resonator at the stack location is determined in the preceding Section. As discussed in 

Section V.III, the resonator can have a λ/2 or a λ/4-length. The viscous and thermal relaxation dissipation losses take place in the 

penetration depths, along the surface of the resonator. In the boundary-layer approximation, the acoustic power lost per unit surface 

area of the resonator is given by (Eq.(6.55) with Γ = 0) 

       (7.9) 

where the first term on the right hand side is the kinetic energy dissipated by viscous shear. The second term is the energy dissipated 

by thermal relaxation. Since the total dissipated energy is proportional to the surface area of the resonator, a λ/4-resonator will 

dissipate only half the energy dissipated by a λ/2-resonator. Hence a λ/4-resonator is preferable. Hofler shows that the λ/4-resonator 

can be further optimized by reducing the diameter of the resonator part on the right of the stack. The reason to do this is by minimizing 

Eq.(7.9). Two parts can be discerned, a large diameter tube (1) containing the stack with diameter D1 and a small diameter tube (2) 

with diameter D2. The losses in part (2) are plotted as function of the ratio D1/D2. The thermal loss increases monotonically as 

Operation parameters Gas parameters 

pm = 1 bar. 

Tm = 250 K 

ΔTmn = 0.3. 

D = 0.02. 

a = 346 m/s 

σ = 0.68 

γ = 1.67 

. B = 0.75 

f = 400 Hz, k = 2.68 m−1 δkn = 0.66 
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function of the ratio D1/D2, but the viscous losses decrease rapidly up to about D1/D2 = 0.5 and then increase slowly. As a result the 

total loss (sum) has a minimum at about D1/D2 = 0.54. 

Hoflerand Garrett used a metallic spherical bulb to terminate the resonator. The sphere had sufficient volume to simulate an 

open end. But at the open end, which is a velocity antinode, the velocity is maximum so that an abrupt transition from the small 

diameter tube to the bulb can generate turbulence and so losses occur. Taking into account this problem along with the requirement to 

keep the resonator compact we used a cone-shaped buffer volume to simulate the open end. The calculation optimization of the angle 

of the cone for minimal losses has been determined to be 90. A gradual tapering is also used between the large diameter tube and 

small diameter tube. Measurements the standing wave acoustic pressure distribution inside the resonator shows that the system is 

nearly a quarter-wavelength resonator. 

So far we have determined the diameters of the large and small diameter tubes along with the length of the large diameter 

tube. The total length of the resonator is determined by the desired operation frequency of 400 Hz (k=2.68 m−1). By matching the 

pressure and volume velocity at the interface between the small and large tube one can deduce the resonance condition which can be 

used to control the length. The amplitudes of the dynamic pressure and gas velocity due to the standing wave in the large diameter 

tube (1) are given by 

                 (7.10)  

And  

                                  (7.11) 

where the superscript (1) refers to the large diameter tube (1), and  is the dynamic pressure amplitude at the driver location 

(antinode). Pressure and velocity in the small diameter tube (2) are given by 

                     (7.12) 

And  

                                (7.13) 

where Lt is the total length of the resonator, and subscript (2) refers to the small diameter tube. 

At the interface between the two parts at x = l, where l is the length of the large diameter tube (1), the pressure and the volume flow 

have to be continuous, this can be summarized by saying that the acoustic impedances have to match at the junction. 

Thus 

         (7.14) 

 

By substituting 

 =         (7.15) 

and 

 =  =        (7.16) 

Into Eq (6.14), one obtain the resonance condition 

)       (7.17) 

where Lt − l is the length of the small diameter tube. Substitution of D1, D2, l into Eq.(7.17) yields a total length of Lt = 37.5 cm, so 

that the length of the small diameter tube is 25 cm. In our calculations we did not take into account the presence of the stack, heat 

exchangers, tapers, and damping which influence the resonance frequency of the system and hence length. 

   As discussed earlier, straight tubes have resonance modes which are an integer number of the fundamental mode (ω). We 

indicated in previous section, that, whenever nonlinear effects exist, higher harmonics may be generated which coincide with the 

resonance modes, and hence will be amplified. This means that energy transfer will take place from the fundamental operation mode 

to the higher oscillation modes. This loss mechanism is to be avoided in thermo acoustic devices. Eq.(7.17) shows that the resonance 

modes of the resonator having a non uniform cross-section are not an integer number of the fundamental. In this way harmonics can 

be avoided. Hence, besides the benefit of reducing the losses, the optimized resonator has the advantage of having normal resonance 

modes which are not an integer number of the fundamental mode. Oberst showed that, using resonators with a shape like can lead to 

extremely strong standing waves with relatively pure wave forms. 
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Figure 4.1: Simple resonator design 

 

 
Figure 4.2: Advanced resonator design 

 The large diameter resonator consists mainly of the stack and the two heat exchangers. Thus, the energy losses take place in 

these elements. The resonator losses are located at the small diameter tube. The minimal power loss for D1/D2 = 0.54. These losses are 

mainly caused by viscous losses. This energy loss shows up as heat at the cold heat exchanger. 

VII.VI.  HEAT EXCHANGERS 

The heat exchangers are necessary to transfer the energy of the thermo acoustic cooling process. The design of the heat 

exchangers is one of the important problems in thermo acoustics. Little is known about heat transfer in oscillating flows with zero 

mean velocity. The standard steady-flow design methodology for heat exchangers cannot be applied directly. Furthermore, an 
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understanding of the complex flow patterns at the ends of the stack is also necessary for the design. Nowadays some research groups 

are using visualization techniques to study these flow patterns which are very complicated. In the following, we will discuss some 

requirement issues for the design of the heat exchangers. 

VII.VI.I.  COLD HEAT EXCHANGER 

The whole resonator part on the right of the stack cools down so a cold heat exchanger is necessary to make a good thermal 

contact between the cold side of the stack and the small tube resonator. An electrical heater is placed at the cold heat exchanger to 

measure cooling power. The length of the heat exchanger is determined by the distance over which heat is transferred by gas. The 

optimum length corresponds to the peak-to-peak displacement of the gas at the cold heat exchanger location. The displacement 

amplitude is given by 

                                 (7.18) 

Substituting the data from Table 7.6, and x = l = 12.5 cm, gives x1 = 1.47 mm. The optimum length of the cold heat exchanger is thus 

2x1 = 3 mm. To avoid entrance problems of the gas when leaving the stack and entering the cold heat exchanger or vice versa 

(continuity of the volume velocity), the porosity of the cold heat exchanger must be equal to the porosity of the stack. This implies that 

a blockage ratio of 0.75 has to be used in the design of the cold heat exchanger. Acoustic power is also dissipated in the cold heat 

exchanger. Eq.(6.56) can be used to estimate the dissipated power. Substituting the position of the cold heat exchanger xn = 0.33, the 

length Lhn =0.008and Γ = 0 (uniform mean temperature) 

 

 

VII.VI.II.  HOT HEAT EXCHANGER 

The hot heat exchanger is necessary to remove the heat pumped by the stack and to reject it to the circulating cooling water. 

As discussed in the precedent subsection, the optimal length of the heat exchanger is equal to the peak-to-peak displacement amplitude 

of the gas at the heat exchanger location. But since the hot heat exchanger has to reject nearly twice the heat supplied by the cold heat 

exchanger, the length of the hot heat exchanger should be twice that of the cold heat exchanger (6 mm).Substituting the position of the 

hot heat exchanger xn=0.10, the length Lhn = 0.016and Γ = 0 into Eq.(6.56) 

VII.VII.  ACOUSTIC DRIVER 

The driver has to provide the total acoustic power used by the stack to transfer heat or dissipated in the different parts. A 

higher performance of the driver leads to a higher performance of the whole refrigerator system. Furthermore, a high performance of 

the driver means that the necessary acoustic power can be easily obtained without using high electrical currents which may damage 

the coil. 

VIII. RESULT AND CONCLUSION 

Determination of coefficient of performance (C.O.P) 

C.O.PREF=  

C.O.PREF=  

Q=mCP∆T 

m=℮V 

℮=Refrigerant for air at 1 atm and atmospheric temperature. 

Q=Heat extracted. 

V= +  + 1  

V= [  ( ) ] +  + 

[ ] 

V=3.628  

m=℮V 

m=1.2  

m=4.35 kg/  

Q=mCP∆T 
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Q=4.35  

Q=21.86 J 

C.O.PREF=  

C.O.PREF=  

C.O.PREF=0.55 

 

VIII.I.  DESIGNED MODEL 

 (a): Stack 

 
(b): Resonator 

 
 

 

 

 

(c): assembled view 
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VIII.II.   CONCLUSIONS 

A thermo acoustic refrigerator is fabricated with readily available materials. The COP of refrigerator is found to be 0.55 it is 

less efficient when compared with current system. The COP can be improved by replacing working fluid air by some inert gas like 

helium and also by using pressurized gas instead of using it at the ambient condition. 

 A few suggestions for the future work include the use of different materials and changing the size and shape of the resonator 

column. Other possibility is the modification of the stack design and material. 
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Abstract- The objective of present research is to determine 

relationship between information literacy and job adjustment of 

high school teachers in Izeh county .Its method is descriptive-

correlative and statistical sample include the total high school 

teachers of Izeh county, 452people.Statistical sample size 

obtained by Karjis&Morgan table but returned questionnaires 

were 190.Sampling random cluster method was in appropriation 

to statistical sample of men &women teachers.Measurement 

tools consisted of 25 questions of information literacy researcher-

made based on Hepworth(2009) theory by validity factor of /90 

and 20 questions questionnaire of job adjustment of 

Deivis&Lofqist(1991) by reliability and validity factor of 

/81,/88,respectively.To analyze data inferentially, statistical 

methods of regression and correlative factor were used. Results 

show that observed r in p≤/05 indicated a positive and significant 

correlation between the ability to use information technology 

component, to find and control information component, the 

ability of teachers to resolve information need by different ways, 

ability to obtain new knowledge using the obtained information 

and ability of teachers to simple information to use by himself 

and others and job environment and job satisfaction components. 

 

Index Terms- information literacy, job adjustment, teachers, high 

school 

I. INTRODUCTION 

n information literacy term used first by Zurkowski in 

1974.In his opinion that is educated in the field of 

information resource of its own specialized job called 

information literate. They know well techniques and skills of a 

wide range of information mediums as primary resources in 

terms of information solutions of problems. (Bawden, 2009). 

         From different resources, there are various definitions of 

information literacy. For example Weber Johnson (2000) 

suggested that information literacy regarded as an appropriate 

informative behavior through each way or medium of obtaining 

information in relation to information need accompanied by 

criticize awareness of importance and legal use of information in 

society.Also,Steeve(2003)believed that information literacy 

consisted of access, evaluation ability and use of information by 

different resources.Parirokh(2005) suggested that information 

literacy is place-finding,access,evaluation and use of information 

in any shape or form(including printing &electronic).Also, 

obtaining information literacy does not restricted to particular 

time but is constant so regarded as an everlasting learning. Bruce 

(2008) defined 5 aspects of information literacy including ability 

to use information technology, to find and control it, to resolve 

information needs through different ways, to obtain new 

information by previous information and to simple information to 

use for yourself and others. These 5 components considered as 

the basis of present research to measure teachers information. 

But to have more information literacy because anybody could 

obtain more knowledge of its job field and express more 

optimum adaptation in an organization which presents research 

aims to measure information literacy and job adjustment of high 

school teachers in Izeh County.                         

         Job adjustment is an important factor to continue the job. 

Everybody expects to his job bring about satisfaction and health 

and credit and at least resolve his primary needs. Regarding job 

adjustment many definitions introduced among them the 

Dawis&Lofquist definition (1991) could be referred that 

considers job adjustment as person personality adaptation to 

environmental factors related to work. So, job adjustment is a 

combination and collection of mental and physical factors 

provide job satisfaction. They studied job adjustment in 4 fields 

of personality, values and needs, job environment and 

satisfaction based on job adjustment theory that they are 

measurement tools on job adjusted basis in the present research.   

        

II. METHOD 

         Research method: Regarding that in the research, 

researchers aims to study relationship between information 

literacy and job adjustment of high school teachers in Izeh 

county .So, its method is descriptive of the correlative type. 

         Statistical sample: its sample includes the total high school 

teachers of IzehCounty in school year 1391-92 quantified 452 

people. 

         Sample size: To determine sample size of teachers Karjis 

and Morgan table (1970) was used. Based on the table 

calculation of statistical sample of 452,207 sample size is 

adequate. So, by this amount questionnaires distributed among 

teachers but completed and returned questionnaires were 190. 

         Sampling method: Regarding that number of men and 

women teachers is different so random cluster sampling in 

appropriation to statistical sample of men and women teachers 

was used. 

A  
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         Measurement tools: in the present research 2 

questionnaires used as follows: 

         1) Information literacy questionnaire: 

         Information literacy questionnaire made by researcher 

based on Hepworth theory(2009).This consisted of 25 questions 

by answer package of Likert 5 alternatives spread(strongly 

agree,agree,no opinion,disagree,strongly disagree) with 5,4,3,2,1 

degrees,respectively.Mentioned questionnaire measured 

information literacy in 5 components of ability to use 

information technology, to find and control them, to resolve 

information needs by different ways, to obtain new knowledge 

using previous ones, to simple information to account for others 

and yourself. Content validity estimated based on kendol factor 

of validity amount was /78.to measure reliability, after primary 

study and determination of variance, regarding kronbakhα factor 

was /90.                     

         2) Job adjustment questionnaire: 

         This provided by dawis&lofqist(1991),has 20 questions of 

4 alternatives spread(strongly agree,agree,disagree,strongly 

disagree) and 5,4,3,2,1 degrees, respectively.Job adjustment 

measured regarding 4 components of (1) personality (2) values 

and needs (3) job setting (4) job 

satisfaction.Dawia&lofqist(1991) reported validity and reliability 

/81, /89 respectively.In the present research to measure 

reliability,a primary study done and variance determined then it 

was /80 by kronbakh α factor.                                                      

         Analysis data method: To analyze data of measurement 

tools inferentially, statistical methods of regression analysis and 

correlation factor used. 

 

III. FINDINGS 

         1
st
 hypothesis: There is a relation between the ability to use 

information technology and job adjustment (job setting, 

personality, values and needs, job satisfaction) components of 

teachers. So, observed r in p≤/05 level indicated positive and 

significant correlation between ability to use information 

technology and job setting and satisfaction of teachers. While 

there is no significant correlation between the ability to use 

information technology and personality and values and needs 

components. Regression analysis shows effect on the ability to 

use the information technology component on job setting and 

satisfaction of teachers and if they gain ability to use information 

technology it would be expected that job adjustment enhance in 

job setting and satisfaction among them and in schools.                                                                                                                                 

          2
nd

 hypothesis: There is a relation between ability to find 

and control information and job adjustment components (job 

setting,personality,values and needs,satisfaction).Observed r in 

p≤/05 level indicated positive and significant correlation between 

ability to find and control information and job setting and 

satisfaction of teachers. While there is no positive and significant 

correlation between to find and control information and 

personality and values and needs components. Regression 

analysis indicated the effect of the ability to find and control 

information on job setting, values and needs and their satisfaction 

and if there gain the ability to find and control information, it 

would be expected that job adjustment enhance in job setting, 

values and needs and job satisfaction among them and schools.                                                                           

         Third hypothesis: There is a relation between ability to 

resolve information needs by different ways and job adjustment 

components (job setting,personality,values and needs, job 

satisfaction).Observed r in p≤/05 level indicated positive and 

significant correlation between ability to resolve information 

needs by different ways and job setting and satisfaction 

components. While there is no significant correlation between 

ability to resolve information needs by different ways and 

personality and values and needs components. Regression 

analysis indicated the effect of the ability to resolve information 

need by different ways on job setting, personality, satisfaction, if 

they gain ability to resolve information need by different ways, it 

would be expected that job adjustment enhance in a job setting, 

personality and satisfaction among them and in schools.                                                                       

          4
th

 hypothesis: There is a relation between ability to obtain 

new information using previous one and job adjustment 

components (job setting, personality, values and needs, 

satisfaction). Observed r in p≤/05 level indicated positive and 

significant correlation between ability to obtain new information 

using previous one and job setting and satisfaction while there is 

no significant correlation between ability to obtain new 

information using previous one and personality and values and 

needs component. Regression analysis indicated the effect of the 

ability to obtain new information using previous one on job 

setting, personality and satisfaction. If teachers necessary ability 

to obtain new information using previous one, it would be 

expected that job adjustment enhance in a job setting, personality 

and satisfaction among them and in schools.                                                                                                                     

         5
th

hypothesis: There is a relation between ability to simple 

information to use by others and yourself and job adjustment 

components (job setting,personality,values and needs, 

satisfaction). 

         Observed r in p≤/05 indicated a positive and significant 

correlation between ability to simple information to us by others 

and you and job setting, personality and satisfaction. While there 

is no significant correlation between ability to simple information 

to use by others and yourself and values and needs components. 

Regression analysis indicated the effect ability to simple 

information to use by others and yourself on job setting, 

personality and satisfaction. If teachers gain necessary ability to 

simple information to use by others and yourself, it would be 

expected that job adjustment enhance in job setting, personality 

and job satisfaction among them and in schools. 

 

IV. DISCUSSION AND CONCLUSION 

         Obtained results indicated that there is a positive and 

significant correlation between ability to use information 

technology and job setting and satisfaction components. 

         In new systematic outlook, information technology 

regarded as the most principal factor of alteration, human 

activities review to achieve extra-organizational goals and have 

particular strategic importance. Information introduced as a 4th 

resource in this standpoint indicated its eminence as vital agent 

effective on organized activities. In this way Karel study (2005) 

suggested that ability and efficiency of personnel in using 

information technology allow to achieve organizational goals 

across optimum performance of personnel, also using 

information technology bring enrichment to jobs  such that 
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enhance pleasure and happiness of workplace. Ashrafi (2002) 

regarded information technology as a factor increasing 

organizational efficiency and job adjustment of personnel. In 

addition, Alami (2008) suggested that using information 

technology makes the obvious organizational role and as a result 

job adjustment.                                      

          Findings of present research go together with findings of 

Sheikh (2000), Leong (2001), Haley (2002), Davis, et al (2001), 

Usoro (2001), Lynda Roberson (2002), Lidong (2003), 

Coger&Robert&Edward (2005), Keresberg, et   al (2010), 

Leuons (2011), Sergent&Terry (2011), Secker&Gibson (2011), 

Zolno (2011), Ed via, et al (2012). In mentioned researches 

information literacy reported as an eminent factor in accepting of 

organizational alterations and job adjustment enhancement.                                                                                                                

          Results indicated a positive and significant correlation 

between ability to find and control information and job setting 

and satisfaction components. The basic hypothesis of job 

adjustment is that people attempt to create and maintain positive 

interaction with workplace because know job adjustment as an 

important factor of successful job continuity and peace in the 

workplace. Everybody expects its job to bring about pleasure, 

health and credit and provide his primary needs. 

         Obtained results indicated that there is a positive and 

significant relation between ability to resolve information need 

by different ways and job setting and satisfaction components. 

          In job adjustment theory due to the relation between 

individual (job personality) and setting (job setting) there is a  

mutual correlative interaction, in which everybody attempts to 

obtain new job information for more job adjustment such that 

new information could be gained by different ways be responsive 

to job setting needs and job and organizational needs to promote 

him. 

         Obtained findings indicated a positive and significant 

correlation between ability to obtain new information using 

previous one and job setting and satisfaction components. In 

consultative standpoint, suitability of the individual and setting in 

early 1990 of work adjustment theory (two) raised. In 1991 

differences among personality structure and style and personality 

differences in relation to how adjust to setting considered. This 

theory at that time include how people interact in routine life and 

how adjust to setting, simultaneously to obtain job knowledge 

raised as an important factor in job adjustment and organizational 

alterations acceptance and people in organizations encouraged to 

use more of information technology to increase their job 

knowledge that lead to eminent success in organizations. 

         Obtained results indicated a positive and significant 

correlation between ability to simple information to us by others 

and you and job setting, personality and satisfaction components. 

So if high school teachers gain this proficiency such that analyze 

it through Internet sites and translate into understandable objects 

and use to enhance their job knowledge, recognition of job 

setting and requirements of teaching would be increased so they 

have more job adjustment in high schools. 

 

REFERENCES 

[1] Ashrafi, Bahra.(2002).Desigh and Determination ofOrganization Efficiency 
inUncertain Setting inComputer Companies.InformationManagement. No 
59. 

[2] Bawden D and Robinson L .(2009) .The dark side of information: overload, 
anxiety and other pathologies. Journal of Information Science, vol 35, 180-
191. 

[3] Bruce, C.S. (2008). Informed learning. Chicago: Association of College and 
 Research      Libraries. 

[4] Dawis, R.V. & Lofquist, L.H. (1984). A Psychological Theory of Work 
Adjustment.  

[5] Minneapolis: University of Minnesota Press. 

[6] Johnson, E. J., & Weber, E. U. (2000). Preferences as memory (Paper 
presented at meetings of  the Judgment/Decison Making Society). New 
Orleans, Louisiana. 

[7] Parirokh,Mehri. (2005).Information Literacy Training:Concepts,Methods 
and Plans,Tehran,Ketabdar. 

[8] Alami,Zahra. (2008).The Study of Relation between Organizational Role 
and Job Adjustment among Physical Education High School Teachers in 
Ardebil. Research Report of Education Organization of Ardebil province. 

 

AUTHORS 

First Author – Heibatollah Mollapour, MA Student,Islamic 

Azad university,Shahrekord Branch,Iran 

Second Author – Seyyed Ali Siadat, Associate Professor, 

Department of educational science, faculty of psychology& 

educational sience,University of Isfahan,Isfahan,Iran; e-mail 

:s.a.siadat@edu.ui.ac.ir 

Third Author – Mohammadmohammadisadr, Ph.D 

student,Department of educational science, faculty of 

psychology& educational sienceuniversity of Isfahan,Iran,e-mail: 

mohammadisadr@gmail.com 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      217 

ISSN 2250-3153  

www.ijsrp.org 

X-Rays and Scattering from Filters Used in Diagnostic 

Radiology 

Odeh Daniel, G Ogbanje, Prof. S. A. Jonah 

 
Department of Physics, Nigerian Defence Academy, Kaduna, Nigeria 

 
Abstract- Incorporation of filters between the X-rays source and 

the patient in Computed Tomography helps to optimize the 

radiation dose and prevent unnecessary radiation; however the 

filters use can act as a source of secondary radiation due to 

angular scattering. The process of X-rays scattering, the energy 

transmitted and the scattered photons from such filters has is 

presented. This shows that the scattered photons that can 

contribute to unnecessary radiation are due to Compton 

Scattering. Only by understanding and proper collimation of the 

X-rays, can it be useful in diagnosis without affecting image 

quality or contributing to unwanted radiation to the patient and 

laboratory staff. 

 

Index Terms- X-rays scattering, filters, filtration, and diagnostic 

radiology. 

 

I. INTRODUCTION 

-ray radiation is of increasing interest in the diagnosis of 

ailment and therapy. This is because of its ability to deliver 

dose to a specific area under consideration while sparing most 

normal tissues surrounding the organ of interest. It is used in 

instruments like computed tomography (CT) scanner and others.  

        Computed Tomography is one of the most commonly used 

diagnostic procedures in modern medicine. It contributes a large 

percentage of radiation doses to the patients during medical 

procedure. Also, it is estimated that worldwide CT contributes 

5% of the radiological examination and makes 34% contribution 

to the collective dose (Poonamet al, 2011).  

        A radiation attenuating material is incorporated in the path 

of the radiation beam to absorb preferentially the less penetrating 

components of the useful beam. It may consist of a permanent 

filter, which is an integral part of the X-ray tube housing and 

which cannot be removed by the user, and/or an added filter that 

is intended to increase the total filter thickness. 

       The delivery of the required dose is minimized by the use of 

these filters materials between the source and the patient without 

affecting the image quality. The filter commonly used is 

aluminum, but others materials of atomic number between 12 

and 39 can be used e.g. magnesium, silicon and zinc.  

 

 

Table 1: Minimum total filtration for X-rays tubes 

 

Maximum rated tube potential (kVp) Minimum total filtration (mm Al) 

Less than 70  1.5 

70 to and including 100  2.0 

Above 100 2.5 

 

        These filter materials are meant to reduce the dose to only 

acceptable energy values and intensity without scattering the 

radiation. This is because the scattered radiation can cause 

unnecessary exposure to the patient and even staff in the 

radiation laboratory. 

 

 

X  
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Fig. 1 A typical X-rays source showing the filter 

 

         However, the use of such filters can act as a source of 

secondary radiation by angular distribution (Compton 

Scattering).   

 

II. THEORY OF X-RAYS 

         X-rays is a part of the electromagnetic spectrum. It is 

emitted when a solid target (atom or electron) such as copper or 

tungsten is bombarded with electrons whose kinetic energy is in 

the kilo electron-volt range.  Their wavelength is of order of 1Å 

(=10
-10

m), frequency of order 10
18

 and they travel with the speed 

of light (~3x10
8
m/s). 

 

A typical X-ray source has the following characteristics 

i. 15 - 150 kV, rectified AC Power 

ii. ≈ 2 x 10
3
eV = 1.2 keV energy 

iii. 50 - 400mA anode current 

iv.  Tungsten wire (200 μm) cathode, heated to 2200ºC 

v.  Anode rotating at 3000 rpm made of Molybdenum 

or tungsten-rhenium a 

vi.  Thermionic emission 
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Fig. 2: The emission spectrum for X-rays for tungsten target 

 

         From the figure above, it can be seen that the overall curve 

is smooth shaped. The X-ray production starts at 

approximately15 keV and increases rapidly to 30-40% of 

maximum energy (peak of the curve). After the peak, there is a 

gradual downward slope to the x-axis (maximum energy) 

 

X-rays propagation 

         Similarly to visible light, X-rays propagate linearly. The 

rays from a point source form a divergent beam. The number of 

photons passing per unit area perpendicular to the direction of 

motion of the photons is called the fluence, Φ. The fluence in a 

vacuum decreases following the inverse square law, given by 

 

   

 (1) 

 

 

         where r is the distance from the point source and Φ (1) is 

the fluence at r=1 (relative units). The inverse square law is 

illustrated in Fig 2 below. 
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Φ  

Φ 

 
Fi  re 3. T e  l ence Φ o  X-rays decreases with the square of the distance from the source. 

 

The Intensity of x-rays 

         The intensity of the X-ray beam is attenuated by absorption 

and scattering process as it passes through the filter and patient. 

The degree of attenuation depends on the energy spectrum of the 

X-ray, path and μ (x) i.e.the X-ray linear attenuation coefficient 

which varies for different materials and tissues and hence is a 

function of distance x through the medium. 

 

The integral of the attenuation coefficient is given by  

 

 
 

The attenuation coefficient is  

 

 
 

where, Io is incident beam intensities 

 It is transmitted beam intensities  

 L is the length of X-ray path 

 μ (x) is X-ray linear attenuation coefficient, which 

varies with tissue type and hence is a function of the distance (x) 

through the patient. 

 

The Energy of X-rays 

         The production of X-rays causes electrons gain kinetic 

energy, which is the product of their charge and the potential 

difference. The unit of 1 eV is used and this is a measure of the 

kinetic energy of the electrons and X-ray photons. One electron 

volt (1 eV) is the kinetic energy of an electron that has been 

accelerated through a potential difference of 1 volt.  

For example, If the potential difference is 100 kV, each electron 

gets a kinetic energy of 100 keV (i.e. 1000ev = 1 keV). 

         When the electron reaches the anode it imparts the main 

part of its energy to the atoms of the anode by ionizations and 

excitations. This energy will finally appear as heat energy. If an 

electron passes close to an atomic nucleus, it will change its 

direction of motion, i.e., exhibits acceleration. At each such 

acceleration there is a small probability that the electron looses 

energy in the form of a photon. These photons are called 

Bremsstrahlung photons and constitute the main part of the X-

rays being used in X-ray diagnostic imaging. 

         Bremsstrahlung is generated when an electron with high 

energy changes its direction of motion in the neighborhood of an 

atomic nucleus and thereby looses energy. 
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Fig. 4: Characteristic of X-rays 

 

         From figure 3 above, it shows the energy chart from The 

energy of X-rays and their wavelength are inversely proportional 

(higher energy = lower wavelength), and the continuous 

spectrum minimum wavelength decreases as the accelerating 

voltage (kV) of the X-ray source increases. It is important to 

understand that an increase in filament current (ma) and kV 

(beyond the minimum value required to produce characteristic 

radiation for the target) will result in an increase in the intensity 

of the generated X-rays, but will not change their energy. 

         The bremsstrahlung photon can obtain an arbitrary energy 

between zero and the whole of 

the kinetic energy of the electron, ET. 

 

 
       

         The relative amount of bremsstrahlung emitted increases 

with increasing electron kinetic energy and with increasing 

atomic number, Z, of the anode material. Since the major part of 

the energy of the electrons is converted into heat in the anode 

(about 1% will appear as X-rays), the anode material should have 

a high melting point and good heat conduction ability. To get a 

high relative amount of X-ray energy, the anode material should 

be of high atomic number. Tungsten is the dominating anode 

material and is in modern X-ray tubes often mixed with rhenium 

(ZW=74; ZRe=75). Modern X-ray imaging requires a small focal 

spot and high X-ray fluence rates (number of photons per unit 

area and unit time). To meet these requirements, technical 

solutions with a line shaped focal spot and rotating anode have 

been introduced. 

 

History of X-rays 

         X-rays was discovery by Professor Wilhelm Conrad 

Roentgen as a new, invisible and unknown ray in November 

1895 hence the name (X-unknown).  

         He continued to experiment doggedly to test its properties. 

He noted quickly that solid objects placed in the beam between 

the Crookes’ tube and the fluorescent screen serving as an image 

receptor attenuated or blocked the beam, depending upon their 

density and structure. 

         Then, in a heart-stopping moment, he chanced to pass his 

hand through the beam. As he looked at the screen, the flesh of 

the hand seemingly melted away, projecting only the outlines of 

the bones. The hand was intact, unharmed. But on the screen, 

only the bones showed up. With that observation, the science of 

medical radiology was born. 

         The discovery of a new form of energy that could penetrate 

solid objects and record their structure excited Roentgen’s 

scientific contemporaries. But it was the skeletal hand that 

captured the imagination of the public and of physicians, who 

recognized instantly that this discovery could change medical 

practice forever.  

         Roentgen’s discovery was artificial ionization radiation. 

Two years later, a French physicist Henri Becquerel, discovered 

that certain rocks emitted natural ionizing radiation with 

characteristics much like Roentgen’s X-rays. Pierre and Marie 

Curie refined the natural radioactive ores to derive uranium, 

polonium and radium. Then radium was perceived the most 

valuable due to its use in cancer treatment. But with the coming 

of World War II, uranium and polonium was considered of 

primary interest since they could be used to make atomic bombs.  

But continual experiment, results and data have been presented to 

prove its immense benefit of X-rays to man. Medical usage of X-

ray photon is more likely to be formed by the process of transfer 

of an electron from higher energy to lower energy level 

(Cunningham et al). This process occurs in the X-ray tubes, to 

produce characteristic X-ray with different energy and intensity. 

The spectra widely used are those given by Fewell et al. This is 

due to its reliability and popularity among diagnostic imaging 

community (Ay et al). According to Ay et al, the spectra by 

Fewell et al were measured without adding filtration. Thus, 

giving the opportunity to continuously modify the spectrum 

using known attenuation properties of any particular material as 

additional filter. 

         Linton W. O reported that trials in the treatment of cancers 

with neutrons melted away due to the high energy and different 

biological characteristics than high energy X rays. Advancements 

in medical radiation uses came from gradual improvements in 

equipment and techniques. The availability of X-ray machines in 

hospitals can be used to diagnose more ailments such as 
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tuberculosis, cancer and bone abnormalities or fractures.  With 

the advances in Fluoroscopy, radiation can be fed directly unto 

screens, which help to view and record motion e.g. heartbeat.  

For most physicians diagnostic radiology made a huge leap into 

cross-sectional imaging with the development of computed 

tomography (CT). The rapid development of the computers 

which saw them shrank in size, grew in power, dropped in price 

and began to be available in research centers helped scientist 

understand the application of X-rays. And with the complex 

mathematical algorithms of computers, three-dimensional images 

could be drawn in seconds by reconstructing the body. 

         In less than a decade from the 1970s, magnetic resonance 

(MR) imaging burst on the scene with even more promising-and 

even more expensive- technology. MR image analysis 

technology was comparable to CT but no X rays were needed. 

Instead, MR units relied on strong magnets, as much as 8000 

times as strong as the earth’s magnetic field. 

         However the high cost of MR scans is factor that will see 

the continuous use of the CT scan and other instruments in 

demand. Also, the characteristic of the radiation used is 

necessary for radiation protection and especially if it is ionizing. 

 

Applications of X-rays 

         The uses of X-rays are as diverse as the whole of the 

scientific world. Some major applications include 

1. Medical Imaging 

2. X-rays diffraction in the study of crystals and other solids  

 

Table 2: The advantages and disadvantages of using X-rays 

in medical imaging is given below 

 

Advantages Disadvantages 

1 Widely used and 

available 

Radiation exposure 

2 Experts available Difficulty in imaging soft-

tissues 

3 High-spatial resolution 2D projection, hidden parts 

4 Excellent imaging of 

hard tissues (bones) 

 

 

Energy transfer 

         There are two basic types of energy transfer that may occur 

when X-rays interact with matter:  

 

1. Ionization, in which the incoming radiation causes 

the removal of an electron from an atom or 

molecule leaving the material with a net positive 

charge.  

2. Excitation, in which some of the X-ray’s energy is 

transferred to the target material leaving it in an 

excited (or more energetic) state.  

 

         Theoretically there are twelve processes that can occur 

when X-rays interact with matter,  

         Which process dominates is dependent on the mass 

absorption characteristics of the target (directly related to the 

atomic weight, Z) and the energy of the X-rays. The fig 4 below 

shows the most important of these. 

 

 

 
Fig 5: Photon interactions as a relation between photon energy and atomic number of filters 

 

         The major interaction between X-rays and matter occurs in 

the following ways;  

 Coherent (Rayleigh) scattering 

 The photoelectric effect 

 The Compton effect  

 Pair Production  

 Photodisintegration 
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Coherent (Rayleigh) scattering 

         This is a photon to photo interaction usually at a lower 

energy strikes by an electron, to produce a characteristic X-rays. 

Low-energy radiation is thus produced. It constitutes about 5 - 10 

% of tissue interactions. 

 
Fig. 6: Diagram of Rayleigh scattering 

 

Compton Scattering 

         Compton scattering occurs when the incident X-ray photon 

is deflected from its original path by an interaction with an 

electron. The electron gains energy and is ejected from its orbital 

position while the X-ray photon losses energy. The X-ray 

continues to travel in a different path with less energy than the 

incident photon and is known as incoherent scattering because 

the photon energy change is not always orderly and consistent. 

At energies of 100 keV -- 10 MeV the absorption of radiation is 

mainly due to the Compton effect.  

         The Compton effect or Compton scattering (C), also known 

as incoherent scattering occurs when the incident x-ray photon 

ejects an electron from an atom and an x-ray photon of lower 

energy is scattered from the atom. Relativistic energy and 

momentum are conserved in this process1 and the scattered x-ray 

photon has less energy and therefore greater wavelength than the 

incident photon. Compton Scattering is important for low atomic 

number specimens. At energies of 100 keV -- 10 MeV the 

absorption of radiation is mainly due to the Compton effect.  

 

 
Fig. 7: Diagram of Compton scattering 

 

         The energy of shift depends on the angle of scattering and 

original photon energy and not the nature of the scattering 

medium.  

         The change in wavelength of the scattered photon is given 

by 

 

 
 

Where λʹ is wavelength of the scattered photon 

λ is wavelength of the incident photon 
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h is Planck’s constant 

mo is rest mass of electron 

c is the speed of light  

θ is the scattering angle  

 

         The quantity 
h
⁄me is known as the Compton Scattering of 

the electron; it is equal to 2.43×10
−12

 m. The wavelength shift λ′ 

− λ is at least zero (for θ = 0°) and at most twice the Compton 

wavelength of the electron (for θ = 180°). 

         The Compton effect will occur with very low atomic 

weight targets even at relatively low X-ray energies. The effect 

may be thought of as a scattering of the photons by atomic 

electrons. In the process, also called Compton scattering, the 

incident X-ray changes direction and loses energy, imparting that 

energy to the electron (now called a Compton electron).  

         The Compton electron will typically interact with other 

atoms producing secondary ionizations. Since they possess 

relatively low energy, the x-rays produced will generally be low 

energy also.  

         The maximum possible energy, E, of a Compton electron 

(the “Compton edge”) is equal to:  

 

 

       

         Where Ex is the energy of the incident photon. 

Qualitatively, it is easy to see that the Compton electrons will be 

significantly less energetic than photoelectrons for an equal value 

of Ex.  

         In x-ray diffraction, Compton scatter will contribute to the 

overall background in the x-ray data produced, but because of the 

relatively low energies of the incident x-rays and the higher mass 

of the specimens and specimen holders, the contribution will 

usually be very small.  

 

The Photoelectric Effect 

         The photoelectric effect occurs when photons interact with 

matter with resulting ejection of electrons from the matter. 

Photoelectric (PE) absorption of x-rays occurs when the x-ray 

photon is absorbed resulting in the ejection of electrons from the 

atom. This leaves the atom in an ionized (i.e., charged) state. The 

ionized atom then returns to the neutral state with the emission of 

an x-ray characteristic of the atom. PE absorption is the dominant 

process for x-ray absorption up to energies of about 500 KeV. PE 

absorption is also dominant for atoms of high atomic numbers. 

 

 
Fig. 8: Diagram of photoelectric effect 

 

         The photoelectric effect is responsible for the production of 

characteristic x-rays in the x-ray tube, but the process is also 

important as a secondary process that occurs when x-rays interact 

with matter. An x-ray photon transfers its energy to an orbital 

electron, which is then dislodged and exits the atom at high speed 

with a kinetic energy equal to: 

 

 
 

 

         Where T is the kinetic energy of the photoelectronExis the 

energy of the incident X-ray photon andP is the energy required 

to remove the electron. This is equivalent to its binding energy in 

the atom.  

         The energy equivalent of the rest mass of an electron is 

moc
2
, and is equal to about 0.51 MeV (mois the rest mass of an 

electron and c is the speed of light). When Exis much lower than 

this value, the electron will exit at a high angle to the incident 
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beam; when Ex is closer to this value, the electron will exit at 

close to parallel with the beam.  

         When the photoelectron is ejected, it has the capability, 

depending on its energy, to interact with subsequent electrons in 

other molecules or atoms in a chain reaction until all its energy is 

lost. If that interaction results in the ejection of an outer orbital 

electron, this is known as the Auger effect, and the electron 

called an Auger electron. The probability of producing a 

secondary photoelectron vs. an Auger electron is directly 

proportional to the T of the photoelectron.  

         The production of photoelectric and Auger electrons is 

shown diagrammatically in the following figure from Jenkins and 

Snyder (1996). In the diagram (a) shows the incident X-ray 

photon, (b) shows the production of a high-energy primary 

photoelectron. In (c) a lower energy electron moves into the 

vacated K-shell resulting in the production of an X-ray photon 

that leaves the atom, and in (d) the X-ray photon is absorbed by 

an outer shell electron resulting in the emission of a Auger 

electron.  

 
Fig. 9: Photoelectric interaction wrt energy 

 

         It is easy to see how the photoelectric (and Auger) effect 

can significantly damage the molecular structure of soft tissues 

encountered by an X-ray beam. 

 

Pair Production 
         Pair Production (PP) can occur when the x-ray photon 

energy is greater than 1.02 MeV, when an electron and positron 

are created with the annihilation of the x-ray photon. Positrons 

are very short lived and disappear (positron annihilation) with the 

formation of two photons of 0.51MeV energy. Pair production is 

of particular importance when high-energy photons pass through 

materials of a high atomic number.  

         Pair production is a rare process and only occurs at high X-

ray photon energies with high atomic weight targets. It is 

virtually nonexistent at the low-energies involved in X-ray 

diffraction work. Pair production is impossible unless the 

incident X-rays exceed 1.02 MeV and does not become 

important until this exceeds about 2 MeV.  

         Pair production is not a significant process at the X-ray 

energies involved in X-ray diffraction.  

 

Other Effects  
         Thomson scattering (R), also known as Rayleigh, coherent, 

or classical scattering, occurs when the x-ray photon interacts 

with the whole atom so that the photon is scattered with no 

change in internal energy to the scattering atom, nor to the x-ray 

photon. Thomson scattering is never more than a minor 

contributor to the absorption coefficient. The scattering occurs 

without the loss of energy. Scattering is mainly in the forward 

direction. This effect is minor to when related to absorption, but 

is the primary effect, which makes x-ray diffraction possible.  
         Photodisintegration (PD) is the process by which the x-ray 

photon is captured by the nucleus of the atom with the ejection of 

a particle from the nucleus when all the energy of the x-ray is 

given to the nucleus. Because of the enormously high energies 

involved, this process may be neglected for the energies of x-

rays. It is the process harnessed in the development of nuclear 

fission. 

         Of all these processes, Compton scattering is of prime 

importance to radiology, as it is the most probable interaction of 

gamma rays and high energy X-rays with atoms in living beings 

and is applied in radiation therapy. It is also the main process that 

contributes to unnecessary radiation to the patient and laboratory 

staff during computed tomography scan. 

         According to Okunadeet al “For optimum benefit from X-

rays in diagnostic radiology, the entire imaging process must be 

assessed objectively”. These processes which involve precise 

steps in succession have been studied over time and outlined as 

follows: 

i. X-rays production  
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ii. Filtration 

iii. Photo interaction with the object (patient) 

iv. Anti-scatter device 

v. Image detection 

 

 
 

Fig. 10: Characteristics X-rays 1- Spectrum out of anode 

2- After window tube housing (INHERENT filtration) 

3- After ADDITIONAL filtration 

 

III. CONCLUSION 

         What radiation effect will be dominant is a function 

primarily of the energy of the radiation and the mass of the 

absorbing medium. The photoelectric effect, Compton scattering, 

pair production, Thomson or Rayleigh scattering, and 

photodisintegration are the main processes that can occur. At the 

low energies involved in X-ray diffraction, the processes are 

limited to Compton scattering, Thomson/Rayleigh scattering and 

the photoelectric effect.  

         The common product of these types of x-ray interaction 

with matter is the production of high-speed electrons and x-rays 

that can cause secondary effects in the matter with which they 

interact. The “end” effect (which can cause significant damage in 

tissues, particularly at the low X-ray energies involved in 

diffraction) of heat production is preceded by interactions, which 

create excited atoms, additional free electrons from ionization, 

and low-energy X-rays. These can do significant molecular 

damage (including chromosomal damage in tissues) leading to a 

number adverse health effects. Also to note is that the kV 

determines type of interaction in the body 

         • As kV increases photoelectric decreases (everything is 

penetrated) 

         • As kV decreases photoelectric increases (more absorption 

by thicker or denser tissues) 

         • As kV increases Compton increases but Compton occurs 

throughout the diagnostic range. 

         When the X-ray is scattered within a cone of 15° or less 

(i.e. Rayleigh Scattering), it will contribute to useful beam with 

comparable energy of primary source. But photons that undergo 

Compton interactions (wide-angle scattering) can cause 

unnecessary dose. This will contribute to radiation of other 

sensitive part of the patient and or staff if not properly 

collimated. 
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    Abstract- The gap between theory and practice has been a 

critical issue in medical education.  Past studies have shown  that 

the gap between theory and practice is a result from the non-

existent integration between theory and practice. This article 

seeks to discuss how integration between the two can be 

enhanced in the  paramedic curriculum of the Ministry of Health 

Malaysia.  There are 7 main factors that have been discussed 

namely the curriculum model, organisation and the content of 

theory and practice, teaching methodology, assessment criteria, 

the role of the lecturer, the role of the service staff and hidden 

curriculum 

 

    Index Terms- The gap between theory and practice, the 

integration between theory, practice, paramedic course. 

 

I. INTRODUCTION 

he implementation of theory and practice has been a great 

issue among researches in the world of medical education, 

including paramedical courses like paramedic and nursing.  

In the paramedic curriculum, theory is very much 

inextricably linked with practice.  Theory refers to the knowledge 

and skills in a particular field taught in class, whereas practice 

implies the implementation of a procedure at the clinical 

placement (Evetts, 2003; Dale, 1994). In terms of the 

significance of the theory to practice, Evetts (2003) and Schon 

(1987) state that theory will contribute to the understanding in 

performing a practice in a particular field.  Meanwhile, Cardin & 

Mcneese-smith (2005) state that theory has become fundamental 

to the practice implementation that is going to be translated into 

real situations. Such a difference between the theory and practic 

is known as the theory-practice gap (Scully, 2011; Hanberg & 

Brown, 2006).  

The issue of the gap between theory and practice has 

fascinated a number of researchers in medical education for quite 

some time. The study by Michau et. al. (2009) establishes that 

the gap between theory and practice still exists among paramedic 

students in Australia. Another work, by Swain, Pufahl & 

Williamson (2003) finds that the gap between theory and practice 

is not alien to the nursing students in England. 

According to Spouse (2001)  the gap between theory and 

practice is not a declining issue, but instead, expands more and 

more.   This increase is of course, raising great concern, as it will 

not only impact the implementation of the curriculum but will 

also affect the quality of the graduates.   

The existing gap between theory and practice is caused 

by a number of factors. According to Allmark (1995) and 

Morgan (2006), the main factor lies in the fact there has been no 

integration between theory and practice.  Integration means 

’connecting’ (Tyler, 1997). The integration of theory dan practice 

implies connecting the knowledge and skills learned in college 

with the practice implementation in clinical placement 

 

II. THE INTEGRATION BETWEEN THEORY DAN 

PRACTICE IN THE PARAMEDIC CURRICULUM OF 

THE MINISTRY OF HEALTH MALAYSIA (MOH) 

 

Paramedic course is one of the branches in medical 

education.  There are several paramedical courses run in the 

training institutitions, MOH. The courses aim at producing 

paramedic members like nurses, medical assistants and others 

(Training Management Division, 2012).  These paramedic 

members are also known as the members of Allied Health 

Science Professions (Training Management Division, 2012; 

Rotem, 2007).  

Paramedic course curriculum has well-balanced 

components of theory dan practice. In relation to this, the 

integration between theory dan practice needs to be enhanced so 

that the curriculum implementation can take place smoothly and 

effectively. As pointed out by Ferguson & Jinks (1994), the 

integration of theory dan practice can be improved by looking 

more into the aspects of planning and curriculum 

implementation. In the planning of the curriculum, there are four 

main factors which are the curriculum model used, the 

organisation and the content of the theory dan practice, the 

teaching methodology and the criteria of assessment.  

Meanwhile, in the aspect of the curriculum 

implementation, there are three main factors which influence the 

integration of theory and practice namely the role of the teachers, 

the role of the staff and the role of the hidden curriculum (Bennet 

et. al., 2004; Corlett. et. al., 2003). The factors that will be 

discussed are shown in figure 1 below. 
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Figure 1: Integration theory and practice (Adapted from 

Ferguson & Jinks, 1994). 

 

 

 

The Curriculum Model 

 

According to Miller (1985), some models are too 

general and abstract, that it is difficult to apply them to practice.  

There are two main models of the curriculum, which are the 

process model and the product model (Kelly, 2009). The product 

model has some clear, specific objectives in the aspects of 

knowledge, skills and attitude.  The product model is found to be 

more suitable to be used in paramedical education as the main 

objective is to prepare paramedic members like nurses and 

medical assistants who are knowledgeable, skilled and have good 

attitude and moral values.   As an example, the curriculum of the 

Diploma in Medical Assistant seeks to prepare medical assistants 

who can function efficaciously and effectively in providing 

quality health services guided by promotion, preventive, curative 

and rehabilitative approaches (Training Management Division 

MOH, 2008). The objective of the course curriculum is very 

clear, especially in the aspects of theory and practice. With clear 

objectives, the curriculum implementation can be carried out 

properly.  

On the other hand, the process model places an 

emphasis on the process of developing education which is 

preparing students for life-long learning.  This model is more 

fitting for more generic courses as to equip the students with 

higher level learning.    

 

 

 

The Organisation and Content of Theory and Practice 

 

The component of theory seeks to provide knowledge 

and skills to students before they implement the practice in 

clinical placement. Therefore, the content of theory has to be 

arranged systematically to make teaching implementation easier. 

As stated by Tyler (1997) and Ornstein & Hunskins (2009), the 

sequence and scope of the curriculum content are crucial 

components in the content organisation of a curriculum.   

In MOH’s paramedic course, the curriculum’s theory 

organisation is done in order, following Bloom’s taxonomy 

based on the level of difficulty (DaRosa, et. al., 2011). At the 

early stage, students are taught some basic concepts of medicine, 

including the definitions and clinical symptoms of diseases or the 

conditions of a disease.   After that, students are taught more 

difficult concepts, namely the skills of investigations, physical 

examination and patient management (Training Management 

Division, 2008).  

In terms of the scope of the curriculum content, 

according to Ornstein & Hunskins (2009), scope involves the 

depth and breadth of the content.  The scope of the curriculum 

content of paramedic course at the MOH is made, based on the 

role and responsibilities of the paramedic members like the 

nurses and medical assistants in this country.   

From the aspect of the practice organisation, it is 

constructed in line with the sequence and scope of the content of 

the theory teaching. This is because, students need to learn theory 

before they carry out at the clinical placement. Thus, the 

organisation of practice has been designed consistently with the 

sequence and scope of the content of theory so that we can close 

the gap between theory and practice. 

 

Teaching Methodology 

 

An effective teaching methodology that can enhance the 

integration between theory and practice is the learner-centered 

approach. This approach is consistent with the development of 

medical education curriculum which employs the evidence-based 

practices (EBP) approach, and is also used in the paramedic 

course at the MOH.  This learner-centered approach will enable 

students to master main skills, such as thinking skills, problem-

solving skills and communication skills  (Gabbin, 2002). Two 

examples of this approach are problem-based learning and 

constructivism learning.    

Problem-Based Learning (PBL) is a very popular 

method where it is often used in medical education (Levin, 2010; 

Albanese & Mitchell, 1993). This approach necessitates students 

to explore and solve every issue that arises. This facilitates 

students to learn and identify the root causes of the problem and 

resolve them using the right principles, especially in real-life 

situations (Schmidt, 1993).  A study by Ehrenberg  & Häggblom 

(2007)  demonstrates that PBL can boost students’ confidence 

when handling patients independently. Therefore, PBL can 

prepare students for real situations and working environment and 

simultaneously enhance the integration between theory and 

practice. 

The constructivism approach, in turn, refers to the 

teaching that employs students’ experiences to create an 

environment in which students will become active in the learning 
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process (Merriam et. al., 2007). This approach is crucial in the 

teaching process as students are encouraged to build their own 

concept and relating the things they learn with their existing 

knowledge. In this process, students will be able to increase their 

understanding about something (Subadrah & Malar, 2005). The 

study of Caprio (1994), Lieu (1997) have also proven that the 

constructivism approach can help students to gain a higher 

understanding and achievement in their learning.  Therefore, 

Merriam et. al., (2007) suggests that the constructivism approach 

is used in medical education because it can link theory and 

practice through students’ existing knowledge. 

 

Assessment Criteria  

 

Assessment stands as an important aspect because it 

provides a reflection on the effectiveness of curriculum 

implementation. Concerning the integration between theory and 

practice, the assessment criteria need to examine the aspect of 

how a student can connect between theory dan practice 

(Ferguson & Jinks, 1994). 

The criteria of assessment of the partamedic course at 

the MOH involve two main aspects namely theory and practice. 

Where theory is concerned, students are assessed through a 

written examination involving multi choice questions (MCQ), 

short essay questions (SEQ) also modified essay question 

(MEQ).  MEQ requires students to answer in the form of essays, 

and it involves several levels like knowledge, understanding, 

application, synthesis and assessment.  Thus, students need to be 

able to integrate both aspects, theory dan practice, to answer this 

type of questions.  

For practice, students are assessed clinically through the 

objective structured clinical examination (OSCE), objective 

structured practical examination (OSPE) and case presentation. 

The knowledge and skills of both aspects need to be used in this 

assessment.  

 

The role of the lecturer  

 

Lecturers are important individuals in materialising a 

curriculum (Ornstein & Hunskins, 2009). In the context of 

medical education, lecturers are not only teaching theory in the 

lecture room, but they also teach and perform clinical 

observations.  This is in line with the views of Landmark et. al., 

(2003) and Corlett et. al. (2003) who point out that the 

implementation of theory and practice can become more 

effective if the lecturers involved in theory teaching at the 

university also teach and supervise their students doing clinical 

practice. According to Cardin, & Mcneese-smith, (2005) if the 

lecturers conduct some discussions at the clinical placement 

every week, students should be able to connect theory and 

practice.  

 

In terms of the paramedic course at the MOH training 

institutions, in college, the lecturers have the duty to teach 

theories in the lecture room and teach practical training at the 

skill laboratory.  Meanwhile, at the clinical placement lecturers 

will supervise and perform clinical teaching hands on and via bed 

site teaching.  Their role in all the three aspects can well enhance 

the integration between theory and practice because they know 

better about their students’ level of knowledge to be made 

consistent with the implementation of practice at the clinical 

placement. 

 

The Role of Local Preceptor (LP) 

 

Local preceptor (LP) is the most significant person at 

the clinical placement. They are the service staff appointed to 

assist the training institutions to conduct the curriculum, 

especially in terms of the implementation of practice (Training 

Management Division, 2008). LP appointed must be senior 

member who has the skills in a particular field.  The appointed 

LP will be briefed and given a short course related to students’ 

observation also clinical teaching.    

The main role of the LP is to observe and supervise 

students at the clinical placement. As found by Severinsson 

(1998) in his study, clinical supervision is an important approach 

to connect theory and practice. Other than that, the appointed LP 

must be one who is involved in the same profession.  Their 

clinical skills should be able to help connect theory and practice 

when students do their practice at the clinical placement. 

 

The Role of the Hidden Curriculum 

Finally, the integration theory and practice is also influenced by 

the hidden curriculum.  As mentioned by Hafferty (1998), not all 

that is learned by students can be found in text books or lecture 

notes.   As an example, studies demonstrate that more than 30 

percent of treatment that the patients receive has not been 

consistent with the scientific proof established in the curriculum 

(Bennett et. al., 2004).  This shows that medical practitioners 

treat their patients based on other factors and not only based on 

what they have learned in lectures. These external factors are 

those labelled as the hidden curriculum.   

The hidden curriculum is also formed by ’slang’ or the 

institutional language. The ’slang’ of the institution means how 

the institution or the staff works (Bennett, et. al., 2004). ’Slang’ 

can be perceived as the daily language used and understood by 

the staff to make their work more convenient.    

To mitigate the influence of this kind of curriculum,  the 

MOH training institutions often embarks into discussions with 

the students, LP also the hospital officers.  This discussion seeks 

to identify any arising issues that can influence the curriculum 

implementation. This discussion is done continuously through 

clinical observation visits by the college, and through meetings 

and courses done every semester.    

 

 

III.  CONCLUSION 

 

In conclusion, the integration between theory and 

practice has become the main issue in medical education all over 

the world.  The studies shown have proven on the existing gap 

between theory and practice, due to the non-existent integration 

between both these apects. The existing gap between theory and 

practice can well affect the competency of the students (Michau. 

et. al, 2009). Other than that, what is more worrying is that it 

involves the patients’ safety. If this issue is not properly 
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examined and overcome, it will become an obstacle towards 

producing quality paramedical curriculum in this country.     

The integration between theory and practice can be enhanced 

if both the curriculum makers and practitioners pay attention to 

the aspects of planning and curriculum implementation. For 

paramedical courses at the MOH, the integration between theory 

and practice can be improved.   Other than that, to further 

improve the integration between theory and practice, the 

responsible officers at the training institutions and hospitals need 

to form a good relationship, so that the emerging gap can be 

resolved as soon as possible. 
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Abstract- The present paper aims at designing of Automatic 

Landing System for CHARLIE aircraft based on root locus 

modern control system. The control method is used to determine 

the gains of the controllers. To apply the root locus method, the 

nonlinear model of the flight system with controllers is 

established and developed .Then the nonlinear model is 

linearized about certain operating point. A CHARLIE aircraft 

with flight condition parameters used for proposed flight path 

control system is described .The block diagram of the proposed 

control system with required controller gains is established. The 

transfer functions for open loop and then the closed loop are 

obtained with the help of automatic control principle. The root 

locus for open loop is drawn and then K values are found for 

given damping ratios. Finally the step responses of the closed 

loop system with Automatic Landing system controller autopilot 

are drawn. The digital simulation results prove the effectiveness 

of proposed control system in terms of fast response after 

applying external disturbances. 

 

Index Terms- Aircraft, flight control, pitch Attitude, Root-Locus 

and PI control. 

 

I. INTRODUCTION 

he rapid advancement of aircraft design from the very 

limited capabilities of Wright brothers first successfully 

airplane today's high performance military, commercial, and 

general aviation aircraft required the development of many 

technologies, those are aerodynamics, Structures, materials, 

propulsion, and flight controls. The development of automatic 

control system has played an important role in the growth of civil 

and military aviation. Modern aircraft include a variety of 

automatic control system that aids the flight crew in navigation, 

flight management and augmenting the stability characteristic of 

the airplane. For this situation an autopilot is designed that 

control the pitch of aircraft that can be used by the flight crew to 

lessen their workload during cruising and help them land their 

aircraft [1]. The autopilot is an element within the flight control 

system. It is a pilot relief mechanism that assists in maintaining 

an attitude, heading, altitude or flying to navigation or landing 

references [2]. Designing an autopilot requires control system 

theory background and knowledge of stability derivatives and 

different altitudes for a given airplane [3]. Lot of works been 

done to control the autopilot of an aircraft for the purpose of 

flight stability and yet this researches still remains an open issue 

in the present and future works [4,5,6,7,8]. The rest of the paper 

is organized as follows: section 2 provides background 

information on the Modeling of an Aircraft Equation of Motion, 

while section 3 details the Aircraft Control System, section 4 

presents ALS Design for CHARLIE aircraft, section 5 shows 

Step response of CHARLIE aircraft system and finally, section 6 

presents the conclusion of this work. 

 

II. AIRCRAFT EQUATION OF MOTION 

2.1 Aircraft Equations of Longitudinal Motion 

       In order to obtain the transfer function of the aircraft, it is 

first necessary to obtain the equations of motion for the aircraft. 

The equations of motion are derived by applying Newton’s Laws 

of motion which relate to the summation of the external forces 

and moments to the linear and angular accelerations of the 

system or body. Certain assumptions must be made to do this 

application. By the way, the application is done according to [9].  

       Furthermore in longitudinal dynamics in order to get the 

linearized and Laplace transformed equations of motion, stability 

derivatives have to be also calculated. Then the related force 

term and moment term are handled, the longitudinal equations of 

motion for the aircraft are written as; 

 

u  = Xuu + Xww –  g   

  = Zuu + Zww + Uoq –  g  + E  

q  = Muu + Mww + M   + Mqq + E  

  = q                                                                          (1) 

 

2.2 Transfer functions obtained from Short Period 

Approximation 

         The short period approximation consists of assuming that 

any variations, u, which arise in airspeed as a result of control 

surface deflection, atmospheric turbulence, or just aircraft 

motion, are so small that any terms in the equations of motion 

involving u are negligible. In other words, the approximation 

assumes that short period transients are of sufficiently short 

duration that Uo remain essentially constant, i.e. u = 0. Thus, the 

equations of longitudinal motion may now be written as: 

 

  = Zww + Uoq +  E 

q  = Mww + M    + Mqq +  E = (Mw+ M Zw)w +(Mqq + Uo 

Mw)q +(  +  M ) E                                                  (2) 

 

If the state vector for short period motion is now defined as: 

 

 

X                  (3) 

 

T  
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         And the control vector, u, is taken as the elevator 

deflection, E, then eqs (2) may be written as a state equation:  

 

x ̇ = Ax + Bu 

 

Where: 

  

A =  

 

B =   

 

[sI- A] =  

 

sp(s) = det[sI- A] = s
2 

 – [Zw+ Mq +M  Uo]s +[ZwMq - UoMW]                                                                                                         

(4) 

 

It is easy to show that: 

 

 =   

 

Where: 

 

kw =   

 

T1 =  

Also: 

 =  

 

Where: 

 

=  

 

=    (5) 

 

2.3 Flight Path Angle 

       There is a useful kinematic relationship which can be found 

by means of the short period approximation: to change the flight 

path angle, 𝛾, of an aircraft it is customary to command a change 

in the pitch attitude, , of the aircraft. Since 

 

𝛾 =  – α                     (6) 

 

 = 1-  .     (7) 

 

 =                  (8)  

 

III. AIRCRAFT CONTROL SYSTEM 

         In figure 1 a block diagram of typical aircraft system is 

shown [10] 

         The angle Ɣ0 represents the required glide path angle 

according to assigned landing path. 

         The error signal is Ɛ is the difference between Ɣ0 and Ɣ. 

  is the command signal to the aircraft elevator. 

 

 

 
Figure 3.1 Block diagram of aircraft control system. 

 

3.1 CHARLIE Aircraft Mathematical Model: 

         CHARLIE Aircraft: is a very large, four – engine passenger 

jet aircraft [9]. 

 

Table 1 Longitudinal Motion Stability derivative 

 

Zw      

-0.512 -1.96 -0.006 -0.0008 -0.357 -0.378 

 

From eq. (5) 

Kq=  0.181776 

T2= 2.07085 

 

sp(s) = S
2
 + 0.909 S + 0.484 

 

 =    

 

 =   

 

 =   

 

IV. ALS DESIGN FOR CHARLIE AIRCRAFT 

4.1 Root Locus for Aircraft 

 

The open loop transfer function CHARLIE aircraft is founded as:  

 

 =     
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Figure 4.1 root locus diagra   or syste  at ξ =0.6 

 

Calculation for controller at ξ = 0.6, 0.65 and 0.7 are shown in table 1: 

 

Table 2 Calc lation  or t e point at ξ = 0.6  0.65 an  0.7 

 

ξ K Wn rad/sec 
Wd= Wn ( ) 

rad/sec 

Overshoot % 

0.6 10.9 3 2.4 9.5% 

0.65 2.25 1.92 1.46 6.81% 

0.7 0.442 1.26 0.9 4.58% 

   

V. STEP RESPONSE OF CHARLIE AIRCRAFT SYSTEM 

        After the root locus for open loop of aircraft is drawn and 

then K (controller) values are found for given damping ratios, the 

step responses of the closed loop system with the controller gain 

are drawn corresponding to K values and rising time, settling 

time and overshoot are shown in table 3: 

 

Table 3 summary of performance characteristics for 

CHARLIE aircraft 

 

K Response characteristic 

Rising 

Time 

(Tr) 

Settling Time 

(Ts) 

Percent 

Overshoot  

(% OS) 

10.9 849s 2.91e+003s 9.5 

2.25 0.548s 3.7s 6.81 

0.442 11.1s 21.3s 4.58 

 

         By referring to table 3, the result clearly demonstrate that 

K= 2.25 controller has the fastest response with settling time of 

3.71 second and rising time of 0.548 second. These controllers 

are able to give a good response with percent overshoot 6.81%. 
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Figure 5.1 Step response of the closed loop system with K=2.25 

 

        Now, if we replace K with PI controller. The control 

performances of PI controller are shown in table 4. A PI type 

controller can be effective for the considered aircraft. The 

primary objective of a control system design problem is to 

determine the controller gain so as to meet the required control 

performance, from the results in table 3 the last row give a good 

response with percent overshoot 7.97%. As shown in figure 

(5.2). 

 

Table 4 summary of performance characteristics for ALS 

with PI controller. 

 

K Ki Kp Rising 

Time 

(Tr) 

Settling 

Time 

(Ts) 

Percent 

Overshoot 

(% OS) 

10.9 0.83449 3.5427 0.881 s 17.4 s 8.55 

2.25 2.7044 10.8763 0.571 s  11.7 s 9.13 

0.442 1.7558 28.5089 0.322 s 1.43 s 7.97 

 

 
Figure 5.2 Step response of the closed loop system with K= 0.442, Ki= 1.7558 and Kp= 28.5089 

 

 

VI. CONCLUSION 

        The transfer functions for open loop and then the closed 

loop are obtained with the help of automatic control principle. 

The root locus for open loop is drawn with the help of MATLAB 

and then the appropriate K values are determined. Finally the 

step responses of closed loop Automatic Landing System over 

wide range of controller gains are drawn. The results validate the 

powerful of the proposed control system to stabilize the autopilot 

system.       
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I. INTRODUCTION 

he most distinguishing feature of Jainism is to maintain a 

note of overall universal identity in matters of religious and 

social order. From the social history of India it is evident that 

Lord abha, the first trthakara, has been responsible for the 

rise and development of Jainism in the history of Indian culture. 

abha founded the social order and family system, and taught 

to mankind the art of the cultivation of land as also different arts 

like writing, etc. After him there were twenty two trthakaras 

in Jain tradition. All of them contributed to develop more or less 

the same values in their times. 

         Lord Mahvra who was the twenty fourth trthakaras, 

after attaining supreme knowledge known as kevalajna, 

visited for full thirty years the different parts of the country 

especially its Eastern and Northern parts and promulgated socio-

spiritual values throughout. The significance of Mahvra’s 

contribution lies in successfully ushering in the social situation of 

his time and making institutional and other arrangements for the 

perpetuation of his socio-religious order. Mahvra is one of 

those few personalities who raised his voice for individual liberty 

in social and religious matters. He did not confine himself to 

individual upliftment, but dedicated himself to the development 

of a new creative social order for the healthiest orientation of the 

individual's excellence. Though he was a man of highest spiritual 

values, yet social values got his fullest attention. Those who 

regard Mahvra only as a spiritual messenger do great injustice 

to him. In fact, like Lord abha he also serves as a pioneering 

illustration of both ethico-spiritual realization and social 

reconstruction. 

         Lord Mahvra preaches the ethical discipline of five vows 

not only for the salvation of individuals but also for the survival 

and development of the entire society. In his message of Ahis 

and other corollaries in relation thereto, the social good in its 

ultimate analysis is shown to be dependent upon the moral and 

ethical development of the individual. There is no opposition 

between the good of the community and the good of the 

individual. The two are inextricably inter-linked with each other. 

In his view, individual development is not to be over emphasized 

at the cost of society. This is the reason he has introduced two 

types of ethical codes, one for ascetics and the other for 

householders, technically known as ramacra and 

rvakcra respectively. As a result, the social bifurcation is 

found in the basic organization of the Jain community. When one 

speaks of a Jain community, there must be the description of two 

orders, the mendicant and the lay order. While one refers to the 

group of people who fully exert themselves to realize the ethico-

spiritual values in their entirety by overcoming attachment and 

entirely aversion, the later denotes is the group of people who 

perform social duties and practice in a limited manner the ethico-

spiritual values keeping in view the importance of these values in 

individual and social life. Thus, to some extent, all members of 

the Jain community, whether the lay or the mendicant, may be 

said to practice the values non-violence etc. The outward 

expression of the practice is characterized by two explicit 

schemes of vows and restraints called minor and major vows, 

technically known as Auvrata and Mahvrata respectively. 

         In the context of a social order the Jainas have developed 

the whole set of social laws regulating the application of the ideal 

of Ahis. Ethico-spiritual values have been given paramount 

importance within the social order, allowing the diligent lay 

person to progress towards the status achieved by the mendicant 

in and through the Auvratas. It has outlined the progressive 

course leading to the renunciation of all violence. On the one 

hand, this course gradually widens the scope of the application of 

Ahis on the part of a layperson and on the other, it restricts the 

opportunities for violence in society. 

         In modern times, the word 'social development' has been 

used so indiscriminately that it has become almost impossible to 

define it. This is due to the fact that means of achieving it are 

sometimes confused with its objectives. The objective is 

obviously to develop a social system in which there is no 

exploitation of man by man and everyone has equal opportunities 

to fulfill his basic needs and to develop his capabilities. But it 

does not mean that everyone will thereby become equal in their 

lot, e.g., in matters of material prosperity and intellectual, moral 

or spiritual achievements. 

         They key to socially sustainable development is the 

creation of inclusive and accountable institutions and the 

strengthening of social capital across socio-cultural groups and 

trust between state and citizens to create socially cohesive 

societies. Social policy has both intrinsic and instrumental value : 

intrinsic in terms of creating equality of opportunity, and 

instrumental in terms of strengthening legitimacy of public 

institutions and social integration. 

         Hence, what is required is the creation of conditions in 

which they become encouraged and also have equal opportunities 

to develop their faculties. All this is possible only when the 

policies and strategies of social development are governed by 

some ethico-spiritual values. This must be amply clear to 

everybody that the necessity of the ethico-spiritual values of self-

imposed control are not based on fear of laws, but on the firm 

T  
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conviction that self-control is the surest way for one’s social 

good and spiritual uplift. 

         "Social dvelopment is a process that seeks to recreate a 

system which opens up the fountain springs of life-force 

operating both in individuals and in the community. It leaves 

behind the conventional concept of 'adjustment' of the individual 

to a given situation, but tries to create a new, more congenial 

situation, which can make a progressive equilibrium between the 

individual and the community possible. The new situation may 

comprise of a new set of values, attitudes and practices and 

different, more sustainable and efficacious 'institutions' – that is, 

structures and organizations to translate those values into 

practice." 

Prof. P.D. Kulkarni 

         If socialism is promoted only for the materialistic progress 

in the name of raising the living standard or the development of 

collective well-being of society governed only by materialistic 

considerations, then it would create contradictions. For unless 

there be simultaneously a change in the mental milieu of the 

members of the society, mere changes in the material condition 

in terms of socialistic criteria will be of no avail. The impression 

of the accustomed ways of living would stand opposed to the 

changed material conditions of society. 

         Social development is a process, which results in the 

transformation of social structures in a manner, which improves 

the capacity of the society to fulfill its aspirations. Society 

develops by consciousness and social consciousness develops by 

organization. The process that is subconscious in the society 

emerges as conscious knowledge in pioneering individuals. 

Development is a process, not a programme. Its power issues 

more from its subtle aspects than from material objects. 

         The practice of ethico-spiritualism can bring social 

development in a real sense. It will be recalled that among the 

five vows prescribed for right conduct one is Aparigraha, i.e. 

limiting one’s possessions and giving the surplus in charity. This 

is the highest form of socialistic mentality and is pre-requisite for 

non-violent and spiritual uplift. It results in a real and sustainable 

development of man and society. For such socialistic bent of 

mind we need to follow simple living and high thinking. In 

Jainism, all souls are regarded as basically similar and they all 

suffer from the same disease of ignorance that is delusion. This is 

enough reason for achieving individual excellences and social 

good. 

         Similarly, non-violence is an integrated concept and 

foundation of all sorts of values. It has relation with the different 

aspects of social life. The cause of deterioration in society is that 

our social scientists have neglected the role of non-violence and 

other ethico-spiritual values in developing social sciences and 

framing social policies accordingly. This is why harmony and 

cohesion of our society is becoming subject to different kinds of 

threats in the form of corruption, disparity, violence, criminal and 

terroristic activities and different types of cultural conflicts. Due 

to the negligence of ethico-spiritual perspective in social 

development, the politics of today has become nothing more than 

mere diplomacy. Economics system is working for imbalanced 

growth of man and society and as such it has failed to achieve 

welfare of mankind. Education, by neglecting values, has 

become uninspiring. Instead of promoting cultural values it 

promotes materialistic attitude. Similarly, the study of 

psychology is unable to transform the consciousness of human 

beings. 

         Looking at the present scenario of the world there is a great 

need to rethink, rearticulate and redefined the whole concept of 

social development, keeping philosophy of spirituality, non-

violence, self-restraint and non-possession in centre. The 

question is – How is it possible to develop such a social structure 

when the present sociology is based on the Darwinean motto of 

“Survival of the Fittest” and the concept of “Violent class-

struggle” given by Karl Marx? The extreme competitiveness of 

capitalism as evidenced in the present world inevitably increase 

violence in society. The real social progress based on socialistic 

ideals must eschew the principles of Darwin and that of Marx. 

This is possible only if the spirit of non-violence be made the 

pivotal mover of the ways of life both in the individual and the 

social sphere. This type of socialism of non-violence can be built 

on the basis of universal principle given by crya Umsvti, 

viz., “parasparopagrahojvnm” i.e. the very nature of the 

souls is to render service to others and "tayassiye" i.e. one life is 

dependent on other, are followed. To materialize these principles, 

society needs to inculcate the spirit of interdependence, relativity, 

friendliness, communal harmony, tolerance and co-existence. 

 

         The World Summit for Social Development (WSSD), 

held in Copenhagen from March 5-12, 1995 is a useful starting 

point for a discussion of social policy as it galvanized the 

attention of the world and succeeded in reaching consensus on a 

set of global commitments on social development. The report on 

the Social Summit by the UN Secretary General (February 2005) 

recognizes significant gaps in the areas of employment (or 

livelihoods); social integration; and the enabling environment–

defined as improving the economic, legal, political and 

institutional environment for social development. The sectoral 

focus of the Millennium Development Goals (MDGs) has led to 

a relative neglect of these crosscutting issues. Social policy is 

defined as a series of public policies designed to promote social 

development, undertaken by a variety of actors through a range 

of instruments. We envision social development as a natural 

complement to economic development with both intrinsic and 

instrumental value. While there is lack of consensus on the 

definition of social development it is generally understood to 

comprises of a set of objectives including equity and social 

justice, which subsume additional objectives including social 

inclusion, sustainable livelihoods, gender equity, increased voice 

and participation. They subscribe to the position taken by the 

2001 Report on the World Social Situation that the principle of 

social justice most concisely captures the essence of the World 

Summit on Social Development (WSSD) and, as such, has 

tended to be accepted as the goal of social development. 

Fur purposes of formulating social policies, however, they 

propose to go a step further by recognizing that social 

development involves multiple levels of engagement at the level 

of individuals, social groups, and society. As a working 

definition, social development can be described as the process of 

increasing : 

 The assets and capabilities of individuals to 

improve their well-being, 
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 The capacity of social groups to exercise agency, 

transform their relationships with other groups, and 

participate in development processes, 

 The ability of society to reconcile the interests of its 

constituent elements, govern itself peacefully, and 

manage change. 

 

         Social policies then are public policies aimed at three levels 

: promoting equality of opportunity to benefit individuals (micro-

level), equality of agency and institutional reform to benefit 

groups (meso level), and horizontal and vertical social 

integration to benefit society (macro level). 

         "It is a process of planned social change designed to 

promote the well-being of the population as a whole in 

conjunction with a dynamic process of economic development." 

James Midgley (1995) 

 

         "Basically the process of social development stands for a 

conscious and deliberate intervention with the instruments of 

policy and planning in order to bring about changes that lead 

towards desired goal." 

P.D. Kulkarni 

 

         The evaluation of the concept of social development the 

manpower required for its implementation, and the role and 

contribution of social sciences in social development are really 

linked together in one continuing theme, being just different 

paints in one and the same continuum. It reveals an all-enhancing 

and inter-related broad spectrum against which man's potential 

for development is to be brought out to the fullest extent 

possible. For this, society must ensure a congenial atmosphere in 

which full growth of economic, social, spiritual advancement. 

The theory and practice of social development must be one, 

which seeks to have not just a higher standard of living, but also 

a better quality of life. This alone will bring the best in people, 

by the efforts of the people themselves, who will live happily 

ever afterwards." 

         The Ethico-spiritual paradigm of Jainism since its very 

inception has been engaged in the noble task of uplifting 

individual as also the social life by revitalizing the society with 

the awakening of moral and spiritual values in all walks of life. 

Jainism is eco-human centric in its approach and spiritualistic in 

its depth as against the mere anthropocentric model of social 

development takes exclusively the interest of man into 

consideration, all other things are treated as subservient to and 

mere meant for fastening the interest of man. But the modal of 

social development based on the principle of non-violence takes 

the entire environment into account and thereby makes the real 

social development possible. 

Thus, the Jainism lays stress on Ethico-spiritual paradigm 

keeping in view not only the development of the entire social and 

the environmental milieu as well to ensure the social 

development in the true sense of the term. 

         Paradigm shift is a characteristic feature almost of all 

knowledge society. However, in some cases such as physical 

sciences, paradigm constitutes a dynamic structure, which makes 

for visible progress, while in other cases, e.g. in social sciences 

such things do not happen. It is a matter of common observation 

that society advances in paradigmatic stages, but knowledge of 

society does not do so. In the domain of human action the 

movement from Stone Age to Metal age, from Metal age to 

Industrial age, from Industrial age to Technological age and from 

Technological age to the age of Globalization and Post 

Modernism decidedly marks a paradigm shift. It does not 

necessarily indicate social progress in terms of the well being of 

all. Social development of today has become a target of adverse 

criticism of an increasingly large number of people. It’s 

monopolistic, exclusivistic and imperialistic attitude do not 

predict for the well-being of society. Though developed society 

has virtues, yet it is not free from many engulfing problems such 

as robberies, murder, casticism, terrorism, corruption, 

environmental pollution, addiction to intoxicating substances, 

degradation of moral values, communalism, etc. Balanced social 

development would establish and ensure global harmony and 

mutual cohesion between the different segments of the society. It 

would thereby have no room for the emergence of social evils 

that beset the present state of social development. 

         Attempts are no doubt continuously undertaken by the 

authorities at the helm of affairs. Newer and newer problems are 

in the offing as time goes on. In this scenario, the ethico-spiritual 

paradigm of social development of Jainism can vigorously 

present itself as a case in point. It can act as an eye opener to 

what should be done to usher in a society free from all 

undesirable social phenomena eating into vitals of social life. For 

this reason that an indepth study and research based analysis of 

the ethico-spiritual paradigm of social development as suggested 

in Jainism is all the more necessary. 

         Ethico-spiritual Paradigm will help us to understand the 

role of the transcendental states and powers of man in the field of 

social development. In this modern era the concept of ethics and 

spirituality has been kept aside, and man fails to understand the 

implications and depth of human existence and his potentialities. 

One should try to understand the ethico-spiritual values under a 

much wider and deeper perspective. 

         The Ethico-spiritual Paradigm seems to be the panacea of 

all social evils and it will act as a corrective step to check the 

current deviation, thus it is the crying need of the time to focus 

the utility of such paradigm to the society and this spirit will not 

only make clear its endemic discomfort but also endow it with a 

new intellectual force and liveliness which will help to 

inaugurate a new era of LOVE, peaceful and human harmony at 

the individual, institutional and society, level, for ethics and 

spirituality according to Jainism are cosmic, all-encompassing 

and all embracing. In the post-modern era, thus ethical and 

spiritual values alone can provide the healing touch and make the 

attempts of social development meaningful for the individual and 

the society at large. 
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     Abstract -The Economic Load Dispatch (ELD) problems in power generation systems is to reduce the fuel cost by reducing the 

total cost for the generation of electric power. This paper presents a Novel TANAN’s Algorithm (NTA) for solving ELD Problems. 

The main objective of NTA is to minimize the total fuel cost of the generating units subjected to limits on generator true power output, 

power loss. The NTA is a simple numerical random search approach based on a parabolic TANAN function. This paper presents an 

application of NTA to ELD problems for different IEEE standard test systems. ELD is applied and compared with various 

optimization techniques and the simulation results show that the proposed algorithm outperforms previous optimization methods. 

 

    Index Terms- Economic Load dispatch, Evolutionary Programming (EP), Genetic Algorithm (GA), Particle Swarm Optimization 

(PSO), Taguchi Method (TM)  

                     

 

NOMENCLATURE 

 
ai, bi, ci   : Fuel cost coefficients of i

th
 generator   

                ($/MW
2
h, $/MWh, $/h) 

Fi : Fuel cost of i
th 

generator, $/h 

Ft ; Total fuel cost, $/h 

n :Number of generators 

Pi : Output of i
th

 generator, MW 

Pimax  : Maximum generation limit of i
th 

generator,   

                 MW 

Pimin  : Minimum generation limit of i
th

 generator,  

                 MW 

Pl  : Power loss, MW 

Pd : System power demand, MW 

B : Loss coefficient matrix 

Ti : TANAN Function for i
th

 generator 

ri , si , ti    : Coefficients of TANAN function for i
th

   

                 generator 

x : TANAN function Variable  

 

 

I. INTRODUCTION 

 
Electrical power industry restructuring has created highly vibrant and competitive market that altered many aspects of the 

power industry. In this changed scenario, scarcity of energy resources, increasing power generation cost, environment concern, ever 

growing demand for electrical energy necessitate optimal dispatch. Economic Load Dispatch (ELD) is one of the important 

optimization problems in power systems that have the objective of dividing the power demand among the online generators 

economically while satisfying various constraints. Since the cost of the power generation is exorbitant, an optimum dispatch saves a 

considerable amount of money. Optimal generation dispatch is one of the most important problems in power system engineering, 

being a technique commonly used by operators in every day system operation. Optimal generation seeks to allocate the real and 

reactive power throughout power system obtaining optimal operating state that reduces cost and improves overall system efficiency. 

The economic dispatch problem reduces the system cost by allocating the real power among online generating units. In the economic 

dispatch problem the classical formulation presents deficiencies due to simplicity of models. Here, the power system modelled 
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through the power balance equation and generators are modelled with smooth quadratic cost functions and generator output 

constraints. 

 

 To improve power system studies, new models are continuously being developed that result in a more efficient system 

operation. Cost functions that consider valve point loadings, fuel switching, and prohibited operating zones as well as constraints that 

provide more accurate representation of system such as: emission, ramp rate limits, line flow limits, spinning reserve requirement and 

system voltage profile. The improved models generally increase the level of complexity of the optimization problem due to the non-

linearity associated with them. 

 

Traditional algorithms like lambda iteration, base point participation factor, gradient method, and Newton method can solve 

the ELD problems effectively if and only if the fuel-cost curves of the generating units are piece-wise linear and monotonically 

increasing. The basic ELD considers the power balance constraint apart from the generating capacity limits. However, a practical ELD 

must take ramp rate limits, prohibited operating zones, valve point effects, and multi fuel options into consideration to provide the 

completeness for the ELD formulation. The resulting ELD is a non-convex optimization problem, which is a challenging one and 

cannot be solved by the traditional methods.  

Practical ELD problems have nonlinear, non-convex type objective function with intense equality and inequality constraints. 

Recent advances in computation and the search for better results of complex optimization problems have fomented the development of 

techniques known as Evolutionary Algorithms. These algorithms provide an alternative for obtaining global optimal solutions, 

especially in the presence of non-continuous, non-convex, highly solution spaces. These algorithms are population based techniques 

which explore the solution space randomly by using several candidate solutions instead of the single solution estimate used by many 

classical techniques. The success of evolutionary algorithms lies in the capability of finding solutions with random exploration of the 

feasible region rather than exploring the complete region. This results in a faster optimization process with lesser computational 

resources while maintaining the capability of finding global optima. The conventional optimization methods are not able to solve such 

problems due to local optimum solution convergence. Meta-heuristic optimization techniques especially Genetic Algorithms (GA) [1], 

Particle Swarm Optimization (PSO) [12] and Differential Evaluation (DE) [7] gained an incredible recognition as the solution 

algorithm for such type of ELD problems in last decade. 

 

II. PROBLEM FORMULATION 

 

  The classical ELD problem is an optimization problem that determines the power output of each online generator that will 

result in a least cost system operating state. The objective of the classical economic dispatch is to minimize the total system cost 

where the total system cost is a function composed by the sum of the cost functions of each generator. This power allocation is done 

considering system balance between generation and loads, and feasible regions of operation for each generating unit. 

The objective of the classical ELD is to minimize the total fuel cost by adjusting the power output of each of the generators 

connected to the grid. The total fuel cost is modelled as the sum of the cost function of each generator. 

The basic economic dispatch problem can be described mathematically as a minimization of problem. 

  

  

 Minimize Ft =                                             (1) 

Where Fi ( Pi ) is the fuel cost equation of the ‘i’th plant. It is the variation of fuel cost in $ with generated Power 

(MW).  

 

           (2)                                                                   

The total fuel cost to be minimized is subject to the following constraints. 

           

                                

                                                  (3) 

 

 

        

                            (4) 

 

 

 

                                   (5) 
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IV. NOVEL T N N’s  LGORIT M 

 
The Novel TANAN’s Algorithm (NTA) is specially defined for solving economic dispatch problems. The algorithm is stated 

as follows.  The TANAN function is given by 

                                      (7) 

 

with a power balance constraint 

 
Where 

 Ti   - TANAN function 

 ri, si & ti  -  coefficients of TANAN function 

 x   -  TANAN function variable  

 

The coefficients ri, si and ti has been selected y taking the minimum limits of i
th

 generator respectively. The TANAN function 

variable ‘x’ is a random variable and it ranges from 0 to 2.The value of ‘x’ has been selected by maximum of twenty random trial runs 

between 0 to 2 (tested for all IEEE standard test systems) with an increment of 0.1 and the value corresponds to minimum fuel cost 

has been taken from the random trials and its value is again fine-tuned by several trial runs to get the optimum value of fuel cost. Each 

generator is assigned by individual TANAN function and the value of each TANAN function is considered as the power output of that 

particular generator(Ti= Pi).Since the TANAN function is a parabolic function , it has an extreme lowest point that corresponds to the 

optimum value of  fuel cost. 

A. Algorithm: 

 
Step1:Assign TANAN function to each generators. 

Step2:Initialize ri, si and ti values. 

Step3:Assign the value of x by several trial runs. 

Step4: Assign Ti = Pi. 
Step5:If Pi ≤ Pimin then fix Pi = Pimin and if Pi ≥ Pimax then fix Pi = Pimax. 

Step6:Verify Pd and generator limits lie within the given range, if not adjust the value 

of x to meet the power balance. 

Step7:Notify the fuel cost values       and stop the process.  
 

B. Flowchart 
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V. SIMULATION RESULTS 

 

The NTA for ELD problem have implemented in MATLAB and it was run on a computer with Intel Core2 Duo processor, 

3GB RAM memory and Windows XP operating system. Since the performance of the proposed algorithm sometimes depends on 

input parameters, they should be carefully chosen. After several runs, the following results were obtained and are tabulated. 

Table 1- Results of IEEE- 3 machine (Pd= 850 MW) test system without considering the power loss for different ‘x’ values by NTA. 

 

 
S.No x Fuel Cost ($/MW/h) 

1 0.1 8463.068919 

2 0.2 8417.590792 

3 0.3 8370.357420 

4 0.4 8323.615112 

5 0.5 8279.909688 

6 0.6 8242.086472 

7 0.7 8213.290299 

8 0.8 8196.965512 

9 0.9 8196.855959 

10 1.0 8217.005000 

 

From the table 1, the value of’ x’ lies in the range of 0.8 to 0.9 for the minimum fuel cost and to meet the power demand and 

the optimum value of x is again fine tuned by several random trials and the optimum value for minimum fuel cost obtained at 

x=0.8515 as shown in table 2. 

 

Table 2- Best result from IEEE- 3 machine test system (Pd = 850 MW) without considering the Power loss  

(x = 0.8515) 
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Description NTA 

P1(MW) 386.482838 

P2(MW) 334.689550 

P3(MW) 128.827613 

Total power(MW) 850.000000 

Total fuel cost($/MW/h) 8194.636018 

Execution time(sec) 0.001474 

 

 

Table 3-Results from IEEE-6 machine (Pd=1263MW) test system including power loss for different ‘x’ values by NTA. 

 
S.No x Total cost ($/MW/h) 

1 0.1 17655.684680 

2 0.2 17345.865169 

3 0.3 17017.906250 

4 0.4 16684.352690 

5 0.5 16359.349516 

6 0.6 16058.615066 

7 0.7 15799.410956 

8 0.8 15602.409125 

9 0.9 15480.812974 

10 1.0 15430.182993 

11 1.1 15447.425273 

12 1.2 15534.553158 

 

From the table 3, the value of’ x’ lies in the range of 1.0 to 1.1 for the minimum fuel cost and to meet the power balance and 

the optimum value of x is again fine tuned by several random trials and the optimum value for minimum fuel cost obtained at x=1.03 

as shown in table 4. 

 

Table 4 -Best result of IEEE- 6 machine (Pd=1263MW) test system including power loss (x=1.03) 

 
Description NTA 

P1(MW) 446.420479 

P2(MW) 154.545000 

P3(MW) 247.272000 

P4(MW) 150.000000 

P5(MW) 154.545000 

P6(MW) 120.000000 

Total power (MW) 1272.782479 

Total fuel cost ($/MW/h) 15428.730294 

Power loss (MW) 9.782479 

CPU time (sec) 0.254221 

 

Table 5- Results from IEEE-6 machine (Pd=283.4MW) test system including power loss for different ‘x’ values by NTA. 

 
S.No x Total cost  ($/MW/h) 

1 0.1 977.218838 

2 0.2 975.744877 

3 0.3 976.117638 

4 0.4 979.222847 

5 0.5 986.062392 

6 0.6 997.753602 

7 0.7 1015.528440 

8 0.8 1040.732620 

9 0.9 1074.824641 

10 1.0 1119.374738 
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From the table 5, the value of’ x’ lies in the range of 0.2 to 0.3 for the minimum fuel cost and to meet the power balance and 

the optimum value of x is again fine tuned by several random trials and the optimum value for minimum fuel cost obtained at x=0.235 

as shown in table 6. 

 

Table 6-Best result of IEEE- 6 machine (Pd=283.4MW) test system including power loss (x=0.235) 
 

Description NTA 

P1(MW) 197.352501 

P2(MW) 25.804500 

P3(MW) 19.353375 

P4(MW) 12.902250 

P5(MW) 12.902250 

P6(MW) 15.482700 

Total power (MW) 283.797576 

Total fuel cost ($/MW/h) 975.622401 

Power loss (MW) 0.397576 

CPU time (sec) 0.003089 

 

Table 7- Results from IEEE-15 machine (Pd=2640 MW) test system including power loss for different ‘x’ values by NTA. 

 
S.No x Total cost  ($/MW/h) 

1 0.1 33386.921422 

2 0.2 33333.759960 

3 0.3 33284.089414 

4 0.4 33242.851931 

5 0.5 33215.609374 

6 0.6 33208.528755 

7 0.7 33228.366041 

8 0.8 33282.448369 

9 0.9 33378.654686 

10 1.0 33525.394866 

 

From the table 7, the value of’ x’ lies in the range of 0.7 to 0.8 for the minimum fuel cost and to meet the power balance and 

the optimum value of x is again fine tuned by several random trials and the optimum value for minimum fuel cost obtained at x=0.747 

as shown in table 8. 

 

Table 8 -Best result of IEEE- 15 machine (Pd=2640 MW) test system including power loss (x=0.747) 

 
Description NTA 

P1(MW) 448.431247 

P2(MW) 410.292150 

P3(MW) 54.705620 

P4(MW) 54.705620 

P5(MW) 410.292150 

P6(MW) 369.262935 

P7(MW) 369.262935 

P8(MW) 164.116860 

P9(MW) 68.382025 

P10(MW) 68.382025 

P11(MW) 54.705620 

P12(MW) 54.705620 

P13(MW) 68.382025 

P14(MW) 41.029215 

P15(MW) 41.029215 

Total power (MW) 2677.685262 

Total fuel cost ($/MW/h) 33389.662792 

Power loss (MW) 37.685262 

CPU time (sec) 0.007171 
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Table 9- Results from IEEE-20 machine (Pd=2500 MW) test system including power loss for different ‘x’ values by NTA. 

 

 
S.No x Total cost ($/MW/h) 

1 0.1 61355.381113 

2 0.2 61295.578628 

3 0.3 61271.142479 

4 0.4 61300.750489 

5 0.5 61405.293039 

6 0.6 61607.772058 

7 0.7 61933.190026 

8 0.8 62408.429576 

9 0.9 63062.124409 

10 1.0 63906.958143 

 

From the table 9, the value of’ x’ lies in the range of 0.7 to 0.8 for the minimum fuel cost and to meet the power balance and 

the optimum value of x is again fine tuned by several random trials and the optimum value for minimum fuel cost obtained at x=0.747 

as shown in table 10. 

 

Table 10-Best result of IEEE- 15 machine (Pd=2500 MW) test system including power loss (x=0.747) 

 
Description NTA 

P1(MW) 599.962597 

P2(MW) 115.250450 

P3(MW) 115.250450 

P4(MW) 115.250450 

P5(MW) 115.250450 

P6(MW) 46.100180 

P7(MW) 57.625225 

P8(MW) 115.250450 

P9(MW) 115.250450 

P10(MW) 69.150270 

P11(MW) 230.500900 

P12(MW) 345.751350 

P13(MW) 92.200360 

P14(MW) 46.100180 

P15(MW) 57.625225 

P16(MW) 46.100180 

P17(MW) 69.150270 

P18(MW) 69.150270 

P19(MW) 92.200360 

P20(MW) 69.150270 

Total power (MW) 2582.270337 

Total fuel cost ($/MW/h) 62136.184169 

Power loss 798(MW) 82.270337 

CPU time (sec) 0.009748 

 

 

Table 11 - Comparison Table Showing Simulation Result of NTA for 

IEEE 3-unit test system (Pd=850 MW) with valve point loading effect 

along with GA [1], PSO [9],DE[9],NPSO- LRS[8],BFO[9]and BBO [9] 

Algorithms. 

 

Fig-4 Comparison chart for IEEE-6 machine test system outputs 

(Pd=1263MW) with power loss. 
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Fig-5 Comparison chart for fuel cost for IEEE-6 machine test system 

(Pd=1263MW) with power loss. 

 

VI. CONCLUSION 

 
The proposed NTA to solve ELD problem with the practical 

constraints has been presented in this paper. From the comparison table 
it is observed that the proposed algorithm exhibits a comparative 
performance with respect to other population based techniques. It is 
clear that the NTA is a simple numerical random search technique for 
solving ELD problems. From the simulations, it can be seen that NTA 
gave the best result of minimized fuel cost, reduced power loss and 
very less computational time compared to all other optimization 
methods. In future, the proposed NTA can be used to solve ELD 

considering ramp rate limits and prohibited operating zones and also for finding the optimal value of the NTA variable ‘x’ by 
developing standard search techniques. 
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Abstract- In this paper we formulate Stein–minimax type 

estimators and compare the performance properties with other 

estimators in case of mean value predictions. When the model is 

estimated by ordinary least squares it has been observed that least 

squares predicted is unbiased while minimax and Stein-minimax 

predictors are biased. The superiority conditions of the estimators 

have been derived by assuming error distribution to be non-

normal. 

 

Index Terms- Linear regression model, Minimax estimator, 

Stein-minimax estimator, Mean value prediction. 

 

I. INTRODUCTION 

rediction is an important aspect of relationship analysis in 

any scientific study. It not only reflects the adequacy of 

underlying model but also assist in making a suitable choice 

among the competing models. Generally, predictions of study 

variable in linear models are obtained either for actual values or 

for average-values but not for both simultaneously.  Section-2 

describes the model specification and the predictors. Section-3 

deals with the properties of the estimators. We have derived the 

expression for the prediction of mean value of the study variable 

for minimax and Stein-minimax estimator separately and their 

results are presented in the form of theorems in Section-4. In 

Section-5 comparative study have been made.  Proof of the 

theorems are given in Section-6.  

 

II. MODEL SPECIFICATION AND ESTIMATORS 

Let the true linear regression model is  

 

(2.1) 
u  X   Y

 

 

         Where Y is a (n ×1) vector of n  observations on the 

variables to be explained, X is a (n×p) matrix of n observations 

on p explanatory variables, 


 is a 
)1( p

vector of regression 

coefficients,   being unknown scalar and u is a 
)1( n

vector 

of disturbances with mean zero, variance unity and measures of 

skewness and kurtosis are 1  and ( 2 +3) respectively. 

         Application of least squares to (2.1) yield the ordinary least 

squares estimator as  

(2.2) 
  YXXXb 



 
11

0  

 

which is well known to be the best linear unbiased estimator of 


, having variance- co-variance matrix. 

 

(2.3) 
    112

0 XXbV



 

 

         The Stein rule estimator of the regression co-efficient from 

(2.1) is given by  

(2.4) 
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XbYXbY
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         where K is any positive non-stochastic scalar characterizing 

the estimation. 

         The MILE proposed by Kuks and Olman (1971, 1972) and 

Kuks (1972) is  

(2.5) YWXDb 11* '   

 

where 

(2.6) 
 CTD 21  

 

 

         Using above defined quantities, we obtain minimax 

estimator 
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         The Stein- minimax regression coefficient of 


 is obtained 

by interchanging 
*

0 bby  b
in (2.4) and is given by 

(2.8) 
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         Using above defined quantities, we obtain Stein–minimax 

estimator 

(2.9
  uWXXWXbs
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The Predictors 

         To study the performance properties of these estimators for 

prediction purposes, let us postulate the following prediction 

vectors. 

(2.10) 
** XbbT̂   

(2.11) 
*

s

*

s XbTb 
 

where 
*

s

* b ,b
 are defined earlier. 

 

III. PROPERTIES OF ESTIMATOR 

         In order to study the properties of the estimator, we observe 

that the exact expressions for the bias vectors mean squared error 

matrices and risk functions of the least squares estimators from 

model (2.1) can be easily obtained. However, it is not so with the 

minimax linear estimator. Therefore, in order to derive the 

expressions for the bias vectors, mean squared error matrices and 

risk functions, we introduce the following notations: 

 

(3.1) 
  XXXXP

1

X




 

(3.2) XPM 1
 

 

Here it is easily seen that  

 

MMMMM  . :   ; 0MXMX   

         Substituting (2.1) in (2.2), we observe that o
b

 is an 

unbiased estimator of  with variance – covariance matrix as 

 

(3.3)  
        


 ooo bbEbV    
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Where       
  XXXX 

1
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         The distributional assumption regarding the disturbances 

does not have any effect on the properties of least squares 

estimator. Clearly, the minimax estimator and Stein-minimax 

estimator is a biased estimator. 

 

IV. PREDICTIONS 

         In this section, we have considered prediction of mean 

value of the study variable separately. 

 

Mean Value Prediction 

         When the interest lies in prediction of mean value of the 

study variable, o
T̂

are found to be unbiased but 
**

s
TbandTb

are found to be biased. 

 

(4.1)
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         Theorem (4.1): When disturbances are small, the bias 

vector and predictive risk of predictor 
*bT̂ up to the order of our 

approximation 
)(0 4

are given by 
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         Theorem (4.2): When disturbances are small, the bias 

vector and predictive risk of predictor 

*

sbT̂
up to the order of our 

approximation 
)(0 4

are given by 
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         From (4.2) and (4.4), it is clearly seen that predictors 

** ˆ
s

bTandTb
are biased. This is in contrast with the 

unbiasedness of O
T

. 

 

V. A COMPARISON 

         On comparing the risk associated with 
 0T̂

 OLS estimator 

and 
 *

bT
 minimax estimator we observe that 
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         By observing the above expression, we find that the 

predictor based on minimax linear estimator performs better than 

the predictor based on ordinary least square estimator. 

* On comparing the risk associated with 

   *

s0 Tb and OLST̂
 Stein-minimax estimator, we observe that 

(5.2)
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         When the distribution of disturbances is leptokurtic or 

mesokurtic i.e. 
0

2


, the predictor based on Stein-minimax 

estimation procedure performs better than that based on ordinary 

least squares predictor. Hence we find that Stein-minimax 

estimator is more efficient than ordinary least square estimator. 

* On comparing the risk associated with minimax 

estimator
 *

bT̂
, and Stein-minimax estimator

 *

sTb
, we observe 

that 

(5.3)
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         Again, when the distribution of disturbances is leptokurtic 

or mesokurtic
0

2


, it is easy to observe that the predictor 

based on Stein minimax estimator performs better than based on 

minimax estimator. Hence we find that Stein-minimax estimator 

is more efficient then minimax estimator. 

 

VI. PROOF OF THE THEOREMS 

Theorem 4.1 

Using (2.7), we get  

 

(6.1) 3

3

2

2

1
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where 

(6.2) 
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Using (6.5) and (6.1), we observe that  
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respectively. The result (4.2) of bias vector associated with 

theorem (4.1) can be obtained from 
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given the predictive risk of 
*bT̂ as stated (4.3) in theorem (4.1). 

 

Theorem 4.2 

         Using (2.9) in the expression (2.11), we observe that  
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Subtracting (6.5) from (6.9), we observe that  

(6.10) 
  4

4

3

3

2

2

1

*

s YEbT̂ 
 

 

where 

(6.10) 
  uWXXWXX 111

1

 
 

(6.11) 

  













 





 X
XX

Buu
KXWXX

T 11

2

 

 

(6.12)

 

 



























K
uWXXWXX

XX

Buu

KXWXXuWX
T

2111

211

3

. 

           

    


























XuX
XX

Buu
K

XX

uXT
XWXXXX

.2

211

 
 

(6.13) 



























 








XX
T

uXXWX

X
XX

Buu
K

XX
2.

1

1

4

 

 

 
 

  














































































 uXT

XWX

XX
X

uWXXWXBuu

uXX
XX

K

21

1

111

2
2

 

 
    








































 




 211

11

XXXWX

BuuT
XXWX

K

 
 

   
     uWXXuXTXWXXXK 1211

.2 
 

 
 

         The result of bias vector associated with theorem (4.2) can 

be obtained from 

(6.14)
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(6.15) 
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as stated (4.5) in theorem (4.2) 
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Abstract- The overwhelming majority of Internally Displaced 

People (IDP) are mainly “women” and “children” struggling to 

survive with little hope of returning home. Many still faced 

threats of their safety, could not fulfill their basic needs and 

lacked prospects for development. A sample of 200 community 

members was selected from (Rural and Urban) i.e. 100 from rural 

and 100 from urban. All the respondents in this group were 

selected using Snowball technique on the basis of their 

willingness to respond to the issue on internal displacement. For 

data collection interview schedule for community members was 

devised to know the perception regarding various aspects of the 

border migrant women. 

 

Index Terms- Internally displaced women, community 

perception to IDP’s, problem’s faced in the camps by the IDP’s. 

 

I. INTRODUCTION 

he recent years have seen an increased conflict along the 

international border leading to internal migration and 

displacement of people residing along the border areas, of 

Jammu and Kashmir. Around 3500 families were evacuated due 

to intensified firing and shelling from Pakistan side and also 

Indian army laid landmines on Actual Line of Control (ALOC) 

and occupied fields for border security, due to which people are 

unable to get back to their houses. Villages of Border area of 

Pallanwala, Akhnoor also deserted their houses, leaving behind 

their belongings cattle and initially taking shelter in Government 

schools and open areas in and around Akhnoor. People were 

forced to leave their home, hearth and move to internal areas, but 

for better relief measures, the government has accommodated 

such kind of displaced people in various migrant camps of 

Jammu District – Devipur, Kangrail, Ramnagar and Naiwala are 

also part of the main and major migrant camps in Akhnoor and 

Jourian areas. The people displaced from their homes and fields 

not only loose their livelihood but also suffer hardships of camp 

life. It is also revealed that not only the internally displaced but 

the rural and urban community members perceive that camp 

inhabitants face many problems due to lack of facilities in the 

camp such as medical care, water facility, education, ration, poor 

housing condition etc. 

         By analyzing all these problems the study has been 

conducted to know the perception of the community both rural 

and urban. 

 

II. OBJECTIVES OF THE STUDY 

1. To study the knowledge and views of respondents 

regarding internally displaced persons. 

2. To study the perception of community regarding 

problems faced in the camps. 

3. To study the affect of internally displaced persons on 

the livelihood of local people. 

 

III. RESEARCH METHODOLOGY 

        The methodology adopted in order to fulfill the objectives 

are 

 200 community members were selected from rural and 

urban i.e. 100 from rural and 100 from urban areas. 

 Snowball sampling technique was used for the selection 

of the sample. 

 Interview schedules and observations were used for the 

study. 

 Only those members from the rural and urban settings 

were selected who were in close proximity to the 

internally displaced campls. 

 

IV. RESULTS AND DISCUSSIONS 

Table 1 

Knowledge and views of respondents regarding internally 

displaced persons 

 

Knowledge regarding IDP Rural 

N=100 

(%) 

Urban 

N=100 

(%) 

Yes  94 (94%) 100 

(100%) 

No 6 (6%) 0 (0%) 

Views of respondents regarding IDPs 

 Who have left their home 36 (36%) - 

 Those who are left to the 

mercy of God 

35 (35%) - 

 Who had left their 

immovable property 

23 (23%) - 

 Left home due to shelling 

on borders 

- 11 (11%) 

 Who are living in camps - 72 (72%) 

 Who are helpless people - 17 (17%) 

 

       The above table indicates that all the respondents of urban 

community and 94% of the respondents of rural community are 

aware of internally displaced persons. Majority of the 

respondents of the rural community are of the view that 

internally displaced are those who have left their home (36%), 

those who are left to the mercy of God (35%) and those who had 

left their immovable property (23%). The table also reveals that 

T  
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majority of the urban respondents are of the view that IDP’s are 

those who are living in camps (72%), who are helpless people 

(17%), and who left their homes due to shelling on borders 

(11%). 

 

Table 2 

Perception of community regarding problems being faced in 

the camps 

 

Problems faced Rural 

N=100 (%) 

Urban 

N=100 (%) 

Yes  89 (89%) 71 (71%) 

No 11 (11%) 29 (29%) 

Problems related to* 

 Accommodation 47 (47%) 17 (17%) 

 Economic Condition 31 (31%) 63 (63%) 

 Education 46 (46%) 65 (65%) 

 Sanitation - 60 (60%) 

 Medical care 80 (80%) 45 (45%) 

 Ration 45 (45%) 63 (63%) 

 Electricity 70 (70%) 63 (63%) 

 Water facility 80 (80%) 70 (70%) 

 

       This table shows that majority (89%) and (71%) of rural and 

urban community members perceive that camp inhabitants face 

problems due to lack of facilities in the camps such as medical 

care. Majority (80%) of the rural and (45%) of the urban 

community accept to have less medical care in the camps. The 

only health services they get is provided by the NGO’s and that 

to not in proper intervals. Majority (80%) of the rural and (70%) 

of the urban community reveals that there is lack of safe water 

facility in the camps. Results also revealed that the internally 

displaced face ration problem. The quantity of ration being 

provided by the authorities is 9 kg of wheat flour (Atta), 2 kg of 

rice and two liters of kerosene oil per member of the family, 

which is not sufficient for the individual. The result is also 

supported by the findings of Kim et al (2007) that the Sudanes 

who were displaced in South Darfur also reveal that access to 

ration was inadequate.  

 

Figure 1 

Affect of internally displaced persons on the livelihood of 

local people 

 

 
 

        In the above figure 1, majority (71%) and 53% of the rural 

and urban community believes that their livelihood is affected by 

the presence of internally displaced persons. Majority of the 

respondents (71%) of the rural area reveals that their plantation is 

damaged by the IDP’s for fire wood purposes. Similar results 

were found in the study conducted by Bandita (2001) as 

displaced people living in welfare centres in Srilanka have been 

responsible for the deforestation in local areas where they use 

trees as fuel wood for their own basic needs as a source of 

income. (70%) and (50%) of rural and urban respondents assume 

that labor cost has been increased. 

        70% of the rural community and 46% of the urban 

community feel that pollution around the camp is caused due to 

open defecation by the camp people as they do not have separate 

toilets. All the males as well as females have to share 3-4 toilets 

in the whole migrant camp. The rural respondents also reveals 

that most of the times it becomes very difficult for them to go to 

their fields early morning. The result is also supported with other 

studies conducted by Northidge et al., 2003; Galea and Vlahov, 

2005, indicating that improper disposal of solid waste contribute 

to public health outbreaks. 

        Whereas 65% of the rural and 43% of the urban community 

believe that the schools have become over crowded due to the 

arrival of migrants thus affecting the space and quality of 

teaching in the schools. 

 

V. SUGGESTIONS 

1. In the relief camps, proper toilet facilities, health care, 

nutritious food and drinking water must be given a top 

priority. 

2. In addition to the common needs of the IDP’s like food, 

shelter, clothing and medical care, they also require 

special protection and assistance ranging from physical 

security to cultural. 

3. Special attention to general and comprehensive 

reproductive health needs of internally displaced women 

is of key importance. 
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Abstract- Aptitude means a natural ability, natural skills or 

talent. A natural or acquitted disposition of capacity for a 

particular purpose, of tendency to a particular action or effect, as 

oil an aptitude to burn. The present study on , “ Assessment of 

Differential Aptitude of college going students”, was under taken 

during 20011-2012. In this study the population of all the 

students enrolled in Shri Shivaji College, Akola were considered 

as a sample. Samples of 120 students from all the faculties were 

selected randomly. This is an exploratory study and the 

procedure of simple random sampling method was adopted for 

drawing the representative sample of 120 students from the 

population. DAT was administered in two sittings; all the eight 

tests were administered on various faculty students. Few personal 

characteristics shown a strong contribution in some aptitude 

areas where as the other characteristics failed to established 

correlation with some aptitude areas. Therefore it can be implied 

that there is a strong correlation of personal characteristics and 

aptitude of students. Faculty wise correlation seen very 

significant that is .54, .40, and .46 with verbal reasoning, 

numerical ability & speed and accuracy respectively. Fathers 

education & mothers education .25 & .21 established a 

reasonable correlation with Language Sentence ability of their 

children. Negative but significant correlation is found 

predominant in between Gender and certain the areas of 

Aptitude. 

 

Index Terms- Aptitude, verbal reasoning, numerical ability, 

abstract reasoning, space relation, Clerical Speed & 

Accuracy,mechanical reasoning. Faculty, students. 

 

I. INTRODUCTION 

n early research, aptitude was defined as the ‘capability of 

learning a task’. This depends to a large extent on some 

combination of the characteristics of the learner (Carroll, 1981 

cited in Ellis, 2000). The word aptitude is derived from the word 

Aptos which means ‘fitted for’. According to Bingham “Aptitude 

is a condition or set of characteristics regarded as symptomatic of 

an individual’s ability to acquire with training some usually 

specified knowledge, skill or set of responses. Such as the ability 

to speak a language, to produce music.                              

         Aptitude is a measure of the probable rate of learning 

which results in interest and satisfaction and is relatively specific 

& narrow[ Van Dusen ].  

         Specific aptitudes are commonly recognized aptitudes that 

are testable which include:-   General Learning Ability, Verbal 

Aptitude, Numerical Aptitude, Form Perception, Clerical 

checking also called graphoria ,Inductive reasoning aptitude also 

called differentiation or inductive learning ability, Finger 

dexterity aptitude ,Number series aptitude, Indeaphoria also 

called creative imagination, Creativity also called creative 

imagination, Creativity also called remote association, Language 

learning aptitude, Mechanical Comprehension ,Spatial reasoning, 

also called special visualization, space visualization or structural 

visualization ,Symbolic reasoning aptitude, also called analytical 

reasoning ,Visual memory, Visual pursuit, also called line tracing 

. 

         Aptitude testing starts with students, high school or college, 

making choices about education that will affect the rest of their 

lives. Choosing a college or career simply based on what friends 

and family members have done or suggest can be a haphazard 

way of making such an important decision. 

         What suits one person or an earlier generation may not 

work at all for someone else. We know that people are happier 

and more satisfied in their careers when they choose work that 

matches their aptitude pattern. Finding a career path that allows 

them to develop their natural abilities will allow them to express 

their fullest potential. 

         Almost anyone can benefit from learning about his or her 

aptitudes, and how to make use of them high school and college 

students seeking educational guidance, working adults unhappy 

or dissatisfied by their current job or career, those returning to 

the job market, people facing a decision about a promotion or 

transfer within their current company, or those about to retire. 

         For the present investigation the Differential Aptitude Test 

(DAT) is used as a measure and tool for testing the Aptitude of 

students, Hence the brief description of the DAT is given as- 

 

II. DIFFERENTIAL APTITUDE TEST 

         The differential aptitude tests (DAT) are the latest genre of 

the career aptitude tests. It is realized that general aptitude tests 

are not such powerful to help in screening candidates for all jobs. 

The differential Aptitude Tests (DAT) battery follows the theory 

that different individuals have varying levels of interest and 

intelligence in different fields.  Some may be good at math but 

bad in verbal reasoning. Some may architect language 

excellently but may be very bad in calculations. 

         The variety of human society in aptitudes generates a 

balance. However, total score of general aptitude tests can’t 

make a true calculation of different kinds of aptitudes. On the 

other hand the aptitude tests offered by the individual employers 

are two specific to measure all out potentials. A Differential 

Aptitude Test measures all kinds of aptitude separately. No doubt 

the test is scored both individually and collectively but individual 

scores are given much bigger weight. 

         It is an integrated battery of guidance tests. It was 

developed by George K. Bennett, Harold G. Seashore and 

Alexander G. Weisman in 1947 to provide an integrated, 

scientific and well standardized procedure for measuring the 

I  
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abilities of boys and girl in grades eight through guidance. While 

tests were constructed primarily for use in junior and senior high 

schools they have been used also in the educational and 

vocational counseling of young adults out of school and in the 

selection of employees. 

         The Differential Aptitude Tests were developed and were 

re-standardized as an integrated battery. The standardization of 

all eight tests is based on single population. The range of levels is 

the same for all parts of the battery. Partial matters such as 

format, instructions, answer-sheets, and time limits were 

carefully worked out after extensive experimental investigation 

 

          The battery includes eight tests: Verbal Reasoning, 

Numerical Ability, Abstract Reasoning ,Mechanical Reasoning, 

Space Relations, Language Usage I- Spelling, Language Usage 

II- Sentences, Clerical Speed & Accuracy. 

         Although each of the tests is intended to make a unique 

contribution to the understanding of the individual student, it is 

advantageous to consider sub-groups of two or more scores 

together. Thus, the verbal Reasoning, Numerical Ability, and 

Abstract Reasoning tests measure those functions which are 

associated with “general Intelligence”. Space Relations and 

Mechanical Reasoning relate to the student’s abilities to visualize 

concrete objects and manipulate those visualizations, and to 

recognize every day physical forces and principles. They are 

particularly important in dealing with things, rather than with 

people or words. 

         The Indian reprint incorporates slight modifications, for a 

more appropriate application in Indian conditions 

 

 

 

Test What it does Jobs/fields. 

Verbal  

Reasoning 

Verbal Reasoning measures general cognitive ability 

in positions requiring higher order thinking skills. 

-Administrative, 

-executives, 

-General Manager etc. 

Numerical 

Ability 

Numerical Ability tests the understanding of 

numerical relationships and facility in handling 

numerical concepts. 

-Project Manager, 

- Bookkeeper, 

-Statisticians Shipping 

Clerk. 

Abstract 

Reasoning 

Abstract Reasoning is a nonverbal measure of the 

ability to perceive relationships in abstract figure 

patterns. 

-Skilled Trades 

-Computer Programming, 

-Drafting, 

-Auto Repair. 

Mechanical 

Reasoning 

Mechanical Reasoning Closely parallels the Bennett 

Mechanical Comprehension Test & measures the 

ability to understand basic mechanical principles of 

machinery, tools and motion. 

-Carpenter Mechanic 

-Maintenance, 

-Worker Assembler. 

Space 

Relations 

Space Relations measures the ability to visualize a 

three-dimensional object from a two-dimensional 

pattern, and how this object would look if rotated. 

-Drafting, 

-Architecture, 

-Die-making, 

-Carpentry clothing Design 

- Art Decorating Dentistry. 

Language 

Usage 

Language Usage measures the ability to detect errors 

in grammar, punctuation, and capitalization. 
 

 

         By realizing the importance of aptitude tests in today’s 

competitive world, the need felt in finding the personal 

characteristic of students in relation to their potentials & aptitude. 

The following objectives are set for the purpose of the present 

investigation. 

 

III. OBJECTIVES OF THE STUDY 

1. To study the personal & socioeconomic 

characteristics of college going students. 

2. To study the Differential Aptitude of College 

going students in eight areas.  

3. To ascertain the variation in Differential 

Aptitude in various eight areas. 

4. To ascertain the relationship between personal 

& Socio-Economic characteristics with 

Differential Aptitude of college going students. 
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IV. METHODOLOGY 

         The population of all the students enrolled in Shri Shivaji 

College was considered as a sample. A sample of 120 Students 

from all the faculties was selected randomly. The procedure of 

simple random sampling method was adopted for drawing the 

representative sample of 120 students from the population. A 

Differential Aptitude test was administrated to the college going 

students by giving a brief introduction & purpose of test 

.Personal interview testing method was used. The test was 

administered in two attempts as each subtest requires time period 

to solve. 

         An exploratory research design and testing method was 

adopted to collect pertinent facts about Aptitude in various 

abilities of college going students. 

 

V. ASSESSMENT TOOLS 

         1. Interview Schedule: - Interview schedule containing 

various factors like age, education, gender, faculty, father         & 

mothers education, father & mother occupation, family size, 

family income, & community & other related factors. 

         2. A Standardized Differential Aptitude Test (DAT) was 

administered on each student separately. Student attempted all 

the eight tests of DAT   with the interval of half an hour. Initially 

they were briefed the intention and importance of testing. The 

following scoring key was used to draw the raw scores. 

 

 

 

Test 

Maximum 

Possible 

Score 

Formula Hand Keys Notes 

Verbal Reasoning 50 R Rights only One mark for each item number 

Numerical Ability 40 R-1/4 W 
Right & 

Wrongs 
One mark for each item number 

Abstract Reasoning 50 R-1/4W 
Right & 

Wrongs 
One mark for each item number 

Space Relations 100 R-W 
Rights & 

wrongs 

Multiple marks are permitted for 

each item number. 

Mechanical 

Reasoning 
68 R-1/2 W 

Rights & 

Wrongs 
One mark for each item number 

Clerical Speed & 

Accuracy 
100 R Rights only 

One mark for each item number 

Only part II scrod same key for 

forms A & B 

Language Usage 

Part I Spelling 

Part II Sentences 

 

100 

95 

 

R-W 

R-W 

  

Rights & 

wrong 

Rights & 

wrongs 

 

 

One mark for each item number 

 

Multiple marks are permitted for 

each item number. 

 

VI. RESULTS  

         The second objective of the  study  is to know the Differential Aptitude of College going students in eight areas. The 

performance of students of various faculties on DAT is presented in Table 18. 

 

Table 1- Performance of Respondents on various areas of DAT. 

                                 . 

Sr.No Categories 

Areas of DAT 

Verbal 

Reasoning 

Numerical 

Ability 

Abstract 

Reasoning 

Mechanical 

Reasoning 

Space 

Relations 

Language 

Spelling 

Language 

Sentence 

Speed & 

Accuracy 
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1 Low 14 54 30 39 74 22 03 13 

  (20.00)* (45.00) (25.00) 32.5 (61.67) (18.34) (2.5) (10.84) 

2 Medium 82 53 65 72 40 84 82 76 

  (68.44) (44.16) (54.16) (60.00) (33.34) (70.00) (68.34) (63.32) 

3 High 14 13 25 09 06 14 35 31 

  (11.66) (10.84) (20.84) (7.5) (40.99) (11.66) (29.16) (25.84) 

 Total 120 120 120 120 120 120 120 120 

  (100) (100) (100) (100) (100) (100) (100) (100) 

*  Parenthesis is for percentage values. 

                 

        Table  indicates Aptitude area wise distribution of 

respondents according to their categories. Numerical ability and 

space relation are scored less by maximum students ,where as the 

other areas are more or less similar distribution depicting higher 

percentage in medium category. Hence it can be concluded that, 

there is approximately similar distribution of categories of 

performance in almost all the areas of aptitude except Abstract 

Reasoning, Language sentence and Speed & Accuracy. These 

areas are showing more high scorer students, otherwise rest of 

the areas are not explained a significant difference in their scores 

and categories. 

 

Table 2- Coefficient of Correlation between independent & dependent variables. 

. 

Sr.No 
Independent 

Variables 

Dependent Variables. 

Verbal 

Reasoning 

Numerical 

Ability 

Abstract 

Reasoning 

Mechanical 

Reasoning 

Space 

Relation 

Language 

Spelling 

Language 

Sentence 

Speed & 

Accuracy 

1 Class 0.027 -0.009 -0.024 -0.094 -0.191* -0.135 -0.079 -0.159 

2 Faculty 0.543** 0.406** 0.164 0.143 -0.083 0.193* -0.009 0.416** 

3 Gender 0.198* -0.240** -0.216* -0.301** -0.243** -0.041 0.121 -0.020 

4 Age 0.087 0.025 -0.006 -0.112 -0.238** -0.131 -0.086 -0.108 

5 Family Size -0.044 -0.205* -0.313** -0.125 0.011 0.036 -0.147 -0.102 

6 Community -0.056 -0.054 -0.071 0.074 -0.013 -0.078 -0.115 -0.240** 

7 
Father’s 

Education 
0.039 0.131 0.116 0.079 -0.208* 0.042 0.251** 0.171* 

8 
Father’s 

Occupation 
-0.013 0.088 0.075 0.186* -0.022 0.116 0.013 0.011 

9 
Mother’s 

Education 
0.011 0.097 0.059 0.091 -0.143 0.027 0.231** 0.043 

10 
Mother’s 

Occupation 
0.149 0.163 0.051 0.111 -0.210* 0.054 0.073 0.157 

11 

Family 

Economic 

Condition 

0.064 0.134 0.113 0.021 -0.098 0.023 0.233** 0.053 

**Significant at 0.01 level of probability (r >0.221)    * Significant at 0.05 level of probability (r>0.167) 
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VII. CORRELATION ANALYSIS BETWEEN INDEPENDENT AND 

DEPENDENT VARIABLES. 

It is revealed from Table 2 

1. Relationship with independent variables with Verbal 

Reasoning ability of students. 

         The results of correlation analysis between independent and 

dependent verbal presented in Table 18 indicate that there is 

positive and significant correlation between the faculties of the 

students in which they are studying (r=.543) and their gender 

(r=.198) with the Verbal reasoning ability of the subjects. No-

significant relationship of verbal reasoning was observed with 

the class (standard), age, family size, community, father’s 

education, father’s occupation, Mother’s education, Mother’s 

occupation and family economic condition. Thus the verbal 

reasoning ability of the subjects was positively related with 

faculty in which they are studying and their gender. 

 

2. Relationship with independent variables with Numerical 

Ability of subjects :- 

         The results of co relational analysis between independent 

and dependent variable given in table 18 revealed that, there is 

positive and significant correlation between the faculty (0.406) 

with the Numerical ability of the subjects. Negative and 

significant correlation between the gender (-0.240) and family 

size (-0.205) was noted with the numerical ability of subjects. 

Nonsignificant relationship of Numerical ability was observed 

with the class, age ;community, father’s education, father’s 

occupation, mother’s education, mother’s occupation and family 

economic condition. The faculty in which the subjects were 

studying happens to influence positively the numerical ability 

and gender and family size in negative direction. 

 

3. Relationship with independent variables with Abstract 

Reasoning of subject:- 

         The co relational analysis between independent and 

dependent variables reported in Table 18 reveals that, the gender 

(-0.216) and family size (-0.313) of the subject are found to be 

negatively correlated with the abstract reasoning of the subjects. 

No-significant relationship of abstract reasoning was observed 

with the class, age, faculty, community, father’s education, 

father’s occupation, mothers’ education, mother’s occupation, 

family economic condition. 

 

4. Relationship with independent variables with 

Mechanical Reasoning of subject:- 

         The correlational analysis between independent and 

dependent variables bring out that (Table 18) the father’s 

occupation (0.186) was found to be positively and significantly 

correlated with the mechanical reasoning of the subjects. 

Negative and significant correlation between the gender (-0.301) 

was noted with the mechanical reasoning of the subjects. No-

significant relationship of mechanical reasoning was observed 

with the class, faculty, age, family size, community, father’s 

education, mother’s education, mother’s occupation and family 

economic condition, with mechanical reasoning ability of 

subjects. 

 

5. Relationship with independent variables with Space 

relation of subject:- 

         The coefficient of correlation between independent and 

dependent variables presented in Table 18 point out that, there is 

a negative and significant correlation between the class (-0.191), 

gender (-0.243), age (-0.238), father’s education (-0.208) and 

mother’s occupation (-0.210) with space relation ability of the 

subjects. No-significant relationships of space relation were 

observed with the faculty, family size, community, father’s 

occupation, mother’s education and family economic condition. 

 

6. Relationship with independent variables with Language 

Spelling ability of students:- 

         The faculty of the subjects (0.193) was found to be 

positively and significantly correlated with the language spelling 

ability of the subjects (Table 18). No-significant relationship of 

language spelling ability was observed with the class, gender, 

age, family size, community, father’s education, father’s 

occupation, mother’s occupation, mother’s education, and family 

economic condition with the language spelling ability of the 

subjects. 

 

7. Relationship with independent variables with Language 

Sentence ability of subject :- 

         The results of correlation analysis presented in Table 18 

indicated that, there is positive and significant correlation 

between the father’s education (0.251), mother’s education 

(0.231) and family economic condition (0.233) with the language 

sentence ability of the subjects. No-significant relationship of 

Language sentence ability was noted with the class, faculty, 

gender, age, family size, community, father’s occupation and 

mother’s occupation with the language sentence ability of 

subjects. 

 

8. Relationship with independents with Speed & Accuracy 

ability of students. 

         The results presented in Table 18 indicate that, the faculty 

of the subjects (0.416), father’s education (0.171) have 

established positive and significant correlation with the speed 

and accuracy ability of the subjects. The subject (-0.240) was 

found to significantly and negatively correlated with the speed 

accuracy ability of the subjects. The class, gender, age, family 

size, father’s occupation, mother’s education, mother’s 

occupation, and family economic condition were found to have 

non-significant correlation with speed and accuracy of subjects.    

 

VIII.  CONCLUSIONS 

         Hence it is conclude that there is a variation in results, as 

few personal characteristics shown a strong contribution in some 

aptitude areas where as the other characteristics failed to 

established correlation with some aptitude areas. Therefore it can 

be implied that there is a strong correlation of personal 

characteristics and aptitude of students. Faculty wise correlation 

seen very significant that is .54, .40, and .46 with verbal 

reasoning, numerical ability & speed and accuracy respectively. 

Fathers education & mothers education .25 & .21 established a 

reasonable correlation with Language Sentence ability of their 
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children. Negative but significant correlation is found 

predominant in between Gender and certain the areas of Aptitude 

 

IX. IMPLICATIONS 

The implications of the study are three fold. 

1. Choice of faculty, Parents Education, economical 

conditions of family can play a major role in building 

Aptitude in children in most of the areas. 

2. Counseling for Aptitude Testing and group interaction 

can be more effective than personal characteristics of 

students in enhancing aptitude capabilities. 

3. In groups, students with special aptitude can involve 

themselves productively and learn new intellectual and 

aptitude skills in that particular area.  
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Abstract- Nematodes are commonly referred to as non 

segmented round worm, thread worms or pin worms. It’s body is 

elongated, cylindrical, bilaterally symmetrical and tapering 

towards both end. It is pseudocoelomate and dioecious with 

sexual dimorphism. It’s impact on agriculture by way of 

inflicting is quite substantial. In the District Bilaspur of Himachal 

Pradesh, in the present study on nematodes, two types of 

nematodes have been detected from the roots and rhizosphere of 

okra crop. These two are Ectoparisitic and Endoparisitic. The 

present study also reveals that percentage of Meliodogyne 

incognita is quite high in some parts of the District of Bilaspur. 

Okra is susceptible to root-knot nematodes damage. If Okra is to 

be grown in areas prone to nematode attacks Nematicide must be 

sprayed prior to planting. Non chemical management of 

nematodes can be accomplished through the use of soil 

solarization, crop rotation or the use of nematodes suppressive 

crops. 

 

Index Terms- Nematodes, Okra, Meliodogyne , Rhizosphere and 

Pratylenchus 

 

I. INTRODUCTION 

kra is one of the important vegetable crops in India. The 

area under okra cultivation in India is 3, 69,654 hectare with 

a production of 2,31,661 tones showing the productivity of 

6.28/hect. The state of Himachal Pradesh also contributes 

towards okra cultivation and it is an important crop which is 

sown in almost all parts of the states. Nematodes damage 

commonly causes irregular growth and reduced or delayed 

production. Okra is infamous for its susceptibility to root –knot 

nematodes damage. Okra plant damage by root- knot nematodes 

is usually stunted and appears unhealthy with elongated, round 

swelling on both large and small roots. The present study is 

undertaken to find out various nematode species associated with 

okra crop from different   localities (Chandpur, Oel, Lakhanpur, 

Nauni, Rishikesh, Harlog and Jukhala) of District Bilaspur of 

Himachal Pradesh. Two genera of endoparasitic and ectoparasitic 

nematodes have been detected from the roots and rhizosphere of 

okra. 

 

II. MATERIAL AND METHOD 

         The soil samples were collected from rhizosphere of okra 

crop from different localities of District Bilaspur. For the 

collection of Soil samples a particular field was selected .From 

this field six rows were selected and from each pair of rows 8-10 

samples of soil were collected from the depth of 20-30 cm and 

then all the samples were put in the same polythene bag and 

labeled with crop locality and date of collection before bringing 

these to the laboratory for further processing. Similarly, for root 

sampling the roots of weak plants suspected to be infected with 

endoparasitic nematodes were exposed and roots showing galls 

were carefully extracted. These root samples were brought to the 

laboratory and kept at 5° C so as to maintain their optimum 

moisture. Cobb`s decanting and sieving method (Cobb,1918) was 

used for washing the soil samples and nematodes were extracted 

from the muddy suspension by using Schindler’s modification ( 

Southey, 1970 ) and then frequency of nematodes occurrence 

was worked out on the basis of number of sample infested. 8% 

boiling formaldehyde solution was used for killing and fixing. 

The clearing was done by glycerol ethanol (Seinhort`s) method. 

Then mounting was done in glycerol. For the identification of 

root-knot nematodes the mounts of the adult female Meloidogyne 

species were prepared and for this females were removed from 

root tissues and collected in a cavity block having warm 

lactophenol. Working under stereomicroscope, the swollen 

female was pierced with a sharp blade .The cut end was trimmed 

further for obtaining the perineal pattern in a piece of cuticle 

only. The perineal pattern was studied under the compound 

microscope for the identification of species. The identification 

was done on the basis of ‘C.I.H. Descriptions of plant parasitic 

Nematodes’. The specimens were measured with the help of 

ocular and stage micrometers.  

 

III. RESULT & DISCUSSION  

         Results indicate that root- knot nematodes were found in all 

the regions surveyed during this study. 

 

1.   Meloidogyne incognita 

          Mature female: Round to pear shaped with short projecting 

neck, white and sedentary. Vulva and anus closed together, 

terminal; perineum with fingerprint like cuticular pattern, 

elevated in some species. Endoparasitic, body spherical with 

projecting neck (Fig.1, 2) . Head with 2 or occasionally 3 annules 

behind head-cap. Cuticle thickening abruptly at the base of 

relaxed spear. Spear knobs rounded or drawn out laterally. 

Excretory pore at level of posterior to spear knobs, 10-20 annules 

behind head. Posterior cuticular pattern displays more variation 

than any other known species. Typical pattern “incognita type” 

with striae closely spaced, very wavy to zig- zag (Fig.3). 

O  
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Female 

L=720-960 µm   

Width=360-510 µm  

Length median bulb=36-45 µm  

Width median bulb=33-36 µm  

Spear= 15-16.5 µm  

 

 
Figure 1 

 

 

 

. 

 
Figure 2 

 

 

 

 

 

 
Figure 3 

 

Meloidigyne 

          Male: Vermiform, up to 2mm long , tail end twisted, 

develops by metamorphosis within a swollen juvenile. Cuticle 

strongly annulated; lateral field with four incisures. Cephalic 

region rounded, not sharply offset, with distinct labial disc and 

few (one to three) annuals. Oesophageal glands mostly ventral to 

intestine. Spicules slender, generally 25-33 µm  long, 

gubernaculum s 7-11 µm  long. Testis single or paired when sex 

reversal occurs. Tail rounded. Phasmids dot like, near cloacal 

aperture, which is subterminal. Bursa absent.(fig.4-6). 

 

Male 

L=660-1302 µm  

Length median bulb=18-24 µm  

Width median bulb=9-12 µm  

Spicules= 18-21 µm  

Gubernaculµm = 4.5µm 

Stylet length= 15-18µm 

 

 
Figure 4 

 
Figure5 

 

 
Figure 6 

 

Pratylenchus 

         Female: Body is about 0.43-0.45 mm long(Fig.7) . Cephalic 

region is low, flattened anteriorly, continuous with body contour 

(Fig. 8) . Stylet with rounded, anterirorly flat basal knobs. 

Median bulb rounded. Vulva in posterior half of body, only 

anterior ovary functional, post vulval uterine sac present (Fig. 9). 

Posterior half of body flexed in a manner so that the vulva and 

anus lie on the convex surface. Tail conoid and terminus smooth 

(Fig.10) 

 Male: not found  
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Female : 

L                    0.43 µm     0.45µm  L=total body length  

a                      20.5 µm       25µm  a= total body length/maximum body width 

b                      7µm            7.5 µm  b= total body length/oesophageal length  

c                      15µm          46.66µm c= total body length/ tail length  

c’                     1.5µm          3.3µm  c’=tail length /anal body diameter  

v                       69.76µm     73.3µm v=position of vulva expressed as a percentage of the body length as measured from interior end. 

stylet Length 12 µm         15 µm  

 

 

 
Figure 7 

 
Figure 8 

 
Figure 9 

 
Figure 10 

 

         Meloidogyne incognita was most widely distributed among 

the most common species and was found in all regions. 

Pratylenchus species. were next and were found in Lakhanpur, 

Nauni, Harlog, Jukhala area of Distt. Bilaspur. The variance may 

be ascribed to the particular soil characteristics and climate of the 

study area. Region which contains large proportion   of sand 

gravels is found suitable for the development of root-knot 

nematodes. In other regions where temperature is too low, 

rainfall is scanty and soil texture is clayey, environment is not 

suitable for the development of root-knot nematodes   

 

Summary 

         During the present investigation two genera of plant 

parasitic nematodes have been detected from the roots and 

rhizosphere of okra crop from different areas viz., Chandpur, 

Oel, Lakhanpur, Nauni & Rishikesh Harlog, Jukhala of Distt. 

Bilaspur. Out of these two genera one was ectoparasitic and 

another was endoparasitic. The observation includes 

         Meloidogyne incognita (Kofoid & white, 1919) Chitwood, 

1949 

         Pratylenchus sp. Fillpjev, 1936 

 

         The percentage of incidence of Meloidogyne incognita is 

quite high in Chandpur (50%) & Lakhanpur (54.5%) locality  
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Abstract- Mobile ad-hoc networks (MANETs) are self-

configuring networks of nodes connected via wireless without 

any form of centralized administration. This kind of networks is 

currently one of the most important research subjects, due to the 

huge variety of applications (emergency, military, etc...). In 

MANETs, each node acts both as host and as router, thus, it must 

be capable of forwarding packets to other nodes. Topologies of 

these networks change frequently. To solve this problem, special 

routing protocols for MANETs are needed because traditional 

routing protocols for wired networks cannot work efficiently in 

MANETs. 

        The objective of this paper is to research the current state of 

the art of existing routing protocols for MANETs, and compare 

different approaches. There are three main classes of routing 

protocols for MANETs: reactive, proactive and hybrid. By 

studying advantages and disadvantages of each one, a new hybrid 

routing protocol is proposed, considers utilizing merits of both 

reactive and proactive protocols, and implements them as a 

hybrid approach. The new protocol allows that a mobile node 

flexibly runs either a proactive or a reactive routing protocol with 

its velocity and its traffic. The new routing protocol is evaluated 

qualitatively. 

 

I. INTRODUCTION 

obile ad hoc networks (MANETs) are autonomous systems 

of mobile hosts connected by wireless links. This kind of 

networks is becoming more and more important because of the 

large number of applications, such as: 

        1.Personal networks: Laptops, PDA’s (Personal Digital 

Assistants), communication equipments, etc. 

        2. Military applications: tanks, planes, soldiers, etc. 

        3. Civil applications: Transport service networks, sport 

arenas, boats, meeting centers, etc. 

        4. Emergency operations: searching and rescue equipment, 

police and firemans, etc. 

 

        To achieve efficient communication between nodes 

connected to the network new routing protocols are appearing. 

This is because the traditional routing protocols for wired 

networks do not take into account the limitations that appear in 

the MANETs environment. 

 

II. PROBLEM DEFINITION 

        A lot of routing protocols for MANETs have been proposed 

in the last years. The IETF is investigating this subject and for 

example, protocols like AODV (Ad hoc On Demand Distance 

Vector) and OLSR (Optimize Link State Routing protocol) have 

been proposed as RFC’s (Request For Comments). But, none of 

the existing protocols is suitable for all network applications and 

contexts. 

        The routing protocols for MANETs can be classified in 

three groups: reactive, proactive and hybrid. 

        The proactive protocols are based on the traditional 

distributed protocols shortest path based. With them, every node 

maintains in its routing table the route to all the destinations in 

the network. To achieve that, updating messages are transmitted 

periodically for all the nodes. As a consequence of that, these 

protocols present a great bandwith consumption. Also, there is a 

great routing overhead. However, as an advantage, the route to 

any destination is always available. Thus, the delay is very small. 

The reactive protocols determine a route only when necessary. 

The source node is the one in charge of the route discovery. As a 

main advantage, the routing overhead is small since the routes 

are determinated only on demand. As a main disadvantage the 

route discovery introduces a big delay. 

        The hybrid ones are adaptative, and combine proactive and 

reactive protocols. 

        This paper proposes a routing protocol for MANETs with 

the objective that each node works using the most suitable 

features. To achieve that, every node checks periodically its 

speed and its traffic. Depending on these two parameters, the 

node will decide which features to use. The protocol proposed 

here can be classified as a hybrid one. 

 

III. LIMITATIONS IN THIS WORK 

        The major part of this work has been to find and study 

information on the current state of the art in MANETs, the 

routing protocols that are used (taking into account the 

advantages and disadvantages of each one depending on the kind 

of MANET), and to design a new routing protocol using the 

acquired knowledge. The evaluation of the new protocol has 

been done qualitatively and not quantitatively. 

 

IV. MOBILE AD-HOC NETWORKS: MANETS 

        Mobile Ad-Hoc networks or MANET networks are mobile 

wireless networks, capable of autonomous operation. Such 

networks operate without a base station infrastructure. The nodes 

cooperate to provide connectivity. Also, a MANET operates 

without centralized administration and the nodes cooperate to 

provide services. 

 

M 
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V. ROUTING PROTOCOLS FOR MOBILE AD-HOC 

NETWORKS 

        There are three types of routing protocols for MANETS: 

        • Table-driven (Proactive): OLSR, TBRPF, DSDV 

(Dynamic Destination Sequenced Distance Vector), CGSR 

(Clusterhead Gateway Switch Routing protocol), WRP (Wireless 

Routing Protocol), OSPF (Open Shortest Path First ) MANET, 

etc. 

        • Demand-driven (Reactive): AODV, DSR, TORA 

(Temporally Ordered Routing Algorithm), etc. 

        • Hybrids: ZRP (Zone Routing Protocol), HSLS (Hazy 

Sighted Link State), etc. 

 

        In the proactive protocols, each node has a routing table, 

updated periodically, even when the nodes don’t need to forward 

any message. 

        In the reactive protocols, the routes are calculated only 

when required. When a source wants to send information to some 

destination, it calls on route discover mechanisms to find the best 

route to this destination. 

        The hybrids protocols try to use a combination of both to 

improve them. 

 

VI. REACTIVE ROUTING PROTOCOLS 

        These protocols find the route on demand by flooding the 

network with Route Request packets.  

 

The main characteristics of these protocols are: 

• Path-finding process only on demand. 

• Information exchange only when required. 

• For route establishment, the network is flooded with requests 

and replies. 

 

        In this section the AODV protocol is studied as a 

representative example. 

 

        THE AD-HOC ON DEMAND DISTANCE VECTOR 

(AODV) 

The AODV protocol is a reactive routing protocol. It is a Single 

Scope protocol and it is based on DSDV. The improvement 

consists of minimizing the number of broadcasts required to 

create routes. Since it is an on demand routing protocol, the 

nodes who are not in the selected path need not maintain the 

route neither participate in the exchange of tables. 

        When a node wants to transmit to a destination and it does 

not have the valid route, it must begin the Path Discovery 

process. Firstly, it sends a broadcast of the Route Request 

(RREQ) packet to its neighbours, and they relay the packet to 

their neighbours and so on until they reach the destination or any 

intermediate node which has a ‘fresh’ route to the destination.  

        Each node maintains two counters: the sequence number of 

the node (to solve the loops) and the broadcast ID which is 

incremented when a broadcast is started in the node. To identify 

only one RREQ  it is used the broadcast ID and the IP (Internet 

Protocol) address of the source node. The RREQ has the 

following fields: 

 

        Source address, Source sequence number, Broadcast_id, 

Destination address, Destination sequence number, and the 

number of hops to the destination. 

        The intermediate nodes only answer to the RREQ if they 

have a path to the destination with a sequence number greater or 

equal to the sequence number of the RREQ. Hence, only if they 

have paths equal (in age) or more recent. While the RREQ is 

sent, the intermediate nodes increase the field ‘number of hops to 

the destination’ and, also store in its routing table the address of 

the neighbour from whom they first received the message, in 

order to establish a ‘Reverse Path’. The copies of the same 

RREQ received later which are coming from the other 

neighbours are deleted. 

        When the ‘destination node/intermediate node with the fresh 

route’ has been found, it answers with a Route Reply (RREP) to 

the neighbour from which it received the first RREQ. The RREP 

has the following fields: Source address, Destination address, 

Number of Hops to the destination, Sequence number of the 

destination, Expiration time for the Reverse Path. Then, the 

RREP uses the return path established to the source node. In its 

path, every node forwarding the RREP sets the reverse path as 

the freshest path to the destination node. Therefore, AODV can 

only use bidirectional links. 

        If a source node moves, it is capable of restarting the 

discovery protocol to find a new path to the destination. If an 

intermediate node moves, its previous neighbour (in source-

destination way) must forward a RREP not requested with a fresh 

sequence number (greater than the known sequence number) and 

with a number of hops to destination infinite to the source node. 

In this way, the source node restarts the path discovery process if 

it is still needed. 

        Hello messages (periodic broadcasts) are used to inform 

mobile node about all the neighbourhood nodes. These are a 

special type of RREP not solicited, of which sequence number is 

equal to the sequence number of the last RREP sent and which 

has a TTL=1 (Time To Life) to not flood the network. They can 

be used to maintain the network connectivity, although other 

methods used more often exist for this function, like for example, 

to listen to the neighbour nodes transmissions. 

 

Advantages 

        • AODV has low control signalization because there are not 

periodic updates about the routing and the overload in terms of 

packets is small since it is a reactive protocol. Also, the 

processing signalization is low because the AODV messages are 

simple and require small calculus. Besides, the loops are solved. 

        • AODV is a simple protocol that aims to resolve more 

recent and shorter paths. DSR, on the other hand, employs 

multiple optimizations, which in some cases result into worse 

performance e.g. invalid route pollution due to aggressive route 

learning and caching. 

 

Disadvantages 

        • AODV works only with bidirectional links. Although 

AODV only manages the routes between nodes who want to 

communicate, it uses Hellos messages periodically. Thus, in 

comparison with DSR the overhead in terms of packets is higher. 

        • Inconsistent route may appear. 

        • Multiple RREP can lead to heavy control overhead. 
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        • Periodic beaconing. 

 

Resilience 

        AODV has a high resilience to mobility and it is very good 

to be used in highly dynamic environments (over 20 m/s). In the 

study realized in at very high speeds, despite optimizations that 

address limitations of DSR’s aggressive route caching 

mechanism, DSR is found inferior to AODV. At these speeds 

AODV exhibits impressive resilience. 

 

VII. PROACTIVE ROUTING PROTOCOLS 

        These algorithms maintain a fresh list of destinations and 

their routes by distributing routing tables in the network 

periodically. The main characteristics are: 

        • These protocols are extensions of wired network routing 

protocols. 

        • Every node keeps one or more tables. 

        • Every node maintains the network topology information. 

        • Tables need to be updated frequently. 

In this section the OLSR protocol as a representative example is 

studied. 

 

VIII. OPTIMIZED LINK STATE ROUTING (OLSR) 

OLSR  is a proactive link state routing protocol. It is a point to 

point routing protocol based in the link state algorithm.  

Each node maintains a route to the rest of the nodes of the ad hoc 

network. The nodes of the ad hoc network periodically exchange 

messages about the link state, but it uses the ‘multipoint 

replaying’ strategy to minimize the messages quantity and the 

number of nodes that send in broadcast mode the routing 

messages. The strategy MPR (Multipoint Relay)  lies in that each 

node uses ‘Hello’ messages to discover what nodes are in a one 

hop distance and makes a list. Each node selects a group of 

neighbours of that list that are able to reach all the nodes in a 

distance of two hops with regard to the node that is making the 

selection. 

        These neighbours selected are the only nodes in charge to 

relay the routing packets and are called MPRs (Multipoint 

Relays). The rest of the neighbourhood process the routing 

packets that they receive, but they can not relay them. Each node 

decides an optimum path (in number of hops) to each destination 

using the stored information (in its topology routing table and in 

of their neighbours ones). Besides each node stores that 

information in a routing table for usage when a node wants to 

sent data. This protocol selects bidirectional links to send 

packets, and does not use unidirectional links. 

        The OLSR protocol is more efficient in networks with high 

density and highly sporadic traffic. The quality metrics are easy 

to expand to the current protocol. OLSR requires that it 

continuously has some bandwidth in order to receive the 

topology updates messages. 

 

Advantages 

        • The proactive characteristic of the protocol provides that 

the protocol has all the routing information to all participating 

hosts in the network. OLSR protocol needs that each host 

periodically sends the updated topology information throughout 

the entire network. This increases the protocol bandwidth usage. 

However, the use of MPRs minimises the flooding in comparison 

with other proactive routing protocols. 

        • OLSR protocol is well suited for the application which 

does not allow the long delays in the transmission of the data 

packets. The best working environment for OLSR protocol is a 

dense network, where the majority of the communication is 

concentrated between a large number of nodes. 

        • The reactiveness to the topological changes can be 

adjusted by changing the time interval for broadcasting the Hello 

messages. It increases the protocols suitability for ad hoc 

network with the rapid changes of the source and destinations 

pairs. Also the OLSR protocol does not require that the link is 

reliable for the control messages, since the messages are sent 

periodically and the delivery does not have to be sequential. 

        • OLSR has also extensions to allow hosts to have multiple 

OLSR interface addresses and provide the external routing 

information giving the possibility for routing to the external 

addresses. Based on this information there is the possibility to 

have hosts in the ad hoc network which can act as gateways to 

another possible network. 

 

Disadvantages 

        • As proactive routing protocol, a great number of periodical 

messages are sent. Besides the HELLO messages, there are 

Topology Control messages, forwarded around all the nodes in 

the network. The use of MPRs solves in part that problem, but 

the overhead in terms of packets is still high in comparison with 

the reactive routing protocols. 

 

IX. HYBRID ROUTING PROTOCOLS 

        These protocols are a combination of reactive and proactive 

routing protocols, trying to solve the limitations of each one. 

Hybrid routing protocols have the potential to provide higher 

scalability than pure reactive or proactive protocols. This is 

because they attempt to minimise the number of rebroadcasting 

nodes by defining a structure (or some sort of a backbone), which 

allows the nodes to work together in order to organise how 

routing is to be performed. By working together the best or the 

most suitable nodes can be used to perform route discovery. 

 

X. REACTIVE VS PROACTIVE 

        Proactive routing protocols loose more time updating their 

routing tables. Therefore when the topology changes frequently, 

most of the current routes in the tables can be wrong. Hence, 

these protocols are recommended for ad-hoc networks semi 

dynamics. 

Reactive routing protocols have delay in route determination, 

because of the flooding mechanism. They are recommended for 

networks with nodes moving constantly. 

 

Proactive protocol: 

Advantages 

• A route can be selected immediately without delay. 
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Disadvantages 

• Produce more control traffic. 

• Takes a lot of bandwidth. 

• Produce network congestion. 

 

Reactive protocol: 

Advantages 

• Lower bandwidth is used for maintaining routing tables. 

• More energy-efficient. 

• Effective route maintenance. 

 

Disadvantages 

• Have higher latencies when it comes to route discovery. 

 

        Reactive protocols face scaling problems when the number 

of nodes is large and have many “active nodes”. But how big this 

problem is it depends on which protocol is used and in which 

scenario it is working. 

        In the Table-driven case, the problem is the time to update 

the routing tables. These protocols require nodes to exchange 

their routing tables periodically (or if changes in the topology 

happen each ). Thus, each node has its routing table updated. 

However, this information exchange can cause message 

broadcast storm when the mobility is high. 

 

XI. FLAT VS. HIERARCHICAL 

        Both architectures have strengths and weaknesses. The flat 

architecture has the following advantages over the hierarchical: 

• More reliability and survivability. 

- No single point of failure. 

- Alternative routes in the network. 

• More “optimal routing”. 

• Better coverage, i.e. reduced use of the wireless resources. 

• Route diversity, i.e. better load balancing property. 

• All nodes have one type of equipment. 

 

        The no single point of failure means that if one node goes 

down, the rest of the network will still function. In the 

hierarchical if one of the cluster heads goes down, that section of 

the network won’t be able to send or receive messages to other 

sections for the duration of the downtime of the cluster head. 

        The flat routing algorithm doesn’t have a good scalability. 

When the network becomes larger the routing overhead will 

increase rapidly. 

 

        The hierarchical architecture has the following advantages 

over the flat: 

        • Easier mobility management procedures (just ask the 

cluster head). 

        • Better manageability. 

 

XII. UNICAST VS. MULTICAST 

        In multicast routing a single packet is sent simultaneously to 

multiple receivers. In unicast routing a single packet is only sent 

to one recipient every transmission. Thus the multicast method is 

very efficient and a useful way to support group communication 

when bandwidth is limited and energy is constrained. 

        Due to the broadcast characteristics of the multicast protocol 

it is better suited for MANET then the unicast protocol. 

 

XIII. UNIPATH VS. MULTIPATH 

        In a multipath routing protocol the packets can be sent via 

multiple paths between the source and destination. This increases 

the packet delivery ratio with regard to unipath. This also means 

that there is no necessity of finding new routes, decreasing the 

route discovery traffic. 

 

XIV. QUALITY OF SERVICE (QOS) 

        Quality of service can be used as a measurement of how 

good the routes in the network are. The routes should guarantee a 

set of pre specified service attributes, such as delivery, 

bandwidth and delay variance (jitter). It also involves the 

specification of latency, loss, availability etc... For a protocol to 

provide good QoS it must determine new routes rapidly and with 

minimal bandwidth consumption. There are several metrics that 

directly affect the QoS of every protocol, for example: Packet 

delivery ratio, control packet overhead (packets and total bytes), 

average hop count, end-to-end latency and power consumption to 

mention a few. Using a protocol that provides good quality of 

service will greatly affect the MANETs performance. 

 

XV. A NEW ROUTING PROTOCOL FOR MANET 

INTRODUCTION 

        The routing protocol for MANETs described is a hybrid and 

a hierarchical routing protocol. The nodes which move slowly or 

have high traffic will work (or will try to work) in proactive 

mode, joining a proactive area. The others will work in reactive 

mode. Since there are many typical routing protocols proposed, 

this protocol uses two existing protocols directly. For proactive 

areas, OLSR is utilized because it is very popular and performs 

well compared with other proactive routing protocols. Reactive 

nodes run AODV for no additional overhead introduced with the 

network growing. Besides, when the mobility is very high, 

AODV has impresive resilience. 

 

XVI. PROTOCOL DESCRIPTION 

        The description of the routing protocol is quite easy. Each 

node checks its velocity and its traffic periodically. If the 

velocity is smaller than a threshold X, or the traffic is higher than 

a threshold Z, then the node will try to join or to create a 

proactive area. Within this area, the features to use are the same 

that in the OLSR. If not, the node will work in reactive mode, 

using the same features that AODV. The proactive areas have a 

limited size in number of nodes. The number of nodes within an 

area can not be greater than a threshold Y. If a node that wants to 

join an area does not find an area with less than Y nodes, it has to 

create a new area or it can not work in proactive mode. 
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        But not all the nodes inside the area work like pure OLSR. 

There are some nodes that have to work as gateways to 

communicate the area with the outside. Similarly, not all the 

nodes outside the area work in the same way that AODV. Some 

of them have special features to allow the communication 

between reactive and proactive nodes. 

 

XVII. HOW A NODE DECIDES ITS FEATURES 

PROTOCOL PARAMETERS 

        First of all, there are some parameters that have to be 

described to understand the operation of the protocol. 

 

V=velocity 

        Periodically, the node checks its velocity to know if 

topology changes can happen. The velocity to have into account 

to switch from an operation mode to another is the average 

velocity. That is, the node checks with GPS (Global Positioning 

System) its position periodically. The average velocity necessary 

to change from the last position to the current position is the V. 

 

X= threshold velocity=3.5 m/s 

 

        If we review different performance studies as, we can see 

that AODV is better than OLSR in all the range of mobility since 

the point of view of the throughput, the total amount of generated 

network traffic, and the resilience. However, when the nodes are 

semi-static (at very low velocities) the OLSR can perform better 

in terms of delay end-to-end. This is because in a network with 

not many topology changes OLSR can almost always give the 

shortest path available. As mentioned, AODV usually performs 

better than OLSR in every mobility environment, but at less than 

3.5 m/s it can be interesting to use OLSR since the network is 

more similar to a static network than to a Mobile Ad-hoc 

network. When the network has no topology changes, the 

throughput and the resilience to topology changes are similar 

(there are not topology changes). Therefore, we can compromise 

the control traffic load to achieve a better delay end-to-end using 

the proactive routing protocol. 

 

N=number of nodes in the area 

        N is the number of nodes working in the same area using the 

proactive features. 

 

Y= threshold number of nodes in an area = 90 

        The proactive area works in the same way that OLSR. 

OLSR reduces the number of “superfluous” forwarding, reduces 

the size of LS updates, and reduces the table size. However, 

while the number of nodes into an OLSR area increases, the 

number of control packets increase.  

        A good threshold to the number of nodes in an OLSR 

network could be 90. OLSR allows choosing a big value for the 

number of nodes in a network, but when this value exceeds 100 

the performance of the protocol may decrease. With the number 

of 90, there is a margin of 10 nodes to reach this critical point. 

 

T= Traffic 

 

        T is the traffic that a node manages. This traffic is just data 

traffic (with no control traffic), and can be both the traffic 

generated by the node and the traffic routed by the node and 

generated in others nodes. 

 

Z= threshold value of traffic= 300 kbps 

        As explained before, when the traffic in the network is high, 

the nodes need to know the route to the destination as fast as 

possible. In this case a proactive routing protocol outperforms the 

reactive one because it already has the route when necessary. 

However, it is quite difficult to define a threshold value for the 

traffic of a fixed node.  

 

A SINGLE NODE 

        If we have a node implementing the routing protocol, this 

one must know its velocity (for example, using GPS) and its 

traffic. If the velocity V, is ≤ than a threshold velocity X or the 

traffic T is > than a threshold Z, then the node knows that it is 

better to use the proactive features since the nodes with low 

mobility and high traffic always perform better with a proactive 

protocol than with a reactive one. Hence, the node will try to join 

an area with other nodes in the same situation. 

        If none of both conditions mentioned before happens, then 

the node knows that it is better to use the reactive features. If the 

V is not very small, the topology is changing fast and is not 

efficient to change the routing information periodically all the 

time (even when these routes are not being used). Also, if the T 

is not very high it is not efficient to maintain routes constantly 

because these are not being used very often. 

 

A NODE OPERATION 

        A node working with the protocol will work using different 

features depending on its velocity, traffic and environment. It 

defines 6 different states for a node: Initial, R1 (Reactive 1), R2 

(Reactive 2), R3 (Reactive 3), P1 (Proactive 1), P2 (Proactive 2) 

and P3 (Proactive 3) states. Figure illustrates a diagram state 

describing the behaviour of a node. Hereafter, each state is 

described: 

        • Initial state: When a node is reset it begins in an initial 

state. In this state the node must check its velocity and its traffic 

to decide in which mode it has to work. We define “condition 1” 

as: “(V<=X) OR (T>Z)”. If condition 1 doesn’t happen then it 

will work in the reactive mode (Reactive 1), but if condition 1 

happens, then it will try to work in the proactive mode. Hence, 

the node will pass to the Reactive 3 state. 

        • Reactive 1: In this state, the node works using the AODV 

features. While condition 1 is not fulfilled and the node does not 

have connectivity with an area it will remain in the same mode of 

operation. In the case that the node discovers a node or more 

working in the Proactive 1 or Proactive 2 modes then it will work 

in the Reactive 2 mode. If condition 1 is fulfilled, then it will try 

to work in proactive mode (Reactive 3). 

        • Reactive 2: In this state, the node works using the AODV 

features, but also must process the control messages coming from 

the proactive zone. This is because it needs these messages to 

have, in its routing table, the proactive destinations. While there 

is no condition 1 and while the connectivity with any node 

working in the Proactive 1 or Proactive 2 modes continues the 

node will remain in the same state. If condition 1 is not fulfilled 
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but the router looses the connectivity with the mentioned routers, 

then it will come back to the Reactive 1 state. If condition 1 

occurs then it will try to work in proactive mode (Reactive 3 

state). 

        • Reactive 3: This state exists for the reason that when a 

node decides that to work in proactive mode is better, firstly it 

must join or create an area. In this state the node still works using 

the AODV features, but also has to generate and to process the 

proactive control messages. If there is no condition 1 happening 

the node will come back to the Reactive 1 state. But while 

condition 1 happens, the node will try to join or to create an area. 

If it listens another node working in Reactive 3, Proactive 1 or 

Proactive 2 modes, then it will join the area unless in the area the 

number of nodes N is > Y. If N>Y the node remains in the same 

state waiting to listen to other area with less number of nodes. 

        • Proactive 1: In this state the router works using the OLSR 

features. If condition 1 is not fulfilled, the node will go to the 

Reactive 1 state. But when condition 1 is fulfilled, the node will 

continue working in this state unless it discovers a node working 

in the Reactive 1 or Reactive 2 states. Then it will go to the 

Proactive 2 state. 

        • Proactive 2 (Area Border Router): In this state the node 

works using the OLSR features but it has to understand the 

reactive routing messages (RREQ, RREP and RERR) because it 

needs to have in its routing table all the reactive 2 nodes 

connected with it. When an ABR (Area Border Router) receives 

a reactive routing message (RREQ, RREP or RERR) it must look 

for the destination. If the destination is inside its own area, then it 

answers to that message reactively. If not, it forwards them to all 

the others ABRs of its area. The intermediate nodes are purely 

reactive, but they know what they have to do with those packets 

looking at the two flags attached in all the packet. These exit 

ABRs will change the flags again.  

        If condition 1 is not fulfilled the node will go to the 

Reactive 1 state. But while condition 1 occurs the node will 

continue working in this state unless it lost all the connectivity 

with the nodes working in the Reactive 1 or Reactive 2 states. In 

this case it will go to Proactive 1 mode. 

        A node goes to Initial State from every state when it is reset. 

 

XVIII. PROACTIVE 1 STATE: SAME WORKING AS OLSR 

INTRODUCTION 

        OLSR is an improvement of the pure link state protocol. 

Since it is a proactive routing protocol, the routes are always 

available. The route discovery process is based in the broadcast 

of the HELLO and TC (Topology Control) messages. Besides, 

the OLSR is based in the MPR (Multipoint Relay) concept. 

        OLSR is considered as a good protocol for dense and big 

mobile networks, thanks to the optimization of the MPR nodes. It 

is also a hop to hop routing protocol. Thus, each node uses its 

local information to forward the packets to the destination. 

 

XIX. REACTIVE 1 STATE: SAME WORKING AS AODV 

INTRODUCTION 

        AODV presents the following characteristics: 

        • Low control signalization: There are no periodic updates 

with information about the routing, since it is reactive. 

        • Loop prevention: There is a mechanism to solve the loops. 

        • Only works with bidirectional links. 

 

REACTIVE 2 STATE 

        All the nodes within an area must work in proactive mode, 

understanding the control messages necessary to get the routing 

tables (as TC and Hello messages). But also the nodes outside the 

area with connectivity with an area border router (that have 

connectivity with an area) need to understand these messages. 

These nodes are working in the Reactive 2 mode. 

 

REACTIVE 3 STATE 

        In this state the node has decided to work in proactive mode, 

but it knows no areas yet. It makes no sense to have an area with 

just one node. Due to this, this node continues working using the 

AODV features while it is sending the OLSR control messages 

searching for another router in the same situation, or an area to 

join. When the node working in the Reactive 3 state listens to the 

proactive control messages it will work in the Proactive 1 state, 

becoming part of the area (if N<Y). As we can see, the minimum 

number of nodes in an area is two. 

        If the node working in reactive 3 state listens to the 

proactive control messages of an area, it must check how many 

nodes there are in that area. If N<Y, then our node will join the 

area and will work in the Proactive 1 state. But if N≥Y, then the 

node must continue to search another area that it can join. 

 

XX. PROACTIVE 2 STATE 

        The nodes working in this mode are the area border routers 

(ABRs), that is, the nodes that have connectivity with any router 

outside the area. All the nodes outside the area must understand 

the reactive routing protocol messages (RREQ and RREP), but 

also the area border routers must do so. 

        When an ABR receives a RREQ, it first determines whether 

it has a path to the requested node (can be a known AODV node, 

or an OLSR node that is in its routing table because it is in the 

same proactive area) or whether it has to forward the RREQ to 

other AODV nodes crossing the area. If it has a path to the 

destination node, it will send a RREP to the sender. If the 

destination in the RREQ is a pure OLSR node, the ABR will 

have to keep track of the destination sequence number on behalf 

of the OLSR node, to ensure correct operation of the AODV 

protocol. If the ABR does not have a path to the destination, it 

will have to rebroadcast the RREQ to other AODV nodes and 

unicast the RREQ to other ABRs, enabling it to traverse OLSR 

networks. When an ABR receives a RREP, it will create a 

forward route to the source of the RREP, and forward the RREP 

to the next hop of the reverse route. Similarly, the broadcasting 

of RERR messages will have to be modified. In AODV 

networks, RERR messages are unicast if there is only one 

predecessor or broadcast if there is more than one. However, if 

the node is an ABR, RERR messages will be unicast to every 

predecessor node that is an ABR. 

        An ABR receiving an AODV routing message (RREQ, 

RREP or RERR) that has to pass through the proactive area sets 

the flags to the correspondent value. The exit ABRs will change 
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the flags’s value again. Then, these ABRs must broadcast the 

routing messages to all the routers with connectivity to them. 

 

PROCESSING OF DATA PACKETS 

        For a data packet received for a Proactive 2 node via its 

Reactive 2 node which is connected to from a Reactive 1, 

Reactive 2 or Reactive 3 node, and the destination is not found, a 

RERR will be sent back to the sender. For a data packet received 

by a Reactive 2 node via its Proactive 2 node which is connected 

to an OLSR node, and the destination is not found, it will buffer 

the data packets and send a RREQ to initiate a route discovery 

process on behalf of the OLSR node. If no RREP is received 

after RREQ_RETRIES, then it will send an ICMP (Internet 

Control Message Protocol) Destination Unreachable message 

back to the OLSR node. 

 

XXI. CONCLUSION 

        In this, a qualitative analysis has been provided for AODV, 

OLSR and New Protocol. The quantative analysis was not 

possible to be done for the new protocol, but it was necessary at 

least to show one for the rest of protocols. In this section, the 

conclusions of the study realized are explained. 

        The AODV will perform better in the networks with static 

traffic and with a number of source and destination pairs 

relatively small for each host. In this case, AODV use fewer 

resources than OLSR, because the control overhead is small. 

Also, they require less bandwidth to maintain the routes. Besides, 

the routing table is kept small reducing the computational 

complexity. The   reactive protocol can be used in resource 

critical environments. 

        The OLSR protocol is more efficient in networks with high 

density and highly sporadic traffic. The quality metrics are easy 

to expand to the current protocol. Hence, it is possible for OLSR 

to offer QoS. However, OLSR requires that it continuously have 

some bandwidth in order to receive the topology updates 

messages. 

        The scalability of both classes of protocols is restricted due 

to their proactive or reactive characteristics. For reactive 

protocols, it is the flooding overhead in the high mobility and 

large networks. For OLSR protocol, it is the size of the routing 

table and topological updates messages. 

 

XXII. SUMMARY 

        In this, there has been a description of what MANETs are 

and why they are so interesting. Because of its characteristics, the 

tradicional routing protocols for wired networks are not advisable 

for them. A specific routing protocol for MANETs is necessary. 

In this thesis the main groups of these protocols have been 

explained and some of the most commonly used of them were 

studied. We saw that each protocol is better in a specific 

environment. None of them are perfect for all the ranges of nodes 

mobility, traffic, number of nodes, etc. 

        The two main groups of protocols studied are the proactive 

and the reactive ones. The main characteristic of the proactive is 

that each node maintains a route to every node in the network. 

Besides, it periodically updates this information. No matter if 

there is communication between the nodes or not. As 

representative examples of proactive protocols, OLSR is 

described here. On the other hand, in the reactive ones the nodes 

only calculate the routes between those nodes that want to 

communicate. This kind of protocols perform in a more efficient 

usage of the bandwith (which is very limited in the MANETs 

medium) and the resources of the nodes. However, as a 

drawback, when the route is not available yet, the delay to 

achieve it can be great. The reactive protocols choosen here to be 

studied is AODV. 

 

XXIII. FUTURE WORK 

        This report has proposed a routing protocol for MANETs. 

The greatest part of the work during the four months of duration 

of the master thesis was to read papers and RFCs to understand 

what MANETs are, why they are so important, and which kind 

of routing protocols they use. Once the different existing routing 

protocols as well as their advantages and disadvantages were 

understood, the objective was to design a new protocol more 

suitable for networks with nodes moving freely. These networks 

should be able to be both large and small. Also the traffic pattern 

was taken into acount to decide the features of each node. Since 

there was no time to make a quantitative study by means of 

simulation, only a qualitative analysis was done. Therefore, as 

future work, should be programed for example in NS-2 to carry 

out a performance study in comparison with the other protocols 

already implemented. 
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    Abstract-In this paper, an organization with two grades subjected to exit of personnel due to the policy decisions taken by the 

organization is considered. As the exit of personnel is unpredictable a new univariate recruitment policy involving two thresholds one 

is optional and the other one mandatory is suggested to enable the organization to plan its decision on recruitment .Three mathematical 

models are  constructed using a univariate policy based on shock model approach assuming that (i) the amount of wastage at each 

decision epoch are identically distributed constantly correlated and exchangeable exponential  random variables(ii)the inter-decision 

times form an order statistics and (iii) the optional and mandatory thresholds follow various distribution. The analytical results are 

substantiated with numerical illustrations. 

    Index Terms- Correlated wastage, Order statistics, Shock models, Univariate recruitment policy, Variance of the time to 

recruitment 

I. INTRODUCTION 

xits  of personnel which is in other words known as wastage is an important aspect in the study of manpower planning .Many 

models have been discussed using different kinds of wastages and thresholds following various distributions .Such models could 

be seen in [1],[3].In [5],for  a single grade man-power system with mandatory exponential threshold for the loss of man-power, the 

authors have studied the system characteristics namely mean and variance of time to recruitment  when the inter-decision times form a 

sequence of  independent and identically distributed exponential random variables and the amount of wastage at each decision epoch 

forms a sequence of exchangeable and constantly  correlated  exponential random variables. In [13],the authors have extended the 

results in [5] for a two-grade system .In [2] ,for a single grade manpower system ,the author has considered a new recruitment policy 

involving two thresholds for the loss of man-power in the organization in which one is optional and the other is mandatory and 

obtained the mean time to recruitment under different conditions on the nature of thresholds according as the inter –decision times are 

exchangeable and constantly correlated exponential random variables. In [14-17], the authors have extended the results in [2] for a 

two-grade system according as the thresholds are exponential random variables or geometric random variables or SCBZ property 

possessing random variables or extended exponential random variables. In [6],for a single grade man-power system with mandatory 

exponential threshold for the loss of man-power the author studied system characteristics  when (i) the inter-decision times form an 

order statistics and the loss of man-power forms a sequence of identically distributed exponential random variables. In [7-12], the 

authors have extended the results in [6] for a man-power system consisting of two grades, involving two thresholds by assuming 

different distributons for thresholds. 

The objective of the present paper is to estimate the mean and variance of the time to recruitment for a two- grade system, when (i) the 

inter- decision times form an order statistics (ii) the loss of man-hours at each decision epoch are identically distributed constantly 

correlated and exchangeable exponential random variables and (iii) the thresholds for the loss of man-hours in each grade follow 

different distributions. This paper is organized as follows. In sections II, models I, II and III are described and analytical expressions 

for mean and variance of the time to recruitment are derived. In section III, the analytical results are numerically illustrated and 

relevant conclusions are presented. 

 

II. RESEARCH ELLABORATIONS 

 MODEL DESCRIPTION AND ANALYSIS OF MODEL –I 

An organization takes k decisions in (0,∞) at each decision there is a random amount of manpower wastage and is represented in terms 

of man hours. Wastages are linear and cumulative. Let Xi  be  the loss of man-hours due to the  i 
th

  decision epoch , i=1,2,3… with 

cumulative distribution function  G(.) and probability density function  is g(.) with mean  ( >0). Let Xi
’
s be identically distributed and 

E 
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constantly correlated exchangeable and exponential random variable. Let ρ be the correlation between and  where i .Let the 

inter-decision times are independent and identically distributed exponential random variables with cumulative distribution function 

F(.) ,probability density function f(.).Let Y1, Y2 (Z1, Z2) be random variables denoting optional (mandatory) thresholds for the loss of 

man-hours in grades 1 and 2, with cumulative distribution function  H(.),probability density function  is h(.) and mean
 2121

1
,

1
,

1
,

1  

respectively, where  2121
,,,   are positive .It is assumed that Y1 < Z1 and Y2 < Z2 .Write   Y = Max (Y1, Y2) and                          

Z = Max (Z1, Z2) where Y (Z) is the optional (mandatory) threshold for the loss of man-hours in the organization. The loss of man-

hours and the optional and mandatory thresholds are statistically independent. Let T be the time to recruitment in the organization with 

cumulative distribution function L (.), probability density function l (.), mean E (T) and variance V (T). Let F k(.) be the k fold 

convolution of F(.). Let l
*
(.) and f

*
(.), be the Laplace transform of l(.) and  f(.),  respectively. Let Vk(t) be the probability that there are 

exactly k decision epochs in (0, t]. It is known from Renewal theory [4] that Vk(t) = Fk(t) - Fk+1(t) with F0(t) = 1. Let p be the 

probability that the organization is not going for recruitment whenever the total loss of man-hours crosses optional threshold Y. The 

Univariate recruitment policy employed in this paper is as follows: If the total loss of man-hours exceeds the optional threshold Y, the 

organization may or may not go for recruitment. But if the total loss of man-hours exceeds the mandatory threshold Z, the recruitment 

is necessary.
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Since Xi
’
s are assumed to be identical constantly correlated and exchangeable exponential random variables with parameter α, 

cumulative distribution function of the partial sum   

Sk = X1+X2+……+Xk  is given by  

 
 

   !1

,

1)(
0

1
1 











 





 ik

b

y
ik

y
i

i

i

k
k

k
G







                                                                                                                                           (2) 
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)1(,,
1

0

 










 bdz

b

y
ik ze

ik
b

y

z
                                                                                                                                             (3) 

Since ))(()()(1)(),()( tlLsandtTPtLtL
dt

d
tl l 



                                                                                                                               (4)                                          

 

Let U1, U2, U3, . ....... Uk be arranged in an increasing order so that we have sequence U(1),U(2),U(3),...... U (k) .Here U (r) is the r
th

 order 

statistics, r=1, 2,3…..k  

The random variable U(1),U(2),U(3),........ U(k) are not independent. 

For r=1,2,3…k the probability density function of U(r) is given by  
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Case (i): The distribution of optional and mandatory thresholds follow exponential distribution 

Assume )()( )1( tftf u  

In this case it is known that  

  1
)1( )(1)()(  k

u tFtfktf
                                                                                                                                                                    (6) 

By hypothesis 
tetf  )( and 

ctcetg )(                                                                                                                                     (7) 

Therefore from (6) and (7) we get,  

sk

k
sf

u 







)(

)1(
                                                                                                                                                                                    (8) 

Since  

22

0
2

*2
2

0

*

))(()()(
)((

)(,
))((

)( TETETVand
ds

sld
TE

ds

sld
TE

ss



                                                                                 (9) 

 For this case the first two moments of time to recruitment are found to be  
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The variance of time to recruitment can be calculated from (9), (10) and (11). 
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The variance of time to recruitment can be calculated from (9), (15) and (16). 

Case (ii): The distributions of optional and mandatory thresholds follow extended exponential distribution with shape parameter 2. 

Assume  )()( )1( tftf u  

Using (6),(7) and (8) the first two moments of time to recruitment are found to be  
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Where  W jk
 ,(j=1,2,3,…..6) are given by (12) 
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(19)                                                                                                                                                                                 
 The variance of time to recruitment can be calculated from (9), (17) and (18). 

Assume  )()( )( tftf ku
 

Using (7),(13) and (14) the first two moments of time to recruitment are found to be  
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                                                                          (21) 

The variance of time to recruitment can be calculated from (9), (20) and (21). 

Case (iii): The distributions of optional thresholds follow exponential distribution and mandatory thresholds follow extended 

exponential distribution with shape parameter 2. 

For this case the first two moments of time to recruitment are found to be  

Assume )()( )1( tftf u  
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 where W jk
 ,(j=1,2,3,…..16) are given by (12) and (19) 

The variance of time to recruitment can be calculated from (9), (22) and (23). 

Assume )()( )( tftf ku
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The variance of time to recruitment can be calculated from (9), (24) and (25). 

Case (iv): The distributions of optional and mandatory thresholds possess SCBZ property. 

Assume  )()( )1( tftf u  

For this case the first two moments of time to recruitment are found to be 
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The variance of time to recruitment can be calculated from (26) and (27) . 

where  
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If )()( )( tftf ku                                      

The first two moments of time to recruitment are found to be 
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where W jk
 ,(  j=17,18,…..32) are given by (28).The variance of time to recruitment can be calculated from (29) and (30) . 

Case (v): The distributions of optional thresholds follow exponential distribution and the distribution of mandatory thresholds possess 

SCBZ property.  

Assume  )()( )1( tftf u  
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For this case the first two moments of time to recruitment are found to be 
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where W jk
 ,(j=1,2,3,25,….,32) are given by (12) and (28).The variance of time to recruitment can be calculated from (31) and (32) . 

Assume )()( )( tftf ku  
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(34)                                                                                                                                   

The variance of time to recruitment can be calculated from (33) and (34) . 

Case (vi): The distributions of optional thresholds follow extended exponential distribution with shape parameter 2 and the 

distribution of mandatory thresholds possess SCBZ property.  

Assume )()( )1( tftf u  

For this case the first two moments of time to recruitment are found to be 
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The variance of time to recruitment can be calculated from (35) and (36)  

where W jk
 ,(j=1,2,3,7,8,9,10,11,25,…..,32) are given by (12),(19) and (28) 

Assume )()( )( tftf ku
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The variance of time to recruitment can be calculated from (37) and (38).  

 MODEL DESCRIPTION AND ANALYSIS OF MODEL-II 

For this model, the optional and mandatory thresholds for the loss of man-hours in the organization are taken as Y=min (Y1, Y2) and 

Z=min (Z1, Z2). All the other assumptions and notations are as in model-I. 
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Case (i): The distribution of optional and mandatory thresholds follow exponential distribution  

Assume )()( )1( tftf u    

For this case the first two moments of time to recruitment are found to be  

Proceeding as in model-I, it can be shown for the present model that  
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  where W ak  ,(a=3,6) are given by (12) . 

Since ))((
22)()( TETETV  the variance of time to recruitment can be calculated from (39) and (40)  

Assume )()( )( tftf ku
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Since ))((
22)()( TETETV  the variance of time to recruitment can be calculated from (41) and (42)  

Case (ii): The distribution of optional and mandatory thresholds follow extended  exponential distribution  

Assume )()( )1( tftf u  

 For this case the first two moments of time to recruitment are found to be 
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(44) 

The Variance of time to recruitment can be calculated from (43) and (44). 

  

Assume )()( )( tftf ku

                                                                                                                  

                                                                  

   

))()(1(

)()
1

)(

224224

224224

1615146111093

161514611109
0

3

WWWWWWWW

WWWWWWWW

kkkkkkkk

kkkkkkk
k

k

p

pNTE





















                                         (45)                                                                                              

               

 
  

))()(1(

)()12
12

)(

224224

224224

1615146111093

161514611109
0

3

2

2

2

WWWWWWWW

WWWWWWWWNT

kkkkkkkk

kkkkkkk
k

k

p

pMkE





















                                                     

(46)

                                                                                                                        

                                                                   

whereW jk
,(j=3,6,9,10,11,14,15,16)are given by (12) and (19).The variance of time to recruitment can be calculated from (45) and 

(46)  

Case (iii): The distributions of optional thresholds follow exponential distribution and mandatory thresholds follow extended 

exponential distribution with shape parameter 2. 

Assume )()( )1( tftf u  
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where W jk
 ,(j=3,6,14,15,16) are given by (12)  and (19).The variance of time to recruitment can be calculated from (47) and (48)  



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      283 

ISSN 2250-3153  

www.ijsrp.org 

Assume )()( )( tftf ku
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(50) 

The Variance of time to recruitment can be calculated from (49) and (50).  

Case (iv): The distributions of optional and the mandatory thresholds possess SCBZ property. 

Assume  )()( )1( tftf u  

For this case the first two moments of time to recruitment are found to be 
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where W jk
 ,(j=20,21,23,24,28,29,31,32) are given by (28).The variance of time to recruitment can be calculated from (51) and (52)  

Assume )()( )( tftf ku
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The variance of time to recruitment can be calculated from (53) and (54) 

Case (v): The distributions of optional thresholds follow exponential distribution and the distribution of mandatory thresholds possess 

SCBZ property.  

Assume )()( )1( tftf u  

For this case the first two moments of time to recruitment are found to be 
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where W jk
 ,(j=3,28,29,31,32) are given by (12) and (28).The variance of time to recruitment can be calculated from (55) and (56)  

Assume )()( )( tftf ku  

For this case the first two moments of time to recruitment are found to be 
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The variance of time to recruitment can be calculated from (57) and (58). 

Case (vi): The distributions of optional thresholds follow extended exponential distribution and the distribution of mandatory 

thresholds possess SCBZ property.  
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Assume )()( )( tftf ku  

For this case the first two moments of time to recruitment are found to be 
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where W jk
 ,(j=3,9,10,11,28,29,31,32) are given by (12) ,(19) and (28).The variance of time to recruitment can be calculated from 

(59) and (60)  

Assume )()( )( tftf ku  

For this case the first two moments of time to recruitment are found to be 
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The variance of time to recruitment can be calculated from (61) and (62)  

 MODEL DESCRIPTION AND ANALYSIS OF MODEL-III 

 For this model, the optional and mandatory thresholds for the loss of man-hours in the organization are taken as Y=Y1+Y2 

and Z=Z1+ Z2 .All the other assumptions and notations are as in model-I. Proceeding as in model-I, it can be shown for the present 

model that  

Case (i): The distributions of optional and mandatory thresholds follow exponential distribution. 

Assume )()( )1( tftf u  

For this case the first two moments of time to recruitment are found to be 
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where 
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The variance of time to recruitment can be calculated from (63) and (64).

 
Assume )()( )( tftf ku
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The variance of time to recruitment can be calculated from (66) and (67). 

Case (ii): If the distributions of optional and mandatory thresholds follow extended exponential distribution with shape parameter 2. 

Assume )()( )1( tftf u  
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where
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The variance of time to recruitment can be calculated from (68) and (69). 

Assume )()( )( tftf ku  
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The variance of time to recruitment can be calculated from (71) and (72). 

Case (iii): If the distributions of optional thresholds follow exponential distribution and mandatory thresholds follow extended 

exponential distribution. 

Assume )()( )1( tftf u  
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 where W jk
 ,(j=33,34,35,36,41,42,43,44) are given by(65) and (70). The variance of time to recruitment can be calculated from (73) 

and (74). 

Assume )()( )( tftf ku  
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The variance of time to recruitment can be calculated from (75) and (76) 

Case (iv): If the distributions of optional and mandatory thresholds possess SCBZ property. 

Assume )()( )1( tftf u  
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where 
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   The Variance of time to recruitment can be calculated from (77) and (78)                                                                                                                                                                                                                                                                           

If )()( )1( tftf u  
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The variance of time to recruitment can be calculated from (80) and (81). 

Case (v): The distributions of optional thresholds follow exponential distribution and the distribution of mandatory thresholds possess 

SCBZ property.  

Assume )()( )1( tftf u  
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where W jk
 ,(j=33,34,53,54,55,56,57,58,59,60) are given by(65) and (79). The variance of time to recruitment can be calculated from 

(82) and (83). 

Assume )()( )( tftf ku  
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The variance of time to recruitment can be calculated from (84) and (85).                   

Case (vi): If the distributions of optional thresholds follow extended exponential distribution and the distribution of mandatory 

thresholds possess SCBZ property.  

Assume )()( )1( tftf u  
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where W jk
 ,(j=37,38,39,40,53,54,55,56,57,58,59,60) are given by(70) and (79). The variance of time to recruitment can be 

calculated from (86) and (87). 

Assume )()( )( tftf ku  
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The variance of time to recruitment can be calculated from (88) and (89). 

III. NUMERICAL ILLUSTRATIONS 

The mean and variance of the time to recruitment for the above models are given in the following tables for the cases 

(i),(ii),(iii),(iv),(v),(vi) respectively by keeping 1,2,2.0,1,7.0,6.0,9.0,4.0
2121

  bp fixed and varying ρ 

and keeping ρ fixed and varying k. 

  Table I: (Effect of ρ on the performance measures E (T) and V (T)) 
Model –I Order ρ -0.6 -0.3 0 0.3 0.6 0.9 

 

 

Case(i) 

 

I   

E(T) 1.2293 1.0997 0.9502 0.7706 0.5333 0.1730 

V(T) 2.9201 2.7987 2.6016 2.2828 1.7312 0.6326 

 

K  

E(T) 2.4668 2.0765 1.6764 1.2666 0.8122 0.2421 

V(T) 15.2161 12.8380 10.3242 7.7625 4.9615 1.4875 

 

 

Case(ii) 

 

I   

E(T) 1.4700 1.3563 1.2021 1.0010 0.7164 0.2443 

V(T) 3.0851 3.0415 2.9315 2.6913 2.1696 0.8703 

 

K  

E(T) 3.0972 2.7354 2.2766 1.7602 1.1552 0.3557 

V(T) 17.9588 16.1373 13.6020 10.6345 7.0742 2.2388 

 

 

Case(iii) 

 

I   

E(T) 1.2481 1.1218 0.9734 0.7935 0.5532 0.1818 

V(T) 2.0343 2.8219 2.6350 2.3266 1.7818 0.6625 

 

K  

E(T) 2.5240 2.1417 1.7380 1.3190 0.8504 0.2558 

V(T) 15.5339 13.2402 10.7208 8.1047 5.2109 1.5771 

 

 

Case(iv) 

 

I   

E(T) 1.3298 1.2128 1.0690 0.8876 0.6354 0.2201 

V(T) 2.9973 2.9143 2.7631 2.4927 1.9753 0.7885 

 

K  

E(T) 2.7484 2.3910 1.9905 1.5494 1.0282 0.3238 

V(T) 16.6397 14.6517 12.3026 9.6547 6.4700 2.0738 

 

 

Case(v) 

 

I   

E(T) 1.2424 1.1178 0.9729 0.7968 0.5603 0.1887 

V(T) 2.9281 2.8147 2.6297 2.3273 1.7945 0.6843 

 

K  

E(T) 2.5134 2.1399 1.7514 1.3437 0.8784 0.2710 

V(T) 15.5111 13.2830 10.8884 8.3641 5.4823 1.7065 

 

 

Case(vi) 

 

I   

E(T) 1.4669 1.3541 1.2025 1.0045 0.7229 0.2509 

V(T) 3.0833 3.0385 2.9286 2.6917 2.1791 0.8903 

 

K  

E(T) 3.0908 2.7353 2.2889 1.7827 1.1814 0.3704 

V(T) 17.9507 16.1729 13.7321 10.8482 7.3135 2.3627 

 
Table II: (Effect of ρ on the performance measures E (T) and V (T)) 

Model-II Order ρ -0.6 -0.3 0 0.3 0.6 0.9 

Case(i)  E(T) 0.5711 0.4629 0.3721 0.2784 0.1730 0.0479 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      289 

ISSN 2250-3153  

www.ijsrp.org 

I   V(T) 1.8004 1.5465 1.2930 1.0016 0.6449 0.1854 

 

K  

E(T) 0.9693 0.6757 0.5020 0.3551 0.2112 0.0564 

V(T) 6.5763 4.0283 2.8000 1.8966 1.0957 0.2873 

Case(ii)  

I   

E(T) 0.8957 0.7510 0.6147 0.4702 0.3009 0.0865 

V(T) 2.4940 2.2503 1.9570 1.5834 1.0739 0.3295 

 

K  

E(T) 1.6107 1.2041 0.9021 0.6440 0.3889 0.1063 

V(T) 10.3108 7.2549 5.1643 3.5577 2.0995 0.5686 

Case(iii)  

I   

E(T) 0.6165 0.5047 0.4085 0.3082 0.1938 0.0545 

V(T) 1.9073 1.6567 1.3986 1.0963 0.7167 0.2103 

 

K  

E(T) 1.0660 0.7578 0.5651 0.4016 0.2407 0.0650 

V(T) 7.2267 4.5946 3.2123 2.1849 1.2697 0.3363 

Case(iv)  

I   

E(T) 0.6910 0.5741 0.4688 0.3570 0.2272 0.0650 

V(T) 2.0741 1.8299 1.5646 1.2438 0.8278 0.2491 

 

K  

E(T) 1.2261 0.9022 0.6809 0.4871 0.2940 0.0802 

V(T) 8.2897 5.6193 4.0239 2.7691 1.6232 0.4346 

Case(v)  

I   

E(T) 0.5772 0.4692 0.3781 0.2837 0.1771 0.0494 

V(T) 1.8139 1.5622 1.3094 1.0177 0.6584 0.1908 

 

K  

E(T) 0.9852 0.6916 0.5156 0.3657 0.2183 0.0586 

V(T) 6.7021 4.1599 2.9099 1.9786 1.1469 0.3022 

Case(vi)  

I   

E(T) 0.8667 0.7236 0.5903 0.4494 0.2868 0.0815 

V(T) 2.4435 2.1926 1.8964 1.5241 1.0248 0.3109 

 

K  

E(T) 1.5463 1.1493 0.8598 0.6123 0.3683 0.1001 

V(T) 9.9375 6.9236 4.9224 3.3845 1.9901 0.5356 

 
Table III: (Effect of ρ on the performance measures E (T) and V (T)) 

 Model-

III 

Order ρ -0.6 -0.3 0 0.3 0.6 0.9 

 

 

Case(i) 

 

I   

E(T) 1.3685 1.2519 1.1037 0.9144 0.6506 0.2204 

V(T) 3.0255 2.9537 2.8123 2.5455 2.0167 0.7910 

 

K  

E(T) 2.8443 2.4822 2.0585 1.5885 1.0404 0.3195 

V(T) 17.0227 15.0497 12.5813 9.7670 6.4425 2.0138 

 

 

Case(ii) 

 

I   

E(T) 1.6135 1.5308 1.3980 1.2018 0.8961 0.3267 

V(T) 3.1074 3.1054 3.0700 2.9324 2.5156 1.1282 

 

K  

E(T) 3.5392 3.2642 2.8356 2.2726 1.5449 0.4988 

V(T) 18.7988 17.5483 15.5019 12.7368 8.9781 3.0864 

 

 

Case(iii) 

 

I   

E(T) 1.3861 1.2750 1.1308 0.9437 0.6787 0.2348 

V(T) 3.0320 2.9681 2.8392 2.5891 2.0784 0.8380 

 

K  

E(T) 2.9044 2.5594 2.1420 1.6669 1.1023 0.3438 

V(T) 17.3444 15.5087 13.1147 10.2895 6.8639 2.1819 

 

 

Case(iv) 

 

I   

E(T) 1.4487 1.3487 1.2138 1.0309 0.7602 0.2767 

V(T) 3.0608 3.0170 2.9191 2.7103 2.2437 0.9692 

 

K  

E(T) 3.0872 2.7765 2.3808 1.9019 1.2959 0.4230 

V(T) 18.1695 16.6387 14.5233 11.8205 8.2300 2.7768 

 

 

Case(v) 

 

I   

E(T) 1.3640 1.2512 1.1077 0.9233 0.6640 0.2318 

V(T) 3.0192 2.9474 2.8094 2.5514 2.0400 0.8263 

 

K  

E(T) 2.8434 2.4985 2.0926 1.6345 1.0876 0.3439 

V(T) 17.0772 15.226 12.8982 10.1832 6.8602 2.2148 

 

 

Case(vi) 

 

I   

E(T) 1.6032 1.5187 1.3850 1.1890 0.8854 0.3240 

V(T) 3.1076 3.1026 3.0615 2.9161 2.4924 1.1181 

 

K  

E(T) 3.5066 3.2294 2.8046 2.2509 1.5345 0.4991 

V(T) 9.7757 9.2822 8.3433 7.0743 5.3046 2.0446 

 
Table IV: (Effect of k on the performance measures E (T) and V (T)) 

 

MODEL-I 

Order   ρ=0.9  Case-i  Case-ii  Case-iii  Case-iv  Case-v  Case-vi 

 I E(T) 0.1453 0.2002 0.1522 0.1796 0.1561 0.2040 
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k=1 

V(T) 0.5601 0.7608 0.5855 0.6860 0.6002 0.7743 

K E(T) 0.1453 0.2002 0.1522 0.1796 0.1561 0.2040 

V(T) 0.5601 0.7608 0.5855 0.6880 0.6002 0.7743 

 

 

k=2 

 

I 

E(T) 0.1675 0.2350 0.1759 0.2112 0.1818 0.2406 

V(T) 0.6199 0.8499 0.6489 0.7685 0.6685 0.8679 

 

k 

E(T) 0.2120 0.3045 0.2234 0.2744 0.2331 0.3138 

V(T) 1.0918 1.5768 1.1521 1.4332 1.2115 1.6328 

 

k=3 

 

I 

E(T) 0.1730 0.2443 0.1818 0.2201 0.1887 0.2509 

V(T) 0.6326 0.8703 0.6625 0.7885 0.6843 0.8903 

 

k 

E(T) 0.2421 0.3557 0.2558 0.3238 0.2710 0.3704 

V(T) 1.4875 2.2388 1.5771 2.0738 1.7065 2.3627 

Table V: (Effect of k on the performance measures E (T) and V (T)) 
 

MODEL-II 

Order   ρ=0.9  Case-i  Case-ii  Case-iii  Case-iv  Case-v  Case-vi 

 

 

k=1 

I E(T) 0.0442 0.0779 0.0499 0.0586 0.0453 0.0735 

V(T) 0.1747 0.3057 0.1972 0.2308 0.1793 0.2724 

k E(T) 0.0442 0.0779 0.0499 0.0586 0.0453 0.0735 

V(T) 0.1747 0.3057 0.1972 0.0753 0.1793 0.2885 

 

 

k=2 

 

I 

E(T) 0.0475 0.0854 0.0540 0.0641 0.0489 0.0804 

V(T) 0.1843 0.3268 0.2089 0.2468 0.1896 0.2922 

 

k 

E(T) 0.0541 0.1003 0.0620 0.2308 0.0560 0.0943 

V(T) 0.2564 0.4877 0.2965 0.3677 0.2667 0.4589 

 

k=3 

 

I 

E(T) 0.0479 0.0865 0.0545 0.0650 0.0494 0.0815 

V(T) 0.1854 0.3295 0.2103 0.2491 0.1908 0.3109 

 

k 

E(T) 0.0564 0.1063 0.0650 0.0802 0.0586 0.1001 

V(T) 0.2873 0.5686 0.3363 0.4346 0.3022 0.5356 

Table VI: (Effect of k on the performance measures E (T) and V (T)) 

 

MODEL-

III 

Order   ρ=0.9  Case-i  Case-ii  Case-iii  Case-iv  Case-v  Case-vi 

 

 

k=1 

I E(T) 0.1812 0.2599 0.1918 0.2202 0.1880 0.2564 

V(T) 0.6920 0.9721 0.7305 0.8322 0.7165 0.9598 

K E(T) 0.1812 0.2599 0.1918 0.2202 0.1880 0.2554 

V(T) 1.4970 0.9721 0.7305 0.8322 0.7165 0.9598 

 

 

k=2 

 

I 

E(T) 0.2121 0.3113 0.2255 0.2633 0.2220 0.3081 

V(T) 0.7725 1.0969 0.8176 0.9408 0.8047 1.0857 

 

K 

E(T) 0.2739 0.4141 0.2930 0.3496 0.2900 0.4114 

V(T) 1.4220 2.1529 1.5246 1.8373 1.5183 2.1481 

 

k=3 

 

I 

E(T) 0.2204 0.3267 0.2348 0.2767 0.2318 0.3240 

V(T) 0.7910 1.1282 0.8380 0.9692 0.8263 1.1181 

 

K 

E(T) 0.3195 0.4988 0.3438 0.4230 0.3439 0.4991 

V(T) 2.0138 3.0864 2.1819 2.7768 2.2148 2.0446 

IV.FINDINGS 

The influence of nodal parameters on the performance measures namely mean and variance of the time to recruitment for all the 

models are reported below. It is observed that  

(i)When correlation coefficient increases, the mean and variance of time to recruitment decreases for both first and k th  order 

statistics. 

(ii) If k, the number of decision epochs in (0, t], increases, the mean and variance of time to recruitment  increases for both first and      

k th  order statistics. 
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Abstract: The scope of the wireless communications in the recent years going to increase it is the way of constructing small sized, 

low power and inexpensive sensor devices that posses high-speed sensing, computational and communication capabilities.   

             In this paper combination of hybrid hierarchical network topology and use of different communication techniques for 

Transmission (sleep & wait) and Reception/Listening (Low Power Listening). Energy efficient, energy conservation and hence 

improve sensor battery life is the main motive behind our work. 

In our proposed system, we setup intermediate nodes (parent nodes) in our system, so as to prevent direct communication between a 

sensor and Sink node, thus preventing large wait times for transmission.  

I. INTRODUCTION 

ireless Sensor Networks (WSNs) is a network which acts in the sensing environment. A wireless sensor network contains 

hundreds of thousands of sensor nodes to monitor the physical or environmental things, such as temperature, pressure, volume, 

vibration, or pollutants and motion to cooperatively pass all data to a fix location where is data is ready for analysing[1]. This fix 

location is called sink or base station acts like an interface between users and the network. 

           The various sensor nodes in a wireless sensor network (WSN) are have limited, storage power, capacity, processing speed and 

communication bandwidth[3]. They have to sent all the physical and environment information to the base station again and again ,in 

this process they suffer lost of energy or their backup power lost very quickly. 

 

II. OBJECTIVE 

In wireless sensor network the energy consumption is the most important issue that dominates wireless sensor network due to its 

direct influence on the network life. 

 

There are following objectives of our research: 

 A deep study to provide an overview of sensor networks with overcome the problem of energy Conservation in the network. 

 Implementation of proposed work. 

 Design and implement a new procedure based mechanism to improve the life time of sensor node 

 Comparative Analysis in the form of graph. 

 

III. PROBLEM FORMULATION 

Because energy is such a limited resource in wireless sensor networks, the primary concerning wireless sensor network MAC 

protocols is energy efficiency. To design a MAC protocol that is as energy efficient as possible, one first has to identify the sources of 

wasteful energy consumption in wireless MAC protocols.  

W 
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 Following are the sources of energy wastage: 

 1). Idle listening: A node generally cannot predict when another node wants to    communicate with it. Therefore, a node has to be 

ready to receive a message from any the node will have its radio turned on in receive mode for nothing.  

2). Collisions: When two nodes try to send a message to the same node at the same time, there is a good chance that neither message 

will be received by the intended recipient. This means that energy will have been spent on sending and receiving messages with out 

any useful result.  

3). Overhearing: The wireless medium is by its nature a broadcast channel. This means     that when one node sends a message, all 

nodes in its vicinity will receive the message, even when the message is of interest to only a single node. If the nodes that have no save 

energy. 

4). Control packet overhead: MAC protocols usually send short messages for signaling purposes. For example, after a message has 

been successfully received, many MAC protocols send a short acknowledgement back to the sender. Although these packets are useful 

for robustness, sending them does consume energy without conveying useful information at the application level and must therefore 

be considered overhead. 

IV. METHODOLOGY 

The considered system architecture relies on three types/roles of sensor nodes: 

 Sensing nodes (or sources) that sense certain physical parameters and transmit the relevant information towards other nodes 

in the infrastructure. 

 Communication (or relay) nodes that, wirelessly, receive readings from sensing nodes (or other communication nodes) and 

relay them upstream towards the final recipient of such information.  

 Sink nodes that are the final recipients of the sensed information. Sink nodes are typically connected to conventional 

computing equipment for complex processing of the accumulated readings. 

V. PROCEDURE FOR OUR PROPOSED WORK 

 

Step 1: -Initialization: - Initialize the simulation environment. Fixed Position Sink and Helper Nodes are deployed. Sink is assigned 

black color, and helper nodes are assigned distinct colors. 

Step 2: -Deployment:- Randomly 100 sensors nodes are deployed in the system, with a minimum separation distance of 30 units with 

existing nodes, so as to avoid physical proximity and collision.Initially nodes will be black and hollow triangles. 

Step 3: -Registration: - Each node registers itself to closest available governing node (helper or sink). Node will take color of its 

governing node, and will be filled, denoting it has sufficient energy for transmission.Governing nodes will be updated with a number, 

which shows how many sensors are registered under it. It is displayed inside the corresponding rectangular blocks of governing nodes. 

Step 4: -Simulation: - Accounting is kept for calculations made at each step, and changes that have occurred. Environment is set 

automatically simulate continuous transmissions between sensor nodes and governing nodes.  Simulation is made for both Traditional 

(Sink-Sensor only) WSN and Improved (Sink + Helper - Sensor) WSN. As simulation proceeds, sensors will begin to lose power, and 

will one by one deplete to Death. The dead sensors are represented as hollow triangles. Thus with progress in simulation, sensors can 

be seen converting from filled to hollow triangles on the simulation environment screen. Simulation will continue until all the sensors 

are dead.  
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Step 5: -Plotting: - After Simulation Ends, collected data is plotted into form of graphs to visually analyze and present the gain 

achieved in various factors. Two graphs are potted:- Active Sensor graph, which shows no of active sensors at each step of simulation 

and the No of transmissions graph, which shows transmissions made by each sensor in the system using available quota of energy. 

VI. COMPARISON & RESULT ANANLYSIS 

       

 

1. Active Sensor Graph 

 Graph is plotted against number of active sensors (having sufficient power to complete at  least 1 transmission) over a period of time/ 

no of steps/ no of transmissions done. 

 X-axis represents no of steps/transmissions done in the network. 

 Y-axis represents the number of active sensors. 

There are two curves being plotted, one for normal WSN (Traditional - Red) and one for Our Proposed WSN (Improved – Green) 

Explanation of Graph:- 

1) Traditional – The number of active sensors remains 100% (100 sensors in this case) till x=31, that means the network is 

stable and fully active till 31 transmissions by each sensor. 

Then there is a gradual fall till x=71, sensors batteries are depleting one by one. 

 For X>71 no of active sensors is zero. No sensors are active now, the network is dead. 

2) Improved – The number of active sensors remains 100% till x=55, that means the network is stable and fully active till 55 

transmissions by each sensor. 

Then there is a gradual fall till x=85, sensors batteries are depleting one by one. 

For x>85 no of active sensors is zero. No sensors are active now, the network is dead. 
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2. Transmissions made by each sensor 

This graph is plotted against number of transmission made by sensors over sensor id. 

 X-axis represents the sensor id. 

 Y-axis represents the number of transmission made by a particular sensor. 

There are two bars being plotted for each sensor, one for normal WSN (Traditional - Red) and one for Our Proposed WSN (Improved 

– Green) 

Explanation of Graph:- 

Consider Sensor id=1, the green bar represents 66 transmissions were made in our proposed system , and the red bar represents 40 

transmission were made in traditional WSN. 

Consider sensor id=99, the green bar represents 70 transmissions were made in our proposed system , and the red bar represents 39 

transmission were made in traditional WSN. 

 

VII. CONCLUSION 

With the evidence of comparison graphs and simulation results, we can conclude that our proposed system has been successful in 

conserving Sensor’s energy and extend their work lifespan as compared to a simple WSN. 

Intermediate Parent Nodes successfully perform their act of Data collection, sensor management thus dividing the role of Sink Node 

among them, preventing the situation of long waiting periods for sensors for data transmission. Parent Nodes have enabled Sink to 
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issue accurate data requests and being served by sensors nodes, by implementing sensor registration system and maintaining a list of 

registered sensors and active sensors. 

 

VI. Advantages and Sacrifices 

1. Advantages 

 Presence of Intermediate Nodes (regulatory authority) ensures minimum waiting time, minimum overhearing, and a much more 

organized form of communications. 

1) A cut in distance because of availability of nearby Parent Nodes, cuts the amount of power required to boost the transmission 

signal. 

2) Intermediate nodes enables registration system, so the sensor nodes do not wander anonymously and a list of active nodes is 

maintained at corresponding parent node, also making it easy to find and issue an exclusive data request for a particular sensor 

node. 

  2. Sacrifices 

1) Additional Hardware in form of Parent Nodes is required. With hardware becoming increasingly cheaper and affordable, 

additional should not be a big concern. 

2) Multiple communication techniques require improved OS and MAC to present in Network Devices 

3) Additional Synchronization and monitoring System/Software is required in Sink Node for managing Intermediate nodes. 
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Abstract- In generalized transportation problem(GTP), the cost 

of transportation cij per unit product from the i
th

 origin to the j
th

 

destination is considered as independent of amount of transported 

commodity  xij. But in real life problems, there are many 

situations, e.g. quantity discount, price break etc., in which cost 

of transportation cij depends upon the amount of transported 

commodity xij. Based on these situations, in this paper, we 

consider a new type of discounted generalized transportation 

problem in which the cost of transportation cij per unit product 

depends on the amount of transported commodity xij. Thereby, 

we develop a new algorithm for obtaining the optimum solution 

of this problem. Finally, a numerical example is illustrated to 

support the algorithm. 

 

Index Terms- Generalized transportation problem, Step function, 

Discount, Discounted generalized transportation problem 

 

I. INTRODUCTION 

itchcock [15] was pioneer of the basic transportation 

problem, Dantzig [13], Charnes and Cooper [11], Appa [1] 

developed further. Now a days, there are several procedures to 

solve the transportation problems. Arsham and Khan [2] 

considered simplex-type algorithm for general transportation 

problems. Basu et. al. [7,8,9] considered different types of 

transportation problems. 

        But in real life, there are many situations, e.g. quantity 

discount, price breaks etc. where the transportation cost may not 

be linear. Non linearity depends upon the character of the 

objective function as well as the character of the constraints. 

Cooper and Dredes [12] considered an approximate solution 

method for the fixed charge problem. Bhatia et. al. [10] 

considered time-cost trade-off in a transportation problem. 

Klingman and Russel [16] considered solving constrained 

transportation problems. Thirwani [17] considered fixed charge 

bi-criterion transportation problem with enhanced flow. 

        There are many business problems, industrial problems, 

machine assignment problems, routing problems, etc. that have 

the characteristics in common with generalized transportation 

problem that has been studied by several authors. Balas and 

Ivanescu [4] introduced on the generalized transportation 

problem. Balachandrana and Thompson [3] considered an 

operator theory of parametric programming for the generalized 

transportation Problem. In 1987, Hadley [14] gave the detailed 

solution procedure for solving generalized transportation 

problem. Basu and Acharya [5,6] considered different types of 

generalized transportation problem. 

        Day by day, the importance of discounted generalized 

transportation problem is increasing practically in a great deal, 

but the method for finding the optimum solution of this kind of 

generalized transportation problems, however, lacks of the 

desired attention. 

        There are several differences between classical 

transportation problem and generalized transportation problem 

which are given as follows: 

         1. The rank of the co-efficient matrix of [xij]mn in 

generalized transportation problem is (m+n), where as in 

classical transportation problem it is (m+n – 1) 

        2. In generalized transportation problem the value of xij may 

not be integer though it must be integer in classical transportation 

problem. 

        3. The activity vector in generalized transportation problem 

is pij = dij ei + em+j, where dij = positive constants rather than 

unity. 

        Where as in classical transportation problem it is given by 

pij = ei + em+j. 

         4. In generalized transportation problem, it need not be true 

that cells corresponding to basic solution form a tree. 

         5. In generalized transportation problem that = 

 is not necessary. 

         In this paper we develop a new algorithm to find the 

solution of discounted generalized transportation problem where 

the cost function is taken as step function. Thereby we illustrate 

this problem numerically. 

 

 

II. PROBLEM FORMULATION 

Let the discounted generalized transportation problem consists of ‘m’ origins and ‘n’ destinations, where 

      xij = the amount of product transported from the i
th

 origin to the j
th

 destination, 

      cij = the cost involved in transporting per unit product from the i
th

 origin to the j
th

 destination, 

       ai = the number of units available at the origin i, 

      bj  = the number of units required at the destination j, 

       dij = positive constants rather than unity. 

 

         Then the cost minimizing discounted generalized transportation problem can be stated as:       

                                                                            (1) 

H 
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subject to,                     ;       for i=1,2,3,……….,m.                                             (2) 

 

                                       ;       for  j = 1,2,3,……….,n.                                            (3) 

 

                           and                                                                               (4) 

 

       where       >  > > ………. >  and  xij  0. 

 

Net Evaluation 

Introducing slack variables, the problem P1 can be written as 

 

                                                                                                       (5) 

subject to,                            ;         for  i = 1,2,3,……….,m.                      (6) 

                                             ;        for  j = 1,2,3,……….,n,n+1.                     (7) 

   

       where dij=positive constants rather than unity, xij   0  for all (i,j), and the values of cij are given in (4). 

 

Let       ui (1 i  m) and vj (1 j  n+1) be the dual variables. 

So that,    dijui + vj = cij          for 1  I  m, 1  j  n.  

                               ui = 0           for 1 I  m, j = n + 1.                                                              (8) 

     where   ui, vj are unrestricted for all (i,j). 

 

        Now for any standard Primal L.P.P. with basis B and associated cost vector cB, the associated solution to its dual problem WB, is 

given by WB =  cB B
-1

. Thus, if pj is the j
th

 column of the primal constraint matrix, then an expression for evaluating the net-evaluation 

for minimization problem is given by 

                      Zj –  cj = cB ( B
-1

 pj ) –  cj                                                                                 (9) 

                                  = WB  pj –  cj                 j. 

 

         But, in the present case of rectangular transportation problem, the dual solution can be represented by (u,v) = ( u1,u2, ……, 

um,v1,v2, ………, vn ) and therefore the net evaluations are analogously obtained by simply replacing cj  cij, WB  (u,v), pj  pij in 

the above formula. Thus we have the net evaluation as: 

                  Zij –  cij =(u,v) pij –  cij 

                                =( u1,u2,….., um,v1,v2,…….,vn ) [ dijei + em+j] –  cij                                                    (10) 

                                =( dij ui + vj ) –  cij            for   i=1,2,……..,m; j=1,2,………,n+1. 

 

        where pij(= dijei+em+j) is the column vector of the constraint matrix associated with the rectangular variable xij. For simplicity, we 

shall denote the net evaluation  Zij –  cij   by  ij  in all our further discussion. 

 

        Theorem:  A solution of the discounted generalized transportation problem will be feasible solution if for any cell (q,r),   xqr < 

 (xqr + yqr), where 1 k<l  g also yqr>0 and >  for 1 q  m, 1  r  n. 

        Proof:  Let Z1 be the total cost and F1 be the total flow where (q,r) be one of its allocated cell and xqr be its allocation where 

(  < xqr  ). 

     Then                       (11) 

  and                      where     < xqr        (12)  
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        Also let Z2 be the total cost and F2  be the total flow if (xqr + yqr) where  < xqr + yqr   , be allocated at the (q,r) cell and all 

other allocations are same as in flow F1. Therefore 

                                              (13) 

and              where    < (xqr +yqr )        (14) 

Obviously    F1 + yqr > F1 where  < (xqr +yqr )  

 

        Let us assume that the given condition  xqr> (xqr+yqr)  does not hold. Then  

            Z1 –  Z2 =  xqr –  cqr (xqr + yqr )  0;           =>   Z_1 > Z_2 

 

        But     F2 > F1;    So    Z1  >  Z2    =>   F1  <  F2, which is a contradiction. 

So, our assumption is wrong.   Hence the theorem. 

 

III. ALGORITHM 

        Step 1. Find the initial solution  with the associated cost vector  and the corresponding cost  Z
1
 by using North West Corner 

Rule. 

        Step 2.  Set r=1. 

        Step 3. Write   with the associated vector   and corresponding cost Z
r
. 

        Step 4. Calculate dual variables  ui (1  i   m)  and  vj (1   j  n). 

        Step 5. Calculate net evaluation ij   (i,j)  B. If  ij  0   (i,j)  B. Then go to step 10. 

        Step 6. Calculate st = Max  {ij  : ij > 0 }.  Then (s,t) cell enters into the basis. 

        Step 7. Let        ;            1 i  m. 

                                  ;             1 j  n+1.   

where pst=dst es + em+t. After determining    we calculate  

                         
Then (k,l) cell leaves the basis. 

        Step 8. The improved solution is    for  (i,j)B and (i,j)  (s,t) 

                                                                       =                          for  (i,j) = (s,t) 

        Step 9. Set r=r+1, goto step 3. 

        Step 10. Write the optimum solution is X
*
=  with the associated cost vector  =  and the minimum cost is Z

*
 = Z

r
. 

Step 11. Stop. 

 

IV. NUMERICAL EXAMPLE 

We consider the following problem given in Table 1 

 

Table  1 

 D1 D2 D3 D4 Sl
ac
k 

ai 

O1 c11 

d11=
0.35 

c12 

d12=
0.5 

c13 

d13=0.
35 

c14 

d14=0.5 
0 
1 

200 

O2 c21 
d21=
0.9 

c22 

d22=
0.84 

c23 

d23=0.
3 

c24 

d24=0.4 
0 
1 

500 

O3 c31 
d31=
0.8 

c32 

d22=
0.4 

c33 

d23=0.
74 

c34 

d24=0.9 
0 
1 

400 

bj 200 400 500 1000   
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The variable costs are given below: 

         c11 = 203     if   0  x11  100                                 c12 = 401   if   0  x12  100  

                = 201 if 100 < x11   150                               = 400   if  100 < x12  300 

                = 200  if  x11>150                                                = 399    if   x12>300 

         c13 = 400     if   0  x13  150                                  c14 = 751   if   0  x14  400  

                = 399 if 150 < x13   350                               = 750   if  400 < x14  700 

                = 398  if  x13>350                                                = 749    if   x14>700 

         c21 = 502     if   0  x21  100                                 c22 = 604   if   0  x22  100  

                = 500 if 100 < x21   150                               = 600   if  100 < x22  300 

                = 498  if  x21>150                                                = 599    if   x22>300 

          c23 = 602     if   0  x23  200                                 c24 = 752   if   0  x24  350  

                = 600 if 200 < x23   400                                = 750   if  350 < x24  600 

                = 599  if  x23>400                                                 = 749    if   x24>600 

         c31 = 401     if   0  x31  100                                   c32 = 502   if   0  x32  150  

                = 400 if 100 < x31   150                                 = 500   if  150 < x32  300 

                = 398  if  x31>150                                                 = 499    if   x32>300 

         c33 = 602   if   0  x33  200                                     c34 = 901   if   0  x34  500  

                = 600 if 200 < x33   350                                 = 900   if  500 < x34  750 

                = 599  if  x33>350                                                 = 899    if   x34>750 

 

Applying step 1, we get the following result in Table 2 

Table – 2 

 D1 D2 D3 D4 Slack ai 

O1 200 

200 

0.35 

400 

260 

0.5 

400 

 

0.35 

751 

 

0.5 

0 
 
1 

 
200 

O2 502 
 
0.9 

600 

140 

0.84 

599 

500 

0.3 

750 

581 

0.4 

0 
 
1 

 
500 

O3 398 
 
0.8 

502 

 
0.4 

599 

 
0.74 

901 

419 

0.9 

0 

22.9 

1 

 
400 

bj 200 400 500 1000   
 

Applying step 2, set r=1. 

        Applying step 3, we get  = {x11 = 200, x12 = 260, x22 = 140, x23 = 500, x24 = 581, x34 = 419, x3S = 22.9} with the associated 

cost vector  = {c11 = 200, c12 = 400, c22 = 600, c23 = 599, c24 = 750, c34 = 901, c3S = 0} and the corresponding cost Z
1
 = 1340769. 

        Applying step 4, we get dual variables are u1=  1034.2, u2=377.5, u3=0, v1=561.97, v2=917.1, v3=712.25 and v4=901. 

        Applying step 5, we get the values of ij   (i,j)  B  are 13 = 49.72, 14 = 367.1, 1S =1034.2, 21 = 275.78, 2S = 377.5, 

31 = 163.97, 32 = 415.1 and 33 = 113.25. 

        Applying step 6, we get st = Max {163.97, 415.1, 113.25 } = 415.1 at (3,2) cell. Therefore (3,2) cell enter into the basis. 

        Applying step 7, we get the values of  are =0, =0, =1, =0, =2.1, =2.1 and =1.49. 

   = min { 140, 199.5} =140 = . Therefore (2,2) cell leaves the basis. 

        Applying step 8, we get the values of    are  =200,   = 260, =500, =875, =140, =125, =231.5 and 

tabulated in Table 3. 

Table – 3 

 

 D1 D2 D3 D4 Slack ai 

O1 200 

200 

0.35 

400 

260 

0.5 

399 

 

0.35 

751 

 

0.5 

0 
 
1 

 
200 

O2 502 
 
0.9 

600 

 

0.84 

599 

500 

750 

875 

0 
 
1 

 
500 
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0.3 0.4 

O3 398 
 
0.8 

502 

140 

0.4 

602 

 
0.74 

901 

125 

0.9 

0 

231.5 

1 

 
400 

bj 200 400 500 1000   
 

        Applying step 9, set r = r + 1 and go to Step 3. The values of   with the associated cost vector  give in Table 3 and the 

corresponding cost Z
2
=1281780. Proceeding in this way the final table given by Table 4. 

 

Table - 4 

 D1 D2 D3 D4 Slack ai 

O1 203 

71.5 

0.35 

401 
 
0.5 

398 

500 

0.35 

751 

 

0.5 

0 
 
1 

 
200 

O2 500 
 
0.9 

600 

 
0.84 

602 
 
0.3 

749 

1000 

0.4 

0 

100 

1 

 
500 

O3 400 

128.5 

0.8 

499 

400 

0.4 

602 

 
0.74 

901 
 
0.9 

0 

137.2 

1 

 
400 

bj 200 400 500 1000   
 

        Applying step 10, the optimum solution is X
*
={ x11= 71.5, x13=500, x24=1000, x31=128.5, x32=400 }, with the associated cost 

vector ={c11=203, c13=398, c24=749, c31=400, c32=499 } and the optimum cost Z
*
= 1213514.5 

 

REMARK:  
        If we consider the problem 

                                                                                                           

subject to,                             ;               for  i = 1,2,3,……….,m.                                                                                         

 ;                for  j = 1,2,3,……….,n.                                       

        where the values of cij are given in equation (2.4),    and   xij  0   (1  i  m, 1  j  n).  

 

        Then this problem (P
1
) can easily be converted to our proposed problem (P1) by transformation         =wij    for  (1  i  m, 1 

 j  n); 
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A Case Report of Chronic sinusitis with oro antral fistula 

due to Pseudalleschria  boydii 
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    Abstract: A 70 year old female came with complains of persistent nasal discharge since 4 days & spontaneous fall of tooth 4 days 

back. Patient was a known case of Rheumatoid arthritis since 30 years being on steroidal injections. Patient had left unilateral 

hypertrophied thick & congested inferior turbinate. Deviating nasal septum to right. Oro-antral fistula was seen.Lactophenol cotton-

blue mount showed septate hyphae with acute angle branching &single celled conidia.Patient was effectively treated with 

voriconazole. 

I. INTRODUCTION 

spergillus fumigatus is the most common species implicated in paranasal sinus infection, with other species being rarely reported 

[1]. Pseudallescheria boydii, a ubiquitous saprophytic fungus, is an emerging pathogen found worldwide. The fungus enters into 

body via respiratory route or by penetrating injury [2]. It is an uncommon but highly infectious organism in granulocytopenic  patients 

. It produces a picture similar to Aspergillus spp. with invasion of blood vessels, respiratory tract etc.  

1.1 It is known to be normally resistant to commonly available antifungal drugs, so prompt diagnosis & treatment is very important in 

these cases. To our knowledge,  there has been few case reports involving isolated frontal or ethmoidal sinus &  only one reported 

case of P. boydii infection involving the frontal, maxillary and ethmoidal sinuses where the fungal species failed to grow on culture 

[3]. 

1.2 We are reporting a very unique case of chronic sinusitis involving maxillary, sphenoid & ethmoidal sinus along with oro-antral 

fistula, where we conclusively proved P.boydii to be the causative organism by culturing it. 

II. CASE REPORT 

A 70 year old female came with –complains of persistent nasal discharge since 4 days & spontaneous fall of tooth 4 days back  

2.1 Patient was apparently alright 6 months back. To start with she underwent upper left first molar tooth extraction. Following 

extraction she had complains of unilateral left sided running nose & unilateral headache on the same side since then. Four days back 

she had a spontaneous loss of left second molar tooth & persistent nasal discharge.  

2.2 Patient was a known case of Rheumatoid arthritis since 30 years being on medications including steroidal injections.  Patient had 

sinus tachycardia for which she was on sorbitrate. 

 2.3 There was no   H/O trauma, foreign body insertion, earache, ear discharge, convulsions. There  was no H/O DM/Asthma/TB or  

any drug allergy. 

2.4 On General examination – patient had sinus tachycardia on ECG & she was on sorbitrate. 

Systemic examination was not contributory.  

2.5 On local examination – It showed left unilateral  hypertrophied thick & congested inferior turbinate. Deviating nasal septum to 

right. Oro-antral fistula was seen. 

2.6 CT scan of paranasal sinuses showed – e/o non enhancing mucosal thickening in left maxillary & sphenoid sinus. Opacification of 

ethmoidal air cells, bone defect at the base of maxillary sinus; e/o bone destruction at ethmoidal septa, e/o obliterated left maxillary 

ostium.  

III. LABORATORY INVESTIGATION 

3.1 Haematological examinations showed no abnormality. The surgically removed  mass from the left maxillary sinus was sent to 

microbiology laboratory. The mass was cultured on Sabouraud’ s dextrose agar (SDA)  at 25 ˚C & 37 ˚C .  Remaining sample was 

used for making  10% KOH preparation which showed presence of septate hyphae. On fourth day, fungal growth appeared on 25˚c 

slope. The texture was wooly to cottony. Obverse side showed aerial hyphae initially white and later becoming dark gray or brown 

coloured colonies. Reverse side was black. 

3.2 Lactophenol cotton-blue mount showed septate hyphae with acute angle branching. Oval  single celled conidia borne singly from  

tips of long conidiophores, were present(Fig). 

A 
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IV. TREATMENT 

Post- operatively, patient was started on I.V  Amoxicillin- Clavulanic acid  combination  500mg/100mg 8 hourly  for initial 3 days 

post-operatively but patient did not respond to the treatment & there was persistent nasal discharge. After the growth of P.boydii on 

SDA we advised clinicians to start Voriconazole .Accordingly Voriconazole 200mg BD  X 7days was administered to the patient. 

Patient showed a great clinical improvement with complete stoppage of nasal discharge.Finally, the patient  was discharged after the 

complete course of voriconazole treatment. 

V. DISCUSSION 

P.boydii most commonly involves maxillary sinus.The age group affected is usually between 20 and 40 years of age. The occurrence 

is more frequent in men than in women(3:1 to 5:1) [4]. Invasive infections have also been reported in patients receiving Treatment 

with corticosteroids and immunosuppressive therapy for organ transplantation, leukaemia, lymphoma, systemic lupus erythematosus 

or Crohn’ s disease [4] . Sometimes when the sample does not have viable hyphae in it, even though the KOH preparation shows 

hyphae there is no growth on the culture. In such cases even though it is theoretically said that it should be considered positive for 

fungus. The culture for isolates like P.boydii carries significance as the species is known to be resistant to Amphotericin B .Some 

literature says Miconazole is the drug of choice for P.boydii  infection  treatment,[4]) .There are also some references as voriconazole 

being used for the treatment of P.boydii effectively [5].In our case also.we found Voriconazole to be effective in treating this fungal 

infection successfully. 

5.1 To conclude, P. boydii can produce potentially lethal complications in patients who are immune compromised .Hence early 

surgical intervention followed by antifungal therapy is very effective in treating the patient. 
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    Abstract- There is number of variations in the morphology of the External Auditory Canal which influence the ability to examine 

the canal and also play a role in pathogenesis of many Ear diseases. Broadly the aperture of the External Auditory canal is classified 

into “Narrow” and “Broad” canals. The natural self cleansing ability of the Ear canal may be affected in narrow canals, which could 

predispose to pathology.  This study aims to classify and highlight the variations in ear canal anatomy in a cohort of 185 young adults. 

 

    Index Terms- External auditory canal, Anatomy, Aperture, Opening, Narrow, Broad, Tortuous 

I. INTRODUCTION 

he External auditory canal is a blind skin lined sac. The canal is developed from recanalization of the Meatal plate in embryo. 

This recanalization process is variable and may produce variations in the morphology of the External Auditory canal. This study 

attempts to classify the morphology of External auditory canal in a subset of 185 normal disease free adult individuals. 

 

II.  MATERIALS AND METHODS 

A total of 207 normal healthy persons belonging to the age group 19 to 25 years were chosen. 

 

Inclusion criteria 

 

1. Average adult male or female of age between 19 to 25 years  

2. No previous history of any ear complaints like ear discharge,     hard of hearing, swelling in the ear 

3. Consenting to be included in the study 

4. Subjects with wax in both ears were excluded from this study. 

 

 

Grading of the External Auditory canal 

 

The following table represents Morphological Grading of the External Auditory canal, which was created for the purpose of this study.  

 

Table 1: Morphological (Working) classification of the External Auditory Canal 

 

Tentative 

SLIMS 

Grading 

Appearance on 

Headlight / 

Torch 

examination 

Classific

ation in  

Broad  

Terminol

ogy 

 

 

Schematic Image 

 

 

 

0 

 

No part of canal 

seen. Soft tissue 

filling up the 

External 

Auditory canal 

 

Ear canal 

– Atresia 

 

 

 

 

 

T 
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1 

 

 

Outer one third – 

hairs only seen 

or no aperture 

seen 

 

 

Narrow  

 
 

 
 

 

 

 

2 

 

Outer one-third 

Aperture of ear 

canal seen 

beyond the hairs 

 

Narrow 

 
 

 

3 

 

Inner two-third 

of canal seen, 

and/or part of 

Annulus of  

Tympanic 

membrane seen 

 

Intermed

-iate 

 

 

 

 

4 

Part of Pars 

Tensa and handle 

of Malleus is  

seen with light 

reflex, Pars 

flaccid is not 

seen 

 

 

 

Broad 

 

 

 

 

 

5 

Tympanic 

membrane fully 

seen. Handle of 

Malleus, Light 

reflex and pars 

flaccida easily 

visible. 

 

 

Broad 

 

 

 

All grading was done with an immediate appearance on Headlight or Torch, with minimum pull upwards, backwards and laterally. 

Outer one third of External Auditory canal was identified by the presence of hairs and thicker skin. Inner one third was identified by 

thinner skin and absence of hairs. Otoscope or speculum or Endoscope was not used in this study as these magnify and distort the 

natural orientation and anatomy of the Ear canal which is the highlight of this paper. 

 

III OBSERVATIONS 

 

A total of 22 subjects were excluded from the study.11 subjects, (3 males and 8 females) had significant variations in the morphology 

of the canal between the two ears i.e. more than 2 grades. This was deemed due to some pathology like previous Otitis externa or 

Scarification etc hence were excluded from our study. 

 

In addition 11 subjects, (3 males and 8 females) had bilateral asymptomatic wax occluding both the ear canals, which precluded the 

grading of such canals. In our study incidence of bilateral wax was thus (11 out of 207 examined) 5.3% of normal population. Wax is 

more common in females than males. This shows a value less than previous studies which rate wax from 7 to 35 percentages but 

unlike our research, the given referenced studies includes Pediatric population 
(Ref 1)

.  This perhaps, explains the lower percentage 

incidence which was found in our study. 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      307 

ISSN 2250-3153  

www.ijsrp.org 

 

The outcomes of the study are depicted in the graphs that follow.  

 

Percentage incidence of various types 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Percentage incidence of various morphological grades of External Auditory canals in Normal individuals 

 

As it can be inferred from graph above that the most common Grade of External Auditory canal was Grade 4 (Broad). This was 

closely followed by Grade 5 (Broad). Together these two broad types were found in 65% of the individuals. Intermediate grade 3 was 

found in 26% of individuals, while Narrow variants are rare in occurrences, with a least value of 9%. 

 

Sex wise distribution of types 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Sex wise incidence of the various grades of the morphological types of External Auditory canal in Normal individuals 

 

It can be inferred from the graph given above, that majority of the External Auditory canals in both males and females are broad, 65% 

(120/185). Grade 3 Intermediate canal seems to be significantly more common in females in comparison to males.  

 

Narrow canals are quite rare per se (only 9%) and Grade 2 narrow canals seem to be more common in females, though the number of 

samples in these two categories is too small for a significant conclusion (n< 30).  

 

Table 2: Classification of the External Auditory Canal – Photographic illustration of the types 

 

Grade and explanation Clinical Photograph 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      308 

ISSN 2250-3153  

www.ijsrp.org 

 

 

1 

Hairs only seen or no 

aperture visible, even on 

manipulation of Pinna 

(narrow canal) 

 
 

2 

Outer one-third Aperture of 

ear canal seen beyond the 

hairs 

 
 

3 

Inner two-third of canal 

seen, and/or part of Annulus 

of  Tympanic membrane can 

be seen 

 
 

4 

Part of Pars Tensa and 

handle of Malleus is  seen 

with light reflex, Pars 

flaccida is not seen  

 
 

5 

Tympanic membrane fully 

seen Handle of Malleus, pars 

flaccida and Light reflex, 

Anterior process of Malleus 

is easily seen here 

 
 

 

IV Discussion 

 

Relevant anatomy and physiology of the External Auditory canal 
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External Auditory canal develops from the groove of first Branchial arch. This groove deepens and meets the Tubo-tympanic recess of 

the Endoderm and Mesoderm contributes from the sides. The plate of tissue thus formed is called a Meatal plug. This recanalizes and 

the External Auditory canal is formed. This in-utero recanalization process has a variable outcome and may produce a variation in the 

lumen of the External Auditory canal. Plus during the course of development, the External Auditory canal descends downward 

creating further angulations of the canal 
(Ref 3)

. 

 

Tympanic bone with its soft tissue cover forms the External Auditory canal. Tympanic bone connects to the mastoid part via 

tympanomastoid sutures and with squamous part via the tympanosquamous suture line. Spinous process is projection of this suture 

line into the ear canal. Tympanic bone forms the posterior part of Glenoid fossa. Anterior Glenoid fossa encroaches on the lumen of 

the External Auditory canal and creates a variable degree of narrowing of the ear canal
 (Ref 8)

. 

Tympanic bone is major contributor to shape and orientation of the External Auditory canal
 (Ref 15)

. 

 

External Auditory canal is a skin lined blind bag. Natural skin of the External Auditory canal has tendency to migrate outward as it 

matures. Wax or Cerumen rides on the tip of the hairs to migrate outwards 
(Ref 6)

. This causes self cleansing of the canal and prevents 

the ear from completely filling up with the skin and debris
 (Ref 10)

.  

 

External Auditory canal consists of outer one-third made of cartilage and an inner two-thirds made of bone. There are no Rete pegs 

(dermal papillae) hence it closely attaches to the outer cartilaginous and inner bony part of the External Auditory canal. The 

subcutaneous tissue of the cartilaginous part is thick and contributes the bulk of the External Auditory canal. External Auditory canal 

has a tortuous “S” shaped course in which it first travels inward, anterior and superiorly (pars externa), then inwards, posterior and 

superiorly (pars media) and then finally, anterior and inferiorly (pars interna)
 (Ref 5)

. In order to visualize the Ear canal one has to pull 

upwards, backwards
 (Ref 6)

. 

 

 
Figure 3: Schematic shape of the External Auditory canal 

 

 

Hairs are present only in the outer one-third of the External Auditory Canal and their absence helps to distinguish the bony from 

cartilage part of the External auditory canal. This difference is capitalized in our classification of types of the External Auditory canal. 

 

 

Blood Supply to External Auditory canal 
(Ref 14)

 

 

Cartilaginous part derives blood supply from: 1.Superficial temporal artery and 2. Posterior auricular artery, bony part derives blood 

supply from Deep auricular branch of the Maxillary artery. Lymphatics drain into the Preauricular and Postauricular Lymph nodes. 

 

This study in principio attempts to classify aperture, orientation and soft tissue cover thickness of the External Auditory canal. 

 

Pathological conditions related to morphology Canal wall 

 

The angulation of the Ear canal is related to a few pathological condition of the Temporal bone. For instance, in Keratosis obturans 

there is impaired migration of the External Auditory canal skin and subsequent impaction and widening of the bony part of the canal 
(Ref 7)

. This condition is usually bilateral strengthening our theory that it is an abnormal anatomy of the External Auditory canal, which 
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predisposes to the development of this disease. Narrow recesses in the ear canal may lead to entrapment of the skin in the posterior-

inferior portion of the bony external auditory canal and Cholesteatoma formation
 (Ref 9)

.  

 

Likewise, foreign body impaction is more common in narrow ears. Otitis externa and Otomycosis occurs due to excessive sweating 

and accumulation of moisture which is more common in narrow canals (type 1 and 2). In Malignant Otitis externa, the initial infection 

is confined to the skin and soft tissues of the ear canal and further progress to skull base may be determined by the thickness and 

orientation of the External Auditory Canal
 (Ref 11)

.  

 

External auditory Exostosis occurs frequently in swimmers, as the splashing of cold water inside the canal causes development of 

bony spicules. 
(Ref 12)

 Exostosis may be related to a broad canal wall (type 4 or 5) which would predispose to development of this 

condition. 

 

Benign necrotizing Otitis externa is necrosis of the skin and superficial bone may be more common in broad ears with a thinner soft 

tissue cover (grade 4 or 5)
 (Ref 13)

. 

 

 

Clinical uses of this classification 

 

Endaural incision and Intra-canal procedures need a broad ear canal, as the whole instrumentation has to be done into the canal
 (Ref 2)

. 

Our study will help the clinicians in classifying the cases fit for Endaural versus post-auricular access methods. Types 5, 4 and 3 

would be more suited for the Endaural procedures. 

 

V Conclusion 

 

There are variations in canalization of the embryological Meatal plug, resulting in a variety of morphological types of External 

Auditory canals. Most common types are Grade 4 and 5 Broad ear canals. Asymptomatic bilateral wax was found in 5.3% of the total 

subjects. There seems to be a relationship between type of ear canal and diseases of External ear. This association needs to be 

elucidated by further studies correlating External Auditory canal grades we have propounded, with actual disease patterns. 
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    Abstract- Neuropsychiatric complications in Enteric fever are not uncommon, however cerebellar ataxia as an isolated 

manifestation is very rare. A 12 year old boy presenting with fever and cerebellar symptoms was diagnosed with Enteric fever. After 

starting a course of intravenous antibiotics and steroids, he became afebrile and neurological symptoms abated with no residual effects 

after four weeks. 

 

   Index Terms- Cerebellar ataxia, Neurological manifestations, Typhoid fever 

 

I. INTRODUCTION 

nteric or Typhoid fever is a common systemic illness with a wide spectrum of presentations and complications. Neuropsychiatric 

complications in Enteric fever are not uncommon, having an incidence of 5 to 35% in adults and 2.1 to 2.7% in children. [1,2] 

However, cerebellar ataxia as an isolated early neurological manifestation is very rare. Central Nervous System complications usually 

present in the second week of illness. [3] We report the case of a 12 year old boy presenting with ataxia and dysarthria on day three of 

a febrile illness to a tertiary care hospital in Haryana, north India. 

II. THE CASE 

A 12 year old boy presented with a history of fever for three days, who during the third day developed difficulty in walking and 

speaking. The boy had no history of headache, vomiting, seizures, loss of consciousness, decreased vision or ear discharge. On 

examination he was febrile (39.4 0C) with a pulse rate of 98 per minute. There was no pallor, icterus or lymphadenopathy on general 

examination and anthropometric parameters were within normal range. The boy was conscious, oriented, with normal higher mental 

functions and intact cranial nerve functions. Motor examination revealed normal tone and power in all four limbs and the plantar 

reflexes were flexor. However the boy had positive cerebellar signs in terms of broad based gait, slurring of speech, 

dysdiadochokinesia, abnormal finger nose test and pendular knee jerk reflex but there was no nystagmus, hypotonia or rebound 

phenomenon. There were no signs of meningeal irritation. Rest of the systemic examination, including fundoscopy, were normal. 

Investigations on the day of admission revealed normal hemoglobin level (12.2 g/dL), normal Total Leucocyte Count (TLC, 6.6 × 

109/L), normal Differential Leucocyte Count (Polymorphs 55%, Lymphocytes 40% Monocytes 3% and Eosinophils 2%) and a 

lowered platelet count (50.0 × 109/L). Peripheral smear examination for malarial parasites and rapid malarial antigen tests were 

negative. However, blood culture revealed growth of Salmonella typhi on day three of admission. The isolate was sensitive to 

Chlromphenicol, Cefixime, Cefoperazone, Azithromycin, Amikacin, Ofloxacin, Levofloxacin and Gatifloxacin. Widal test was 

positive (TO titer of 1:160) with rising titers in subsequent tests, consistent with Enteric fever. Liver and renal function tests, serum 

electrolytes, cerebrospinal fluid (CSF) analysis and CT scan of head were normal.  

On the third day of admission the boy was started on intravenous Ofloxacin (7.5 mg per Kg per dose 12 hourly) and a course of  

Dexamethasone (0.5 mg per Kg per dose 6 hourly). The steroid therapy was given for 48 hours only. After four days of treatment, he 

became afebrile. Thrombocytopenia improved after five days of starting treatment and by the tenth day gait returned to near normal 

and he was able to walk without support, and speech became normal by 12th day. The child was discharged after completion of 14 

days of treatment with intravenous Ofloxacin. A follow-up examination four weeks after discharge revealed no abnormal neurological 

symptoms or signs. 

III DISCUSSION 

This case report highlights three important findings - cerebellar ataxia can occur as an early neurological manifestation of Enteric 

fever, thrombocytopenia can also occur as an early manifestation of Enteric fever and there can be a dramatic improvement in 

neurological symptoms following steroid therapy. Central Nervous System involvement in Enteric fever has a wide spectrum of 

E 
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presentation. Delirium, meningism, coma and convulsions have been described as common neurological complications of Enteric 

fever but acute cerebellar ataxia as an isolated and early manifestation of Enteric fever is reportedly very rare. [4,5] The prevalence of 

cerebellar ataxia in Enteric fever has been reported to range from 2.5 to 3.5%. [6,7] Cerebellar ataxia in Enteric fever commonly 

occurs in the second week of illness (60%) as compared to the first week (25%). [4] The pathophysiology of these neurological 

manifestations is still not clear but metabolic disturbances, hyperpyrexia, dehydration, electrolyte imbalance, toxemia and non-specific 

cerebral changes (edema and hemorrhage) have been described as possible mechanisms. [8] In our patient cerebellar ataxia developed 

in the first few days of illness which was a rare presentation. Ataxia is usually self-limiting and resolves completely within 4 to 6 

weeks of onset, and the mean duration is reported to be about 10 to 14 days. [4,9] In our case, ataxia resolved within 10 days of illness 

and the resolution was probably due to the short course of steroids. The reported incidence of thrombocytopenia in Enteric fever 

among Malaysian children was 26%. [10] Toxic suppression of bone marrow is believed to be a cause of thrombocytopenia in Enteric 

fever. Complete recovery is expected following successful treatment of the underlying infection. Our case also presented with 

thrombocytopenia which responded well to treatment. CT and MRI studies in most of these cases is usually reported to be normal, as 

was the case in our patient, indicating that there were no gross structural damages and suggesting the reversible nature of these 

neurological events.  

Mainstay of treatment of such complications in Enteric fever includes appropriate antibiotics based on the sensitivity profile of the 

isolates and steroids. Kang JK et al have reported the success of high doses of intravenous Dexamethasone together with antibiotics in 

the treatment of a patient presenting with cerebellar ataxia. [11] Our case also responded well to intravenous Dexamethasone and 

antibiotics. The recovery was complete.  

IV CONCLUSION 

It would be worth remembering that one should look for unusual manifestations of Enteric fever which may be the presenting features. 

Therefore, when investigating a case of cerebellar ataxia with fever, Enteric fever forms an important and curable differential 

diagnosis. Short course steroid along with injectable antibiotics could probably shorten the duration of neurological illness. 
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Abstract- Internally Displaced Persons constitutes the category 

of vulnerable population who suffer violations of their rights due 

to the lack of the development of obligatory international law for 

their protection. The Geneva Convention is only confined to 

areas of armed conflict. Therefore the Internally Displaced 

Persons are expose to repeated hardship due to the lack of legal 

framework The Guiding Principles on Internal Displcement lay 

down certain standards for protection of IDPS but they do not 

have the force of a binding instrument. 

 

I. INTRODUCTION 

n the years after the world war various factors have been 

responsible for the growth of large number of internally 

displaced persons (IDPs). These factors range from simple 

rivalry, regional conflict of a country, ethnic issues, unequal 

distribution of natural resources and development projects to 

simple persecution of people of minority groups due to racial 

discrimination. Apart from these man made disasters, natural 

calamities like earthquake, eruption of volcanoes, landslides, 

famine, flood have also played a big role for the creation of IDPs 

in many under developed and developing countries in Asia and 

Africa. In today’s world internally displaced persons are one of 

the most vulnerable sections of the society. 

       Presently the United Nations Guiding Principles on Internal 

Displacement can be used as a tool to deal with the problems of 

IDPs. According to the definition as stated in Guiding Principles 

internally displaced persons are the persons or group of persons 

who have been forced or obliged to flee or leave their homes or 

places of habitual residence in particular as a result or in order to 

avoid the affects of armed conflicts, situations of generalized 

violence, violations of human rights or natural or human made 

disasters and who have not crossed an internationally recognized 

border. Involuntary displacement can be conceived as the total 

deprivation of the community life, amenities, facilities, assets, 

access to natural resources and the hardships involved before, 

during and after the process (Verma, 2004). 

 

II. DEFINITION OF INTERNALLY DISPLACED PERSONS 

       The definition as provided by the Guiding Principles on 

Internal Displacement highlights two elements. First the coercive 

or involuntary nature of the movement and second such 

movement takes place within the boundary of the same country. 

It has to be mentioned here that the definition does not include 

persons who migrate due to economic reasons. As the definition 

is not included in the main body but in the introductory section, it 

is clear that definition is not supposed to be a legal definition. 

 

       The words ‘persons or groups of persons’ as used in the 

definition means internal displacement can affect persons in 

particular or an entire group. The most important fact is that 

displacement is coerced or involuntary.  The term displacement 

in the definition not only include movements of people running 

away from immediate danger but can also take the form of 

prepared and organized departure in anticipation of dangers of 

eviction. There are certain common causes of involuntary 

movements such as armed conflicts, violence, human rights 

violations and disasters. These causes give no choice to the 

people but to leave their homes and deprive them of the 

protection mechanisms such as community network, access to 

services and more importantly livelihoods. Habitual residence as 

mentioned in the definition is not necessarily a house or building 

but can also be land on which groups traditionally live (IDMC, 

Who is an Internally Displaced Person?). 

 

III. CAUSES OF DISPLACEMENT IN THE DEFINITION 

  (i) Armed conflict 

       As per the definition in the Guiding Principles international 

armed conflict as well as non-international armed conflict may 

be the cause of displacement. International armed conflict means 

fighting between the armed forces of at least two states and non-

international armed conflict refers to fighting within the territory 

of a state between regular armed forces and identifiable armed 

groups or between armed groups fighting one another. 

 

 (ii) Situations of generalized violence 

       Situations of violence refers to situations of internal tensions 

and disturbances which fall short of armed conflict, but involve 

the use of force and repressive measures by government agents to 

maintain or restore public order. Such a situation may arise when 

it involves specific type of human rights violations such as large 

scale arrests, and other such measures restricting personal 

freedom, administrative detention or probable existence of ill 

treatment of inhuman conditions of detention. 

 

 (iii) Violations of human rights 

       Violations of human rights include governmental 

transgression of rights guaranteed by national, regional, and 

international human rights law and acts and omissions directly 

attributable to the state including the failure on the part of the 

government to implement legal obligations. 

 

(iv) Disasters 

       Disasters may be natural or human made such as draughts, 

floods, earthquakes, cyclones, famine, landslides, nuclear 

disaster and so on. Victims of disasters whether natural or man- 

made are covered by the definition, as they too might become the 

I  
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victims of discrimination and other human rights violations as a 

consequence of displacement. 

 

 (v) In particular 

       The words ‘in particular’ indicates that in addition to the 

causes as mentioned in the definition there might be other 

possible causes of internal displacement for large scale 

development projects such as dams built without making an 

attempt to compensate, rehabilitate and resettle the displaced. It 

has to be noted that the definition does not encompass the 

persons who move out for economic reasons, thus persons forced 

to flee from their homes because of economic injustice and 

marginalization do not come within the of the definition. 

However, it cannot be denied that very often economic injustice 

and marginalization amounts to systematic violation of human 

rights and as such would come within the purview of the 

definition. 

 

IV.  LEGAL PROTECTIONS 

       The primary legal protection available to the internally 

displaced persons is found in two legal instruments firstly the 

Geneva Conventions 1949 and the additional protocols adopted 

there under and secondly the thirty Guiding Principles adopted 

by the United Nations.  

 

(i)Geneva Conventions and Protocols 

       The International Humanitarian Law provides some 

protection to internally displaced persons in situations of armed 

conflict whether international or non-international. However, in 

situations of internal armed conflict, most combatants 

unfortunately are reluctant or have failed to grant displaced 

persons the fundamental protections under humanitarian law. 

       The fourth Geneva Convention, 1949, grants protection to 

certain categories of civilians qualified as ‘protected persons’ 

(Article 4, 1949). The protection under the Convention is granted 

not only to refugees, but extended even to the internally 

displaced people. But the lack of specific mention to this group 

may place the IDPs in more vulnerable position in times of war, 

when compared to refugees. Though the IDPs do not come 

within the meaning of ‘protected persons’, they are entitled to 

basic guarantees as provided for individuals to be treated with 

humanity in all circumstances(Article 75 Protocol I, 1977). 

Article 49 of the Geneva Convention IV prohibits displacement 

of civilians during armed conflict. Further, Additional Protocol I 

of 1977 supplies an ingredient missing from the fourth 

convention that protects civilians against dangers arising from 

military operations as well as from indiscriminate attach which 

do not distinguish between civilians and combatants (Article 51). 

Protocol I also elaborates on the Fourth Geneva Conventions 

provision that relief actions be undertaken if a civilian population 

living in areas other than occupied territories is not adequately 

provided with the basic supplies essential to it s survival (Article 

70(1)). 

       The first explicit treaty provision regarding the protection of 

protected persons in non-international armed conflicts or civil 

conflicts is found in Common Article of 1949 Geneva 

Conventions. Under the international law, insurgency is 

recognized only when it satisfies conditions firstly, insurgents 

must have occupied control over a considerable part of the 

territory. Secondly, a majority of people inhabiting the territory 

must lend support to the rebels out of their own free will. 

Thirdly, the insurgents must be capable and willing to carry out 

international obligations imposed upon them (Agarawal). Lastly, 

civilian commotion should reach a certain degree of intensity and 

duration. In other words conflict or violence may not simply 

consist of riots or sporadic acts of short-lived violence (Claphan, 

Sept 2006). 

       One of the advantages of International Humanitarian Law 

over human rights law is that, in internal armed conflicts, 

common Article 3 and 1977 Additional Protocol II are also 

binding on armed opposition groups. Moreover, there can be no 

derogation from the rules of international humanitarian law. The 

basic principle of the Common Article 3 to the four Geneva 

Conventions is to ensure human treatment without adverse 

discrimination. The Article also calls for the basic obligation to 

collect and care for the wounded and sick. 

       Under the international humanitarian law attacks are also 

prohibited against dams, dykes and nuclear power stations if they 

may result in severe civilian losses (Article 15 Protocol II, 1977). 

Similarly attacks on objects necessary for the survival of the 

civilian population such as foodstuffs, agricultural crops, 

livestock, drinking water installations and supplies, and irrigation 

works are prohibited. Additionally starvation of civilians as a 

method of combat is also prohibited(Article 14 Protocol II). If 

forced displacement is needed to be undertaken for security or 

imperative military reasons then such displacement are to be 

carried out after taking all possible measures so that civilian 

population may receive satisfactory conditions of shelter, 

hygiene, health, safety and nutrition (Article 17 Protocol II). 

Again deportation or transfer of civilian population within or 

outside the occupied territory is a grave breaches of crime under 

the international humanitarian law. Moreover, according to 

Article 77 (2) Protocol I of the Geneva Conventions, the parties 

to the conflict should refrain from recruiting any child who has 

not yet attained the age of fifteen and should exercise caution in 

permitting children between the age of fifteen and eighteen to 

join military forces. 

 

(ii) Guiding Principles 

       The Guiding Principles on Internal Displacement 1998 

include the norms applicable before the displacement occurs, 

those that apply in actual situations of displacement and those 

that apply to the post displacement period. The revised definition 

used in the Guiding Principles aims to remove two difficulties 

that existed in the working definition. First it has done away with 

the temporal and quantitative aspect of the working definition 

which created complications. For example in Iraq, there was 

nothing ‘sudden or unexpected’ about the displacement of Kurds 

which took place over a considerable period of time in late 

1970s, 1980s, and early 1990s. In Colombia, internally displaced 

people often flee in ‘small’ rather than in large numbers in order 

to make them less conspicuous (Cohen, 1998). Secondly the 

revised definition has also broadened the notion of coerced flight 

to include not just ‘forced to flee’ but those ‘forced to leave’. 

       Generally the Guiding Principles seek to protect all 

internally displaced persons in internal conflict situations, natural 

disaster and other situations of forced displacement. Some 
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development agencies have proposed to expand the definition to 

encompass the persons forced to leave their homes due to 

economic injustice or extreme poverty. But the problem is that 

even though the economic injustice and marginalization 

tantamount to systematic violation of their economic rights, the 

element of coercion is not clear. 

       Section I of the Guiding Principles comprises the general 

principles that relates to the equality and equal treatment of IDPs 

in the rights and freedoms under the national and international 

law. Internally displaced persons can be distinguished from other 

persons only in respect of their forced displacement. Therefore, 

the section asserts that the displaced cannot be discriminated 

against because of their displacement. Both the domestic and 

international law apply equally to internally displaced people and 

to those who do not leave their homes. Government cannot 

discriminate against internally displaced population because of 

their displacement (Principle 1(1)). Similarly internally displaced 

people cannot violate international and domestic law with 

impunity. Like all other persons these people are subject to 

individual criminal responsibility for genocide, crime against 

humanity and war crimes (Principle 1(2)). The principles 

emphasize on non-discrimination as many displaced population 

have been forced to flee because they are minorities or have 

racial, religious or other characteristics that make them 

vulnerable to discriminatory practices. The Guiding Principles 

recognizes four categories of persons who need specific 

protection (Principle 4(2)) and established that internally 

displaced persons must not be discriminated simply because of 

their race, sex, language, religion, social origin or other similar 

factors. 

       The Principle 6 of the Guiding Principles restate the right not 

to be arbitrarily displaced and explicitly states the grounds and 

conditions on which displacement is prohibited. However, the 

Guiding Principles does not specifically mention development 

projects as possible cause of displacement. as noted by Walter 

Kalin development projects can contribute significantly to the 

realization of human rights and therefore such development-

related displacement is permissible only when compelling and 

overriding public interest justify this measure. The word 

‘compelling’ indicates the notion of proportionality whereas the 

word ‘overriding’ demands the balancing of public and private 

interest (IDMC, Development Induced Displacement). 

       The right to life is the most valuable fundamental right. The 

Guiding Principles therefore prohibits the arbitrary deprivation of 

life. The principles have made it clear that displacement should 

not be carried out in a manner that violate the right to life, 

dignity, liberty or the security of those affected (Principle 8). 

Moreover, States have a particular obligation to provide 

protection to indigenous people and other groups with a special 

dependency on and attachment to their land (Principle 9). 

       After prescribing the general norms prohibiting cruel and 

inhuman treatment the principles specified that internally 

displaced persons must not be forcibly returned or resettled to 

conditions where their life, safety, liberty and health are at risk 

(Principle 15(d)). Principles also contain norms in respect of 

family life specifying that families separated by displacement 

should be reunited as quickly as possible (Principle 17(3)). 

Recognition of a person before the law is universal human right 

(Article 6 of Universal Declaration of Human Rights, 1949). The 

right is given effect by specifying that IDPs shall be issued all 

documents necessary to enable them to enjoy their legal rights 

and that authorities must facilitate the replacement of documents 

lost in the course of displacement (Principle 20(2)). 

       In the Guiding Principles special attention is paid to the 

needs of women and children including prohibition against 

gender specific violence (Principle 11 (2) (a)). As the women are 

often not included in community consultation and decision 

making process the principles therefore, call for the full 

participation of women in the planning and management of their 

relocation. Further women’s health needs not often met because 

of which the Guiding Principles affirmed access by women to 

female health care services (Principle 19(2).  

 

V. FORCED DISPLACEMENT AS INTERNATIONAL CRIME 

       International criminal law is a relatively new branch of 

criminal law. International crime consists of violations of 

international customary rules as well as treaty provisions. 

Violation of international humanitarian law is considered to be 

war crime and thus entails individual criminal responsibility of 

the perpetrator under international law. The prohibition on 

transfer of civilians goes back to Lieber Code. (Article 23 Lieber 

Code, 1863). Under the London Charter of the International 

Military Tribunal (Nuremberg), deportation of civilian 

population for slavery labour or for any other purpose constitutes 

war crime (Principle VI (b) Nuremberg Principles, 1945). Under 

the Statute of International Criminal Court, deportation or 

transfer of all or part of the population by the occupying power 

within or outside the occupied territory constitutes a war crime in 

international armed conflict (Article 8 (2) (e) (vii) Rome Statute 

of ICC, 1998). Similarly deportation or forcible transfer of 

population is a crime against humanity (Article 7 (1) (d) of Rome 

Statute).  

       Protocol II of Geneva Convention 1949 supplements and 

develops Article 3 Common to the Geneva Convention and these 

laws are applied for most instances of non-international armed 

conflict. However, there are certain serious gaps in Article 3 as it 

simply states the principle of assistance and protection of the 

wounded and sick and does not contain implementation clauses, 

such as respect for medical or the Red Cross emblem. Further 

judicial guarantees and conditions of detention of persons 

deprived of their liberty are not specified and no rule of 

protection of civilian population is included as such (Junod, Vol 

33.29). 

       The UN General Assembly, the UN Security Council and 

UN Commission on Human Rights have condemned instances of 

forced displacement, not only in international armed conflicts but 

also in non-international armed conflict in the context of Bosnia 

and Herzegovina, and in Burundi and Sudan. 

 

VI. HUMAN RIGHTS LAW AND LEGAL PROTECTION OF 

INTERNALLY DISPLACED PERSONS 

       International humanitarian law and human rights law are two 

distinct but complementary branches of international law.  IHL 

applies during armed conflict while human rights law applies at 

all times, in peace and in war. International human rights law that 
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provide some protection to IDPs are mostly found in 

International Bill of Rights—the UDHR, ICCPR and ICESCR. 

However, many human rights may be derogated during the times 

of national emergencies. Human rights law also aims to prevent 

displacement when it occurs. The prohibition on torture, cruel, 

inhuman or degrading treatment or punishment, and the right to 

peaceful enjoyment of property and to home and family life are 

of particular importance for the prevention of displacement. 

Many of these rights have relevance to the issue of return.  

       In General international law prohibits any form of forced 

displacement. However, forced displacement is not always 

unlawful. Under the international law there are few exceptions to 

this rule. Even though there is no specific guarantee against 

forced displacement, it is inherent in a number of human rights 

instruments, including the right to freedom of movement and the 

choice of residency like Article 133 of Universal Declaration of 

Human Rights and Article 12 (1) of International Covenant on 

Civil and Political Rights, the right to respect for home and for 

privacy, The right to an adequate standard of living that includes 

food and housing. 

 

VII.  RIGHT TO FREEDOM OF MOVEMENT AND RETURN 

       In the context of internal displacement, return is used to 

mean the process of going back to one’s place of habitual 

residence and resettlement. The term is used to describe the 

process of starting a new life in any place other than the place of 

habitual residence, but still within the same country. 

Reintegration is the process which makes the return or 

resettlement sustainable or durable. In the context of internal 

displacement reintegration is used to describe the formal entry of 

IDPs into social, economic, cultural and political fabric of their 

original community where displaced persons have settled. 

       The rights of movement is the most crucial right for 

displaced persons as they tend to protect IDPs from involuntary 

movement and expulsion as well as from forcible return or 

resettlement to any place where their health, safety and liberty is 

at risk. The right is similar to the Principle of ’Non-refoulement’ 

which protects refugees from forcible return. International law 

not only prohibits forcible transfer but also provides a remedy for 

persons displaced forcibly. There are number of international 

human rights instruments that recognize the right to return to 

one’s country. This right is called ’right to return’Article 12 of 

UDHR and Article 13 of ICCPR). Although there is no specific 

international convention affirming the right of internally 

displaced persons to return to their place of origin, from the 

provisions available in various international instruments it can be 

implied that at least there is obligation of States not to impede the 

return of people to their places of origin.  

       Recognizing these various rights of displaced persons, the 

UN Sub-Commission on the Promotion and Protection of Human 

Rights approved the ‘Principles on Housing and Property 

Restitution for Refugees and Displaced Persons on August 11, 

2005, known as Pinheiro Principles. The Principles are not a 

treaty or formal law and they do not attract the authority like 

other international legal documents. Nevertheless, the principles 

do have persuasive authority and are explicitly based on existing 

international, regional and national law. 

 

       The Pinheiro Principles apply in all cases of involuntary 

displacement resulting from international or internal armed 

conflict, gross human rights violations such as ethnic cleansing, 

development projects, forced evictions and natural and man 

made disasters. Whenever a person or community is arbitrarily 

displaced from their homes and lands the Principles can be used 

as guidance (OHCHR, 2007). The principles are primarily 

concerned with the rights of refugees and displaced persons to 

land, housing and property which they owned, held right or 

otherwise lived at the time of displacement. The principles do not 

make any distinction between refugees and internally displaced 

persons including those displaced by disasters, and those who 

flee across national boundaries but are not refugees. Guiding 

Principles also provides for compensation or just reparation when 

relocation of property is no possible. 

       The UN Security Council and other bodies have also 

asserted the right of IDPs to return to their homes. The Security 

Council in its resolution while dealing with Bosnia and 

Herzigovina, states that all displaced persons have the right to 

return in peace to their former homes and should be assisted to 

do so mandated to assume full responsibility for the protection of 

displaced population.      

 

VIII. CONCLUSION  

       Today major challenge before the international community is 

the increase in the number of internally displaced persons all 

over the world and the number has been continuously increasing 

surpassing the number of refugees. There is no official institution 

to keep tract of the internal movement of the population both in 

the states and international level. The institutions which keep 

account tend to vary from one organization to another.  Guiding 

Principles are not legally binding document and that may be 

considered as a serious lacuna for the protection and assistance of 

IDPs.  

       There are a number of provisions in the Geneva 

Conventions, 1949 and 1977 Protocols which apply to internally 

displaced persons in situations of conflict. But these instruments 

often difficult to apply in situations of internal conflict as the 

States concerned are reluctant to recognize them as non-

international armed conflict and termed such conflict as law and 

order situation or internal disturbances. 

       Another most important reason as to why the international 

community fails to provide an effective regime is that there exists 

no single organization within the UN system that has been 

mandated to assume full responsibility for the protection of 

displaced population.      
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Abstract- Background: Plasmodium vivaxis the most widely 

distributed human malarial parasite with risk population of 2.5 

billion persons. Pl. vivaxmono infection could also result in 

multiple organ dysfunction and severe life-threatening disease as 

seen in P.falciparum infection.
1,2

 We describe here the clinical 

profile of patients with severe vivax malaria. 

        Method and Material: We recruited 95 patients fulfilling 

the criteria for severe malaria during the study period from June 

2011 to May 2012. Detailed history, clinical examination, routine 

hematological and biochemical investigations were done. The 

end points were discharge from wards or death. 

        Results: We had 95 patients with severe malaria of which 

50 (52.6%) patients had severe vivax and 45 (47.3%) had severe 

falciparum malaria. Amongst vivax group 29(58 %) were males 

and 21(42 %) females. Thrombocytopenia 24(48%) was the most 

common complication followed by renal (46%), hepatic (42%) 

cerebral (16%) and pulmonary (4%) involvement. Most patients 

were in the age group of 15-35 years and mortality increased 

with increasing age. The mortality observed in severe vivax 

malaria was 12% (6). 

        Conclusions: Severe vivax malaria is now very common 

with increasing mortality. The mortality in vivax malaria 

increases with increasing age. Thrombocytopenia is very 

common in severe vivax infection.  

 

Index Terms- Vivax malaria, Thrombocytopenia, North 

Karnataka. 

 

I. INTRODUCTION 

n India 60 to 65% of the infections are due to Vivaxand 35% 

due to P. falciparum. Long thought to be a benign infection, 

Plasmodium vivaxis now recognized as a cause of severe and 

fatal malaria despite its low parasite biomass, the increased 

deformability of vivax-infected red blood cells and an apparent 

paucity of parasite sequestration. Large studies from bothhalves 

of the island of New Guinea (Indonesian Papua
3-5

and Papua New 

Guinea, or PNG
5
) now show a strong association between P. 

vivax infection and severe disease and death.Due to paucity of 

literature from north Karnataka, we studied the clinical profile of 

patients admitted with severe vivax malaria in a tertiary care 

center in North Karnataka from June 2011 to May 2012. 

 

II. METHODS AND MATERIAL 

        A prospective study was planned from June 2011 to May 

2012in a tertiary care Centre in North Karnataka. Patients willing 

to give consent, older than 15 years of age and of either sex, with 

smear positive for Plasmodium spp. were included in the study. 

Patients with co-existent vivax and falciparum infection were 

excluded from the study. Detailed history and clinical 

examination was done. Of the 95 patients admitted, 50 were with 

severe vivax malaria and 45 with severe falciparum malaria. 

Routine hematologica land biochemical investigations were 

carried out. Patients were followed up till discharge or death. 

Clinical profile of these 50 patients with vivax malaria was 

studied. The study was approved by hospital ethical committee. 

 

III. RESULTS 

        Out of 100 admissions of severe malaria defined according 

to WHO criteria, 95 patients of severe malaria were recruited in 

the study after excluding cases with mixed vivax and falciparum 

infection. There were 50 patients admitted with severe vivax 

malaria, 29 males and 21 females. The most common age group 

was 15-30 years. Seasonal variation was observed with pooling 

of cases from July to September. The most common symptom 

was fever (98%), vomiting (72%), headache (50%), jaundice 

(40%)followed by cough, pain abdomen and altered sensorium. 

The most common laboratory abnormality was 

Thrombocytopenia 24(48%) was the most common complication 

followed by renal (46%), hepatic (42%) cerebral (16%) and 

pulmonary (4%) involvement(table).6 patients died of severe 

vivax malaria (12%). The mortality in vivax malaria group 

increased with advancing age. 

 

IV. DISCUSSION 

        The reported severe manifestations in vivax malaria include 

cerebral malaria
6
, hepatic dysfunction

7,8
 renaldys function 

9,10
, 

severe anemia 
11,12

, ARDS, and multiple organ involvement. In 

this prospective study, we recruited95 patients fulfilling the 

criteria for severe malaria during the study period from June 

2011 to May 2012.Out of these, 50(52.6%) were admitted with 

severe Plasmodium vivax malaria and 45 (47.4%) had severe 

Plasmodiumfalciparummalaria. Death rate observed in severe 

vivax malariawas 12%. Mortalityhas been relatively similar 

across various hospital-based trials regarding severe malaria, 

despite differences in inclusion criteria, patterns of presenting 

I  
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conditions, and standard of care. The report from Bikaner on case 

series of severe vivax malaria had mean age of29.65 ± 11.72 

years. Thus our study saw patients admitted with severe vivax 

malaria in the age groups 15-30 years. The mortality was 

observed in older individuals, thus increasing age could indicate 

a red flag while treating patients with vivax malaria and extra 

caution could be exerted. The factors responsible for the age 

pattern include outdoor work for young adult males and outdoor 

sleeping habits are more prone to getmosquito bites. Mortality in 

vivax malaria increased with age. The reportedcase-fatality rate 

associated with severe malaria varies widely. A large multicenter 

treatment trial conducted in Asia concluded that presenting 

syndromes in severe malaria depend on age and age is an 

independent risk factor for a fatal outcome of the 

disease.
11

Thrombocytopenia was the most common finding in 

vivax malaria. Bleeding due to thrombocytopenia was seen in the 

form of epistaxis, melena, petechiae, ecchymosis, hematuria, 

subdural hematoma all necessitating platelet transfusions. The 

frequency of renal failure was 46% in severe vivax malaria. 

Majority of the patients were treated conservatively with fluid 

and diuretic therapy, but 4%required renal replacement therapy 

in the form of hemodialysis. The maximum creatinine observed 

in severe vivax malaria was 8.7mg%. Areport on case series of 

severe vivax malaria done in Bikaner states that complications 

observed were hepatic dysfunction and jaundice in 23 (57.5%) 

patients, renal failure in 18 (45%) patients.
8
Thus hepatic 

dysfunction was the most common complicationseen in severe 

vivax malaria in the study in followed byrenal failure. The article 

on burden of malaria in India highlighted increasing frequency of 

renal failure in severe malaria.
8
Another study done in Banaras 

Hindu University concluded that P. vivax malaria can cause 

ARF, which occurs more commonly in P. falciparum malaria. 

The prognosis of ARF in P.vivax malaria is favourable.
6
The 

incidence of hepatic involvement was 42% in vivax malaria. The 

maximum bilirubin seen was 9 mg% in vivax malaria. None of 

the patients invivax malaria group with hepatic involvement had 

signs of encephalopathy. Cerebral involvement was seen in 16% 

of patients with severe vivax malaria. Cerebral malaria was seen 

in all age groups but maximum patients were in the extremes of 

their ages. Three patients presented with status epilepticus. Status 

epilepticus due toPlasmodium vivax malaria has been reported in 

India andTurkey.
12

The possible mechanism for cerebral malaria 

in vivax malaria has been proposed to be due to nitric oxide 

production. We found 2 patients with vivax malaria with 

ALI/ARDS both succumbed to death. 8 patients had multi organ 

dysfunction. The proportion mortality was higher in vivax 

malaria with lung involvement. The arterial pH in dead patients 

was significantly lower in vivax  malaria. The mean pH observed 

was 7.30 with the lowest value of7.10. Lactic acidosis has been 

identified as an important cause of death in severe malaria.
13

 

Thus our study also came to the same inference that metabolic 

acidosis is an independent risk factor for outcome of severe 

malaria.75% of patients who died of severe vivax malaria had 

multi organ dysfunction. The commonest organ combination 

observed was thrombocytopenia with renal involvement. This 

was recently reviewed in a WHO sponsored workshop at 

Rourkela which revealed an increasing trend in favor of renal and 

hepatic failure and multiple organ dysfunction. 

 

V. CONCLUSIONS 

        Severe vivax malaria is now very common with increasing 

mortality and increases with increasing age. Thrombocytopenia 

is very common in severe vivax infection. Also, renal, hepatic, 

lung and cerebral involvement are also occurring with increasing 

frequency. Along with age, severe metabolic acidosis is an 

independent risk factor for fatal outcome. Malaria is a significant 

and serious health problem in Karnataka state and increasing in 

North Karnataka. In the recent years there has been a sharp rise 

in the incidence of malaria in this region due to rapid growth and 

development, which has led to construction boom and 

deforestation and now represents a major challenge for public 

health in urban areas. There is a rise in the number of malaria 

cases with the onset of rainy season and so is the incidence of 

Vivax in the recent years, which is a matter of concern. In spite 

of advances in detection and management of malaria, deaths due 

to its complications are still inescapable. It is indicated that 

adequate vector control measures associated with active 

surveillance with the help of primary health care system will 

certainly reduce the malaria transmission and severe morbidity 

and mortality of the diseases in this part of India. 
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Table: clinical features and laboratory parameters 

 

CLINICAL FEATURES NUMBER OF 

PATIENTS 

% 

Fever  49 98 
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Nausea and vomiting 36 72 

Headache  25 50 

Jaundice  20 40 

Cough  18 36 

Pain abdomen 10 20 

Altered sensorium 8 16 

LABORATORY 

PARAMETERS 

  

Thrombocytopenia 24 48 

creatinine 23 46 

bilirubin 21 42 

Low hemoglobin 18 36 

Blood Ph< 7.3 9 18 
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Abstract- The progressive realization of the right to food is a 

binding international obligation on all nation states and the 

freedom from hunger is a fundamental human right. Such being 

the nature of the right to food, all instance of hunger is a human 

rights violation. The legal framework of the Nations should 

incorporate the protection of the right to food to make this right 

real and effective. The responsibility of building a hunger free 

world not only rests on individual states, but also on the 

community of nations, corporate sectors and international 

organizations. 

 

Index Terms- Dignified life, Hunger, Malnutrition, Right to 

Food. 

 

VI. INTRODUCTION 

he term right to food was coined by President Roosevelt of 

United States of America in 1941. According to him one of 

the four freedoms which form the basis of human rights is the 

freedom from want (Rosemen, 1941). The freedom from hunger 

form an integral part of President Roosevelt’s conception of the 

freedom from want. (Kunnenman). The right to food ensures a 

life free from hunger and therefore brings dignity to life. Thus it 

forms a very essential ingredient of the right to life. 

 

I. RIGHT TO FOOD AN OBJECTIVE OF UNITED NATIONS 

        This fundamental freedom became the mandate of the 

United Nations. The Charter of the United Nations promotes 

respect and observance of the fundamental freedom. All the 

Nation States that are the members of the United Nations are 

under the obligation to abide by the Charter of the Organization. 

As most of the Nation States have acquired the membership of 

the Organization the right to food which is a manifestation of the 

freedom from want is established as a universal binding norm. 

           

II.  RIGHT TO FOOD AS PER CONSTITUTION OF FAO 

        The Constitution of the Food and Agricultural Organization 

(FAO) of the United Nations provide that the Nation States that 

are the members of the Organization are required to take action 

separately as well as collectively towards raising the level of 

nutrition. The member states should work for the up-liftment of 

the standard of living of the people. The member states should 

ensure freedom from hunger to all (FAO).  

 

III. RIGHT TO FOOD A CUSTOMARY INTERNATIONAL LAW 

        The customary international law is a law which the Nation 

State habitually obeys as obligatory. The Universal Declaration 

of Human Rights adopted by the United Nations in the year 1948 

for the first time formally recognised the right to adequate 

standard of living (Article 25 of Universal Declaration of Human 

Rights, 1948). The right to food is a basic component of the 

adequate standard of living. Thus the right to food is a part of the 

customary international law and the Nation States are 

accordingly under the international obligation to realize the right 

to food of the people. 

        The Universal Declaration of Human Rights was also given 

a binding effect by way of two Covenants namely the 

International Covenant on Civil and Political Rights, 1966 and 

the International Covenant on Economic, Social and Cultural 

Rights, 1966. The two Covenants and the first Optional Protocol 

is known as the International Bill of Human Rights. The 

International Bill of Human Rights is a customary international 

law. The customary international law is an imperative norm for 

all Nation States even when the State has not ratified the 

Covenant. However when a Covenant is ratified by a Nation 

State, the State is subject to procedural aspect like submission of 

compliance report. Therefore it brings more accountability. 

 

IV. COVENANT ON ECONOMIC AND SOCIAL AND CULTURAL 

RIGHTS 

        As the right to food is an economic right therefore the 

International Covenant on the Economic, Social and Cultural 

Rights, deals with the right to food in a comprehensive manner. 

The Covenant recognises the right of everyone to an adequate 

standard of living for himself and his family (Article 11.1).  The 

adequate standard of living means certain basic quality of life. 

This right is the most far reaching human right. The deprivation 

of the adequate standard of living is often due to poverty. 

        The Covenant further provides the fundamental right of 

everyone to be free from hunger (Article 11.2). This is the 

minimum core content of the right to food. The international law 

terms this right as a fundamental right. As in the present era 

hunger and malnutrition is often a result of poverty then 

inadequate production, eradication of poverty is the chief 

obligation of the Government in order to ensure the minimum 

core content of the right to food. 

        The covenant also ensures that in no case can a person be 

derived of the means of subsistence. (Article 1 paragraph 2) This 

provision has an important impact on the realization of the right 

to food (Eide, 1998). As the individuals have been guaranteed the 

means of subsistence, it creates a sustainable access to food. 

T  
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        Another far reaching guarantee under the covenant is the 

right to social security (Article 9). This provision ensures that the 

Nation State shall prevent the fall in the standard of living due to 

old age, sickness or unemployment. Thus the Nation State should 

take steps to prevent the fall in the food consumption of the 

people belonging to the vulnerable section. This provision 

strengthens the concept of the normative core content of the right 

to food. As the basic components of human rights have been 

guaranteed, any person unable to fulfill the basic needs is 

required to be provided the same by the Government. Therefore 

the Nation States are under the international obligation to 

undertake intervention programmes for the section of the people 

suffering from hunger and malnutrition.  

 

V. OBLIGATION OF THE NATION STATES 

        The Covenant on Economic Social and Cultural right 

imposes the following obligation on the Nation State namely: 

 

     (1) Obligation to take Steps  

        The Nation State is under the obligation to undertake steps 

individually and with the assistance of the international agencies, 

bodies and other Nation States to realize the right to food of the 

people to the maximum of the economic capacity. The Nation 

State should adopt all appropriate measures including the 

adoption of appropriate legislative measures for the realization of 

the right to food of the people. The obligation to take steps is a 

negative obligation. It requires the Nation State to repeal all 

legislation that prevents the people from satisfying the dietary 

needs through self efforts. Furthermore, it also prevents the 

Nation State from adopting policies and legislations which shall 

obstruct the people from feeding themselves through their own 

efforts. The obligation to take steps also imposes a positive 

obligation on the Nation State to ensure that all individuals have 

access to food. In the Ogoni Case (The Social and Economic 

Rights Action Center and the Center for Economic and Social 

Rights-versus-Nigeria) (2002) the issue before the court was as 

to whether the Nation State fails its obligation to take step when 

there is a widespread starvation in the country. As the right to 

food was not implicit in the African Charter on Peoples and 

Human Right, the African Commission held that the right flows 

from the right to life. The Commission held that the Government 

had failed to take step required to protect the people of the Ogoni 

community. This is a classic illustration of the manner the Nation 

State is to discharge its obligation to take step.     

 

  (ii) The Obligation of Non Discrimination 

        The second obligation of the Nation State in the realization 

of the right to food is the obligation of non-discrimination. The 

Covenant on the economic and social right guarantee to the 

individuals that the rights enumerated in the covenant shall be 

exercised without any discrimination on the basis of race, colour, 

sex, language, religion, political or other opinion, national or 

social origin, property, birth or any other status (Article 2.2). The 

meaning of the above obligation is explained as the prohibition 

on discrimination in the access to food or entitlements for its 

procurement on the above mentioned ground. Such 

discrimination is a violation of the obligation of the Nation State 

(United Nations). The Charter of the United Nations and 

Universal Declaration of Human Rights, 1948 also promotes the 

principle of non-discrimination. Beside the above international 

documents this principle is enshrined in the constitution of most 

of the countries.  

        In F.H. Zwaan-de Vries-versus-The Netherlands (1987) the 

United Nation Human Rights Committee upheld the principles of 

non-discrimination when it held that the Dutch legislation that 

barred the married women but not the married men from the 

benefit of unemployment allowance is discriminatory and thus a 

violation of the obligation of the Nation State. 

 

        These obligations of the Nation States are clarified by the 

Committee on Economic Social and Cultural Rights. The 

committee applies a three level obligation upon the Nation 

States. 

 

 Obligation to Respect 

        The obligation to respect the right to food of the people 

requires the Nation State to refrain from any act which deprives 

an individual or a group of individuals from enjoying their right 

to food through their own efforts (General Comment12 

paragraph 16). This obligation is same as the negative obligation 

of the Nation State. Such obligation prohibits policies that 

destroy the access to food of individuals or group of individuals. 

        The obligation to respect is upheld in the classic case of 

Ogoni where the African Commission has held that by 

destroying the source to food of an individual and arbitrarily 

evicting them off their property is a violation of the obligation to 

respect. 

        The obligations to respect also include prohibition to repeal 

or suspend any legislation that gives access to the right to food of 

the people. In Resident of Bon Vista of Mansions-versus-

Southern Metropolitan Local Council (2000(6) BCLR 625) the 

High Court of South Africa quashed the order of the local 

council to disconnect the water supply on the ground of non-

payment of bills. The court held that such action is a breach of 

the obligation of the Nation State to respect the existing access to 

water. 

        Thus the obligation to respect the right to food not only 

operates as a negative right but also creates a positive duty to 

respect the existing access to food. 

 

 Obligation to Protect 

        The obligation to protect means that the Nation State is 

required to ensure that no individual or enterprise deprives other 

persons or a group of persons of their access to adequate food 

(General Comment 12 paragraph 15). This obligation ensures 

that the Nation State protects the food vulnerable section from 

the outside interference resulting in destroying their access to 

food. 

        The Nation States under this obligation are required to 

ensure by taking appropriate steps that the activities of the 

private business sectors and the civil society do not obstruct the 

access to food of the people (General Comment 12 paragraph 

27). 

        Again in the classic case of Ogoni the African Commission 

held that the Government of Nigeria violated its obligation to 

protect when the Government failed to prevent the corporation 

from disposing off its industrial waste in water which 
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contaminated the water for farming and the fishes on which the 

Ogoni community relied for a livelihood. This resulted in severe 

malnutrition in the community.   

        The obligation to protect also extends to the international 

institutions and bodies. The international financial institutions 

like the International Monetary Fund and the World Bank is 

required to adopt policies that protect the right to food of the 

people (General Comment 12 paragraph 41 and General 

Comment 2 paragraph 9).The obligation to protect operates as a 

check on the Government adopting the neo-liberal economic 

theory to allow the extension of the theory to interfere with the 

traditional livelihood of the vulnerable community. The 

conversion of agricultural land to economic zones is a violation 

of the obligation to protect. 

 

Obligation to Fulfill (facilitate) Needs    

        The obligation to fulfill is further divided as follows  

(a) The obligation to facilitate  

(b) The obligation to provide.   

 

        The obligation to facilitate means that the Nation State must 

take steps to ensure that the people can earn their livelihood and 

thus ensures food security. The obligation includes proactive role 

of the Nation State to increase the access of the people to food. 

The obligation further includes training on nutrition, agrarian 

reform policies, urban and rural development etc. 

        The obligation to provide means that whenever an 

individual or a group of individuals are unable to feed themselves 

for reasons beyond their control the Nation State is required to 

directly provide food assistance to the maximum of the available 

resource. This obligation is also available to the sick, old and 

infirm, victims of natural disaster etc. The example of the 

obligation to provide is found in Grootboom and others-versus-

Government of the Republic of South Africa and others (2000) 

where the Constitutional Court of South Africa, explored the 

obligation to provide very thoroughly and held that the 

Government has failed in its obligation to provide for the people 

in desperate need when the Nation State evicted a community of  

510 children and 390 adults  living in informal settlements 

without providing an alternative accommodation.  

        The Apex Court of India has observed that most of the 

jurisprudence on the right to food in India is concentrated on the 

obligation of the Nation State to provide (PUCL-vs-Union of 

India, Writ Petition No 196/2000). 

        The obligation to protect differs from state to state 

according to the available resource. However all Nation States 

are required to protect the people against the violation of the 

minimum core content of the right to food. When a Nation State 

argues that it lacks the resource to provide access to food to the 

population suffering from starvation, it has to establish that it has 

undertaken all steps possible with the resource at their disposal to 

satisfy the minimum core content (General Comment 12 

paragraph 17). 

 

VI. INTERNATIONAL COVENANT ON CIVIL AND POLITICAL 

RIGHTS 

        Certain rights of the civil nature are interrelated to the right 

to food like the right to life. The guarantee of such rights leads to 

a guarantee of the right to food. The international law on the civil 

and political rights guarantees the right to life for all human 

beings (Article 6(1)). The right to life should be given a wide and 

inclusive meaning. As the right to food is the basic component of 

the right to life, therefore, violation of the right to food also 

constitutes the violation of the right to dignified life.  

 

VII. PROTECTION OF VULNERABLE GROUPS 

        The international law universally accepted by the Nation 

States is the Convention on the Protection of the Rights of the 

Child 1989. The convention contains provisions which deal with 

issues of nutrition of a child. It recognises the right of highest 

standard of health which includes measures to combat 

malnutrition by providing adequate nutritious food. The Nation 

State should ensure adequate pre-natal and post natal care of 

mothers. The convention calls to promote and encourage 

international co-operation for full realization of the right to 

adequate nutrition of the children (Article 24). The Nation State 

has an obligation to provide a standard of living adequate for the 

physical, mental, spiritual and social development of the child 

(Article 27.1). Parents and the similarly placed persons have the 

primary obligation as per their financial capability to provide a 

living condition adequate for the development of the child 

(Article 27.2). The Nation State is required to assist the parents 

to implement the right to nutrition (Article 27.3). 

        The Convention protecting the rights of the child has been 

accepted by all the Nation States excepting two and therefore the 

Convention has attained the status of the customary international 

law. 

        The International Convention for Elimination of all Forms 

of Discrimination against Women, 1979 provides protection to 

the right to food during pregnancy and the lactation period 

(Article 12.2). 

 

VIII. RESOURCE IMPLICATION AND THE RIGHT TO FOOD 

        The ultimate goal of every law is the full realization of the 

rights flowing from it. However as the right to food has a 

substantial resource implication, the realization of the right to 

food to a great extent depends upon the economic capacity of the 

Nation State (General Comment 3). The Nation State is required 

to progressively realize the right to food of the people. This 

means that the Nation State is required to take positive step in the 

above direction. This balances the right to food with the 

economic capacity of the Nation State. The realization of the 

right to food cannot be differed indefinitely on the ground of 

economic incapacity (Intergovernmental Working Group). 

However the extent of the adequacy of the steps could vary 

according to the economic capacity of the Nation State. The 

Nation State should undertake diverse steps as short time 

measures which will lead to the realization of the right to food of 

the people. 

        The lack of political will cannot be given the colour of 

resource constrain as an excuse for a Nation State to deny the 

right to food (General Comment 12 paragraph 17). In Grootboom 

and others-versus-Government of the Republic of South Africa 

and others the Constitutional Court of South Africa found that 
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the Nation State should allow the progressive realization of the 

economic right to housing of the larger section of the people to 

the extent of the available resource. 

 

IX. CONSTITUTIONS OF SOME NATION STATES RECOGNISING 

RIGHT TO FOOD 

        The international law pays an important role in setting 

guidelines for national legislations. When a Nation State 

undertakes to honour a particular right, it is their responsibility to 

discharge their obligation by formulating them in their national 

legislation. The frontline of the responsibility to realize the right 

to food is on the Nation State. The Nation State is required to 

articulate laws creating entitlements for the right to food. 

         The right to food has been incorporated in various 

constitutions of the world either as aspiration goal or an 

enforceable right. The Constitution of Bangladesh, Bolivia, 

Brazil, Colombia, Congo, Cuba, Ecuador,  Ethiopia, Guatemala, 

Haiti, India, Islamic Republic of Iran, Malawi, Nicaragua, 

Nigeria, Pakistan, Paraguay, South Africa, Sri Lanka, Uganda 

and Ukraine, contains provisions relating to the right to food.  

        However, in many countries the Constitution establishes the 

right to food as an aspiration goal like Bangladesh, Ecuador, 

Ethiopia, Guatemala, India, Malawi, Nigeria, Pakistan, Iran and 

Sri Lanka. All the above countries except Pakistan have ratified 

the International Covenant on Economic, Social and Cultural 

Rights. Therefore these Nation States have the obligation to 

frame legislative framework on the right to food and establish it 

as a basic right. The Voluntary Guidelines also call upon the 

Nation States to frame adequate legislative framework 

establishing the right to food rather than an aspiration goal which 

can be easily avoided by the Nation State.  

        In some Nation States the right to food is available to a 

particular section of the population. The Constitution of Bolivia, 

Brazil and Cuba provides the protection of the right to food only 

to small section of the vulnerable population. Therefore such 

provision fails to meet the requirements of the minimum 

protection that is to be ensured as per the international law.      

         There is another set of Nation States which cast the 

obligation to provide protection of the right to food only on the 

parents. The international law cast a duty to ensure protection 

against the violation of the right to food firstly upon the Nation 

State, secondly the community, society or the parents, and thirdly 

on Transitional Corporations, lastly the International 

Organizations. 

        Most of the Constitutions of Nation States containing a 

provision on the right to food provide protection only to the 

citizens like the Constitutions of Bangladesh, Haiti, Nicaragua 

and Nigeria. 

        In many countries the right to food is not directly 

recognised. Many constitutions of the world recognize other 

related rights like the right to life or the right to human dignity. 

The United Nations Human Rights Committee suggested that the 

Government should adopt broad interpretation of the right to life 

and human dignity to include the right to food. This 

interpretation facilitated the inclusion of the right to food in the 

legislative framework when the Constitution recognizes the right 

to life or other associated rights. 

        The Constitution of India guarantees the right to life. The 

Constitution establishes the right to food as the aspiration goal. 

Harmonizing the two provisions the judiciary held that the 

Constitution of India guarantees the right to food.   

The Constitution of Switzerland recognises the right to human 

dignity. Subsequently the right to minimum condition of 

existence including food, shelter has been recognised under the 

new Constitution of Switzerland. 

          Thus most of the constitutional protection does not fulfill 

the notion of the different dimensions of the right to food as per 

the international law. The most comprehensive legal protection 

of the right to food is found in the Constitution of South Africa. 

It not only assures the right to food, water and social security but 

also puts an obligation on the Nation State to respect, protect and 

fulfill the rights flowing from the Bill of Rights.  

 

X. CONCLUSION 

        The international protection on the right to food has reached 

a new height through General Comment 12. However the 

international mechanism for realization of the right to food is 

falling behind the target. According to the estimate of the FAO, 

826 million people worldwide suffer from hunger. After three 

decades of the existence of the Bill of Rights the people continue 

to suffer the violation of the minimum level of the guaranteed 

right to food. 

         The countries are striving towards economic development 

to eradicate poverty. The fruits of the economic growth are being 

diverted through policies to the rich who constitute 20% of the 

population. This brings a negative effect on accessibility of food 

to the poor and marginalized groups as they are loosing their 

traditional livelihood to corporate sectors. The growth in 

economy usually escapes the poor. The international law need to 

elaborate in further details the balance required to be observed by 

the Nation States between economic growth and the livelihood of 

the poor and marginalized. 

        A number of the countries like South Africa, Nicaragua, 

Mexico, Peru and Uganda are working in bringing about 

legislation on the right to food. In the year 2005 Guatemala was 

the first country in Latin America to pass legislation on the right 

to food. Brazil passed legislation in 2006 to achieve the target of 

zero hunger. There is a tremendous pressure from the civil 

society in India for legislation on the right to food. The 

Government of India is in the process of processing legislation 

for protection of the right to food. 
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Abstract- In this paper, I  present a fast and robust practical tool 

for segmentation of solid tumors with minimal user interaction to 

assist clinicians and researchers in radio surgery planning and 

assessment of the response to the therapy. K Means based seeded 

tumor segmentation method on contrast enhanced T1 weighted 

magnetic resonance (MR) images, which standardizes the 

volume of interest (VOI) and seed selection, is proposed. And the 

result is compared against Cellular automata based tumor 

segmentation method. Seed points are selected as the intersection 

of maximum white points row wise and column wise . First the 

seed pixels of tumor and background are fed to the algorithm. 

Using this seeds, the algorithm finds the strength maps for both 

tumor and background image .This maps are then combined to 

get the tumor probability map. Comparison studies on both 

clinical and synthetic brain tumor datasets for both this methods 

demonstrate 80%–90% overlap performance of the proposed 

algorithm( K Means)in terms of, its efficiency and accuracy. 

 

General Terms  

Image processing ,Segmentation 

 

Index Terms- Brain tumor, Segmentation, Medical image 

,Cellular  Automata, Modified K Means. 

 

I. INTRODUCTION 

MAGING plays a central role in the diagnosis of brain tumors.  

Early imaging methods—invasive and sometimes dangerous— 

such as pneumoeno cephalography and cerebral angiography, 

have been abandoned in recent times in favor of non-invasive, 

high-resolution techniques, such as computed chorography (CT)-

scans and especially magnetic resonance imaging (MRI). 

Neoplasms will often show as differently colored masses (also 

referred to as processes) in CT or MRI results .Segmentation of 

brain tissues in gray matter , white matter ,and tumor on medical 

images is not only of high interest in serial treatment monitoring 

of“ disease burden in oncologic imaging, but also gaining  

popularity with the advance of image guided surgical approaches 

.Outlining the brain tumor contour is a major step in planning 

spatially localized radiotherapy(e.g.,Cyberknife,iMRT) which is 

usually done manually on contrast enhancedT1-weighted 

magnetic resonance images(MRI) in current clinical  practice .On 

T1 MR images acquired after administration of a contrast agent 

(gadolinium), blood vessel sand parts of the tumor ,where the 

contrast can pass the blood–brain barrier are observed as hyper 

intense areas. There are various attempts for brain tumor 

segmentation in the literature which use a single modality, 

combine multi modalities and use priors obtained from 

population atlases. 

       Modalities which give relevant information on tumor and 

edema/infiltration such as Perfusion Imaging ,Diffusion Imaging, 

or Spectroscopic Imaging provide lower resolution images 

compared toT1orT2 weighted sequences ,and the former are 

generally not preferable for geometric measurements .One of the 

main reasons to use multimodality images such as T2 weighted 

MRI is to segmented ema /infiltration region which is generally 

not observable in T1 images. Although the tumors  infiltrate 

beyond the enhanced margin and edema/infiltration region might 

be of interest to fractionated radio therapy in general ,it is not 

possible to distinguish edema and infiltration, so usually this 

region is not included in primary target planning of radio surgery 

,particularly in Cyber knife. 

        On the other hand, population atlases provide an important 

Prior to improve segmentation by measuring the deviation from 

the normal brain. Deformable registration of brain images with 

tumor to the population atlas is an extremely challenging 

problem and still an active research are a due to intensity 

variations around the tumor mainly caused by edema/infiltration, 

and the tumor mass effect ,which also deforms the healthy tissue 

morphology. In some studies, affine registration has been  used 

for this purpose ,however misalignment issues arise, especially 

where there is a large deformation of the brain structures 

.Comparison to the works in the literature that use different  

Approaches and other image types is difficult as that  would  

require     the use of  the same data sets by different groups with 

evaluation performed by similar measures. For this reason, only 

the results of some studies are given ,instead of a detailed 

comparison .Although, using manual expert segmentations as the 

ground truth, different performance measure such as Dice 

Overlap ,JaccardIndex ,false positive and negative volume 

fractions(FPVF,FNVF) we reused in the literature, (Dice) Over 

lap issued as a common measure for a comparison to previous 

methods here With their automatic, multimodal, atlas based 

method, Prastawaetal. have reported 86.7%average overlap on a 

small dataset of only three patients with an average1.5 h 

processing time. 

        In more recent studies ,Menzeetal .re-ported 60% average 

overlap on 25 glioma patients and Gooyaetal .reported 74.5% 

average overlap on 15 glioma patients with about 6–14 h of 

processing time .In contrast, Liuetal .reported 95.6% average 

overlap on only as set of well-performing five patients over a 10 

patient dataset using fuzzy clustering on only FLAIR images .It 

should be noted that the latter method needs intensive user 

interaction and correction as 8.4 min per patient on the average . 

The popular trend in the area, as in the aforementioned 

approaches, is to be able to combine information from different 

I  
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sources to obtain a better segmentation. However, attempts to 

develop better algorithms from the image processing perspective 

that work on a particular MRI protocol continue in parallel not 

only to obtain proper information from each channel to be 

combined, but also due to the practical need to routinely quantify 

tumors in a clinical environment . Therefore, in this study, we 

focused on an efficient and robust segmentation of brain tumors 

on contrast enhanced T1 weighted MRimages with minimal user 

interaction. 

        Region-based active contour models are widely used in 

image segmentation. In general, these region-based models have 

sever advantages over gradient-based techniques for 

segmentation, including greater robustness to noise. However, 

classical active contours had the problem of being“ only as good 

as their initialization, ”even when using level-set surfaces in 3D. 

Because the tumor class does not have a strong spatial prior, 

many small structures, mainly blood vessels, are classified as 

tumor as they also enhance with contrast. Hoetal .used fuzzy 

classification of pre-and post-contrast T1 images to obtain a 

tumor probability map to evolve a level-set surface. Liuetal. 

Have adapted the fuzzy connectedness framework for tumor 

segmentation by constructing a rectangular volume of interest 

selected through identifying the first and last slice of the tumor 

and specifying a set of voxels in the tumor region. 

        Interactive algorithms have become popular for image 

segmentation problem in recent years. Graph 

basedseededsegmentationframeworkhasbeengeneralizedsuchthat

graph-cuts (GC), random walker(RW), shortest paths, and power 

water sheds have been interpreted as special cases of a general 

seeded segmentation algorithm, which solves a minimization 

problem involving a graph’s edge weights constrained by 

adjacent vertex variables or probabilities .In, the connection 

between GC, RW, and shortest paths was shown to depend on 

different norms:     (GC);      (RW); (shortest paths) ,in th energy 

that is optimized. Geodesic distances between foreground and 

background seeds were also in corporate in to other shortest path-

based segmentation algorithms . 

        Although i t was reported that the shortest paths and RW 

produce relatively more seed-dependent results, it can be argued 

that the global minimum of an image segmentation energy is 

worth as good as the ability of its energy to capture underlying 

statistics of images, and a local minimum may produce a solution 

closer to the ground truth than that of a global minimum. Hence, 

with good prior information provided as in the case of a seeded 

image segmentation problem, efficiently finding good local 

minima becomes meaningful and worthwhile. On the other hand, 

cellular automata(CA) algorithm motivated biologically from 

bacteria growth and competition, is based on a discrete dynamic 

system defined on a lattice ,and iteratively propagates the system 

states via local transition rules. It was first used by 

Vezhnevetsetal. (Grow-cut)for image segmentation, this showed 

the potential of the CA algorithm on generic medical image 

problems. However, Grow-cut was not designed for specific 

structures, such as tumors, which display heterogeneous content 

such as necrotic and enhancing tissue. Moreover, anatomic 

structures typically have relatively smooth boundaries, however, 

Grow-cut tends to produce irregular and jagged surface results, 

and only an ad hoc way of smoothing was introduced. 

        K-Means algorithm was introduced by name in 1967  .  It is 

safe to assume that the  algorithms existed previously without 

formalization or a complete explanation of the theory involved.  

K-Means can be thought of as an algorithm relying on hard 

assignment of information to a given set of partitions.  At every 

pass of the algorithm, each data value is assigned to the nearest 

partition based upon some similarity parameter such as Euclidean 

distance of intensity.  The partitions are then recalculated based 

on these hard assignments.  With each successive pass, a data 

value can switch partitions, thus altering the values of the 

partitions at every pass.  K-Means algorithms typically converge 

to a solution very quickly as opposed to other clustering 

algorithms. 

        In this paper, were-examine the CA algorithm to establish 

the connection of the CA-based segmentation to the graph-the-

oretic methods to show that the iterative CA framework solves 

the shortest path problem with a proper choice of the transition 

rule. Next, as our application is in the clinical radio surgery 

planning, where manual segmentation of tumors are carried out 

on contrast enhanced T1-MR images by a radio-oncology expert, 

we modify the CA segmentation towards the nature of the tumor 

properties undergoing radiation therapy by adapting relevant 

transition rules. A  smoothness constraint using level set active 

surfaces is imposed over a probability map constructed from 

resulting CA states. Then we examine the K means method for 

brain tumor segmentation .Finally we compare the results. 

Following a brief background on seeded segmentation methods 

in Section2, we present our frameworks for brain tumor 

segmentation in Section 3, and compare their performance via 

validation studies on both synthetic, and radiation therapy 

planning expert-segmented data sets in Section 4,followed by 

conclusions in Section5. 

 

II. BACKGROUND 

A . Seeded image segmentation 

        Given a undirected graph  with 

vertices and edges   .In image segmentation 

problems  , vertices   are corresponding to image pixels,while 

edge weights are similarity measures between neighboring pixels 

based on image features(e.g. Intensities).Each vertex has an 

attribute, which is an indicator of the probability of a label(e.g.,a 

foreground and a background label).With the foreground F and 

background B seeds supplied by the user, the labeling problem is 

solved by 

 

 

 

         In the final solution, the vertices which have the value 

are labeled as foreground and  are labeled as 

back-ground .We will Show that this optimization problem for 

can be solved by a CA- based algorithm. 

 

B . Ccellular automata in image segmentation 
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       A cellular automata is basically a computer algorithm that is 

discrete in space and time and operates on a lattice of cells Since 

it was first proposed by Von Neumann and Ulam, Cellular 

Automata has attracted researchers from various fields in both 

physical and social sciences because of its simplicity, and 

potential in modeling complex systems .Each individual cell is in 

a specific state and changes synchronously depending on the 

states of some neighbors as determined by a local update rule . 

They are parallel, local and homogeneous, since the state of any 

cell depends only on the states of the local neighbors at the 

previous time step and the update rules are same for every cell. 

       Formally, a cellular automaton (CA) is a triple  , 

where  is a nonempty set, called the state set,  is the 

neighborhood, and  is the local transition function (rule); 

 , which is the argument of , indicates the states of the 

neighborhood cells at a given time, while , which is its value, is 

the state of the central cell at the next time step . 

       Although the usual definition for “Cellular Automata” is in 

favor of a finite state set (discrete and bounded), continuous state 

sets in which the states are real numbers are also used in CA 

literature under the name “Continuous CA” or “Coupled Map 

Lattices” . A detailed discussion and some of the issues that can 

arise while using a continuous state set on a finite machine are 

given  

       There are various attempts of using CA in image processing 

problems including: image enhancement (sharpening and 

smoothing) , image filtering, edge detection , and image 

segmentation (Grow-cut)  

       Grow-cut method uses a continuous state cellular automata 

to interactively label images using user supplied seeds. The cells 

are corresponding to image pixels, and the feature vector is RGB 

or gray scale intensities. The state set  for each image pixel 

consists of a “strength” value  in a continuous interval  , a 

label  and an image feature vector . The automata is initialized 

by assigning corresponding labels at seeds with a strength value 

between 0 and 1 where a higher value reflects a higher 

confidence in choosing the seed. Strengths for unlabeled cells are 

set to 0. A pseudo code for the Grow-cut algorithm is given 

below : 

 

 
 

 

        where the argument  is for instance, the absolute difference 

between the intensities of two neighboring pixels. The surprising 

success of this simple algorithm, especially on medical images, 

motivated us to further analyze the algorithm. We showed that 

the result of the iterations of this algorithm converges to that of 

the shortest paths algorithm by modifying the similarity function 

used:  

        We note that, the original similarity function used in Grow-

cut is a first order approximation to the one we utilized. In 

connecting shortest paths to cellular automata framework, 

maximizing the product of the edge weight   was shown to be 

equivalent to minimizing the sum of the  ’s, i.e.,  ’s, 

resulting in the shortest path between a seed node to any non 

seed node in the graph over the negative logarithm edge weights. 

These weights can be interpreted similarly to the reciprocal 

weight  defined in S in op and Grady , which was shown to 

infer a connection between the shortest path algorithm and the 

general seeded segmentation optimization  with  norm 

minimization. 

        Simultaneously and independently from our work, it has 

also been shown that the Grow-cut algorithm is equivalent to the 

Belman–Ford algorithm, which calculates the shortest paths on a 

weighted graph . However, there, the motivation and emphasis 

was on fast hardware implementation of the CA algorithms, due 

both increasing availability of low-cost graphical hardware 

(GPUs), and CA algorithm’s suitability to run on parallel 

processors. 

        Shortest path idea was utilized in other works such as , 

where the Eikonal equation was solved with two different 

boundary conditions constructed from foreground and back-

ground seeds. Image-dependent speed functions were inserted 

into the right hand side of the Eikonal equation, whose solutions 

led to two distance functions: shortest paths of each pixel from 

the foreground seeds and the background seeds. For each pixel, 

the smaller distance to the foreground seeds produced the 

resulting segmentation. 

 

C. Modified K Means in image segmentation 

        K-means is a popular algorithm for clustering; it partitions 

data  set into k sets. The membership for each data point belongs 

to its nearest center, depending on the minimum distance. There 

are several methods to improve the standard K-means algorithm 

related to several aspects. Standard K-means algorithm consists 

of four steps: initialization, classification, computational and 

convergence condition. The two basic versions of K-means 

clustering are non adaptive version which was introduced by 

Lloyd and an adaptive version which was introduced by 

Macqueen . Adaptive k-means clustering is the most frequently 

used kmeans clustering which was based on Eucledian distance. 

Adaptive k-means clustering can be considered as a special case 

of the gradient descent algorithm where only the winning cluster 

is adjusted at each learning step. 

 

III. RESAECH ELABORATIONS 

        In this section, the complete segmentation framework to 

segment brain tumors and the necrotic regions enclosed is 

presented in detail.. 
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3.1 Tumor-cut algorithm 

        Steps of the proposed cellular automata based tumor 

segmentation algorithm is shown in Fig. 1. First, (a) the user 

draws a line over the largest visible diameter of the tumor; (b) 

using this line, a VOI is selected with foreground(red)-

background(blue) seeds; (c)–(d) tumor CA algorithm is run on 

the VOI for each two sets of  seeds (for the foreground and 

background) to obtain strength maps for foreground (c) and 

background (d) at each voxel; (e) two strength maps are 

combined to obtain the tumor probability map  (6); (f) a level 

set surface is initialized at  and the map  is used to 

evolve the surface which converges to the final segmentation 

map (g). Finally, (i) the necrotic regions of the tumor is 

segmented using CA based method with the chosen enhanced 

and necrotic seeds in (h). 

        In “Response Evaluation Criteria In Solid Tumors” (RE-

CIST), which is a widely used procedure to evaluate the 

treatment response of the solid tumors, tumor progress is 

classified by measuring the longest in plane tumor diameter in 

one dimension (axial, coronal, sagittal) . Our seed selection 

algorithm employs the same idea to follow the familiar clinical 

routine to which the clinicians are used to: the volume of interest 

(VOI), the tumor seeds and the background seeds are determined 

by using the line already drawn by the user to measure the 

longest diameter of the solid tumor. Similarly,                                                                        

focusing on tumor segmentation problem, the seed selection 

procedure starts with a single line drawn by the user along the 

longest visible diameter of the tumor. Afterwards, the VOI and 

the seeds are computed as follows: 1) The line is cropped by 15% 

from each end and thickened to three pixels wide to obtain tumor 

seeds; 2) VOI is selected as the bounding box of the sphere 

having a diameter 35% longer than the line; 3) One-voxel -wide 

border of this VOI is used as background seeds . 

        Since the VOI is completely bounded by the background 

seeds, each path connecting inside and outside the VOI is 

blocked by a seed. Then, the result of labeling using only the data 

inside the region is equivalent to using the whole volume 

whereas the computation time is significantly reduced. 

        One obvious drawback is that the user draws the line on 

only a single slice of the tumor volume, hence it is not 

guaranteed that the depth of the tumor will also coincide with the 

VOI. For deter-mining the enlargement ratio for the bounding 

box size, the percentage of the volume enclosed in the sphere to 

the total tumor volume is calculated for different enlargement 

ratio values, and the results are plotted in Fig. 2. For our data set, 

100% coverage was achieved with 2.00 times enlargement. We 

used 1.35, which covers 99% of all tumors with five different 

initializations, which gave a reasonable trade -off between the 3- 

D inclusion of the whole tumor versus the computation time 

increase due to enlargement of the volume.  

        In occasional cases of slightly concave-shaped tumors, the 

maximum diameter line will not be enclosed by the tumor com-

pletely. Even in these cases, the algorithm can perform the seg-

mentation successfully if an input 1-D line is correctly drawn to 

fall inside the tumor region. The line enlargement parameter 

selected for VOI formation is determined by taking such cases 

into account, hence, the VOI contains the whole tumor. 

 

3.2 Adapting transition rule to tumor characteristics 

 

        In the tumor segmentation application, the cells or nodes in 

cellular automata framework correspond to the MRI volume 

voxels in 3-D. A 26-cell cubic neighborhood is used in 3-D. MRI 

intensities are used as image features. The automata is initialized 

with user supplied tumor and background seeds as explained in 

Section 3-B and iterated by the following rule: 

 

 

 

 

        where  is a pixel similarity or transition function bounded to 

 , which is equivalent to the edge weight function  in the 

seeded  

segmentation framework. A typical symmetric edge   weight 

function depending on the image features, is given by the 

absolute intensity difference or gradient magnitude between 

neighboring nodes  and  

 

where  denotes the MR image intensity at node . 

 

         In the seeded tumor segmentation application over contrast 

enhanced T1-weighted MRI for heterogeneous tumors, which 

mostly consist of a ring enhancing region around a dark necrotic  

core (and also irregular borders), most of the foreground seeds 

fall  

 

3.3 Level set evolution on constructed tumor probability 

map 

        Smoothing is an important prior in segmentation of brain 

tumors from post-contrast T1 images, because of three main 

reasons: First, an area surrounded by tumor tissue is considered 

as a tumor region even the intensity characteristics are likely to 

be healthy. Secondly, it is possible to include misclassified 

necrotic regions to tumor region, which are usually surrounded 

by enhanced tissue. Finally, it is possible to exclude nearby 

vascular structures that are enhanced by administration of the 

contrast agent.  n the necrotic region. This sometimes causes the 

segmentation algorithm to get stuck at necrotic to enhancing 

tumor transition borders. To overcome such problems, prior 

knowledge that tumor voxels are brighter in post-contrast T1-

MRI can be  utilized. This can be achieved by modifying the 

transition function  by inserting a spatially-varying parameter 

 

 

 

 

        The intuition here is based on the observation that the 

enhancing tumor cells are brighter than the normal tissue, and 

more centrally located necrotic core is darker. Therefore, by 

adjusting the  parameter, the weight reduction (i.e., the strength 

loss) of a tumor state while passing through a ramp up gradient is 

adjusted to be lower than other cases. 

        Our experimental results revealed that the new tumor CA 

(tCA) algorithm significantly improved the results obtained, 

especially on glioblastomas . 

 

3.4 Modified k-means 
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        Modified K-means algorithm is a new algorithm for 

Kmeans based on the optimization formulation and a novel 

Iterative method. The steps of this algorithm represented as 

below 

1) Dividing data set (D) into K parts: 

 

 

 

2)  Let be initial clustering centers calculate by: 

 

 

 

3) Decide membership of the patterns in each one of the K 

clusters according to the minimum distance from cluster 

center. 

4) Calculate new centers using the iterative formula below: 

5) Repeat step 3 and 4 till there in no change in cluster 

center. 

 

IV. EXPERIMENTAL RESULT 

       The Edges of the CA cluster Will not  be having tumor cells 

normally. But Kmeans gives more accurate result .It includes 

only the affected cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. CONCLUSION 

          Here we presented two segmentation algorithm for the 

problem of tumor delineation which exhibit varying tissue 

characteristics. These algorithm needs very less user interaction 

.These can be widely used in clinical practices. Compared to CA 

algorithm K means algorithm shows less computation time and 

the result is more accurate. In CA result the the boundaries of  

tumor cluster will not  be having affected cells .But in the K 

Means the cluster boundaries also contains  affected cells 
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Abstract- The present study was conducted to investigate the 

students’ attitudes towards English language learning (ELL) and 

use of self-regulated learning (SRL) strategies at one college in 

Dak Lak, Vietnam. This study involved 241 non-English majors 

taking part in answering a questionnaire. The results showed that 

although the participants had positive attitudes towards ELL, 

they were likely to engage in SRL very low. Number of years of 

learning English did not account for the participants’ change of 

attitudes to ELL. Academic achievements were also found to be 

significantly related to cognitive learning and environment 

management strategies. Additionally, academic achievements 

and attitudes towards ELL were positively correlated to SRL, yet 

only attitudes towards ELL were predictors of SRL. 

 

Index Terms- Attitudes; English language learning; SRL 

strategies; Non-English majors 

 

I. INTRODUCTION 

he notion of self-regulated learning (SRL) has been widely 

paid attention (Zimmerman, 2001), and it has become one of 

the most interesting and attractive areas in educational 

psychology (Ng, 2010). Many researchers (e.g. Schunk, 2005b; 

Zimmerman, 2008; etc.) have identified that SRL is an important 

process that could help students to improve their performance 

and explain different achievement levels of students. In other 

words, SRL is closely related to academic achievement (Law et 

al., 2008; Pintrich, 2003). Self-regulating students, according to 

Zimmerman (2008), are those who actively employ a variety of 

learning behaviors or strategies to achieve self-set goals. They 

also rely on affective, cognitive, motivational, and behavior 

feedback to modify or adjust their behaviors and strategies when 

initially unable to attain their goals. In a similar aspect, SRL 

strategy usage can explain differences between good and poor 

learners (Kauffman, 2004; Zimmerman & Kitsantas, 2005) as it 

is the foundation of academic achievement (Zimmerman, 2000). 

 Research in the field of language education has indicated that 

“attitude to language is a construct that explains linguistic 

behavior in particular” (Mamun, et al., 2012, p. 200). Studies 

done by Baker (1992), Garder (1985), Hohenthal (2003), and 

Kara (2009) show that learners’ attitudes, apart from opinions 

and beliefs, towards learning strongly affect their learning 

behaviors and consequently on their performance. Moreover, 

attitude is “a convenient and efficient way of explaining 

consistent patterns in behavior” (Mamun, et al., 2012, p. 201) as 

it often manages to summarize, explain, and predict behavior 

(Baker, 1992). Accordingly, it may be assumed that attitudes 

towards learning may influence SRL as attitudes towards the 

subjects matter, as mentioned by Mealey (1990), may relate to 

SRL.  

        This study aimed at investigating the attitudes towards 

English language learning (ELL) and use of SRL strategies 

among non-English majors who were studying at one college in 

Dak Lak, Vietnam so as to understand whether there are any 

differences in SRL strategy usage and in terms of gender, years 

of learning English, and academic achievements  or not, and 

whether ELL attitudes influence on SRL or not. In order to 

achieve the objectives above, two research questions were 

formed as follows: 

        1. Are there any differences in SRL strategy usage and ELL 

attitudes in terms of gender, years of learning English, and 

academic achievements? 

        2. Do attitudinal factors (perceived usefulness of English 

and English anxiety) influence on SRL? 

 

II. LITERATURE REVIEW  

        Several studies have revealed that SRL has become an 

important topic in educational research (e.g. Boekerts, Pintrich, 

& Zeidner, 2000; Zimmerman & Schunk, 2001) as it is 

recognized as an important predictor of student academic 

achievement (Zumbrunn,  Tadlock & Roberts, 2011). SRL has 

been variously defined by many researchers (e.g. Pintrich, 2000; 

Zimmerman, 1990; Zumbrunn, Tadlock & Roberts, 2011). 

Pintrich (2000) defines SRL as "an active, constructive process 

whereby learners set goals for their learning and then attempt to 

monitor, regulate, and control their cognition, motivation, and 

behavior, guided and constrained by their goals and the 

contextual features in the environment" (p. 453). According to 

Zumbrunn, Tadlock and Roberts (2011), SRL is “a process that 

assists students in managing their thoughts, behaviors, and 

emotions in order to successfully navigate their learning 

experiences.”  They argue that this process “occurs when a 

student’s purposeful actions and processes are directed towards 

the acquisition of information or skills” (ibid.) and is separated 

into three distinct phases: forethought and planning, performance 

monitoring, and reflections on performance. They explain that 

during the forethought and planning phase, students analyze the 

learning task and set specific goals towards completing that task; 

in the performance monitoring phase, students employ strategies 

to make progress on the learning task and monitor the 

effectiveness of those strategies as well as their motivation for 

T  



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      334 

ISSN 2250-3153  

www.ijsrp.org 

continuing progress towards the goals of the task; and in the final 

reflection on performance phase, students evaluate their 

performance on the learning task with respect to the effectiveness 

of the strategies that they chose.  

        The use of strategy is the core of SRL, and different people 

from different age, regardless of their age, proficiency level and 

background education use different self-regulation strategies. A 

variety of SRL strategies have been identified by many 

researchers such as Zimmerman and Martinez-Pons (1986), 

Pintrich, Smith, Garcia, and McKeachie (1991); however, the 

ones given by Zimmerman and Martinez-Pons, 1986 are used as 

follows: 

 

Table 1: SRL strategies (Zimmerman & Martinez-Pons, 

1986) 

 

Categories of strategies Definitions 

1. Self-evaluation 

Statements indicating student-

initiated evaluations of the quality 

or progress of their work 

2. Organizing and 

transforming 

Statements indicating student-

initiated overt or convert 

rearrangement 

3. Goal-setting and 

planning 

Statements indicating students 

setting of educational goals or 

subgoals and planning for 

sequencing, timing, and completing 

activities related to those goals 

4. Seeking information 

Statements indicating student-

initiated efforts to secure further 

task information from nonsocial 

sources when undertaking an 

assignment 

5. Keeping records and 

monitoring 

Statements indicating student-

initiated efforts to record events or 

results  

6. Environmental 

structuring 

Statements indicating student-

initiated efforts to select or arrange 

the physical setting to make 

learning easier 

7. Self-consequences 

Students indicating student 

arrangement or imagination of 

rewards or punishment for success 

or failure 

8. Rehearsing and 

memorizing 

Statements indicating student-

initiated efforts to memorize 

material by overt or covert practice 

9-11. Seeking social 

assistance 

Statements indicating student-

initiated efforts to solicit help from 

peers (9), teachers (10), and adults 

(11) 

12-14. Reviewing records 

Statements indicating student-

initiated efforts to read tests (12), 

notes (13), or textbooks (14) 

15. Other 

Statements indicating learning 

behavior that is initiated by other 

persons such as teachers or parents, 

and all unclear verbal responses 

        Many studies on language attitudes have revealed that there 

is a strong relationship between attitude and achievement (Hough 

& Piper, 1982; Simpson & Oliver, 1990; Visser, 2008). 

Researchers such as Fakeye (2010), Reid (2003), and Visser 

(2008) claim that attitude is a vital factor that influence language 

performance. In addition, Padwick (2010, as cited in Abidin, et. 

al, 2012) states that apart the intellectual perspective, the nature 

of language learning depends on the learners’ motivation and 

attitude to learn the target language. For example, Mamun, et al. 

(2012) conducted a study to investigate attitudes of 79 

undergraduate students of Life Science School of Khulna 

University towards English language. By employing a 

questionnaire to collect the data, they found that the respondents 

were positive towards English language and this could be 

attributed to the fact that respondents were instrumentally 

motivated towards English.  Similarly, Gömleksiz (2010) 

investigated learners’ attitudes towards language learning in 

association with gender, grade level, and department variables. 

He employed a questionnaire to collect data from 1275 students 

studying at Frat University, Turkey. The results showed that 

there were significant differences between the attitudes in terms 

of gender, grade level, and department variables. Specifically, he 

found that female students had more positive attitudes in interest, 

usefulness and teacher subscales; sophomores’ attitudes were 

more positive than freshmen in terms of interest, self-confidence, 

usefulness, and teacher subscales; students’ attitudes vary from 

one department to another. In 2011, Ghazvini and Khajehpour 

carried out an investigation on Iranian students’ attitudes and 

motivations towards learning English. There were 123 male and 

female students from two high schools participating in answering 

a questionnaire. The results showed that female students were 

more positively motivated and male students were more 

instrumentally motivated to learning English. Moreover, they 

also found that female students had more positive attitudes 

towards learning English.  

        From the brief literature review above, it is apparent that 

there is strong relationship between SRL and academic 

achievement (Bembenutty & Zimmerman, 2003). Accordingly, 

learners who are able to self-regulate may gain more academic 

success. In another aspect, studies have showed that a strong 

connection between attitudes and academic success may exist as 

“attitudes are important… because they cannot be nearly 

separated from study” Reid (2003, p. 33).  

 

III. METHODOLOGY 

3.1. Participants 

         Participants in this study, who were conveniently sampled, 

were 241 non-English majors (aged from 19 to 23) studying at 

one college in Dak Lak, Vietnam. They were mainly second-year 

students consisting of 133 females (55.2 %) and 108 males 

(44.8%). There were 201 (83.4%) participants having learned 

English over seven years, and 40 (16.6%) participants having 

learned English from three to seven years. Their last self-reported 

academic achievements were grade A (23.7%), grade B (51.4%), 

grade C (18.7%), and grade D (6.2%). The participants had to 

study English in four terms in total, three of which were General 

English, and one of which was English for specific purposes.  

 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      335 

ISSN 2250-3153  

www.ijsrp.org 

3.2. Instrument:  

        This study employed a questionnaire to collect data. The 

questionnaire was adapted from the Motivated Strategies for 

Learning Questionnaire (MSLQ) developed by Paul Pintrich, 

David Smith, William McKeachie, Teresa Garcia, and a team of 

researchers (Pintrich et al., 1991) and Cindy Otts  (2011). The 

questionnaire consists of two parts: Part I includes eight five-

point Likert scale items (strongly agree, agree, undecided, 

disagree, and strongly disagree) about English attitudes (English 

usefulness and anxiety); part II comprises 36 seven-point Likert 

scale items (from very untrue of me to very true of me) about 

different SRL strategies (Rehearsal, Elaboration, Organization, 

Metacognitive, Environment, Effort, Peer learning, and Help 

seeking strategies) for ELL.  

 

Table 2:  SRL categories and number of items per category 

 

 No of items 

1. Perceived usefulness of English 4 

2. English anxiety 4 

3. Rehearsal 3 

4. Elaboration 3 

5. Organization 3 

6. Metacognitive self-regulation 8 

7. Environmental management 8 

8. Effort regulation 4 

9. Peer learning 3 

10. Help seeking 3  

Total 44 

 

3.3. Data analysis 

        The collected data were analyzed by the SPSS version 15.0 

program aiming to answer the research questions quantitatively. 

Descriptive statistics were run to calculate mean scores and 

standard deviations for gender, academic achievements, English 

language attitudes, and SRL. In addition, inferential statistics 

including independent samples T-test, correlation analysis, and 

one-way ANOVA were used. The independent samples T-test, 

correlation analysis, and one-way ANOVA were employed to 

analyze the differences in English language attitudes and SRL in 

terms of gender, years of learning English, and academic 

achievements. To determine the influence of English language 

attitudes on SRL, multiple regression analyses were conducted.  

 

IV. FINDINGS 

        4.1 Differences in ELL attitudes and SRL in terms of gender, 

number of years of learning English, and academic achievements  

The results of descriptive analysis in the table 3 show that the 

overall mean score of ELL attitudes among the participants was 

2.61 (SD=.54) on a Likert scale of one to five, and that of overall 

SRL strategy usage was 4.07 (SD=.59) on a Likert scale of one 

to seven. It was also seen that organization strategies (M=4.53, 

SD=1.20) were most employed while peer learning strategies 

(M=3.68, SD=1.16) were least used.  

 

 

Table 3: Descriptive analysis: Overall score of ELL attitudes 

and SRL strategy usage 

 

 Mean (SD) 

Perceived usefulness of English 2.11 (.74) 

English anxiety 3.11 (.73) 

Overall 2.61 (.54) 

Organization 4.53 (1.20) 

Help seeking 4.32 (1.20) 

Rehearsal 4.29 (1.08) 

Elaboration 4.15 (1.19) 

Environmental management 4.04 (.68) 

Effort regulation 4.04 (.86) 

Peer learning 3.68 (1.16) 

Overall 4.07 (.59) 

 

        As far as the gender is concerned, the results from 

independent samples t-tests in the table 4 display that there were 

no significant gender differences in ELL attitudes and SRL 

strategy usage. It was seen that the mean scores of perceived 

usefulness of English and English anxiety of both groups were 

quite close. The mean score of perceived usefulness of English 

was 2.19 (SD=.72) for females and 2.02 (SD=.76) for males, and 

that of English anxiety was 3.14 (SD=.74) for females and 3.06 

(SD=.70) for males Among categories of SRL strategies, both 

groups most used the organization strategies (M=4.63, SD=1.21 

for females; M=4.43, SD=1.19 for males), and least utilized the 

peer learning strategies (M=3.74, SD=1.20 for females; M=3.60, 

SD=1.12 for males). 

 

Table 4: Independent samples T-test: Differences in ELL attitudes and SRL strategy usage in terms of gender 

 

 

Variables 

 

Sig. 

 

t 

Mean (SD) 

Female Male 

Perceived usefulness of English .070 1.817 2.19 (.72) 2.02 (.76) 

English anxiety .405 .834 3.14 (.74) 3.06 (.70) 

Rehearsal .179 1.347 4.37 (1.08) 4.19 (1.08) 

Elaboration .092 -1.693 4.03 (1.11) 4.29 (1.27) 

Organization .163 1.433 4.63 (1.21) 4.43 (1.19) 

Metacognitive self-regulation .251 -1.150 3.93 (.67) 4.04 (.80) 

Environmental management .381 -.877 4.00 (.68) 4.08 (.67) 

Effort regulation .235 -1.191 3.98 (.87) 4.11 (.67) 

Peer learning .383 .874 3.74 (1.20) 3.60 (1.12) 
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Help seeking .197 -1.295 4.23 (1.19) 4.41 (1.20) 

* p<.05 

** p<.01 

 

        With respect to the number of years of learning English, the 

results from correlation analyses in table 5 reveal that the number 

of years of learning English was not significant related to ELL 

attitudes and SRL strategy usage except for rehearsal strategies. 

It was found that there was a negative correlation between the 

number of years of learning English and rehearsal strategy usage 

(r=-.160, p=.031).  

 

 

Table 5: Correlation Matrix: Differences in ELL attitudes and SRL strategy usage in terms of number of years of learning 

English 

 

Variable           Correlation 

           statistics 

            Number of years of                   

 learning English 

Perceived usefulness of English Pearson Correlation -.007 

Sig. (2-tailed) .919 

N 241 

English anxiety Pearson Correlation .81 

Sig. (2-tailed) .213 

N 241 

Rehearsal Pearson Correlation -.160 

Sig. (2-tailed) .013* 

N 241 

Elaboration Pearson Correlation -.022 

Sig. (2-tailed) .733 

N 241 

Organization Pearson Correlation .009 

Sig. (2-tailed) .884 

N 241 

Metacognitive self-regulation Pearson Correlation .014 

Sig. (2-tailed) .828 

N 241 

Environmental management Pearson Correlation -.043 

Sig. (2-tailed) .511 

N 241 

Effort regulation Pearson Correlation -.028 

Sig. (2-tailed) .668 

N 241 

Peer learning Pearson Correlation -.002 

Sig. (2-tailed) .974 

N 241 

Help seeking Pearson Correlation -.083 

Sig. (2-tailed) .197 

N 241 

* Correlation is significant at the .05 level (2-tailed) 

** Correlation is significant at the .01level (2-tailed) 

 

        As for the academic achievements, the results from one-way 

ANOVA presented in table 6 show that there were significant 

differences between academic achievements with English anxiety 

(F=3.020, p=.031), organization (F=4.118, p=.007), and 

environmental management strategy (F=2.740, p=.044) usage.  

 

 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      337 

ISSN 2250-3153  

www.ijsrp.org 

Table 6: ANOVA: Differences in ELL attitudes and SRL strategy usage in terms of academic achievements 

 

 

Variables 

 

F 

 

Sig. 

Mean (SD) 

Grade A Grade B Grade C Grade D 

Perceived usefulness of 

English 
.852 .467 2.25 (.87) 2.07 (.73) 2.09 (.64) 2.05 (.58) 

English anxiety 3.020 .031* 3.00 (.78)  3.04 (.73) 3.34 (.64) 3.35 (.56) 

Rehearsal 1.998 .115 4.46 (1.21) 4.35 (1.01) 4.02 (1.09) 3.96 (.98) 

Elaboration 1.226 .301 4.22 (1.33) 4.24 (1.15) 3.89 (1.25) 3.91 (.68) 

Organization 4.118 .007** 4.69 (1.31) 4.66 (1.13) 4.27 (1.26) 3.69 (.82) 

Metacognitive self-

regulation 
.824 .482 4.07 (.78) 3.99 (.71) 3.88 (.70) 3.83 (.86) 

Environmental 

management 
2.740 .044* 3.94 (.66) 4.15 (.67) 3.85 (.73) 4.05 (.51) 

Effort regulation .152 .928 4.01 (.76) 4.03 (.86) 4.12 (1.00) 4.02 (.83) 

Peer learning 1.396 .245 3.87 (1.27) 3.69 (1.18) 3.40 (1.13) 3.64 (1.21) 

Help seeking .207 .892 4.411 (.29) 4.31 (1.14) 4.22 (1.17) 4.33 (1.50) 

* p<.05 

** p<.01 

 

        Results from Tukey post hoc tests with significance at the 

.05 level reveal that the participants in  grade C (M=3.34, 

SD=.64) experienced anxiety in learning English significantly 

differently from those in grade A (M=3.00, SD=.78) and B 

(M=3.04, SD=.73) with p=.048 and p=.040, respectively; the 

participants in grade D (M=3.69, SD=.82) used organization 

strategies significantly differently from those in grades A 

(M=4.69, SD=1.30) and B (M=4.66, SD=1.13) with p=.020 and 

p=.016, respectively; the participants in grade B (M=4.15, 

SD=.67)  employed environmental management strategies 

significantly differently from those in grade C (M=3.85, SD=.73) 

with p=. 050.  

 

4.2. Influence of ELL attitudes on SRL  

        Before multiple regression analysis was carried to find out 

whether attitudes towards ELL related to SRL, correlation 

analyses were done first. As presented in table 7, results 

indicated that SRL was positively correlated with academic 

achievements (r=.117, p=.034) and, ELL attitudes (r=.250, and 

r=.305, p=.000 for perceived usefulness of English and English 

anxiety, respectively). 

 

 

Table 7: Correlation Matrix: SRL with gender, years of learning English, academic achievements, and ELL attitudes 

 

Variable          Correlation statistics              SRL 

Gender Pearson Correlation .049 

  Sig. (1-tailed) .223 

  N 241 

Years of learning English  Pearson Correlation -.053 

Sig. (1-tailed) .206 

N 241 

academic achievements Pearson Correlation .117 

  Sig. (1-tailed) .034 

  N 241 

Perceived usefulness of 

English 

  

Pearson Correlation .250 

Sig. (1-tailed) .000** 

N 241 

English anxiety Pearson Correlation .305 

  Sig. (1-tailed) .000** 

  N 241 

* p<.05 

** p<.01 
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        As displayed in tables 8, 9 and 10 for the Model Summary, 

ANOVA, and predictors results, respectively, it was found in 

table 8 that the R came out to be .387 and R square .150. In this 

case, the R values was .0387, which means that gender, years of 

English learning, academic achievements, ELL attitudes 

explained a rather large portion, 38.7% of the variance in the 

SRL. As presented in table 9, the overall model was statistically 

significant (F=8.289, p=.000). Attitudes towards ELL were 

significantly predictors except for gender, years of learning 

English, and academic achievements. This means that perceived 

usefulness of English and English anxiety were uniquely 

predictors of SRL strategy usage.  

 

 

Table 8: Model Summary for Multiple Regression Analysis: Influence of ELL attitudes on SRL 

 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .387
a
 .150 .132 .555 

a. Predictors: (Constant), Gender, Years of English learning, academic achievements, Perceived usefulness of English, English anxiety 

 

Table 9: Influence of ELL attitudes on SRL 

 

Model   df F Sig. 

1 Regression 5 8.289 .000 

Residual 235     

Total 240     

a. Predictors: (Constant), Gender, Years of English learning, academic achievements, Perceived usefulness of English, English anxiety 

b. Dependent Variable: Self-regulated learning 

 

Tables 10: Multiple Regression Analysis: Gender, Years of English learning, academic achievements, and attitudinal 

predictors of SRL 

 

 

Model 

 

Predictor 

Standardized  

Coefficients 

   β t Sig.
a
 

1 (Constant)   16.213 .000 

 Gender .008 .132 .895 

 Years of learning English -.032 -.523 .601 

 academic achievements -.090 -1.464 .144 

 Perceived usefulness of English -.229 -3.746 .000 

 English anxiety -.263 -4.256 .000 

a. Dependent Variable: Self-regulated learning 

 

V. DISCUSSION  

        It was generally found that although the participants had 

positive attitudes towards ELL (M=2.61), it seems that they did 

not actively engage in the learning process as the mean score of 

overall SRL strategy usage is 4.07 on a Likert scale of one to 

seven, which indicates that they might not be well aware of the 

importance of using SRL strategies. In addition, although SRL 

consists of  eight categories including rehearsal, elaboration, 

organization, metacognitive, environment, effort, peer learning, 

and help seeking strategies, the participants most employed 

organization strategies (M=4.53) and least utilized peer learning 

strategies (M=3.68) among SRL strategies. This means that the 

participants were somewhat likely to benefit from using 

cognitive learning strategies (organization strategies), but they 

were not likely to work in pairs or groups. This suggests that the 

participants were quite weak at pairwork or groupwork.  

Regarding the differences in ELL attitudes and SRL in terms of 

gender, number of years of learning English, and academic 

achievements, it was first found that there was no significant 

gender difference in ELL attitudes. This finding is quite different 

with that of previous researches done by Ghazvini and 

Khajehpour (2011), Gömleksiz (2010), and Krahan (2007), who 

find that students’ attitudes towards English language learning 

differ significantly in terms of gender. As the mean score of 

perceived usefulness of English is 2.19 for females and 2.02 for 

males, and that of English anxiety is 3.14 for females and 3.06 

for males, it is understood that both groups perceived English as, 

to some extent, useful and relevant to their lives, and were 

somewhat anxious about learning English.  In addition, it was 

also found that nor was there significant gender difference in 

SRL strategy usage, but both groups were noticed to most use the 

organization strategies (M=4.63 for females; M=4.43 for males), 

and least utilize the peer learning strategies (M=3.74 for females; 

M=3.60 for males). This finding also confirmed what was found 

in the overall SRL strategy usage.  

        Second, it was discovered that no matter how long the 

participants studied English, their attitudes towards ELL did not 

change as the number of years of learning English was not 

significant related to ELL attitudes. As for SRL strategies, there 

were eight categories, there was only one negative correlation 

between the number of years of learning English and rehearsal 
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strategy usage. This suggests that the more years the participants 

studied English, the less they employed rehearsal strategies in 

learning English.  

        Third, the results from one-way ANOVA revealed that 

significant differences existed between academic achievements 

with English anxiety, organization, and environmental 

management strategy usage. Accordingly, results from Tukey 

post hoc tests indicated that the participants in grade C (M=3.34) 

experienced anxiety in learning English significantly differently 

from those in grade A (M=3.00) and B (M=3.04), which might 

imply that the higher achievements the participants obtained, the 

lower anxiety they experienced. This finding appears to be 

consistent with the findings of a number of previous studies that 

“students with higher level of anxiety tend to do more poorly in 

their language classes” (Horwitz, 2008, p.9). Moreover, the 

results also showed that the participants in grade D (M=3.69) 

used organization strategies significantly differently from those 

in grades A (M=4.69) and B (M=4.66), and the participants in 

grade B (M=4.15) employed environmental management 

strategies significantly differently from those in grade C 

(M=3.85). This means that the higher grades the participants 

obtained, the more organization and environmental management 

strategies they employed in the learning process. These findings 

are supported by many researchers such as Law et al. (2008), 

Schunk (2005b), Pintrich (2003), and Zimmerman (2008), who 

claim that SRL is an important process that could help students 

to improve their performance and explain different achievement 

levels of students.  

        In respect of the influence of ELL attitudes on SRL, 

although the findings from correlation analyses displayed that 

SRL was positively correlated with academic achievements and 

ELL attitudes, those from multiple regression analysis revealed 

that only ELL attitudes were significantly related to SRL. ELL 

attitudes contributed significantly to SRL, and were uniquely 

predictors of SLR. This finding, which indicates that attitudes 

towards ELL were an important component of SRL among the 

participants, is consistent with that of a number of previous 

studies done by  Baker (1992),   Garder (1985), Hohenthal 

(2003), and Kara (2009), who state that learners’ attitudes 

towards learning strongly affect their learning behaviors.  

 

VI. CONCLUSIONS AND RECOMMENDATIONS 

        The findings of this study presented that although the 

participants (both females and males) perceived English as fairly 

useful to their lives and felt somewhat anxious about learning 

English, they were likely to engage in SLR very low. The 

participants were generally found to use SRL strategies at a low 

rate, and tend to most employ cognitive learning strategies 

among SRL categories in their learning process. Additionally, the 

participants had constant attitudes to ELL regardless of number 

of years of learning English. Findings also indicated that those 

who earned higher grades experienced lower anxiety and used 

more SRL strategies in their ELL. Academic achievements and 

attitudes towards ELL  (perceived usefulness of English and 

English anxiety) were positively correlated to SRL, yet perceived 

usefulness of English and English anxiety were significantly 

predictors to SRL.  

        Based on the findings, some recommendations should be 

made. In the context of English as a compulsory subject, 

although the participants perceived English as somewhat useful 

and relevant to their lives, they still experienced anxiety in the 

learning process. It is hence recommended to create an 

encouraging atmosphere in English classes to reduce students’ 

anxiety in English learning process. This can be done by 

implementing appropriate teaching methods and activities. 

Furthermore, attitudes to ELL were found significantly predictive 

to SRL, so it is strongly recommended to promote students’ 

positive attitudes and motivation towards ELL as well as 

highlight the importance of ELL. With respect to SRL strategy 

usage, students should be fostered the awareness of the 

importance of using SRL strategies so as to help them become 

independent learners. Therefore, it is recommended that SRL 

strategies should be integrated in language instruction so that 

students know how to apply them in the learning context.   
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    Abstract- As air transport serves a time sensitive market, the surface access to airports should be efficient and the airport-linked 

requirements be persistently updated. In the Indian context, there is an absence of dedicated transportation services to airports except 

for the city of New Delhi, where it has taken the first step by integration of dedicated airport express line with existing transportation 

system. Consequently, there is a need to emphasize on linking of dedicated transportation services in other Indian cities as a 

sustainable solution. Mumbai being the fourth most populated city in the world too lacks a dedicated transportation service to the 

airport, which is the second busiest airport in India and amongst the renowned in the world (Department of Economic and Social 

Affairs (UN), 2009). Therefore, the main objective of the study is to assess the need for emerging seamless ground accessibility to 

Indian airports by explicating the case of Mumbai. An interview survey was conducted to understand the trip characteristics of air 

passengers, their expectations and perceptions for making the mode choice. The results and conclusions were used in estimating cost 

and time savings per person per hour for the city of Bangalore, so that the same practice can be used for other Indian cities too.    

 

    Index Terms- time, cost, ground access mode choice, modes of transportation, dedicated transportation services 

 

I. INTRODUCTION 

he total travel time (TT) required for an air trip i.e. from door to door comprises of non-travel time, on-airport time, in-flight time 

and again the non-travel time. Non – travel time (NTT) signifies the time required to reach the airport and it is flexible due to 

various conditions. On-airport time comprises the time required by an air passenger to complete the required formalities. In-flight time 

(IFT) is the actual travel time. Amongst the three, on – airport time and IFT both are non-flexible. This study only deals with the NTT 

and the departing passengers. Figure no.1 states the timeline of an air trip.  

 

   
Figure 6: Timeline of an air trip 

  

 In India, it is observed that for small distance journeys the NTT is more than IFT. It is supported with the example of 

Mumbai to Ahmedabad as shown in table no.1. The approximate distance between these cities is 550kms (Google Maps, 2013) and 

the modes of transportation used for comparison are bus, rail and air in terms of cost and time elements (irctc.com, 2013), 

(makemytrip.com, 2013), (redbus.in, 2013).    

 

 

 

 

 

 

T 
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Table 5:  Time and cost elements for Mumbai to Ahmedabad 

   
 

 The above example clarifies that NTT of air journey comprises of 80% of the TT, which is the highest as compared to road 

and rail travel. It is also clear that the cost of air travel is maximum amongst the three. Therefore, the primary objective of the study is 

to suggest solutions to reduce the NTT in context of air travel. Further, the case of Mumbai will be explicated for assessing the need of 

dedicated transportation services to airports in various cities of India. A primary survey was carried out, wherein about 200 samples 

were collected from various metro and non- metro cities of India to create an understanding about the opinions, expectations, 

perceptions and willingness of people towards a dedicated mode of transportation system to airport and strategies like the baggage 

handling strategy. 

II. LITERATURE REVIEW 

 Transit Cooperative Research Program (TCRP) report 62 elucidates the various trip characteristics of markets segments – 

resident business (res-bus), resident non – business (res-non bus), non – resident business (non -res bus) and non – resident & non – 

business (non-res non-bus) (Transportation Research Board- National Research Council, 2000). Assuming those explanations as 

hypothetical scenarios a matrix is formed as shown in figure no.2 which is in turn used to develop a questionnaire for primary survey. 

  

 
Figure 7: Characteristics of air passenger market segments (hypothetical scenarios) 

 

 The characteristics are rated in terms of high (red), medium (orange) and low (yellow) to justify the performances or behavior 

of different market segments. For example, the travelling frequency of business segment is generally very high compared to non-

business segment. Likewise, the other characteristics are also descriptive. TAM Mei Ling (Hong Kong Polytechnic University, 2011) 

explained the graphical representation of time elements, which are witnessed while reaching the airport. Where, it can be believed that 

while departing from the origin, in addition to the expected travel time for reaching the airport, a safety margin (buffer time) is ideally 

kept in case of delays so that a person can reach arrive at the airport in the preferred time. Thus, it can be concluded that there are 

three main factors responsible for an air passenger to make mode choice selections for reaching airport – time, cost and distance. The 

cost required to reach the airport may comprise fuel costs in case of own vehicles, ticketing costs in case of public transport, charges 

of taxis/ cabs, parking charges, luggage charges, waiting charges, curbside charges, etc. TCRP report 62 provides the relation of level 

of service versus cost of travel, showing that as the level of service goes on increasing with the increase in cost (Transportation 

Research Board- National Research Council, 2000). Distances affecting the mode choice selection can be the distance between origin 

and airport, distance between origin and transit station, terminal/ baggage-claim area and transit station, terminal and parking area, etc. 

The time factor has been explained before.  

 A detailed study of some airports with highest public transportation (PT) mode share was made, such as Oslo airport, Norway 

(PT-64%), Hong Kong International airport (PT-63%), Narita airport, Tokyo (PT-59%), and Heathrow airport, London (PT-40%) 

(Transportation Research Board of the National Academics, 2008). The main reason for these airports to have high shares of PT is 

through integration of dedicated modes of transportation services in the existing transportation system. Some of the services also 

provide unique seating arrangement systems in the train as per needs of air travelers, providing comfort. Some of the operators do sell 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      343 

ISSN 2250-3153  

www.ijsrp.org 

the rail tickets along with the air ticket booking. Hong Kong airport offered world’s first off-airport check-in system inclusive of 

boarding pass. Narita airport, Tokyo alone has 4 dedicated modes of transportation to reach the airport from various parts of the city. It 

also offers 3-class seating where seats are reserved a day in advance. Heathrow airport in London also offers similiar full off-airport 

check-in service. Such noteworthy strategies have made these airports renowned amongst the others. The amount spent on the 

strategies is excessive but they equally deliver effective, viable and sustainable solutions (Transportation Research Board of the 

National Academics, 2008). These were some of the significant features for making those airports renowned in the world. There is a 

need for application of similar strategies at Indian airports as a result of sustainable and efficient solutions.  

 

III. ANALYSIS 

A. Data Collection 

 As mentioned, 200 samples through Primary Survey were collected over a period of 5 days through online surveys. The 

samples were collected from metro cities of India like Mumbai, New Delhi, Bangalore, Ahmedabad, Hyderabad, Chennai, Kolkata, 

etc. and non-metro cities like Guwahati, Berhampur, Bhubaneswar, Chandigarh, etc. Opinions were gathered from people opting for 

air travel since practical knowledge is the key factor to answer the questions mentioned in the survey form. The Survey forms were 

sent to air travellers both from metro and non-metro cities to gain the knowledge about the facilities and other details related to the 

ground accessibility prevailing in their respective cities to access the airport, as it was practically not possible to visit most of the cities 

personally. The collected data was divided into two parts. The first part was according to the air passenger market segments and 

second, according to the cities with public transportation and without public transportation services.  

 

Part 1 - Findings (according to air passenger market segments) 

  

 Out of 200 samples, 30 % of the samples belonged to the res – bus market segment, 44.5% of res – non bus, 6% of non res – 

bus and the remaining 19.5% of non res – non bus segment. The frequency of trip for business travelers was less than 6 months. Their 

party size observed was not more than two persons and the amount of luggage they carried was less than 7kgs. People resident of the 

city showed maximum reliability on the mode of transportation selected to reach the airport. 81% of the samples were willing to use 

public transportation system if available in their city. About 73% of the samples gave preference for off – site baggage check-in. The 

cost of travel in reaching the airport was between Rs.500 to Rs.900. About 60% of the samples faced traffic congestion, 15 to 20% of 

the samples had problems like baggage – handling and arranging vehicle for reaching airport and rest faced parking, queuing and 

connectivity problems.   

 

Part 2 - Findings (according to metro and non – metro cities) 

  

 Out of 200 samples 83% samples were collected from metro cities and 17% from non – metro cities. Around 53% samples 

from the metro cities were domestic travelers. They need more than 1hour 40mins to reach the airport due to traffic congestions, 

parking issues, connectivity, etc. and the cost required to reach the airport was more than Rs.600 per trip. Maximum samples showed 

75% reliability on the mode of transportation selected by them. 83% preferred using public transport system if available and 71% for 

baggage – handling strategy. About 77% of the samples selected the mode of transportation based on comfort and convenience while 

23% preferred low cost and less time.  

Conclusion 

 

 It is well defined that there is no dedicated transportation services in most of the Indian cities for reaching airport. People are 

willing to travel by PT if available in their city. Since there is absence of PT they have to spend huge amounts on Para – transit and 

private automobiles. Maximum people showed their willingness to use baggage-handling strategies. So, this study addresses the 

airport operators to take a step forward towards seamless ground accessibility to Indian airports.  

 

B. Explicating case of Mumbai  

 Mumbai city is located in the western part of India.. Mumbai city is a linear city spread in three directions – the Southern 

part, the central part and the western part. The BMC (The Municipal Corporation of Greater Mumbai) limits the city of Mumbai till 

Borivali in the western part, Mulund in the central part and CST or the Colaba area in the southern part. So, accordingly Borivali, 

Mulund and CST stations have been assumed as the maximum distances from where the air travelers approach the CSI Airport, 

Mumbai. About 30% of the total traffic coming to the Chhatrapati Shivaji International (CSI) Airport, Mumbai has been found to be 

from the western part of the city, 30% from the central part and the remaining 40% from the southern part (Mumbai International 

Airport Pvt. Ltd. - GVK, 2012) as shown in figure no.4.  
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Figure 8: Map of Mumbai city (Google Maps, 2013) 

 About 30% of the samples gathered through primary survey belonged to the city of Mumbai. The details collected are 

analyzed in this section. Table no.2 indicates the minimum time and cost required to reach the CSI Airport, Mumbai by the available 

modes of transportation in the city also explains the frequency and operating hours in a day of the different modes of transportation. 

For example, the local bus service(BEST buses) take more than 2hours to reach the airport though the cost of travel is as low as Rs.20. 

However, it would also be very difficult for the air passengers to carry their luggage in the bus due to absence of storage space. 

Likewise the time taken by other modes of transportation are shown in Table no. 2.  

Table 6:  Time and cost factors for reaching CSI airport, Mumbai (through primary survey) 

Mode Part Min. Time (hrs) Min. Cost (Rs.) Frequency 

(mins) 

Operating hours 

Local Rail Southern 1:30 15 5 20 

Western 1:00 12 12 20 

Central 1:15 12 7 20 

BEST Bus Southern 2:15  20 15 16 

Western 1:00 12 12 20 

Central 2:30 25 15 16 

Regional Bus (S.T.) Southern 2:15  25 60 24 

Western 2:00 20 60 24 

Central 2:30 20 60 24 

A.C. Bus Southern 2:15  100 45 14 

Western 2:00 20 60 24 

Central 2:30 75  45 14 

Taxi Southern 2:15  450  15 24 

Western 2:00 20 60 24 

Central 2:00 350  15 24 

On-demand Taxi 

(Meru) 

Southern 2:15  600 - 24 

Western 2:00 500 - 24 

Central 2:00 500  - 24 

Auto-Rickshaw Southern Available from 

halfway   (2:30) 

300 15 20 
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Western 2:00 500 - 24 

Central 2:00 200 15 20 

Pvt. A. Southern 1.30 170 (+ Parking chrg) - - 

Western 2:00 500 - 24 

Central 1:30 150 (+ Parking chrg) - - 

 

 From the above table it is clear that all the existing transportation modes create problems for the passengers reaching CSI 

Airport. Local rail although having the lowest of cost and time do not offer convenience and comfort. There is a one-step gap between 

the rail platforms and the rail coaches which do not allow the passengers to carry their luggage comfortably. The local trains lack 

storage space and mostly remain crowded almost throughout the day. Though buses offer less cost but the time taken by them is very 

high and they too lack storage space. Auto-rickshaws are not a good option for families and passengers with lots of baggage. So, the 

only convenient and comfortable options left are private automobiles and taxi/ cabs. But passengers opting for private automobiles 

have to bear fuel costs, parking charges and many more. While, the meters of taxi/ cabs go on increasing rapidly due to traffic 

conditions of the city. The conclusions drawn in terms of time elements for the city are shown in figure no.5.   

 

Conclusions drawn from table no.2 for time elements 

     
Figure 9: Conclusions drawn from table no.2 

 

Time spent in queuing outside parking area of CSI Airport 

  

 Air passengers arriving at the CSI Airport do spend maximum of their time in queuing outside the parking areas. So, to 

analyse the exact no. of queuing 3-cases are shown in table no.3. Case-I with processing time/ veh as 30secs/veh, case-II with 

20secs/veh and case-III with 15secs/veh. With arrival rate as 1254 veh/hour and 5 no. of servers the time spent by air passengers 

arriving at the Mumbai airport is found out. (Mumbai International Airport Pvt. Ltd. - GVK, 2012) 

 

Table 7:  Queuing formed outside parking area of CSI airport, Mumbai  

Case – I  Case – II  Case – III 

Processing Time/ veh 30 secs/veh 20 secs/veh 15 secs/veh 

Total No. of Servers 5 nos 5 Nos 5 nos 

Traffic/ server 250.8 veh/hr 250.8 veh/hr 250.8 veh/hr 

Processing Time/ veh 30 secs/veh 20 secs/veh 15 secs/veh 

Veh. Processed/ hr 120 veh 180 Veh 240 veh 

Shortfall/ Excess 130.8 veh 70.8 Veh 10.8 veh 

Veh Queue Size 

Shortfall in no. of veh x 

5.5m   

Shortfall in no. of veh x 

5.5m   

Shortfall in no. of veh x 

5.5m   

Veh Que Size 719.4 m/ hr 389.4 m/ hr 59.4 m/ hr 

Que/ server 143.88 m 77.88 M 11.88 m 

Queue 26 veh 14 Veh 2 veh 
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As per case-I, with processing time as 30secs/veh there will be a queue of 26vehicles outside the parking area, case-II with 20secs/veh 

a queue of 14veh and case-III with 15secs/ veh a queue of 2vehicles. Therefore, air passengers reaching CSI airport in their own 

vehicles will have to spend time in queuing outside the parking area, where there is a probability of missing there flights.  

 

Parking charges at Mumbai airport for the year 2012. (GVK, 2012) 

 

 A cost per car parking charges analysis was also done to find out the cost spend by air passengers at CSI Airport as shown in 

table no.4. To give an example of a person going on a business trip for a day and reaching the airport with his own car will have to 

spend about Rs.1000 for a day. Therefore, it is clear that the parking charges too are very high.  

 

Table 8:  Parking charges at CSI airport, Mumbai 

Duration Mumbai 

Domestic (in Rs.) International (in Rs.) 

Upto 30mins 90 100 

Upto 2hours 150 160 

Each subsequent hour after 

that 

90  100 

For 24hours  1000 1000 

 

Conclusion 

 

 The modes of transportation available in the city are not 100% reliable. From figure no.5, it can be noticed that the air 

passengers opting for public transportation prefer the local bus (BEST) or regional bus for reaching CSI Airport, Mumbai. However, 

they would require more than 3hours (refer figure no.5) from any part of the city due to the bus routes, traffic conditions and the stops 

taken by them. At the same time passengers face difficulty in handling luggage using the local BEST and the regional buses. There is 

no directness of vehicle system such as a dedicated bus service, shuttle buses or a BRTS system. An air passenger choosing local 

railway for reaching the CSI Airport would require more than 2hours (refer figure no.5) from any part of the city since he/ she will 

have to face queues for ticketing, waiting for the railway, etc and also face difficulty with the luggage. The metro-rail is under 

planning and construction phase in some parts of the city. There is an absence of a dedicated metro-rail connection for the airport. This 

is where the planners could have looked into it, since the number of passengers arriving at the airport would be 3541 domestic peak 

hour passengers and 3917 international peak hour passenger by the year 2026 (Mumbai International Airport Pvt. Ltd. - GVK, 2012). 

With such a high ridership planning of a dedicated transportation service could have been a sustainable solution, considering the 

percentage of traffic arriving at the CSI airport from 3-parts of the city as explained before. Passengers concerned with luxury 

generally opt private automobiles or taxicabs where they spend huge amounts of money on petrol/ diesel, luggage charges, waiting 

charges, parking charges (refer table no.2) and also face long queues outside the parking areas (refer table no.3). Therefore, it can be 

concluded that since the conditions in the Mumbai city have become stagnant and the solutions, which are being proposed for the city, 

are not sustainable.  

 Airports in other Indian cities too are facing the same issues and challenges as Mumbai, regarding the ground accessibility 

from different parts of the city to airport. Cities like Bangalore, Hyderabad, Chennai, Ahmedabad, etc. which are some of the fastest 

growing cities and have turned into major international hubs for business and tourism purposes have started laying a lot of emphasis to 

redevelop and expand the existing airports in their respective cities but no major planning is being done in order to improve the ground 

accessibility to the airports. The case of Bangalore International Airport is evaluated to elaborate the outcomes of strategies if applied.  

C. Application to Bangalore  

 The city of Bangalore is a radial city. The location of Bangalore International Airport from the center of the city is 

approximately 35kms (Google Maps, 2013). The airport handled about 12.6million passengers in the year 2011 (Bangalore 

International Airport pvt. ltd., 2012). Airport shuttle bus services are provided by BMTC, which is a dedicated mode of 

transportation for reaching the airport. It connects various parts of the city to airport. A High – speed rail is under planning where the 

work has taken a pause due some reasons. It would be integrated with Metro-rail system. Table no.5 estimates the savings in time 

and cost by per person, if dedicated PT services are planned for reaching the airport and can be used for the cost – benefit analysis 

by the airport operator. The data regarding the passengers reaching the airport was not available otherwise the analysis would have 

been in more depth.  
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Table 9:  Time and cost saving elements for Bangalore (Bangalore International Airport pvt. ltd., 2012) & (PayScale, 2013): 

 

Mode of 

Transportation 

Approx 

Speed 

(kmph) 

Time req. to reach the 

airport from city 

center 

Time taken 

by shuttle bus 

Time saved 

(hours) 

Average salary 

(per hour)  

Cost saving/ 

hour/ person 

High-Speed rail 

(HSR) 

150 15 mins 120 mins 105 mins X 2 

= 3:30hrs 

Rs.84 Rs.294 

Metro-rail  80 30 mins 120 mins 90 mins x 2 = 

3:00 hours 

Rs.84 Rs.252 

Mono-rail  50 45 mins 120 mins 75 mins X 2 = 

2:30 hours 

Rs.84 Rs.210 

 

If any of the dedicated modes of transportations like a HSR or metro-rail or may be even a mono-rail are planned in the city of 

Bangalore there would be a considerable savings in terms of cost and time as analyzed in table no.5. It would also be a sustainable and 

efficient solution if planned through proper channels, in spite of just widening the roads and curbside areas outside the airports.  

IV. SUMMARY 

The existing modes of transportation to reach airports in Indian cities are not sustainable. There is a need for emphasis on dedicated 

public transportation services. International airports provide greater infrastructure facilities for a smaller demand as compared to 

Indian airports. Strategies laid at international airports can be used for development of efficient ground accessibility for Indian 

airports. 
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     Abstract- Knit fabric manufacturers particularly those who are involved in producing weft knitted fabrics are continuously facing 

the problem of adjusting different quality parameters in producing a fabric of predefined structure. Predicting the yarn count, stitch 

length and appropriate machine gauge in order to produce fabric of certain GSM is of great importance in this regard. This study aims 

at emphasizing the importance of the linear relationship among those quality parameters and implementing statistical methods and 

techniques in order to develop a linear relationship among different quality parameters in making different weft knitted fabrics. 

 

    Index Terms- Co-efficient of Determination, GSM, Machine Gauge, Stitch Length, Weft knitting, Yarn Count 

 

I. INTRODUCTION AND LITERATURE REVIEW 

eginning in the 1980s and continuing into the twenty-first century, an inordinate amount of attention has been focused on quality 

improvement in textile industries in order to create an atmosphere that allows the production of high-quality products. Uses of 

statistical techniques have left no alternatives for the management personnel (from production floor to corporate level) of textile 

industries in making the organization eligible to fight and survive in the competitive world market. Ready Made Garment (RMG) 

sector in Bangladesh has played vital role in the countries economy over the last few decades [1].  Among different sections, Knit 

section have captured large portion of RMG sector [1].  

 

Fabric is the main raw material of a garment. Shell fabric of a garment is generally classified into three categories namely knitted 

fabrics, woven fabrics and non-woven [2].Knitted fabrics are commercialized in terms of weight. So, Gram per Square Meter (GSM) 

is the most important quality parameter of knitted fabric [3]. There are other quality parameters of knitted fabric such as Yarn count, 

Gauge of the knitting machine and adjustment of Stitch length [3]. Yarn count greatly affects fabric quality [4]. Stitch length and 

machine gauge are also important quality parameters [5],[6].  

 

Knit fabric manufacturers are supposed to produce fabric of certain GSM (Gram Per Square Meter). But it is really difficult for the 

manufacturing personnel to produce such fabric as GSM largely depends on yarn count, stitch length and machine gauge [7].  Most of 

the knit fabric manufacturer uses historic data for predicting those quality parameters, while others uses trial and error method in order 

to keep the GSM of the produced fabric close to the required value. There is no published research work that deals with the above 

issue. This study aims at developing linear relationship among those quality parameters. In doing so multiple regressions analysis is 

performed. If the value of co-efficient of determination (R square) obtained by regression analysis is close to +1 or -1, their will be 

strong relationship among those [8]. A zero value of co-efficient of determination indicates no relationships among the variables [8]. 

In most research problems where regression analysis is applied, more than one independent variable is needed in the regression model 

[8]. The complexity of most scientific mechanisms is such that in order to be able to predict an important response, a multiple 

regression model is needed [9]. When this model is linear in the coefficients, it is called a multiple linear regression model. Here, in 

this experiment I use machine gauge, yarn count and stitch length as independent variables and gram per square meter (GSM) as 

dependent variable. 

 

II. METHODOLOGY 

    The experiment is carried out at knitting shed of Viyellatex Group. Following steps were followed in order to reach the goal of the 

experiment:  

 

6) The trial is carried out on three different types of machines. Single jersey circular knitting machine, double jersey rib circular 

knitting machine and double jersey interlock circular knitting machine of different machine gauges are used for producing plain 

single jersey, 1x1 rib double jersey and plain interlock fabric respectively. 

B 
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7) Among the four primary base structures of weft knitted fabric, three structures are being studied here in this experiment namely- 

Plain single jersey, 1x1 rib double jersey and Plain interlock double jersey fabric (figure 1).  

8) The grey GSM of those fabrics for different machine gauges (needle/inch), yarn counts (Ne) and stitch lengths (mm) are observed 

and being putted on the table I, table II and table III respectively. 

9) Scatter diagrams are generated with the help of MS Excel for each of the three structures to identify linear relationship of each of 

the three quality parameters (discussed later part of the literature review section) with GSM. 

10) In order to generate linear equation and the strength of their relationship, multiple regression analysis on MS Excel was carried 

out using those data achieved for each of the fabric structures separately. 

 

III. RESULTS AND DISCUSSION 

    The scatter diagram generated from the data of table I, table II and table III clearly shows that there is a significant linear 

relationship of machine gauge, yarn count and stitch length on GSM for each of the three structures (figure 2), (figure 3), (figure 4). 

The summary output of multiple linear regression analysis generated through ‘Microsoft Excel’ for three different fabric structures are 

displayed in (figure 5),(figure 6) and (figure 7) where level of Significance is 0.05 for each of the three cases. From above summery 

outputs of regression analysis, three values of R square for three different tables are found. The values are 0.994411916, 0.99240091 

and 0.99497192 for plain single jersey, Rib double jersey and Interlock double jersey fabric respectively. These values strongly 

suggest that there is strong linear relationship among those quality parameters of each of the three structures. Three regression 

equations are developed through this analysis: 

 

For plain fabric,  y = 288.4951253 - (0.493075983)*(X1) - 5.737723241*(X2) + 17.0290201*(X3) 

For 1x1 Rib fabric,  y = 448.946938 - 2.7088664*(X1) - 6.3557930*(X2) + 0.42457136*(X3) 

For Interlock Fabric,  y = 351.782352 - 0.1305618*(X1) - 4.4973884*(X2) + 11.6971251*(X3) 
 

Where, y=Gram per Square Meter 

X1=Machine Gauge 

X2= Yarn Count 

X3= Stitch Length 

Again from the summery outputs, p-value of X2 variable i.e. yarn count is lowest than X1 and X3 variables. This strongly suggests that 

yarn count has strongest influence on fabric GSM than the other two parameters. 

 

IV. TABLES AND FIGURES 

Table I: Experiment data for Plain Single jersey fabric. 

 

 

 

Table II: Experiment data for Fine 1x1 Rib fabric. 

 

GSM (Y) M/C GAUGE (X1) YARN COUNT (X2) STITCH LENGTH (X3) 

226.58 18 18 2.96 

219.70 18 19 2.89 

212.82 18 20 2.84 

226.58 20 18 2.96 

212.82 20 20 2.84 

199.06 20 22 2.76 

205.94 22 21 2.79 

192.18 22 23 2.73 

178.43 22 25 2.71 

192.18 24 23 2.73 

157.79 24 28 2.73 

142.00 24 32 2.66 
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GSM (Y) M/C GAUGE (X1) YARN COUNT (X2) STITCH LENGTH (X3) 

270.22 18 21 2.90 

262.25 18 22 2.85 

254.28 18 23 2.81 

246.31 20 24 2.78 

230.36 20 26 2.74 

214.41 20 28 2.74 

214.41 22 28 2.74 

198.47 22 30 2.76 

182.52 22 32 2.81 

174.55 24 33 2.85 

158.60 24 35 2.96 

151.72 24 38 2.85 
 

 

Table III: Experiment data for Plain Interlock fabric. 

 

GSM (y) M/c Gauge (X1) Yarn count (X2) Stitch length (X3) 

295.88 18 21 3.25 

290.00 18 22 3.10 

280.00 18 23 3.00 

273.74 20 24 2.95 

264.18 20 26 2.95 

254.63 20 28 2.85 

254.63 22 28 2.85 

245.07 22 30 2.66 

235.51 22 32 2.64 

230.74 24 33 2.45 

221.18 24 35 2.45 

206.85 24 38 2.45 
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Figure 1: Shows the linear structures of three different fabric structures that are being produced in this experiment: (a) Plain structure, 

(b) Rib structure, (c) Interlock structure [3]. 

 

 

 

 

 

 

 

 

Figure 2: Scatter diagram derived from Table I shows the linear relationships of yarn count, stitch length and machine gauge with 

GSM individually for plain single jersey fabric 

 

 

 

 

 

 

 

 
 

Figure 3: Scatter diagram derived from Table II shows the linear relationships of yarn count, stitch length and machine gauge 

with GSM individually for fine 1x1 rib fabric. 

(a) (b) (c) 
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Figure 4: Scatter diagram derived from Table III shows the linear relationships of yarn count, stitch length and machine gauge with 

GSM individually for plain interlock fabric. 

 

 

 

SUMMARY OUTPUT OF 

TABLE-I         

          

Regression Statistics         

Multiple R 0.997202044         

R Square 0.994411916         

Adjusted R 

Square 
0.992316385        

 

Standard 

Error 
2.334679254        

 

Observations 12         

          

ANOVA          

  df SS MS F 
Significance 

F 
   

 

Regression 3 7759.75213 2586.58 474.5393 2.4E-09     

Residual 8 43.6058178 5.45073       

Total 11 7803.35795           

          

  Coefficients 
Standard 

Error 
t Stat P-value Lower 95% 

Upper 

95% 

Lower 

95.0% 

Upper 

95.0%  

Intercept 288.4951253 51.1605361 5.63902 0.000488 170.519 406.472 170.5187 406.4715  

X Variable 1 
-

0.493075983 
0.54134864 -0.9108 0.389005 -1.7414 0.75528 -1.74143 0.755276 

 

X Variable 2 
-

5.737723241 
0.35636588 -16.101 2.22E-07 -6.5595 -4.9159 -6.5595 -4.91594 

 

X Variable 3 17.0290201 14.9570224 1.13853 0.287843 -17.462 51.52 -17.4619 51.51998  

Figure 5: Summary output of multiple regression analysis for Table I  show the intercept and regression coefficients of yarn 

count, stitch length and machine gauge for plain single jersey fabric.  
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Figure 6: Summary output of multiple regression analysis for Table II show the intercept and regression coefficients of yarn 

count, stitch length and machine gauge for Fine 1x1 Rib fabric. 

 

SUMMARY OUTPUT OF 

TABLE-3 

        

Regression Statistics         
Multiple R 0.99748279         
R Square 0.99497192         
Adjusted R 

Square 

0.99308639         

Standard Error 2.30886106         
Observations 12         
          
ANOVA          

  df SS MS F Significance 

F 

    

Regression 3 8439.064 2813.02 527.68827 1.5698E-09     
Residual 8 42.64672 5.33084       
Total 11 8481.711           
          

  Coefficients Standard 

Error 

t Stat P-value Lower 95% Upper 

95% 

Lower 

95.0% 

Upper 

95.0% 
 

Intercept 351.782352 53.00202 6.63715 0.000163 229.559468 474.0052 229.5595 474.0052  
X Variable 1 -0.1305618 1.073754 -0.1215 0.9062195 -2.6066429 2.345519 -2.60664 2.345519  
X Variable 2 -4.4973884 0.526584 -8.5406 2.719E-05 -5.7116924 -3.28308 -5.71169 -3.28308  
X Variable 3 11.6971251 11.37081 1.0287 0.3337169 -14.524007 37.91826 -14.5240 37.91826  

Figure 7: Summary output of multiple regression analysis for Table III show the intercept and regression coefficients of yarn 

count, stitch length and machine gauge for Plain Interlock fabric. 

SUMMARY OUTPUT 

OF TABLE-2 

        

Regression Statistics         
Multiple R 0.99619321         
R Square 0.99240091         
Adjusted R 

Square 

0.98955125         

Standard 

Error 

4.15236601         

Observations 12         
          
ANOVA          

  df SS MS F Significance 

F 

    

Regression 3 18013.8644 6004.62147 348.25261 8.1813E-09     
Residual 8 137.9371482 17.2421435       
Total 11 18151.80155           
          

  Coefficients Standard 

Error 

t Stat P-value Lower 95% Upper 

95% 

Lower 

95.0% 

Upper 

95.0% 
 

Intercept 448.946938 54.30142171 8.26768294 3.443E-05 323.727635 574.1662 323.72763 574.166241  
X Variable 1 -2.7088664 1.696818547 -1.5964385 0.1490577 -6.6217371 1.204004 -6.621737 1.2040041  
X Variable 2 -6.3557930 0.736176128 -8.6335223 2.513E-05 -8.0534182 -4.65817 -8.053418 -4.6581678  
X Variable 3 0.42457136 18.60705924 0.02281776 0.9823545 -42.483384 43.33253 -42.48338 43.3325269  
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V. CONCLUSION 

As time passes, Knitted garments are getting more and more popular throughout the whole world. This increasing demand of 

knitted garments is only due to comfort ability and comparatively lower price of knit fabrics. These two factors of knitted fabrics 

completely depend on the quality parameters that are already discussed in this paper. This study explains strong linear relationships 

among those quality parameters and also develops multiple linear regression equations for determining grey GSM of Plain, Rib and 

Interlock fabrics from given machine gauge, yarn count and stitch length. These equations give us freedom for choosing appropriate 

m/c gauge, yarn count and stitch length for producing fabric of certain GSM.  
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Abstract- The Sun/Moon simulator facility is used in earth sensor 

lab for interface checking, mapping checks and other purpose 

used in geostationary satellites. This has been mounted in the 

earth lab in Laboratory for Electro Optics Systems (LEOS), 

ISRO. The overall design has been carried out in rational design. 

First we select suitable material for designing lead screw which 

fulfils the design requirements. A suitable AC motor along with a 

gear is selected, and bevel gear is used to convert rotary motion 

into a reciprocating motion of the simulator. To locate the 

simulator to desired location a horizontal beam has been 

designed with standard diameter which meets the design 

requirements & this simulator should travel freely. 

 

Index Terms- Lead Screws. Bevel Gear, Helical Gear box, 

Electric motor (AC&DC), Sun/Moon simulator 

 

I. INTRODUCTION 

he geo-stationary orbit is such a position for a satellite that it 

keeps pace with the rotation of the Earth. These platforms 

are covering the same place and give continuous near 

hemispheric coverage over the same area day and night [9]. 

These satellites are put in equatorial plane orbiting from west to 

east. Its coverage is limited to 70oN to 70oS latitudes and one 

satellite can view one-third globe (Fig.1.1). As a result it is 

continuously located above the same geographical position. 

          According to Shannon in 1975, Simulation is “the process 

of designing a model of a real system and conducting 

experiments with this model for the purpose either of 

understanding the behaviour of the system or of evaluating 

various strategies (within the limits imposed by a criterion or set 

of criteria) for the operation of the system.” 

          As our project is used in the earth lab in LEOS-ISRO, for 

sun/moon simulator facility we are using a lead screw. With the 

help of lead screw and its movement the sun/moon simulator 

facility moves up and down. A lead screw is the device which 

can transmit the linear motion by the action rotary motion. A lead 

screw is such a part which when rotates gives the linear motion. 

A bevel gear is used to transmit a horizontal motion into linear 

motion [5, 8].  The speed of the screw depends on upon the 

motor and a gear box is connected on it. 

          In this project the sun/moon simulator has to be moved 

4000mm along x-axis and 3000mm along y-axis. The y-axis 

movement is achieved by using two lead screws driven by a 

common double ended shaft AC-drive motor using two gear 

boxes. The x-axis movement is achieved by DC-drive motor 

using a fixed beam connected to the lead screws.  

 

 
Fig1.1 Block diagram of Sun/Moon simulator facility 

 

II. DESIGN CONSIDERATIONS 

          Following are the design considerations in this dissertation 

work 

 Selection of materials for lead screw and Bevel gear. 

 Check the  buckling load of the lead screws 

 Design of lead screws. 

 Design of bevel gear. 

 Selection of suitable AC/DC motor for horizontal and 

vertical movement of Sun/Moon simulator facility. 

 Selection of suitable gearbox (Helical gear box) for the 

rotation of lead screw. 

 Designing of X-movement translator. 

 

          This project has been carried out for the need of Earth lab 

in LEOS (ISRO). In this the vertical movement of Sun/Moon 

simulator facility is about 3000mm and horizontal movement is 

about 4000mm. 

          For vertical movement we can use lead screw, Acme 

thread which is driven by a double ended shaft AC motor with 

two helical gear box and the rotary motion is transferred to 

rotating motion by bevel gears. The design calculation of lead 

screws and bevel gears are as follows. 

 

III. THEORETICAL ANALYSIS 

A. CALCULATION FOR LEAD SCREW 

i) Buckling Load for Column 

T 
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Euler’s formula for Buckling, [4] 

 

Pcr=  

 

Where Pcr = Critical load in Buckling (N). 

 

E = Young’s modulus (N/mm
2
). 

I = Moment of Inertia (mm
2
). 

l = length of the screw rod (mm). 

C = Factor depends on different end conditions {Table-5 [4]} 

= 4 

 For the material EN-47 steel, Buckling load is as follows. 

Given E= 210x10
3
 N/mm

2
. 

 

I =   = 981.78mm. 

 

l = 3000mm. 

Pcr=     =      = 904.38N 

 

          We select EN-47 steel for lead screw because of its 

strength for buckling load and cost of the material and 

availability of the material in the local market. 

 

ii) Design of Lead Screw 

          For Acme thread the values [2] that were chosen are shown 

below which were safe, when the allowable stresses of the screw 

material is considered. 

 

Consider: 

          Major diameter (d) =100mm, Minor/Core diameter (dc) = 

97.5mm, 

 

Weight (W) = 1962N, Pitch (p) = 10, 

 

Mean diameter (dm) =  =  = 97.5mm 

 

 
 

Fig 2.1 Form of Acme Thread 

 

a = 0.37p = 0.37x10 = 3.7mm, 

h = 0.5p+0.25 = 0.5x10+0.25 = 5.25mm, 

tan  = p/𝜋dm= 10/𝜋x97.75 = 0.03 

 = 1.7
0
. 

 

          The torque to overcome friction at the thread surfaces of 

the screw is given by [2]. 

T= Wdc [ ] 

 

Where tan Φ = μ/cosβ, 

 

At β = 14.5
0
 and μ = 0.15 {Table18.5 [2]} 

tan Φ = 0.15/cos14.5 = 0.15 

 

Hence torque due to upper screw is given by [2]. 

      T1= 1962x97.5 [ ] = 34677.44N/mm
2
 

 

Torque due to lower end of the screw is given by [2]. 

      T2= T1/2 = 34677.44/2 = 17338.5 N/mm
2
 

 

Shear stress on the screw due to torque is, 

  Τ =  =  = 19.36 N/mm
2 
      

    

iii) Design of Screw Follower 

          The screw follower has the function of moving up and 

down the thread of the screw depending on the motion of the 

screw. The screw follower was threaded and it is fixed tom the 

lead screw. Assuming the screw follower moves uniformly y on 

both the lead screw, the bearing pressure [2] is given by, 

 

σb =  

 

Where σb = Safe bearing pressure = 1.5N {Table 18.6 [2]} 

 

n =  = 1.89 

 

          Using FOS value of 1.5n = 1.5x1.89 = 12.25 = 12 Threads. 

Height of the screw follower, r = n*p = 120mm. 

 

Design choice for r = 120mm. 

 

Shear stress induced in screw was, 

τs=  =  = 0.148 N/mm
2 

 

Shear stress induced in the follower was, 

τsf=  =  = 0.1406 N/mm
2 

 

          Since τs and τsf were below the bearing pressure of 18 

N/mm
2
 [4, 8], Hence design for the screw follower was safe. The 

tearing strength of the screw follower was [2]. 

δt = δt/FS =  

200/2 =  

D1 = 100.02mm 

Hence the choice of 120mm is robust and safe. 

 

B) DESIGN OF STRAIGHT BEVEL GEARS. 
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          The bevel gears are used to transmit power form gear box 

to lead screws. The design of pinion and driven bevel gears are 

as follows [3]. 

 Pressure angle α = 20
0
 full depth involutes 

 Moderate medium shock and 3hrs/day 

Hence service factor Cs = 1.25 {Table 2.33[3]} 

 Pinion material as Alloy steel, case hardened (SAE2320) 

From Table 2.16[3] σ01 = 345 N/mm
2
 

 

          Select minimum number of teeth on pinion to avoid 

interference for 20
0
 full depth involutes systems z1 = 15 {Table 

2.92[3]}. 

i = n1/n2 = = z2/z1 = = d2/d1 

Number of teeth on gear z2 = n1/n2 * z1 = 300/10x15 = 45 

Gear ratio i = n1/n2 = 300/10 = 3 

For right angle bevel gear i.e., σ = 90
0
 

Pitch angle of pinion δ1 = tan
-1

 (1/i) = tan
-1

 (1/3) = 18.435
0
 

Pitch angle of gear δ2 = tan
-1 

i = tan
-1 

3 = 71.565
0
 

Formative number of teeth in a straight teeth bevel pinion 

zv1 = z2/cos δ2 = 15/cos18.435
0
 = 15.8114 

Formative number of teeth in a straight teeth bevel gear 

zv2 = z2/cos δ2 = 45/cos71.565
0
= 142.3021 

Lewis form factor for 20
0
 full depth Involute system 

y = 0.154 – 0.192/ zv. 

Form factor for pinion y1 = 0.09632 

Form factor for gear y2 = 0.1476 

To select gear material equate σ01y1 to σ02y2 

i.e., 345x0.09632 = σ02x0.1476;   σ02 = 225.138 N/mm
2
 

From Table 2.16[3], select the gear material such that its value of 

σ02 must be nearer to 225.138 N/mm
2
. Hence select steel, 

SAE1030, heat treated. 

Hence σ02 =220 N/mm
2
 

 

(a)Identify the weaker member 

 

 

 

 

 

 

 

 

 

 

 

 

 

          

As σ02y2 < σ01y1, gear is the weaker member. Therefore design 

should be based on gear. 

 

(b)Design 

           (i) Tangential tooth load Ft =   where r in mm 

Hence tangential tooth load of the weaker member Ft2 = 

 
          Pitch circle radius of gear r2 = d2/2 = mz2/2 = m*45/2 = 

22.5m 

Ft2 =  =  

(ii) Tangential tooth load from Lewis equation 

Ft = σ0CvbYm ( ) 

 

Tangential tooth load of the weaker member 

Ft2 = σ02Cvb𝜋y2m( ) 

 

Cone distance R =  =   = 23.717m 

 

For face width  < b >   

 

 =  = 7.9m....... (1) 

 

          The face width of the bevel gear is generally taken as 10m 

or whichever is smaller 

 

          As  = 7.9m < 10m, take face width b = 8m 

Hence Ft2 = (220) (Kv) (8m) (𝜋x0.1476) (m) ( ) = 

540.83m
2
 Kv.... (2) 

 

Equating the equation (1) and (2) 

 

i.e.,  = 540.83m
2
kv 

 

Therefore, m
2
kv = 73.576....... (3) 

          Mean pitch line velocity of the weaker member vm =  

=  

=  = 0.9425m 

 

By trial & error method, 

Assume m =6mm 

 

vm = 0.9425x6 = 5.655m/sec 

          Therefore, Velocity factor Cv = Kv=  = 0.34662 

From equation (3) 

 

(6
3
) (0.34662) ≥ 73.756 

74.787 < 73.756 

 

Hence suitable, Therefore module m = 6mm 

 

(c) Dimensions 

From Table 2.1[3] α = 20
0
 Full depth 

Addendum ha= 1m = 6mm 

Dedendum hf = 1.25m = 7.5mm 

Working depth h
1
= 2m = 12mm 

Total depth h = 2.25m = 13.5mm 

Tooth thickness s =  = 9.425mm 

Minimum clearance c = 0.25m = 1.5mm 

Particu

lars 

σo y σoy Material Rema

rks 

Pinion 345 0.096 33.23 Alloy 

steel case 

hardened 

SAE232

0. 

 

Gear 220 0.147 32.47 SAE 

1030 

Heat 

 treated 

steel 

weak

er 
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Pitch circle diameter of pinion d1= mZ1= 90mm 

Pitch circle diameter of gear d2= mZ2= 270mm 

Outside diameter of pinion da1 = d1+2ha1= 102mm 

Outside diameter of gear da2 = d2+2ha2= 282mm 

Dedendum circle diameter of pinion df1= d1-2hf1=75mm 

Dedendum circle diameter of gear df2= d2-2hf2=255mm 

For addendum angle, tanva=  =  

Therefore, Addendum angle va = 2.414
0
 

For dedendum angle, tanvf =  =  

Therefore, Dedendum angle vf = 3.107
0
 

Face angle of pinion θf1 = δ1+ va = 20.849
0
 

Face angle of gear θf2 = δ2+ va = 73.979
0
 

Cutting angle of pinion θc1 = δ1- vf = 15.418
0
 

Cutting angle of gear θc2 = δ2- vf = 68.548
0
 

Tangential took load Ft = 6631.945N 

Face width b = 8m = 48mm 

Cone distance R = 23.717m = 142.3mm 

Mean pitch line velocity vm = 5.655m/sec 

Velocity factor Cv = Kv= 0.34662 

Service factor Cs = 1.5 

 

IV. CONCLUSION 

          The design and development of a Sun/Moon simulator 

facility using lead screw and bevel gear was carried out 

successfully to meet the required design standards. The vertical 

movement is achieved by the two lead screws driven by double 

ended shaft speed control AC motor (7.5Hp or 10Hp) with two 

helical gear box and two pairs of bevel gears. The horizontal 

movement is achieved by a simply supported beam connected to 

the lead screws and a DC motor. The horizontal movement is 

about 4000mm and vertical movement is about 3000mm is 

achieved. This type of mechanism affords plenty of scope of 

modifications for further improvements and operational 

efficiency, which should make it commercially available and 

attractive. Thus it is recommended for the engineering industries 

(lifting mechanism) and agricultural field (to lift bore well 

motors). 
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Abstract- In this paper we develop and analyse an inventory 

model for deteriorating items with mixture of Weibull rate of 

decay and demand as function of both selling price and time 

without shortages. Using the differential equations, the 

instantaneous state of inventory at time‘t’, the amount of 

deterioration etc. are derived. With suitable cost considerations 

the total cost function and profit rate function are also obtained 

by maximizing the profit rate function, the optimal ordering and 

pricing policies of the model are derived. The sensitivity of the 

model with respect to the parameters is discussed through 

numerical illustration. It is observed that the deteriorating 

parameters have a tremendous influence on the optimal selling 

price and ordering quantity. 

 

Index Terms- Perishability, Instantaneous rate of deterioration, 

Total cost function, Profit rate function, the optimal ordering and 

pricing policies. 

 

I. INTRODUCTION 

uch work has been reported regarding inventory models 

for deteriorating items in recent years. In many of the 

inventory systems the major consideration is regarding the 

pattern of demand and supply. Goyal and Giri [4] have reviewed 

inventory models for deteriorating items. They also developed on 

the basis of demand variations and various other conditions or 

constraints. Various functional forms are considered for 

describing the demand pattern. Aggarwal and Goel [1] have 

developed an inventory model with the weibull rate of decay 

having selling price dependent demand. In reality, the demand 

rate of any product may vary with time or with price or with the 

instantaneous level of inventory displayed in a supermarket. 

Mathew [7] Roy and Chaudhuri [10], Sana [11], Tripathy and 

Mishra [13] have studied inventory models with demand rates 

depending on selling price of the item. Inventory problems 

involving time dependent demand patterns have received the 

attention of several researchers in recent years. Mathew [8] 

Chun, et al. [2], Giri, et al. [3], Manna, et al. [6], Mahata and 

Goswami [5] and Skouri, et al. [12] are among those who studied 

inventory models for deteriorating items having time dependent 

demand.  

        However, no serious attempt was made to develop inventory 

models for deteriorating items having  mixture weibull rate of 

decay and both selling price and time dependent demand, which 

are very useful in many practical situations arising at oil and 

natural gas industry, photo chemical industries, chemical 

processes, etc. Hence, in this paper we develop and analysed an 

inventory model with the assumption that the lifetime of the 

commodity is random and follows a three-parameter mixture 

weibull distribution having demand as a function of both selling 

price and time. Using differential equations the instantaneous 

state of on hand inventory is obtained. With suitable cost 

considerations the total cost function is derived. The optimal 

ordering policies are also obtained. The sensitivity of the model 

is analysed though numerical illustration. This model includes 

some of the earlier models as particular cases for specific or 

limiting values of the parameters. 

 

II. ASSUMPTIONS  AND  NOTATIONS 

        We adopt the following assumptions and notations for the 

models to be discussed. 

 

1.1 Assumptions 

         Assumption 1:  The demand is known and is a function of 

unit selling price (s).  

                Assumption 2:  Lead time zero 

 Assumption 3:  A deteriorating item is lost 

 Assumption 4:  The production rate is finite 

 Assumption 5:  T is the fixed duration of a production cycle 

 Assumption 6: The lifetime of the commodity is random and 

follows a three parameter 

weibull distribution of the form f(t)= αβ(t-γ)
β-1 

e
α(t-γ)β 

for  t>γ           

where α,β, γ are parameters. 

 

        Hence, the instantaneous rate of deterioration h (t) is h (t) = 

αβ (t-γ)
 β-1                                                                                                  

(2.1)                                                                                                                                                                 

2.2 Notations 

 

 Q :  The ordering quantity in one cycle of length T. 

              A   :  The cost of placing an order. 

 C :  The cost price of one unit. 

 H :  The inventory holding cost per unit per unit time. 

 S :  The selling price of unit. 

 (s) :  The demand rate, which is a function of unit 

selling price 

 R :  The rate of demand. 

 N :  The pattern index. 

 

M 
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III. INVENTORY MODEL 

        Consider an inventory system in which the amount of stock 

is zero at time t = 0. Replenishment starts at t = 0 and stops at t = 

t1 .The deterioration of the item start after a certain fixed lifetime 

‘’. Since the perishability starts after ‘’ the decrease in the 

inventory is due to demand during the period (0,), demand and 

deterioration during the period (, t1).During (t1, T) the inventory 

level gradually decreases mainly to meet up demand and partly 

due to deterioration. By this process the stock reaches zero level 

at t = T. The cycle then repeats itself after time ‘T’. 

        The schematic diagram representing the inventory system is 

shown in Fig. 

 

 
        Consider an inventory system in which the lifetime of the 

commodity is random and follows a mixture of three parameters 

weibull distribution with parameters1,1, 2,2, and p 

 

Hence the instantaneous rate of deterioration h (t) as 

        H (t) =  

1 2
1 1 2 2

21
21

1 (t ) 1 (t )

1 1 2 2

(t )(t )

p (t ) e (1 p) (t ) e

pe (1 p)e

 



       

  

         

 
  

        for       t > γ   ; α1, α2,β1, β2, > 0 ; and 0 <  p   <  1  (3.1) 

 

        Along with all other assumptions made, assume that the demand rate is known and is a function of both selling price and time, 

say
( , )s t

. This functional form for the demand rate includes several functions involving selling price and / or time. To mention a 

few, 

    (i) (s,t) =  

   (ii) (s,t) =  

   (iii) (s,t) = a   

   (iv) (s,t) = a   

   (v) (s,t) = , a constant, etc. 

 

        Where, s is the selling price per unit, T is the cycle length, r 

is the demand during the period T, n is the pattern index, a and b 

are known constants 

        Let ‘Q’ be the ordering quantity in one cycle, ‘A’ be the 

cost of placing an order, and ‘C’ be the cost of one unit, ‘h’ be 

the inventory holding cost per unit per unit time. (s,t) is 

assumed such that the total cost function is convex. In this model 

the stock decreases due to (i) the demand of items in the interval 

(0,), (ii) the combination of deteriorating and demand of items 

in the interval (,t),(iii) during (t1,T) the inventory level gradually 

decreases mainly to meet up demands and partly for 

deterioration, by this process the stock reaches zero level at t=T. 

The cycle then repeats itself after time T. 

        Let I (t) be the inventory level of the system at time t (0 < t 

<T). Then, the differential equations describing the instantaneous 

states of I (t) over the cycle of length T are 

 

 

1
1

1
( )

n

n

d srt
I t k

dt
nT



 

    for   0  <  t   <  γ                  (3.2) 

           

1
1

1
( ) ( ). ( )

n

n

d srt
I t h t I t k

dt
nT



  

 for  γ  <  t   <  t1                  (3.3) 

          

1
1

1
( ) ( ). ( )

n

n

d srt
I t h t I t

dt
nT



  

         for            t1  <  t   <  T                                  (3.4) 

 

with the initial condition I(0)=0; I(T)=0. 

 

        Substituting h (t) and solving the above differential equations    (3.2) to (3.4), the on-hand inventory at time t can be obtained as 
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 I (t)   =  

1
1

1

n

n

srt
k

nT





   0  <  t   < γ                                                                 (3.5) 

 

 I (t)   =

1 2

1 21 ( ) (1 ) ( )p t p t                                                                                              

1

1 2

1 1
1 1

1 2 1 1
1 ( ) (1 ) ( ) ,

t
n n

n n

sru sr
p u p u k du kr

nT T

 




   

   
              
    



  γ  <  t   <  t1  (3.6) 

 

I (t)   = 

1 2

1 21 ( ) (1 ) ( )p t p t            

1 2 1 2

1 1

1 1
1 1

1 2 1 21 ( ) (1 ) ( ) 1 ( ) (1 ) ( ) ,

T t

n n

t t

t p t p t dt u p t p t du
          

   
                 

  
 

 (3.7) 

 

        The stock loss due to deterioration in the interval    (0, T) is  

L (T)   = 

1
1

1 1

n

n

srt
kt

nT





                              (3.8) 

 

        The ordering quantity in a cycle of length T is obtained as 

Q = kt1                                                                              (3.9) 

 

        Let   K (t1, T, s) be the expected total cost per unit time. Since the total cost is the sum of the set up cost, cost of the units, the 

inventory holding cost.  K (t1, T, s) is obtained as 

K (t1, T, s)      =   

1

10

( ) ( ) ( )

t T

t

A cQ h
h t dt h t dt h t dt

T T T





 
    

  
  

                                                                                 (3.10) 

 

        using Taylor’s series expansion for the exponential function for small values of α(t – )
β
 , the power series expansion and 

ignoring the higher order terms we get, 

  
 

  
 1 2

2
2 21 1 1 2

1 1 1

1 2 2 2

2
( , , ) 2(1 )

2 1 2 1 2

kct t pA hk
K t T s t p t

T T T

  
 

   

 
       

       

         

1 11 21 2
1 1 1

1 2

( ) (1 ) ( )
1 1

p t p t t
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1 11
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1 11 1
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2 2

2 2 22

1 1
1

1 1 1 1
1 1

2 2 2
1 1

2 2
2 2

(1 ) (1 )
1 11 1

1
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1 2

1 2

1 1 1
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1 1 1 1n n n1 1 1
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11
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1 1 1

1 1 1 1 1 1

1

1 1 1
1 1

1 1 1 1 1 1n n n1 1 1
1 1 1 2n n n n n n

1 1 1

1 2
1 1 2

p p (1 p)T T T
T t T T T t T T t

1 1 1n 1 n n 1 n 1
1 1
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1 12

2 2
1 1

1 11
1

1 1 1 1 n nn 1
1 12 2 2 1 1 1n n n n

1 1

2 1
2 1 1

p T TT
(1 p) T T t T (T ) T (t ) p p

1 1 1n n 1 1
1
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2 2
1 2

1 1 1 1
1

1 12 2 2 2n n n n
1 2 2

2
2 2

(1 p) T (T ) T (t ) (1 p) .t (1 p) t
1 11

1
n n

  
   


     

            
      

      (3.11) 

 

Profit rate function P (t1,T,s) is   P (t1,T,s) = sλ(s)   -  K ((t1,T,s)  

 
1

11

1
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IV. OPTIMAL POLICIES OF THE MODEL 

        In this section the optimal pricing and ordering policies of the inventory system by taking a specific form the demand is 

discussed. Let the demand rate be of the form 

  

1
1

1
( , )

n

n

srt
s t

nT







     (4.1) 

        which indicates that the demand as an increasing function of time and selling price. This situation prevails in oil exploration 

industry.  

 

        To find the optimal values of t1, T, s equate the first order partial derivatives of P (t1, T, s) with respect to t1, T and s to zero.By 

differentiating P (t1, T, s) given in equation (3.12) with respect to t1 and equating to zero, we get 
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By differentiating P (t1, T, s) with reference to T and equating to zero, one can get 
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Differentiating P (t1, T, s) with reference to s and equating to zero, we get 
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        Solving the equations (4.2), (4.3) an (4.4) numerically for 

given values of T, 1,1, 2,2,,p, r ,n, A, c,  and h one can 

obtain the optimal values of t1* of t1, T* of T, and s * of s. also 

obtain the optimal expected total cost per unit time. Even though 

T is fixed the expected total cost is function of T. So the expected 

cost function is effected by the various values of T. Hence the 

optimal cycle length can also be obtained by using search 

methods after substituting the optimal value of t1*, t2*,s* and Q* 

as initial values. 

 

V. NUMERICAL ILLUSTRATION 

        For various values of 1,1, 2,2,,p and T the optimal 

values of t1*,t2*,s* and Q* are computed by solving the 

equations (4.2),(4.3) and (4.4)  and presented on table 1 . From 

Table 1 , it is observed that the decision variables of the system 

namely the unit selling price, the ordering quantity and the time 

of stopping the production are influenced by the production rate 

’K’. As ‘K’ increases the unit selling price is decreasing, and the 

optimal time period of production is increasing for fixed values 

of the parameters. That is if the capacity utilization of the 
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production process is maximum then the selling price and the 

ordering quantity are optimal.  

 

 

Table – 1 

Optimum values of production time, selling price, profit and ordering quantity 

 

C h R N K T 1 2 1 2  p A t1 T S P Q 

2 .2 1 1 2 10 2 .2 2.2 .2 0 .5 5 3.748 6.888 4.141 14.714 11.568 

3             3.628 6.886 4.140 13.614 11.421 

4             3.524 6.884 4.091 12.921 11.328 

 .2            3.748 6.888 4.141 14.715 11.568 

 .3            3.641 6.721 4.121 13.123 11.564 

 .4            3.746 6.692 4.040 12.529 11.419 

  .8           3.521 6.642 3.921 15.123 11.612 

  .9           3.641 6.428 4.040 14.816 11.592 

  1           3.748 6.888 4.141 14.715 11.568 

   1          3.748 6.888 4.141 14.715 11.568 

   2          3.691 6.921 4.416 14.521 11.521 

   3          3.920 6.020 4.230 14.328 11.409 

    2         3.748 6.888 4.141 14.714 11.568 

    3         3.690 6.914 4.140 14.961 11.614 

    4         3.640 7.210 4.091 15.381 11.628 

     8        3.841 6.889 4.121 14.691 11.231 

     9        3.792 6.901 4.092 14.522 11.489 

     10        3.748 6.888 4.141 14.714 11.568 

      2.0       3.748 6.888 4.141 14.714 11.568 

      2.1       3.546 6.894 4.040 14.813 11.612 

      2.2       3.249 6.859 3.921 15.029 11.642 

       0.2      3.748 6.888 4.141 14.714 11.568 

       0.3      3.612 6.841 3.916 14.913 11.619 

       0.4      3.332 6.571 3.812 15.106 11.712 

        2.2     3.748 6.888 4.141 14.714 11.568 

        2.3     3.541 6.688 4.146 14.512 11.734 

        2.4     3.256 6.821 4.218 14.216 11.928 

         0.2    3.748 6.888 4.141 14.714 11.568 

         0.3    3.720 6.928 4.140 14.816 11.612 

         0.4    3.560 6.967 4.062 15.924 11.813 

          .1   3.942 6.788 4.216 14.719 11.841 

          .2   4.106 6.421 4.314 14.816 11.928 

           .25  3.751 6.889 4.148 14.926 11.716 

           .5  3.748 6.888 4.141 14.714 11.568 

           .75  3.812 6.905 4.206 15.381 11.948 

 

        From Table 1 it is observed that the optimal ordering 

quantity, and the expected total cost per unit time are much 

influenced by the parameters, various costs and cycle length. It is 

observed that as cycle length increases, the optimal ordering 

quantity is increasing when the other parameters and cost are 

fixed. The optimal ordering quantity is also influenced by the 

mean lifetime of the commodity. The optimal ordering quantity 

is very sensitive to the penalty cost, when other parameters are 

fixed. When the penalty cost is increasing, the optimal ordering 

quantity is increasing. However if the increase in the penalty cost 

is in proportion to the increase in the cost per unit, then the 

optimal ordering  quantity is an increasing function to the 

increase in the cost. If the cost per unit is much higher than the 

penalty cost, then the optimal ordering quantity is a decreasing 

function of the cost per unit. The optimal ordering quantity is a 

decreasing function of the holding cost. However even if the 

holding cost is much less compared to the penalty cost then 

optimal ordering quantity is decreasing function of the holding 

cost. So by properly choosing the penalty cost one can have the 

optimal inventory management. It is also observed that the 

parameters of the model influence the mean lifetime of the 

commodity and hence the rate of deterioration, which results in 

the change of the optimal ordering quantity. The optimal 

ordering quantity is a decreasing function of the location 

parameter,  increases, the total expected cost per unit time is 

decreasing. Since the location and shape parameters of the 

lifetime of the commodity have a significant influence on the rate 

of deterioration, there is a need to analyze the influence of these 
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two parameters on the optimal values of their inventory models 

with respect to their inter-relationship Even though T, the cycle 

length is considered to be a known value in this inventory model, 

it is also interesting to note that the cycle length has a vital 

influence on the optimal ordering quantity and expected total 

cost per unit time. For deriving the optimal ordering quantity one 

has to properly estimate the parameters involved in the lifetime 

of the commodity. 

 

VI. CONCLUSIONS 

        Inventory models play a dominant role in manufacturing 

and production industries like cement, food processing, 

petrochemical, and pharmaceutical and paint manufacturing 

units. In this paper, an inventory model for deteriorating items 

with constant rate of replenishment, time and selling price 

dependent demand and mixed Weibull decay has been developed 

and analyzed in the light of various parameters and costs and 

with the objective of maximizing the total system profit. The 

model was illustrated with numerical examples and sensitivity 

analysis of the model with respect to costs and parameters was 

also carried out. This model also includes the exponential decay 

model as a particular case for specific values of the parameters. 

The proposed model can further be enriched by incorporating 

salvage of deteriorated units, inflation, quantity discount, and 

trade credits etc. It can also be extended to a multi-commodity 

model with constraints on budget, shelf space, etc., These models 

may also be formulated in fuzzy environments. 
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Abstract- The simultaneous multiple infestation by parasitic 

crustacean species involving a cymothoid isopod, Mothocya 

renardi (Bleeker 1857) and three copepods  such as 

Lernanthropus tylosuri Richiardi 1880, Caligodes lacinatus 

Heller 1868 and Bomolochus bellones Burmeister 1833 was 

frequently observed on Banded needlefish, Strongylura leiura 

(Belonidae)  captured from the Malabar Coast. 130 of 132 fish 

specimens  (S. leiura) collected from January  2011 to  February 

2012, were hyperinfested by 698 parasitic crustaceans including 

226 M. renardi,  262 L. tylosuri,  158 C. lacinatus  and 52 B. 

bellones.    Out of 132 host fishes ( S. leiura) examined, four  

members showed a quadruple parasitism involving M. renardi, L. 

tylosuri, C. lacinatus and B. bellones.  87 host fishes showed 

triple parasitism and 38 others a double parasitism, with different 

parasitic associations. In triple parasitism 4 and in double 

parasitism 5 possible combinations  were noticed.  Two fish were 

parasitized only by M. renardi. The sites of infestation by the 

parasitic crustaceans are highly specific. 

 

Index Terms- Isopod, Cymothoid, Copepod, Infestation, 

Prevalence, Quadruple parasitism. 

I. INTRODUCTION 

arasitic crustaceans infesting fishes invite attention of 

researchers world over inasmuch as it could adversely affect 

the health of food fishes (Brusca, 1981; Johnson et al., 1996, 

2004; Williams and Williams, 1998; Izawa and Choi, 2000; Ho 

et al., 2000; Karlsbakk et al., 2001; Ravichandran, 2007; 

Hadfield et al., 2010, 2011; Trilles et al., 2011, 2012, 2013; 

Aneesh et al., 2013).  Most of the parasitic crustaceans belong to 

Isopoda, Branchiura and Copepoda (Margolis et al., 1975; 

Oktener and Sezgin, 2000).  Cymothoidae are oligoxenous 

isopods and often induce deleterious effects on the host 

(Overstreet, 1978; Kabata, 1985; Trilles and Jacquotte, 1996, 

2012; Aneesh et al., 2013). Significant proportion of the parasitic 

copepods is known parasitizing fishes (Kabata, 1979; Love and 

Moser, 1983; Hogans and Dadswell, 1985; Pillai 1985; Benz, 

1986; Oldewage and Smale, 1993; Benz et al., 2003; Cheng et 

al., 2009, 2011; Ho et al., 2010; Rashidy and Boxshall,  2010, 

2012).  Indian fishes have been shown to possess  high  rate of 

susceptibility for parasitization  by isopods and copepods as well 

(Pillai, 1985; Aneesh et al., 2010, 2012, 2013; Trilles et al., 

2011,2012, 2013; Helna et al., 2012).  

              Reports are scanty on   the   simultaneous occurrence of 

multiple parasitism involving exclusively   parasitic crustaceans. 

Daniel and Rao (1967) and Daniel and Premkumar (1967) 

reported the simultaneous infestation of flying fish (Cypselurus  

speculiger) by a copepod Pennella sp. and the cirriped 

Conchoderma virgatum. Hewitt (1979) and Benz et al., (2003) 

observed the multiple infestation of Pacific white shark 

(Carcharodon carcharias) by 5-8 different siphonostomatoid 

(copepod) species.  In India, incidence of double parasitism 

involving the isopod Nerocila phaiopleura and the copepod 

Lernaeenicus sprattae was reported in anchovy fish Stolephorus 

commersonii (Rajkumar et al., 2006). Another Indian fish 

(Hemiramphus far) also showed simultaneously infestation by 

the isopod Mothocya plagulophora and the copepod 

Lernaeenicus hemiramphi (Gopalakrishnan et al.,  2010).  

The present study indicates the frequent  and year round 

occurrence of double and triple parasitism and  also the few 

incidence of quadruple parasitism  exclusively by  the species of 

parasitic crustaceans  including isopods and copepods on  the 

host fish, Strongylura leiura (Belonidae) distributed  along the 

Malabar Coast (Kerala, India).   

II. MATERIALS AND METHODS 

The present study was conducted from January 2011 to 

February 2012. Living or fresh host fishes (Strongylura leiura) 

were collected from the Ayyikkara fish landing center (Lat. 

11°51'N, Long. 75°22'E; Malabar Coast, Kerala, India). As soon 

as they were collected and transferred to the laboratory, various 

parts of the fish body (the body surface, the lateral line region, 

the base of the pectoral fin, the branchial cavity and gill 

filaments, the beak, the inner wall of the operculum, etc) were 

carefully examined for the presence of parasitic crustaceans 

using hand lens.  Recovered parasitic crustaceans were removed 

from the host and preserved in 70% ethanol for further detailed 

examination. The identification was performed, using a 

dissecting microscope and a stereo microscope Leica-S6D, 

according to Pillai, (1985) and Bruce (1986). The prevalence (P) 

was calculated according to Margolis et al., (1982) and Bush et 

al., (1997). The seasonal fluctuations of the prevalence, if any, 

were assessed through the P-values calculated by Turkey-Kramer 

multiple comparisons test or through Student’s t-test, using 

InStat Software (Graphpad InStat, Version 2.00, 2007). Host 

nomenclature and fish taxonomy are according to Fish Base 

(Froese and Pauly, 2013).  

P 
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              Voucher specimens  of  all parasites  were collected by 

Aneesh, Helna and Sudha  from Ayyikkara fish landing centre 

(Lat. 11°51'N, Long. 75°22'E),  Malabar Coast, Kerala, India and  

deposited in the Parasitic Crustacean Museum, Crustacean 

Biology Research Laboratory, Sree Narayana College, Kannur, 

Kerala, India. Abbreviations used: PCM–Parasitic Crustacean 

Museum, Crustacean Biology Research Laboratory, Sree 

Narayana College,  Kannur,  Kerala, India;  LT - Total length;  

OgF - Ovigerous female; BP- Brood pouch; ES - Egg sac. 

Mothocya renardi (Bleeker 1857): All from Strongylura 

leiura, Ayyikkara fish landing centre (Lat. 11°51'N, Long. 

75°22'E), Malabar Coast (Kerala, India); collected by Aneesh, 

Helna and Sudha and deposited in PCM.  Transitional stage (LT, 

17 mm) (PCM N° MR -10), 13 March 2011; OgF releasing 

manca larvae (LT,  21 mm) possessed only 2-5 manca larvae in 

the BP (PCM N° MR-11 ), 23 March 2011; OgF (LT, 24 mm) 

possessed pullus larvae in the BP (PCM N° MR-12), 23 March 

2011; Transitional stage (LT, 23 mm) (PCM N° MR -17), 21 

May 2011; Male (LT, 14 mm) (PCM N° MR- 23), 14 January 

2012. 

Lernanthropus tylosuri Richiardi, 1880: All from 

Strongylura leiura, Ayyikkara fish landing centre (Lat. 11°51'N, 

Long. 75°22'E), Malabar Coast (Kerala, India); collected by 

Aneesh, Helna and Sudha and deposited in PCM. OgF (LT, 7.8 

mm) with ES (PCM N° Lt-06), 13 March 2011; OgF (LT, 4.6 

mm) without ES (PCM N° Lt-11), 23 March 2011; Male (LT, 1.6 

mm) detached from the specimen PCM N° Lt -11 (PCM N° Lt -

12), 23 March 2011; OgF (LT, 5.5 mm) without ES and a male 

(LT, 1.8 mm)  clinging  on OgF (PCM N° Lt -13), 23 March 

2011 

Caligodes lacinatus Heller 1868: All from Strongylura 

leiura, Ayyikkara fish landing centre (Lat. 11°51'N, Long. 

75°22'E) Malabar Coast (Kerala, India); collected by Aneesh, 

Helna and Sudha and deposited in PCM. OgF (LT, 9.6 mm) with 

ES (PCM N° Cl-02), 13 March 2011; OgF (LT, 6 mm) without 

ES (PCM N° Cl -03), 23 March 2011. 

Bomolochus bellones Burmeister 1833: All from 

Strongylura leiura, Ayyikkara fish landing centre (Lat. 11°51'N, 

Long. 75°22'E) Malabar Coast (Kerala, India); collected by 

Aneesh, Helna and Sudha and deposited in PCM. OgF (LT, 1.8 

mm) with ES (PCM N° Bb-02), 13 March 2011; OgF (LT, 1.4 

mm) without ES (PCM N° Bb -03), 23 March 2011. 

 

III. RESULTS 

132 Strongylura leiura (Figure 1 A) collected from 

January 2011 to February 2012, were found to be simultaneously 

infested by maximum four different species of parasitic 

crustaceans (Table I). Recovered parasitic crustaceans include a 

cymothoid isopod, Mothocya renardi (Bleeker 1857) and three 

copepods, Caligodes lacinatus Heller 1868, Lernanthropus 

tylosuri Richard 1880 and Bomolochus bellones Burmeister 1835 

(Tables I - III; Figures 1 B - E). 

Among the recovered parasitic crustacean species,  

Mothocya renardi exhibits the highest prevalence (P = 93.18%) 

(Table II; Figure 2) by infesting 123 (out of 132) host fishes (S. 

leiura); the intensity being equal to 1.71 (Table II).  Of 226 

members of M. renardi, there were 103 males and 107 females 

and the remaining 16  were under  the transitional phase.   206  

members of this cymothoid parasite  were appeared  in  pairs  

with two different combinations such as  male - female (89 +89 

=178) and  male - transitional stage  (14 +14=28) during their 

infestation on the  fish (S. leiura);  invariably, member in the pair  

being settled  the floor of either of the host fish  branchial cavity.  

The remaining unpaired 20 (226-206) members of M. renardi,  

including 18 females and 2 transitional stages  were also found to 

be settled  the host branchial cavity. The large sized  females  

usually orient their cephalon towards the host mouth. 

 

Figure 1:  A – host fish Strongylura leiura; B – M. renardi - 

male and female; C -  C. lacinatus - female; D - B. bellones - 

female; E - L. tylosuri - female 

            

 
 

(Legends: Mr (M) - M. renardi, male; Mr (F) - M. renardi, 

female) 

91 of the 132 S. leiura examined were also infested by 

262 members of the copepod Lernanthropus tylosuri (236 

females and 26 males).  The prevalence and intensity reach 68.9 

% and 2.88 respectively (Table II; Figure 2). All females are 

reproductive active evidenced by the presence growing ovaries 

and/or egg sacs.  The recovered males were not  independed but 

found to be in a clinging/ copulatory position attaching  the 

genital segment of the females with their  maxilliped.  L. tylosuri 

shows strict site specificity by infesting only the gill filament of 

the host. 
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Table I:  Showing data on the multiple parasitism on Strongylura leiura by parasitic crustaceans 

  
 

Month   

 

 

 

Host 

fish 

series 

Infestation of S. leiura  by Parasitic Crustaceans  

 

Remarks Isopod Copepods 

Mothocya renardi Lernanthropus 

tylosuri 

Caligodes lacinatus Bomolochus bellones 

Female Male Female Male Female Male Female Male 

 

 

 

 

 

 

 
January 2011 

 

 

 

 

 

 

1 1 1 2 - - - - - Double 

2 1 1 3 - 2 - - - Triple 

3 1 1 2 - - - 1 - Triple 

4 1 1 - - 1 - - - Double 

5 1 1 - - 2 - - - Double 

6 1 1 2 - - - 2 - Triple 

7 - - 4 - 1 - - - Double 

8 1* 1 - - - - - - Single 

9 1 1 2 - 2 - - - Triple 

10 1 1 2 - 1 - - - Triple 

11 1 1 3 - - - - - Double 

12 1 1 2 - - - - - Double 

13 1 1 2 - - - 1 - Triple 

14 1 1 2 - 2 - - - Triple 

 

 

 

February 

2011 

 

 

 

15 1 1 2 - 2 - - - Triple 

16 1 1 3 - 2 - - - Triple 

17 1* 1 - - 2 - - - Double 

18 1 1 - - 1 - 1 - Triple 

19 1 1 2 - - - 2 - Triple 

20 1 1 - - - - 1 - Double 

21 1 - 3 - - - 1 - Triple 

22 1 - 2 - 2 - - - Triple 

 

 
March 2011 

23 1 1 3 - 1 - - - Triple 

24 1* 1 2 - 1 - - - Triple 

25 1 - - - 1 - - - Double 

26 1* 1 - - 2 - 1 - Triple 

27 1 1 - - 1 - 1 - Triple 

April 

2011 

 

28 1 1 - - 2 - 1 - Triple 

29 1 1 3 - 1 - - - Triple 

30 1 1 3 - - - - - Double 

 

 
May 

2011 

 

 

 

 

 

31 1 1 2 - - - 1 - Triple 

32 1 1 3 - 2 - - - Triple 

33 1 1 2 - 2 - - - Triple 

34 1 1 - - 1 - - - Double 

35 1 1 - - - - 1 - Double 

36 1* - 2 - 2 - - - Triple 

37 1 1 2 - - - - - Double 

38 1 1 3 - 2 - 1 - Multiple 

39 - - 3 - - - 1 - Double 

40 1 1 2 - 1 - - - Triple 

 

 

June 2011 

41 1 1 3 - - - 1 - Triple 

42 1 1 - - 2 - 1 - Triple 

43 1 1 2 - 1 - - - Triple 

44 1 1 3 - - - - - Double 

 
 

July 

2011 

45 1 1 3 - 1 - - - Triple 

46 1 - - - 2 - 1 - Triple 

47 1 1 2 - 2 - - - Triple 

48 1 1 2 - 2 - - - Triple 

49 1 1 - - 2 - - - Double 

50 1 1 3 - - - 1 - Triple 

 

 

 

August 2011 

 
 

 

 

 

 

 

51 1 1 3 - 1 - - - Triple 

52 1 1 - - 1 - 1 - Triple 

53 1 1 3 - 1 - - - Triple 

54 1* 1 - - 2 - 1 - Triple 

55 1* 1 2 - 2 - - - Triple 

56 1 1 1 - - - 1 - Triple 

57 1 1 2 - 1 - - - Triple 

58 1 1 2 - - - - - Double 

59 1 1 2 - - - 2 - Triple 

60 1 1 - - 1 - - - Double 

61 - - 3 - 2 - - - Double 

62 1 1 2 - 1 - - - Triple 

 63 1 1 2 - - - 1 - Triple 
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September 

2011 

64 1 1 3 - 1 - - - Triple 

65 1 1 3 - 2 - - - Triple 

66 1 - - - 2 - - - Double 

67 1 - 3 - 1 - 1 - Multiple 

68 1 1 4 - 2 - - - Triple 

69 1 1 - - 1 - - - Double 

70 1 1 3 - - - - - Double 

71 1 1 2 - 1 - - - Triple 

72 - - 3 - - - 2 - Double 

73 - - 2 - 2 - - - Double 

74 1 1 - - 2 - 1 - Triple 

75 1 1 2 - 2 - 1 - Multiple 

76 1 - 3 - 1 - - - Triple 

77 1 1 2 - 1 - - - Triple 

78 1 1 3 - 1 - - - Triple 

October 2011 79 1 1 1 - 2 - - - Triple 

80 - - 3 - 1 - - - Double 

81 1 1 - - 2 - - - Double 

82 1 1 - - 2 - 1 - Triple 

83 1 - 4 - - - 1 - Triple 

84 1 1 - - 1 - 1 - Triple 

85 1 - 2 - 1 - - - Triple 

86 1 - 3 - 2 - - - Triple 

87 1 1 2 - 2 - - - Triple 

88 1 1 3 - - - - - Double 

89 1 1 - - 1 - 2 - Triple 

November 2011 90 1 1 2 - - - - - Double 

91 1 - 2 - - - - - Double 

92 1 1 - - 2 - 1 - Triple 

93 - - 2 - 2 - 1 - Triple 

94 - - 3 - 1 - - - Double 

95 1 1 - - 2 - - - Double 

96 1* 1 3 1 2 - - - Triple 

97 1 - 2 1 1 - - - Triple 

98 1 - 3 1 - - 1 - Triple 

99 1 1 2 - - - 1 - Triple 

100 1* 1 4 2 2 - - - Triple 

101 1 1 - - 2 - 1 - Triple 

102 1 1 - - 2 - 1 - Triple 

103 1 1 4 4 - - - - Double 

104 1 - - - 2 - 1 - Triple 

105 1* 1 - - 2 - - - Double 

106 1* 1 4 2 1 - - - Triple 

107 1 1 4 - 2 - - - Triple 

108 1 - 1 - 2 - - - Triple 

December 2011 

 

 
 

109 1 1 2 1 2 - - - Triple 

110 1 1 4 2 2 - - - Triple 

111 1* 1 3 - 1 - - - Triple 

112 1 1 - - 2 - 2 - Triple 

113 1 1 - - 1 - 1 - Triple 

114 1 1 - - 2 - - - Double 

115 1* 1 4 3 - - - - Double 

116 1 1 - - - - - - Single 

117 1 1 - - 2 - - - Double 

118 1 1 1 - - - 1 - Triple 

119 1 - - - 2 - 1 - Triple 

120 1 - 3 2 2 - - - Triple 

January 2012 121 1 1 4 2 2 - - - Triple 

122 1* 1 3 - 1 - - - Triple 

123 1 - - - 2 - 2 - Triple 

124 1* - 2 - 2 - - - Triple 

125 1 1 - - 2 - - - Double 

February 2012 126 1 1 2 - 2 - - - Triple 

127 1* 1 3 - 1 - - - Triple 

128 1 1 - - 2 - 1 - Triple 

129 1 1 4 3 2 - - - Triple 

130 - - 3 2 2 - - - Double 

131 1 1 - - 1 - - - Double 

132 1 1 3 - 2 - 1 - Multiple 

  123 

 

103 236 26 

 

158 0 

 

52 0 

 

Single -    2 

Double-  39 

Triple -    87 

Multiple-  4 
123(226) 

*  Transitional 

stage = 16 

91( 262) 98(158) 45(52) 
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Table II: Parasitological index of the parasitic crustaceans on Strongylura leiura under multiple parasitism 

 
Parasites   NFO NFI P NPR I Site of  infestation  

 

Mothocya renardi  Bleeker 1857 

 

Lernanthropus tylosuri Richard 

1880 

 

Caligodes lacinatus Heller 1868 

 

Bomolochus bellones Burmeister 

1835 

      

 

132 

 

132 

 

 

132 

 

 

132 

 

 

123 

 

91 

 

 

98 

 

 

45 

 

93.18 

 

68.9 

 

 

74.2 

 

 

34.1 

 

226 

 

262 

 

 

158 

 

 

52 

 

 

1.71 

 

2.88 

 

 

1.61 

 

 

1.16 

floor of the branchial cavity, the cephalon of the parasite 

usually facing towards the host mouth 

 

on  the gill filament   

 

  

penetrating the fleshy part of the lower beak 

 

 

attached on the inner side of the operculum 

 
(P – Prevalence; NFO- Number of fishes examined; NFI- Number of fishes infested;   NPR: Number of parasite recovered;   I: Intensity)    

 

  Table III: Showing   parasitic combinations in different levels of multiple parasitism 

 
 

NFO 

Single 

Parasitism 

Double Parasitism Triple Parasitism Quadruple Parasitism  

 

 

 
M ML MC LC MB LB MLC MLB MCB LCB MLCB 

 

132 Total 

instances of  

single 

parasitism 

-  2 

13 16 

 

6 

 

2 

 

2 

 

50 15 21 1 Total instances of  

quadruple parasitism - 

4 Total instances of  double parasitism - 39 Total instances of  triple  parasitism -87 

Total instances of  multiple parasitism ( double, triple and quadruple) - 130 

                                                                      Total : 132 

 
(NFO- Number of examined fishes; MLC - M. renardi, L. tylosuri and C. lacinatus; MLB - M. renardi, L. tylosuri and B. bellones; MCB - M. 

renardi, C. lacinatus and B. bellones; LCB - L. tylosuri, C. lacinatus and B. bellones;    ML - M. renardi and L. tylosuri; MC - M. renardi and 

C. lacinatus; LC - L. tylosuri and C. lacinatus; MB - M. renardi and B. bellones   and LB - L. tylosuri and B. bellones) 

 

Figure 2: Occurrence of parasitic crustaceans (Mothocya 

renardi, Lernanthropus tylosuri, Caligodes lacinatus and 

Bomolochus bellones)   parasitizing the fish Strongylura leiura 

during the period from January 2011 to February 2012 

 

 
 

                  The copepod species Caligodes lacinatus was 

collected from 98 out of the 132 S. leiura examined; the 

prevalence reached 74.2%.  A total of 158 parasites were 

recovered from the infested host fishes, the intensity being equal 

to 1.61 (Table II; Figure 2).  All the recovered members of this 

parasite were exclusively   females carrying growing ovaries and 

egg sacs as well.  C. lacinatus was found to penetrate the fleshy 

part of the lower beak of the host fish; swelling and tissue 

damages were frequently observed at the penetration site.  

         Bomolochus bellones showed the lowest prevalence  

(34.1%), only  45 of the 132 S. leiura examined being infested;  

52 parasites were collected from the infested host fishes,  the 

intensity being equal to 1.16 (Table II; Figure 2). All specimens 

were females and reproductively active possessing egg sacs or 

maturing ovaries. The inner side of the operculum forms the 

specific site for the attachment of this species.  

          Interestingly, the host fish (S. leiura) was under frequent 

and simultaneous multi infestation (quadruple/triple/double) by 

these four parasitic crustaceans (M. renardi, C. lacinatus, L. 

tylosuri and B. bellones) throughout the study period (January 

2011 to February 2012) (Figure 3).   In order to check the 

seasonal fluctuation, if any, in the prevalence of parasitisation by 

these four parasitic crustaceans on the host fish,  the data (on 

Prevalence)  was grouped  according to Summer/ Pre-monsoon 

(January-May), Monsoon (June-August), Post-monsoon 

(September-December) seasons and a statistical comparison was 

made.  None of the recovered parasitic crustaceans showed   any 

statistically significant seasonal-wise fluctuation in their 

prevalence (Table IV). 
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Figure 3:  Monthly occurrence of multiple parasitism on the fish Strongylura leiura 

 

 
  

Table IV:  Statistical analysis of seasonal occurrence of   parasitic crustaceans (Mothocya renardi, Lernanthropus tylosuri,  

Caligodes lacinatus and Bomolochus bellones) if any parasitizing the fish Strongylura leiura during the period from January 

2011 to February 2012 

 
Parasites Summer/ Pre-monsoon 

(January -May) 

(A) 

Monsoon 

(June -August) 

(B) 

Post-monsoon (September-December) 

(C) 

 
Mothocya renardi   

97.5 % ±2.5 
(12) 

97.22 % ± 2.78 
(8) 

92.154 % ±2.151 
(12) 

Lernanthropus tylosuri 62.29 % ±8.315 

(12) 

72.22 % ± 2.780 

(8) 

68.38 % ±5.615 

(12) 

Caligodes lacinatus  
 

72.29 % ±9.338 
(12) 

69.443 % ±10.015 
(8) 

72.348 % ±2.5 
(12) 

Bomolochus bellones  

      

97.5 % ±2.5 

(12) 

97.5 % ±2.5 

(8) 

97.5 % ±2.5 

(12) 

 
 (M. renardi - (A=B (NS) (t =0.07441, P=0.471); A=C (NS) (t =1.631, P=0. 735); B=C (NS) t =1. 442, P=0.0997);  L. tylosuri -(A=B (NS) t = 0.982, P=0. 1855; A=C 

(NS) t = t =0.6286, P=0. 2748; B=C (NS) t =0.495, p=0. 319);  C. lacinatus -(A=B (NS) (t =0.205, P=0. 423); A=C (NS) (t =0.006, P=0. 498); B=C (NS) (t =0.272, 

P=0. 397); B. bellones -(A=B (NS)( t =0.315, P=0. 383); A=C (NS) t =1.851, P=0. 053; B=C(NS) t =1.123, P=0. 152); NS – Not significant) 

 

A. Quadruple parasitism 

 

         Interestingly, 4 of the 132 examined host fish showed a 

quadruple parasitism, being infested by the four species of 

parasitic crustaceans identified in this study, but only  during 

February, May and September  (Tables I and III; Figure 4).  

 

B. Triple parasitism 

 

         87 (out of 132; 65.9%)  S. leiura were simultaneously 

infested by three parasitic crustacean species, with four possible 

combinations (Tables 1 and 3): 1) M. renardi, L. tylosuri and C. 

lacinatus (MLC), 2) M. renardi, L. tylosuri and B. bellones ( 

MLB), 3) M. renardi, C. lacinatus and B. bellones (MCB)  and 

4) L. tylosuri, C. lacinatus and B. bellones(LCB).  The rates of 

these combinations were 57.6% (MLC), 24.1% (MCB), 17.2% 

(MLB) and 1.1 % (LCB) respectively (Table III; Figure  4 and 

5). Interestingly, the triple parasitism was observed throughout 

the study period (Table I). 

Figure 4: Instances of  different levels of single, double, triple 

and quadruple crustacean  parasitism  on the fish 

Strongylura leiura   during the period from January  2011 to  

February 2012 
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Figure : 5 The percentage of the different combinations in 

triple parasitism on  the fish Strongylura leiura   during  the 

period from January  2011 to  February 2012 

 

 
 
(Legends:  MLC - M. renardi, L. tylosuri and C. lacinatus; MLB - M. 

renardi, L. tylosuri and B. bellones; MCB - M. renardi, C. lacinatus and 

B. bellones   and  LCB - L. tylosuri, C. lacinatus and B. bellones)  

 

C. Double parasitism 

 

         The occurrence of double parasitism by simultaneous 

infestation with two parasitic crustacean species was found in 39 

(out of 132; 29.5%) members of host fishes  (S. leura ).   Five 

possible combinations of double parasitism were observed during 

the present study period 1) M. renardi and L. tylosuri (ML); 2) 

M. renardi and C. lacinatus (MC); 3) L. tylosuri and C. lacinatus 

(LC); 4) M. renardi and B. bellones (MB) and 5) L. tylosuri and 

B. bellones (LB).  MC and ML combinations were found to be 

significantly high amounting 41% and 33.3% respectively. LC 

reached 15.4%; MB and LB combinations were lowest, only 

5.13% each (Tables I and III; Figures 4 and 6).  The incidence of 

double parasitism was noticed   throughout the year (Table I). 

 

Figure 6: The percentage of different combinations in double 

parasitism on the fish Strongylura leiura   during the period 

from January 2011 to February 2012 

 

 
 

(Legends: ML - M. renardi and L. tylosuri;  MC - M. renardi and C. 

lacinatus;  LC - L. tylosuri and C. lacinatus; MB - M. renardi and B. 

bellones   and LB - L. tylosuri and B. bellones ) 

 

D. Single parasitism 

 

         Unlike triple and double parasitism noticed in the present 

host fish (S. leiura), infestation with only one species of parasitic 

crustaceans (single parasitism) was seldom during the present 

study period; only two fish members (out of 132; 1.5%) showed 

single parasitism with M. renardi, one in January other in 

December (Table 1; Fig.  4).   

IV. DISCUSSION 

         The present study reveals that the fish S. leiura is a 

potential host for four parasitic crustacean species.  698 parasitic 

crustaceans including 226 cymothoid isopod (Mothocya renardi) 

and 472 copepods (262 Lernanthropus tylosuri, 158 Caligodes 

lacinatus, and 52 Bomolochus bellones) were collected from 132 

examined fish, S. leiura. The prevalence of M.  renardi was 

highest (P = 93.18%) throughout the study period. The parasitic 

copepod C. lacinatus was collected from 98 host fishes, its 

prevalence being 74.2%.  L. tylosuri parasitized 91 S. leiura 

(prevalence = 68.9%). The prevalence of B. bellones, infesting 

only 45 of 132 examined fishes, was lowest (34.1%).  The mean 

intensity vary according to the  parasitic species. The highest 

intensity was observed in L. tylosuri (I=2.6), M. renardi and C. 

lacinatus have an intensity reaching 1.71 and 1.61 respectively. 

The lowest intensity was observed in B. bellones (I=1.16). 

         These four parasitic crustaceans showed specific 

attachment sites apparently for avoiding the inter-parasitic 

competition for space and food.   The isopod M. renardi and the 

copepod L. tylosuri, the blood feeding parasites prefer buccal 

cavity and gill filament respectively for their infestation site. On 

the otherhand, C. lacinatus penetrates the tissue lining of the   

lower beak and  B. bellones clinges  the operculum  to facilitate 

tissue feeding.  

         In the present study, all the collected parasitic copepods 

belonging to the species C. lacinatus (158) and B. bellones (52) 

were invariably mature females carrying egg sacs.  No single 

instance of parasitization was noticed  by male members of these 

copepod species (both C. lacinatus and B. bellones)   apparently 

due to the existence of   sex specific parasitization. Further, 

among the 262 members of recovered copepod species of L. 

tylosuri, 26 were males, but they were not found attaching the 

gill filaments of the host fish, but clinging the genital segments 

of the parasitic females, apparently in copulation process. 

Reports show that only reproductively mature female copepods 

are parasitic and the males dying after the copulation (Jithendran 

et al., 2008). 

         Notwithstanding few reports, our knowledge on the 

occurrence of multiple parasitism involving parasitic crustaceans 

is very poor. The frequent occurrence of double and triple 

parasitism and few instance of quadruple parasitism by parasitic 

crustaceans noticed  ( in the present study) on the fish S. leiura 

invites  more observation on the subject.  The multiple   (double 

and triple) parasitic infestations found in S. leiura throughout the 

year revealed that it is not an accidental incident.   Further, the 

prevalence was more or less uniform without showing any 

statistically significant fluctuation throughout the study period 

suggesting that it (prevalence) is not apparently dependent on 

seasonal environmental parameters such as the rainfall, salinity 

and temperature. 
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         Few reports are available on the double parasitism 

involving crustaceans.  The occurrence of double parasitism with 

a copepod Pennella sp. and a cirriped C. virgatum was reported 

from the flying fish C.  speculiger (Daniel and Premkumar, 

1967). The Commerson’s anchovy fish S. commersonii from the 

Parangipettai (India) coastal waters was found simultaneously 

infested by the cymothoid isopod N.  phaiopleura and the 

copepod L. sprattae (Rajkumar et al., 2006).  Double parasitism 

with the isopod M. plagulophora and the copepod L. hemiramphi 

was  noticed in Hemiramphus far (Gopalakrishnan et al., 2010). 

Daniel and Rao, (1967) reported the parasitization of the flying 

fish by an isopod, copepod and cirripede.  In the present study, 

29.5% (39 out of  132) members of fish, S. leiura   showed the 

occurrence of double parasitism involving one isopod and three 

copepods in five different combinations.  The degree of the 

occurrence of the combinations M. renardi and C. lacinatus 

(MC) and M. renardi and L. tylosuri (ML) was significantly high 

reaching 41% and 33.3%, respectively. In three combinations 

(MC, ML and MB), the isopod M. renardi was found to be 

common, signifying its high rate of infestation on the host. The 

other two double parasitic combinations (LC and LB), all 

members are copepods; LC amounts 15.4% and LB 5.13% 

(Tables I and II; Figs. 4 and 6). Apart from this, no further 

information are available on triple parasitism by crustaceans  till 

date.  The present study revealed that 87 members (65.9%) of S. 

leiura have been under triple parasitism with crustacean species 

and the rate of occurrence   is more than two fold of double 

parasitism. Out of four combinations (MLC, MLB, MCB and 

LCB) noticed in the triple parasitism, MLC (M. renardi, L. 

tylosuri and C. lacinatus) scored the highest percentage 

(57.6)(Tables I and III).  Interestingly, the existence of quadruple 

parasitism (one isopod and three copepods) on the fish S. leiura 

was also exposed first through the present study. However, its 

frequency was relatively less (3.0%) occurring only during the 

months of February, May, and September (Tables I and III; Fig. 

4). Though seldom, the occurrence of single parasitism with M. 

renardi on the host fish cannot be negated as two fish members 

(1.5%; 2 out of 132) were under single parasitization with this 

cymothoid species.  Interestingly, M. renardi appears as a 

common parasitic crustacean species infesting S. leiura 

irrespective of the type of parasitism (single, double, triple and 

quadruple parasitism) involved. 

         The parasitic isopods and copepods feed host’s blood and 

other soft tissues (John and Nair, 1973; Trilles, 1994). In the 

present study, we could observe severe damages induced to the 

branchial cavity, the gill filament, the fleshy part of the lower 

beak, and the inner side of the operculum of the host. Reports 

showed that, the infestation by parasitic copepods and isopods 

induce bacterial   and viral diseases in parasitized fishes 

(Nigrelli, 1950; Cusack and Cone, 1985; Simudu and Tsummoto, 

1985; Ravichandran et al., 2001; Ravichandran and Ajithkumar, 

2008). The multinfestation observed in the present study 

probably leads the high levels of secondary infections and more 

studies on this aspect is highly warranted.  
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Abstract- Decision-making capacity of a woman is measured as 

one of the principal components of empowerment, and decision 

regarding savings of income is considered as capacity building. 

The present study addresses the rural Odisha women’s decision-

making and capacity building through participation in Self Help 

Groups and microenterprises. The research has been carried out 

in the Banki block and Tigiria block of Cuttack District, Odisha, 

India. Field data were collected through survey cum interview 

and focus group discussion from rural women based on their 

working pattern, socio-economic condition, family background, 

education level, and size of the family. Statistical analyses 

including percentage, average, mean, standard deviation and Chi 

square test were applied to draw meaningful interpretation of the 

collected information. The results reveal that the range of 

economic activities led by the microenterprises helped the rural 

Odisha women to earn income of their own. The economic 

decision-making has been enhanced with mobilization of women 

in organized collectives as SHGs and their participation in 

microenterprises.  Capacity building of women in terms of saving 

some income and spent on their personal items without any 

hesitation is also encouraging. 

 

Index Terms- Decision making, Capacity Building, 

Microenterprise, Rural Odisha 

 

I. INTRODUCTION 

mpowerment of women was not merely an end in itself, but 

a key to long term overall development of a nation.  With the 

advancement of time, the fact has now been felt that without 

ensuring women development, the national development cannot 

be achieved.  Therefore, a growing body of organizations and 

government identified that focusing on women empowerment is 

the most rational way to fight against poverty and a means for 

sustainable development. 

        Though addressing the importance of Women’s 

Empowerment on each developmental platform strongly, 

attempts made by researchers to attain women empowerment 

fully is in dearth. Presser and Sen (2000) reported that the 

concept of Empowerment was ill defined and its relationship to 

demographic process was unclear. Still, theoretically clear 

concept of women empowerment for International development 

Research was emerged as a common agreement through this 

developmental research process and empirically, this agreement 

did not found the transparency in understanding of relationship 

of women empowerment with demographic process. Because, 

developmental literature tries to define “Empowerment is treated 

as a process of change over time and best measured using 

qualitative research techniques.” and measurement of the 

“Empowerment” evolved through development theory in 

demographic research is a difficult task because it depends on 

quantitative analysis of survey data. Researches indicate 

Variables such as education, employment, women autonomy and 

status were commonly used to measure empowerment. Jejeebhoy 

(2000) reported that these variables are only proxies for 

empowerment. Kishor (2000) revealed in “Women’s 

Empowerment and Demographic process” that the search for 

more direct measures has focused on capturing ‘evidence’ of 

Empowerment.  Eventually, women’s participation in household 

decision- making was evolved as a widely accepted variable and 

being used as an objective indicator of women’s household level 

empowerment particularly in demographic and health studies 

(Schuler and Hashemi, 1994, Balk, 1997, Hindin, 2000 and Kritz 

et al. 2000). The applicability of concept of decision making as 

empowerment is drawing favorable attention worldwide. 

Therefore, it is imperative to inquire into the translation of the 

concept of decision making as an indicator of empowerment 

across the countries. In the present study investigator tries to 

investigate the empowerment of women  in Rural Odisha by 

providing them with income generating activities combing them 

with skills, access to resources and awareness among them , in 

which family background, particularly family size, education of 

the respondents and education of the husband influences the 

empowerment in decision- making. 

 

II. REVIEW OF RESEARCH 

        Literature related to the decision-making and women 

empowerment has been cited in this research article.  Cheston, 

and Kuhn; (2000) stated in their report “UNIFEM, Progress of 

the World’s women” that women’s ability to influence or make 

decisions that affect their lives and their futures is considered to 

be one of the principal components of empowerment by most 

scholars. It is much less clear, however, what types of decisions 

and what degree of influence should be classified as 

empowerment in different contexts. Malhotra et.al (2002)  

studied  the wide acceptance of women’s participation in 

household decision making as an indicator of empowerment is 

largely due to the intuitive equating of decision making with 

power, control and “ there is a nexus of a few key, overlapping 

terms that are often included in defining empowerment: option, 

choice, control and power.” Furthermore, decision-making 

E  
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appears to have cross- cultural validity as an indicator of 

empowerment, at least at the conceptual level: a woman who 

participates in decisions that affect or control her life and 

environment are everywhere more empowered than women who 

do not. Malhotra et.al; (2003) identified some interpersonal 

indicator of women empowerment such as women’s participation 

in decision making, control over sexual relations, ability to make 

child bearing decisions, use of contraceptives and obtain 

abortions, control over spouse selection, marriage timing and 

freedom from violence. In the view of Dahl (1969), “Power is the 

product of conflicts between actors to determine who wins, who 

loses the key, closely recognized issues, in a relatively open 

system in which there are established decision making areas. In 

an Explicit study on women empowerment in society and family 

by Paul and Kumar Prahalad (2007) revealed that it is closely 

linked to decision-making process and autonomy in decision-

making is measured in terms of participation of women in 

household responsibilities. The study also highlighted the process 

of empowerment that begins at the level of women’s 

consciousness and becomes externalized through greater physical 

mobility, raised awareness levels, increased autonomy in 

decision making i.e. strong role in household, greater self-esteem 

and eventually meaningful participation in the larger community.  

Swain and Wallentin (2008) stated indicators of women 

empowerment that cover the decision- making in traditionally 

male dominated areas within the South Asian context. These 

include involvement in decision-making on family planning, on 

children’s marriage, on buying and selling of property, on 

sending daughter to school and use of birth control. Changes in 

decision- making on some of these specific issues are 

conditioned on some of these events actually occurring. Kishor 

and Subaiya (2005)  in their Paper ‘ Household Decision-making 

As Empowerment : A methodological view* revealed if decision 

making is an indicator of empowerment, then the more decision 

you participate in,  the more empowered you should be. And 

another advantage of this approach is that it replaces four 

potential indicator one each for each of the four decisions with 

one indicator. (Four decisions -such as-1.decision about own 

health care, 2.making large household purchases; 3. making 

household purchases for daily needs and4. going to visit family 

or friends.). 

        In the present context, above said reviewed literature gave 

an excellent overview of the work has been done in this field. 

Further it counts that empowerment works in a process which 

leads to a host of opportunities, increase in ability to exercise 

autonomy, a capacity to define one’s goal and act upon them, 

enhancement in decision making , bargaining and negotiation 

capacity, where income is an essential element in the household 

livelihoods and those control it have considerable power.  

  

III. STATEMENT OF THE PROBLEM  

        The state like Odisha has huge potential for the micro-

enterprise promotion.  Not only, are Self Help Groups increase in 

numbers in the State but also the groups coming forward with the 

number of trades with bank linkage. “State Vision and Strategies 

for Promotion of Microfinance for Women Empowerment” 

document (2005), revealed, women SHGs are taking up varieties 

of income – generation activities such as piggery, goatery, 

pisciculture, dairy, setting up PDS (Public Distribution System) 

outlets, kerosene dealership, execution of labour intensive works, 

vegetable cultivation, floriculture, horticulture, carpet making, 

leaf – plate stitching, bee-keeping, rope making etc. 760 SHG 

members have been trained on Village Industries activities like 

preparation of liquid disinfectants, candle, soaps, detergent, 

book-binding, Agarbatti, bee-keeping etc. with the help of KVIC. 

145 SHG members have been trained in production of Pre-school 

kits for Anganwadi Centers and 77 women have been trained in 

“Ready to Eat Food Preparation”. In collaboration with UNDP, it 

has been decided to impart Computer literacy to WSHGs in 38 

IT kiosks in the State. This step aims at skill up gradation of 

women and their consequent empowerment. Already training has 

been imparted to 667 women at Jagatsinghpur, Jajpur, 

Kendrapara, Bhadrak, and Cuttack. Government took initiatives 

to establish Mahila Vikash Samabaya Nigam, a state level nodal 

agency for women empowerment undertakes economic 

programmes, social sensitization, and allied infrastructural 

activities. It undertakes various training programmes for women 

capacity building such as EDPs, MDPs, LDPs, training on 

marketing and sales promotion and other special training 

programmes.  All the major players of states like NABARD, 

SIDBI, and CARE including Govt. of Odisha have realized the 

need and importance for promotion of microenterprises and 

already started strategies for its growth. Through Mission Shakti, 

Government have taken steps for forming state level trade based 

federations to assess the needs of SHGs and ensures marketing 

tie ups. So far four trade based federations (chalk, phenyl, 

handicrafts, turmeric and leaves cups and plate) have been 

formed. While MART has been taken interest in market research, 

RUDSET Institute has been imparting skill based training with 

free boarding and lodging, library, free audio-visual aids, 

adequate training materials and access to its data bank. 

Therefore, the strengthening of women’s participation in all 

spheres of life has become a major issue in the development 

discourse. Socio- economic development cannot be fully 

achieved without the representation of women in decision 

making at all level, in the family as well as in their social life. 

The empowerment of women through decision-making deserves 

a special emphasis in this context. Several studies reported that 

the more you participate in decision- making process the more 

you empower and it has a positive impact in bringing the change 

in their lives by enhancing their understanding level, enhancing 

the ability to appreciate their potential risk and benefits of her 

own situation and condition, and increasing their reasoning 

process and ability to express their choice.   Since women’s 

participation in decision making, a major indicator for women 

empowerment is of State, National, and International concern 

being addressed by different development agencies at different 

level, therefore, the proposed study is relevant in policy matters 

as well as in various programmes interventions. Further, there are 

very limited experimental studies on empowerment of women 

through participation in micro enterprises. Therefore, there is a 

need for systematic study on it, which will fulfill to some extent 

in this direction. There have been limited attempts made in 

Odisha to map the potential of rural women to make use of the 

incentives, created by the State Government and Central 

Government. Hence, the present study is a step forward in this 
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direction to measure the empowerment in terms of decision –

making capacities of rural women. 

 

IV. OBJECTIVES 

The followings are the specific objectives of this study: 

1. To study the capacity building of women of rural 

Odisha after participating in microenterprises, 

2. Influence of family size in decision-making of rural 

women of Odisha. 

3. Effect of education of husband in the decision-making 

of the rural women of Odisha. 

4. Find the influence of education level of women in 

decision-making in Rural Odisha 

 

V. HYPOTHESIS 

1. After the participation in microenterprise, more of the 

decision regarding saving of income and more capacity 

building 

2. Family background - Smaller the size of the family, 

more the women enjoy decision- making 

3. The higher the educational status of the head of the 

family, more the women participate in decision  making 

4. The higher the education status of women, more the 

women participate in decision-making  

 

VI. RESEARCH METHODOLOGY 

        The methodological approach in this study uses the 

following steps.  

(a) Selection of Sample 

 (i) Selection of Self help groups 

        The study was carried out in the Banki II block of Banki and 

Tigiria Block of Athagaraha subdivision of Cuttack district of 

Odisha. Population of the study comprises of 2409 numbers of 

SHGs from Banki II and Tigiria Block of Cuttack District.   

Stratified random sampling method was used to select the 

sample. Four numbers of GramPanchayats from each Block was 

choosen randomly and from each Grampanchyat, 16 numbers of 

Self Help Groups were selected randomly. Therefore, total 

numbers of self Help groups selected as sample for the present 

investigation were 128 (4GPs×16 SHGs×2). 

 

(ii) Selection of Respondents 

        President, Secretary, and six members from each SHG i.e. 

(128×8) = 1024 in number of respondents were selected 

purposively. Then, a list of participants who had undergone skill 

development training for microenterprises by the government in 

different fields such as ‘Chhatua, Agarbati, Candle, Masala, 

Badi, Pampad, Goatery, Shipery, Teracota, Applique, Rope-

making, Spice-process, Weaving, Rice vending, Rice and Paddy 

business, Cattle rearing etc. was found with the help of District 

Industries officer. Total number of respondents found to be 

undergone training on the above said fields were 951. Equal 

proportions of respondents from these were selected as sample 

for the present investigation. Hence, population was 951 in 

number and sample size was 474 in numbers of respondents were 

selected for the proposed study.                 

 

(b) Development of Tool and Technique: 

        A structured interview schedule and guidelines was 

developed in keeping view the objectives of the study. Primary 

data were collected from questionnaire survey interviews and 

focus group discussions (FGDs) and key informant survey. 

Secondary data were collected from review of related documents, 

articles, and books. Survey with interview was done to collect the 

data from the respondents. In families, husbands, mothers and 

grown up sons and daughters were interviewed to understand the 

role of women and effect of the programme. Key information on 

the programme was collected from the CDPO, IPO, President of 

SHGS federation, programme Assistant of DRDA and local 

leaders. Participant women and community leaders participated 

in the FGDs in which almost same questions for the survey was 

used. The FGDs was intended for the women to speak freely and 

do self- assessment, and also for the community leaders to justify 

their programme outcomes and the roles of women. For 

measurement of empowerment i.e., decision-making capacity of 

women in personal and family matters, attempts were made 

through survey and interview to understand the situation of 

women prior to the programme intervention and the changes 

following the intervention.      

 

(c) Variables for empowerment 

        Participation in micro- enterprises in this case is assumed to 

initiate a process for the women in which the women start 

developing their own self, their space in the family and society, 

which relates to empowerment ideologies. Skill development 

programs are processes which lead to empowerment of women 

by providing them with income generating opportunities 

combining with its skills, access to resources and awareness 

among women. in the proposed study the Independent variables 

are as follows : skill development programme, family 

background and Income.  The three basic components skill 

development programme - skill, access to resources and 

awareness give opportunity to the women to earn income. Skill 

based training is designed to advance individual’s general 

proficiency, especially in relation to their present or future 

occupations. Skill training prepares learners for jobs that are 

based in manual or practical activities, traditionally non 

academic and totally related to a specific trade or occupation. 

Access to resources refers to women’s participation in saving and 

credit groups, saving mobilization, loan provision, material 

support. Access to information refers to knowledge about the 

various agencies in their community. Family background refers 

to size of the family, education of the husband and education of 

the women. Income refers to cash in hand of women, earned 

through the microenterprises business they are involved with.  

        Responses to the participation of women in abovementioned 

household and personal decision making before and after 

involvement in skill development training programme have been 

collected in order to examine the extent of change in their 

participation level, as the financial capabilities relatively increase 

after involvement in microenterprises.  Decision making 

regarding saving of income was taken as capacity building. 

Income can be quantitatively measured by counting the amount 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      379 

ISSN 2250-3153  

www.ijsrp.org 

of money spent by women for personal expenses. Influence of 

family background such as educational status of Household Head 

and respondents, size of the family on decision-making capacity 

of women were also studied to measure the empowerment. 

VII. ANALYSIS OF DATA AND INTERPRETATION OF 

THE RESULTS 

        Statistical methods for data analysis were used to draw 

meaningful interpretation of the obtained results. Mean, standard 

deviation, coefficient of variations, and percentages of the 

collected data were calculated using the general statistical 

formula to determine the relationship between the observed 

variables. 

 

(a) Family Background of Self Help Group members 

        The Family background of women living in Banki block II 

and Tigiria Block of Cuttack district of Odisha has been 

analyzed. In the present investigation, the personal and 

demographic variables such as age, caste, education, family size 

and type of family were operationalised for analyzing family 

background Fig.1 shows the family profile of women based on 

their own age. Age was operationalised as the number of full 

years completed by the respondents at the time of investigation. 

On the basis of minimum and maximum age of respondents they 

are categorized as young, middle aged, old age and coded as I, 2, 

3 and 4 respectively.  It is observed that Majority (67%) of the 

respondents were from young middle age group.  

 

 
Fig.1. Age wise distribution of respondents. 

 

        Fig.2 shows the family profile of women based on their 

caste. Caste is an endogamous group, where the status of an 

individual related to a group is determined by birth. For the 

present study, operationalisation of caste refers to the class or 

district hereditary order in society. The categorization of caste is 

SC, ST, OBC General and coded 1,2,3,4, respectively. It was 

found, a maximum of 39% respondents belonged to other 

backward caste. 

 
Fig.2. Caste wise distribution of respondents 

 

        Variable Education is operationalised as the number of 

years of formal school completed by the respondents and was 

categorized as illiterate, Primary, Middle, Higher, Diploma, 

Graduate and coded 1, 2,3,4,5and 6 respectively. Fig-3 and fig-4 

reflects, near about 37 percent respondents were educated up to 

primary level while only 2 percents respondents were Graduate. 

As far as the education of the respondent’s husband was 

concerned, about 32% were illiterate and 2% of were Diploma 

holders and 9% of respondent’s husband were Graduate.  

 

 
Fi .3. Distrib tion abo t t e e  cation o  respon ent’s 

husband 

 

 
Fig.4. Distribution about own education of respondents 

 

        Similarly, variables such as Family size and family type 

were operationalised. Categorization of family size was done on 

the basis of total no. of members in the family i.e.; small, 
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medium, large, and coded 1, 2, and 3 and family type was 

categorized into nuclear and joint which were coded 1 and 2. Fig 

-5 and fig-6 depicts that a majority (76%) of the respondents had 

medium size family while 86% of the respondents belonged to 

nuclear families. 

                    

 
Fig.5. Distrib tion o  respon ent’s  a ily size. 

 

 
Fig.6. Distribution of respondents family type. 

 

(b) Capacity building and Decision- making  

        In the present investigation, First part of the study explores 

the present status of Self help groups in the selected area. The 

study exposes the fact based on survey cum interview method. It 

was found, Self Help Group (SHG) becomes synonym of 

empowerment of women economically in Odisha. Through this 

self help groups, women involves themselves to get help, to give 

help and learns to help themselves as well as sharing their 

experiences and knowledge. Though it is late in Odisha still it is 

encouraging to find the self help groups brought the remarkable 

changes among women. Primarily they joined self help groups 

for financial gain, later on they found it as a promising factor for 

their self improvement. It provides opportunities to develop their 

confidence, skills, improve status, and to bring about a change in 

the attitude of the society towards women. SHGs have the greater 

ability to make positive impact on the rural women 

empowerment through their personal, social and economical 

changes.  

        The second part of the study dealt with the participation of 

rural women of Odisha in microenterprises.  It was observed, 

rural women were involved actively in microenterprises through 

the help of different government and non Government 

organization in the selected area.   

        The study revealed the fact through survey, focus group 

discussion and key informant survey. It is encouraging to find 

rural women were self motivated to join microenterprise training 

and it  helps in improving their standard of living by increasing 

income, enhancing awareness, self confidence, sense of 

achievement, increased social  interaction, improved leadership 

qualities and increasing decision making capacity in family and 

community. Further an attempt was made to measure 

empowerment through decision making.  Decision making 

capacity in personal and family matters and saving of income 

were considered for the present investigation. Operationalisation 

of decision- making is done in three point scale such as always, 

sometimes and never.  Overall participation in decision-making 

of respondents in both family and personal matters is studied and 

it was found, before training, Twenty percent of respondents only 

always participate in decision-making and near about 38% of 

respondents never participate. However, after training, it is found 

that 41% of the respondents always participate in decision-

making. It can be concluded that training was effective in 

bringing the change in decision-making capacity. After knowing 

the participation of women in decision-making, investigator tries 

to find out the influences of family background in terms of size 

of the family, education of the husband and education of 

respondents on her decision-making capacity.  

        In the present investigation, decision making regarding 

saving of income is taken as capacity building. Income can be 

measured quantitatively by counting the amount of money the 

women spend for personal expenses. This measurement is related 

to her decision-making capacity. 

        Table I indicates that before training only twelve percent of 

the respondents always involved in decision-making regarding 

their income and fifty five percent of the respondents never 

involved in decision-making. 41.14 percent of the respondents 

always involved in decision-making regarding their savings after 

training. 

 

Table I:  Distribution of respondents according to their 

decision- making capacity regarding savings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Calculated value of χ² = 91.16 

Tabulated value of χ ² = 5.99 at 5% level of significance 

 

         However, fig-7 also depicts the frequency of respondent’s 

decision-making capacity before and after microenterprise 

training is encouraging. Further chi square test was applied to the 

hypothesis that “there will be no significant difference in change 

of decision-making process regarding savings of the respondents 

before training and after training.” It was found that calculated 

value of χ² is greater than the tabulated value at 5% level of 

significance. Hence, hypothesis was rejected and it can be 

Sl.

no 

Saving 

N=474 

Always Sometimes Never 

f % f % f % 

1. Decision-

making 

Before 

Training 

58 12.2 154 32.4 262 55.2 

2.  Decision-

making 

after 

training 

195 41.1 114 24.1 165 34.8 
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concluded that there was a significant change in decision making 

regarding savings of income of women after training. 

 

 
Fi .7. T e  re  ency  istrib tion o  t e respon ent’s 

decision-making capacity before and after microenterprise 

training. 

 

(C) Influence of family background on decision-making. 

         Variable family size influences the decision- making 

capacity of respondents regarding personal matters, family 

matters, and savings of income which can be seen from Table II. 

It was observed that 62.68 percent of respondents belonging to 

large family never participate in decision- making process. 

Majority (63 percent) of the respondents belong to the small 

family always participate while 48 percent of the respondents 

belong to medium family took part in decisions-making process. 

This shows, smaller the number of family, the women enjoy 

more freedom in decision-making process related to personal, 

family matters and savings. This is because when the family size 

is big, the women have to be more involved in household’s 

works. The female in laws do not like at all they work outside the 

home. Further, it is revealed from the table that calculated value 

of chi square is greater than the table value at 5% level of 

significance and the hypothesis is not hold true. Hence, it can be 

concluded that family size affects the decision-making process.  

 

 

 

 

Table II: Distribution of respondents according to their 

family- size   and decision- making. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Calculated value of χ² = 73.99. 

Tabulated value of χ² = 9.49 at 5% level of significance 

 

(D) E  cation o  t e respon ents’   sban  an   ecision- 

making  
          The results from Table III revealed that 50% of the 

respondent’s husband who are illiterate, always took decision 

regarding family matters, personal matters and saving and only 

26.96% of respondents never took decisions.  The heads of the 

family who had completed primary education i.e. 59.65 percent 

of respondents always had decisions whereas only 9 percent of 

respondents never participate. It was observed that the 

respondents, who completed their middle, higher, diploma, and 

graduation level of education, majority of them i.e. 61%, 65%, 

66% and 79%, respectively always participate / high 

participation in decision-making process while minimum number 

of respondents had less participation. The high the education rate 

give the women more space for their opinion in the family 

matters, personal matters, and income savings.  Further, Table 

also implies the calculated value of chi square, which is greater 

than the tabulated value. Therefore, hypothesis is rejected and it 

can be concluded that education of the family head has a 

significant effect on decision-making process of the respondents.  

 

Table III: Distribution of respondents according to their education of husband of the family and decision-making. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Family 

size 

Large family      

 n=67 

Medium 

family  

   n=360 

Small  family        

n=47 

Decision 

making 

f % f % f % 

Always 15 22.38 175 48.61 30 63.83 

Sometime

s 

10 14.92 125 34.62 10 21.27 

Never 42 62.68 60 21.27 7 14.89 

  

EDUCATION OF THE HEAD OF THE FAMILY 

Decision-

making 

N=474 

Illiterate 

n=152 

Primary 

n=114 

Middle 

n=63 

Higher 

n=92 

 

Diploma 

n=9 

Graduate 

n=44 

f % f % f % f % f % f % 

Always 77 50.6 68 59.6 39 61.9 60 65.2 6 66.6 35 79.5 

Sometime

s 

34 22.6 35 30.7 15 23.8 23 25.0 2 22.2 7 15.9 

Never 41 26.9 11 9.6 9 14.2 9 9.7 1 11.1 2 4.54 
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Table IV shows that the respondents who were illiterate, majority 

of the respondents (78.21%) never participate in decision-making 

and minimum (7.05%) of the respondents always participate in 

decision-making process. The respondents who have completed 

primary, middle, higher education i.e., 18.75%, 55.26%, 64.91% 

respectively always participated in decision- making process 

regarding family as well as personal matters. The respondents 

who had graduated, all took part in decision- making process i.e. 

hundred percent. Therefore, higher the education, the more 

participation of the respondents in decision-making process in 

personal, family matters. 

 

Table IV: Distribution of respondents according to their 

educational level and decision-making 

 

 

Decision-

making 

N=474 

Education of the Respondents 

Illiterate 

N=156 

Primary 

N=176 

Middle 

N=76 

Higher 

N=57 

Diploma 

N=0 

Graduate 

N=9 

f % f % f % f % f % f % 

Always 11 7.05 33 18.75 42 55.26 37 64.91 0 0 9 100 

Sometimes 23 14.74 56 31.81 22 28.95 12 21.05 0 0 0 0 

Never 122 78.21 87 49.43 12 15.79 8 14.04 0 0 0 0 

 
 

VIII. CONCLUDING REMARKS 

       The study portraits, the state Odisha is marching ahead with 

the determination towards its goal of empowerment. 

Microenterprises have led to starting of a range of economic 

activities by them and helped the poor women to earn income of 

their own. There is an enhanced access to resources by the 

women of studied area of Odisha. Their economic decision-

making has been enhanced with mobilization of women in 

organized collectives as SHGs and their participation in 

microenterprises.  Further it helps in reducing the dependency 

economic power of women on men. Capacity building of women 

in terms of saving some income and spent on their personal items 

without any hesitation was encouraging. Income of rural women 

potentially provides access to psychic and financial resources 

which can translate into greater influence over decision making 

capacity of the individual. The decision making capacity of 

women affects their daily lives which is one of the vital cross 

cultural aspects of family relations and women empowerment. In 

the present investigation, influence of variables like education of 

the husband, education of the women and family size on 

decision-making capacity of women was found to be potent.  

Because, education is the biggest liberating force and the rise in 

the level of education which led foundation for progressive 

outlook, and the economic empowerment of women through 

participation in microenterprises have affected sea change in the 

attitude and thinking pattern of women.  Further, it is evident 

from the study, the smaller the numbers of family members, the 

women enjoy more freedom in decision-making process related 

to personal, family matters and saving. Briefly it can be 

concluded that women’s active participation in decision making 

ensures microenterprise programmes sensitive to women’s 

specific needs and roles, especially wives and mothers that 

exercise control over their microenterprises and also benefit 

personally for them. 
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    Abstract- Chronic Renal Failure (CRF) patients are at risk of 

cardiovascular diseases due to the elevation of various forms of 

lipids. Many a time CRF patients live on hemodialysis on regular 

basis. Present study was done to know whether hemodialysis has 

any impact on the lipid profile of the CRF patients. Study were 

divided into 3 groups, Group-I: healthy controls (30), Group-II: 

CRF patients who never undergone hemodialysis (30) and 

Group-III: CRF patients on hemodialysis for more than 6 months 

(30). We obtained serum samples from patients in the morning 

after an overnight fast and were analyzed for total cholesterol 

(TC), triglycerides (TGs), HDL, LDL and VLDL. Among the 

various parameters tested triglyceride and VLDL levels were 

significantly higher in group-II and III as compared to controls 

(p0.01). HDL levels were significantly lower in group-II and III 

as compared to control (p0.05). HDL level was found reduced 

in group-III as compared to Group-II (p0.01). There was no 

significant change (p>0.05) observed in total cholesterol and 

LDL levels in between healthy controls and CRF patients with & 

without hemodialysis. There was no significant difference 

(p>0.05) observed between lipid profile in male and female 

patients in control group and in CRF patients with and without 

hemodialysis. It is concluded that both male and female patients 

of CRF with and without hemodialysis have characteristic 

dyslipidemias without any discrimination of sex and it is not 

attenuated by the hemodialysis process.  
 

    Index Terms- Chronic renal failure, hemodialysis, lipid 

profile, cardiovascular diseases 

 

I. INTRODUCTION 

yslipidemias is a very common complication of Chronic 

Renal Failure (CRF). Disturbances in lipoprotein 

metabolism are evident even at the early stages of CRF and 

usually follow a downhill course that parallels the deterioration 

in renal function. Recently published studies indicate that 

dyslipidemias in these patients may actively participate in the 

pathogenesis of Cardiovascular disease (CVD) as well as in the 

deterioration of renal function.
1 

The characteristic lipid 

abnormalities seen in CRF patients are elevated triglycerides, 

normal/reduced total cholesterol (TC), decreased High Density 

Lipoprotein (HDL), normal Low Density Lipoprotein (LDL)
2
. 

Progressive CRF not only leads to End stage renal disease 

(ESRD), but it is associated with high cardiovascular morbidity 

& mortality. In fact, patients with CRF are much more likely to 

die because of dyslipidemias than to progress to ESRD.
3 
With the 

implication of plasma lipids in the pathogenesis of 

atherosclerosis and ischemic heart disease, it becomes 

worthwhile to study the behavior of various lipid fractions in 

CRF patients.
4 

CVD constitutes the major cause of death in 

patients with ESRD and it is still higher in hemodialysis patients 

than in post transplantation patients.
5
 ESRD Patients on 

hemodialysis have abnormalities in lipoprotein structure and 

metabolism and have a high incidence of cardiovascular 

diseases.
6 

Keeping in view the different outcomes of the 

researchers regarding hemodialysis modality in CRF patients, the 

present study was designed to see any impact of hemodialysis on 

lipid profile in CRF patients with and without hemodialysis. 

II. METHODOLOGY 

This prospective, observational study was started after prior 

approval from Institutional Review Board (Human Ethics 

Committee), Shree M. P. Shah Medical College and Guru 

Gobindsingh Government Hospital, Jamnagar, Gujarat (India). 

Informed consent was obtained from the patients before 

enrolment. Age and sex matched (Both male and female patients 

aged more than 18 years) 60 patients of CRF and 30 healthy 

controls were recruited for this study. In order to understand the 

influence of dialysis on lipid profile, the patients were divided 

into 2 groups: those who have CRF but undialysed and those 

who are on maintenance hemodialysis for more than 6 months. 

Thus, study was divided into Group-I (healthy controls), Group-

II (CRF patients who never undergone hemodialysis) and Group-

III (CRF patients on hemodialysis for more than 6 months). 

Exclusion criteria include Body mass index (BMI) more than 

24.9 kg/m
2
, known case of acute renal failure/diabetes 

mellitus/hypertension/ischemic heart disease, taking drugs that 

affect lipids and lipoproteins level. 5 ml of venous blood samples 

were collected in plain tubes after an overnight fast. After 

collection, the samples were allowed to clot for half an hour 

following which the samples were centrifuged and serum was 

analysed. Serum total cholesterol (TC), triglycerides (TGs), HDL 

cholesterol (HDL-C), LDL cholesterol (LDL-C), Lp(a), urea and 

creatinine, were measured colorimetrically using commercially 

available kits on fully auto analyzer of Clinical Biochemistry 

Laboratory. VLDL cholesterol concentration was calculated 

using Friedewald’s Formula
7
.     

Statistical Analysis 

In data analysis, comparison of parameters (1) in between two 

study groups and (2) in between control group and two study 

groups were done by using Unpaired t-test. Microsoft excel 2007 

software was used for data analysis. Comparison between male 

and female patients was carried out in all the three groups by 

using unpaired t-test in Graph Pad Prism 6 software. 

D 
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III. RESULTS 

The baseline characteristics of study population are shown in 

table I. Table II revealed the biochemical parameters among 

control and CRF patients with and without hemodialysis.  

 

Table I:  Baseline characteristics of study population 

CRF=chronic renal failure, pts= patients, HD= hemodialysis.  

 

Table II: The Biochemical parameters among Control and 

        CRF patients with and without hemodialysis  

                   (In Mean± Standard    deviation) 

 

 

Parameters  

(mg/dl) 

Group –I 

Healthy 

Controls 

(n=30) 

Group- II 

CRF pts  

without HD 

(n=30) 

Group –III 

CRF pts  

with HD 

(n=30) 

TC 

 

171.97 ± 16.45 176.52 ± 

43.42  

172.3 ± 40.74 

TGs 

 

138.66 ± 20.58  204.47 ± 

23.66** 

243.67 ± 

36.07** 

HDL 

 

45.6 ± 10.90 41.30 ± 

13.16** 

27.79 ± 

15.05** 

LDL 

 

106.26 ± 13.52  102.63 ± 

21.05  

102.82 ± 21.53  

VLDL 

 

27.67 ± 4.2 41.46 ± 

5.3**  

48.73 ± 7.2** 

* p< 0.05 **p < 0.01. Figures in parentheses indicate the number 

of patients. CRF= chronic renal failure, pts= patients, HD= 

hemodialysis. 

 

Among 3 groups, 90% patients of CRF with 

hemodialysis have elevated triglyceride level and 80% patients 

without hemodialysis have elevated triglyceride level as 

compared to controls (p0.01). There is no significant difference 

observed between total cholesterol levels in all the three groups 

(p0.05). HDL cholesterol levels reduced in CRF patients with 

and without hemodialysis as compared to controls (<0.05). 

Reduction in HDL cholesterol is observed in 60% of the CRF 

patients with hemodialysis as compared to 10% in CRF patients 

without hemodialysis (p0.01). There is no significant difference 

observed between LDL cholesterol levels in all the three groups 

(p0.05). VLDL cholesterol levels found to be higher in CRF 

patients with and without hemodialysis as compared to the 

controls (p0.01). 

 

Out of 30, there were 18 male patients and 12 female 

patients in each group. There was no significant difference 

observed between lipid profile levels in male and female patients 

in CRF patients with and without hemodialysis and in control 

group (p0.05). 

 

IV. DISCUSSION 

CRF is a worldwide health problem and is the leading 

cause of morbidity and mortality in the developed world. Patients 

with CRF are at high risk for CVD and cerebrovascular disease 

(CBVD), and they are more likely to die of CVD than to develop 

ESRD. CRF is associated with premature atherosclerosis and 

increased incidence of cardiovascular morbidity and mortality. 

Several factors contribute to atherogenesis and cardiovascular 

disease in patients with CRF, the notably among all is 

dyslipidemias.
8
 Chronic renal failure, per se, primarily affects the 

metabolism of high-density lipoprotein (HDL) and triglyceride 

(TG)-rich lipoproteins.
9
 The characteristic dyslipidemias 

observed in CRF patients without hemodialysis in this study are 

shown in table III which were also reported by Amin et al 

(2006)
2
, Vaziri et al (2006)

10
 and Saland et al (2007)

11
 .  

 

Table III: Dyslipidemias observed in present study 

 

 TGs TC HDL LDL VLDL 

CRF patients without 

hemodialysis 
     

CRF patients with 

hemodialysis 
     

(= increased, = highly increased, = decreased, = highly 

decreased, = neither increased nor decreased) 

 

Cardiovascular disorders are one of the most serious 

problems in chronic hemodialysis patients. The mortality due to 

cardiovascular disease in hemodialysis patients is estimated to be 

9% annually and is 30 times higher than that observed in the 

general population.
12

 Dyslipidemias observed in CRF patients 

with hemodialysis in this study are shown in table III which were 

also supported by Janicki et al (2007)
13 

, Mekki et al (2009)
14

 and 

Reddy et al (2009)
15

.  
 
 In hemodialysis patients, post heparin plasma lipoprotein 

lipase activity and hepatic lipase activity have been reported to be 

reduced, while the apo CII/apo CIII ratio is decreased. A possible 

disturbance in both enzymes, accompanied by an increase in apo 

CIII in VLDL, results in a prolonged half-life of the VLDL particles, 

which may explain the observed hypertriglyceridemia in these 

patients
16-18

. However, the effects of long term hemodialysis on 

lipolytic activities are not be clarified. Literature data about the 

effect of hemodialysis duration on dyslipidemias generated by CRF 

are few and controversy. The present study demonstrates that in 

CRF patients treated by intermittent dialysis, long-term hemodialysis 

fails to correct dyslipidemias generated by CRF. Our finding is 

differed from those of some authors who found that lipid and 

Characteristics Group-I 

Healthy 

Controls 

Group-II 

CRF pts  

without HD 

Group-III 

CRF pts  

with HD 

No. of participants 30 30 30 

Age (years) 

Mean ± SD 

 

44.27 ± 

10.72 

 

44.27 ± 

10.72 

 

44.27 ± 

10.72 

Sex (male/female) 18/12 18/12 18/12 

Body mass index 

(kg/m
2
) 

22.01 ± 

1.32 

21.23 ± 0.86 20.89 ± 

1.14 

Urea (mg/dl) 27.8 ± 

6.58 

132.73 ± 

52.55 

107.26 ± 

35.27 

Creatinine (mg/dl) 0.84 ± 

0.35 

11.48 ± 3.19 6.19 ± 2.89 
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lipoprotein compositions did not appear to be influenced by dialysis 

in CRF patients
16-18

. 

 

 We also compared the lipid profile levels between male 

and female patients. Both male and female patients were equally 

affected by dyslipidemias of CRF. Amin et al (2006)
2
 also 

reported the same. 

V. CONCLUSION 

CRF patients with and without hemodialysis are at greater 

risk of development of dyslipidemias, characterized by 

hypertriglyceridemia, elevated VLDL and decreased HDL levels 

without any discrimination of sex . Hemodialysis can effectively 

reduce the accumulation of nitrogenous waste products but fails to 

clear dyslipidemias generated during the course of CRF. But still 

the patients on hemodialysis are still exposed to several of the 

metabolic consequences of renal failure. On the basis of the 

findings of the present study, it is further suggested that 

prescribing lipid lowering treatment in CRF patients with 

dyslipidemias for preventing future episode of cardiovascular 

events could help and will also preserve renal function. A strict 

monitoring of lipid profile and lipoproteins can reduce the 

morbidity and mortality rate and will also improve the quality of 

life of CRF patients. 
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    Abstract: Orthogonal frequency division multiplexing 

(OFDM) is widely recognized as the key technology for the next 

generation broadband wireless communication (BWC) systems. 

Besides high spectral efficiency, reliable performance over fast 

fading channels is becoming more and more important for 

OFDM-based BWC systems, especially when high speed cars, 

trains and subways are playing an increasingly indispensable role 

in our daily life. The time domain synchronous OFDM (TDS-

OFDM) has higher spectral efficiency than the standard cyclic 

prefix OFDM (CP-OFDM), but suffers from severe performance 

loss over high speed mobile channels since the required iterative 

interference cancellation between the training sequence (TS) and 

the OFDM data block. In this paper, a fundamentally distinct 

OFDM-based transmission scheme called time-frequency 

training OFDM (TFT-OFDM) is proposed, whereby every TFT-

OFDM symbol has training information both in the time and 

frequency domains. Simulation results also demonstrate that 

TFT-OFDM outperforms CP-OFDM and TDS-OFDM in high 

speed mobile environments. This work based on simulation using 

MATLAB 7.11. 

 

Keywords: Orthogonal frequency division multiplexing (OFDM), 

time-frequency training (TFT), joint time frequency channel 

estimation, interference cancellation, spectral efficiency, fast 

fading channels. 

 

I. INTRODUCTION 

ue to the robustness to the frequency-selective multipath 

channel and the low complexity of the frequency domain 

equalizer, orthogonal frequency division multiplexing (OFDM) 

has been widely recognized as one of the key techniques for the 

next generation broadband wireless communication (BWC) 

systems [2]. One fundamental issue of OFDM is the block 

transmission scheme. Basically, there are three types of OFDM-

based block transmission schemes: cyclic prefix OFDM (CP-

OFDM) [3], zero padding OFDM (ZP-OFDM) [4], and time 

domain synchronous OFDM (TDS-OFDM) [5]. The broadly 

used CPOFDM scheme utilizes the CP to eliminate the inter-

block interference (IBI) as well as the inter-carrier-interference 

(ICI) [6]. For both the CP-OFDM and ZP-OFDM schemes, some 

dedicated frequency-domain pilots are required for 

synchronization and channel estimation, thus the spectral 

efficiency is reduced. To solve this problem, instead of the CP, 

the known training sequence (TS) such as the pseudorandom 

noise (PN) sequence, is used as the guard interval in the TDS-

OFDM scheme [5]. Since the TS is known to the receiver, it can 

be also used for synchronization as well as channel estimation 

[7]. Consequently, the large amount of frequency-domain pilots 

used in CP-OFDM and ZP-OFDM could be saved. Thus, TDS-

OFDM outperforms CP-OFDM and ZP-OFDM in spectral 

efficiency by about 10% [8]. However, the main drawback of 

TDS-OFDM is that, the time-domain TS and the OFDM data 

block will cause IBI to each other. Thus, the iterative interference 

cancellation algorithm has to be used for channel estimation and 

equalization [7], [8], i.e., the IBI from the OFDM data block to 

the TS must be eliminated before the TS-based time-domain 

channel estimation, while the IBI caused by the TS to the OFDM 

data has to be removed to achieve reliable channel equalization. 

On one hand, the interference cancellation before channel 

estimation needs the equalized OFDM data information to 

calculate the IBI caused by the OFDM block, while on the other 

hand, channel estimation is prerequisite to obtain the equalized 

OFDM block. One exciting solution to the interference problem 

of TDS-OFDM is the cyclic postfix OFDM scheme [10], [11], 

whereby the TS serving as the cyclic postfix is not independent 

of the OFDM block like that in TDS-OFDM, but is generated by 

the redundant frequency-domain comb-type pilots within the 

OFDM symbol. In this way, the IBI from the TS to the OFDM 

data block can be avoided. However, the cyclic postfix OFDM 

scheme does not solve the problem of the interference from the 

OFDM data block to the next TS, thus the iterative interference 

cancellation with poor performance over fast time-varying 

channels is still required for channel estimation and OFDM 

equalization [12]. In addition, the inserted redundant pilots have 

much higher average power than the normal OFDM data [13], 

thus the equivalent signal-to-noise ratio (SNR) at the receiver 

will be reduced if the identical transmitted signal power is 

permitted. Such SNR loss can be slightly alleviated by changing 

the positions of the redundant pilots or adding more pilots in the 

frequency domain [14], but the effect is not obvious. The most 

effective solution to the interference problem of TDS-OFDM is 

to duplicate the TS twice, resulting in the dual-PN OFDM (DPN-

OFDM) scheme [15]. The second received PN sequence immune 

from the interference caused by the preceding OFDM data block 

can be directly used for channel estimation, and the interference 

cancellation before channel equalization can be replaced by the 

cyclic prefix reconstruction which is accomplished by the simple 

add-subtraction operation [15]. In this way, the iterative 

interference cancellation algorithm could be avoided, leading to 

the reduced complexity and improved performance over fast 

fading channels. However, the spectral efficiency of the DPN-

D 
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OFDM solution is remarkably decreased by the doubled length 

of the TS. 

 

 

 

 
Figure 1: The basic block diagram of an OFDM system in 

AWGN channel 

 

 

II. TFT-OFDM SYSTEM MODEL 

 

In this section, the basic concept of the proposed TFTOFDM 

system is generalized at first, then the TFT-OFDM system model 

is outlined. 

 

A. Basic Concept of the TFT-OFDM System 

 

As shown in Figure. 2, the IBI from the TS to the OFDM data 

block and the IBI caused by the OFDM block to the TS have 

distinct features in TDS-OFDM. The interference caused by the 

TS can be completely removed if the channel estimation is 

perfect, since the TS is known at the receiver. In addition, this 

IBI can be calculated with relatively low complexity since the TS 

length is not large. However, the interference caused by the 

OFDM data block has to be calculated with high complexity, 

since the OFDM block length is usually large. More importantly, 

such interference can not be totally eliminated even when the 

channel estimation is ideal, because the OFDM data block is 

random and unknown, and perfect OFDM detection is difficult 

due to the noise, the ICI, the imperfect channel equalization, and 

so on, especially when the channel is varying fast. Therefore, the 

TS-based time-domain channel estimation in TDS-OFDM is not 

accurate over fast fading channels. Such estimation error would 

in turn result in the unreliable cancellation of the IBI caused by 

the TS, which would deteriorate the OFDM equalization 

performance in the next iteration. Consequently, the 

corresponding performance loss is unavoidable in TDS-OFDM. 

 
Figure 2: Distinct features of the IBIs in TDS-OFDM [1] 

Based on the observations that the IBI caused by the OFDM data 

block has to be removed for reliable channel estimation, and the 

complete cancellation of such IBI is difficult even when the 

channel estimation is perfect, TFTOFDM is derived in this paper 

to provide a fundamentally distinct solution. In the proposed 

TFT-OFDM scheme, unlike the conventional method where both 

the channel path delays and the channel path coefficients are 

estimated by using the “clean” received TS after IBI cancellation, 

we do not remove the IBI imposed on the TS, but directly use the 

“contaminated” TS without IBI cancellation to obtain the partial 

channel information: the path delays of the channel, while the 

rest part of the channel information: the path coefficients, are 

acquired by utilizing the small amount of grouped pilots in the 

frequency domain. In this way, the IBI caused by the OFDM data 

block needs not to be removed, leading to the breaking of the 

mutually conditional relationship between the channel estimation 

and channel equalization in TDS-OFDM. Consequently, the 

iterative interference cancellation algorithm with poor 

performance could be avoided. The only cost is the extra 

frequency-domain grouped pilots, which lead to the spectral 

efficiency loss compared with TDS-OFDM. However, such loss 

is negligible, since the pilots used to estimate the path 

coefficients only occupy about less than 3% of the total 

subcarriers in the proposed TFT-OFDM solution. 

 

 
Figure 3: Proposed signal structure and the corresponding joint 

time-frequency channel estimation of the TFT-OFDM scheme 

[1] 

 

B. TFT-OFDM System Model 

 

Unlike TDS-OFDM or CP-OFDM where the training 

information only exists in the time or frequency domain, Fig. 

2 shows that TFT-OFDM has training information in both time 

and frequency domains for every TFT-OFDM symbol, i.e., the 

time-domain TS and the frequency-domain grouped pilots 

scattered over the signal bandwidth are used in TFTOFDM. The 

signal structure of the TFT-OFDM scheme can be described in 

the time domain and frequency domain, respectively. 

In the time domain, the i
th

 TFT-OFDM symbol 
T

NiiiiMii sssssS ][ 1,1,0,1,,    is composed of the 
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known time-domain TS 
T

Miiii cccC ][ 1,1,0,   and the 

OFDM data block 
T

Niiii xxxX ][ 1,1,0,   as below 
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Where M is length of the TS, N is the length of the OFDM data 

block, P=M+N presents the length of the TFT-OFDM symbol, 
T

Niiii xxxX ][ 1,1,0,   denotes the frequency-domain 

OFDM symbol, and i

H

Ni XFx  . 

Being different from the time-domain PN sequence used in TDS-

OFDM, the TS in TFT-OFDM could be any kind of sequences 

with desirable specific features defined in the time or frequency 

domain. Normally, the sequences with perfect or good 

autocorrelation property are preferred for channel estimation, 

e.g., the constant amplitude zero auto-correlation (CAZAC) 

sequence with constant envelop in both time and frequency 

domains  

 

 

[16], or the PN sequence used in TDS-OFDM [9]. Here we use 

the TS having constant envelope in the frequency domain, i.e., 

i

H

Ni CFc  where
T

Miiii cccC ][ 1,1,0,   . It can be proved 

that such TS with any length have perfect circular autocorrelation 

property, since the circular correlation theorem [17] allows. In 

the frequency domain, unlike TDS-OFDM where all active 

subcarriers are used to carry the useful data [18], TFT-OFDM 

has Nd data subcarriers and Ngroup groups of binary phase-shift 

keying (BPSK) modulated pilots scattered over the signal 

bandwidth. Each pilot group has 2d + 1 pilots. The discrete 

multipath channel during the i
th

 TFT-OFDM symbol at the time 

instant n (−M ≤ n ≤ N −1) can be modeled as 

T

Lnininini hhhh ][ 1,,1,,0,,,    of the maximum length L, where 

hi,n,l denotes the coefficient of the l
th

 path with the delay nl. After 

the cyclic prefix reconstruction of the received OFDM block has 

been accomplished (the hybrid domain cyclic prefix 

reconstruction method [20] based on the well-known overlap and 

add (OLA) scheme in ZP-OFDM systems [4] can be directly 

utilized, since TFT-OFDM is essentially equivalent to ZP-OFDM 

after removing the known TS at the receiver), the time-domain 

received OFDM block 
T

Niiii yyyY ][ 1,1,0,    is  iiii WXHY      

 (2) 

where Wi is the additive white Gaussian noise (AWGN) vector 

with zero mean and covariance of σ
2
IN, and the time-domain 

system matrix Hi. Using FFT to the above signal (2), we have the 

frequency domain OFDM block   
T

Niiii yyyY ][ 1,1,0,   as 

iiii WXGY    (3) 

where Yi = FNYi, Wi = FNWi, and Gi is the N × N channel 

frequency response (CFR) matrix with the (p+1, q+1)
th 

entry 

Gi,p,q being [21] 
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  (4) 

If the channel is time-invariant within each TFT-OFDM symbol, 

the ICI coefficient Gi,p,q (p = q) equals to zero, and If the 

channel is time-invariant within each TFT-OFDM symbol, the 

ICI coefficient Gi,p,q (p = q) equals to zero, and Gi becomes a 

diagonal matrix. Consequently, the one-tap equalizer can be used 

for data detection with low complexity. 

It is clear from (4) that the channel information, including the 

channel path delays as well as the path coefficients has to be 

obtained for data detection. 

 

 

III. TFT-OFDM RECEIVER DESIGN 

 

Based on the time-frequency training information and signal 

structure of the TFT-OFDM scheme in Section II, this section 

presents the TFT-OFDM receiver design, including the joint 

time-frequency channel estimation, and channel equalization as 

well. 

 

A. Joint Time-Frequency Channel Estimation 

 

Unlike CP-OFDM or TDS-OFDM where the channel estimation 

is solely dependent on the frequency-domain pilots 

or the time-domain TS, whereby the path delays and path 

coefficients are simultaneously estimated by the time- or 

frequency-domain training information [7], [15] channel 

estimation in TFT-OFDM is jointly accomplished by time-

frequency processing of the received TFT-OFDM signal. 

 

B. TS-Based Path Delay Estimation 

 

The received TS will be contaminated by the IBI from the 

previous OFDM data block after multi-path propagation 

To achieve reliable channel estimation in TDS-OFDM, IBI 

cancellation and cyclic prefix reconstruction of the received TS 

are required to fully utilize the good autocorrelation property of 

the TS [7] 

 

C. Channel Equalization 

Soft-decision aided MMSE channel equalization with iterative 

ICI cancellation exploiting the extrinsic information from the 

soft-in soft-out (SISO) channel decoder is the widely used 

scheme with reliable equalization performance [23]. Here, we 

adopt the 0(N)-complexity equalizer with the following 

procedure [24]: 

 

D. Initial MMSE symbol detection: Using the MMSE 

detection criterion, the initial channel equalization is 

performed by 
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It should be pointed out that, although the iterative ICI removal 

based channel equalization above is used in TFTOFDM to 

remove the ICI over the fast fading channels, it is essentially 

different from the iterative IBI cancellation method in TDS-

OFDM where both the channel estimation and channel 

equalization are involved and coupled together. If the channel 

can be assumed quasi-stationary during each TFTOFDM symbol, 

the iterative ICI removal is not necessary any more since no 

significant ICI will be introduced. However, even when the 

channel is static, TDS-OFDM still requires the iterative IBI 

cancellation, whereby channel estimation and channel 

equalization are iteratively involved to remove the IBIs as 

completely as possible. 

 

IV. PERFORMANCE ANALYSIS OF TFT-OFDM 

 

The system performances of the proposed TFT-OFDM scheme, 

including the spectral efficiency, pilot power and 

the corresponding SNR loss, the equivalent SNR loss due to the 

cyclic prefix reconstruction, the receiver performance over time-

varying channels, and the receiver complexity, are analyzed in 

this section 

 

TABLE: I 

Spectral Efficiency Comparison [1] 

 

TS 

Length 

CP-

OFDM 

TDS-

OFDM 

DPN-

OFDM 

TFT-

OFDM 

K=N/4 60.00% 80.00% 66.67% 77.66% 

K=N/8 77.78% 88.89% 80.00% 86.28% 

K=N/16 88.23% 94.12% 88.89% 91.36% 

 

 

A. Spectral Efficiency 

 

One major merit of OFDM is its high spectral efficiency due to 

the orthogonality between the subcarriers although they are 

overlapped. The spectral efficiency is defined as the net bit rate 

over a certain signal bandwidth, i.e., the ideal OFDM system 

without guard interval or pilots has the spectral efficiency [25] 





TN

TN
Eideal

/

/
 ( bit  /s / Hz)   (6) 

where 2α denotes the constellation points of the modulation 

scheme, e.g., α = 4 for 16QAM, Nα/T stands for the net bit rate, 

and N/T is the signal bandwidth. However, both the time-domain 

guard interval and the frequency-domain pilots would reduce the 

actual spectral efficiency of the practical OFDM systems [25]. So 

the spectral efficiency of TFT-OFDM is 

NM

NN
EE

p

idealreal



   ( bit  /s / Hz)       (7) 

When the same modulation scheme is taken into account, we 

define the normalized spectral efficiency in the form of 

percentage as below: 

%100
)12)(1(

0 
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real   (8) 

The key advantage of TDS-OFDM over CP-OFDM is the 

increased spectral efficiency since no pilot is used in 

TDSOFDM, but the IBIs between the TS and the OFDM data 

block deteriorate the system performance over fast fading 

channels. The DPN-OFDM solution can solve the performance 

loss problem, but the doubled TS length obviously reduces the 

spectral efficiency. Regarding to the TFT-OFDM scheme 

proposed in this paper, the TS has the same length as the guard 

interval in TDS-OFDM and CP-OFDM systems, while only Np = 

120 frequency-domain grouped pilots can be configured with 

some design margin. For digital broadcasting systems like DVB-

T2 [19], typically N = 4096 (4K mode) is used (In Chinese 

national digital television standard [9], N = 3780 is adopted), 

which means that the grouped pilots only occupy less than 3% of 

the signal bandwidth. Table I shows the spectral efficiency 

comparison between CP-OFDM, TDS-OFDM, DPN-OFDM and 

the proposed TFTOFDM schemes. 

 

TABLE: II 

The SNR loss due to pilot power boosting [1] 

 

Guard Interval Length CP-OFDM TFT-OFDM 

K=N/4 0.77 dB 0.098 dB 

K=N/8 0.40 dB 0.098 dB 

K=N/16 0.21 dB 0.098 dB 

K=N/32 0.10 dB 0.098 dB 

 

B. Pilot Power and the Corresponding SNR Loss 

 

In standard CP-OFDM systems, the power boosting technique 

[19] is commonly used to increase the average power of the 

pilots to achieve more reliable channel estimation, which leads to 

the equivalent SNR loss at the receiver 








 


d

dppp

loss
NE

ENNEN
SNR

)(
log10 10   

 (9) 

where Ep and Ed denote the average power of the pilot and data, 

respectively. Such SNR loss is not negligible, especially when 

the pilot number is large in CP-OFDM. However, the proposed 

TFT-OFDM scheme only requires a small amount of grouped 

pilots, so the SNR loss will be small. Table II compares the SNR 

loss in CP-OFDM and TFT-OFDM, where the case that Ep is 2.5 

dB higher than Ed as specified by DVBT2 [19] is taken as an 

example. It can be found that the SNR loss in CP-OFDM is 

relative to the guard interval length, and 0.40 dB SNR loss will 

be introduced when M = N/8, while the negligible SNR loss in 

TFT-OFDM is 0.098 dB, which is independent of the guard 

interval length. Furthermore, if the same SNR loss is permitted in 

TFTOFDM as that in CP-OFDM, the pilot power in TFT-OFDM 

could be much higher than that in CP-OFDM. As shown in Table 

III, if the SNR loss of 0.40 dB is affordable when M = N/8, the 

boosted pilot power in TFT-OFDM could be 3.86 dB higher than 

that in CP-OFDM, which is beneficial for more accurate channel 

estimation. Due to the lower pilot occupation ratio in TFT-



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      391 

ISSN 2250-3153  
 

www.ijsrp.org 

 

OFDM than CP-OFDM, the pilot power boosting technique is 

more efficient for more reliable channel estimation, e.g., the 

boosted pilot power from 2.5 dB to 3.0 dB in CP-OFDM is 

equivalent to the boosted pilot power from 6.36 dB to 7.20 dB in 

TFT-OFDM. 

 

C. SNR Loss Due to Cyclic Prefix Reconstruction 

The cyclic prefix reconstruction with the OLA method [4] would 

result in the noise enhancement effect caused by 

removing the “tail” of the OFDM data block to its head. Thus, 

similar to ZP-OFDM, TFT-OFDM also suffers from the SNR 

loss 








 


N

NM
SNR lossTFT 10, log10    (10) 

When M = N/8, the SNR loss is 0.51 dB, and when M = N/16, the 

SNR loss is 0.26 dB. Similarly, the cyclic prefix 

reconstruction is also required in every iteration step in 

TDSOFDM, thus TDS-OFDM would sacrifice the SNR loss 

lossTFTlossTDS SNRJSNR ,, .   (11) 

where J is the iteration number of the iterative IBI removal at the 

TDS-OFDM receiver. Since J = 3 is normally required in TDS-

OFDM, the SNR loss in TFT-OFDM will be smaller than that in 

TDS-OFDM. 

 

D. Receiver Performance over Time-Varying Channels 

 

Compared with TDS-OFDM, TFT-OFDM could improve the 

receiver performance at the cost of marginally reduced 

spectral efficiency due to the small amount of the grouped pilots. 

When equalizing the OFDM data block between two adjacent 

TSs over fast fading channels, only the linear interpolation or 

other more complicated interpolation methods can be used to 

track the channel variation [26]. However, the proposed joint 

time-frequency channel estimation can accurately track the fast 

time-varying channel during the OFDM block by using the 

scattered pilots in the frequency domain. TDS-OFDM requires 

that the IBIs between the TS and OFDM block should be 

removed completely, leading to the mutually conditional 

relationship between channel estimation and channel 

equalization, and performance loss is unavoidable over fast 

fading channels. However, in TFT-OFDM, the joint time-

frequency channel estimation is achieved by using the received 

“contaminated” TS without IBI cancellation and the frequency 

domain grouped pilots, so the channel estimation performance is 

independent of the channel equalization quality.  

 
Figure 4:  BER performance comparison between the proposed 

TFT-OFDM scheme and the traditional schemes over the AWGN 

channel[1] 

 
Figure 5:  BER performance comparison between the proposed 

TFT-OFDM scheme and three traditional schemes over the 

Vehicular B channel with the receiver velocity of 28 km/h.[1] 
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Figure 6:  BER performance proposed new TFT-OFDM scheme. 

 

 

 

 

V. SIMULATION RESULTS AND DISCUSSION 
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Simulations were carried out to investigate the performance of 

the proposed TFT-OFDM transmission scheme. The signal 

bandwidth was 7.56 MHz at the central radio frequency of 770 

MHz, and the subcarrier spacing was 2 kHz. The modulation 

scheme 64QAM was adopted. Other system parameters were 

consistent with those specified as N = 3780, M = 420, Ngroup = 40, 

Q = 1, d = 1, S = 20, J0 = 3. Based on the fact that now a days 

almost all OFDM based systems use channel coding for reliable 

performance, we adopted the powerful low-density parity-check 

(LDPC) code with the block length of 64, 8000 bits and code rate 

of 2/3 as specified by the standard [19]. The maximum Doppler 

spread of 20 Hz and 100 Hz were considered, which 

corresponded to the relative receiver velocity of 28 km/h and 140 

km/h @ 770 MHz, respectively. In the simulations, we assumed 

M equally spaced combo type pilots were used in CP-OFDM, 

since it has been proved that such scheme could achieve the best 

channel estimation performance under static channels. The 

classical iterative algorithm in [7] was used for TDS-OFDM. 

DPN-OFDM adopted the receiver algorithm proposed in [15]. 

The cyclic postfix OFDM used the PN sequence as the unique 

word [13], and the channel estimation method in [12] was used. 

Figure 4 compares the coded bit error rate (BER) performance of 

the conventional CP-OFDM, TDS-OFDM, and cyclic postfix 

OFDM schemes with the proposed TFT-OFDM solution over the 

AWGN channel. The ideal channel estimation is assumed for all 

those systems. We can find that TFT-OFDM and TDS-OFDM 

have very close BER performance, and they have the SNR gain 

of 0.18 dB compared with CP-OFDM. The reason is that, the 

equivalent SNR at the receiver is reduced by the large amount of 

pilot with boosted power in CP-OFDM. Figure 5 compares the 

coded BER performance of TFT-OFDM with CP-OFDM, TDS-

OFDM and DPN-OFDM over the Vehicular B channel with the 

receiver velocity of 28 km/h. The performance of CP-OFDM is 

between that of TDS-OFDM and DPN-OFDM, while the 

proposed TFT-OFDM scheme has superior BER performance to 

those three conventional OFDM transmission schemes. For 

example, when the BER equals to 10
−4

, TFT-OFDM outperforms 

DPN-OFDM, CP-OFDM and TDS-OFDM by the SNR gain of 

0.95 dB, 1.15 dB and 2.40 dB, respectively. Compared with 

DPN-OFDM, CP-OFDM and TDS-OFDM, the SNR gain 

achieved by TFT-OFDM is increased to be about 1.15 dB, 2.25 

dB and 4.40 dB, respectively. Compared with CP-OFDM and 

DPN-OFDM, TFT-OFDM achieves the performance 

improvement because the proposed joint channel estimation can 

accurately track the channel variation, and ICI is removed before 

the frequency domain equalization. After reducing some pilot 

then again simulate data while given above and perform the BER 

analysis with SNR as Figure 6. 

VI. CONCLUSIONS 

 

This paper proposes a novel OFDM-based transmission scheme 

called TFT-OFDM, whereby the training information exists in 

both time and frequency domains. The corresponding joint time-

frequency channel estimation utilizes the time domain TS 

without interference cancellation to estimate the channel path 

delays, while the channel path coefficients are acquired by using 

the pilot groups scattered within the OFDM symbol. The 

variation of the fast fading channels within every TFT-OFDM 

symbol can be well tracked. The iterative ICI removal method 

further improves the system performance. The grouped pilots in 

TFT-OFDM occupy only about less than 3% of the signal 

bandwidth. Therefore, high spectral efficiency as well as good 

performance over fast time-varying Channels could be 

simultaneously realized, which makes TFT-OFDM a promising 

physical layer transmission technique for BWC systems in high 

speed mobile environments. 
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Abstract- Information available on the WWW, users’ get easily 

lost in rich hyper structure. It has become increasingly necessary 

for user’s to utilize automated tool in order to find, extract, filter 

and evaluate the desired information and resources. Modern 

Information Retrieval System matches the term of a user with 

documents in their index and returns a large number of 

documents of Web pages generally in the form of ranked list. It 

becomes almost impractical at the user end to examine every 

return document, thus the need to look for some result 

optimization. In this paper, finding the content of the web and 

retrieving the users’ interest and need from their behaviour has 

become important .Web mining is used to cauterized user and 

pages by analyzing the user’s behaviour, content of pages, order 

of the URLs, Two page ranking algorithms, HITS and 

PageRank.The Weighted Page Rank algorithm (WPR), takes into 

account the importance of both inlinks and the outlinks of the 

pages and distributes rank scores based on the popularity of the 

pages. In this paper we have the relevancy values for the query 

produced by Page Rank and WPR using different page set and 

finally search result list is reranked by updating the existing page 

rank values of a page. The proposed work result WPR performs 

better than Page Rank and reduced search time and important 

pages are tending to move upwards in the result list. 

 

Index Terms- Page Rank algorithm, Weighted Page Rank, Web 

Mining, Web Structure Mining, HITS 

 

I. INTRODUCTION 

WW is one of the popular information resources for text, 

image, audio, video, and metadata. It is estimated that 

WWW has expanded by about 2000 % since its inception and is 

doubling in size every six to ten months [1].Nowadays providing 

a set of web pages based on user query words is not a big 

problem in search engine[2],instead the problem is that a search 

engine return a large number of web pages in response to user 

queries and user have to spend much time in finding  desired 

information from this long list resulting in information overload 

problem[3].although many search engine provide a user friendly  

ranked list in response to user queries, there still remain a 

challenge in finding the desired information content within the 

result list due to the presence of user desired pages being 

scattered throughout in the result list. 

        Web mining is used to discover the content of the Web, the 

users’ behavior in the past, and the WebPages that the users want 

to view in the future. Web mining consists of Web Content 

Mining (WCM), Web Structure Mining (WSM), and Web Usage 

Mining (WUM) [4, 5, 6]. WCM deals with the discovery of 

useful information from web content.WSM discovers 

relationships between web pages by analyzing web structures. 

WUM ascertains user profiles and the users’ behavior recorded 

inside the web logfile.WCM focuses mainly on the structure 

within a document (the inner-document level) while WSM tries 

to discover the link structure of the hyperlinks between 

documents (the inter document level). The numbers of inlinks 

(links to a page) and of outlinks (links from a page) are valuable 

information in web mining. This is due to the facts that a popular 

webpage is often referred to by other pages and that an 

“important” webpage contains a high number of outlinks. 

Therefore, WSM is seen as an important approach to web mining 

[7]. This paper focuses on WSM and provides a new Weighted 

Page Rank Algorithm and reranked by updating the existing Page 

Rank values. 

        The work proposed in this paper is aim to optimize the 

result of a search engine by returning the more relevant and user 

desired page on top of search result list. To perform the required 

task, the work take into account the mined output of WSM.The 

paper has been organised as follows: Section II describe the 

background terminology used in the work; Section III present the 

PageRank algorithm which is used by WSM. Section IV 

describes the extended PageRank algorithm called the Weighted 

PageRank algorithm. Section V describes the different 

component involved in the implementation and evaluation of 

WPR. Section VI the experimental result and their implication 

for WPR .Section VII summarizes and conclusion .Finally the 

result re-rank of PageRank and WPR for query are given in 

Appendices A and B respectively. 

 

II. RELATED BACKGROUND TERMINOLOGY 

Most of the search engines use Page ranking algorithms, which 

can arrange the documents in order of their relevance, 

importance and content score. Some search engines also apply 

Web Mining techniques such as clustering, classification, 

association rule discovery and categorization to filter, classify as 

well as group their search results. Many page ranking algorithms 

[8, 9] have been proposed in the literature such as HITS, Clever, 

PageRank, Weighted PageRank, Page Content Rank. Some 

algorithms rely only on the link structure of the documents i.e. 

their popularity scores (web structure mining), some look for the 

content of the documents with respect to the user query (web 

content mining), while others use a combination of both i.e. they 

use links as well as the content of the document to assign a rank 

value to the concerned document. 

        Google first retrieves a list of relevant pages to a given 

query based on factors such as title tags and keywords. Then it 

uses PageRank to adjust the results so that more “important” 

pages are provided at the top of the page list. 

        HITS ranks WebPages by analyzing their inlinks and 

outlinks. In this algorithm, WebPages pointed to by many h 

hyperlinks are called authorities whereas WebPages that point to 

W 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      395 

ISSN 2250-3153  

www.ijsrp.org 

many hyperlinks are called hubs [10, 11, 12]. Authorities and 

hubs are illustrated in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 
Hubs              Authorities 

Figure 1. Hubs and authorities 
 

        Hubs and authorities are assigned respective scores. Scores 

are computed in a mutually reinforcing way: an authority pointed 

to by several highly scored hubs should be a strong authority 

while a hub that points to several highly scored authorities should 

be a popular hub [9, 10]. Let ap and hp represent the authority 

and hub scores 

        Of page p, respectively. B (p) and I (p) denote the set of 

referrer and reference pages of page p, respectively. The scores 

of hubs and authorities are calculated as follows [9, 10, 13]: 

 

     (1) 

hp                                              (2) 

 

Figure 2 shows an example of the calculation of authority and 

hub scores. 

 

 

 

 

 

 

 

 

 

 

 
ap = hq1 + hq2 + hq3             hp = ar1 + ar2 + ar3 

Figure 2. An example of HITS operations 

 

       HITS is a purely link-based algorithm. It is used to rank 

pages that are retrieved from the Web, based on their textual 

contents to a given query. Once these pages have been 

assembled, the HITS algorithm ignores textual content and 

focuses itself on the structure of the Web only. 

 

III. PAGERANK ALGORITHM 

        Page Rank [14, 15, 16] was developed at Stanford 

University by Larry page (cofounder of Google search engine) 

and Sergey Brin. Google uses this algorithm to order its search 

results in such a way that important documents move up in the 

results of a search while moving the less important pages down 

in its list. This algorithm states that if a page has some important 

incoming links to it, then its outgoing links to other pages also 

become important, thus it takes backlinks into account and 

propagates the ranking through links. When some query is given, 

Google combines precomputed PageRank scores with text 

matching scores to obtain an overall ranking score for each 

resulted web page in response to the query. Although many 

factors determine the ranking of Google search results but 

PageRank continues to provide the basis for all of Google's web 

search tools. 

 

A simplified version of PageRank is defined in (3): 

                           (3) 

 

        Where u represents a web page, B (u) is the set of pages that 

point to u. PR (u) and PR (v) are rank scores of page u and v, 

respectively. Nv denotes the number of outgoing links of page v, 

c is a factor used for normalization. 

        In PageRank, rank score of a page p is evenly divided 

among outgoing links. Values assigned to the outgoing links of 

page pare in turn used to calculate the ranks of the pages to 

which page p is pointing. Example showing distribution and 

assignment of page ranks is illustrated in Figure 3. 

 

                                     
 

                                     
 

          
 

Figure 3. Distribution of PageRank 
 

Later PageRank was modified keeping in view the Random 

Surfer Model [16] which states that not all users follow the direct 

links on WWW. The modified version is given in (2). 

 

 

         Where d is a damping factor [6] that is usually set to 0.85. d 

can be thought of as the probability of users‟ following the direct 

links and (1 − d) as the page rank distribution from non-directly 

linked pages. 
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IV. WEIGHTED PAGERANK ALGORITHM 

         Wenpu Xing and Ali Ghorbani [7] proposed an extension to 

standard PageRank called Weighted PageRank (WPR). It 

assumes that more popular the web pages are more linkages other 

web pages tend to have to them or are linked to by them. This 

algorithm assigns larger rank values to more important pages 

instead of dividing the rank value of a page evenly among its 

outgoing linked pages. Each outlink page gets a value 

proportional to its popularity or importance and this popularity is 

measured by its number of incoming and outgoing links. The 

popularity is assigned in terms of weight values to the incoming 

and outgoing links, which are denoted as Win(v,u) and Wout(v,u) 

respectively. Win (v, u) (given in (3)) is the weight of link (v, u) 

calculated based on the number of incoming links of page u and 

the number of incoming links of all reference (outgoing linked) 

pages of p. 

 

 
                                     PεR(v)                          (6) 

 

 

        Where Iu and Ip represent the number of inlinks of page u 

and page p, respectively. R (v) denotes the reference page list of 

page v. Wout (v, u) (given in (4)) is the weight of link (v, u) 

calculated based on the number of outlinks of page u and the 

number of outlinks of all reference pages of page v. 

 

 
                            pε R(v)                  (7) 

  

                                                                   
                                             

                                                            
 

 

                                  

 

 

 

 
 

Figure 5. Links of a website 

 

        In this example, Page A has two reference pages: p1 and p2. 

The inlinks and outlinks of these two pages are Ip1 = 2, Ip2 = 1, 

Op1 = 2, and Op2 = 3. Therefore, 

 

 

                                  (8) 

 

        Considering the importance of pages, the original PageRank 

formula is modified as 

          (9) 

 

V. EXPERIMENTS 

        To evaluate the WPR algorithm, we implemented WPR and 

the standard PageRank algorithms to compare their results. 

Figure 6 illustrates different components involved in the 

implementation and evaluation of the WPR algorithm. The 

simulation studies we have carried out in this work consist of six 

major activities: 

        1. Finding a web site: Finding a web site with rich 

hyperlinks is necessary because the standard PageRank and the 

WPR algorithms rely on the web structure. After comparing the 

structures of several web sites, the website Of Saint Thomas 

University, in Fredericton, has been chosen. 

        2. Building a web map: There is no web map available for 

this website. A free spider software–J Spider–is used to generate 

the required web map. 

        3. Finding the root set: A set of pages relevant to a given 

query is retrieved using the IR search engine embedded in the 

web site. This set of pages is called the root set. 

        4. Finding the base set: A base set is created by expanding 

the root set with pages that directly point to or are pointed to by 

the pages in the root set. 

        5. Applying algorithms: The Standard PageRank and the 

WPR algorithms are applied to the base set. 

        6. Improve the weighted rank 

        7. Evaluating the results: The algorithms are evaluated by 

comparing their results. 
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Figure 6. Architectural components of the system used to implement and evaluate the WPR algorithm 

 

 

VI. EVALUATION 

         The query topics “travel agent” and “scholarship” are used 

in the evaluation of the WPR and the standard Page Rank 

algorithms. “Travel agent” represents a non-focused topic 

whereas “scholarship” represents a focused (popular) topic in the 

Website of Saint Thomas University. The results of the 

evaluation are summarized in the following subsections. 

 

         6.1. The determination of the relevancy of the pages to 

the given query 

         The Standard Page Rank and the WPR algorithms provide 

important information about a given query by using the structure 

of the website. We categorized the pages in the results into four 

classes based on their relevancy to the given query: 

         • Very Relevant pages (VR), which contain very 

important information about the given query, 

         • Relevant pages (R), which have relevant but not 

important information about the given query, 

         • Weak-Relevant pages (WR), which do not have relevant 

information about the given query even though they contain the 

keywords of the given query, and 

         • Irrelevant pages (IR), which include neither the 

keywords of the given query nor relevant information about it. 

 

         6.2. The Calculation of the relevancy of the page lists to 

the given query 

         The performances of the WPR and the standard Page Rank 

algorithms have been evaluated to identify the algorithm that 

produces better results 

 

 Number of Relevant 

Pages 

Relevancy Value(k) 

Size of 

page set 

PageRank WPR PageRank WPR 

10 0 1 0.1 0.5 

20 4 3 13.1 16.8 

30 4 4 47.1 49.8 

40 4 4 82.1 84.8 

50 4 4 117.1 119.8 

60 5 5 159.6 162.3 

70 7 7 211.7 214.4 

 
Table 1. T e relevancy val es  or t e   ery “travel a ent” 

produced by PageRank and WPR using different page sets 

 

6.3 Rank Updator 

       This module takes in input from the query Rank 

improvement: This module takes the input from the query 

processor and matched documents of a user query and an 

improvement is applied to improve the rank score of the returned 

pages. The module operates online at the query time and applied 

the improvement on the concerned documents.  

       Step 1: Given an input user query q and matched document 

D collected from the query processor, the web page is found to 

which the query q belongs. 

       Step 2:  The level weight are calculated for every page X 

present in the sequential pattern. 

       Step 3:   The rank are calculated for every page X present in 

the sequential pattern. The improved is calculated as the 

summation of pervious rank and assigned weight value. 

       By improving the rank, the result of a search engine can be 

optimization so as to better serve the user need. The user can 

now find the popular and relevant pages upwards in the result 

list.  

 

Rank Improvement  

       The rank of a page can be improved with the help of its 

assign weight. The new rank can become: 

 

New_Rank(X) = Rank(X) + Weight          (11) 

 

       Where rank(X) is the existing rank value (PageRank) of page 

X WPR(X) is the Popularity given to X. 

 

       Relevancy Rule: the relevancy of a page to a given query 

depends on its category and its position in the page-list. The 

larger the relevancy value is, the better is the result. The 

Web 
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relevancy, _, of a page-list is a function of its category and 

position: 

                                        (12) 

 

       where i denotes the ith page in the result page-list R(p), n 

represents the first n pages chosen from the list R(p), and Wi is 

the weight of page i. 

 

           V1 ,if the ith page in PR 

Wi =    V2, if the ith page in R 

            V3, if the ith page in WR 

             V4, if the ith page in IR 

 

Where v1>v2>v3>v4 

 

VII. EXPERIMENTAL RESULT 

 Number of 

Relevant Pages 

Relevancy 

Value(X) 

New 

Relevancy 

Value 

Size 

of the 

paper 

set 

PageRank WPR PageRank WPR (PageRank 

+ WPR) 

10 0 1 0.1 0.5 0.6 

20 4 3 13.1 16.8 29.9 

30 4 4 47.1 49.8 96.9 

40 4 4 82.1 84.8 166.9 

50 4 4 117.1 119.8 236.9 

60 5 5 159.6 162.3 321.9 

 

 

VIII. CONCLUSION 

        Web mining is used to extract information from users’ past 

behavior. Web structure mining plays an important role in this 

approach. Two commonly used algorithms in web structure 

mining are HITS and PageRank, which are used to rank the 

relevant pages. Both algorithms treat all links equally when 

distributing rank scores. Several algorithms have been developed 

to improve the performance of these methods. This paper 

introduces the WPR algorithm, an extension to the PageRank 

algorithm. WPR takes into account the importance of both the 

inlinks and the outlinks of the pages and distributes rank scores 

based on the popularity of the pages.  Saint Thomas University 

show that WPR is able to identify a larger number of relevant 

pages to a given query compared to standard PageRank. 

        Web mining is used to extract useful information from 

Users’ past behavior. In this paper the Page Rank and Weighted 

Page Rank algorithms are used by many search engine but the 

users may not get the required relevant documents easily on the 

top few pages. To solve this problem we use the Weighted Page 

Content Rank has been proposed which which employ Web 

structure mining as well as Web Content mining technique. This 

algo is improving the order of the page in the result list so that 

the user gets the relevant and important pages in the list.   
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Abstract- World tea production reached 4.73 million tonnes in 

2008. At the international level, China, with 28.9 per cent share 

of the total world tea production, dominates the market. In 2010 

world tea production reached 1738.41 m kg. India was the 

market leader with regard to production and consumption until 

2005. At present, India is the second largest producer of tea in 

the world, and produces around 972.77 million kilograms in 

2008-09 as against of 945.27 million kgs in 2007-2008. Total 

export of tea from India has estimated at 183.99 million kgs 

valued at Rs.2274.74 crores with a unit price realization of Rs. 

123.64 per Kgs during 2008-2009. As against this 185.32million 

Kgs valued at Rs, 1888.68 crores with a unit price of Rs. 101.91 

per Kgs estimated in 2007-2008.The tea industry accounts for the 

employment of more than 2 million people in India.  India is the 

largest producer and consumer of black tea in the world. India 

produces all the three types of tea CTC tea, Orthodox tea, and 

Green tea, wherein CTC tea accounted for 88% of total output in 

CY 2010, while orthodox tea comprised 10% and the green tea 

accounts just 2 percent of the total production. 

 

Index Terms- Indian tea, tea export, volume of export, 

production, productivity of tea 

 

I. INTRODUCTION 

ea industry in India is about 180 years old and occupies an 

integral place in the economy of India. India has retained its 

leadership in the production of tea in the world until 2005. India 

is also the largest consumer of tea in the world. In India, tea 

industry is one of the oldest agro-based well-organized 

industries. The tea industry sees fluctuating trends due to 

agricultural nature of the operations, long gestation periods and 

unstable prices of tea, which are not likely to undergo any 

changes in the future. In the past, tea prices had shown brief 

periods of boom followed by longer periods of depression. Tea 

industry in India is facing a numeral problems like ageing tea 

bushes, high cost of production, price fluctuation etc. This 

situation can cause danger to the prospects of tea plantation in 

the region.  

 

II. HISTORY OF TEA INDUSTRY IN INDIA 

       Tea is grown in North and in South India. The cultivation 

and brewing of tea industry in India has a long history of 

application of traditional system of medicine and for 

consumption. Research shows that tea is indigenous to eastern 

and northern India, and was cultivated and consumed there for 

thousands of years. In the early 1820s, the British East India 

Company began large-scale production of tea in Assam. In 1837, 

the first English tea garden was established at Chabua in Upper 

Assam; in 1840, the Assam Tea Company began the commercial 

production of tea in the region and in 1850s, the tea industry 

rapidly extended to other parts of the country, at which point a 

large tracts of land converted for mass tea production. Today, 

India is one of the largest tea producers in the world, though 70% 

of tea is consumed within India itself. A number of renowned 

teas such as Darjeeling tea are also grown exclusively in India. 

By the turn of the century, Assam became the leading tea-

producing region in the world. 

       However, due to certain specific soil and climatic 

requirements its cultivation was confined to only certain parts of 

the country. 

        Tea is grown in 16 Indian States, of which Assam, West 

Bengal, Tamil Nadu and Kerala account for about 96 per cent of 

the total tea production. About 78% of the country’s total area 

under plantation is located in North East India. The teas 

originating from Darjeeling, Assam and Nilgiris are well known 

for their distinctive quality worldwide over and tea exports 

contribute significant amount of foreign exchange into the 

country. 

       Further the regions which are associated with small business 

to this industry are Karnataka, Tripura, Uttarakhand, Himachal 

Pradesh, Arunachal Pradesh, Manipur Sikkim, Nagaland, 

Meghalaya, Mizoram, Bihar and Orissa. The tea industry in India 

includes small and big growers and government plantations. 

Small tea growers in India are economically and socially 

susceptible as they are mostly marginal farmers. Many of the 

small farmers do not have rights over the land they cultivate. For 

the last two decades, Indian tea industry has witnessed many 

structural changes. Some of the problems faced by the tea 

industry in the recent years are crises in the tea industry, 

abandoning tea estates, low productivity, low profit and low 

export.  

       Assam is the only region in the world that has its own 

variety of tea, called Camellia Assamica. Assam tea gives a 

malty sweetness and an earthy flavor, as opposed to the floral 

aroma of highland (e.g. Darjeeling, Taiwanese) teas. The tea 

industry developed by the British planters brought in labour from 

Bihar and Orissa and their descendents form a significant 

demographic group in the state. 

       This industry is now considered as valuable asset to the 

nation. Plantation industry is a branch of agriculture in the border 

sense. The number of tea producing countries has been 

increasing since 1950 and at present there are more than 80 such 

countries in the world, India occupies the first place in terms of 

area.  

 

 

T  
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III. INDIAN TEA SCENARIO 

       The industry had also faced the problem of steep decline in 

prices during 1999 to 2006, which brought out the susceptible 

areas and these areas need to be addressed for guarding against 

reoccurrence of such eventualities and to achieve sustainable 

global competitiveness and livelihood to millions of workers 

employed in the industry. Around 130 tea gardens closed, 

abandoned or suspended their operations for some time due to 

this recession of which majority of tea gardens have reopened 

with the gradual improvement in tea prices from 2008 onwards. 

The decline in the prices has mainly been due to strong growth in 

supply in the face of sluggish demand. The tea industry faces the 

fluctuating affinity and other related problems and these 

problems are not doable to endure any changes.  

       Union Commerce and Industry Minister Anand Sharma 

announced that the Tea Board of India would take up 

rehabilitation of nearly 10,000 hectares of tea plantation in the 

Kangra district of Himachal Pradesh. He also announced a 250 

acre organic tea project. “A joint team of Tea Development 

Board, Vice-Chancellor of Himachal Pradesh Agriculture 

University, Palampur, and Director, Institute of Himalayan Bio-

Resource Technology visited the tea growing areas of Himachal 

in December, 2009, to assess the potential and submit proposals 

for revival of the tea industry in the State. They have come up 

with some concrete proposals and we have decided to implement 

them in letter and spirit which would benefit farmers from across 

the region in the State,'' Mr. Sharma said. 

       For the expansion and revival of tea plantation, the union 

minister has said that 10,000 hectares of land being recognized in 

the region. In addition to this, 250 acres of land would be used 

for organic tea plantation project. It is expected of fetching very 

high price in the international market.  

       In 2008, a sizeable quantity of Kangra tea was directly 

exported to Germany at an average price of Rs.605 per kg against 

an average price of Rs.98 per kg in Kolkata auctions. Hence, 

Kangra tea could have a distinct identity and tap the niche 

markets of Europe and United States along with the traditional 

markets of Kenya, Egypt, Iran and Pakistan. The state 

government is identifying appropriate entrepreneurs for setting 

up plantation companies’ partnership with local farmers to restart 

the abandoned tea growing areas. 

 

 

Table: 1. Production, Import & Exports of tea in India and domestic consumption 

 

The position of production, import and export of tea and its domestic consumption in India during the last 13 years is given in 

the table below: In million kgs (mkgs) 

 

 

 

Source: Tea Statistics, E – Estimated                                                                                                     
 

        During the period from 1997 (start of the Ninth Five Year 

Plan) to 2010 (Third Year of the Eleventh Five Year Plan), the 

overall production of tea in India has increased by 19 per cent. 

The domestic consumption of tea has also been increasing 

gradually. On the other hand, the export of tea has been stagnant 

during this period and has shown declining trend after 2008. This 

has led to an overall surplus of 56 m kgs tea in the Indian market 

as of 2010. Tea Board acknowledged that the cause for surplus 

tea was excess supply over demand. It further stated that tea 

being perishable item and the demand – supply being estimated 

for certain period, this surplus or excess supply over demand 

remained in the trade chain and utilised by the absorption at the 

Year 

 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Production 810  874  826  847  854  838 878  

 

 893  

 

 946  

 

982  

 

 

986  

 

981 

(E) 

979 

(E) 

 

966 

(E 

Import 3 9 10 13 17 25 10 31 17 24 16 20 25 20 

Total 

availability 

813 883 836 860 871 863 888 924 963 1006 1002 1001 1004 986 

Export 203 210 192 207 183 201 174 198 199 219 179 203 198 193 

Domestic 

consumption 

597 615 633 653 673 693 714 735 757 771 786 802 819 837 

Total 

absorption 

800 825 825 860 856 894 888 933 956 990 965 1005 1017 1030 

Surplus(+)/ 

Deficit(-) of 

availability 

vis-à-vis 

absorption 

13 58 11 0 15 (-) 31 0 (-)9 7 16 37 (-)4 (-)13 (-)44 

Cumulative 

overall 

surplus 

13 71 82 82 97 66 66 57 64 80 117 113 100 56 
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lower price. The decline exports despite surplus situation is also 

connected with the fact that cost of production of tea in India is 

reasonably high, as a result the tea price is higher in international 

market compared to other tea exporting countries, at the same 

time the poor quality   of tea is also accelerating  the situation.  

According to Tea Board, the surplus supply condition is expected 

to continue during main part of Eleventh Five Year Plan.  It 

would be indispensable for them to restrict uncontrolled 

extension of tea area and to focus on enhancing the productivity 

in order to improve returns, reducing the unit costs through 

productivity gains, building capacity of small growers, 

streamlining marketing channels and improving infrastructure in 

the Eleventh Five Year Plan. 

 

 

 

Table: 1.1 Productivity of tea in India 

 

Source: Tea Statistics, Tea Board, E-Estimated (NI- North India, SI- South India) 

 

         Productivity is defined as yield of tea grown per hectare. 

The productivity of tea in India has declined over the years as 

can be seen from the table. The above table shows that there is 

stagnation in productivity during the last four years despite of 

increase in area of tea plantation. One of the primary reasons for 

low productivity and substandard quality of tea produced in the 

country was ageing plantations. The above mentioned statistics 

show that in 1997 out of the total area of 4,34,294 hectares under 

tea cultivation, 1,82,605 hectares (42 per cent) of tea bushes 

were not economically feasible as they were more than 40 years 

old. Moreover the area under unproductive tea bushes has 

increased from 1, 82,605 to 2, 47,610 hectares indicating 

increase of 36 percent. Consequently the area of commercially 

unproductive area has increased from 42 percent in 1997 to 57 

percent in 2008.  

         The unproductive area would continue to remain 

commercially unproductive and require re-

plantation/replacement planting for humanizing the productivity. 

It has been observed that the percentage of re-

plantation/replacement planting in the country as a whole was 

appallingly low and less than two percent and this status of re-

plantation/replacement planting in south India was insignificant. 

At this rate, clearance of the backlog for replanting/replacement 

planting would take many more years. This would have an 

adverse impact on the productivity of tea plantations in the 

country. This indicates that increasing age of tea bushes with 

slow rate of replanting would pose a high risk to tea industry in 

future.  

 

IV. VARIETY OF TEA PRODUCED IN INDIA 

A.  North Indian Tea 

         Assam is the largest producer state of tea in India and it is 

divided into Brahmaputra valley and the Surma (Borak valley). 

This region is famous for their full, gutty, bright and 

pungent/brisk liquors with unusual ‘creaming down’ quality. The 

orthodox variety has abundance bright, golden and chunky, tip 

from this state. West Bengal offers teas from Darjeeling, Dooars 

and Terai and the Darjeeling is known as “The Champagne of 

Teas”, cultivated on the slope of the Himalayas, have unique, 

delicate flavor and character. No one has been able to match “the 

Darjeeling flavor”. No wonder the world record of Rs. 5001 per 

Kg. is held by Darjeeling’s Castleton tea. The teas from Doors 

and Terai are well made neat in appearance and have strong brisk 

liquors and these varieties are very much popular in the internal 

market. The state of Tripura is also produces orthodox and CTC 

teas. A different variety of tea at a small quantity comes from 

small growers of Kangra Valley in the picturesque Himachal 

Pradesh. This valley is famous for its green teas which is the 

Year Productivity 

Total area under tea  

(ha) 

Area containing tea bushes aged over 40 

years (ha) 

 

In million kgs 

(mkgs) 

All   India  All India 

 

 

     NI                             SI                                       All India 

1997 810 434294 128121                        54484                              182605 

1998 874 474027 128582                        54647                              183229 

1999 826 490200 129968                        55271                              185239 

2000 847 504366 129320                        53777                              183097 

2001 854 509806 136068                        54034                              190102 

2002 838 515832 140642                        54168                              194810 

2003 878 519598 141422                        54243                              195665 

2004 893 521403 141474                        54471                              195945 

2005 946 556807 147982                        54958                              202940 

2006 982 567020 180099                        58230                              238329 

2007 986 578460 182050                        58480                              240530 

2008 981 579353 (E) 188250                        59360                              247610 

2009 979 NA  -                                       -                                          - 

2010 966 NA -                                         -                                             - 
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specialty of the region. Dehradun in Uttarakhand contributes its 

own variety of tea to Indian quality.  

 

B. South Indian Tea  

         The quality of south Indian teas has its own distinctive 

characteristics. Teas from the Nilgiries possess delicate flavour 

along with strength and brightness. The produce of high range 

has its own specialty. The CTC production from all the Southern 

states is tuned to producing a large percentage of fine grades. The 

popularity of South India CTCs is attributed to good leaf 

appearance and strong, bright and brisk liquors. Amongst the fine 

variety of teas produced in India, South enjoys a place of pride. 

Today tea cultivation is extending to new regions like Orissa, 

Meghalaya, and Arunachal Pradesh and produce teas of flavoury 

Orthodox variety. They will further add to the vast variety of 

Indian Tea in the years to come. India’s greatest agro asset is tea, 

which has its vast variety and superb quality.  

         In south, tea is produced throughout the year. In North 

India tea production starts in the late March and ends in early 

December. In 2006, South India produced 213 million kgs of tea 

accounting for about 23.71 percent of the total production. It 

owns 73,424 tea estates, which cover 120 thousand hectares of 

land. The share of tea production in Tamil Nadu, Kerala and 

Karnataka are 139 million kgs, 69 million kgs and 5 million kgs 

respectively.  

         Tea industry provides employment opportunities to people 

living in rural as well as in urban areas as it is highly labour 

intensive industry.  

         In South India, most of the small tea growers are located in 

places like Nilgiries in Tamil Nadu, and Kottayam and Idukki in 

Kerala. The problems and situations of small tea growers are 

quite different from other big growers. Big growers own their 

own factories to manufacture tea but small growers have to 

depend on big tea estates or bought leaf factory to sell their green 

leaf.  In recent years, some small growers have been encouraged 

to go for their own factories on a cooperative basis and the Tea 

Board and the State Government have provided financial help for 

this purpose. 

         The small tea growers whose area under tea is up to 10.12 

hectares or less are considered economically poor for the 

following various reasons- 

 A very high percent tea bushes are overage 

 Total grant area is not fully utilized 

 Lack of technical knowhow and non accessibility of 

planning material 

 Non applicability of fertilizer and manure  

 

 Agricultural practices for tea cultivation have not been 

used properly 

 No proper machinery is used at the time of green leaf 

processing  

 Due to inferior quality, no standardized price is paid and 

depended on other crops for their livelihood. 

         

         To improve the quality of the small tea growers the state 

governments in South took initiative in support of the success of 

cooperative factory and series of cooperative factories are 

constructed. The cooperative factories carry out the distribution 

of manure etc. The Central Service Society at Coonor purchase 

tea manure mixture and distribute it to the small growers 

members through the respective cooperative factories.  

          In India, plantations account for 0.8 percent of the total 

cultivation land. They also contribute 5 percent to the national 

income. Plantation employs a large number of labour force 

especially women workers which is higher compared to other 

industries. This industry is the second largest foreign exchange 

earner and exported to about 85 countries. In addition, this 

industry also helps in the development of other industries and 

provides indirect employment in various sectors like road 

construction, transportation, manufacture of plywood chest, 

aluminium foil, tin plate, warehouses, metal fittings, paper, 

cardboard, fertilizers, insecticides, pesticides, coal, iron, steel, 

etc. Today it provides to the common man a pleasant and 

stimulating non- alcoholic drink.  

 

V. BOUGHT LEAF FACTORIES IN SOUTH INDIA 

         The factories known as ‘Bought Leaf Factory’ are usually 

run by private sectors. They extend help to all small growers in 

South India, as the cooperative factory service is limited only to 

member growers. The bought leaf factories are mostly in the 

nature of partnership or public limited firms. Bought leaf 

factories have existed in South India since 1963 - 64 and at 

present the number of bought leaf factories is more than 110. 

Usually they purchase green leaf from the small growers. 

 

VI. ROLE OF UNITED PLANTERS ASSOCIATION OF SOUTH 

INDIA (UPASI) 

          One of the main objectives of United Association of South 

India is to improve the assortment of small tea growers in south 

by rendering various services. With the collaboration of United 

Association of South India (UPASI) the Tea Board is rendering 

services to small growers like imparting training in modern 

method of tea culture, arranging for supply of clonally tea plants 

at subsidized rate and also enlightening the small growers about 

the scientific technique of tea cultivation.  

         The Tea Board grants financial support in the form of loan 

for the purchase of tea machinery and for building of cooperative 

tea factories and it has been financed by the Tea Board and the 

State Government on the basis of 50:50 for the construction of 

tea factory. The Tea Board grants financial support to the UPASI 

and the UPASI extends necessary scientific advice to small tea 

growers through its research centres, existed at Perermade 

(Kerala), Cinchona (Tamil Nadu) and the substations at 

Vandiperiyar and the advisory centres at Munnar and Mepadi 

(Kerala). The Tea Board provides this service free of charge to 

members of UPSAI and the small growers. To demonstrate 

modern scientific methods to the small tea growers 10 

demonstration plots were also set up 6 in Nilgiris in Tamil Nadu 

and 4 in Kerala by the Board in collaboration with the UPASI 

and the respective State Governments. 

 

VII. STRUCTURE OF THE TEA INDUSTRY 

         Tea plantation in India originally developed and initiated 

by British enterprise. It started on a commercial level in India 
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after the British monopoly of trade in tea with China abolished in 

1833 and wild tea plants, indigenous to Assam, found in the early 

part of the 19
th

 century.  

 

Cultivation and Manufacturing of tea    

         Manufacturing of tea is a very elongated process. The 

preparation of ‘seed bari’ to packing of tea, the entire practice 

takes some years for the entrepreneur to get some profit. Before 

transplanting the seedlings in the field, they are to be grown-up 

in the nursery for one or two years, the transplantation of the 

young plants requires leveling of land. For the strong 

development of tea plants, proper drainage system, trees for 

shade, proper application of manure and fertilizers, control of 

pest attacks and pruning and plucking are essential maneuver for 

tea industry. The manufacturing of tea goes through different 

stages - i) withering ii) rolling, iii) fermenting iv) firing or 

drying, v) shifting and grading and vi) packing. 

         There are organizations of traders’, producers’, and 

picketers, in tea industry in India. The Indian Tea Association of 

producers’ established in 1881 and its membership opened to 

proprietary concerns, partnership firms, public and private 

limited companies and sterling companies’ these are rupee 

companies. 

         All tea estates of North India are the members of this 

Association. Consequently, Tea Association of Indian and 

Bharatiya Cha Parishad came into existence. These associations 

of tea estates were formed by the Indian planters who purchased 

tea estates directly from the Europian tea planters or represented 

through Indian managing agents controlling the affairs of the 

companies and the tea estates of North Indian are the members of 

these Associations. 

         United Planters Association of South India (UPASI) 

established for South Indian tea estates. The association provides 

all helps to its member gardens in procuring ration quote at 

reasonable rates from the state, in recruiting labour, providing 

coal, cement and fertilizer at subsidized rates and spreading the 

result of scientific and technical research. It also acts as 

representatives for tea planters to the government bodies and 

committees. 

 

VIII. TEA EXPORTS FROM INDIA 

         India exports tea to about 85 countries of the world. Which 

are traditional markets and some are new markets. North India 

comprise almost one third of total tea exports from India while 

the rest by the South India. 

         India generally exports tea to United Kingdom. It exports 

through London auction. Moreover, forward contract, private 

sale and direct export are very famous. Most of the sterling 

companies are having head office at London; prefer either to 

place tea in London auction or to sell it in the form of forward 

contract and direct exports. Another feature of export auction is 

the increase in the quantity of re-exports from the United 

Kingdom to other importing countries. 

 

 

 

 

 

Table: 1.2EXPORTS OF TEA FROM INDIA 

(Financial Year 1990-1991 to 2008-2009) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Tea Board of India 

         

Year Quantity 

(M kgs) 

Value 

(Rs crs) 

Unit price 

Rs 1 kg 

1990-1991 199.17 1071.10 53.78 

1991-1992 216.45 1212.27 56.01 

1992-1993 180.69 1058.70 58.59 

1993-1994 161.17 1080.10 67.02 

1994-1995 152.16 986.41 64.83 

1995-1996 169.47 1244.52 74.31 

1996-1997 169.04 1301.46 76.99 

1997-1998 211.26 2003.15 94.82 

1998-1999 205.86 2191.84 106.47 

1999-2000 192.44 1932.66 100.43 

2000-2001 203.55 1889.79 92.84 

2001-2002 190.00 1695.79 89.25 

2002-2003 184.40 1665.04 90.29 

2003-2004 183.07 1636.99 89.42 

2004-2005 205.81 1924.71 93.56 

2005-2006 196.67 1793.58 91.19 

2006-2007 218.15 2045.72 93.78 

2007-2008 185.32 1888.68 101.92 

2008-2009 190.64 2381.79 124.94 

2009-2010 213.43 3038.69 142.37 
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        During the period 1990-1991 to 2009-2010 the overall 

export from India was not very satisfactory, it has increased to 

only 7.15 percent. However, in the same period the export value 

has significantly increased to 183.70 percent and this increased 

value can be attributed to unit price of tea which has increased to 

164.73 percent during the period 1990-1991to 2009-2010. 

 

 

Table: 1.3 Analysis of growth of exports of tea from India and value of exported tea (1990-1991 to 2001-2010) 

 

Decade  Compound 

growth rate of 

exports  

Compound growth 

rate of value of 

exported tea 

Compound growth 

rate  

Unit price Rs 1 kg 

1990-1991 

1999-2000 

-0.38% 5.31% 7.18% 

2000-2001 

2009-2010 

0.52% 5.41% 4.86 

 

Table: 1.4  Overall 20 years 

 

Decade  Compound growth 

rate of export 

Compound growth 

rate of value of 

exported tea 

Compound growth 

rate Unit price Rs 1 

kg 

1990-91to 

2001-10 

0.36% 5.64% 5.25% 

 

     

        The tea industry experienced ups and downs in its growth of 

exports and value of export during the period of 20 years (1990-

91to 2000-10). The industry has been facing problems of fall in 

exports since the collapse of the USSR in 1991. The Soviet 

Union was the biggest buyer of Indian tea. In the first decade i.e. 

1990-91to 1999-00 the compound  growth rate of export was 

negative with -0.38 percent , although the growth rate of value of 

tea has shown much higher rate with 5.3 percent which was due 

to high growth rate of unit price with 7.18 percent. During the 

second decade, growth rate of export was much satisfactory as it 

increased to 0.52 percent but value of exported tea only 

marginally enhanced to 5.41percent as   the unit price Rs 1 kg 

declined to 4.86 percent. Hence it can be attributed that even 

though the unit price Rs 1 kg declined, it did not affect the value 

of exported tea due to the increase of quantity of tea.  It can be 

seen from the analysis that there is an indirect association 

between the growth of export and value of export.  

        The overall 20 years, compound growth rate of export in 

India for 1990-91to 2001-10 was 0.36 percent which was much 

lower than the overall growth rate of value of exported tea of 

5.64 percent and the unit price was 5.25. Hence it can be 

concluded that the increase in value of exported tea was due to 

increases in unit price Rs 1 kg not due to increase in quantity. 

        The growth rate of India’s tea export can be examined in 

terms of quantity and value. Value of exports increases either 

through increase in quantity of export or price of export or both. 

It is important to find out the relative importance of change in 

price of export and change in quantity of export in the overall 

change in value. India’s tea export growth rate in terms of 

quantity and value is estimated by  calculating the ratio of both 

export growth rate in terms of quantity and value and multiplied 

it by 100 (CV value /CV quantity * 100). It gives whether value 

of export increased due to increase in price or quantity or both.  

        If the ratio is less than 100, for that commodity, the increase 

in value has been less than that of quantity and hence the increase 

in value of exports has been more due to increase in quantity than 

increase in price. If ratio is more than 100, for that commodity 

the increase in value of exports has been more than that of 

quantity and hence the increase in value of exports has been 

more due to increase in price than increase in quantity. This 

is beneficial for the economy.  

 

Table: 1.5 Analysis of CV Export value/ CV Export 

quantity*100 of Tea in India (1990-1991 to 2001-2010) 

 

Year The CV of 

export 

quantity 

The CV 

value of 

export 

CV Export 

value/ CV 

Export 

quantity*100 

1990-

1991to1999-2000 

14.7% 45.8% 311.56 

2000-2001 to 

2009-2010 

6.8% 26% 382.35 

 

        Analysis of co-efficient of variance (CV) of export in 

quantity and value of tea in India is calculated in the above table. 

The table shows that, the CV value of export in terms of quantity 

is 45.8 per cent and 26 per cent during 1990-1991to1999-2000 

and 2000-2001 to 2009-2010 respectively and the CV of quantity 

of export during the same period 14.7 percent and 6.8 percent 

respectively. 

        The results show that in two decades (1990-1991to1999-

2000 and 2000-2001 to 2009-2010) growth rate of export in 

quantity declined however, the growth rate of export in value 

increased. The ratio values during 1990-1991to1999-2000 and 
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2000-2001 to 2009-2010 were 311.56 percent and 382.35 

respectively. The ratio values were more than 100 in both 

decades. It happened due to increase in price per unit of export 

quantity of Indian tea. Though this may be good for a short 

duration from the economic point of view, but in the long run it 

is likely to have adverse effect on the tea exports as other 

countries will be able to sell better quality tea at a lesser price.  

        Though export market of Indian tea is losing its position, the 

next substitute will be domestic market, which has a trend in 

increase in demand. The tea producers should try to understand 

market demand which is very important for long term 

sustainability of the industry; since 80 percent of total tea 

produced in the country is consumed in the domestic market 

itself. 

        The Indian tea industry is facing threats on account of its 

high cost of production. The threat is particularly severe in the 

international field where India is now a distant fourth with a 

global share of 12 per cent in 2009 and after Kenya, China and 

Sri Lanka. 

        These facets on the Indian tea industry has been highlighted 

in a recent status paper published by the Indian Tea Association 

which says that over the years, India has slipped to the fourth 

position in world tea exports as its competitors like Kenya and 

Sri Lanka, serviced by well-organised low-cost high quality 

small-holder sector is outdoing India. 

 

Value added exports 

        With volumes dropping, the emphasis now should be on 

value-added exports as these teas realise better price. Emphasis 

should also be placed on enhanced production of orthodox teas, 

the paper says. Exports are estimated at 190 million kg against 

198 million kg in 2009 and 203 million in 2008. 

 

IX. MOST IMPORTANT FACTORS OF EXPORT FROM INDIA 

        India being the largest consumer of tea, it consumed 829 

thousand tonnes in 2010. About 182.7 thousand tonnes tea was 

exported from India which brings about $ 400 million as foreign 

exchange for the country per annum. Tea industry is a crucial 

source of revenue for the country.  

        The demand for tea in the international market is 

determined by the various standards, which vary from country to 

country. These days’ consumers are more concerned about their 

health and try to go for a quality tea influencing the price of tea 

in the global market. The high demand for organic tea from 

European countries and the demand for green tea from other 

countries can be considered as specific preferences of export. 

The demand for packet tea in the international market is more as 

it describes the quality and procedures of tea production and their 

environmental consciousness. The price and quality are also 

important to the export of Indian tea. The low price tea from 

countries like Sri Lanka, Kenya and Indonesia badly affected 

export from India.Some other factors challenging the export 

potential of Indian tea include various tariff and non-tariff 

measures imposed by some tea importing countries, change in 

consumer preferences, lower production of orthodox teas which 

have a larger demand worldwide, quality problems and the 

higher cost of production and prices of Indian tea. 

        The major issues liable for poor performance of India’s tea 

exports which are identified in the present study are sluggish 

increase in productivity, slow growth of area under tea 

cultivation, rising domestic demand, incapable to compete with 

major tea exporting countries, increase in world supply of tea 

compared to world demand, lost of traditional tea market and 

more attraction towards domestic market compared to 

international market. 

        More than 70 percent tea is consumed within the country 

itself. Growing domestic demand in India, improved the 

comparative profitability of domestic sales against exports. India 

is still the largest consumer of Black Tea in the world with 

domestic consumption accounting for almost 80 per cent of the 

total tea production in the country.  Since 2000, domestic 

consumption has shown a steady and positive growth. The major 

tea-consuming states in India include Maharashtra (87 million 

kilograms), Uttar Pradesh (82 million kilograms), Gujarat (64 

million kilograms), Rajasthan (58 million kilograms) and 

Madhya Pradesh (42 million kilograms) the average annual per 

capita consumption of tea in India diverges significantly from 

region to region. It varies from a maximum of 1.2 kilograms in 

Punjab to a minimum of 0.36 kilograms in Orissa. 

        The Indian domestic tea market is mainly a loose tea 

market, comprising around 60 per cent of the total tea 

consumption; however, over the past few years the demand has 

shifted from loose tea to branded packet tea, as a result the 

growth of packet tea has increased. Big companies sell branded 

tea in loose and packet. Since 1985, the branded tea sector has 

recorded good growth and its share in the total tea market is 

currently around 40 per cent.  Most of the big tea groups such as 

Tata Tea and Hindustan Lever Limited captured the tea market as 

branded packed tea producers and claimed that they offer good 

quality tea at reasonable prices. However, small local producers 

in the unorganized sector are major contributors in loose tea 

markets.  

 

 

Table: 1.6 Estimates of (Internal) Consumption and Per capita consumption of Tea in India 

 

Year Domestic consumption  

(M kg) 

Per capita consumption 

(Grammes Per Head) 

1991 511 600 

1992 524 606 

1993 537 606 

1994 550 608 

1995 562 610 

1996 580 617 
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Source:Tea Board of India 

 

      India is still the largest consumer of Black Tea in the world 

with domestic consumption accounting for almost 80 per cent of 

the total tea production in the country. The pattern of domestic 

consumption has shown a sturdy and positive growth since 1991.  

      From the above table it was observed that during the period 

1991 to 2010 tea consumption in India has significantly 

increased from 511 M kg to 837 M kg showing an overall 

increase of 63.80 percent.  During the same period per capita 

consumption (grammes per head) increased from 600 grammes 

to 711 grammes with an overall increase of 18.6 percent.  

 

 

 

Table: 1.7 Area, Production, Yield, Export, Volume of export, Unit value and Retention 1990-2010 (India) 

 

Year 

 

   

(1) 

Area 

(Th.ha) 

 

(2) 

Production 

(M.kgs) 

 

(3) 

Yield 

Kg/ha 

 

(4) 

Export 

(M.kgs) 

 

(5) 

Value of 

export  

(Cr.Rs) 

   (6) 

Unit value 

(Rs/kg) 

   (7) 

Retention 

(3-5) 

 

(8) 

1990 416 720 1731 209 1025 51.05 511 

1991 421 754 1794 202 1120 55.45 522 

1992 420 703 1692 169 971 56.05 534 

1993 418 760 1794 173 1132 65.19 587 

1994 425 752 1742 149 9677 64.64 603 

1995 427 756 1819 167 1190 71.24 589 

1996 431 780 1768 160 1207 75.44 620 

1997 434 810 1770 201 1721 85.79 609 

1998 474 874 1809 207 2238 107.08 667 

1999 490 825 1865 190 1902 100.61 635 

2000 504 846 1844 204 1827 89.41 642 

2001 510 853 1685 180 1602 89.08 673 

2002 512 860 1669 190 1720 90.05 670 

2003 516 865 1675 195 1796 92.15 670 

2004 520 875 1683 200 1855 92.95 675 

2005 525 875 1685 205 1917 93.05 670 

2006 526 880 1711 200 1896 94.08 680 

2007 530 895 1735 210 2001 95.25 685 

2008 540 900 1741 207 1972 95.75 688 

2009 550 950 1736 200 1925 96.25 750 

2010 560 900 1785 205 1982 96.07 795 

 

 

 

 

 

 

       

1997 597 625 

1998 615 633 

1999 633 642 

2000 653 652 

2001 673 654 

2002 693 663 

2003 714 672 

2004 735 681 

2005 757 691 

2006 771 693 

2007 786 696 

2008 802 701 

2009 819 706 

2010 837 711 
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Table: 1.8 Analysis of growth of area under tea and production in India- (1990 to2010) 

 

Decade  Compound growth 

rate of area under tea  

Compound growth 

rate of production 

 

1990-2000 1.93% 1.62% 

2001-2010 0.93% 0.53% 

 

 

Table: 1.9 Overall 20 years 

 

Decade  Compound growth 

rate of area under tea 

Compound growth 

rate of production 

 

1990-2010 1.49% 1.12% 

 

      Compound annual growth rates were calculated for area 

under tea and production of tea in India for the period 1990 to 

2010. The analysis is made for two decades from 1990 to 2000 

and 2001 to 2010. It can be seen from the table that the growth 

rates of area under tea in India for the decade, i.e.  1990-2000 

and 2001-2010 were 1.93 percent and 0.93 percent and during 

the same period growth rates of production were 1.62 percent 

and 0.53 percent respectively. In the decades 1990-2000 and 

2001-2010 increase in production and area were positively 

related. The area under tea has declined from 1.93 percent (1990-

2000) to 0.93 percent (2001-2010) and production has also 

reflected the same trend, production has declined from 1.62 

percent to 0.53 percent. The overall 20 years growth rates of area 

under tea and production in India for 1990-2010 were 1.49 

percent and 1.12 percent respectively.  It shows that relation 

between area under tea and production associated with each 

other. 

 

 

Table: 2 Decade 1990-2000 to 2001-2010 resort 

 

Table: 2.1 Overall 20 years  

Decade  Compound growth 

rate of production 

Compound growth rate 

of exports 

1990-2000 

To 

2001-2010 

  

1.12% -0.09 

 

       In the first decade i.e. 1990-2000 although the growth rate of 

production in India was 1.62 percent, the growth rate of export 

was negative (-0.24 percent) compared to that of production. 

However the negative growth of export was due to collapse of 

Russian market in early 1990s and increased demand for high 

quality and organic tea. The growth rate of production in the 

decade 2001-2010 has reduced to just 0.53 percent, however the 

export has augmented to 1.30 percent. Due to fall in exports and 

crash in the market, the producers opted to cut in production and 

laid more emphasis on high quality and organic tea to compete in 

the international market and export has shown some positive 

sign. The overall 20 years growth rate of production in India was 

1.12 percent which was much higher than the growth rate of 

export as export has shown negative growth during the same 

period.  

 

 

Table: 2.1 Growth of area (th.ha), production (M kgs), export (M kgs), yield in (Kg/ha) and Value of export (Cr.Rs) of tea in 

India during 1990-2010 

Decade  Compound growth 

rate of production 

Compound growth rate of 

exports 

1990-2000 1.62% -0.24% 

2001-2010 0.53% 1.30% 

Sl 

No. 

Particulars                   Year 

 

 

Percentage increase 

or decrease over 

1990 

Average Annual 

growth rate (%) 

1990                                         2010 

1 
Area (th.ha), 416                                             560 34.62 1.74 

2 
Production 

(M kgs) 

720                                             900 25.00 1.25 
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        During the period the (1991-2010) the above comparative 

study indicated that percentage of increase of area under tea was 

significant with 34.62 percent with an average annual growth rate 

of 1.74 percent and the tea production was also considerably high 

with 25.00 percent with an average annual growth rate of 1.25 

percent. However, during the same period the overall export 

from India declined to -1.92 percent with a negative growth rate 

of -0.09 percent, even though the export value increased to 93.36 

percent with an annual growth rate of 4.67 percent. The increase 

of export value was due to rise of Unit value (Rs/kg), since the 

unit value (Rs/kg) was appreciably high with 88.18 percent with 

an annual growth rate of 4.40 percent.  

 

X. CONCLUSION 

        Tea industry of India is going through a very difficult phase. 

The industry has seen many structural changes over the last two 

decades (1990-2010) or so.  

        The price and quality also plays an important role in 

determining export from a particular country. Since the demand 

for tea is very high within the country itself, this can be looked 

upon as one of the reasons for the slow growth of export from 

India.   Growing domestic demand in India enhanced the relative 

profitability of domestic sales against exports. India is still the 

largest consumer of Black Tea in the world. Since 2000, 

domestic consumption has shown a steady and positive growth.  

        However, the major factors responsible for poor 

performance of Indian tea industry are high cost of production, 

the old age of tea bushes, lack of infrastructure, high price, 

labour problem, inefficient Tea Board, high labour cost, etc. 

Unable to face competition in the international market, it is 

slowly losing its traditional buyers and the India’s liberalization 

phase has been less successful in revitalizing the tea growers. 

The rising competition at domestic as well as in international 

front has deepened the crisis of tea industry of India and has lost 

its position in the international market due to its high cost and 

poor quality. 
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   Abstract- Background and objectives: Diagnosis of rhinoscleroma depends on histopathological examination of the tissue. 

Objective was to study the correlation between the clinical presentation, histomorphological changes and significance of mast cell 

distribution in various types of rhinoscleroma. 

Method: A total of 55 cases of rhinoscleroma were studied. Microscopically the cases were divided into 3 types. Mast cells were 

counted in 10 high power fields after staining the slide with Toluidine blue 

Results: 51.9% of the cases were cellular type, 25.1% were mixed type and 23% were fibrous type. Mast cells were increased 

significantly in mixed type as compared to control. Cellular and fibrous types also showed a significant increase.  

Conclusion: Rhinoscleroma has an occurrence in north Karnataka, and that mast cell alteration has a possible significance. 

 

    Index Terms- Rhinoscleroma, Mast cells 

 

I. INTRODUCTION 

hinoscleroma is a chronic infectious granulomatous disease of respiratory tract caused by Klebsiella rhinoscleromatis[1].  

Von Hebra and Kohn described the first case in 1870[2] but Von Frish[3] in 1882 first detected the causal agent, i.e. Klebsiella 

Rhinoscleromatis. The term rhinoscleroma is now replaced by scleroma, as it is not necessarily confined to nose. Airborne disease 

transmission requires prolonged contact[4]. There is no gender prevalence and the young adults in the second or third decades are 

most commonly affected[5].  

Rhinoscleroma has a worldwide distribution. Wahi and Misra in 1964[6] reviewed the problem of rhinoscleroma and pointed out that 

the disease is not uncommon in our country and is prevalent in the Northern and Central parts of India above the line joining Bombay 

to Vishakapatnam. It is considered worthwhile to look into the spectrum of rhinoscleroma in North Karnataka area. 

Mast cells were first described by Paul Ehrlich in 1877[7]. Mast cells have been studied in various breast lesions. The proliferation of 

mast cells, have been associated with the fibroblastic proliferation[8]. 

Thus this study was taken up to look for mast cell alterations in various histological types of rhinoscleroma. 

 

 

II. MATERIALS AND METHODS: 
    This was a retrospective study of 55 case of rhinoscleroma received in department of pathology, MR Medical College, Gulbarga. 

The cases were analysed with regards to age and sex distribution and geographic area.  

Biopsy specimens were fixed in 10% formalin and processed for routine paraffin sections and stained with hematoxylin and eosin. 

Grams stain and PAS stain were done in selected cases. Toluidine blue staining was performed for mast cells. 

Microscopically the cases were divided into three types depending upon the cellular pattern and fibrovascular tissue pattern into mixed 

(catarrhal) type, cellular (granulomatous/ proliferative) type, and fibrous (fibrotic) type. 

Method of mast cell counting: 

Mast cell count was done on sections stained with toluidine blue. The mast cells in 10 high power fields were counted in the sub-

epithelial zone of the 3 types of rhinoscleroma. For comparison the nasal mucosa from the autopsies was obtained to provide 6 control 

cases.  The results were tabulated and statistically evaluated. 

III. RESULTS: 

Fifty five cases of rhinoscleroma were studied. These cases affected mainly the nose and the adjoining nasopharynx. The age range 

was 6-80 years with a mean age of 29.4yrs. The oldest patient was of 80 years old and the youngest was 6 years old. 63.6% of the 

cases were in the age group of 10-30yrs, 16.36% of cases in 30-40 age group and 14.42% of cases in 40-50 age group. There was a 

female preponderance (65.4 %) of the cases. The observed cases were coming from all the 3 districts of north Karnataka, without any 

particular focus. 

The major clinical presentation was nasal obstruction in 29 cases(54%), difficulty in breathing 15 cases(21%), epistaxis in 8 

cases(13%) and ulceration in 3 cases(6%). Bilateral presentation was a common finding seen in 33 cases(60%). 

R 
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Gross appearance:  

The biopsy specimens were greyish white on appearance and varied in consistency from soft to firm. 

Histopathological features: 

Epithelium showed squamous metaplasia in 45(81%) cases, hyperkeratosis in 7(12.6%), cases, atrophy in 20(36%) cases and 

ulceration in 6(10.8%) cases. Pseudoepitheliomatous hyperplasia was not seen in any of the sections. 

Sub-epithelial tissue was edematous in 20(36%) cases and showed mild focal haemorrhages in 27(48.6%) cases. 

Mikulicz cell infiltration was observed in all the cases. There was variation in number and distribution from case to case. They were 

plenty in cellular and mixed types, and sparse in fibrous type of rhinoscleroma. Lymphocytes and plasma cells were seen consistently 

along with Mikulicz cells. Two(3.6%) cases showed lymphoid follicles. Few polymorphs were seen in 28(50.4%) cases. Occasional 

eosinophils were seen in 3(5.4%) cases. Russell bodies were observed in 26(46.8%) cases. 

There was a variable amount of fibrovascular stroma resulting in formation of fibrous bands at places. An occasional mild vasculitis 

was found in only 2(3.6%) cases.  

The 55 cases in the present study were categorized into cellular type 28 cases (51.9%)(fig.1), mixed type 14 cases (25.1%)(fig.2) and 

fibrous type 13 cases (23%)(fig.3). 

The mast cell count in control was 6.1 ±2.1. There was an increase in mast cell count in all the three types of rhinoscleroma(fig.4). 

Mast cells were frequently observed in mixed type 25.8±1.25. In the cellular type they were 14±1.5, and in fibrous type 9.4±1.8. There 

was a significant increase of mast cells in mixed type as compared to control (P <0.001). Mast cells were also significantly increased 

in the cellular and fibrous types (P<0.01). 

Majority of cases showed improvement with antibiotic therapy. Recurrence was seen in 8(15%) of the cases. 

 

IV. DISCUSSION: 

    The present study highlights the occurrence of rhinoscleroma in the 55cases. 63.3% of the cases in the present study were in the age 

group of 10-30 years. This is similar to the majority of the cases reported by Talvalkar GV[9], and Malur et al.[10].  

Several studies have reported a female predominance[11]. In the present study 65.38% of the patients were females showing a female 

predominance. 

The site of involvement was nose in all the cases in this study. No extra nasal involvement was seen. Where as many authors have 

quoted extranasal involvement[9,10]. 

Nasal obstruction, difficulty in breathing, and epistaxis were the commonest symptoms presented by the patients in the present study. 

This has been the experience of Talvalkar GV[8], and Malur et al.[10].  

Histologically squamous metaplasia was the frequent finding in the present study. The same has been noted by Malur et al.[10] and 

Poul RM et al.[12]. 

Mickulicz cells are not pathognomonic but are characteristic[13]. A chronic inflammatory infiltration of monocytes and lymphocytes 

has also been described[14]. Lymphomonuclear infiltrate in the form of lymphoid follicles was observed in 2 cases.  

In the present study mast cells were increased in all the 3 types of rhinoscleroma, but more significantly in cellular and fibrous types, 

as compared to the controls. 

Trogocytosis the controlling process in the formation of connective tissue is one of the most important functions subserved by mast 

cells[15]. Recurrent fibrovascular lesions have been reported to be directly or indirectly associated with the mast cell alterations. 

Walden Storm, reported that an increase in mast cells occurs before fibroplasias.  

Using mast cells from the dog mastocytomas it was found that the addition of mast cells to a culture of fibroblasts appeared to favour 

the formation of silver staining fibres near the growing fibroblasts. This supports the idea that in vivo mast cells and fibroblasts may 

likewise interact in the formation of fibres. 

It is assumed that mast cells participate in the formation of connective tissue particularly inflammatory granulomas and scar tissues. 

The mast cells have been implicated also in the formation of ground substance and hyaluronic acid[16]. 

It is thought that the mast cells stimulate wound healing, presumably through the formation of heparin which plays a role in the 

formation of collagen by fibroblasts[17]. 

The present study focusing hither to unhighlighted facet of rhinoscleroma is interesting and deserves explanation to the effect. 

Waxing and waning course and recurrences in rhinoscleroma have been documented[12]. Of the various factors contributing to it, 

mast cells alterations may be one aspect of it, since the recurrent fibrovascular lesions like pterygium have been documented to be 

associated with mast cell alteration[8]. 

Desmoplastic tumors like schirrous carcinoma of breast, fibroadenomas and mammary dysplasias reveal an increase in mast cells and 

might suggest an important role of mast cells in host tumor interaction and desmoplastic reactions. In the light of these facts, one can 

understand the mast cell alteration in rhinoscleroma and its possible significance. 

Though there are several studies in rhinoscleroma a number of questions still remain unanswered. Why does the organism frequently 

persist despite therapy? Are the macrophages incapable of ridding the host of intracellular bacteria? Why is that, the upper respiratory 

tract especially the nose is so frequently affected in relation to rhinoscleroma? Would immune modulation help in the therapy of 

rhinoscleroma? Based on these queries, a well planned research may raise the curtain on several unclear facts of rhinoscleroma. 
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V. CONCLUSION 

    The present study highlights the occurrence of rhinoscleroma in Northern Karnataka. It tries to project a spectrum of clinical and 

histological changes and mast cell alterations in rhinoscleroma, which signifies a pre fibrotic phase. 

 

 

 

 
 

Figure 1: Cellular rhinoscleroma showing Mickulicz cells and eosinophils. H&E stain x1000 
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Figure 2: Fibrotic rhinoscleroma. H&E stain x400 

 

 
 

 

Figure 3: Mixed rhinoscleroma. H&E stain  x400. 
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Figure 4: Rhinoscleroma showing mast cell infiltrate. Toluidine blue stain x400. 
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Abstract- Edge Detection is a part of various image processing 

operations. Usually image is smoothen, sharpen even deblurred 

before performing edge detection so as to generate finer edges. 

This approach does works well in various cases, but there are 

cases where such things can damage the actual data present in 

image, which can be due to improper smoothening or de-blurring 

or excessive of both. In such cases edge detection might miss 

some inferior and less prominent edges which can be important 

part of image structure. Thus an approach which keeps inferior 

edges but still distinguishes them from the other prominent edges 

is needed. Our approach involves a color scheme for visual 

ranking of edges, a marking procedure for edge probability 

checking, comparison threshold system and benchmarking for 

ranking. The approach used is influenced by behavior of ants in 

real world, thus will involve different ant-bots in different steps 

for marking of pixels and later on benchmarking them. A static 

benchmarking table having values ranging from 20-240 is used 

to allot ranks to edges as per their matching strength, thus 

relative color from defined color scheme. Color Scheme plays an 

important role in prioritization as the order and the gap in visual 

band of color scheme leads to clear distinction of prominent and 

inferior edges. 

 

Index Terms- color scheme, matrix, neighbor, and pixel. 

 

I. INTRODUCTION 

mage Processing 

Analyzing, enhancing, compressing, and reconstructing 

images by the use of Set of computational techniques is known 

as image processing. Image processing has wide applications in 

many areas, such as astronomy, medicine, industrial robotics, and 

remote sensing by satellite. For image processing, image act as 

an input as well as output with some different parameters. 

 

Image Resizing and scaling  
        Image scaling is the process of changing size of a digital 

image, either increasing or decreasing it, but keeping the aspect 

ratio intact. Size of Original and processed image are always in 

ratio, e.g. 1:1.3 or 1:0.6. Image Resizing is a broader term in 

which size of image changes but aspect ratio might not remain 

same .i.e amount of change in width is not equal to amount of 

change in height of image. Scaling/Resizing algorithms vary in 

terms of efficiency, smoothness and sharpness. As a result of 

scaling/resizing there may be loss of sharpness, clarity or even 

introduction of jaggedness. 

                                                             

 

Edge Ranking  

        Each strong edge have many neighbouring edges related to 

them. Each explored edge is distinguished by two parameters: 

i) Average gradient magnitude by the edge. 

ii) Number of other edges connected or coupled into the 

edge. 

 

        The following two –key schemes can be used for ordering 

the selected curves:  

i) Order by number of linked edge. 

ii)  If several edges got the same rate, order them by the 

gradient magnitude along the edge.  

 

          The first specification rank detected edges by their 

“strength”. The second specification promotes the strong edge 

having many neighbouring edges related to them. The above 

factors allows us to select and rank “the most non-trivial” image 

edges and to use them for further processing. 

     

II. RESEARCH ELABORATIONS 

          The ACO technique in image processing and graphical 

applications has more consideration over past few years. As 

defined before, ACO techniques present as a natural tool for 

image processing because of their confined nature and simple 

parallel computing implementation. Usually image is smoothen, 

sharpen even de-blurred before generating fine edges by using 

edge detection techniques. This approach carry out  well in 

various cases, but there are cases where specific things can 

damage the actual data appear  in image, which can be due to 

incorrect smoothening or de-blurring or overdone of each one. In 

such cases edge detection might miss some minor and less 

defined edges which can be important part of image form .Thus 

an approach which holds inferior edges but still remarked them 

from the other prominent edges is needed. 

           We are proposing a new approach towards edge detection 

and prioritization in blurred images. Our algorithm does not 

recognize image de-blurring thus eliminating any chances of data 

loss. We know that a blur image will give multiple edges in an 

area of concern, few among these edges will be non-mark-able 

and less useful, and few others will be much noticeable, strong 

and useful. We simply do not remove these non-prominent 

edges, we detect each and every possible edge in our area of 

concern, calculate its strength, importance and give different 

strength values of edge pixels. 

          We use this generalized formula for converting input 

images to grayscale images:- 

 

Grayscale Value= .299 * red + .587 * green + .114 * blue 

 

I 
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Figure1: Original Image 

 

 
 

Figure 2: Hex Memory Matrixes for Grayscale Image 

 

 
Figure 3: Memory Matrix for Brick Cells 

 

 

Flowchart of Proposed Technique 
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       Read Image from 

disk 

Initialize Ant Bots according to 

supported Hardware 

Logically bifurcate image into equal 

segments as per n Value 

For each segment traverse through pixels 

in raster scanning way.  

 

If any of the neighbors 

satisfies the condition  

Determine probability of pixel being an edge pixel 

by comparing pixel value with neighbor values and 

checking for variations 

Pixel is marked as Brick pixel in image 

memory matrix. 

    Initialize One Weight-Ant 

For each pixel collect neighborhood pixel values 

according to thickness factor and Cell-Edge-

vertices Neighbors 

each pixel in 

each segment 

is processed. 

Define a color scheme for different range of weight 

values ranging for minimum and maximum possible 

weights. 

 

  Discard original pixel value for brick pixels 

 

 Present traced image to user 

A series of similarly colored brick pixel     

 will represent an edge 
 

      Differentiate itself from other differently    

                          Colored edges. 

 

 

A 

A 
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              Figure 4: Flowchart of proposed technique  

 

III. RESULTS AND FINDINGS 

         Proposed approach is developed in .net C#              

technology. Tests were performed over various 256×256 sizes of 

standard test images.                           

        In test image, red color is assigned to the most prominent 

edge and blue color to the less prominent edge. Our approach 

mark edges with different color according to their strength. Each 

test image has different structure of edges from which some are 

clearly visible or some aren’t. The difference is calculated by 

method defined in our approach. Some test image containing 

curved lines which is prioritized according to their edge strength 

by this proposed technique. So we can say that ACO gives clean 

and continuous edges and marks edges by strength with different 

colors. 

 
Figure 5:  Input Test Image 1 

 

 

 
 

Figure 6: Output Test Image 1 

         In this Image, separation and continuity exists between 

edges in regions. Still algorithm easily shows this distinction of 

edges with the help of different colors and prioritizes the edges 

by ranking them according to strength. After viewing the results 

it can be said that new proposed technique has provided expected 

results. 

 

                     V. CONCLUSIONS 

        With the proof of shown images and results, we can state 

that we have succesfully detected edges in normal as well as 

blurred digital images and ranked them using different color 

values, and this ranking can be visually connected by differently 

color marked edges according to their strength and importance. 

        We have chosen to work with basic shapes having fragment 

blurs, so that input and results can be visually confirmed by 

humans. More complex images have also been included in our 

set of test inputs.  

        Results appear to be above satisfactory for different sets of 

inputs, some of them can be visually corelated and some can’t. 

Thus we can say that we have been successful in presenting and 

implementing a new approach for detecting and prioritizing 

edges in blurred digital images, without using any deblurring and 

loss of data. 
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Abstract - Deflection of cutting tools during machining on a lathe affects their tool life, surface roughness and dimensional 

correctness. For an optimum turning operation, correct selection of cutting parameters as well as tool extension length are essential. In 

this work, deflection of a T-42 CT H.S.S single point cutting tool is investigated by varying rake angle, cutting feed and tool extension 

length during turning operation on lathe. The selection of process parameters were determined by using Taguchi’s experimental design 

method. Cutting force components during turning operation were measured by lathe tool force dynamometer and detailed deflection 

analysis was conducted by using ABAQUS finite element program. The degree of influence of each process parameter on cutting 

force and deflection was studied and the optimal values that minimize deflection were determined. Finally an empirical relationship 

between deflection and input parameters is formulated. As turning of different grades of steel using H.S.S is one among the major 

machining operations in manufacturing industry, the revelation made in this research would significantly contribute to optimization of 

cutting parameters. 

 

    Index Terms— Deflection, Taguchi, Cutting forces, FEM, Design of experiments, ANOVA 

 

I. INTRODUCTION 

he  life of a cutting tool is affected by factors like cutting speed, feed, depth of cut, heat treatment of the tool, work material, tool 

material, tool extension length and nature of cutting. The main characteristics of a good cutting tool material are its hot hardness, 

wear resistance, impact resistance, abrasion resistance, heat conductivity, strength, etc. Tool life is likely to get affected by the 

changes in these characteristics at high temperature because the metal cutting process is always associated with generation of high 

amount of heat, and hence high temperatures. The tool material which can withstand maximum cutting temperature without losing its 

principal mechanical properties especially hot hardness and geometry will ensure maximum tool life, and hence will give the most 

efficient cutting of metal. In order to produce any machine part with desired quality by any metal removal process, cutting parameters 

should be selected properly [1]. 

It is clear from studies based on cutting forces in chip removal process that the acting forces directly influence cutting 

parameters [2]. In the case of single point cutting tool, force required to overcome the developed stresses during chip formation 

process can be resolved into three components: Cutting force (FS), Feed force (FV) and Radial force (FP).  

 

Fig 1 Cutting forces acting on the cutting tool during turning [3] 

 

Cutting force (FS) acts against the work piece during turning motion and forces the cutting tool downwards perpendicular to 

the work piece axis. Feed force (FV) acts parallel to the work piece turning axis and it is in the reverse direction of the feed. Radial 

T 
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force (FP) acts perpendicular to the machined surface and forces the cutting tool backward. Fig.1 shows the details of component 

forces in turning. 

The cutting force analysis plays a vital role in studying the various characteristics of the machining process such as dynamic 

stability, positioning accuracy of the tool, surface roughness of the machined part, dimensional errors in machined component etc. In 

order to get an accurate surface finish and exactly dimensioned machined component in metal cutting process, deflection of a cutting 

tool due to cutting forces should ideally be zero. However, this is not possible in real cutting conditions and a deflection value of less 

than 0.1 mm is permitted in rough turning operation. But in the case of finishing operation, its value should not be greater than 0.05 

mm [1]. It has been reported that about 15% of the tool breakage results from the wrong selection of cutting parameters and premature 

failure of cutting tools are mainly caused by excessive vibration, chipping and cracking due to excessive stress developed at the 

cutting edge. 

Deflection of single point cutting tools during turning operations were usually found out by considering cutting tool as a 

cantilever beam and applying the main cutting force (FS) at its free end and deflection is calculated from the simple beam equation  

              Deflection, y = FSL
3
/3EI 

where, L is the length of the tool, E is the modulus of elasticity and I is the moment of inertia. Abdullah Duran and Muammer Nalbant 

[3] conducted the bending analysis of a cutting tool using Castigliano’s theorem and compared the deflection values with the values 

obtained by finite element method [5,6]. Their study show that difference between deflection values obtained by both methods is 

negligible when side cutting edge angle is 90
° 
and the difference increases as the side cutting angle decreases and a maximum of 8% 

deviation in the deflection value is reported when side cutting edge angle is 60
°
. 

Even though a lot of researches regarding the machining performance, wear analysis and surface roughness have taken place in the 

field of turning operations, only few studies were reported on bending analysis. In this work, detailed finite element analyses of 

deflection of T42-CT H.S.S single point cutting tools were conducted by applying experimentally measured cutting forces using 3 

component lathe tool dynamometer. The obtained deflection values are compared with the values calculated using the cantilever beam 

equation. By varying rake angle, cutting feed and tool extension length, experiments were repeated and the degree of influence of 

these parameters on deflection was studied. In all cases, cutting speed and depth of cut were kept constant. The experiments have been 

conducted using Taguchi’s experimental design technique. Orthogonal arrays of Taguchi, the signal to noise (S/N) ratio, the analysis 

of variance (ANOVA), and regression analysis are employed to find the optimal process parameter levels to analyse the effect of these 

parameters on deflection. 

II. EXPERIMENTAL PROCEDURE 

 
A. Plan of Experiments 

Taguchi’s parameter design is an important tool for robust design, which offers a simple and systematic approach to optimize a design 

for performance, quality and cost. Taguchi’s           

                 

Table 1 Process parameters and their levels 

 

full factorial design with three parameters each at three levels and L27 

Orthogonal array (Table 2) was used  for  this experiment. 

 

Process Parameters Designation Level-1 Level-2 Level-3 

Rake angle 

(degree) 

A 0 10 15 

Feed 

(mm/rev) 

B 0.05 0.1 0.15 

Tool 

extension 

length(mm) 

 

C 

 

25 

 

30 

 

35 
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Table 2 L27 Orthogonal array 

 

B. Work piece Material 

AISI 1060 steel rod is used for machining. It has   good machinability, and is the most commonly used material for dies and 

moulds. Initial work piece diameter is taken as 40 mm, and work piece length as 250 mm (approx.) 
 

C. Tool material 

 AISI T-42 CT (Cryogenically Treated) H.S.S tools are used for turning operations. Cryogenic treatment is the supplementary 

process to conventional heat treatment process in H.S.S steels by deep freezing the material to improve the physical and mechanical 

properties of the material being treated [7].  Rohit EC 500 (T42-CT) single point cutting tool bits used in this work were purchased 

from their dealers. Chemical composition and properties of T-42 CT H.S.S materials are shown in Table 3 

 

 
 

Table 3 Chemical composition and properties of T-42 H.S.S tool material 

 

D. Tool and cutter grinder 

The purchased T-42 CT H.S.S single point tool bits (12 × 12 × 100 mm) were ground to required tool geometry using BMT-TCG 

1 tool and cutter grinding machine. The tools with rake angles of 0
°
, 10

°
, 15

° 
were used for turning operation. Same clearance angle of 

12
°
 and side and end cutting angles

 
of 10

° 
were selected for all the tools with different rake angles. 

 

E. Centre lathe 
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All the 27 experiments were carried out on the precision centre lathe, NAGMATI-175 (Fig. 2) which enables high precision 

machining and production of jobs. Technical specifications of Centre lathe are, Centre height: 175 mm, Power required: 2.25 KW, 

Swing over bed: 350 mm. Cutting speed (50 m /min) and depth of cut (1mm) are kept constant throughout the experiments. Before 

taking the readings, the system was run idle for 30 minutes so that a steady state was reached. 

 

 
 

Fig 2 NAGMATI-175 Centre lathe 

 

F. Lathe tool force dynamometer 

The instrument used for cutting force measurement was Sharp UIL-15 multi component force indicator. It comprises of three 

independent digital display calibrated to display force directly using three component tool force dynamometer. Instrument operates on 

230 V, 50 Hz AC mains. 

 

III. FINITE ELEMENT ANALYSIS 

Parallel to the development in computer technology, finite element method (FEM), one of the most accurate numerical solution 

methods, has been increasingly used for modelling cutting operations [3-6]. It gives accurate results and therefore, it is now a well-

accepted numerical method. 

Cutting tools were modeled using Autodesk Inventor-2011  as a solid model and deflection  of cutting tools under cutting  forces 

are analysed using ABAQUS/CAE 6.10, finite element program. The created solid model was saved as IGES format and imported to 

ABAQUS and divided into finite elements.  

 

 
 

Fig 3 T42 H.S.S CT cutting tool model after meshing (rake angle 15°) 

 

Boundary conditions were applied by fixing one end of the beam and cutting forces were applied on the cutting edge as uniform 

loads along X, Y, Z directions.  The cutting tool material was regarded as having linear elastic isotropic properties and its values were 

entered through material properties icon. C3D4, 3 dimensional 4 node tetrahedron structural solid element with linear displacement 

behaviour was used as the element type. A mesh sensitivity study was conducted before selecting the final mesh and element size. A 

uniform mesh was used throughout the length of cutting tool. A total number of 28000 elements (approx.) have been created in a 

typical  tool model (Fig. 3). 
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IV. RESULTS AND DISCUSSION 

G. Influence  of tool rake angle on cutting force components 

Fig. 4 shows the variation of cutting force components with changes in rake angle. The results are shown for a tool extension length 

of 25 mm and feed of 0.05 mm/rev.  

In general, these results show that all the components of cutting force decrease with increase in rake angle. Further while the 

reduction in the magnitudes of force with rake angle is significant for cutting force (FS) and feed force (FV), it is less pronounced in 

the case of radial force (FP). This decrease in cutting forces  is attributed to the decrease in  tool/chip contact area and friction force, so 

that chip will be formed easily [8, 9]. 

 

 

                   Fig 4   Rake angle effect on cutting forces 

H. Influence of cutting feed on cutting force components 

Variations of all the cutting force components with cutting feed for 0
°
 and 15

°
 rake angled tools are shown in Fig. 5. 

 

 

        Fig 5 Influence of cutting feed on cutting forces 

The results show that three components of force i.e.  FS, FV, FP increase as the cutting feed increases in T42 H.S.S single 

point cutting tools. Further, the above increase is more pronounced for 0
°
 rake angled tool compared to that for 15

° 
rake angled tool.  

I. Influence of tool extension length on cutting force components 

 The variation of the cutting force components with tool extension length for 0
°
 and 15

° 
rake angled tools are shown in Fig. 6. 

It may be observed from the results that all the component forces decreases slightly with increase in tool extension length. When 

extension length increases forces applied by work piece on cutting tool decreases and reaction forces i.e. cutting forces also decrease. 

Cutting force variation is very narrow for feed force (FV) and radial force (FP) as compared to main cutting force (FS). 
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Fig 6 Effect of tool extension length on cutting forces 

J. Deflection analysis 

The deflection values found out by using finite element method are shown in Table 4. It is clear from the results that deflection 

values increase as cutting feed, tool extension length and cutting feed increases. All the values of deflection obtained were less than 

0.1mm, the permitted value in rough turning operation. Whereas, only 14 experiments (Ex No 1, 2, 3, 4, 5, 7, 10, 11, 13, 14, 16, 19, 

22, 25 ) can be recommended for finishing operation, since their deflection values are below 0.05 mm. 

 

 

Table 4 Deflection values obtained by FEM 

Fig 7 shows the differences between deflection values obtained by beam equation and finite element program, ABAQUS.  
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Fig 7 Comparison of deflection values 

The difference between deflection values is lower at zero rake angle, but it becomes significant as rake angle increases. This is due 

to the reason that, when we find out the deflection using beams equation, cross section of beam is considered as uniform throughout 

the length i.e. no consideration is given to the tool geometry. Also deflection is calculated by applying cutting force (FS) at its free end 

as a point load. Whereas other two components FP and FV were neglected due to its low magnitude as compared to main cutting force 

FS. 

K. Analysis of S/N  ratio 

The standard commercial software package MINITAB was used to optimise the deflection values and study the effect of individual 

parameters on deflection. In Taguchi method, the term ‘signal’ represents the desirable value (mean) for the output characteristic and 

the term ‘noise’ represents the undesirable value for the output characteristic. Taguchi uses S/N ratio to measure the quality 

characteristic deviating from the desired value [10]. 

Signal to Noise ratio is found out in each case using the criteria ‘lower is better’ as deflection is the factor of consideration. The S/N 

ratio for ‘lower is better’ is 

            

 
where, n is the number of measurements in a trial/row (here  n=1) and y is the measured value in a run/row. S/N values for the present 

study computed using the above equation are given in Table 5. Regardless of the category of the performance characteristics, a greater 

S/N ratio corresponds to a better performance. Therefore, the optimal level of the machining parameters is the level with the greatest 

S/N value. From this table it is clear that greatest S/N ratio occurs at experiment number 1. It means that the deflection will be 

minimum for the parameters corresponding to that particular experiment.  
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                                      Table 5 S/N ratio             
In order to determine the most significant level as well as parameters, the average deflection values for all the parameters 

corresponding to different levels are found out and shown in Table 6. 

 

Level Rake Angle Cutting Feed Tool Extension 
Length 

1 0.04174 0.03971 0.01606 

2 0.04405 0.04288 0.05184 

3 0.04765 0.05085 0.06553 

Delta 0.00591 0.01114 0.04946 

Rank 3 2 1 

 

Table 6 Average deflection values in each level 

 

From the above table it is clear that all the deflection values are minimum at level 1 (i.e. with rake angle 0
o
, cutting feed 0.05 

mm/rev and tool extension length 25mm). Further, the tool extension length parameter which is ranked as 1, becomes the most 

significant factor affecting the deflection. 
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Fig 8 Response graph of the mean deflection 

 

Also, the response graphs of the mean deflection corresponding to the data presented in Table 6 are shown in Fig. 8. The graph 

clearly demonstrates the importance of tool extension length on deflection as compared to other parameters. 

 

L. Regression analysis 

The correlation connecting different factors (cutting feed, rake angle, tool extension length) with deflection of T42 CT H.S.S single 

point cutting tool were obtained by multiple linear regression equation. The equation is in the form 

 

               Deflection = - 0.113 + 0.000546 A + 0.109 B 

                                      + 0.00470 C 

                                   

                        and            R
2 
= 0.90

 

where, A=rake angle, B=cutting feed, C= tool extension length. Here R
2 

is the regression coefficient (R
2
=0.90) for the models, which 

indicate that the fit of the experimental data is satisfactory [11]. 

M. Analysis of Variance 

ANOVA is a statistics based, objective decision making tool used to investigate the significance of each factors on entire 

process. This analysis was carried out for a level of significance of 5%. Table 7 shows the result of ANOVA. 

 

Parameter DOF SS MS F P P (%) 

Rake Angle 2 0.0003169 0.0001584 12.37 0.000 2.64 

Cutting Feed 2 0.0005684 0.0002842 22.18 0.000 4.74 

Tool  
Extension                      

Length 

2 0.0108474 0.0054237 423.35 0.000 90.48 

Error 20 0.0002562 0.0000128   2.14 

Total 26 0.0119889    100 

                             
Table 7 ANOVA table 

 

 It can be observed from the above table that the percentage influence of tool extension length, cutting feed and rake angle on the 

deflection of T-42 CT H.S.S single point cutting tool are 90.48 %, 4.74 % and 2.64 % respectively. 

V. CONFORMATION OF EXPERIMENT 

The conformation test is the final step in verifying the results drawn based on Taguchi’s design approach. To validate the optimum 

deflection values a conformation test was done by utilising the levels of optimal process parameters (rake Angle = 0
°
, cutting feed = 
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0.05 mm/rev, tool extension length = 25 mm). Confirmation experiment yields a deflection of 0.012 mm, whereas the result obtained 

using regression modelling equation is 0.011mm, which ascertains the accuracy of the predicted equation. 

VI. CONCLUSIONS 

This paper attempts to conduct a detailed FEM analysis of deflection of T-42 CT H.S.S tools using cutting forces measured by a 

lathe tool force dynamometer and study the effect of input parameters on cutting forces and deflection. It also formulates an empirical 

relationship between the deflection values and the input parameters. Based on the analytical and experimental results obtained in this 

study following conclusions can be drawn. 

1. As rake angle and tool extension length increases, all the components of cutting force decreases. Whereas with increase in 

cutting feed, the cutting force increases. 

2. Deflection of cutting tool increases with increase in rake angle, cutting feed and tool extension length. 

3. Percentage influence of tool extension length, cutting feed and rake angle on the deflection of T-42 CT H.S.S single point 

cutting tool is 90.48 %, 4.74 % and 2.64 % respectively. 

4. All the components of cutting force slightly decrease with tool extension length. Whereas, tool extension length significantly 

influences the deflection. 

5. Empirical equation relating various process parameters and deflection is formulated.  

6. Optimum values of rake angle (0°), cutting feed (0.05 mm/rev) and tool extension length (25 mm) which give minimum 

deflection are found out using Taguchi optimization technique. 
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     Abstract - This paper presents a solution showing how IBM Master Data Management (MDM-CE) can be integrated and mapped 

to Data Warehouse. Such integration and mapping benefits MDM-CE and Warehouse users alike as they gain a wider insight into the 

business and technical information. Raw data from different sources incur a lot of pre-processing before being processed in MDM-CE 

hence Information Server which can profile and standardize data in the form input to MDM-CE is being integrated with the help of 

data stage jobs. These jobs basically helps in larger picture of pre-processing and automating data for data load and data export using 

ETL process of Infosphere Data Stage. 

 

    Index Terms - Master Data, Data stage, MDM CE, Product Information Management 

 

I. INTRODUCTION 

nformation is a source of knowledge. But unless it is properly refined and coordinated and available in a proper form for decision 

making, it is burdensome and not a benefit. Hence information management comes into picture which keeps information organized 

and distributed in an efficient manner.  

 

Master data is the data that is critical for an enterprise and foundation for key business process and application system and are 

shared across more than one transactional application. Master Data is not static and has significant number of updates. Usually data at 

the initial stage is entered manually which is prone to lot of errors hence decreasing the data quality. And this data keeps on changing 

with time, with modifications and updates from various process and applications. Fixing this poor data quality at its source and 

managing constant change is very crucial for every enterprise. Global organizations today face a variety of challenges arising from 

several sources and with time, the nature, scope and size of these challenges change and increase. Master Data Management is a 

comprehensive strategy to determine and build a single, trusted and authenticated view of a company's information assets and deliver 

this on demand as a service. MDM helps in reducing the number of errors and also reduces scrap and rework. Hence MDM is the key 

to the success of business operation. 

 

The main aim here is to ensure quality of master data and seamless integration and leveraging the functionalities of information 

server by real-time mapping with MDM-CE with the help of data stage jobs which establishes connection and helps in 

delta/incremental load and data export. 

II. IBM MDM-SE OVERVIEW 

IBM’s MDM-SE is an enterprise-wide MDM platform that provides a virtual view of master data from existing systems. It 

defines a hub which renders the encapsulation of data domain. It has data model, metadata and actual instance data from sources 

system. It encompasses vertical data model for the information coming from source. Information which is usually stored horizontally 

that is all the record information in only one row. With virtualization MDM-SE stores different data into different tables. Hence data 

access is faster. This is the foundation for IBM MDM-SE software that makes the data model so robust. This kind of mapping 

demands an abstraction done between the actual physical data location and the hub data model, which is contained in the Data 

Dictionary.  

 

There is an Inbound Broker that passes source data to the Master Data Engine, which then intelligently derives new data from the 

incoming record. Compares the information attribute-by-attribute from each record and generates a score for the incoming records and 

then dynamically links records that meet the pre defined threshold.  

The Master Data Engine uses configurable algorithms to create the derivation data, compare member records and produce scores 

that indicate which records are likely to represent the same entity and the relative strength of the comparison. The key to the Master 

Data Engine is in how it compares and achieves a finer definition of how two or more records might be related in an enterprise. 

 

III. IBM INFOSPHERE INFORMATION SERVER AND DATASTAGE 

I 
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IBM InfoSphere Information server enables to understand, cleanse, transform, and deliver context-rich information. It fetches data 

from different sources, process the data in a required manner and deliver it to target applications. It can work in both batch and real 

time data flow. The sources may be in different form from each other. The data may be structured or unstructured, coming from either 

files or databases or any other applications.  

 

Data stage is one of the modules in information server which allows designing job flows. A new stage called MDM stage is 

designed to make connection to MDM-CE for data flow. Data Stage job has individual stages linked together that describe the data 

flow from a data source to a data target. A particular stage generally has at least one data input and/or one data output. Also there can 

be more than one input/output also. Each stage has properties to define the data processing information such as input file name, 

processing columns so on. In parallel processing there can be multiple instances of each stage (process) running on the processor. Data 

stage also leverages the capabilities of parallel processing using multiprocessor platforms and meets the increasing data volumes. 

Hence maximum throughput can be achieved with such a high performance processing. 

 

 

IV. MAPPING BENEFITS 

 

Mapping is the process of creating data element mappings between two distinct data models. Data mapping is used as a first step 

for a wide variety of data integration tasks including: 

(1) Data transformation or data mediation between a data source and a destination. 

(2) Identification of data relationships as part of data lineage analysis. 

(3) Discovery of hidden sensitive data such as the last four digits social security number hidden in another user id as part of a data 

masking or de-identification project. 

(4) Consolidation of multiple databases into a single data base and identifying redundant columns of data for consolidation or 

elimination. 

For example, a company that would like to transmit and receive purchases and invoices with other companies might use data 

mapping to create data maps from a company's data to standardized ANSI ASC X12 messages for items such as purchase orders and 

invoices. 

Information server is the one which provides with such functionality were data is cleaned, standardized, transformed in some 

ways and de duplicated and give a standard form of input to any applications. MDM-SE is the application which performs intelligent 

processing on the information to provide single trusted view, requires pre processed data in a particular form. Hence by integrating 

information server ETL functionalities in MDM-SE maximum benefits can be leveraged by reducing the validation burden and even 

achieving connectivity to MDM-SE and its advantages remotely from any information server. Data can be loaded and exported 

directly from the data stage job designed. 

 

Fig 1- Mapping between MDM-CE and Data Warehouse 

 

 

V. PROCESS FLOW 

 

http://en.wikipedia.org/wiki/Data_element
http://en.wikipedia.org/wiki/Map_%28mathematics%29
http://en.wikipedia.org/wiki/Data_model
http://en.wikipedia.org/wiki/Data_integration
http://en.wikipedia.org/wiki/Data_transformation
http://en.wikipedia.org/wiki/Data_mediation
http://en.wikipedia.org/wiki/De-identification
http://en.wikipedia.org/w/index.php?title=Data_consolidation&action=edit&redlink=1
http://en.wikipedia.org/wiki/ANSI_ASC_X12
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There are three stages in this process - Exporting data using MDM-CE Part, transforming data using Data Stage, Dumping of data 

to Data Warehouse. 

 

1) Data Export - MDM-CE is used for exporting the data. In this stage we create specs, catalogs, items and hierarchies related to the 

given attributes and finally built the PIM(Product Information Management) model. Finally using export job, The data can be export 

in any format. For example CSV, Excel, Tab separated XML etc. The exported data is feed as an input to the data stage part. 

 

 
 

 

2) Data Stage / ETL Stage - In this stage, the exported data form PIM model can be transformed in to the required model by using 

transformation features by using ETL as a toolkit. Finally the transformed data is obtained as an output. 

 

6

 
3)  Data Warehouse - The obtained data format from the data stage part has to be dummped on to the data warehouse using netezza. in 

this process netezza acts as a connector which helps in dumping the data from the source to destination that is data warehouse. 

Zfinally a kind of mapping happens between MDM-CE to Data warehouse. 

 

VI. CONCLUSION 

 

This paper's aim is to demonstrate the synergy you can achieve by mapping Information server data stage with MDM-SE server. 

This can be leveraged by a range of users. This is achieved by developing a native export/import utility at the information server side 

and seamlessly integrating with MDM-SE, and combing the functionality of both products to achieve maximum benefits. This 

approach could be extended to other IBM MDM versions such as collaborative and advanced editions also. The decisions which are 

made with inaccurate data, leads to below the optimal performance of any organization. Hence it’s very crucial for making intelligent 

use of the existing resource for maximizing the company benefits. 
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Abstract- The decision to commence antiretroviral therapy 

(ART) is clinical and  made in consultation with the patient with 

the help of basic laboratory investigations. Clinical assessment 

includes staging of (Human Immunodeficiency Virus (HIV) 

diseases, determining other existing conditions, identifying other 

medications including traditional therapies, body weight, and 

assessment of patients’ readiness for antiretroviral therapy. The 

laboratory play an important role in initiation and follow up of 

already enrolled clients. CD4 cells can be constantly estimated to 

obtain values before the initiation of therapy and even during 

chemotherapy. This can be achieved through the use of flow 

cytometry   instruments for estimating CD4 cells in individuals, 

such as Fascalibur or Fascount ; which work under the same 

principle but occasionally  produces different results. There is 

need to establish their accuracy, reliability and reproducibility. 

This study was aimed at investigating the accuracy and reliability 

between Fascount and Fascalibur in CD4 count enumeration. 

 

Index Terms- Antiretroviral therapy, CD4 count, Fascalibur, 

Fascount, Guava 

 

I. INTRODUCTION 

he initiation of antiretroviral therapy depends on the stage of 

human immunodeficiency virus (HIV) infection which is 

determined through chemical tests (Carlos et al, 2010.). Once it 

is decided that an individual infected with the virus should start 

treatment, variety of factors should  be considered when 

choosing the right combination of drugs for the individual, and  

the  effectiveness of their treatment must be monitored so that if 

necessary  treatment regimen can be switched (Egger et al., 

2002).Starting treatment depends on the stage of HIV infection; 

most guidelines especially the World Health Organization 

(WHO)  recommends that individuals should  not start 

antiretroviral  therapy until the patient  is at the advanced stage of 

HIV infection (HIV/AID stage 3 and 4),  because it is  an 

important decision with long term consequence (Mohamed et 

al,2011).  

       In order to decide whether a HIV positive patient should 

start treatment, important clinical tests need to be carried out in 

the laboratory. These tests determine the stage of HIV infection 

and individual patient’s willingness during treatment, which may 

depend on a variety of factors such as the patient medical history 

(Mohamed et.al, 2011).The first and the most important test is 

CD4. A CD4 test measures the number of T-help cells (in a cubic 

mm of blood) which is known as CD4 count. A non- infected 

HIV individual has between 500-1200 cells / mm
3 

while in an 

infected individual,   the CD4 count often declines gradually. 

(Bernard ,et al.,1998).HIV treatment is generally recommended 

when CD4 test shows fewer than 350 cells / mm
3
. The World 

Health Organization 2010 guidelines recommend starting 

treatment for all patients with CD4 count of 350 cells / mm3  

(Mohamed et.al, 2011). Although in most resource limited 

countries aim to fully observe WHO 2006 guidelines which  

starts  treatment at less than 200 cell/mm3, apart from pregnant 

Mothers who start at CD4count of 350cells/mm3 and administer 

treatment if there are complications, such as if the patient has 

hepatitis B, or show signs of WHO clinical stage 3 and 4 which 

comes due the  emergence opportunistic infections (such as PCP) 

and cancers(Zolopa et.al, 2009). 

       The CD4 count is performed using either the fascalibur 

which produces all CD4, CD8 and CD45 at the same time or a 

fascount which produces CD4 cells result and ratio (CD3:CD4) 

only.CD4 count tells the number of CD4 cells or T–cells in a 

sample of blood while CD4% tells how many CD4 cells one has, 

relative to other immune system in that sample. A-CD4%of 14%- 

28%, typically means CD4 count is in the range of 200 – 

500cells/mm
3
 (Bartlett et.al, 2007). 

 

II. MATERIALS AND METHODS 

Study Area 

       The study was conducted between June – August, 2012, in 

Kisumu District, Nyanza Province, Kenya, in the New Nyanza 

Provincial General Hospital Laboratory which is run by Ministry 

of Health, Kenya. Kisumu has a population 216,479 according to 

Geonames geographical data base.  

 

Study Population 

       This was an experimental study that specifically focused on 

patients who are HIV positive and were under care and treatment 

whose CD4 samples were collected and analyzed in both 

Fascalibur and fascount to establish accuracy, precision and 

reproducibility of each instrument then analyzed in the third 

instrument, Guava EasyCD4 as a Gold standard. The sample size 

was determined using Fisher’s (1998) formula for sample size 

determination;  n = z2Pq/d2   Where n = Desired sample size 

population <10,000; Z = standard   normal deviate – set at 1.96 at 

95% confidence level. P = proportion of the subjects having the 

correct CD4 results. For this Study P will be estimate at 0.19, q = 

1 –p. Therefore the desired sample size was calculated as 

follows: = 1.96
2
 x 0.19 x 0.71   = 199                                                             

      

    0.05
2
 

       It follows that 199 blood samples were collected for the 

study and CD4 estimation. 

T  
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 Inclusion and Exclusion Criteria of the Study Subjects 

       The study was only carried out   on patients who attended 

the laboratory for the CD4 count both in ART programme and 

those with new HIV infections and give signed consent to enroll 

in the study.  

 

Blood Sample Collection and Determination of CD4 cell 

counts 

       Blood Samples collected both in the laboratory and from 

peripheral sites were analyzed for CD4 count in the CD4 section 

using BD fascalibur (BD sciences). BD fascalibur is a four – 

color dual laser, bench top flow cytometry system that provides 

both cell analysis and sorting and uses approximately 50µl of 

blood stained with 4 colour antibodies having FITC, 

APC,PerCEP and APC and Lysed with 450mls of lysing solution 

diluted in distilled water and estimated according to SOPS. New 

clients with CD4 of less than 350 were introduced to ART 

programmed according to WHO guidelines 2010. 

       All the results which were between 300-350 cell/mm3 were 

re-analysed on the BD fascount, a single platform based 

estimated instrument which also uses 50ul in a CD3/CD4 reagent 

and fixed with a fixative which was added after one hour of 

incubation and then the sample was fed manually into the BD 

fascount and analysed. 

       The two results from different instruments but of the same 

sample were then analysed on the third confirmatory instrument 

guava (Guava technologies) which showed the level of variation, 

accuracy and precise of the two instruments (fascalibur and 

fascount) 

 

III. DATA ANALYSIS 

       The data was collected using standard check sheet, fascalibur 

instrument, fascount and Guava instruments.CD4 samples were 

analyzed, recorded in a structured check sheet, then  used to 

generate pie charts to give comparative results. Quality control 

involved analyzing respective control samples in both 

instruments and performing calibration in fascalibur using 

calibrite beads every day. Reagents were stored under 

recommended temperatures and no expired material or reagent 

was used in the study. Guava instrument was taken as the gold 

standard, the performance of fascalibur and fascount instrument 

in CD4 estimation was compared to generate summary statistics. 

Statistical analysis was conducted using the Statistical Package 

for Social Sciences (SPSS version 18) software; generated data 

was then presented and interpreted using charts. 

 

IV. RESULTS 

       Out of 199 samples analyzed for CD4 count in both 

Fascalibur and Fascount, 16 samples had varying  results with 

over 50cells\mm
3
. 

       Fascalibur instrument consistently produced results which 

tended to be higher than fascount. When the 199 samples were 

analyzed using Guava as the Gold standard, most of the results 

produced were closely comparable as opposed to Fascalibur. 

Fascalibur and Fascount showed very varied results especially on 

samples with higher CD4 count of above 500cells/mm3 and 

samples with 450-200cells/mm
3
.There was no major variation in 

results of samples with less than 100cells/mm
3 

 

Table1.Comparison of CD4 measurements using Fascount, 

Fascalibur and Guava 
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Abstract- In this study  new imidazole derivatives were 

synthesized .The first stage  involved preparation of 2-hydroxy-

1-(4-methoxyphenyl)-ethan-1-one(C1) by reacting 4-

methoxybenzaldehyde with benzaldehyde in presence of sodium 

cyanide catalyst .The second stage involved the synthesis of 1-(4-

methoxyphenyl) -2-phenylethan-1,2-dione(C2) using nitric acid 

in glacial acetic acid .Finally the compound ( 4a to 4l ) were 

synthesized using the three-component system ( Compound C2 , 

Substituted benzaldehyde ,and ammonium acetate) .The 

structures of all  compounds were  confirmed by elemental 

analysis , NMR , IR  data and melting point  .In conclusion ,this 

method offer some advantages such as good  yield , simple 

procedure , low cost  of chemicals and easy  work up . 

 

Index Terms- 4-methoxybenzil, ammonium acetate, substituted 

benzaldehyde , imidazole derivatives. 

 

I. INTRODUCTION 

he importance of imidazoles in biological system has 

attracted much interested due to their involvement  in 

chemical and biochemical processes
 1

 . Compounds with 

imidazole ring system have many pharmacological properties 

and play important role as versatile building blocks for the 

synthesis of natural products and as  therapeutic agents 
2 

.The 

structure of trisubstituted imidazoles are prevalent in natural 

products and pharmacologically active compounds such as p38 

kinase inhibitor I 
3 

and cyclooxygenase-
2 

inhibitor II 
4
, fungicides 

, herbicides
5
 plant growth regulators 

6 
and therapeutic agents

7 
. 

Several  routes have been developed for the synthesis of  

substituted imidazoles ,Such as  hetero-cope rearrangement
 8

,four 

component condensation of aryl ,glyoxals ,primary amines 

,carboxylic acids and isocyanides on Wang resin 
9 

.The synthesis 

of  imidazoles from 1,2-diketone and aldehyde in presence of  

variety of catalysts by using microwave (MW ) irradiation  have 

been reported including MW/Silica-gel 
10

.2,4,5-Trisubstitutd -

1H-imidazoles can be synthesized in  presence of  catalyst such 

as Zeolite HY / Silica gel
 11

 , ZrCl4 
12

 , NiCl2.6H2O
 13

 , Iodine 
14

 , 

acetic acid 
15

. However these methods required prolong reaction 

time and high cost of catalyst. 

        Keeping in view their biological activity ,synthesis of some 

new 2-(Substituted phenyl)-4-(4-methoxyphenyl)-5-phenyl-1H-

imidazole derivatives has  been carried out without using a 

catalyst .The 4-methoxybenzoin was synthesized by benzoin 

condensation using benzaldehyde and anisaldehyde in presence 

of sodium cyanide as a catalyst. The 4-methoxybenzoin  was 

oxidized using conc. Nitric acid in presence of glacial acetic acid 

to obtain  4-methoxybenzil. The 4-methoxybenzil was reacted 

with substituted aromatic aldehydes , ammonium acetate in 

glacial acetic acid to obtain the 2-(Substitutedphenyl)-4-(4-

methoxyphenyl)-5-phenyl-1H-imidazoles. 

 

II. EXPERIMENTAL SECTION  

        Materials - Substituted benzaldehyde , 4-

Methoxybenzaldehyde ,Sodium cyanide ,Ethanol ,Conc,nitric 

acid ,  ammonium acetate , glacial acetic acid is required 

chemicals . All the reported melting points were taken in open 

capillaries and are uncorrected .Infrared spectra were measured 

by using Perkin Elmer model 2000 spectrophotometer and are 

given in cm
-1

 using KBr disc .
1
HNMR spectra were measured by 

Brucker Avance 400 MHz spectrophotometer using TMS as an 

internal standard .The purity of all the synthesized compounds 

was tested by TLC on silica gel plate using ethyl acetate and 

petroleum ether (80:20) and iodine was used as a visualizing 

agent. 

 

*General procedure for the synthesis of 1-(4-

methoxyphenyl)-2-hydroxy-2-phenylethan-1-one (C1):- 

        To the mixture of  4-methoxybenzaldehyde (0.15 mol) in 60 

ml ethyl alcohol, added  benzaldehyde (0.15 mol) and  aq. 

Solution of  sodium cyanide ( 0.1 mol ) .It was  refluxed for  3 

hours .The reaction mixture was cooled under the tap water with 

continuous shaking for 10 min ,and poured to ice-cold water . 

Kept it overnight ,Obtained the crude product , remove the oily 

material from product ,wash it with water , dried  and 

recrystallized from  ethanol .  

  

        Colour - Yellow  , Yield- 52 %  , M.Pt- 104
O
C ,  

M.Wt- 242  , Formula – C15H14O3 

 

        IR (KBr cm
-1

)      3478.50 (O-H) ,3062.86 (Ar –CH) 

,2966.75 ( Ali C-H)1662.73 (C=O) ,1600(C=C)1263.59 (C-O). 
 

        
1
HNMR (400MHz ,DMSO)– 3.79(S ,3H ,-OCH3) , 

5.89(S,1H,C-H) , 6.83 (S,1H,OH) ,6.9 to 7.6 (m, 9H ,aromatic ) . 

 

        Anal,Calcd for-C15H14O3  1. Found – C: 

74.33,H:5.83,O:19.89    2.Calcd-  C:74.38,H:5.78 ,O:19.83 

   

 

T  
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*General  procedure for the synthesis of 1-(4-

methoxyphenyl)-2-phenylethan-1,2-dione (C2) :- 

        Took 6 gms of  2-hydroxy-1-(4-methoxyphenyl)-ethan-1-

one (C1) dissolved it in 12 ml glacial acetic acid, then added 

18ml conc. nitric acid slowly to the reaction mixture( kept in an 

ice bath) .Refluxed the reaction mixture for 2 hours until the 

evolution of brown gas .Stopped reaction  , cooled and poured it 

to ice-cold water .Obtained green solid product , filtered it , The 

crude product was recrystallised from ethanol . 

 

        Colour – Green ,  Yield-65%,  M.Pt- 63
O
C  ,  M.Wt- 

240 .  formula –C15H12O3 

 

        IR(KBr cm
-1

)  3071.27 ( aro C-H) ,2991.10 ( ali C-H ) , 

1676.27(C=O) ,1535.59(C=C) ,1208.17( C-O) . 
 

        
1
HNMR (400MHz ,DMSO)  3.9 (S,3H –OCH3),7.2(d ,2H 

,phenyl ),7.5(d ,2H ,phenyl  ),7.96( 1H phenyl ), 8.0 to 8.6 (m, 

4H).   Anal,Calcd for-C15H12O3  1. Found – C: 

75.06,H:4.91,O:19.85   2.Calcd-   C:75.00,H:4.95,O:19.83. 

 

*Procedure for the synthesis of 2-(Substitutedphenyl)-4-(4-

methoxyphenyl)-5-phenyl-1H-imidazoles–( 4a- 4 l ) 

        A mixture containing 1-(4-methoxyphenyl)-2-phenylethan-

1,2-dione(0.01mol ) , benzaldehyde (0.01mol) ammonium 

acetate (0.02 mol) was taken in a 100ml round bottom flask.It 

was dissolved 15 ml glacial acetic acid and  refluxed for 4 hours . 

Cooled the reaction mixture and poured  to  ice cold water , kept 

it for 10 minutes ,obtained a solid product .filtered  it and washed 

with  cold water .Recrystallized it  from  ethanol . 

Color- Colorless,  Yield- 62%  M.Pt- 209 
O
C.  

 

 

Reaction: -                                                                                       NaCN Catalyst              O      O H 

1) Step -1       CH3O        CHO   +            CHO     CH3O        C       C 

               Ethanol       

                       H 

                     (C1) 

2) Step-2       O OH         O       O 

        Conc. .HNO3     

CH3O       C C       CH3O     C       C  

              Glacial acetic acid 

      ( C1) H          (C2) 

 3)  Step -3                             O      O 

 

CH3O          C      C  +  2NH4OOC.CH3  +  OHC 

               R 

              Glacial acetic acid                   

      CH3O  

 

                    N 

 

                N 

                H        R  

 

                                                                          2-(Substituted phenyl )-4-(4-methoxyphenyl) -5-phenyl-1H-imidazole 

            (  4a to  4l ) 

  R = H ,   4-Cl ,  4-OCH3 , 4-NO2 , 4-N(CH3)2  , 2-OH , 4-OH , -3-(OCH3) , 3,4,5-(OCH3) ,  2Cl  , 4-OH .  

 

Spectral  Data – 

2-phenyl-4-(4-methoxyphenyl)-5-phenyl-1H-imidazole (4a) . 

 Colourless solid ,  M.Pt – 210
O
C  , Formula- C22H18N2O     ,   M.Wt – 326 . 

IR ( KBr cm
-1

 )   3440 ( N-H) ,3021 ( C-H ,Aro) ,2920 (C-H Alip),1675 (C=N),1426 (C=C Aro) , 1092 (C-O) 

1
HNMR –            4.04 (S ,3H ,-OCH3) , 6.8(d,2H),7.0(d,2H)7.2(d,2H),7.3 to8.1(m,8H) ,9.2(S, 1H ,N-H ) . 

Anal .Calcd for C22H18ON2  Found -C:80.98, H:5.52, O: 4.95,N: 4.29. Calcd -  C : 80.95 H:5.57,  O :4.97N: 4.32  

2-(4-Chlorophenyl)-4-(4-methoxyphenyl) -5-phenyl-1H-imidazole (4b) – 
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Colourless solid , M.Pt-242 
O
C  , Formula – C22H17N2OCl   ,  M.Wt – 360.5 

IR ( KBr cm
-1

)  - 3454 (N-H) , 3054 ( C-H Aro) , 2938 ( C-H ,aliph),  ,1682 (C=N),1426( C=C Aro),1092( C-O) ,          761 ( C-Cl) . 

1HNMR  -          4.09 (S, 3H, -OCH3),6.9(d,2H),7.2(d,2H),7.3(d,2H),7.4 to 8.1 (m,7H) , 9.31(S ,1H ,N-H). 

Anal .Calcd for – C22H17N2OCl.                Found – C: 73.20,         H:4.76,   O:4.45,   N:7.80,     Cl:9.81  

                                                                     Calcd :    C: 73.23,        H: 4.71,  O: 4.43,  N: 7.76  , Cl: 9.84 

              The other compounds of this series (4a – 4l) were prepared similarly and are recorded in table-1. 

   

    Table- 1 . Physicochemical data of the synthesized compound  

 

S.No Code R Formula M.Wt % yield M.Pt (
O
C) 

1 4a -H C22H18ON2 326 81 210 

2 4b -4Cl C22H17ON2Cl 361.5 72 242 

3 4c -4OCH3 C23H20O2N2 356 70 209 

4 4d -4NO2 C22H18O3N3 372 65 213 

5 4e -2NO2 C22H18O3N3 372 64 178 

6 4f -4N(CH3)2 C24H23ON3 369 69 199 

7 4g -2OH C22H18O2N2 342 70 223 

8 4h -4OH-3-(OCH3) C23H20O3N2 372 68 239 

9 4i -3,4,5-(OCH3)3 C25H24O4N2 416 55 232 

10 4j -2Cl C22H17ON2Cl 361.5 70 180 

11 4k -4OH C22H18O2N2 342 66 195 

12 4l 3NO2 C22H18O3N3 372 56 188 

 

 

III. RESULTS AND DISCUSSION  

            2-Substitutedphenyl -4-(4-methoxyphenyl)-5-phenyl-1H-

imidazoles (4a- 4l) were synthesized by condensation reaction 

involving reactant  such as 4-methoxybenzil  , Substituted 

benzaldehyde ,ammonium acetate in glacial acetic acid .The 

sodium cyanide is a best catalyst which gives the cross benzoin 

condensation between benzaldehyde and anisaldehyde to form 4-

methoxybenzoin .Nitric acid is an oxidizing agent which  

oxidized 4-methoxybenzoin into 4-methoxybenzil .The physical 

data of compounds were collected and presented under 

compound name and spectral data .The yield  of the compound 

was  in the range of 55 -81% .Most of them are colorless 

,crystalline solid .The IR spectrum of compounds shows N-H 

band at 3450 to 3410 cm
-1

. The characteristic band at 1500 -1600 

cm
-1

 due to C=N group .The 1HNMR spectrum of compounds 

(4a-4l) shows signal of  N-H at 8.9 ,9.8 ,9.9 ppm which confirm 

the  presence of  N-H band of imidazole . 

       The synthesis of 2-Substitutd-4, 5-diphenyl-1H-imidazole 

from mixed benzil is very difficult   We have reported the 

efficient method of synthesis of 2-Substitutedphenyl-4(4-

methoxyphenyl)-5-phenyl -1H-imidazole in  the absence of 

catalyst for synthesis required less compound which gives 

high yield of product by avoiding the excess use of catalyst 
.This synthesis is easy to follow and required low cost reactants.   

  

IV. CONCLUSION  

          In conclusion ,we have developed an efficient and 

convenient method for the synthesis of  2-(Substituted phenyl)-4-

(4-methoxyphenyl)-5-phenyl-1H-imidazole derivatives using 

mixed benzil in absence of catalyst .The notable merits 

offered by this methodology are mild reaction conditions 

,simple  procedure and excellent yield of products. 
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Abstract- Each year far more abstracts are submitted and limited 

slots are available for oral and poster presentation.   Hence, we 

have carried out an appraisal of abstracts published in the 

souvenir of the National Conference of IAPSM held at Nagpur 

during January 2013•  These abstracts are reviewed by two 

independent reviewers as per the guidelines provided by Indian 

journal of community Medicine (IJCM). Out of 555 abstracts; 

374 were accepted (67.38% overall acceptance rate).   Maternal 

and child health papers formed the greatest proportion of total 

accepted 82(21.93%), followed by non communicable and 

miscellaneous group; 53 (14.17%) and 50 (13.73%) respectively.  

Mean (SD) score of accepted abstract by one reviewer was 13.23 

(1.74) with 95% confidence interval (CI) (13.05-13.4).  Mean 

(SD) score of accepted abstract by another reviewer was 13.72 

(2.18) with 95% confidence interval (CI) (13.5-13.9).  

Agreement analysis between two raters substantial agreement 

(Kappa=0.61) and it was found to be statistically significant 

P<0.001. Commonest type of submissions were cross sectional 

and descriptive 357 (95.45%) followed by retrospective study 12 

(3.20%).  Overall acceptance rate was (67.38%).  Acceptance 

rate was significantly more in structured abstract, research 

results, clear objectives, case control and randomized control 

trials and conclusion supported with results (P<0.001).  Major 

reasons for not acceptance like incomplete submission, non 

compliance for resubmission, study design not provided, no 

objectives and no results were submitted.  The analysis of the 

contents of all these abstracts eventually would help IAPSM to 

design its future research policy  and would give an interesting 

information to its members. 

 

Index Terms- abstract, appraisal, publication, presentation,   

Conference 

 

I. INTRODUCTION 

ssociation of Preventive and Social Medicine/Public Health 

Experts of India (IAPSM) is one of the most reputed 

scientific organizations. It provides a scientific forum for young 

professionals in public health, public health practicing physicians 

and other allied disciplines. Health information and statistics are 

important for planning, monitoring and improvement of services 

for the health of populations [1].  These are essential for 

policymakers and program planners to inform their decisions 

about what actions to take and what services to provide in order 

to improve the health of the populations they serve [2].  The 

Government of India in its National Health Policy of 2002 

acknowledged the absence of systematic and scientific 

population health statistics as a major deficiency in India [3].  

Presentation of research work at scientific meetings and 

professional societies is an important first step toward effective 

scientific communication of research results. The ability to 

effectively identify high-quality abstracts worthy of acceptance, 

presentation, and possible publication, is based on the criteria 

used to rank submissions [7]. Now it is recognized as an 

important component of the grey literature.  Overall review of 

these abstracts can also help to understand and track down the 

research priorities of the faculty members. Concern is that the 

small proportion of such research appearing in the scientific 

journals after peer-review. With this background we have carried 

out an appraisal of abstracts published in the souvenir of the 

National Conference of IAPSM held at Nagpur during January 

2013•  

 

II. MATERIAL AND METHODS 

       A cross-sectional study was designed and conducted based 

on all abstracts published in the souvenir of National Conference 

of IAPSM held during January 2013 at Government Medical 

College, Nagpur, Maharashtra. In all 800 delegates were 

registered in this conference from all over India. Five hundred 

and Fifty six abstracts were submitted online in a structured 

(Background & Aims, Methods, Results, Conclusion) format. 

For the first time in the history of Annual National Conference of 

IAPSM online abstract submission has been introduced by the 

organizer of IAPSM Conference 2013 at Nagpur.  Many of the 

researchers and students were generous enough to adopt the 

online method.  It was heartening to receive positive feedback on 

suitability of the online submission.  A separate committee with 

two reviewers reviewed all abstracts as per the Indian Journal of 

Community Medicine Article Review guideline (IJCM) (7).The 

current appraisal included all the 374 abstracts published in this 

conference souvenir [9].  As for 182 abstracts; only title and 

A 
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author’s names, results were not mentioned and other details 

were not stated, these were excluded from the final analysis. 

Abstracts were classified and analyzed according to States/Union 

Territories,  characteristics of abstract like  format (structured 

unstructured), type (research results / conceptual papers / 

research proposals) specification of objective / research question 

/ hypothesis, study design (descriptive / analytical  / 

experimental),  study setting (community / institutional or 

hospital), use of statistics analysis and subject area of research.  

Statistical Analysis:The data were analyzed using the STATA 

(version 10.2) software packages.  Descriptive statistics was used 

to determine mean, percentages and SD.  Categorical data were 

analyzed using Chi-square test. Intra rater agreement was 

measured using agreement analysis (kappa test).  

  

III. RESULTS 

        Out of 556 abstracts; 374(67.27%) were accepted for 

presentation and publication in the souvenir.  The mean (SD) age 

of first author was 32.4(8.25) years. Majority 218 (58.29%) of 

the first authors were post graduate students, followed by 

Assistant professor 77 (20.58%), Associate professor 51(13.63%) 

and least 28 (7.49%) were Professors and senior scientists. 

Scientific contribution made by young researchers was 

significant (P<0.001) when compared with Associate Professor 

and Professor/Senior scientist contribution.  

        Table 1 reveals that amongst accepted abstract Maharashtra 

tally most 99 (26.47%), Andhrapradesh 37 (9.89%) and 35 

(9.35%) Madhya Pradesh (MP).  Karnataka, Gujarat, Delhi and 

Kerala contributed approximately 6.00% abstracts each.  

Manipur, Punjab, Himachal Pradesh, Uttarakhand, Bihar and 

Zarkhand contributed less than one percent in scientific 

submissions. Overall scientific presentation rate was 91.97%. 

        Table 2 shows that, Maternal and child health papers formed 

the greatest proportion of total accepted 82(21.93%), followed by 

non communicable and miscellaneous group; 53 (14.17%) and 

50 (13.73%) respectively.  Other priority proportion themes were 

reproductive health 27(7.22%), nutrition 23 (6.15%) and 

adolescent health 25(6.68%),  Another research priorities were 

immunization, HIV/AIDS, communicable diseases, adolescent 

health, vector born diseases, mental health illness, geriatric 

health, Tuberculosis and occupational Health (2.14-4.55%).  

        Table 3 reveals that the Characteristics of accepted and not 

accepted abstract.  Mean (SD) score of accepted abstract by one 

reviewer was 13.23 (1.74) with 95% confidence interval (CI) 

(13.05-13.4).  Mean (SD) score of accepted abstract by another 

reviewer was 13.72 (2.18) with 95% confidence interval (CI) 

(13.5-13.9).  Agreement analysis between two raters substantial 

agreement (Kappa=0.61) and it was found to be statistically 

significant P<0.001.  Among the accepted abstracts, 344 

(91.98%) were structured abstracts. Objectives in abstract were 

clear in only 75 (20.05%), in 235 (62.83%) partly clear and in 64 

(17.13%) were ambiguous or no objectives. Commonest type of 

submissions were cross sectional and descriptive 357 (95.45%) 

followed by retrospective study 12 (3.20%).  Overall acceptance 

rate was (67.38%). Acceptance rate was significantly more in 

case control and randomized control trials as comparative to 

descriptive studies (P<0.001).  Majority of the study sample was 

hospital, record  or institutional (e.g. school) based.  Major 

reasons for not acceptance like incomplete submission, non 

compliance for resubmission, study design not provided, no 

objectives, no results were submitted and conclusion not 

supporting results.  Differences were found to be statistically 

significant in accepted abstracts (P<0.001).  

 

IV. DISCUSSION 

        In the recently held National Conference of IAPSM 2013 

has revealed major representation from Maharashtra tally most 

99 (26.47%) and Andhra Pradesh 37 (9.89%) India. As the 

conference was held at Nagpur, Central India, it was expected  

that it would be attended  by delegates across the country, 

considering its geographic location. However, this is not 

surprising that this meeting was heavily attended by delegates 

from Maharashtra, Andhra Pradesh and Madhya Pradesh. State 

of Maharashtra was host of this conference and  Nagpur  is 

adjacent to Andhra Pradesh and Madhya Pradesh and moreover 

Maharashtra chapter of IAPSM is active organization and 

number of medical colleges  in Maharashtra  is much more than 

any other state. These findings are consistent with the earlier 

study [8]. 

        In this study 91.97% abstracts were formatted and 

structured as it was demanded; however, in another study, only 

26.3% abstracts were formatted and structured [8]. Time to time 

it is emphasized that structured  abstracts provide elaborate, 

systematic, classified and formatted information.  For the first 

time in the history of Annual National Conference of IAPSM 

online abstract submission has been introduced. This kind of 

abstract preparation pattern has been accepted and practiced by 

indexed journals and proceedings of Global and National 

meetings of professional organizations [8]. This important issue 

was incorporated in the abstract call notice and conference 

circulars to bring out uniformity and highlight methodology in a 

more systematic way (10). 

        Matter of concern is that 64(17.11%) did not specify 

objectives of their study and 235(62.66%) studies objectives 

were partly clear. In another study  98 (43%) abstracts did not 

specify objective/research question/hypothesis  of their study [8]. 

Specification of either of these can help reader to understand the 

purpose of study and its relevance to him/her. Structured formats 

can certainly help to resolve this issue; subheadings in the format 

demand researcher to specify this vital issue of research in this 

conference.   Majority (95.45%) of studies were descriptive in 

their nature, which included large proportion of cross-sectional 

and KAP/opinion/ awareness studies. This finding is consistent 

with finding of Zodpey 1997 et al. when we compare our study 

finding with earlier study (8) findings; it indicate that public 

health expert are basically involved in descriptive research that is 

the basis of formulation of hypothesis. Although, the baseline 

research is very important, simply generating hypothesis is not 

enough evidence; it implies that lowest level of evidence 

generated by this type of primary research. This is high time to 

get evolve in extended research which helps in testing the 

hypothesis- analytical studies and study which generate high 

level of  evidence- RCTs and meta-analysis.   These appraisals 

also revealed non use of randomize controlled trials and 

qualitative studies. 
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        Study sample one of the vital areas of concern. Majority 229  

(59.46%) of the studies were conducted hospital/institution 

(schools). In earlier study, 91.5% studies being performed in 

community setting. However, comparatively less 37.43% of the 

studies were carried out  in rural and  tribal  setting. This 

emphasizes the need community based research predominantly in 

rural and tribal areas.  This is high time to address this issue.  It 

can be possible community medicine professional to pick up 

research query which is able to address rural and tribal health 

issues and implement it through their postgraduate research 

activity. 

        Use of statistical technique for drawing valid conclusions 

and inferences from research results is important ingredient of 

any study. Only 22.46% studies used all required statistical test.  

In another study more than 1/4 abstracts did not use statistics in 

their appraisal. Moreover 72.36% studies which used some 

statistical test and have used it only for descriptive purpose. 

Moreover, very few abstracts used advanced statistical 

techniques (e.g. Survival analysis, logistic regression analysis 

etc.). Although from findings of this study, unnecessary use of 

statistics can not be recommended, appropriate use of analytical 

statistics whenever indicated should be performed. This appraisal 

also revealed subject areas of research by community medicine 

professionals. It is very logical that most of us are engaged in 

research related to maternal and child health, infectious diseases 

and non communicable  diseases; However, there are few areas 

like occupational health, environmental health, methodological 

issues in epidemiology, health  social  sciences  and  health  

economics which  are  identified unexplored in this appraisal.  To 

conclude, purpose of this study was not evaluation but was 

appraisal and introspection of our own research. Today with the 

increasing standards of research publications, an immediate 

application  of our skills lies in the use of epidemiology, research 

methodology and biostatistics to improve the quality of our 

research and publications. We the community medicine 

professionals are looked as methodologists among medical 

fraternity, which call upon us to set standards in medical 

research. Another option open to us is to make sure  that our own 

work and research  interests address of practical problems 

relevance to the nation. Our research must reflect this priority 

and concern. 

        Ready availability of essential health information is 

imperative for the development of informed and effective 

systems for improving health of societies. This paper provides a 

broad overview of the data readily available in the public health 

conference related to essential health information in India. It 

highlights a number of issues that need to be addressed to 

improve the scope and characteristics of abstracts submitted in 

National conference of IAPSM. The analysis of the contents of 

all these abstracts eventually would help IAPSM to design its 

future research policy  and would give an interesting information 

to its members.   
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Tables 

 

Table 1 State wise accepted abstracts 

State No Percentage 

Maharashtra  99 26.47 

MP 31 8.29 

Delhi 23 6.15 

WB 9 2.41 

Gujarat 26 6.95 

Punjab 3 0.80 

TN 7 1.87 

Chandigarh 4 1.07 

Haryana 16 4.28 

UP 19 5.08 

AP 35 9.36 

Rajasthan 4 1.07 

HP 3 0.80 

Assam 9 2.41 

Pondicherry 12 3.21 

Chhattisgarh 7 1.87 

Uttarakhand 2 0.53 

Karnataka 25 6.68 

Tripura 5 1.34 

Orissa 4 1.07 

Kerala 24 6.42 

Jharkhand 3 0.80 

Manipur 1 0.27 

Bihar 3 0.80 

 

374 100 

 

 

 

 

 

 

 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      441 

ISSN 2250-3153  

www.ijsrp.org 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.  Classification of Abstracts According to Subject Area of Research 

THEMES NO % 

   Adolescent Health 25 6.68 

   Geriatric Health 9 2.41 

   Communicable Diseases 8 2.14 

   HIV 13 3.48 

   Immunization 13 3.48 

   Maternal and Child Health 82 21.93 

   Millennium Development Goals 16 4.28 

   Mental Health 15 4.01 

   Non Communicable Diseases 53 14.17 

   Nutrition 23 6.15 

   Occupational Health 12 3.21 

   Miscellaneous 50 13.37 

   Reproductive Health 27 7.22 

   TB 17 4.55 

   VBD 11 2.94 

   TOTAL 374 100% 

    

 

Table 3.  Characteristics of accepted and  not accepted Abstract 

  Accepted (n=374) 

Not Accepted 

(n=182) 

Characteristics No Percentage No  Percentage 

Format                                                          
   

  

Structured*  344 91.98 32 17.58 

Unstructured 30 8.02 150 82.42 

Type 

   

  

Research Results* 353 94.39 22 12.09 

Conceptual Papers without results 21 5.61 160 87.91 

Specification of Objectives 

   

  

Clear* 75 20.05 0 0.00 

Partly Clear 235 62.83 3 1.65 

Ambiguous 62 16.58 12 6.59 
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No objectives 2 0.53 167 91.76 

Study Design 

   

  

Descriptive 357 95.45 149 81.87 

Analytical-   

 

0.00 

 

  

Analytical-Case Control Study* 12 3.21 0 0.00 

Experimental Study/RCT* 3 0.80 0 0.00 

Not mentioned 2 0.53 33 18.13 

Study Setting  n=374 

   

  

Urban* 234 62.57 80 43.96 

Rural 134 35.83 102 56.04 

Tribal 6 1.60 0 0.00 

Study Sample* 

   

  

Community based 126 33.69 39 21.43 

Hospital/institutional (Schools) 223 59.63 136 74.73 

Hospital Records 25 6.68 7 3.85 

Sample size Estimated * 

   

  

Yes 65 17.38 49 26.92 

No 309 82.62 133 73.08 

Use of Statistical Analysis* 

   

  

Not used 16 4.28 146 80.22 

All required 84 22.46 0 0.00 

Some  274 73.26 36 19.78 

Results* 

   

  

Reported sufficient details 122 32.62 27 14.84 

Reported partial 252 67.38 155 85.16 

Conclusion supported by the results* 

  

  

Yes 46 12.30 0 0.00 

Partially  174 46.52 20 10.99 

N0 154 41.18 164 90.11 

          

 

* P>0.05 –statistically significant 
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Right Time to Reap Benefits from Residential Solar 

Rooftop PV in India - A Venture of Millions 

P.R. Arora 

 
 Research Scholar 

 
Abstract- Make your home solar is going to be reality within few 

years. Rooftop PV has been developed by Germany, Spain and 

Italy with the encouragement Feed- in -Tariff system for early 

attaining towards grid parity. The rates of solar PV has been 

drastically reduced in recent years and approaching towards the 

grid parity. There has been increasing trend of grid connected 

residential rooftop PV worldwide due to merits. In India the grid 

parity for residential rooftop PV is likely to be achieved within 

three to four years.  Installation of rooftop PV at residential 

buildings will be able to meet present deficit of electricity in 

cities and towns and future demand of electricity. Therefore, time 

has come to encourage and motivate the peoples of India for 

installation of rooftop PV at their residence to meet the demand 

of electricity in urban areas. Central and the State Governments 

have a major role in development of rooftop PV at the residential 

buildings in urban areas. 

 

Index Terms- Feed -in - Tariff, Grid parity, Land resource, Net 

metering, Solar resource 

 

Abbreviations- BoS -Balance of System,  Discom - Distribution 

Company, EPIA- European Photovoltaic Industry Association,  

GW- Giga watt, KW - kilowatt, KWh- Kilowatt- hour, MNRE- 

Ministry of New and Renewable Energy, MU- Million Units, 

MW- Megawatt, MWp - Megawatt peak, RTPV- Rooftop 

Photovoltaic 

 

I. INTRODUCTION 

n India, there is deficit of electricity in base load and peak load 

hours. As per actual power supply conditions during 2011-12, 

base load requirement was 937,199 (MU) against the availability 

of 857,886 MU, a 8.5% deficit. During peak loads, the demand 

was for 130 GW against availability of 116 GW, a 10.6% 

shortfall
 (1)

. The 17
th 

electric power supply survey of India 

claimed that over the period 2010-2011, the industrial demand 

accounted for 35% of power requirement, domestic household 

use accounted for  28%, agricultural 21%, commercial 9%, 

public lighting and other  miscellaneous applications accounted 

for rest
 (2)

. With an economy projected to grow 8-9% per annum, 

rapid urbanization and improving  standards of living for 

millions Indian households, the demand is likely to grow 

significantly. Presently, several cities and towns in the country 

are experiencing a substantial growth in peak electricity demand 

as a result most of the cities/ towns are facing severe electric 

shortages
 (3)

. The utilities are facing difficulty in meeting the 

increasing power demand in cities, the load shedding is 

implemented and electricity is not available for several hours. 

Solar rooftop PV with grid connected is right choice to meet the 

demand of cities and reduction in pollution in the cities causing 

due to diesel generating sets. Solar rooftop PV is a matured 

technology and the craze has been increasing worldwide. Japan, 

USA and Germany were the early leaders in adopting rooftop PV 

systems, while Italy, Australia and China have seen strong 

growth in recent times. In India, Jawaharlal Nehru Solar Mission 

put a target 20,000 MW by 2022 for grid connected solar Power 

Plants including rooftop PV. There are so many advantages of 

Rooftop PV, mainly it does not require land and water, utilizes 

the roof of buildings. Limited land in India is also a major 

constraint for setting up utility scale PV power plants.  Rooftop 

PV shall be installed at the roof of millions buildings/ houses, it 

shall develop entrepreneurship and employment to the millions. 

It will brain ware of millions of peoples of the country; peoples 

will become conversant with generation, consumption of 

electricity and pollution. There is great role of MNRE and State 

Governments in adoption of residential rooftop PV. 

 

II. TOTAL GENERATION FROM PV 

       Figure 1 shows, PV generation capacity in Megawatt and % 

share of generation of top ten countries of the world. At the 

beginning of 2012, Germany and Italy alone represent more than 

50% of world installed capacity
 (4).

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1, Global Cumulative Installed Capacity Share 2011(MW :%) 

I 
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Source: EPIA May 2012 

 

III. PV MARKET  

      There are four end- use sectors with distinct market for PV, 

Residential systems (typically up to 20 KW systems on 

individual buildings/ dwellings), Commercial Systems (typically 

up to 1MW systems for commercial office buildings, schools, 

hospitals, and retail), Utility scale systems (starting at 1MW, 

mounted on buildings or directly on ground) , Off-grid 

applications (varying sizes)
 (5)

. The relative share of four market 

segments (residential, commercial, utility and off-grid) is 

expected to change significantly over time. The residential sector 

has the highest potential, it has maximum around 60%. After 

residential segment, utility segment is one of the biggest 

segments and followed by off-grid and commercial segments.  

The relative shares of PV deployment among the different 

sectors will vary by country and according to the requirement of 

individual country. As per figure2, by 2050 PV will provide 

around 11% of global electricity production. 

 

 

Figure 2, Evolution of photovoltaic electricity generation by end -use sectors 

 
Source: IEA Technology Roadmap for Solar Photovoltaic energy, 2010 

 

IV. BRIEF ON SOLAR ROOFTOP PV 

       Solar rooftop PV is a matured technology and generates 

electricity during sunshine.  Rooftop PV is a distributed form of 

generation of electricity. Germany is a leading country in rooftop 

system, represent largest segment by far, 85% of installed 

capacity in 2010 
(6)

. The rooftop PV is composed of PV modules 

and the balance of system (BoS). The PV module is the 

interconnected array of PV cells. The items covered under 

balance of system are structure for installation, racks, invertors, 

transformer and misc electrical items.  Presently, the capital cost 

of rooftop PV is a major barrier in its adoption in India. 

Generation from RTPV has several advantages, mainly no 

additional land, transmission network and water is required.  
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Potential of Solar Rooftop PV in India 

       The solar rooftop PV segment in India has not yet 

developed, it has a strong growth potential, and it is difficult to 

assess the exact potential for RTPV in India. Total  commercial 

rooftop area  of major cities Delhi, Mumbai, Kolkata, Bangalore, 

Chennai, Pune and Hyderabad  for PV installation  is 5.13 

million m
2
 when extrapolated to 2009, this total rooftop area 

have a PV potential of 513.3 MWp
 (7)

. Figures of major cities 

indicates that India have unlimited rooftop area on the residential 

and commercial buildings of urban areas. Day by day this 

rooftop area has been increasing with the urbanization. 

 

Characteristic of Rooftop PV 

       The PV works during sun shine of the day, 9AM to 5PM. 

Generation from PV varies from season to season, PV generates 

25% higher in summer season than winter season and it generates 

50% higher in summer season than monsoon season. The 

generation from PV is maximum in summer when the 

requirement of electricity is maximum, it generates less in winter 

when requirement is less. It generates very less in monsoon 

season when requirement is very much less. Solar power can 

effectively used for power consumption during sunshine hours.  

There are 24 hours in a day, and availability of the sun shine is 

more than 8hours per day, therefore, 30 % energy requirement of 

the day (0 hours to 24 hours) is available during sunshine. The 

electricity generated may be used during sunshine or may be fed 

to the grid when not required. 

 

Capital Cost of Solar Rooftop PV:-  

       The capital cost of a rooftop PV system is composed of PV 

module cost and balance of system (BoS) cost. The BoS cost 

includes items, such as cost of structural system (e.g. structural 

installation, racks, site preparation and other attachments), the 

electrical system costs (e.g. the inverter, transformer, wiring and 

other electrical installations cost). 

       It was only few years ago, PV electricity was four to five 

times more expensive than the fossil fuels
 (8)

. Continuing 

decreasing cost of solar rooftop PV and increasing cost of fossil 

fuels, grid parity could occur within three to four years in several 

states of India where high solar resource is available and 

prevailing high tariff of electricity. The grid parity is expected to 

be achieved in 2019-20 in the states where moderate solar 

resource is available and prevailing lower tariff of electricity.  

 

Advantage of Solar Rooftop PV:- 

       Solar Rooftop PV can be accommodated on roof or open 

ground and in variable capacities from few watts to several MW. 

When the load is less the power is surplus, this surplus power can 

be fed to the grid and in case power requirement is much, the 

same can be drawn from grid. The main advantages of Rooftop 

Solar PV are as under. 

• Space for mounting structures already exists, no additional 

land is required. 

• The distribution network already exists and no new 

connection is required. 

• A wide range of size can be accommodated from KW for 

residential and MW for commercial and industrial purposes. 

• The cost of residential rooftop PV is within the limit of 

many home owners. 

• The power generated is used at the same place, therefore, 

involvement of transmission and distribution is very much 

less, the excess electricity generated is fed in the system of 

utility and the electricity required can be drawn from the 

utility. Ultimately, selling the electricity when not required 

in day hours of sunshine to the utility and purchasing when 

required. 

• The arrangement can be made for backup/ storage when 

utility supply fails. 

• The house owner becomes conscious about the generation 

and consumption of electricity. 

• It will develop large numbers of entrepreneurs. 

• A large number of jobs shall be created. 

 

V. METERING 

       Metering depends upon the tariff, the rate the unit charged 

by utility is same as of units generated by rooftop PV, and then 

net metering is employed. If the rate of units generated by 

rooftop solar PV is higher than the units supplied by the utility, 

then gross metering system is employed. 

 

Net Metering- 

       In the day hours the domestic load is less, therefore, 

electricity is fed to grid and when the load is more than the 

capacity of solar PV, the electricity is drawn from the grid. The 

grid supply act as a back up to the rooftop PV, we use the grid 

supply in night hours, cloudy days when no sunshine and 

requirement is more than the capacity of solar rooftop PV. It is 

clear that electricity is fed to the grid when generation is more 

from residential rooftop PV and electricity is drawn when 

requirement is much than generation from rooftop PV. For 

maintaining the account of electricity transaction, a bi – 

directional meter is installed which can record power flow in 

both directions. Thus, the meter gives two readings detailed as 

under. 

• Electricity drawn from the grid. 

• Electricity supplied to the grid. 

 

       The rates of electricity drawn from utility, the bill is raised 

for the power supplied from utility and credited for the electricity 

fed to the grid at decided rate. If the rates of electricity supplied 

to grid and received from the grid are same, and house owner 

wants to earn money, then a house owner will have to install the 

roof top PV of higher capacity. Suppose a house hold has 

consumption is 200 KWh per month and house owner will have 

to generate more than 200 KWh per month for income. 

 

Gross Metering System (Feed -in- Tariff System):- 

       Gross metering system employ two meters, for metering the 

total electricity produced (consumed by the customer and fed to 

the grid) by the rooftop PV. Second meter is consumer meter that 

indicates   total electricity consumed by consumer. Therefore, the 

system records the energy produced by the rooftop PV and the 

total energy consumed by the consumer. This system is 

employed for encouragement of rooftop system in the country 

and for early grid parity.  As a result, higher tariff is given for 

generation and lower tariffs are charged for consumption. Such 

tariff is used in Germany, Spain and Italy. 
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VI. GOVERNMENT SUPPORT 

       Looking to the growth and requirement of  residential solar 

rooftop PV, Central/ State governments need to encourage, 

provide subsidies and soft loans, deciding tariff, development of 

mechanism for grid integration and educate the peoples about the 

advantages of RTPV. 

 

MNRE 

       MNRE has vital role for development of RTPV in the 

country and arrange capital subsidy and soft loans to the 

consumers. 

 

Role of State Governments 

       After the MNRE, the responsibilities lies with State 

Governments to develop RTPV in their State, making decision 

for tariff and strengthening of discoms for incorporating the 

electricity generated from RTPV. State Governments have to 

decide the tariff system, feed- in - tariff system or net metering 

system. For encouragement, State government may give option 

for both tariff, net metering system (State government may offer 

additional subsidy other than MNRE) or feed -in -tariff system. 

Before implementation of RTPV in State, the strengthening of 

the discoms shall be required such as construction of smart grids 

for receiving the generation from RTPV, arranging meters and 

their calibration, billing system, timely recovery of revenues. 

 

VII. URBAN POPULATION 

       The economic growth is leading to urbanization along with 

the increasing in demand of electricity. As per table 1, trends of 

population projections of Government of India, 2006, shows total 

population of the country and urban share of population. There 

has been rising trend in urban population, 27.8% in 2001, 30% in 

2011, 31.1% in 2016, 32.3% in 2021, and 38.2% in 2026. As per 

UN projections (UN-2006), the Indian urban population would 

be 41% by 2030. If the same trends follow the urban population 

would be 50% by 2050.  

 

Table 1, Population of India and urban share of population 

 

 Population Urban share 

 Million persons % Share 

2001 1,029 27.8 

2011 1,193 30.0 

2016 1,269 31.1 

2021 1,340 32.3 

2026 1,400 38.2 

Source- Population projections (Government of India, 2006) 

 

       In India urban population leads a highly intensive life style 

characterized with high usage of modern sophisticated items, 

such as air conditioners, refrigerators, washing machines, geysers 

and cooking appliances etc
 (9)

. Per capita consumption of 

electricity in urban areas is very high in comparison to the rural 

areas. 

       The construction of residential and commercial buildings are 

rapidly taking place with increase in population in urban areas, 

therefore, area of rooftop has been regularly increasing with the 

construction of buildings. 

 

VIII. PROJECTED GENERATION CAPACITY FROM RESIDENTIAL 

SOLAR ROOFTOP PV 

       Domestic consumption of electricity accounted 28% in 2010 

-11 of total consumption in India, and the domestic consumption 

is going to increase to 34% by 2021-2022. There are large 

numbers domestic consumers having floor/ roof available with 

them. Rooftop PV can replace grid during sunshine period i.e. 

more than 8 hours per day. By 2017-18, the forecasted levelized 

tariff based of the cost to serve at INR Rs. 9.29/KWh vis - a- vis 

a levelized tariff of rooftop PV at Rs. 8.31/KWh
 (10)

. The cost of 

generation from rooftop PV shall be less than the utility, the 

domestic consumers will turn towards rooftop PV. Domestic 

consumers having high consumption ( monthly consumption of 

electricity is above 200 units per month) will turn to rooftop PV 

in the initial stage due to high tariff charges from utility and 

amount of the bill of utility would be much more than the 

electricity generated from rooftop PV. Consumers having less 

consumption (monthly consumption of electricity is up to 200 

units per month) will turn at later stage, when utility electricity is 

very much costly to rooftop PV. Domestic consumers having 

high and less consumption will adopt rooftop PV in different 

phases.  The load of domestic consumers generally ranges 

between 1KW to 5KW in India. Domestic consumers are less in 

the category 5KW to 20 KW, we may consider this category as 

10 KW category. Suppose domestic consumers of urban area 

adopt for solar rooftop PV in phased manner, projected 

generation capacity comes to 4500 MW, as per table 2. 

 

Table 2, Projected generation capacity from Residential 

Solar rooftop PV 

 

S 

no. 

Year Category 

Capacity 

in KW/ 

installation 

No.  of 

domestic 

consumers  

adopt 

Rooftop 

PV in 

urban area 

(assumed) 

Total 

capacity 

Total 

Cumulative 

capacity 

 2016-

17 

10 KW 

(above 

5KW to 

20KW) 

30,000 300MW 300 MW 

2. 2017-

18 

5KW 1,00,000 500 MW 800 MW 

3. 2018-

19 

4KW 2,00,000 800 MW 1600 MW 

4. 2019-

20 

3 KW 3,00.000 900 MW 2500 MW 

5. 2020-

21 

2 KW 5,00,000 1000 

MW 

3500 MW 

6. 2021- 1KW 10,00,000 1000MW 4500 MW 
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22 

Source: Table has been prepared on the basis of assumption for 

adoption of rooftop PV 

 

       Assumption has been made for adoption of roof top PV for 

each category, adoption in each category shall take place in all 

the block years, but for simplification and presentation, it has 

been taken in a particular block year. For example, 5KW 

category adoption by domestic consumers have been assumed 1, 

00,000 in the block year 2017-18. In fact all total adoption will 

not take place in the block year 2017-18 but it shall be adopted 

from the year 2017-2018 to 2021-22. For simplification and 

representation, it has been taken in block year 2017-18.  In 

beginning, high consumption domestic consumers will turn for 

adoption of rooftop PV and later it shall be adopted by less 

consumption domestic consumers and, therefore, categories have 

taken in descending order. Table 2 shows, 2130,000 household of 

urban area (on the basis of assumption) shall be involved in 

adoption of rooftop PV in India up to 2021-2022. Germany 

connected its one-millionths PV system to the grid in late 2011, 

and continued to lead total installed and operating PV capacity
 

(11)
.The generation from residential Rooftop PV in India shall be 

7.9 Terawatts, by end of 2021-22, which one could not think 

earlier.  

 

IX. LIMITATIONS OF UTILITY SCALE SOLAR PV PLANTS 

       PV generating power plants can be set on utility scale in 

order of 1 MW or above. The amount of land required for utility 

scale solar power plants,  utilizing solar modules 15% efficiency 

in tropical regions is  approximately 1 hectare/ MW 
(12) 

. 1 Km
2
 

land is required for 100 MW power plant and such large area 

could pose a strain on India's available land resource. The 

projected capacity from residential rooftop PV is 4500 MW up to 

2021-22 as per table 2, the land required shall be around 45 Km
2
 

for utility scale PV solar power plant. In addition to the 

requirement of land, there shall be need to develop transmission 

and distribution network. 

 

X. LAND RESOURCE IN INDIA 

       India accounts for only about 2.4% of world's geographical 

area and 4% of its water resources, but has to support about 17% 

of world's human population and 15% of livestock. Increasing 

human and animal population has reduced availability of land 

over the decades. Per capita availability of land has declined 

from 0.89 hectare in 1951  to 0.32 hectare in 2001 and  is 

projected further  side down to 0.20 hectares in 2035 
(13)

. 

 

XI. DISCUSSIONS AND CONCLUSIONS 

       Population and the share of urban population in India have 

been regularly increasing. The urban population which was 

27.8% in 2001and is to reach 41% by 2030 as per UN-2006, 

population projection in India. Per capita consumption of 

electricity of urban population is very much higher in 

comparison to rural population. There is already deficit of 

electricity in urban areas and this deficit will increase year by 

year.  

       Continuing decreasing cost of residential solar rooftop PV 

and increasing cost of fossil fuels, grid parity could occur within 

three to four years in several states of India where high solar 

resource is available and prevailing high tariff of electricity. The 

grid parity is expected in 2019-20 in the states where moderate 

solar resource is available and prevailing lower tariff of 

electricity. 

        Utility scale PV power plant requires huge land, about 1 

Km
2   

area for 100 MW capacities. Projected generation capacity 

from residential solar rooftop PV of Indian urban area is 4,500 

MW by 2022 as per table 2, and for installation of utility scales 

PV plant having generating capacity of 4,500 MW will require 

45 Km
2 
of land. 

        Land resource in India is very limited and per capita land 

has been regularly shrinking, per capita land was 0.89 hectare in 

1951 and reduced to 0.32 hectare in 2001and is further projected 

to 0.20 hectare in 2035. 

       From above discussions, it is clear that there has been 

increasing demand of electricity in urban areas, residential 

rooftop PV shall be economical than the grid supply after 

achieving grid parity within three to four years. Utility scale PV 

plant requires huge land and this huge land requirement restrict 

us to install Utility scale PV plant in the country.  One of the 

most positive aspects of rooftop PV is that, it does not require 

land which is very much precious. Unlimited and unused rooftop 

area is available on residential buildings of India. 

       Residential rooftop PV will involve millions of household 

for generation of electricity; it will create entrepreneurship and 

jobs to millions. It will brain ware millions of people in the 

country. 

       Looking to above factors, encouragement and motivation is 

needed for adoption of residential rooftop PV in India. The 

Central and State Government need to come forward for 

providing capital subsidies, generation based incentive and 

arranging soft loans. 

 

REFERENCES 

[1] Load Generation Balance Report 2012-13, Government of India - Central 
Electricity Authority, September 2012, www,cea.nic.in/reports/yearly/lgbr 
_report. pdf 

[2] "Report on 17th electric power survey of India". Central Electricity 
Authority, Ministry of Power. 2007. 
http://powermin.nic.in/generation/pdf/17th%20EPS.pdf.. 

[3] Ministry of New and Renewable Energy -Solar/ Green Cities    
www.mnre.gov.in/schemes/decentralized -systems/Solar -Cities/ 

[4] Global Market Outlook For Photovoltaic Until 2016, EPIA, May2012,  
www.epia.org/fileadmin/user_upload/.../Global-Market-outlook-2016.p... 

[5] Technology Roadmap, Solar photovoltaic energy, 2010, 
www.iea.org/publications/freepublications/ publication/PV_Roadmap.pdf 

[6] The Photovoltaic Industry in Germany -Germany Trade & Invest, overview 
photovoltaic  pdf 2011/2012, www.gta.de/.../Invest/_.../Industry.../Industry-
overview-photovoltaic. pd_ 

[7] Shuba V. Raghvan, Anshu Bharawaj, Anupam A. Thatte, Santosh Harish, 
Kaveri K. Iychettira, Rajalaxmi Perumal, Ganesh Nayak ; Harnessing Solar 
Energy : Options for India,  December,2010, 

[8] IRENA, Renewable Energy Technologies : Cost Analysis Series, Volume 1: 
Power  Sector issue 4/5, Solar Photovoltaic, June 2012,  
www.irena.org/.../RE_Technologies_Cost_Analysis-Solar_PV.pdf 

http://powermin.nic.in/generation/pdf/17th%20EPS.pdf
http://www.mnre.gov.in/schemes
http://www.epia.org/fileadmin/user_upload/.../Global-Market-outlook-2016.p
http://www.gta.de/.../Invest/_.../Industry.../Industry-overview-photovoltaic.%20pd_
http://www.gta.de/.../Invest/_.../Industry.../Industry-overview-photovoltaic.%20pd_
http://www.irena.org/.../RE_Technologies_Cost_Analysis-Solar_PV.pd


International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      448 

ISSN 2250-3153  

www.ijsrp.org 

[9] Vivek Karandikar and Ashish Rana, Future of Energy Options for India in 
an  Interdependent World, www.worldenergy/org/documents/p001145/pdf. 

[10] The Rising Sun, A point of view on the Solar energy Sector in India, May- 
2011,www.kmpg.com/IN/en/IssuesAndInsights/ToughLeadership/The_Risi
ng_Sun_full.pdf 

[11] Renewables,  2012, Global Status Report, REN21. 

www.map.ren21.net/GSR/GSR2012_low.pdf 

[12] http://en.wikipedia.org/wiki/Photovoltaic_power_station 

[13] State of Indian  Agriculture 2012-13, Government of India, Ministry of 
Agriculture & Cooperation, New Delhi.  
164.100.47.132/…/AGRICULTURE/State/%20of%20Indian%20Agricultur
e, 7 February 2013 

 

AUTHORS 

First Author – Pramod Ranjan Arora, Retired Superintending 

Engineer, Rajasthan Rajya Utpadan Nigam Ltd. 

http://www.worldenergy/org/documents/p001145/pdf
http://www.kmpg.com/IN/en/IssuesAndInsights/ToughLeadership/The_Rising_Sun_full.pd
http://www.kmpg.com/IN/en/IssuesAndInsights/ToughLeadership/The_Rising_Sun_full.pd
http://www.map.ren21.net/GSR/GSR2012_low.pdf
http://en.wikipedia.org/wiki/Photovoltaic_power_station


International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      449 

ISSN 2250-3153  

www.ijsrp.org 

Effect of Ovatide Hormone in Oocyte Maturation in 

Sexually Immature Puntius sophore a Freshwater 

Cyprinid 
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Abstract- The present investigations were conducted  to evaluate 

the effect of ovatide treatment on the reproduction in Puntius 

sophore. Hormone was injected intramuscularly @ 4mg/kg and 

0.5mg/kg body weight fortnightly for 90 days in two phases. 

Phase I was initiated at stage I (Resting stage) and Phase II at 

stage II(pre-maturing stage) of ovarian maturation. Results 

reveals that hormonal treatment induce ovarian  maturation, 

stimulate ovulation, and expressed an advancement in time of 

spawning. It was revealed that spawning could be advanced by 

four months if treatment occur at stage I and by three months if 

treatment occur at stage II of the reproductive cycle. 

 

Index Terms- Induced breeding, oocyte maturation, ovatide, 

Puntius sophore 

 

I. INTRODUCTION 

nduced breeding is generally carried  out mainly with wild or 

captive brood fish obtained from natural habitat during the 

spawning season. Induced breeding become an important tool in 

seed production before the actual time of breeding period. These 

studies aim to enhance year round availability of fish larvae 

rather than a seasonally restricted supply. Various workers 

(Sunderaraj et.al ,1966; Sinha, 1971; Lam, 1982; Koul and Rishi, 

1986; Gandotra and Gupta,2003; Malhora et.al, 1991; Szabo, 

2001; Rokade et.al, 2006; Rath et.al, 2007; Money  and Thomas, 

2008) have used different types of hormones (e,g) fish pituitary 

extract, LH-RH, mammalian gonadotropin and summach to 

control and regulate development in fishes. 

         The present studies reveal the effect of ovatide hormone on 

reproduction in Puntius sophore a freshwater cyprinid fish at 

different stages of maturation. 

 

II. MATERIAL AND METHODS 

         Live specimens of Puntius sophore were collected from  

Gho-Manhasan stream in Jammu, Jammu & Kashmir, India, and 

kept for acclimatization. 

 

         Acclimatization: The fishes were acclimatized in the small 

cemented tanks under natural temperature and light conditions 

for atleast 15-20 days before the start of experiment. 

         They were given adequate amount of 40% protien/ (rice 

bran, diet cake and fish meal) during the period of whole 

experiment. To study the effect of ovatide on immature gonads 

of Puntius sophore ranging between 4.5-6.5cm size, the fishes 

were divided into two  groups each comprising 20 fishes. i). 

Hormone injected group and ii). Control. 

 

III. EXPERIMENTAL DESIGN 

         In each set 20 fishes each (duplicate), dose D1 of ovatide 

and distilled water was given @ 3mg/kg and 0.5mg/kg body 

weight in groups fortnightly. 

         The hormone treatments were conducted in two phases, 

Phase I and Phase II. Phase I lasted for 45 days and was initiated 

at stage I of maturation. Phase II was initiated in the month of 

March, when the oocytes were at stage II. Three to four 

specimens were sacrificed after fifteen days, their ovaries were 

removed, weighed and tissue sections were also processed for 

histological examination of ovary. 

         Preparation of tissue for microscopic studies: Gonads 

fixed in Bouine’s solution after thorough washing were 

dehydrated, cleared and finally embedded in parafin wax 

(melting point 52-54c). 5-7u thick sections of ovaries were 

stained using Mallory’s triple and Haemotoxyline eosine stain. 

         Microtomy :  From the stained sections diameter and 

percentage frequency of different stages of oocytes was worked 

out. Oocytes diameter was measured with the help of occular 

micrometer standrised against stage micrometer. For histological 

detail sections were photographed with the help of photo 

micrographic camera    PM-6. 

         Procurement of hormone: Hormone used for present 

work has been procured from HEMMO, PHARMA, A, Wis of 

Tashan Textile. Mills Pvt. Ltd. (543, KALBADEVI ROAD, 

TALAO, MUMBAI, 400002) INDIA. Under brand name of 

Ovatide where it is commercially manufctureed under scientific 

conditions by using synthetic GnRH analogue and dopamine 

antagonist dissolved in a mixture of aqueous and organic solvent. 

         Prparation of injection solution : Different doses of the 

hormone solution to be injected as per the scheduled viz 0.2 mg, 

0.3mg,0.4mg and 0.5mg/ kg body weight were prepare at the 

time of injection by diluting the concentrated ovatide in distilled 

water. 

 

Morphological and histological examination of the gonads 

will be made as per following steps: 

 Ovaries of the fish were carefully removed, excessive 

moisture was blotted and quickly weighed on an 

electronic balance. 

I  
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 Ovaries were then fixed in bouin’s fixative (freshly 

prepared from picric acid 75%, formalin 20% and acetic 

acid 5%) for 24 hours. 

 They were then washed, dehydrated and embedded in 

paraffin wax . 

 Transverse sections of ovaries were stained in 

haematoxylin-Eosin stain. 

 Different phases of gonadal cycle were identified by 

observing the prepared slides under microscope. 

Stage of gonadal development was assessed by calculating the 

gonadosomatic index 

GSI =weight of gonads/ weight of fish ×100 

 Detailed examination of the histology of the ovaries. 

 Measuring the mean diameter of different oocyte stage 

by taking the average of the  horizontal and vertical 

diameters of oocyte. 

 Calculating percentage distribution of different stage 

oocytes. 

  

IV. RESULTS  

Phase I  

         When hormone treatment was initiated at stage I (Table 1) 

of oogensis in January, average oocyte diameter was 

0.36±0.03µm. After 15 days of ovatide treatment 78.71±0.04% 

oocytes were at stage I and 21.27±1.02% at stage II, with an 

average oocyte diameter of 0.32±0.03µm. After 30 days of 

ovatide treatment 61.51±0.08% oocytes were at stage I, 

14.28±1.37% at stage II and 13.57±1.21% at stage III as compare 

to control group which were 2.85±1.48% at stage II. After 45 

days of ovatide treatment 22.31±1.21% oocytes were at stage III 

and 12.81±1.04% were at stage IV with an average oocyte 

diameter of 1.24±0.03µm of stage IV oocytes.Where as control 

group showed only 12.13±1.12% stage II and 2.51±1.02% stage 

III oocytes. 

         Except for a slight increase in size, both quantitatively as 

well as qualitatively, the control fish did not demonstrate any 

distinct change in maturation over the 45 days trial which 

showed 2.51±1.02% stage III oocytes only. 

 

Phase II 

     
   When hormone treatment was initiated at stage II (Table1) of 

oogensis in March , average oocyte diameter was 0.62±0.03µm. 

After 15 days of ovatide treatment stage III oocytes 

14.13±0.08%. After 30 days of ovatide treated group showed 

10.57±1.21% stage III oocytesand 4.35±0.08% stage IV oocytes, 

where as control showed 5.81±1.2% stage III oocytes. After 45 

days of ovatide treated group showed  12.31±1.21% stage III and 

7.81±1.04% stage IV oocytes with an average stage IV oocyte 

diameter of 1.24±0.03µm, control group showed only 

6.51±1.02% stage III oocytes. Investigations of male Puntius 

sophore revealed similar results. Males of Puntius sophore 

treated at stage II showed evidences of milt release under gentle 

pressure by the 40
th

 day of ovatide treatment. 

 

V. DISCUSSION  

         In nature breeding period of Puntius sophore is between 

August and October, with a prolonged maturation period of 7-9 

months. Present studies revealed that full maturation can be 

shortened to 55 days using ovatide treatment. The spawning 

period can be brought forward apprximately 4-4.5 months using 

ovatide hormone.  Spawning occured at 80
th

 day ( Mid-April), in 

fishes treated with ovatide at stage II of maturation. In male 

Puntius sophore the ovatide treatment results in the male fishes 

spawn several days in advance of female. This difference may be 

due to the hypothalmio-pituitary gonadal complex in males being 

more sensitive to hormonal treatment than in females. The 

similar views has been previously proposed by Correan 

et.al,1976; ; Malhotra et.al ,1991; Sharma, 1992 and Gupta &  

Gandotra,2003. 
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Table 1. Oocyte percentage and oocyte diameter during Phase I on ovatide treatment. 

PHASE-I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Table 2. Oocyte percentage and oocyte diameter during  Phase II on ovatide treatment. 

PHASE-II 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
˚C= Control, OT= Ovatide treated. 
˚˚M+SD = Mean + Standard deviation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
PERCENTAL OCCURENCE OF OOCYTES OOCYTE DIAMETER 

DAYS SET STAGE I II III IV I II III IV 

0 WILD 100±0.00˚˚ - - - 0.36±0.03 - - - 

15 C˚ 97.21±0.02 1.27±0.08 - - 0.28±0.03 0.62±0.03 - - 

 
OT 78.71±0.04 21.27±1.02 - - 0.32±0.03 0.66±0.03 - - 

30 C 96.45±1.2 2.85±1.48 - - 0.32±0.03 0.66±0.03 - - 

 
OT 61.51±0.08 14.28±1.37 13.57±1.21 - 0.34±0.03 0.66±0.03 1±0.03 - 

45 C 85.35±1.08 12.13±1.12 2.51±1.02 - 0.3±0.06 0.56±0.09 1.04±0.06 1.14±0.06 

 
OT 40.71±1.37 25.36±1.02 22.31±1.21 12.81±1.04 0.36±0.06 0.42±0.36 0.36±0.62 1.24±0.03 

 
PERCENTAL OCCURENCE OF OOCYTES OOCYTE DIAMETER 

DAYS SET STAGE I II III IV I II III IV 

0 WILD 62.31±1.21˚˚ 38.12±0.02 - - 0.36±0.03 - - - 

15 C˚ 61.21±0.02 38.27±0.08 - - 0.28±0.03 0.62±0.03 - - 

 
OT 55.71±0.04 32.27±1.02 14.13±0.08 - 0.32±0.03 0.66±0.03 0.66±0.09 - 

30 C 54.45±1.2 39.85±1.48 5.81±1.2 - 0.32±0.03 0.66±0.03 0.62±0.03 - 

 
OT 41.51±0.08 45.28±1.37 10.57±1.21 4.35±0.08 0.34±0.03 0.66±0.03 1.02±0.03 1.14±0.06 

45 C 53.35±1.08 40.13±1.12 6.51±1.02 - 0.3±0.06 0.56±0.09 1.04±0.06 - 

 
OT 33.71±1.37 48.36±1.02 12.31±1.21 7.81±1.04 0.36±0.06 0.42±0.36 1.06±0.62 1.24±0.03 
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from Gho-Manhasan Stream of Jammu region, India 

Seema Langer, Krishan Raj Kant and Jyoti Sharma 
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Abstract- Puntius sophore collected from Gho-Manhasan river 

were dissected and ovaries were histologically studied 

throughout the year. Seven stages of oocytes were recognised in  

Puntius sophore. Oogonia were present througout the 

reproductive cycle. The most important event observed during 

the study was the observation of crystalline yolk, atretic oocytes 

in the maturation stage and spent phase respectively. The 

breeding period of the fish is from July-August. 

 

Index Terms- Reproductive cycles, oogensis, atretic oocytes, 

Puntius sophore, Gho-Manhasan stream 

 

I. INTRODUCTION 

ish makes a vital contribution to the survival and health of a 

significant portion of the world’s population. Fish is 

especially important in the developing world. In some of Asia’s 

countries (Bangladesh and Cambodia) people drive as much as 

75% of their daily protein from fish. Often referred to as “rich 

food for poor people” fish provides essential nourishment, 

especially quality proteins and fats (macronutrients), vitamins 

and minerals (micronutrients). Second, for those involved in 

fisheries, aquaculture and fish trade, fish is a source of income 

which can be used to purchase other additional food items. 

Therefore, the breeding of fish for food, for recreation and 

aesthetic needs or in the context of conservation of natural 

species against environmental harm is of global importance. 

As fish live usually in closest contact with their environment 

(aquatic ecosystem/ waterbodies), rather they are extremely 

dependent on it and hence get affected by any changes in its 

quality. Fish health thus may also reflect and give a good 

indication of the health status of a specific aquatic ecosystem, 

thereby acting as a “warning signal” to indicate the presence of 

pollutants in natural water. 

         Fish reproduction though has been extensively studied is 

definitely one of the factor seriously affecting internal milieu of 

the organism. Breeding period may itself cause the physiological 

stress in fishes. It is on record that production of testosterone 

during breeding season may involve a concomitant reduction in 

male immune defense (Folstad and Karter, 1992). In 

recognisation of the fact that knowledge about reproductive 

biology is very essential if any species has to be studied for 

culture or conservation.  Several workers have in past tried and 

contributed on various aspects of reproductive biology of fishes, 

the reviews of oocyte development in teleosts have been given by 

deVlaming (1983), Gaurya (1986,1994), Selman et.al. 

(1993)Bromage and Cumaranatunga (1988),Selman and Wallace 

(1989), West (1990) and Tyler and Sumpter (1996). Puntius 

species breeds throughout the year under laboratory conditions, 

with large number of spawns (Varadi and Horvath,1993; Adam, 

1995; Adam et.al, 1995). K F EL-Borey (2004) reported the 

reproductive biology, sexual maturity and sex ratio of male and 

female Rhabdosargus hafford  in Suez city. Ghaffari and Jamili 

(2010) studied the reproductive biology, GSI, absolute fecundity 

of Barbus pectoralis and reported the breeding time of fish from 

January to February. 

         Menni et al. (2010) define a coastal ecosystem (South-

Western Atlantic coastal ecosystem,SACE and studied the 

reproductive biology and biological characteristics of 

chondrichthyans 

         Behara et.al (2005) carried out studies on the fecundity of 

stripped Gourami colisa fasciatus (Bloch and Schneider ) and 

reported that ovary weight is the index of fecundity in 

comparison to total length body weight ovary length of the fish 

as they recorded highest correlation between fecundity and ovary 

weight. 

         Principal objectives of the present investigation were to 

describe oogensis by the classification of developing oocytes into 

different stages using histological examination, to study breeding 

season of Puntius sophore. 

 

II. MATERIAL AND METHODS 

Collection area: 

         Fishes were collected from their natural habitat from a 

stream at Gho-Manhasan located at a distance of 20km north 

nwest of Jammu city (32˚ 67’ Lat N; 70˚ 79’ Long E). 

         Fish Puntius sophore were collected from their natural 

habitat from a stream at Gho-Manhasan and these were 

acclimatised in plastic troughs at room temperature. They were 

fed on live feed and formulated feed, every alternate day dead 

fish were removed. 

 

III. OVARIAN HISTOLOGY AND DATA ANALYSIS 

         Fragments of ovary were fixed Bovine fixative. After 

dehydration in ethanol, these were embedded in parafin and 5-

7µm section were stained using Mallory’s trichrome and Harris 

hematoxyline and eosine. 

 

IV. RESULTS AND DISCUSSION 

         Under present investigation ,gonadal studies maturation 

studies were conducted in female only due to less availability of 

mature males.  

F  
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         In this study it was investigated that young females attain 

maturity while they were in their first year of life. The smallest 

mature female was 4.1cm (TL) and 4.31gm (  BW) .50% of fish 

mature at the average length of 5.5cm and weight of 4.5 gms. 

Histology of Gonads: Based on hitological examination seven 

developmental stages were found in the fish. Oocyte diameter 

and percental occurence of the oocyte stages was observed as 

given in the Table I & II.  

         Oocyte stage I : Oogonia and perinucleolus stage were 

observed in the ovigerous folds oriented towards the centre of the 

ovary. They were spherical in form with transparent cytoplasm. 

The nucleolus is central or ascentric in position. This stage is also 

nknown as chromatin nuclear stage. The diameter of oogonia is 

0.26µm in december which increases to 0.36µm in July-August. 

The percental occurence of stage I oocytes were 10.04± 1.43 to 

15.13±4.33 in June –August and maximum percental occurence 

was observed in December 69.49±2.57 and January 56.47±2.57. 

Various authors reported the similar results of stage I, like 

Yamamoto and Yamazaki (1961), Malhotra (1978), Gupta 

(1980), Singh (2009), Hina (2010) and Vohra(2011). 

         Oocyte stage II : The stage II oocytes are chaacterised by 

an increase in size i,e. 0.38± 0.034 to 0.96± 0.06 in August and 

Feberuary respectively. The oocyte diameter is minimum in 

August and show an increase in December. The nucleus of the 

oocyte increases in size and the number of nucloli increased and 

occupy the peripheral position inside the nuclear memberane. 

With the advancement of this stage the ooplasm increases and 

become much greater in volume than the nucleus. The percental 

occurence of stage II  oocyte were 6.07± 5.27 to 8.30± 1.02 in 

August- September with minimum percentage of 2.29± 3.97 in 

May and with heighest percental occurence 31.2± 6.89 to 33.8 ± 

0.86 in october and november. Work of various authors 

resembels with the present  results of stages II oocytes like 

Yamamoto and Yamazaki (1961), Malhotra et .al. (1978), Gupta 

(1980), Agarwal (1982), Singh (2009), Hina (2010) and 

Vohra(2011). 

         Oocyte stage III : The oocytes of this stage are recognised 

by the appearence of minute vacoules, the yolk vesicles in the 

peripheral part of the ooplasam.A few of the nucleoli were seen 

piercing through undulating memberane to enter the ooplasam. 

Appearence of vitelline memberane central to follicular 

epithelium and theca externa to follicular epithelium has been 

noticed in this stage. Oocyte diameter ranges from 0.9±0.062 to 

1.04± 0.034 in November and June respectively. The maximum 

percentage of these oocytes was observed in June 33.06± 4.03 

and minimum in July-August ()1.58± 2.74 to 6.07 ± 5.27). 

Phenomenon of nuclear extrusion has been previously reported 

by Jyoti (1972), Gupta (1980), Ali (2003), Singh (2009), Hina 

(2010) and Vohra (2011).  

         Oocyte stage IV : The ooplasam of this stage oocyte are 

filled by yolk vesicles and increase in number. The oocyte grow 

in size and the size ranged from 0.36±0.62 to 1.24± 0.015µm. 

Percental occurence of stage IV oocyte ranges from 1.38± 2.4 to 

36.33± 1.6 with maximum in the minth of May. The stage IV 

oocytes in present study resembles that of Hina (2010) who noted 

appearence of yolk vesicles in peripheral part of ooplasam and 

their presence in  entire ooplasam. 

         Oocyte stage V : During this stage all the three egg 

memberane viz, theca, follicular epithelium and vitelline 

memberane were developed and clear and comparatively thicker 

than the cell oocytes of previous stage. The oocytes attain a size 

of 1.369±0.62 to 2.46 ± 0.06 µm during this stage. Similar stages 

has been reported by Hina (2010)  while studying on different 

fishes.Maximum percentage of stage V oocytes 50.46±12.46 was 

during July and no stage v oocyte has been observed in the 

month of Oct- Jan. 

         Oocyte stage VI : The oocytes of this stage begins to 

appear granular as small yolk vesicles has become full in the 

cytoplasm in last stage. Yolk vesicles are present near the 

periphery of oocytes and accumulate in high number. The yolk 

granules then proceed centripetally to the entire cytoplasm and 

become impregnated with them. The three egg memberane viz, 

theca, follicular epithelium and vitelline memberane become 

more thicker in this stage. The oocytes measured to be 

1.2±0.06µm to 2.37±0.13µm during this stage, Maximum 

oocytes were observed in the month of July and least in Oct-Jan. 

Hina (2010), Vohra (2011)  also observed the appearence of yolk 

granules in the peripheral part of ooplasam and their centripitally 

movement towards centre during this stage. 

         Oocyte stage VII :  The oocytes further increases in size, 

the average diameter ranges from 1.02±0.06µm to 2.46±0.06µm 

with maximum number in of stage VII in July-August (50-65%) 

and least in the month of Oct-Feb. The nucleus has been 

observed towards the periphery of the oocytes, so this stage is 

also known as migratory nucleus stage. Similar observations has 

been reported by Hina (2010) while studying on different fishes. 

Based on the present investigation it can be interpreted that the 

ovarian activity of Puntius sophore follows a cyclic pattern and 

that can be divided broadly into six phases viz. Immature /virgin 

phase(September-October), early maturing phase (November-

January), developing phase( Feb-=March), developed phase 

(June-July) and spent/resting phase (August). 

 

V. CONCLUSION 

         Thus, the present study has demonstrated the reproductive 

cycle of Puntius sophore during the different seasons of the year. 

Seven oocyte stages observed during the present investigation 

has been divided into six reproductive phases during the year 

with a peek of breeding period during the monsoon (July-

August). 
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Table 1. Percental occurence of oocyte stages in P.sophore durin the year. 

 

 

 

 

 

Table 2. Oocyte diameter  in P.sophore during the year. 
 

 

 

 

M+SD = Mean + Standard deviation 

 

 

 

 

 

 

 

OOCYTE STAGES 

                  Months III 

 

IV 

 

V 

 

VI 

 

VII 

 
SEP 27.59±2.67 

 

8.30±1.02 

 

16.9±10.29 

 

17.83±0.41 

 

29.5±7.68 

 
OCT 43.79±3.20 

 

31.2±6.89 

 

21.81±11.69 

 

3.16±5.47 

 

0±0 

 
NOV 46.75±0.89 

 

33.8±0.86 

 

19.14±2.53 

 

1.38±2.40 

 

0±0 

 
DEC 69.49±10.33 

 

23.23±8.19 

 

7.26±2.17 

 

0±0 

 

0±0 

 
JAN 56.47±2.57 

 

26.46±3.74 

 

12.17±3.65 

 

5.28±2.36 

 

0±0 

 
FEB 42.91±0.82 

 

22.13±2.49 

 

15.94±0.65 

 

12.2±1.57 

 

6.75±1.09 

 
MAR 28.76±3.10 

 

23.58±5.16 

 

21.23±4.77 

 

14.83±4.10 

 

11.54±3.41 

 
APR 30.53±2.45 

 

24.18±6.48 

 

16.56±5.10 

 

13.93±2.96 

 

14.76±3.92 

 
MAY 24.10±1.89 

 

2.29±3.97 

 

22.43±3.00 

 

36.33±1.60 

 

16.23±1.26 

 
JUN 10.04±1.49 

 

7.22±7.14 

 

33.06±4.03 

 

24.06±6.25 

 

25.30±0.53 

 
JULY 15.13±4.33 

 

8.77±10.95 

 

1.58±2.74 

 

24.56±8.04 

 

50.45±12.67 

 AUG 22.56±1.09 

 

6.07±5.27 

 

6.07±5.27 

 

23.33±8.01 

 

40.90±1.86 

 

Stages III IV V VI VII 

Months Oocyte diameter in µm 

SEP 0.3±0.06 0.58±0.034641 0.96±0.06 1.02±0.06 1.2±0.06 

OCT 0.32±0.034 0.62±0.034 0.98±0.09 0.38±0.65 0±0 

NOV 0.34±0.06 0.68±0.034 0.9±0.06 0.36±0.62 0±0 

DEC 0.26±0.034 0.62±0.034 1.02±0.06 0±0 0±0 

JAN 0.3±0.034 0.58±0.09 1±0.09 1±0.09 0±0 

FEB 0.34±0.034 0.96±0.06 1±0.034 1.02±0.15 1.3±0.18 

MAR 0.28±0.034 0.62±0.03 0.96±0.06 1.04±0.034 1.36±0.09 

APR 0.32±0.034 0.66±0.06 0.92±0.06 1±0.06 1.38±0.06 

MAY 0.34±0.06 0.66±0.06 1±0.09 1.1±0.034 1.4±0.12 

JUN 0.32±0.09 0.56±0.09 1.04±0.034 1.14±0.03 2.37333±0.13 

JULY 0.36±0.06 0.42±0.036 0.36±0.062 1.24±0.015 2.46±0.06 

AUG 0.34±0.09 0.38±0.034 1.02±0.06 1.22±0.06 2.4±0.06 
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Abstract- To attain full participation and equality in society for a 

hearing impaired person, it is imperative to have a guarantee for 

the means of livelihood. Only through occupation and economic 

independence they can participate in social life without any 

stigma and use the benefits available to them. The field of 

employment is one which has received a relatively fair amount of 

investigation in studies of deaf. The present investigation is 

meant to assess parental perception regarding the employability 

of their hearing impaired children. Survey method was adopted 

for the conduct of the study. The sample consisted of 120 parents 

selected from eight revenue districts of Kerala, viz – 

Thiruvananthapuram, Kollam, Kottayam, Ernakulam, Thrissur, 

Pathanamthitta, Idukki and Kozhikode. The sample was selected 

using random sampling technique. The selected sample 

represented almost all the sections prevailing in the society. 

High, middle and low income groups were randomly selected to 

get a better vision and deeper insight into the nature of what it is 

dealing with. To collect the data required for the study, an 

attitude scale prepared and validated by the investigator was 

used. The treatment of data was carried out employing 

percentage analysis. Parents believe that employments rendered 

to the HIC are capable of making a self confident, self reliable 

and self supporting generation in our society. 

 

Index Terms- Parental perception, Hearing impaired children 

 

I. BACKGROUND OF THE STUDY 

he challenging task of employment of the hearing impaired 

is that of deciding the continuing education and possible 

career. This requires the individual to be aware of his or her 

interests, values and abilities that relates to specific occupations. 

Career maturity is to be developed most intensively during 

adolescent period. Educational strategies increase the capacity 

and willingness to plan the future. The career development 

process occurs through a number of life stages. An individual’s 

career pattern is determined by socio-economic levels, mental 

ability, personality characteristics and also by opportunities. 

They may face a lot of conflicts like tension, frustration, 

ambiguity and uncertainty before making any decision. Trice 

(1991) reported that children were more likely to maintain their 

early career aspirations if they wished to hold identical or similar 

occupation as their father. The problem of vocational guidance 

has also been linked with the problem of vocational placement. 

Thomas and Ferguson (1964) noted the need for further 

opportunities for vocational training and the need for ‘specialized 

assistance’ to the deaf and recommended that local education 

authorities should be urged to give consideration to the 

establishment of vocational training centers on a regional basis. 

Residential courses of general education are considered as a 

preliminary to vocational training of the physically handicapped. 

Drewry (1958) advocated the need in some areas for a better co-

coordinated placement scheme, including vocational guidance, is 

an urgent one. Boys and girls leaving some schools have little 

idea about their vocation and are ignorant about the countless 

openings available for the deaf in a complex industrial society or 

of the different kinds of training schemes available or the general 

organizations of factories and other industrial units (Cited in 

Taylor 1988). 

         To attain full participation and equality in society for a 

hearing impaired person, it is imperative to have a guarantee for 

the means of livelihood. Only through occupation and economic 

independence they can participate in social life without any 

stigma and use the benefits available to them. The field of 

employment is one which has received a relatively fair amount of 

investigation in studies of deaf. The need for a development of 

vocational training facilities for the deaf, whose communication 

skills and academic achievements are so limited as to prevent to 

obtaining any or only minimal benefit from conventional courses 

of instruction. Stuckless and Moores (1964) have shown that the 

deaf are consistently ‘underemployed’ both with respect to their 

own innate abilities and comparative performance of normally 

hearing groups. 

         Each parent is unique and has individual backgrounds, 

attitude and needs that must be dealt with on a very personal 

basis. The tendency of parents to want to find out immediately 

anything that concerns the future of the child help in analyzing 

their attitude. The positive attitude and understanding of the 

parent’s feelings will help to minimize the problem and establish 

the parent child bond. For many years attention of professionals 

has been devoted solely to the deaf child, and little consideration 

has been given to parents. The parents of the deaf child may be 

the key to one of the most significant factors in the deaf 

youngster’s development. The role of parents in the development 

of the child is very important. Therefore, it seems very essential 

to conduct a study to find out parents perception regarding the 

employability of their hearing impaired children. 

 

II. OBJECTIVES 

1. To find out parent’s perception of future benefits of 

their hearing impaired children being employed. 

2. To find out parent’s perception regarding the self 

sufficiency of hearing impaired child.  

3. To examine the extent of support parents are expecting 

from employers, co-workers and community members. 

T 
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III. METHODOLOGY IN BRIEF 

         The present investigation is meant to assess parental 

perception regarding the employability of their hearing impaired 

children. Survey method was adopted for the conduct of the 

study. The sample consisted of 120 parents selected from eight 

revenue districts of Kerala, viz – Thiruvananthapuram, Kollam, 

Kottayam, Ernakulam, Thrissur, Pathanamthitta, Idukki and 

Kozhikode. The sample was selected using random sampling 

technique. The selected sample represented almost all the 

sections prevailing in the society. High, middle and low income 

groups were randomly selected to get a better vision and deeper 

insight into the nature of what it is dealing with. To collect the 

data required for the study, an attitude scale prepared and 

validated by the investigator was used. To study the parental 

perception towards the employability of their hearing impaired 

children, the investigator administered an attitude scale to a 

sample of 120 parents of hearing impaired students randomly 

selected from eight Districts in Kerala. The attitude scale 

consisted of twenty three items related to three areas such as 

parent’s perception of future benefits of their hearing impaired 

children, self efficacy of their HI children, and the extent of 

support parents are expecting from employers, co-workers and 

community members. The first section consists of eight 

statements about the parent’s perception future benefits of being 

employed, second section consists of eight statements with about 

parent’s perception of the self efficacy of HI child and the third 

section consists of seven statements about the extent of support 

parents are expecting from employers, co-workers and 

community members.  The attitude scale includes the responses, 

strongly agree (SA), agree (A), undecided (U), disagree (D) and 

strongly disagree (SD). The treatment of data was carried out 

employing percentage analysis.  

 

IV. ANALYSIS 

         The details of the analysis are given in table no.1, 2, 3 and 

4 respectively.  

 

 

Table 1 

Data and result of extent of future benefits availed by employment 

 

Qn. 

No 

SA A U D SD 

1 52 

(43.33%) 

60 (50%) 6 (5%) 1(0.83%) 1(0.83%) 

2 35 

(29.16%) 

77 (64.16%) 4 (3.33%) 3(2.5%) 1(0.83%) 

3 6   (5%) 29 (24.16%) 27 (22.5%) 48(40%) 10(8.33%) 

4 3 (2.5%) 16 (13.33%) 29 

(24.16%) 

54(45%) 18(15%) 

5 48 (40%) 68 (56.66%) 2(1.66%) 1(0.83%) 1((0.83%) 

6 10 (8.33%) 20 (16.66%) 34(28.33%) 43(35.83%) 13(10.83%) 

7 5 (4.16%) 9 (7.5%) 15(12.5%) 58(48.33%) 33(27.5%) 

8 52 

(43.33%) 

54 (45%) 11(9.16%) 3(2.5%) 0 

 

         Nearly 90% of the parental community are of the opinion 

that employment will make the hearing impaired children a self 

sufficient and self-supported member in the community. Also the 

child will benefitted out of a wide web of friends and 

acquaintants which will again instill self confidence in the minds 

of hearing impaired children (95%). Majority of the parents 

believe that employment ensures financial security of the hearing 

impaired children (48.33%). Roughly 22.5% of the parental 

communities are doubtful of the economic self sufficiency and 

security of hearing impaired children supported competitive 

employment. Parents as a whole believe that supported 

competitive employment generates self-confidence and maturity 

in dealing with others (60%). Almost 97% of the parental 

community strongly believe that supported competitive 

employment enable the hearing impaired children to make an 

adjustable life with members of the society. It may be noted that 

the benefits and privilages in not been extended to the hearing 

impaired children, as per the data revealed (46%). 

         The parental community is open in their approach that their 

good name and reputation are not being affected due to the 

placement of hearing impaired child to any stream of vocation 

(76%). About 88.33% of the parental community believes that 

supported competitive employment will enable the hearing 

impaired children to lead a life independent of their own even 

after the death of the parent. The above description gives us a 

clear indication as to the direction that the parental community 

are perceiving the future benefits of the hearing impaired 

children being employed.  
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Table 2 

Data and result of the extent of self sufficiency of the hearing impaired children 

 

Qn .No SA A U D SD 

1 51(42.5%) 63(52.5%) 4(3.33%) 21.66%) 0 

2 6(5%) 18(15%) 16(13.33%) 55(45.83%) 25(20.83%) 

3 9(7.5%) 40(33.33%) 27(22.5%) 35(29.16%) 9(7.5%) 

4 6(5%0 12(10%) 18(15%) 66(55%) 18(15%) 

5 6(5%) 6(5%) 15(12%) 59(49.16%) 34(28.33%) 

6 48(40%) 67(55.83%) 3(2%) 1(0.83%) 1(0.83%) 

7 5(4.16%) 16(13.33%) 13(10.83%) 56(46.66%) 30(25%) 

8 27(22.5%) 39(32.5%) 24(20%) 26(21.66%) 4(3.33%) 

` 

         The above data shows the self sufficiency and self concept 

of hearing impaired children when they are given employment. 

95% of the parents perceive their hearing impaired children can 

communicate and interact with each other through gestures. The 

parents perceive that the hearing impaired children are not 

capable of accepting the creative criticism of others (41%). These 

facts are to be noted specially that criticism of creative nature 

should be convinced with adequate reasoning to the hearing 

impaired children. So that they will accept and imbibe the 

suggestions contained thereunto. The behavioural pattern of the 

hearing impaired children is capable of working with the other 

members of the society (70%), a positive factor that supported 

competitive employment enables the HIC to lead a self sufficient, 

self confident life of their own. 70% of the parental community 

strongly believe that the HIC are capable of fulfilling the 

interested tasks within the time limit. Also these HIC will do 

things without any interruption whatever that is being interested 

with them.  

         The tabulated data clearly indicates that employments 

rendered to the HIC are capable of making a self confident, self 

reliable and self supporting generation in our society. What is 

being shown in the form of sympathy and empathy is not the 

right readymade package demanded by the hearing impaired 

community but a concerted facilitating environment which 

promotes self confidence and also a feeling of wantedness from 

any community in the society.   

 

Table 3 

Data and result of the extent of support from employers, co-workers and community members 

 

Qn. No SA A U D SD 

1 42(35%) 61(50.83%) 15(12.5%) 2(1.66%) 0 

2 6(5%) 31(25.83%) 32(26.66%) 46(38.33%) 5(4.16%) 

3 21(17.5%) 41(34.15%) 22(18.33%) 28(23.33%) 8(6.66%) 

4 30(25%) 65(54.16%) 20(16.66%) 5(4.16%) 0 

5 10(8.33%) 42(35%) 21(17.5%) 37(30.83%) 10(8.33%) 

6 46(38.33%) 65(54.16%) 8(6.66%) 0 1(0.83%) 

7 15(12.5%) 28(23.33%) 16(13.33%) 36(30%) 25(20.83%) 

  

         From the table, it is interesting to note that the parents are 

of the opinion that the hearing impaired child will attain 

recognition from the employer, send the hearing impaired child 

will do his assigned duty to the utmost sincerity and care (85%). 

About 42.44% of parental community is of the opinion that the 

employers will not be interest in these physically handicapped 

children since they are lagging behind normal worker. Also it 

was revealed that 52% of parents are of the opinion that the 

employers will exploit their physical handicappedness by way of 

reduction wages or overtime duty. At the same time these 

parental community are excepting that the hearing impaired 

children will acquire the co-operation and help from co-workers 

as part of sympathy extended to all physical handicappedness.  

         Roughly 44% of the parental community is of the opinion 

that chances are better for the exploitation of the abilities of the 

hearing impaired children even when these children are under the 

control of specially trained personnel. This finding is to be 

weighted with regard to the disagreement side with 39%. The 

undecided/ uncertain (17.5%) response should be got clarified to 

get a clear picture of whether chances are better or worse when 

hearing impaired children are under the control of a specialized 

trained personnel. It is worthy to be noted that nearly 90% of the 

parental population are of the opinion that the hearing impaired 

children will get social recognition since they live a life fully 

supported by the earnings that they earn through appropriate 

vocational placements. The right vocational placements lead to 

self confidence and dignity of labour as well as social approval 

and recognition of the society by and large. It is again to be noted 

that the parental community generally are of the opinion that the 

public will treat the hearing impaired children just with a dint of 

sympathy and not with mockery (50%). This is a welcome note 

that the society is accepting handicappedness a something taken 

for granted and not matter to be ashamed off. 

 

V. CONCLUSIONS  

         Nearly 90% of the parental community are of the opinion 

that employment will make the hearing impaired children a self 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      460 

ISSN 2250-3153  

www.ijsrp.org 

sufficient and self-supported member in the community. The 

parental community is open in their approach that their good 

name and reputation are not being affected due to the placement 

of hearing impaired child to any stream of vocation (76%). The 

behavioural pattern of the hearing impaired children is capable of 

working with the other members of the society (70%), a positive 

factor that supported employment enables the HIC to lead a self 

sufficient, self confident life of their own. Parents believe that 

employments rendered to the HIC are capable of making a self 

confident, self reliable and self supporting generation in our 

society. 

 

VI. IMPLICATIONS 

         Most of the parents are well aware of the capabilities of 

their hearing impaired children and their capacity to take up a job 

in the community. Most of the parents have the knowledge of 

jobs available and their feasibility. So the non-governmental 

organizations as well as such other organizations should take 

earnest effort to extend employment for the hearing impaired 

children. Give appropriate vocational training for the hearing 

impaired children which help them in working with normal 

people. In general the parent community is expecting 

unconditional support and positive encouragements from 

employers, co-workers and from the society by and large. It 

needs to be reiterated that our society when exposed to an open 

warm welcome to the handicappedness, they will blossom as if to 

that of the main stream. 
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Parental attitude scale on supported competitive employment for their hearing impaired children 

 

Personal information about the child 

 

1. Name of the child   : 

2. Age     : 

3. Male/Female   : 

4. Religion    : 

5. Residence, Rural/urban  : 

6. Years of schooling   : 

7. Guardian’s Name   : 

8. Relationship with child  : 

9. Address    : 

 

 

 

 

 

 

 

 

Information about family members 

 

No. Relationship with the child Age Educational 

qualification 

Occupation Monthly 

income 

1 

 

2 

Father 

 

Mother  

    

3 Brothers     

 Others      

 

 

In the following state ents t e  or  co   nity  enotes  ob  it  nor al persons. Rea  t e state ent an  respon   it  ‘√’ 

mark. 

 

 

Sl. 

No. 

 

I 

S
tr

o
n

g
ly

 a
g

re
e 

A
g

re
e
 

U
n

d
ec

id
e
d

 

D
is

a
g

re
e
 

S
tr

o
n

g
ly

 d
is

a
g

re
e
 

1 Since the child will complete the assigned job efficiently, 

it is easy to get recognition from his/her employer 

     

2 Since the child will not exhibit efficiency as other 

workers,  employer will not have interest in the child 

     

3 As the hearing impaired  child has very low  capacity to 

react, the possibility for the exploitation  by the employer 

is high 

     

4 Since the child has hearing handicap, co operation and 

encouragement from normal colleagues can be expected 

     

5 Even though the child will be supported by the 

employment  specialist, the possibility is higher that co – 

workers would exploit the child 

     

6 Society will give recognition to the child as a worker who 

earns own money 
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7 Since the child has hearing impairment the community 

members will ridicule both the employer and employee. 

     

 

 

In the followin  state ents t e  or  co   nity  enotes  ob  it  nor al persons. Rea  t e state ent an  respon   it  ‘√’ 

mark. 

 

Sl. 

No. 

 

I1 
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n

g
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g
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1 Supported competitive employment will help the child to 

become self dependent 

     

2 Work is  an integrated  setup will help the child to make a 

lot of friends 

     

3 Supported competitive employment does not assure 

child’s economic  security 

     

4 Work is the community may not cause to improve the 

child’s self confidence and maturity  

     

5 Work is the community will help the child to live 

amicably with others 

     

6 Though the child work in the community with support, 

he/she may not get right and privilages of an ordinary 

worker. 

     

7 Child’s work in the community will affect the reputation 

of parents and family members 

     

8 Supported competitive employment will help the child to 

lead a life without many hardships even after his parents’ 

expiry.  

     

 

In the following statements the word community denotes job wit  nor al persons. Rea  t e state ent an  respon   it  ‘√’ 

mark. 

 

Sl. 

No. 

 

     111 

S
tr

o
n

g
ly

 a
g

re
e 

A
g

re
e
 

U
n

d
ec

id
e
d

 

D
is

a
g

re
e
 

S
tr

o
n

g
ly

 d
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g
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1 Child is able to communicate through gestures      

2 Child does not cooperate with others      

3 Child does not accept criticisms creatively       

4 Child’s behavioral patterns do not permit him to work in 

an integrated setting 

     

5 Child cannot start and finish work in time      

6 Child is careful to do routine work without failure      

7 child cannot by himself/herself, wash and iron their 

dresses 

     

8 Child is capable of travelling by bus without others 

support 
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    Abstract: Object oriented design, is becoming very popular in software development environment. Object oriented design metrics 

is an essential part of software environment. Object oriented measurements are used to measure quality of software. The metrics for 

object oriented design focus on measurements that are applied to the class and design characteristics. These measurements permit 

designers to access the software early in process, making changes that will reduce complexity and improve the continuing capability 

of the design. 

This paper summarizes the existing metrics, which will guide the designers to support their design. We have categorized metrics and 

discussed in such a way that novice designers can apply metrics in their design as needed. 

 

    Index Terms: Software metrics, Object-oriented metrics, CK metric suite 

I. INTRODUCTION 

oftware metrics are the quantitative measurement of the complexity of the software or its design; therefore, they are good 

candidates for guiding the selection of testing techniques. Object-oriented metrics have been studied and proposed as good 

predictors for fault-prone modules/classes, for program maintainability and for software productivity [1]. Object-oriented 

programming has many useful features, such as information hiding, encapsulation, inheritance, polymorphism and dynamic binding. 

These object-oriented features facilitate software reuse and component-based development. However, they might cause some types of 

faults that are difficult to detect using traditional testing techniques. 

Object oriented metrics are used to measure properties of object oriented designs. Object-oriented software metrics provide such 

quantitative view about the implementation of object-oriented constructs in software design for the improvement of the software 

quality. The necessary features of the preferred object oriented metrics are recognized as capability of covering all quality and design 

related features, capability of representing diverse system aspects that are measured, capability of obtaining measurement values for a 

given system at different time, capability to have an experimental validation and capability of reliable operation. [7] 

In this paper, we basically analyze CK metrics and their impact on object oriented software.  

Next section describes the prior work in the field of object oriented software metrics. Since the third section of this paper describes 

impact of metrics on software. Fourth section is result and analysis. Finally last section presents some conclusions and future work. 

II. LITERATURE REVIEW 

A significant number of object oriented metrics have been developed. For example, metrics proposed by Abreu [2], CK metrics [3], Li 

and Henry [4] metrics, MOOD metrics [5], Lorenz and Kidd [6] metrics etc.  

One of the most widely referenced sets of Object Oriented software metrics has been proposed by Chidamber and Kemerer (CK). The 

authors have proposed six class-based design metrics for Object. The CK metrics suite defines class-oriented software metrics that 

focus on the class and the class hierarchy. Chidamber and Kemerer worked in collaboration with experienced software engineers and 

collected data from two different commercial projects. They made some interesting and practically useful observations on when 

analyzing their results. 
 

 2.1 Weighted Method per Class (WMC) 
This is defined as the sum of the complexity of all the methods defined in a class. If all the Method complexities are reduced to unity, 

then WMC becomes equal to the number of methods.  

WMC = sum of cyclomatic complexities of all the methods [8]. 

Let C be a set of classes each with the number of methods Mi . . . . Mn. Let Ci . . ., Cn be the complexity (weights) of the classes. 

WMC =  

S 
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The number of methods and the complexity of methods involved is a predictor of how much time and effort is required to develop and 

maintain the class. Classes with large number of methods are likely to be more application specific, limiting the possibility of reuse. 

[13] 

High value of WMC indicates the class is more complex than that of low values. So class with less WMC is better. As WMC is 

complexity measurement metric, we can get an idea of required effort to maintain a particular class. 

 

2.2. Response for a Class (RFC) 

The RFC is defined as the total number of methods that can be executed in response to a message to a class. This count includes all the 

methods available in the whole class hierarchy. If a class is capable of producing a vast number of outcomes in response to a message, 

it makes testing more difficult for all the possible outcomes. [8] 

Definition: RFC = | RS | where RS is the response set for the class. 

Theoretical basis: The response set for the class can be expressed as: 

RS = { M } all i {Ri} where { Ri } = set of methods called by method i and { M } = set of all methods in the class The response set 

of a class is a set of methods that can potentially be executed in response to a message received by an object of that class. The 

cardinality of this set is a measure of the attributes of objects in the class. Since it specifically includes methods called from outside 

the class, it is also a measure of the potential communication between the class and other classes [13]. 

Pressman [10] States, since RFC increases, the effort required for testing also increases because the test sequence grows. If RFC 

increases, the overall design complexity of the class increases and becomes hard to understand. On the other hand lower values 

indicate greater polymorphism. Some cases the higher value can be 100- it depends on project to project. 

It is the union of all methods in the class and all methods called by methods in the class. It is only counted on one level of call. 

RFC = |RS| 

This metric is calculated for each class.  

If a large number of methods can be invoked in response to a message, the testing and debugging of the class becomes more 

complicated since it requires a greater level of understanding required on the part of the tester. The larger the number of methods that 

can be invoked from a class, the greater the complexity of the class. A worst case value for possible responses will assist in 

appropriate allocation of testing time. 

 

2.3. Coupling between objects (CBO) 

In object oriented software, we can define coupling as the use of methods or attributes in another class. Two classes will be considered 

coupled when methods declared in one class use methods or instance variables defined by the other class. Coupling is symmetric. If 

class A is coupled to class B, then B is coupled to A. The coupling between object classes (CBO) metric will be the count of the 

number of other classes to which it is coupled. This metric is calculated for each class. [9] The idea of this metrics is that an object is 

coupled to another object if two object act upon each other. A class is coupled with another if the methods of one class use then 

methods or attributes of the other class. CBO counts the number of classes to which a particular class is coupled. 
2.4. Lack of Cohesion in Methods (LCOM) 

A module (or class) is cohesive if everything is closely related. The lack of cohesion in methods metric tries to measure the lack of 

cohesiveness. This metric uses the notion of degree of similarity of methods. LCOM measures the amount of cohesiveness present, 

how well a system has been designed and how complex a class is [15]. LCOM is a count of the number of method pairs whose 

similarity is zero, minus the count of method pairs whose similarity is not zero. 

Raymond discussed for example, a class C with 3 methods M1, M2, and M3. Let I1 = {a, b, c, d, e}, I2= {a, b, e}, and I3= {x, y, z}, 

where I1 is the set of instance variables used by method M1. So two disjoint set can be found: I1 intersection I2 (= {a, b, e}).  I2 
intersection I3 is null and I3 intersection I1 is also null. Here, one pair of methods who share at least one instance variable (I1 and I2). 

So LCOM = 2-1 =1. 
 

2.5. Depth of Inheritance Tree (DIT) 

The depth of a class within the inheritance hierarchy is the maximum number of steps from the class node to the root of the tree and is 

measured by the number of ancestor classes. In cases involving multiple inheritances, the DIT will be the maximum length from the 

node to the root of the tree [14]. Inheritance can add to complexity of software. This metric is calculated for each class. [9] 

If DIT increases, it means that more methods are to be expected to be inherited, which makes it more difficult to calculate a class’s 

behavior. Thus it can be hard to understand a system with many inheritance layers. Deeper trees constitute greater design complexity, 

since more methods and classes are involved. On the other hand, a large DIT value indicates that many methods might be reused.  
2.6. Number of Children (NOC) 

Not only is the depth of the inheritance tree significant, but the width of the inheritance tree. This metric is calculated for each class. 

[9] The NOC is the number of immediate subclasses of a class in a hierarchy. It is a measure of how many subclasses are going to 

inherit the methods of the parent class. 

 Greater the number of children, greater the reuse, since inheritance is a form of reuse. 
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 Greater the number of children, the greater the likelihood of improper abstraction of the parent class. If a class has a large 

number of children, it may be a case of misuse of sub-classing. 

 The number of children gives an idea of the potential influence a class has on the design. If a class has a large number of 

children, it may require more testing of the methods in that class. [13] 

 

III. IMPACT OF OBJECT ORIENTED METRICS ON OBJECT ORIENTED SOFTWARE 

Table 1: Interpretation Guidelines 

METRIC      OBJECTIVE 

Cyclometic Complexity            Low 

Lines of Code             Low 

Comment Percentage          20-30% 

Weighted Method per Class            Low 

Response For a Class            Low 

Lack of Cohesion            High 

Coupling Between Objects            Low 

Depth of Inheritance         Low(Tradeoff) 

Number of Children Low(Trade off) 

 

WMC-High value of WMC indicates the class is more complex than that of low values. So class with less WMC is better. 

CBO-High CBO is undesirable. An increase of CBO indicates the reusability of a class will decrease. CBO values for each class 

should be kept as low as possible. 

LCOM-LCOM measures how well a system has been designed and how complex it is. Great values of LCOM increases complexity. 

So it should be kept as low as possible. 

DIT-High values of DIT means more classes are inherited, which makes it more difficult to calculate a class behavior. Which makes it 

more difficult to calculate a class’s behavior. On other hand, a large DIT value indicates that many methods might be reused.  

NOC- High value of NOC means reuse increases. On   the other hand, as NOC increases, the amount of testing will also increase. 

IV. ANALYSIS OF RESULT 

Metrics have a number of interesting characteristics for providing development support. Some of them are simple, precise, general and 

scalable to large size software systems. In this paper, we analyzed some metrics by using semi automated tool. In our analysis we use 

two java packages to measure object oriented metrics. Project1 contains 12 classes, and the total line of code (LOC) is 2223. Project2 

contains 14 classes and LOC is 900. The main reason to choose those packages is both of the packages have around 2000 line of code 

and it is faster to execute. In this paper, we focused mainly WMC, RFC, DIT, NOC and CBO, LCOM metrics. 

 

Descriptive Statistics 
Within each case study, the distribution (mean, median) and variance (standard deviation) of     each measure is examined. Low 

variance measures do not differentiate classes very well and therefore are not likely to be useful. Analyzing and presenting the 

distribution of measures is important for the comparison of different case studies. 

Table 2: Descriptive Statistics Report of Project1 

Descriptive statistics 

Metrics N Min Max Mean Std. Dev 

LCOM 12 50.00 50.00 50.0000 .00000 

DIT 13 2.00 2.00 2.0000 .00000 

CBO 12 3.00 12.00 6.2500 3.49350 

NOC 12 .00 .00 .0000 .00000 

RFC 12 14.00 14.00 14.0000 .00000 

WMC 13 2.00 2.00 2.0000 .00000 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      466 

ISSN 2250-3153  
 

www.ijsrp.org 

 

Descriptive statistics 

Metrics N Min Max Mean Std. Dev 

LCOM 12 50.00 50.00 50.0000 .00000 

DIT 13 2.00 2.00 2.0000 .00000 

CBO 12 3.00 12.00 6.2500 3.49350 

NOC 12 .00 .00 .0000 .00000 

RFC 12 14.00 14.00 14.0000 .00000 

WMC 13 2.00 2.00 2.0000 .00000 

Valid N (listwise) 12     

A statistics report is generated using a tool. Minimum, maximum, mean, std. deviation values are generated for all classes for value of 

each metrics(LCOM, DIT, CBO, NOC,RFC, WMC) as shown in table 2 and 3. 

Table 3: Descriptive Statistics Report of Project2 

Descriptive Statistics 

Metrics N Min Max Mean Std. Dev 

LCOM 14 .00 71.00 20.000 26.20922 

DIT 16 1.00 11.00 3.1250 2.96367 

CBO 15 1.00 22.00 8.8000 6.97137 

NOC 13 .00 .00 .0000 .00000 

RFC 14 13.00 721.00 218.50 329.66481 

WMC 15 1.00 3.00 2.1333 .74322 

Valid N 

(listwise) 

13 
    

 

Following are the observations made from applying these metrics on projects. 

 There are only 12.5% of the total classes that have high coupling metric values. There are 4.1% of classes with deep 

hierarchy. Since earlier empirical studies suggest that classes with more coupling and deep hierarchy are fault prone, the 

identified classes (16.6 %) must be thoroughly checked during testing. 

 The maximum value of RFC is high for all the projects as it also counts the method invocations. RFC measures the 

complexity of the software by counting the number of methods in the class and also captures the information about the 

coupling of the class to other classes. 

 The values for WMC are same as method complexities are generally considered to be unity. Values of WMC are not too 

much high for both projects. It means projects are not too much complex. 

 CBO value is generally less in sample data, hence classes are easy to understand, reuse and maintain. 

 LCOM value is 50 for project1 and 71 for project2. Because the number of pairs of methods having access to common 

attributes is less than the number of pairs of methods having no common attributes. It implies that the classes are less 

cohesive. 

 The DIT values are medium in all the projects; this shows that inheritance is used in most of the classes to optimum level. 

Depth inheritance tree values are not too much high for both projects. So it conclude that both projects are not too much 

complex .But it limits the concepts of reusability. 
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 NOC metric measures the number of direct subclass of a class. Since more children in a class have more responsibility, thus 

it is harder to modify the class and requires more testing. So NOC with less value is better and more NOC may indicate a 

misuse of sub classing. In our analysis, both project1 and projecct2 have 0 and 0 NOC respectively. So it means there is no 

direct subclass for any parent class or super class in both project1 and project2. 

V. CONCLUSION AND FUTURE WORK 

Theoretical analysis of these metrics suggest that out of many OO metrics, 6 metrics (WMC, DIT, CBO RFC, DAC, LCOM, and 

NOC) provide sufficient information for usage and other metrics are either subset of these metrics or are providing same information 

in different format.  This simply supports the conclusions drawn from theoretical analysis i.e. many of the metrics proposed are based 

on comparable ideas and therefore provide somewhat redundant information.  

The measures could not be evaluated over a large data set but this is a problem that has plagued much of empirical software 

engineering research.  We plan to replicate our study on large data set and industrial object-oriented software system. The most 

obvious extension of this work is to analyze the degree to which these metrics correlate with managerial performance indicators such 

as testing, maintenance effort and quality. Another future prospect would be to have the data set as project with identical requirements 

done in different object oriented languages.  
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    Abstract- To improve conversion efficiency for crystalline silicon solar cells, impurity photovoltaic (IPV) effect has been proposed 

as an approach for application of new concept solar cell. In this paper, we have carried out a comparative study of IPV solar cells 

doped with thallium, indium and vanadium. The potential of the IPV solar cell is investigated with different doping materials. It is 

found that an increase of 2.72%, 2.95% and 3.81% for conversion efficiency can be obtained by indium, thallium and vanadium 

impurities respectively by the IPV effect. The influence of the light trapping on the IPV solar cell performance is discussed. It is found 

that cell efficiency can increase by about 2.88% due to the IPV effect. In addition, light trapping has very important impact on the IPV 

solar cell property. A good light trapping should be required to obtain better device performance for IPV solar cells. 

 

    Index Terms- Conversion efficiency, impurity photovoltaic effect, light trapping, SCAPS Simulator, silicon solar cell. 

 

I. INTRODUCTION 

he impurity photovoltaic effect (IPV) has attracted much attention as an approach to improve solar cell performance by 

introducing sub-band gap absorption mechanisms [1–3]. It can be exploited by intentionally adding impurities, acting as defect 

levels lying deeply within the forbidden gap. Photons having energies below the band gap Eg of the host material can excite electrons 

and holes from the defect to the conduction and valence band, respectively, thereby increasing the short-circuit current Jsc of the solar 

cell: this is called IPV effect. It is however also recognized that the deep defect states also act as recombination centres and hence 

reduce the open-circuit voltage Voc [1]. 

The IPV concept was proposed by Wolf in 1960 [4] His idea was to use energy levels Et within the forbidden energy gap of the 

device to permit subband gap absorption by doping the material with suitable impurities. His results are very optimistic. In the begging 

of these studies (IPV studies) there was a considerable reservation over the benefit of the IPV effect. The IPV has been experimentally 

observed on silicon and other materials in several times. The impurity photovoltaic effect can, in principle, increase the conversion 

efficiency of a conventional single junction solar cell by the introduction of optically active impurities or defects into the device. 

However, the existence of energy levels within the semiconductor band gap is considered as a source of non radiative recombination 

(Shockley–Read–Hall (SRH) recombination) at the same time. This recombination can negate any benefits. To overcome these 

problems and to tip the scale in favour of IPV, many studies have been presented recently. In 1994, Keevers and Green [5] presented a 

new treatment of the IPV effect, in which they use deep level impurities for changing the balance in favour of IPV cells. Their 

calculations, showed a small efficiency increase in silicon solar cell doped with indium. Schmeits and Mani [6] confirmed numerically 

an improvement in solar cell performances was theoretically possible if the correct device structure was selected. They proposed a 

new structure ( p+-n-n+) , where the n layer close to the contact is essentially free of deep defects safeguarding a reasonable value of 

the built-in voltage and the open circuit voltage.  

In this work, we present a comparative study of the IPV effect in different impurity element doped crystalline silicon solar cells 

with SCAPS [7]. SCAPS is a one-dimensional solar cell device simulator, developed at ELIS, University of Gent, which is freely 

available to the PV research community. Here we have studied some impurity elements like indium, thallium and vanadium which 

have trap level Et-Ev , 0.157eV, 0.26eV and 0.36eV respectively. 

 

II. THEORY OF IMPURITY PHOTOVOLTAIC EFFECT 

    In the Shockley–Read–Hall (SRH) recombination model, electron and hole transition through the impurity is governed by capture, 

thermal and optical emission of carriers. As illustrated in Fig. 1, the IB allows the absorption of sub-band gap photons: the absorption 

of photon  hν1 pumps an electron from the valence band (VB) to the IB, while the absorption of photon  hν2 causes an electronic 

transition from the IB to the conduction band (CB). The net recombination rate U via the impurity is given by [8,9] 

       (1) 

T 
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        and         (2) 

 

    ,        (3) 

 

  ,       (4) 

 

        (5) 

   where n1 and p1 are the electron and hole concentrations, σn
opt

 and σp
opt

 are the electron and hole photoemission cross-sections of the 

impurity. Nt is the density of the defect. Terms in gnt and gpt describe the IPV effect. In a Lambertian cell, the photon flux ph(x,λ) at a 

depth x for photon wavelength λ is given by the following equation: 

 

 ,      (6) 

 

   where Rf  and Rb are the internal reflection coefficients at the front and back surface of the cell, L is the total length of solar cell, and 

ext(λ) is the external incident photon flux. Eq.(6) and the parameters Rf and Rb describe the light trap of the solar cell. 

 
Fig. 1. Illustration of the fundamental operation of the IPV solar cell. 

 

III. RESULTS AND DISCUSSION 

A. Numerical model and parameters 

    Our structure is a crystalline silicon p+–n–n+ solar cell, where the indium impurity concentration is zero in the n+ layer. The 

corresponding thicknesses and shallow doping densities of the layers are respectively (2 µm, NA =10
18

 cm
-3

), (100 µm, ND =10
17

 cm
-3

) 

and (20 µm, ND =10
18

 cm
-3

). The parameters characterizing Si and the indium, thallium and vanadium impurities at 300K are 

summarized in Table 1. 

Table 1: Basic parameters for the silicon solar cell used in this study 

 

Properties Values 

Energy gap Eg  1.12 eV 

Electron mobility  µn  1350 cm
2
/V s 

Hole mobility µp  480 cm
2
/V s 

Dielectric constant εs  11.7 

Energy level Et-Ev : indium 

                               thallium 

                               vanadium 

0.157 eV 

0.26 eV 

0.36 eV 
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   The effect of location of deep level of impurities, its concentration and the light trapping on the solar cell performance were 

investigated. In ref. [10] Johan Verschraegen et al observed that efficiency is maximal when the impurity is at 0.20 to 0.25 eV for the 

silicon solar cell and at 0.30 to 0.35 for GaAs solar cell above the valence band ( i.e. when the impurity located far from the middle of 

the band gap). To examine this we have plotted a calculated graph (using SCAPS simulator) of the conversion efficiency η as function 

of the energy level of the impurity Et – Ev. for a Si solar cell (shown in fig 2). 

 

 
Fig. 2: Calculation of the conversion efficiency η as function of the energy level of the impurity   

Et – Ev. for a Si solar cell 

   From the above figure we have seen that maximum efficiency can be observed for trap level near 0.25eV, this verifies Johan 

Verschraegen results. 

 

B. Impurity concentration factor 

    On the basis of our structure of crystalline silicon p
+
–n–n

+
 solar cell, we have plotted simulation graphs between conversion 

efficiency and impurity concentration for different impurities as shown in fig 3. 

 

 
Fig 3: Comparative study of conversion efficiency for indium, thallium and vanadium impurity as 

a function of Nt. 

    

   In Fig 3, it can be seen that the highest efficiency was acquired at Nt = ND=10
17

 cm
-1

. The efficiency increases with increasing Nt 

only when Nt < ND after that it decreases rapidly.  We found from fig.3 that the conversion efficiency increases from 25.55% to 

28.27% with increasing the indium concentration Nt when Nt<ND. The increase is resulted from improvement of short circuit current 

density and small decrease in open circuit voltage. The net gain in efficiency is 2.72% indicates an improvement of performance of 

solar cell doped with indium by IPV effect. Similarly, we found net gain in efficiency 2.95% and 3.81% for solar cell doped with 

thallium and vanadium respectively. Although we found maximum efficiency for indium impurity yet we have highest improvement 

in the efficiency for vanadium impurity.  

 

C. Effect of light trapping 

   In SCAPS program, the degree of light trapping is adjusted by the internal reflection coefficients Rf at the front and Rb at the back of 

the cell. We varied the internal reflection coefficients to study the effect of light trapping on the IPV solar cell performance. As shown 

in Table 2, it is observed that a maximum efficiency of 26.85% can be obtained when Rf =0.9999 and Rb=0.9999. If Rf =Rb=0 (i.e. no 

light trapping), a maximum efficiency of the solar cell is only 23.97%. This indicates that light trapping is very important for 

improving IPV solar cell performance. A good light trapping can make silicon solar cells effectively absorb those weak infrared lights 

since silicon is an indirect bandgap semiconductor. An effective way for obtaining a good light trapping is to use a Bragg reflector 
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structure consisting e.g. of thin alternating layers of AlAs and (AlxGa1-x)As. This structure was reported to “reflect nearly 100% of 

long-wavelength photons” [11]. 

Table 2: Effect of light trapping coefficient on the IPV solar cell performance. 

 

Rf Rb Voc (V) Jsc (mA/cm
2
) η (%) 

0.9999 0.9999 0.8084 42.47 26.85 

0.999 0.9999 0.8084 42.457 26.83 

0.999 0.999 0.8084 42.443 26.82 

0.999 0.97 0.8077 42.038 26.60 

0.99 0.95 0.8072 41.737 26.42 

0.97 0.999 0.8079 42.111 26.65 

0.93 0.999 0.8073 41.766 26.44 

0.93 0.97 0.8069 41.511 26.28 

0.95 0.90 0.8061 41.089 26.00 

0.90 0.90 0.8057 40.883 25.87 

0 0 0.8007 38.049 23.97 

 

 
Fig 4: Effect of light trapping on efficiency 

 

As shown in Fig. 5, the IPV effect causes the extension of the infrared response, especially 1000-1300 nm wavebands. The 

infrared extension comes from the sub-bandgap absorption in the solar cell. When the light trapping is better, the infrared extension is 

wider. From these facts, we can further confirm that the IPV effect with good light trapping should improve cell performance. 

 
Fig 5 : Effect of light trapping on sub-bandgap spectral response with Nt =10

17
 cm

-3
 . 

IV. CONCLUSION 

    A comparative study has been carried out to investigate the potential of the IPV effect in impurity-doped silicon solar cells. It is 

shown in fig 3, that an increase of 2.72%, 2.95% and 3.81% for conversion efficiency can be obtained by indium, thallium and 

vanadium impurities respectively by the IPV effect. A good light trapping is necessary to obtain a higher conversion efficiency (as 

shown in fig 4) for IPV solar cells. It is found that cell efficiency can increase by about 2.88% due to the IPV effect. The improvement 
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of the IPV solar cell performance attributes to the extension of the infrared response shown in fig. 5. Our results indicate that the IPV 

effect in silicon solar cells doped with vanadium is a promising way for improvement of cell efficiency. 
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I. INTRODUCTION 

etwork access authentication is a key procedure for network 

operator to control user access to the network service. The 

IETF recently finished its major work in this area by 

standardizing an IP based protocol named Protocol for Carrying 

Authentication for Network Access (PANA). 

        We provide a fruitful analysis of PANA Architecture based 

on develop IETF Standard deployed on IPv4 and next generation 

network environments. 

 

II. LITERATURE SURVEY 

        Up to the early 2000s there was no standard protocol to 

transport network access authentication information,. For 

example 

        1.Using Point-to-Point Protocol over Ethernet (PPPoE) to 

implement an authentication protocol, but it complicates the 

implementation of multicast-based services over PPPoE.  

        2.In Mobile Internet Protocol version 4 (MIPv4) has an 

extension to support network access authentication that requires a 

foreign agent in the visited network. 

        3.In Wi-Fi networks captive portal, has been implemented 

on top of Hypertext Transfer Protocol (HTTP).This variety of 

choices greatly complicates the management of authentication 

and network access control  

        To solve this problem, the Internet Engineering Task Force 

(IETF), through the PANA Working Group (WG), has developed 

the Protocol for Carrying Authentication for Network Access 

(PANA)[2] and an associated architecture [3] to carry network 

access authentication regardless of the access technology.    

              

III. OBJECTIVES AND SCOPE/LIMITATIONS OF THE PRESENT 

INVESTIGATIONS/STUDY 

        1. PANA [2] is an application protocol using the User 

Datagram Protocol (UDP) as transport, which has been specially 

conceived by the IETF to carry the Extensible Authentication 

Protocol (EAP) in order to support different authentication 

mechanisms for network access, regardless of the underlying 

network access technology. 

 

 

        2. EAP [4] was standardized by the IETF to provide a 

flexible authentication framework for network access.  

        3. Various solutions can be considered as an alternative to 

PANA. AAA protocols, DHCP, TCP and IKEv2 are considered 

here as potential alternatives to PANA for EAP transport. AAA 

protocols such as RADIUS or Diameter (or a subset of them) do 

not have message formats that satisfactorily meet the 

requirements (see RFC 4058) for an EAP lower-layer protocol. 

Some header fields are too large, some too short, some are not 

present at all, and so on. PANA, designed from scratch with its 

own message format, matches the EAP transport requirements. 

EAP over DHCP2 has complexity problems that eliminated it as 

a candidate for the IETF EAP standard. These include: 

        4. Difference in messaging direction between EAP and 

DHCP (e.g., EAP requests and DHCP requests are sent in 

opposite ways) 

        5. Difficulty with integrating (stateful) EAP authenticator 

and stateless DHCP relay agent 

 

IV. SCOPE 

   Applicability of PANA  

1) On emerging network (IPV4) 

2) Next Generation Network 

3) Wireless multihop and smart grid 

4) Mobile network 

 

V. LIMITATION 

        The TCP option for EAP transport adds burdensome 

redundancy. Its strong reliability functionality is not required. In 

contrast, by using timers and sequence numbers, PANA fully 

satisfies the EAP lower-layer protocol requirement on ordered 

message delivery and the reliability requirement for messages 

exchanged after the authentication and authorization phase 

(e.g.,PANA-Notification-Request and PANA-Termination-

Request messages require a response from the communicating 

peer to complete the notification and session termination 

operations, respectively). Hence, the lighter weight UDP based 

PANA transport is also less complex and more efficient. The 

final alternative here is IKEv2 [9], which is also defined on top 

of UDP and supports EAP authentication to interwork with 

AAA. However, IKEv2 mandates a Diffie-Hellman key 

exchange, which is considered more expensive than other 

cryptographic operations like the simple hash-based message 

N  
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authentication code(HMAC) operation specified in RFC 5191 for 

the PANA SA. Also, an IPSec SA is always created in [9] while 

it is not required for many access networks. For these reasons, 

IKEv2 does not replace PANA, which is a more open, flexible 

and less constrained solution for network access authentication.  

 

VI. INVESTIGATION 

         PANA-related IETF RFCs have been produced. As a 

consequence of typical pre-analysis within IETF, two 

informational documents were delivered: one to define the 

requirements for PANA (RFC 4058) and another (RFC 4016) 

that analyzes the security requirements and threats for PANA. 

Based on these initial RFCs, the PANA base specification (RFC 

5191) and PANA architecture (RFC 5193) were delivered. The 

PANA state machine (RFC 5609), which provides a guide for 

developers to implement PANA, was also submitted. During the 

development of this initial set of specifications, several features 

were identified as extensions to the basic protocol functionality 

and therefore removed from the initial set of specifications for 

simplicity. 

         The first extension is the specification of a PAA discovery 

mechanism used by a PaC to Ascertain the PAA’s IP address to 

be used during a PaC-initiated PANA authentication. RFC 5192 

defines such a discovery mechanism using DHCP (v4/v6). 

         The second extension details the PEMK derivation 

algorithm (RFC 5807) that is used for Generating 

cryptographically independent PEMKs for different EPs. 

         The third extension is the so-called PANA pre-

authentication (RFC 5873). The objective of PANA pre-

authentication is to reduce EAP authentication latency during 

handoff in mobile environments.  

 

VII. RESEARCH METHODOLOGY/ REQUIREMENTS OF THE 

RESEARCH WORK 

         We provide a detailed analysis of PANA Architecture 

based on IETF standards by implementing & deploying on an 

existing and emerging network environments for Network 

Access Security for the internet by Carrying Authentication and 

also describing its applicability to both existing, next generation 

network, Wireless and Mobile network environments. 

 

VIII. RESEARCH DESIGN 

1) Designing of EAP authentication framework 

 

 
 

 

 
 

2) Designing of PANA Architecture  a) Designing of PANA Client(PaC)        
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b) Designing of PANA Agent(PAA) 

c) Designing of Enforcement point(EP)   

d) Designing of Authentication server(AS) 

3) Designing of PANA framework 

4) Designing of four Phases  

1) Authentication and authorization phase 

        2) Access phase  

        3)Re-Authentication phase  

        4)Termination phase 

         5)Designing of PANA execution based on EAP-TLS 

method  

 

 
 

IX. CONCLUSION 

        We have provided a detail survey of the PANA 

protocol which is the contribution made by IETF in 

the field of network access authentication . we have 

shown the PANA architecture and its associated 

entities involved in the protocol operation. We have 

also explained a set of PANA related IETF RFC’s 

produced by the PANA WG. 

        The basic function of PANA to carry EAP over 

UDP takes maximum advantage of EAP 

characteristics of lower – layer independence and 

authentication method independence. As a result, 

PANA is gaining interest as a potential candidate for 

network access authentication in both existing and 

emerging network scenario. 

  

X.  REFERENCES/BIBLIOGRAPHY 

 

Documents Content 

RFC 4016 Associated threat analysis and 

security requirements for the PANA 

protocol 

RFC 4058 The general requirement of PANA 

are described 

RFC 5191 The PANA base specification is 

described 
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RFC 5192 New DHCPv4 and DHCPv6 option 

are specified. PaC can discover the 

available PAAs within a network 

RFC 5193 The PANA framework and the 

general architecture are described 

RFC 5609 A description of the PaC and PAA 

state machines is provided RFC 5807 Specification of the PaC-EP Master 

Key(PEMK) derivation process for 

the EP and the PaC using  

RFC 5872 Rules for allocating protocol fields in 

PANA are relaxed  

RFC 5873 Extension to the PANA base 

Protocol to support PANA pre-

authentication 

RFC 5873 Extension which specifies the PANA 

Relay Element(PRE) functionality 

 

Table 1: PANA Related IETF RFCs 
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Abstract- Seasonal changes in the biochemical parameters such 

as protein, carbohydrate, lipid and ash besides moisture content 

in the muscle of Lagocephalus spadiceus (Richardson, 1845) and 

Lagocephalus lunaris (Bloch and Schneider, 1801) has been 

carried out during January  to December 2009. The percentage 

composition of moisture, protein, carbohydrate, lipid and ash 

contents showed variations in their abundance in different 

seasons in both the species. The highest content of protein 

(18.11%) in the muscle was recorded in L. spadiceus in summer, 

while it was high (14.20%) in L. lunaris in monoon season. 

 

Index Terms- Lagocephalus spadiceus, Lagocephalus lunaris, 

muscle, biochemical aspects, Visakhapatnam coast. 

 

I. INTRODUCTION 

ver increasing population and day – by - day depletion of 

natural resources, it is high time to efficiently use all aquatic 

forms like pufferfishes along with other table fish and shrimp as 

this forms one of the alternative to meet the food demand. 

Studies on biochemical composition are very essential to assess 

the nutritional value of the pufferfishes because Visakhapatnam, 

on the east coast of India supports a wide variety of pufferfishes, 

which can be exploited rationally for economic purpose. 

Pufferfishes belonging to the order Tetraodontiformes are so 

called because of the presence of four teeth; two on the upper jaw 

and two on the lower jaw. Puffers are circum-globular 

tetraodontids and bentho - pelagic species found in tropical and 

temperate waters. These are the diverse group of aquatic 

organisms and are non-target species incidentally or accidentally 

caught by trawling. These fishes are known to contain a toxin 

called Tetrodotoxin in the skin, liver, gonads and intestines. 

Hence, these are treated as trash fish, which are dumped with 

other uneconomical fish at Visakhapatnam fishing harbour. 

Instead of wasting them, these fishes can also be used as food 

fish to meet the nutritional requirements of increasing population 

by removing the skin and visceral organs which are suspected to 

contain the toxin. Approximately 189 species of pufferfishes and 

28 genera in the family Tetraodontidae are known all over the 

world (Oliveira et.al. 2006). Over 50 species have been reported 

as poisonous to man under certain conditions (Russel, 1965). No 

toxicity was found in L. spadiceus (Chunfai Yu and Peter Hoifu 

Yu, 1997; Brilliantes et. al., 2003; Ngy et. al., 2008) whereas L. 

lunaris was toxic in most organs (Brilliantes et. al., 2003; 

Somiranjan Ghosh et. al., 2004; Ngy et. al., 2008). Even though 

these fishes are toxic, they are eaten in countries like Japan after 

some special preparations (Chunfai Yu and Peter Hoifu Yu, 

1997) as they contain rich sources of nutrients in their muscle. 

This paper deals with the seasonal changes of moisture, protein, 

carbohydrate, lipid and ash in the muscle of L. spadiceus and L. 

lunaris. 

  

II. MATERIALS AND METHODS 

        The fish were collected at monthly intervals throughout the 

year (January 2009 to December 2009) from fishing harbour, 

Visakhapatnam (Latitude 17 41’N, Longitude 83 17’E). Fishes 

were brought to the laboratory in fresh condition. After recording 

the body weight and length of the two species, the muscle 

samples of each species were taken out, weighed and kept in a 

hot air oven at 60-70ºC for about 2 to 3 days till the moisture was 

completely evaporated. The dried tissue was then ground in a 

mortar and all the samples were placed in desiccator for further 

analysis in order to avoid moisture from atmosphere. The finely 

powdered samples were used for the determination of protein, 

carbohydrate, lipid and ash by standard methods, Lowry et. 

al.(1951), Carroll et.al.(1956), Bligh and Dyer (1959) and Hort 

and Fisher (1971) respectively. 

The results were expressed in percentage of wet weight of the 

tissue and the data was reported month wise and season wise 

(Monsoon: June to September; Post-monsoon: October to 

January; Summer: February to May). 

 

III. RESULTS 

Biochemical composition of L. spadiceus: 

        Monthly variations of water, protein, carbohydrate, lipid and 

ash were reported in Table. 1. The water, protein, carbohydrate, 

lipid and ash showed wide variations and showed high 

percentages of water (85.17%) in January, protein (22.74%) in 

September, carbohydrate (2.57%) in November, lipid (4.62%) in 

June and ash (3.13%) in June. The mean value of water (78.43% 

± 1.4101), protein (15.65% ± 1.2495), carbohydrate (1.49% ± 

0.1681), lipid (2.93% ± 0.2564) and ash (1.49% ± 0.2156) were 

reported in L. spadiceus during January – December 2009 in Fig. 

3. 

E  
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        Seasonally highest percentage of water (81.18%) was 

noticed in post-monsoon season, protein (18.11%) in summer 

season, carbohydrate (1.75%) in post-monsoon season, lipid 

(3.31%) in monsoon season and ash (1.80%) in summer season 

in Fig. 1. 

  

Biochemical composition of L. lunaris: 

        Monthly variations of water, protein, carbohydrate, lipid and 

ash were reported in Table. 2. The water, protein, carbohydrate, 

lipid and ash showed minor variations and showed high 

percentages of water (80.54%) in August, protein (15.31%) in 

April, carbohydrate (3.56%) in April, lipid (15.62%) in July and 

ash (5.66%) in November. The mean value of water (72.58% ± 

1.7310), protein (12.96 % ± 0.6629), carbohydrate (2.32 % ± 

0.2824), lipid (9.34 % ± 1.0731) and ash (2.79 % ± 0.4811) were 

reported in L. lunaris during Jan – Dec 2009 in Fig. 3. 

Seasonally highest percentage of water (74.63%) was noticed in 

summer season, protein (14.20%) in monsoon season, 

carbohydrate (2.69%) in summer season, lipid (11.02%) in 

monsoon season and ash (4.87%) in post-monsoon season in Fig. 

2. 

 

IV. DISCUSSION 

        The water in the flesh of fishes varies widely between 65 

and 90 percent (Viswanathan Nair and Suseela Mathew 2000). 

The water content of L. spadiceus in the present study was higher 

than L. lunaris and reports of earlier workers on other teleostean 

fishes. There exists an inverse relationship between water and fat 

content. Low water content was observed during monsoon 

season in both the species indicating that the water content 

decreases as fishes advance towards maturity. Low water content 

is usually associated with relatively high fat content and vice-

versa (Das, 1978; Viswanathan Nair and Suseela Mathew, 2000; 

Anthony et.al. 2000; Zaboukas 2006; Shamsan, 2008 and Manal, 

2009). Similar results were also observed in the two fishes 

analyzed in the present study. 

        According to Viswanathan Nair & Suseela Mathew (2000) 

protein is the major biochemical constituent of fish meat and is 

generally present in the range of 16-18%, though values ranging 

from as low as 8% to as high as 22% have been reported in some 

common fishes in India. The protein is dominant constituent 

among biochemical components except water in L. spadiceus and 

L. lunaris in the present study. It is also observed that protein 

content is inversely related to water content in the present study. 

Seasonal variations showed highest protein content of L. 

spadiceus during summer season while it was during monsoon 

season in L. lunaris in the present study. Anthony et.al. (2000), 

Zhang et.al. (2001), Liu et.al. (2002) and Abdul Rahman and 

Reshma (2008) noticed high value of protein and low value of 

lipid in marine fishes. Similar findings were also observed in the 

present study.  

        Seasonally high lipid content was observed during monsoon 

season in both the species. The seasonal variations of fat content 

in the present study and earlier studies in other species may be 

the different spawning periodicities. The lipid content analyzed 

for the two fishes indicated that L. spadiceus was an average fat 

fish whereas L. lunaris was a fat fish. 

        Carbohydrates formed a minor percentage of the total 

composition of the muscle. The low values of carbohydrates 

recorded in the present study could be because glycogen in many 

marine animals does not contribute much to the reserves in the 

body. As the water content increases, ash content decreases 

slightly under conditions of starvation. 

        The present study indicates that the two species of fish 

studied are nutritionally equal to any other food fish and they 

could be used for food and for preparing various fish by- 

products. Variations in biochemical composition in present study 

may be governed by spawning cycle and feeding activity. 
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Table 1:  Percentage composition of the biochemical constituents (common values for 

both male and female) of L. spadiceus during Jan 2009 - Dec 2009. 

 

 

Month 

 

Moisture 

 

Protein 

 

Carbohydrate 

 

Lipid 

 

Ash 

 

January 

85.17 

 

9.23 

± 

0.6187 

 

0.94 

± 

0.0457 

 

3.77 

± 

0.5600 

 

0.89 

 

February 

75.18 

 

20.72 

± 

1.7764 

 

1.15 

± 

0.0954 

 

1.77 

± 

1.4476 

 

1.20 

 

March 

76.78 

 

17.0 

± 

1.6808 

 

1.13 

± 

0.0697 

 

3.40 

± 

1.3084 

 

1.70 

 

April 

77.36 

 

16.63 

± 

1.8025 

 

1.79 

± 

0.0946 

 

1.73 

± 

0.2510 

 

2.50 

 

May 

- 

 

- 

 

- 

 

- - 

June 

70.42 

 

19.43 

± 

0.8327 

 

2.42 

± 

0.0784 

 

4.62 

± 

1.0416 

 

3.13 

 

July 

80.51 

 

15.00 

± 

1.0244 

 

0.88 

± 

0.0491 

 

2.31 

± 

0.3121 

 

1.31 

 

August 

81.95 

 

11.99 

± 

0.8924 

 

1.38 

± 

0.0774 

 

3.28 

± 

0.4345 

 

1.41 

 

September 

71.85 

 

22.74 

± 

1.4090 

 

1.52 

± 

0.0506 

 

3.06 

± 

0.3695 

 

0.85 
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October 

82.99 

 

12.25 

± 

1.2776 

 

1.27 

± 

0.2038 

 

2.64 

± 

0.0363 

 

0.86 

 

November 

78.41 

 

15.00 

± 

1.1088 

 

2.57 

± 

0.1357 

 

2.70 

± 

1.0234 

 

1.33 

 

December 

82.15 

 

 

 

12.22 

± 

1.2515 

 

 

1.42 

± 

0.2498 

 

2.94 

± 

1.2390 

 

1.28 

 

 

 

 

Table 2:  Percentage composition of the biochemical constituents (common value for 

both male and female) of L. lunaris during Jan 2009 - Dec  2009. 

 

Month 

 

Moisture 

 

Protein 

 

Carbohydrate 

 

Lipid 

 

Ash 

 

January 

 

77.50 

 

 

10.40 

± 

0.2599 

 

1.37 

± 

0.1701 

 

8.34 

± 

0.3703 

 

 

2.40 

 

 

 

February 

77.65 

 

10.65 

± 

0.8665 

 

 

2.80 

± 

0.5533 

 

7.00 

± 

0.6548 

 

1.90 

 

 

 

March  

78.32 

 

 

 

8.50 

± 

0.7210 

 

1.70 

± 

0.4677 

 

10.50 

± 

0.3737 

 

0.98 

 

 

 

April  

67.94 

 

 

 

 

15.31 

± 

0.7545 

 

 

3.56 

± 

0.4669 

 

10.67 

± 

0.6050 

 

2.54 

 

 

 

 

May 

- 

 

 

- 

 

- 

 

 

- - 

 

June 

64.99 

 

 

 

15.14 

± 

0.0635 

 

 

3.40 

± 

0.0693 

 

 

12.62 

± 

0.4466 

 

3.86 

 

 

 

July 

65.89 

 

 

 

13.93 

± 

0.1234 

 

 

2.42 

± 

0.0839 

 

15.62 

± 

0.1044 

 

2.15 

 

 

 

August 

80.54 

 

 

 

13.05 

± 

0.0290 

1.21 

± 

0.0505 

 

3.80 

± 

0.2206 

 

1.41 
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September 

70.63 

 

 

 

 

14.70 

± 

0.1747 

 

 

 

1.82 

± 

0.1631 

 

 

12.00 

± 

0.2666 

 

 

0.85 

 

 

 

 

October 

68.15 

 

 

 

14.26 

± 

0.2381 

 

 

3.51 

± 

0.1738 

 

9.56 

± 

0.2342 

 

4.53 

 

 

 

November 

69.25 

 

 

 

13.73 

± 

0.0698 

 

 

2.65 

± 

0.1646 

 

 

8.71 

± 

0.2971 

 

5.66 

 

 

 

December 

77.58 

 

 

 

12.93 

± 

0.0113 

 

 

1.08 

± 

0.0878 

 

3.99 

± 

0.2263 

 

4.44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Percentage composition of the biochemical constituents 

in L. spadiceus during Jan 2009 -Dec 2009. 
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Figure 2:  Percentage composition of the biochemical constituents 

in L. lunaris during Jan 2009 -Dec 2009. 

 

 

 

 
 

       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

         

 

 

 

Figure 3:   Percentage composition of the mean values of the biochemical 

constituents in L. spadiceus and L. lunaris during Jan - Dec 2009. 
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    Abstract- This study aimed to determine the effectiveness of a self-care program for Thais with uncontrolled hypertension leading 

to pre-stroke.  The program was based on self-care behavior and blood pressure control.  The samples were 98 purposively selected 

patients with uncontrolled hypertension receiving care at a hospital in the central part of Thailand.  The samples were randomly 

assigned to either the experimental (n = 50) or control group (n = 48).  Those in the experimental group received a 24-week self-care 

program and routine care, while those in the control group received only routine care.  The self-care program consisted of education 

sessions that were used to increase the samples’ knowledge about, and ability to carry out self-care for controlling their blood 

pressure.  Data were collected via interview-administered questionnaires and blood pressure measurements, before and after 

participation in the program.  Data were analyzed utilizing descriptive statistics; Chi-square; Mann-Whitney U test; and, independent 

t-test.  Results indicated the experimental group, 24 weeks after completion of the program, had a significantly higher mean rank of 

self-care behavior regarding medication-taking, dietary control, exercise, stress management, and risk behavior avoidance, as well as 

significantly lower mean blood pressure levels than the control group.  Findings suggest the program was effective in enhancing 

samples’ knowledge to control their blood pressure and prevent a complication as pre-stroke.                                                                

 

    Index Terms- Hypertension; Self-Care; Stroke. 

I. INTRODUCTION 

Individuals with uncontrolled hypertension need self-care ability to manage the symptoms and lifestyle 

changes inherent in living with a chronic condition. [1]  They need to learn to appropriately manage their blood 

pressure through lifestyle modifications and take arranged controlled hypertension medications. [2]  However, 

poor adherence to long-term therapy has been reported among Thais with uncontrolled hypertension. [3-4]   

Persons with uncontrolled their blood pressure are unsuccessful to understand the need to take medications. [5]   

Thus appropriate knowledge and skills appear necessary for them to perform self-care.  Healthcare providers 

can assist patients in control of their disease by helping them acquire knowledge and skills to engage in self-

care. [6] Therefore, the purpose of this study was to determine the effectiveness of self-care program among 

Thais with uncontrolled hypertension leading to pre-stroke.  Two specific hypotheses were formulated for this 

study. 

 1. Thais, with uncontrolled hypertension, who have received a self-care program plus routine care, will 

have higher scores regarding self-care behavior than those, who have received only routine care.  

2. Thais, with uncontrolled hypertension, who have received a self-care program plus routine care, will 

have lower levels of diastolic blood pressure than those, who have received only routine care.   
   

II. RESEARCH ELABORATIONS 

A. Design 

An experimental, randomized, control-trial design was used in the study. 

B. Ethical Considerations 

Approval to conduct the study was granted by the human subjects committee.  All potential samples 

were informed about the purpose, potential risks and benefits and confidentiality and anonymity.  All samples 

who consented to participate were asked to sign a consent form. 
C. Setting 

The study took place in a hospital in central Thailand.   

D. Samples 
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Potential samples consisted of Thais, registered at an out-patient clinic of a hospital, who were: diagnosed with  

hypertension; and, able to attend 24-week self-care program.  The inclusion criteria included the following: 1) samplets  

ability to hear and speak, 2) willingness to participate in the 24-week self-care program. 3) having diastolic blood pressure   

levels more than 90 mmHg.  The exclusion criteria included the following: 1) the samples who had severe complications such as heart 

diseases, stroke and the final stages of renal failure, 2) persons who attended the group meeting less than 24 weeks, and 3) having 

cognitive impairments.  Potential samples were identified and asked to participate in the study, by a registered nurse, at the hospital, 

who was aware of the study’s purpose and inclusion criteria.  The initial 98 potential samples, who volunteered and met the inclusion 

criteria, completed the study.  50 persons were randomly assigned to the experimental group and 48 persons were randomed to the 

control group.  

The samples in the experimental and control groups were, respectively: female (n = 29; 57% and  n = 32; 66.2%); average 

age 62.2 years (range = 46-75 years) and  61.9 years (range = 40-79 years; had an educational level of primary school (n = 39; 77% 

and n = 36; 74.9%); engaged in household work (n = 32; 63% and n = 27; 55.3%); and,  had a monthly income of $60 to $120 USD (n 

= 33; 65%) and $50 to $100 USD (n = 34; 70%).  Those in the experimental group had hypertension an average of 7.7 years (range = 

1-21 years), while those in the control group had hypertension an average of 6.86 years (range = 1-22 years). 

E. Measurements 

Data gathered involved the use of: 

The Personal Information Questionnaire (PQ) comprised 6 checklists-questions asking about samples’ gender, age, 

education level, occupation, income, and duration of hypertension. 

      The Self-Care Behavior Questionnaire (SQ) contained 14 open-ended questions designed to measure each sample’s ability to 

perform medication-taking, dietary control, exercise, stress management, and risk behavior avoidance.  The score could range from 0 

to 3.  A higher score indicated a more developed level of self-care behavior for blood pressure control.  A reliability coefficient for the 

SQ was 0.76 

F. Procedure 

One week prior to the start of the study, pre-test data were obtained, for each sample, via administration of the: PQ, SQ and 

two diastolic blood pressure measurements. The questionnaires were verbally administered, individually, to each sample in the out-

patient clinic of the hospital.  The entire process took approximately 30 minutes.   

The experimental group samples were provided, when they had their pre-test data collected, a written time and date schedule 

for their assigned sessions of the self-care program which designed by the researcher based on Orem’s Self-Care Theory [7] and 

Cognitive-Behavioral Therapy. [8] 

The program included 24 weeks of motivation to engage in daily self-care related to medication-taking, dietary control, 

exercise, stress management, and risk behavior avoidance. Those in the control group did not receive the schedule, since they did not 

participate in the program.  24 weeks after the experimental group completed the self-care program, post-test data, were collected, 

using the same procedure used to collect the pre-test data, from the experimental and the control group samples.  Thereafter, those 

who had been assigned to the control group were invited to participate in the self-care program. 

G. Data analysis 

Descriptive statistics were used to analyze the demographic characteristics and calculate the instruments’ scores.   

Chi-square and the Mann-Whitney U test were used to evaluate differences in demographic characteristics between  

the experimental and control groups.  Because knowledge of self-care behavior scores violated the assumption of normal distribution, 

and it was measured at the ordinal level, the Mann-Whitney U test was used for testing hypothesis 1.  Hypothesis 2. was tested using 

the independent t-test.  This was done because the diastolic blood pressure, measured at the ratio level, passed the assumption of 

normality and homogeneity of variance using the Shapiro-Wilk test and Levene’s test,  

respectively.            

 

III. RESULS 

As shown in Table 1, prior to implementation of the self-care program, significant differences were 

found between the experimental and control group 24 weeks after the experimental group completed the self-

care program. 

 
Table 1: Self-care behavior between experimental and control groups 

 

Variable Pre-Post Test 

Mean Rank 

Z P-Value Experimental Group 

(N=50) 

Control Group 

(N=48) 

Self-care Behavior 

Medication 

taking 

Pretest 48.99 50.05 -.212 .834 

Posttest 55.88 42.57 -2.609 .010 

Dietary 

control 

Pretest 53.42 45.24 -1.596 .112 

Posttest 56.04 42.39 -2.563 .011 
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Exercise Pretest 51.86 46.93 -.921 .359 

Posttest 59.24 38.92 -3.695 .002 

Stress 

management 

Pretest 49.74 49.24 -.154 .879 

Posttest 50.00 48.96 -1.044 .298 

Risk behavior 

avoidance 

Pretest 48.55 50.97 -.573 .568 

Posttest 55.25 43.25 -2.551 .012 

               *p < .01  

               Z = Mann-Whitney U  test  

 

No significant differences in diastolic blood pressure between the experimental and control groups were 

found prior to the self-care program.  However, the diastolic blood pressure of the experimental group was 

found to be lower than those of the control group after completion of the program (Table 2). 

 
Table 2: Mean scores in diastolic blood pressure between experimental and control groups 

 

Variables Pre-Post Test 

Mean Rank 

t P-Value Experimental Group 

(N=50) 

Control Group 

(N=48) 

Diastolic 

blood pressure 

Pretest 93.15 93.61 .746 .459 

Posttest 80.56 89.67 -5.50 .002 

          *p < .01 

     t = Independent t-Test 

 

IV. CONCLUSIONS 

The self-care program was effective in improving of self-care behavior and diastolic blood pressure control in Thais with 

uncontrolled hypertension.  The findings are congruent with prior findings regarding the effectiveness of an intervention program on 

knowledge of hypertension, [9] self-care behavior in medication taking [10], exercise [11] and blood pressure control. [12] During the 

program, the samples in experimental group misunderstandings about hypertension and self-care experiences were identified and 

corrected via use of the sharing experience with one another regarding success.  This appeared to help motivate and enhance self-

confidence to perform daily self-care. [13] However, no significance differences between the experimental and control groups 

regarding stress management and risk behavior avoidance.  This may be because prior to the self- care program, most samples in both 

groups had high scores in their self-care behavior.  The self-care program also provided specific knowledge, skills and motivation to 

help those in the experimental group, through active participation in self-care, identify problems, and find possible solutions.  Thus, 

the samples in the experimental group improved their self-care behavior and diastolic blood pressure control 24 weeks after 

completion of the program and recommended the program be offered to others with uncontrolled hypertension. 
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Abstract- The transformer oil insulation will deteriorates under 

the effect of thermal, electrical and chemical factors and under 

water which is one of the by-product of ageing. In order to 

evaluate the dielectric properties of sealed and unsealed 

dissipation factor (tan delta) capacitance measurement at power 

frequency (50 Hz) has commonly used to diagnose the insulation 

integrity and condition of transformer. The main drawback of 

this technique is that the measurement result obtained represent 

the status of the complete transformer insulation system. Hence, 

in this paper experimental investigation has been done by 

studying the dielectric property change (tan delta, dielectric 

constant and acidity) of different transformer oil sealed and 

unsealed to calculate affecting parameters namely moisture and 

ageing of both the sample (sealed and unsealed). A simulation 

model of the combined transformer insulation has been used to 

correlate the tan delta, acidity of each insulating material 

differentiate the sealed and unsealed value of a transformer. 

 

I. INTRODUCTION 

he reliability of a power transformer is directly related to 

security and stability of power system, and its failure will 

significantly impact the reliability of power supply over the 

years. Oil- paper insulation system is widely used as insulation 

structure in primary electrical equipment such as transformers, 

instrument transformers and bushings, far its excellent insulating 

performance [2] 

        However, as the equipment run, ageing or degradation 

phenomenon will appear inevitably in insulating materials (oil) 

due to the effect of thermal, moisture, oxygen and so on.[1] Its 

mechanical properties and reliability of insulation will decrease 

leading to the increase of equipment running risk. Therefore it is 

very important and significant to access the condition of power 

equipment insulation system timely and accurately. 

        Diagnosis method based on dielectric response theory such 

as return voltage method, polarization and depolarization current, 

frequency domain dielectric spectroscopy are widely used in 

insulation diagnosis of power transformer and power cable in 

foreign with the gradual development of digital technology.[3] 

        Among these dielectric diagnosis method is the most 

common industry practice-dissipation factor (tan delta) and 

capacitance measurement at power frequency.[2] Apart from its 

merit of short measuring time, variation of tan delta provides 

useful information about the insulation quality. Most importantly 

power transformer separating in the field manually have a 

complete set of tan delta record. 

        The main objective of the technique is that the measurement 

result obtained on a transformer oil represent the insulation 

losses and to differentiate the sealed oil and unsealed oil of the 

transformer insulation system. 

        Involving oil as insulating material and their size and 

dimensions. 

        This paper focusing on establishing the basic relationship 

between tan delta of sealed and unsealed oil with the effect of 

moisture and ageing. Laboratory experiment were carried out to 

study the dielectric properties change of sealed and unsealed 

mineral and transformer oil due to the effect of moisture , acidity 

and ageing. To fit these results into the big model was used to 

correlate the tan delta of each sample of sealed and unsealed oil 

to the measured combined value. 

 

II. SAMPLE PREPARATION 

         (A) Sealed transformer oil with different moisture   content  

        The mineral oil sample used in this study is 132 kV 

substation transformer oil. In order to obtained sample with 

different moisture content, these mineral oil were conditioned in 

a controlled air relative humidity at room temperature. The air 

RH is the desiccator was controlled by the combination of 

glycerol and distilled water needed.   

 

 

 

                                Weight water  

                                       18 

 

        RH air=            weight (gly)  +              Weight (water) 

 

                               92.1                                   18 

 

         (B) Unsealed transformer oil with different ageing level. 

           Sample bottles of mineral oil sample were prepared      for 

the ageing experiment. These bottles were divided in two 

categories sealed and unsealed. The samples were differently 

aged under temperature. 

        In order to form a   relationship between tan delta and the 

ageing time, the different ageing sample will be evaluated by the 

sealed transformer oil sample further differentiated. 

 

TABLE 1 – tan delta and dielectric const. 

 

SAMPLE   TEMP            SEALED                      UNSEALED  

T  
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                               TAN DELTA       Er      TAN DELTA     Er 

1                89.8           .000231        2.014         0.000294    2.301 

2                90.1           .000254        1.127         0.000386    2.205 

3                89.7          .000247         1.195        0.000397    2.407 

4               89.6          .000232         2.054        0.000383    2.867 T 

 

TABLE 2 

 

              S        sample          sealed                     unsealed 

 Tan δ Moisture 

content 

Tan δ Moisture 

content 

1 .000231 .52 .000294 .46 

2 .000254 .67 .000386 .43 

3 .000247 .73 .000397 .47 

4 .000232 .75 .000383 .52 

 

III. MEASUREMENT 

        Tan delta and dielectric constant are done by using 

automatic dielectric constant. Tan delta and resistivity Test set 

model EW-188. Measurements were repeated 3 times for each 

for each samples and the average value was taken. All the 

measurement was taken at room temp. . 

 

Oil Sample Measurement 

        Apart from the vessel prepared new mineral oil with a 

moisture content of 10 ppm was also tested for comparison 

purpose. When the sample was poured into the test vessel, a 

suitable waiting time was allowed for the air bubble to disappear. 

New mineral oil was used to wash the test vessel in between 

measurement of different sample. This step is essential to clean 

up the vessel from a residual liquid from previous sample which 

may affect the result 

 

IV. RESULT AND DISCUSSION 

        The variation of Tan delta dielectric constant Er of sealed 

transformer oil as a function of moisture content. The result 

already demonstrate that the tan delta generally increases with 

the increase of oil moisture in sealed sample. When moisture 

content reaches a certain threshold, the increase of tan delta 

became significance.  

 
 

        Effect of Ageing on Mineral Oil – Figure illustrates the                    

variation of tan delta of aged mineral oil as a function of ageing 

time. It is clear that for both sealed ad unsealed cases, the tan 

delta increases with the ageing days. It is observed that as ageing 

times increases, there is a significant difference in tanδ values 

between sealed and unsealed oil samples. For example, at aging 

time of 21 days, tanδ for sealed sample is about 3 times higher 

than unsealed sample. This is believed to be mainly caused by 

the by-products or catalysts produced during aging process. 

Catalysts existence was reported to help accelerating the ageing 

process .These major catalysts from ageing are thought to be 

moisture and acid.  Although aged oil in unsealed bottle also 

produced these catalysts, the open situation allowed these by-

products to be evaporated out from the sample. This evaporation 

is proved by the decreasing oil level at the end of ageing. As 

most of these ageing rate is not as fast as the sealed sample. This 

factor may help to explain the lower tanδ value in unsealed oil 

sample.  

        However, the colors of the aged oil samples show a 

contradict result. Judging from the colors, one would suggest that 

the unsealed oil samples are more severely aged compared to the 

sealed oil samples. Since unsealed oil samples are in direct 

contact with the air, oxidation process is more active than in the 

sealed oil samples. 
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V. CONCLUSIONS 

         This work focused initially on investigating how moisture 

and ageing affects the dielectric properties (tanδ and εr) of 

individual transformer insulation materials at power frequency. 

From the results, it can be concluded that tanδ of all tested 

materials increases as the ageing time or MC increases. MC 

affects tanδ significantly. Meanwhile, it is interesting to find out 

that εr of solid insulation material exhibits a sensitive variation 

towards moisture effect. 

        Practical cases are needed for further studies and more work 

needs to be done to clearly identify the potentials of tanδ 

measurement at power frequency. 
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    Abstract- Web services [1] are the latest paradigm of 

distributed systems which are implemented as typically 

application programming interfaces (API) or web APIs that are 

accessed via HTTP and executed on a remote system hosting the 

requested services. The Web services are used to interact 

between components, programs, and applications. In this paper, 

we have proposed an approach to allow for support of web 

service descriptions and queries using registries that conforms to 

UDDI V3.0.2 specification. Specifically, our main aim is to 

discover user requested services based on not only on functional 

parameters but also non functional parameters such as Quality of 

Service (QoS) parameters. Web Service discovery can be 

augmented using query expansion as well as appended with QoS 

in requirement. Since the metadata associated with web services 

is very less as compared to HTML pages, to offer a web service 

appropriate to a client we have used two techniques from 

Information Retrieval: Query Expansion and Query Rewriting.  

The proposed approach does not require any modification to the 

existing UDDI data structures. The add-on modules for searching 

reside at the service requestor’s end who wishes to take 

advantage of better web service discovery. This approach is 

completely backward compatible and can integrate seamlessly 

into existing infrastructure. An e-learning technique has been 

used to demonstrate the effectiveness of proposed approach. 

 

    Index Terms- Web Services, Discovery, Query Expansion, 

Quality of Service (QoS) 

I. INTRODUCTION 

he service oriented architecture SOA is the latest and most 

popular realization for web services. Web Services are 

building blocks of SOA and makes the e-business processes 

interoperable and loosely coupled. These characteristics makes 

web services very popular. The basic SOA contains three 

entities, Service Providers which provide or deploy the services 

to be used by Service Requestors and Service Brokers which acts 

as directory services for discovering web services. The Service 

Broker can be realized as a UDDI Registry. The following is an 

explanation of underlying technology for deploying , discovering 

and invoking web services. An E-Learning domain has been 

chosen to presented for the proposal and therefore an elementary 

discussion on E-Learning System has also been presented here. 

 

Universal Description, Discovery, and Integration (UDDI) [2] 

The Universal Description, Discovery, and Integration UDDI is a 

realization of   service broker which provides a  standard method 

for publishing and discovering web services. The UDDI is  an 

industry standard that has been developed as a  platform-

independent, open framework for describing services, 

discovering businesses, and integrating business services. UDDI 

is a de facto standard for the process of discovery in the service-

oriented architecture. The basic information model and 

interaction framework of UDDI registries consists of the 

following data structures[2]:  

businessEntity: Contains information about the business or 

organization that is offering the published service. 

businessService: Contains information about the individual 

service offered by a business. 

BindingTemplate: Has information about technical details of as 

ervice and a reference to the    service’s programmatic interface 

or API. 

tModel :Additional information such as categorization  

metadata,  taxonomies  and     policies, are stored in tModels 

 

 
 

Fig 1 Basic Data structure of UDDI 

 

Extensible Markup Language (XML) 

XML[3] is widely known paradigm for exchanging information 

over the web and follows the semi structured model  for a rapidly 

growing number of software development activities. XML is 

intended as a markup-language for arbitrary document structure, 

as opposed to HTML, which is a markup language for a specific 

kind of hypertext documents.  

 

E-Learning Systems: E-Learning [4] is the use of Technology to 

enable people to learn ubiquitously.  E- Learning can include 

training, the delivery of learning content management and 

information and guidance from  experts. 

 

Publishing Services for an E-Learning system 
A Service Provider starts by modeling the real-world concepts 

associated with the service and creates a WSDL[5] Document  to 

define the Service's syntax by specifying the structure of the 

input and output messages, along with aspects of the service's 

runtime bindings. It then maps elements of WSDL Messages to 

Semantic Concepts. The next step is  expressing the meaning of 

the WSDL by mapping the operations and  the schemas of the 

T 
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WSDL input and output messages to the semantic model. It then 

publishes the Model, WSDL, and Mappings in a  UDDI Registry. 

The concepts in the WSDL, the semantic model, and the 

mappings between them are defined using tModels in the  UDDI 

registry.  

 

 Searching an E-Learning system  
Identify the Required Service using requested string. Query 

UDDI, Locate Service, & Retrieve all Interface Descriptions. 

Access the Web Service. 

 

Using QoS Context  for web services discovery 

Current keyword based searches for web services  in the UDDI 

Registries do not provide effective response given the small 

amount of information about services in UDDI registries. Due to 

inherent ambiguity and incompleteness of web service requests, 

it is difficult to maintain the relevancy in results. Interestingly 

this problem can be mitigated if we consider the context of a 

request while searching for services. This aspect based search 

refers to automatically augmenting the user request with 

information extracted from search context. This context can be 

generated if we add additional information to the query entered 

by the user. Context can also be defined as  the quality of service 

parameters for a user. 

 

II. RELATED WORK 

    Discovering web services using  current search techniques 

offered by existing UDDI APIs may not give  results  which 

fulfills the need of a  service requestor’s. When discovering web 

services, clients search for the services that meet their functional 

needs as well as quality of service (QoS)[6]. Authors here 

stresses upon that it is very important to consider QoS parameters 

while discovering a service. Extending search using existing 

search API [7] only exploits keyword based search techniques 

which may not be suitable for web services when we want to 

select services between services which have similar 

functionalities. Differentiating between web services that share 

similar functionalities can be effectively done by observing non 

functional web service attributes such as throughput, response 

time,cost , availability etc. 

Authors propose to use a third party agent to certify the QoS   

parameters proposed by the service provider in [8]. E. El- Masri 

[9] in his paper stresses upon the need of discovering best 

services for a client based on non functional parameters of a 

service .Xu et al. [10] in his research work proposes to use a web 

service discovery model that contains an extended UDDI to 

accommodate the QoS information, a reputation management 

system  to build and maintain service reputations and a discovery 

agent to facilitate service discovery. Authors have also developed 

service matching, ranking and selection algorithm, but have not  

not provided  any process of verification process for QoS  in that  

proposed discovery model. R.Kraft et. al. [11] have proposed 

three different algorithms for implementing contextual search of 

web pages. However the algorithm of query rewriting may be 

used while discovering appropriate web services. 

III. PROPOSED APPROACH 

    We have developed a web service discovery framework that 

aims to provide best E-learning services based on  non functional  

Quality of Service parameters so that the services can be 

searched  not only on the basis of user defined keywords but also 

non functional quality of service parameters so as to get better 

results. Also we have developed multiple E-Learning web 

services so to as to enable the search of services from multiple 

domains classified based on their properties. To achieve these 

objectives we have created a module for: 

 Deploying e-learning services. 

 Publishing of services by the service provider. 

 Enabled aspect based discovery of web services by the 

client which includes Query expansion on keywords as 

well as QoS Parameters. 

 

Architecture design has been shown in Fig. 2 given below which 

shows the system not only uses functional but also non functional 

parameters to search for appropriate service for a client. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Architectural Design of Proposed Technique 

 

Proposed Architecture of the System: 
The proposed architecture uses an enhanced web service crawler 

engine [14] specially designed for crawling web services and 

UDDI Registries 
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implements an enhanced keyword based discovery as well as 

incorporated searching of web services on non functional 

parameters. The discussion related to QoS publishing and 

discovery has been discussed by us in [8]. The Virtual Registry  

is a repository and has various functions as: 

 It  stores and indexes  the web services fetched from 

multiple UBRs under a keyword based categorisation or 

domain specific classification scheme and hence is the 

single point for web service discovery. 

 It stores the addresses of all UBRs or seed points of all 

web services sources for crawling. 

 It is also used as a Web Service Cache for search 

results of similar queries which have been fired 

previously. The policy of caching is based on how 

popular the query has been for the past three days of 

usage. 

 It stores the service rating data and associates it with the 

service metadata for ranking of services based on user 

rating as well as popularity. 

 It gets populated by the crawler which runs as a 

background process periodically using focused 

crawling. 

To implement the various modules the techniques used are 

discussed in subsequent sections. 

  

A. Query Expansion 

The keyword based search in current UDDI Registries does not 

result in appropriate services for a client. This search can be 

improved if the keyword based query is augmented with 

additional information. A way to improving web service 

discovery is using methods of information retrieval used by 

search engines. Reiner Craft et al. [11] have suggested some 

techniques for context for contextual search. They have 

discussed a technique known as Query Rewriting which refers to 

augmenting the query with appropriate terms from search context 

such as QoS  and then using a search engine for improving the 

query. In another proposal [13] P. A. Chirita et al. have 

suggested to devise a personal information repository for a client 

and using it to expand a query. However we suggest another 

method for query expansion for keyword based web services 

discovery, looking to the minimal information available in web 

services descriptions. In the proposed approach at first the query 

is run by the crawler [14] but these results are not presented to 

the user but are used to expand the query. The query is expanded 

using keywords extracted from top ten of the results.  

An Example Scenario: A user is trying to locate an e- learning 

service through proposed architecture. He enters a query : ‘java 

network programming ’ 

1. The engine first extracts keywords from user’s 

query(Parsing +stemming+ removing stop words to produce 

a vector of keywords e.g in this case [java, network, 

programming]) on WSDLs on Internet. Say it fetches Six 

services either containing one two or all three keywords 

from query. 

2. Now from all the fetched services ,Keywords are 

extracted and a matrix is devised as: 

 

 

Here Keywords are all the keywords collected from those six 

services. A ‘1’ signifies the presence of a keyword in a WS 

Description. 

The probability of topmost Keywords are Keyword1 ( 

Java=0.66) and Keyword6 (ebook=0.66), 

Keyword2(network=0.50), Keyword3(Book=0.33) and 

Keyword5(learn=0.33) ; after deleting the keywords in original 

query considering top two of rest ,the query  Vector is now 

expanded as : [ java, network, programming, ebook, learn ] 

The expanded query is now forwarded to the Discovery engine 

which results in a list of services which is better suited to a user. 

The results have demonstrated the effectiveness of such an 

approach. 

 

Enhanced Keyword based Service Discovery Algorithm using 

Query Expansion 

 

FOR each user query Do{ 

1.Parse Query. 

2. Run query and collect top ten results 

2.1. For the top ten results do {Parse the  service descriptions to 

collect keywords} 

2.2. Calculate the Probability of occurrence for all keywords. 

2.3. Choose the Top ten keywords based on highest probability of 

occurrence to form a term expansion set. 

2.4. Remove keywords of user’s query from the term expansion 

set . 

2.5. Select the five (at most) top ranked keywords to expand the 

query. 

3. Rerun the query using the expanded query 

4. Return the results. 

 

 

  B. Query Rewriting 

Using the additional information entered by the user say {Cost C, 

Response time R, Accuracy A, security S} where each term has 

been normalized between (0,1),the query vector can be thought 

of as : 

Q = [q , CV] where q is the query entered by the user whereas 

CV represents the Context vector which is defined as below: 

CV={a*w1,b*w2,c*w3,d*w4} where w1, w2 represent the weights 

Services S1 S2 S3 S4 S5 S6 P(Keyword) 

 

Keyword1 

(Java) 

1 0 0 1 1 1 4/6=0.66 

Keyword2 

(network) 

1 1 0 1 0 0 3/6=0.50 

Keyword3 

(Book) 

0 1 0 1 0 0 2/6= .33 

Keyword4 

(Programming) 

0 1 0 0 0 0 1/6=0.16 

Keyword5 

(learn) 

0 1 1 0 0 0 2/6= .33 

Keyword6 

(ebook) 

1 0 1 0 1 1 4/6= .66 

Keyword7 

(socket) 

1 0 0 0 0 0 1/6= .16 
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associated with various attributes such that ∑w= 1 and the 

context vector is written as per increasing weights as entered by 

the user . Let’s say CV={A,B,C,D}  

 Theoretically Q is either of the values {q , q+A , q+A+B, 

q+A+B+C,…} The higher terms of this expression obviously 

suffers from low recall as more specialization takes place. 

For example Say user entered the following values (cost 0.4 with 

weight 0.5, response time 0.4 with weight 0.3, Accuracy 0.1  

with weight 0.2 and security 0.1  with weight 0.1) Then using the 

normalized values of  all attribute  

Required Overall value of QoS Context = 

0.2+0.12+0.02+.01=0.35 so the topmost results fulfilling the 

functional requirement  should have at least QoS Context value 

>= 0.35. 

The publication of QoS for web services and  calculation of 

overall QoS using associated weights has been discussed by us in 

[8] & [12]. 

 

IV. TEST CASES 

    1. QoS based Search: If User wants to search based on 

context then user has to select QoS search option, Search  

results based on QoS have been shown following snapshot. 

 

  
 

Fig 3 This search facilities the user to search by QOS 

2. These are the results as per the given Query for a java e book 

in step1. 

 

 

Fig 4 Results for QoS based search 

   2.User rating based simple search: 

 

 

Fig 5 Simple  search based on user rating  

 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      494 

ISSN 2250-3153  

www.ijsrp.org 

 

 

Fig 6  Results of a simple search with User rating     

There is a clear distinction between the search results obtained 

from a  QoS context  based search and the simple search based 

on User rating. In addition the improvement in precision can be 

seen from the Figure 6 when the keyword enhanced algorithm 

was used. Precision represents the  

 

 
 

Fig. 7 Precision Curve with Enhanced Search 

 
 

V.   DISCUSSION AND FUTURE ENHANCEMENT 

 

The web service discovery has been improved by the 

augmentation of intelligence based search algorithm which 

incorporates both functional as well as non functional 

parameters. In addition an enhanced keyword  based algorithm 

has been proposed which improves the service discovery on 

functional parameters. The current system can be extended to 

search all types of web-services rather than E-learning services 

which have been taken as a test domain. E-learning module can 

also be enhanced via implementing through Semantic Web as 

their practical implementation. Other criteria for future 

implementation of learning can be feedback facilities, data 

mining functionalities and credit discussion.               

 

VI.   CONCLUSION 

In this proposal concept of “ spect based searching in E-

Learnin ” domain has been presented for the purpose of 

effective and appropriate discovery of web services within 

acceptable performance time. The presented searching scheme 

incorporates intelligence mechanism which hires Client Centric 

approaches like user rating and user defined quality of service. 

Both the mentioned parameters are taken into the consideration 

and an average resultant is generated on which the sorting of the 

services is performed. As a result, the optimal service as per the 

desired QoS parameter is fetched from the registry. In addition 

an enhanced keyword based algorithm using Query expansion 

has been used to increase the appropriateness of search results 

Thus the system extracts  the best services as per the user’s 

interest. Further it has been established from the experiments that 

the search results usually gets refined when user chooses to use 

QoS for web service discovery in addition to  simple search on 

functional parameters. 
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Abstract- According to American Dental Association, Evidence-

based dentistry (EBD) is an approach to oral health care that 

requires the judicious integration of systematic assessments of 

clinically relevant scientific evidence, relating to the patient’s 

oral and medical condition and history, with the dentist’s clinical 

expertise and the patient’s treatment needs and preferences. 

 

Index Terms- Evidence, Evaluation, Medline 

 

I. INTRODUCTION 

eeping current with advances in dentistry and being able to 

manage patients who have complex needs and demands is a 

challenge for practicing dentists. Each day, we are inundated 

with information about new techniques, tests, procedures, 

materials or products. Our desire to keep up to date is often 

tinged with doubt about the claims of superiority of these new 

treatments or dental products. In addition, despite the increase in 

skills that comes with experience in clinical practice, there is 

evidence, at least in medicine, that expertise and effectiveness in 

some areas which begin to deteriorate the moment physicians 

leave medical school.
14 

Importance of evidence in teaching and 

support of clinical decisions is well established in health care, 

including dentistry. Defense of clinical decisions increasingly 

requires reliable data or evidence to support the stance taken 
8
. 

Nature of the relationship between the patient and clinician is 

changing. Patients are becoming partners in the decision-making 

process, not only in the office setting, where decisions are made 

about their individual care, but also at the policy and funding 

levels
14

. Patients are starting to come to their dental appointments 

with information from different sources such as internet or other 

literature related to it. Every day, consciously and unconsciously, 

we make decisions regarding our patients' care. To make clinical 

decisions, almost instinctively we draw on a wealth of resources 

including our own clinical experiences and discussions with 

colleagues and also rely on textbooks, journal articles, and 

previous educational experience.
 13

    

 

II. DEFINITION  

        According to the ADA Evidence-based dentistry (EBD) is 

an  approach to oral health care that requires the judicious 

integration of systematic assessments of clinically relevant 

scientific evidence, relating to the patient’s oral and medical 

condition and history, with the dentist’s clinical expertise and the 

patient’s treatment needs and preferences. Evidence-based 

dentistry has also been defined as “The conscientious, expedient 

and judicious use of current best evidence in making decisions 

about the care of individual patients 
8
” 

 

       An evidence-based approach has several advantages such 

as:- 

 It will serve patients better because only tested 

procedures will be endorsed. 

 And secondly it will increase the standing of the 

profession because it will ensure that proven treatments 

are offered. 

 

GOALS  
1, 5

 

       The goal of evidence-based dentistry is a relevant research 

which is:- 

 High-quality,  

 Clinically orientated 

 Provides better  information for the clinician  

 Improved treatment for the patient. 

 

 

LEVELS OF USE 
1
 

       Researchers who utilize EBD concepts to determine proper 

study design and increase the validity of their work. 

1. Teachers who need the depth of knowledge to teach 

EBD 

2. Clinicians who need to critically appraise the literature 

and apply that knowledge to do best to the patients.  

 

III. ROLE OF EVIDENCE BASED MEDICINE & 

DENTISTRY 

       The term “evidence-based dentistry” has been widely used in 

recent years, sometimes erroneously. It has been employed to 

justify a variety of practices, to promote new technologies and 

products, and to select evidence to support particular viewpoints. 

However, the definition of evidence-based practice, “the 

conscientious, explicit and judicious use of current best evidence 

in making decisions about the care of individual patients 
8
” 

suggests that the primary aim and the most valuable application 

of the evidence-based approach to the practice of dentistry is “to 

encourage the ordinary dental practitioner in primary dental care 

to look for and make sense of the evidence available in order to 

apply it to everyday problems.” To do this successfully, many 

practicing dentists need to acquire certain skills not previously 

taught in most undergraduate dental curriculum.
14

 Practitioners 

of EBM require skills not traditionally taught in dental or 

K  
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medical school. The skills include converting clinical problems 

into answerable questions, learning how to efficiently search the 

literature and other resources for evidence, critically assessing 

the evidence to evaluate its validity, and applying the results to 

clinical practice. EBM in conjunction with experienced clinical 

skills often makes explicit the expert's implicit clinical reasoning, 

thereby making it possible for students to substitute mimicry 

with understanding and avoid the need for years of experience as 

the only route to good clinical judgment. 
3, 13

   

 

Application of evidence based methods 

           Evidence based methods are applied mainly by:- 

A. Starting with a Clear Question 

       The first step in the quest for answers to clinical questions is 

the formulation of a clear and focused question — one that is 

relevant and will help in carrying out a quick and effective 

search. Important clinical questions arise from daily encounters 

with patients in the practice setting.  

These questions often relate to therapy like:- 

 which is the most reliable technique,  

 which material is superior, 

 what drug should be prescribed   

 Causation - what is the etiology of this condition is 

this treatment harmful?(7) 

 Prognosis - what is this patient’s likely clinical 

course over time, 

 What is the expected longevity of this restoration? 

 Diagnosis - is this test accurate and reliable? 

 

       Focusing the question involves using a framework to 

identify the patient or population (for example, adults); the 

problem or condition of interest (smoking, for instance); the 

exposure to a test, risk factor or intervention (smoking cessation 

counseling in the dental office); the comparison test or 

intervention, if any (no counseling); and the specific outcome 

(quitting smoking).  

 

IV. FINDING, EVALUATING AND APPLYING THE 

EVIDENCE 

       Finding, evaluating and applying the evidence is key to 

answering a clinical question. It depends upon sources of 

evidence such s the use of MEDLINE to perform effective 

searches, the use of the Internet to find evidence , the more 

commonly used research methodology  and the concepts and 

tools of critical appraisal. 

 

V. SOURCES OF EVIDENCE  

       Using an evidence-based approach aids clinicians in 

selecting the relevant articles, and assists them to efficiently 

extract and apply the information.
1, 14

 

       Computerized medical databases, such as Medline, have 

made it easier to distribute and access information.
6, 8

 

       Medline: Medline is the standard English-language database 

for biomedical information. Similar databases are available in 

several other languages. Medline can be accessed through several 

gateways: 

• Embase (www.embase.com) 

• PubMed (www.ncbi.nlm.nih.gov/PubMed/).  

• Medscape (www.med-cape.com).  

• HealthGate (www.healthgate.com).  

• IntelliHealth (www.intellihealth.com),  

• MedPortal (www.medportal.com/medlinks.html 

 

       The Cochrane Collaboration: (www.cochrane.org) and 

(www.update-software.com/cochrane 

 

       Other sources: The following are Internet data sites that are 

based on evidence-based practice or principles. 

• The Centre for Evidence-Based Dentistry 

(www.ihs.ox.ac.uk/cebd/),  

• Bandolier (www.jr2.ox.ac.uk/bandolier),  

• ScHaRR (www.shef.ac.uk/~scharr/ir/netting 

• DARE (www.agatha.york.ac.uk/welcome.htm).  

• New Zealand Evidence-Based Healthcare Bulletin 

(www.nzgg.org.nz/bulletin.cfm).  

 

       Other strategies: Other strategies available to aid the dentist 

with the current available literature are
 5
: 

• Professional journals, many of which are now available on-line. 

• Books, audio and video tapes and CDs.  

•Professional and university continuing education 

meetings/seminars etc. 

• Study clubs.  

 

       The more effective use of clinical literature and other 

external data sources to guide patient care. The foundations of 

EBM lie in clinical research developments over the last 30 years. 

It is now accepted that virtually no drug can enter clinical 

practice without its efficacy tested in clinical trials. In addition, 

randomized trial methods are currently being applied to surgical 

therapies and diagnostic tests. Furthermore, meta-analyses have 

gained increasing acceptance for summarizing multiple 

randomized clinical trials. (13, 14) 

       Understanding the “strength of evidence” and the idea of a 

“research design hierarchy” is at the heart of evidence-based 

dentistry. The “gold standard” has changed from the randomized 

controlled trial (RCT), to the systematic review of RCTs, as more 

of these studies are published
12 

       Clearly defined study inclusion and exclusion criteria have 

been adopted 
4
. 

 

The study-type ranking, from best, is as follows: 

       1.Systematic review of multiple, multi-centre, prospective, 

randomized controlled trials. 

       2.Well-conducted, double-blind, prospective, randomized 

controlled trials. 

       3.Well-designed clinical trials, possibly longitudinal, but 

without randomization. 

       4. Well-designed clinical trials that are cross-sectional. 

       5. Matched case-controlled studies. 

       6. Well-designed experimental studies that do not have 

controls. 

       7.Anecdotally-based evidence, which includes descriptive 

studies and opinion from respected authorities in the field. 

       8. Individual case studies 
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Evaluation of the evidence 

       When evaluating a study, or the evidence, a number of 

questions need to be asked about how the study was performed 

and its applicability to the clinical situation
12

. 

 

These questions include 

        • How was the study carried out? 

        • Was there an independent, blind comparison with a 

control? 

        • How do the aims and study design contribute to the 

understanding of a clinical condition or decision? 

        • Were the methods for performing the test described in 

sufficient detail to permit replication? 

        • Are the results likely to be valid? 

        • What are the results of the study, and will they help 

provide better treatment of patients? 

        • Were both statistical and clinical significance considered? 

        • How does the subject population of the study compare 

with the patients that make up clinical practice? 

        • Are the findings applicable, relevant, and feasible in 

clinical practice? 

        • What are the risks and will the patients be better off? 

 

        In the absence of randomized controlled trials, one is left to 

seek the next best evidence and to rely on it as much as possible 

given the weaknesses. This is best done by vigorous examination 

of the methodology and results. By using a hierarchical analysis 

of the literature, clinicians can determine a treatment plan based 

on the best available evidence 
8
. 

 

VI. PROBLEMS WITH EVIDENCE-BASED DENTISTRY     

        The ideal study is the randomized-controlled trial that 

controls for all possible variables that might alter or affect a 

given result.
12

 The problems which researchers have to face 

during the study are that consequently, the researchers sometimes 

have to filter out the various influences that could upset their 

observations – influences such as patients arriving late, not 

brushing their teeth regularly, eating the wrong things, falsely 

reporting they use fluoride toothpaste twice a day, smoking, and 

a variety of other things . In addition, randomized clinical trials 

are not foolproof. Other problems exist with finding the most 

recent evidence: randomised clinical trials are expensive and 

difficult to run, and publication waiting times are compounded 

by Medline being 6-8 months behind many journal publications 

dates 
4,14

  In addition, few clinical situations in dentistry are life 

threatening, so the impetus to perform rigorous clinical research 

to compare efficacy of dental therapies may not seem as 

important as in medical therapies. 
9 

 

VII.    LEGAL CONSIDERATIONS 

        Today the society has become more aware about the 

litigations and legal nuances. If a dentist is sued, what 

information is required to provide an adequate defense? Is there 

proper documentation of the examination, diagnosis, and any 

tests? Does the treatment measure up to the current standards of 

practice, and is there documentation that those standards have 

some validity? There are two types of treatment:- 

 

VIII. THERAPEUTIC AND NON-THERAPEUTIC 
1,11

 

        Therapeutic treatment is defined as treatment that has an 

established beneficial outcome, whereas non-therapeutic 

treatment is defined as the use of procedures that have no 

established beneficial outcome
3
. For non-therapeutic treatment in 

particular, informed patient consent must be obtained. Informed 

consent should include details of the treatment and outcomes, all 

of the risks and benefits, as well as any notes on communications 

and comments. However, obtaining valid consent means that the 

dentist must be able to explain the recommended treatment. The 

use of therapeutic procedures, identified by evidence-based 

treatment principles, based on informed consent, carried out by 

skilled and competent professionals, offers a way to minimize 

claims of medical negligence. But there can be certain problem 

associated with obtaining consent such as:- 

 Lack of relevant knowledge by health professionals. 

 How much information to give  to the patient in a 

specific consent  

 Ability of the patient to comprehend the information 

given.   

 

        The use of therapeutic procedures, identified by evidence-

based treatment principles, based on informed consent, carried 

out by skilled and competent professionals, offers a way to 

minimize claims of medical negligence. 

 

IX. CONCLUSION 

         The main advantage of evidence based dentistry is that 

treatment decisions are easier to justify, especially when there is 

a complaint or dento-legal issues. There is also a personal 

satisfaction that patients are being offered the best of treatment. 

There are basically three Components of Evidence Based 

Dentistry. These are mainly the Evidence, Clinical expertise and 

Patient preferences & needs. So, it becomes the duty of a 

practicing dentist to critically evaluate these components before 

making any decision related to the treatment of the patient. 
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    Abstract- The objectives of this research were to study the knowledge management process (KMP) and to validate the consistency 

of the KMP model in electricity generation process, by using a confirmatory factor analysis. Population in this study was the 

supervisors related to the operation and maintenance of power plants, with a total population of 1,555 persons. 635 sampling were 

selected by stratified random sampling. Instrument used in this study was questionnaire to evaluate the KMP level in the electricity 

generation process. All questions have the confidence to equal 0.9707; therefore, it can be used. Exploratory factor analysis using 

SPSS software, to explore a number of factors that are the KMP. The confirmatory factor analysis using AMOS. The results of this 

study shows that the KMP model in electricity generation process, consist of six constructs include knowledge identification, 

knowledge acquisition, knowledge creation, knowledge sharing, knowledge storage, knowledge transfer and utilization, all constructs 

model is valid and well fitted to empirical data, indicating that the constructs of knowledge management in electricity generation 

process is appropriate to fit the empirical data as well. 

 

    Index Terms- Knowledge management process, Electricity generation process,  KMP,  CFA, Power plant. 

I. INTRODUCTION 

owadays, many organizations focus on knowledge management (KM), which knowledge is important and regarded as a core 

strategy for the improvement of management and human resources performance in all organizations (Horwitch,  et. al. ,2002).  
The current world is changing rapidly various organizations, whether public or private, they need to adapt to survive and thrive under 

changing environmental conditions. Organizations need to develop and the changes that occurred, resulting in organizations to focus 

on the knowledge base and the concept of KM has been implemented widely in the organization. Consequently, the field of KM 

continues to grow and deepen in regard to both practitioners and academics (Davenport and Prusak, 1998  , Moffett.S et. al. ,2009). The 

organization should be able to integrate employees gained knowledge by using of systematic knowledge management which properly 

suited with organization’s culture. Demarest  (1997) stated that the KM is the process which all employee of the organization can 

jointly learning, formal and informal learning. It also expanded the boundary of organization staff’s knowledge, capacity, and innovate 

the new ideas by combining of their own knowledge and experiences and the transferred knowledge from other people. Consequently, 

organization staff, sharing their own vision in all levels of supervisors in friendly Climate, is the important key to organization 

improvement. The KM has to focus in on staff’s process of identification, acquisition, creation, sharing, storage, transfer and 

utilization of knowledge at all time. the Electricity Generating Authority of Thailand (EGAT), by the Deputy Governor-Generation is 

then setting up its own vision as “to high  excellent organization by emphasizing the importance of knowledge management to increase 

the competencies of personnel can lead to a resulting excellence within the organization level of knowledge management and 

learning”. The researchers studied in theories, concepts, and relevant researches for analyzing KMP  in the electricity generation 

process of power plant. Consequently, the result of this study will be used as a guideline for developing, setting up the policies and 

plans in the electricity generation process of power plant soon. In this study, the six constructs of KMP -knowledge identification 

(KM_iden), knowledge acquisition (KM_acqu), knowledge creation (KM_crea), knowledge sharing (KM_share), knowledge storage 

(KM_store), knowledge transfer and utilization (KM_trans)), are analysis for the power plant of Thailand to understand KMP views 

towards these constructs. research objectives were to 1) to study the level of knowledge management process in electricity generation 

process of power plant. 2) to validate the consistency of the knowledge management process model in electricity generation process of 

power plant.  

II. PREVIOUS STUDIES 

Knowledge means experience, value, information, expertise and intuition used to set the environment and the framework. For 

evaluating to get experienced and new information have different methods for different people. Knowledge is obtainable from the 

document, work experience in the practices and beliefs of the organization (Davenport and Prusak, 1998). Personal knowledge in 

organization is required to manage efficiently. KM increases the effectiveness of the organization and helps create vitality and success 

within the organization by using the knowledge and ability to apply knowledge for innovation and leadership within organizations 

(Boyett J.H and Boyett J.T., 2001). 

Knowledge management is an activity that involves the process of knowledge creation, knowledge storage and sharing, identifying 

current conditions, requirement, and improve processes that will affect KM for the better. To achieve the requirements, was 

N 
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presented model of the process in the practice of KM processes. There are several literatures which divided the elements of KM 

processes. These examples are shown in Table 1. 

 

      Table 1  Literatures of the classification of knowledge management process  

No. Authors Classification of KM Process 

1 Marquardt (1996) (1) Knowledge acquisition, (2) Knowledge creation, (3) Knowledge storage, and 

(4)  Knowledge transfer and utilization 

2 Davenport and Prusak (1998) (1) Access to data, (2) Building data (3) Embedding of data and (4) Transfer of data 

3 Wiig (2002) ; Sveiby, 2003 (1) Knowledge acquisition, (2)Knowledge storage and retrieval, (3) Knowledge transfer and 

utilization, (4)Knowledge transfer/distribution/sharing, and (5)Knowledge creation 

4 Probst, et al. (2000) (1)Knowledge identification, (2)Knowledge acquisition, (3)Knowledge development,  

(4)Knowledge sharing/distribution, (5)Knowledge utilization, and 6)Knowledge retention. 

5 Nonaka and Takeuchi (2001) (1) Determining, (2)Quest, (3) Creating, (4)Screening, (5)Sharing, and (6) Using  

6 Kucza (2001) (1) Identification of need for knowledge, (2) Knowledge pull, (3) Knowledge push,  

(4) Creation of knowledge, (5) Knowledge collection and storage, and (6) Knowledge update  

7 Wiig (2002) ; Sveiby, 2003 (1) Knowledge acquisition, (2)Knowledge storage and retrieval, (3) Knowledge transfer and 

utilization, (4)Knowledge transfer/distribution/sharing, and (5)Knowledge creation 

8 Beesley and Cooper (2008) (1) Knowledge creation, (2)Knowledge acquisition, (3) Knowledge transfer, and 

(4)Knowledge adoption 

 

As a result, the researchers conclude that the synthesis elements of knowledge management process. There are many elements 

together. This study was concerned to use the component which were included:- 1)Knowledge identification - Identify needs and 

determine what they want to know; 2)Knowledge acquisition - Knowledge is useful both from within and outside the organization. It 

is the ability to learn by most people in organization; 3)Knowledge creation is to create new knowledge and it is able to use 

knowledge in different ways. 4) Knowledge sharing - The knowledge of the persons in the organization and shared throughout the 

organization both formal and informal; 5) Knowledge storage - Knowledge is stored and maintained in different ways and can be 

searched according to their needs properly and timely recorded in the database; and 6) Knowledge transfer – This process is necessary 

for the organization to learn to do better. Knowledge is distributed and transmitted quickly and approximately throughout the 

organization (Davenport and Prusak, 1998; Marquardt. 1996; Probst and Other, 2000; Nonaka and Takeuchi, 2001; Kucza, 2001; 

Wiig, 2002; Sveiby, 2003;Beesley and Cooper, 2008). 

III. RESERCH METHODOLOGY  

 This research tries to conduct quantitative survey in order to study KMP in electricity generation process in power plant. However, 

in this paper The KMP are knowledge identification, knowledge acquisition, knowledge creation, knowledge sharing, knowledge 

storage, knowledge transfer and utilization. 

 Population and sample group 

 This research covered the population and sample as follows: The population of this study consisted of 1,555 supervisors in 

electricity generation process of EGAT power plant in Thailand in the year of 2012. The sample of this study consisted of 635 

supervisors in electricity generation process of power plant. It applied with the Table of  Krejcle and Morgan (1970) by using stratified 

random sampling from 5 Power plant which were Maemoh Power Plant, Bangpakong Power Plant, Sirikit Dam Hydro Power Plant, 

Phumiphon Dam Hydro Power Plant, and Srinakarin Dam Hydro Power Plant.  

 Research Instrument  

 The instrument of this study was a questionnaire consisting of 3 main parts as: Part 1: the checklist of general information personal 

questions. Part 2: the rating scales of implementation KMP  in electricity generation process according to the academics and previous 

research’s framework, which are Knowledge Identification, Knowledge acquisition, Knowledge creation, Knowledge sharing, 

Knowledge storage, Knowledge transfer and utilization. There are 35 questions 5 levels rating scale which had reliability of 0.9707. 

Part 3: Suggestions and comments about this topic. The questionnaire validity, its content validity, was approved by experts and 

critics. The Cronbach alpha method that is one of the most important and most common methods was used to measure the reliability 

of the test. Because it was more than 0.7, the questionnaires were highly reliable 

 Data Collection and Analysis 

 The researchers submitted 680 questionnaires, by express mail EMS, to the sampling group. The period of this study was in 

March-June 2012. There were 635 questionnaires (93.38%) returned to the researcher. The researchers did as follows: 1) Analyze 

general information by using frequency and percentage. 2) Analyze with mean (  ) and standard deviation (S.D.) tools in the level of 

implementation KMP in electricity generation process. Then, the researchers presents the findings by Tables with explanations in 
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interpretation of the mean value 3) Analyze the constructs for KMP which was analyzed by confirmatory factor analysis (CFA) used 

through AMOS. 

IV. RESULTS AND DISCUSSIONS 

    The following are results of statistical analysis of data based on research objectives of this research. The results of the descriptive 

analysis are presented as follows:  

1. General information personal  

 Table 2, it was found that 96.50 percentages of sample group were male while 3.50 percent were female respectively. Regarding 

educational background, it was discovered that 58.30 percentages of sample group held Lower than bachelor degree, 35.30 percent held 

Bachelor’s degree and 6.50 percent had got Higher than bachelor degree respectively. When consider the experiences in job, the 84.60 

percentages of sample group had more than 20 years job experience, on the other hand, there was 15.40 percentages of 1-20 years 

experience in job. 

 

Table 2 Number and percentage of the questionnaire respondents, categorized by basic character of the sample group (n=635) 

 

2. Analysis KMP  in electricity generation process. 

Table 3 The mean ( ) and standard deviation (S.D.) of supervisors’ opinions concerning the level of KMP. 

. 

 Table 3 showed that overall KMP in electricity generation process was at high level (  =3.71). The Means in each aspect were 

Knowledge Identification (  =3.82), Knowledge Acquisition (  =3.75), Knowledge Storage (  =3.73), Knowledge Transfer and 

Utilization (  =3.69), Knowledge Creation and Knowledge Sharing (  =3.64) respectively 

 

3. Confirmatory factor analysis of KMP in electricity generation process.  

    The researchers used AMOS to analyze and validate the consistency of the KMP model in electricity generation process of power 

plant. A model is considered to be a good fit if the difference between the sample variances and covariances, and the implied variances 

and covariances derived from the parameter estimates, is small (Holmes-Smith, 2000). The number of fit statistics have been used by 

researchers to assess how well the model fits the data (Byrne, 2001; Hair et al., 2006). The fit statistics used in this research can be 

summary as follows. 

 Chi-square (For χ
2
, an acceptable level of fit is p > 0.05; a reasonable level of fit is p > 0.001) 

 Normed Chi-square (For χ
2
/df, an acceptable level of fit is 1 < χ2/df < 2; a reasonable level of fit is χ

2
/df < 3) 

Goodness-of-fit index (For GFI, and acceptable level of fit is 0.95 < GFI < 1; a reasonable fit value would be 0.90 < GFI < 0.95) 

Root-Mean-Square Error of Approximation (For RMSEA, an acceptable fit value is RMSEA < 0.05; a reasonable level of fit 

would be 0.05 < RMSEA < 0.08). (Byrne, 2001; Holmes-Smith, 2000) 

    The AMOS version 7 was used to establish the confirmatory factor analysis. Table 3 below provides the summary of factor loading 

of the observed variable, square multiple correlations (SMC) and composite reliability value (CR) for all the constructs their 

respective values of the KMP in electricity generation process. 

 

 

 

General information Number Percentage 

Gender Male 613 96.50 

Female  22  3.50 

Education Lower than bachelor degree 370 58.30 

Bachelor’s degree 224 35.30 

Higher than bachelor degree  41  6.50 

Job experiences 1-20 years  98 15.40 

More than 20 years 537 84.60 

Total 635 100.00 

KM process   S.D. 
Level of supervisors’ 

opinions 

Knowledge Identification  3.82 0.53 High 

Knowledge Acquisition  3.75 0.49 High 

Knowledge Creation  3.64 0.55 High 

Knowledge Sharing  3.64 0.57 High 

Knowledge Storage  3.73 0.63 High 

Knowledge Transfer & Utilization 3.69 0.56 High 

Total 3.71 0.47 High 
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Table 4: Summary of factor loading, t-value, square multiple correlations for the six constructs of KMP model 

Constructs 
 

Internal 

elements 
λ  S.E. CR. (t-Value) SMC (R

2
) AVE (ρν ) CR (ρc) 

Knowledge 

identification 
(KM_iden) 

kmiden01 0.687***   0.472 0.51 0.86 

kmiden02 0.786*** 0.063 16.953 0.618 

kmiden03 0.825*** 0.065 17.848 0.681 

kmiden04 0.653*** 0.065 14.659 0.427 

kmiden05 0.647*** 0.070 14.062 0.419 

kmiden06 0.630*** 0.068 14.007 0.397 

Knowledge 

acquisition 
(KM_acqu) 

kmacqu07 0.660***   0.435 0.62 0.87 

kmacqu08 0.634*** 0.067 16.252 0.461 

kmacqu09 0.745*** 0.080 13.698 0.403 

kmacqu10 0.798*** 0.077 15.593 0.556 

kmacqu11 0.664*** 0.074 16.357 0.636 

kmacqu12 0.708*** 0.080 14.116 0.441 

kmacqu13 0.679*** 0.076 14.914 0.502 

Knowledge 

creation 

(KM_crea) 

kmcrea14 0.553***   0.306 0.57 0.83 

kmcrea15 0.596*** 0.090 10.845 0.355 
kmcrea16 0.642*** 0.111 9.608 0.412 
kmcrea17 0.708*** 0.106 10.219 0.501 
kmcrea18 0.690*** 0.109 10.127 0.477 
kmcrea19 0.801*** 0.126 10.786 0.641 

Knowledge 

sharing 

(KM_share) 

kmshar20 0.799***   0.638 0.61 0.85 

kmshar21 0.669*** 0.051 17.111 0.762 

kmshar22 0.873*** 0.051 20.909 0.448 

kmshar23 0.448*** 0.046 11.574 0.487 

kmshar24 0.622*** 0.056 14.016 0.386 

kmshar25 0.698*** 0.046 17.699 0.201 

Knowledge 

storage 
(KM_store) 

kmstor26 0.773***   0.598 0.71 0.90 

kmstor27 0.848*** 0.054 20.678 0.720 

kmstor28 0.941*** 0.059 21.597 0.886 

kmstor29 0.787*** 0.053 19.350 0.620 

Knowledge 

transfer and 

utilization 

(KM_trans) 

kmtran30 0.673***   0.453 0.59 0.90 

kmtran31 0.765*** 0.066 16.014 0.585 

kmtran32 0.765*** 0.061 17.737 0.585 

kmtran33 0.876*** 0.066 19.200 0.767 

kmtran34 0.835*** 0.066 18.566 0.697 

kmtran35 0.670*** 0.059 15.737 0.448 

(*** p < .001) 

 

Form Table 4 and Table 5 in APPENDIX showed that, researchers conducted the analysis of the KMP in electricity generation 

process of power plant in the context of KMP model consist of six constructs include knowledge identification, knowledge 

acquisition, knowledge creation, knowledge sharing, knowledge storage, knowledge transfer and utilization. Confirmatory factor 

analysis to understand the views of participants towards six constructs of the KMP in electricity generation process of power plant. 

Results show that factor loading of the observed variable and show that square multiple correlations (SMC) for all the constructs of 

the KMP were represent good measurements for the constructs as follow;  1) knowledge identification,-factor loading of the observed 

variable values ranged between 0.630 to 0.825, and SMC values range from 0.397-0.681. 2) knowledge acquisition,-factor loading of 

the observed variable values ranged between 0.634 to 0.798, and SMC values range from 0.403-0.636, 3) knowledge creation,-factor 

loading of the observed variable values ranged between 0.553 - 0.801, and SMC values range from 0.306-0.641, 4) knowledge 

sharing,-factor loading of the observed variable values ranged between 0.448 - 0.873, and SMC values range from 0.201-0.762, 5) 

knowledge storage,-factor loading of the observed variable values ranged between 0.773 - 0.941, and SMC values range from 0.598-

0.886, 6) knowledge transfer and utilization,-factor loading of the observed variable values ranged between 0.670 - 0.876, and SMC 

values range from 0.447-0.767. The all the constructs of the KMP have weight variable in element than 0.5. Considering the 
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composite reliability value (CR) of each element found that values ranged from 0.83 to 0.90 that is greater than 0.7, so it is very 

reasonable and that all constructs model is valid and well fitted to empirical data.(Hair, et al., 2006) 

V. CONCLUSION 

All most of the six constructs for the KMP in electricity generation process of power plant represent good measurements for the 

constructs. The implications of such a finding would be that electricity generation process of power plant view six knowledge 

management constructs similarly. Future research can concentrate on finding out the reasons behind this and to be able to explain why 

there were a few differences exist as mentioned above. The limitation, to the researchers‘ best knowledge, this study is the first study 

of this nature and needs further investigation before generalization of the finding of the study. 

APPENDIX 

Table 5 : Summary of view and constructs confirmatory factor analysis for the knowledge management process 

 
Figure 1 : view and constructs                 

Knowledge Identification 
 

Figure 2 : view and constructs 

Knowledge Acquisition 

 
Figure 3 : view and constructs    

Knowledge Creation 

 
Figure 4 : view and constructs                

Knowledge Sharing 

 

 
Figure 5 : view and constructs 

Knowledge Storage 

 

 
Figure 6: view and constructs               

Knowledge Transfer and Utilization 
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The Impact of Gender and Race on Wages and 

Management Opportunities within U.S. Organizations: A 

Personal Account of Two Minority Women 

Corinne Patrick & Betty M. E. “Liz” Ross 

 

Abstract- The purpose of this paper is to provide greater insight 

into the unknown factors that are prevalent within the diverse 

organization. We will explore the inequities of minority women 

within the workforce; we will review examples of race, gender, 

ethnicity, and pay, both in literature and in a personal account of 

two minority women. The conjectures will enlighten academics 

and practitioners and will contribute a deeper understanding of 

the disturbing findings and revelations of what has or has not 

transpired since the 1960’s. 

 

I. INTRODUCTION 

ongress passed the Equal Pay Act in 1963 to admonish 

employers from paying female employees inequitable 

compensation as their male employees, especially when both 

were performing comparable jobs.  According to McColgan 

(1997), three decades later, women’s wages are still 23 percent 

less than men’s wages.  What accounts for this average shortfall 

for women?  Congress passed Title VII of the Civil Right Act in 

1964 to protect individuals against employment discrimination 

based on race and color as well as national origin, sex, or 

religion.  According to an article written by Mincer (1999) and 

printed in the May 23, 1999 Palm Beach Post, a survey of 

minority women at Fortune 1,000 companies confirmed what has 

been suspected for quite some time – that a lot of talented people 

are leaving corporations because of racism, inequitable wages, a 

lack of opportunities, and difficulties balancing work and family. 

       For many women, the path to finding and keeping a job with 

suitable wages and advancement opportunities is dispersed with 

obstacles from lack of adequate childcare to juggling work and 

family responsibilities, to dealing with on-the-job discriminatory 

practices.  These barriers of employment are especially 

challenging for women living on the economic margins of life; 

however, these challenges are just as devastating for minority 

women who do not live on the economic edge. 

       In this paper, we explore the inequities of minority women 

within the workforce.  Our review addresses examples regarding 

race and gender, both in the literature and in our personal lives.  

We hope some of our comments enlighten both academics and 

practitioners to gain a deeper understanding of the disturbing 

findings and revelations of what has or has not transpired since 

the 1960’s. We will briefly summarize the years that have led up 

to the female working class and the legislation that has 

surrounded the issues of gender, race, ethnicity, and pay. We will 

add our personal experiences from within an organization. We 

believe that we will add practical insight into the organizational 

context of gender and race issues and the repercussions on the 

organization and on women. 

II. THE EARLY YEARS 

       Women originally stepped into the workforce during the 

World War II.  It was important for women to assist in the 

continuation of the economy of the United States during those 

turbulent times.  Today, women account for approximately 50 

percent of all employees.  The proportion of women in the 

workforce has increased greatly over the past decades.  

According to McColgan (1997) in 1951 women accounted for 

only 30 percent of the labor force, by 1971 this figure had 

reached to 38 percent and by 1981, 40 percent. McColgan further 

states that this increase in women’s relative importance has not 

been due solely to their increased rates of participation, which is 

up 60 percent since 1951.  Perhaps this marked increase is also 

due to the decline in the number of men being employed; which 

is approximately 20 percent since 1951 (McColgan 1997).   

       In the 1960’s, Congress passed two landmark laws designed 

to remove discrimination from employment relations.  The first, 

the Equal Pay Act of 1963, prohibited the long-established and 

standard business practice of paying women less than men even 

when they were doing exactly the same work.  The mandate was 

straightforward equal pay for equal work.  One year later, 

Congress enacted the Civil Rights Act of 1964, which included, a 

comprehensive fair employment section (Title VII) that banned 

discrimination against women and minorities in all terms and 

conditions of employment (hiring, promotions, terminations) 

including pay.  The Equal Pay Act and Title VII established a 

partial response to employment discrimination in the 1960's; 

these two acts are the cornerstone of employment discrimination 

law.  The laws were a direct result of employers not paying 

women and people of color their equitable share for the work 

they performed because of race, gender or ethnicity.  

 

III. THE AWARENESS YEARS 

       At the beginning of the 1980’s, according to Bird, Godfrey, 

and Mandelbaum (1981), forty-three million women were in the 

job market and their salaries averaged 60 percent of what men 

were earning.  Only 1 percent of people earning over $30,000 a 

year were women, 2 percent of the 16,000 directors of top 

companies were women, and male doctors averaged $67,450 a 

year, after taxes compared to $39,820 for female doctors.  During 

the past two decades, women of color realized that the working 

world is color biased and male biased.  Schwartz (1989) so aptly 

wrote: 

        “we have come a tremendous distance since the days when 

the prevailing male wisdom saw women as lacking the kind of 

intelligence that would allow them to succeed in business.  For 

decades, even women themselves have harbored an unspoken 

C  
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belief that they couldn’t make it because they couldn’t be just 

like men, and nothing else would do.  But now that women have 

shown themselves the equal of men in every area of 

organizational activity, now that they have demonstrated that 

they can be stars in every field of endeavor, now we can all 

venture to examine the fact that women and men are different”.   

       Yes, women and men are different; however, it is apparent 

that women must continually prove their intellect in the 

workplace.  In order to fit in a male dominated organization, we 

must play down our feminism; this too has repercussions -- 

perceptions of being homosexual.  The other side is to maintain 

ultra feminism with a reverse backlash from other females.  

Women’s status within the organization, especially women of 

color, has been subdued by what is dominated by male privilege. 

       Gatton, DuBois, and Faley (1999) identified four different 

components of gender stereotypes (traits, role behaviors, 

occupations, and physical appearance) that influence perceptions 

within the workplace that greatly influenced job and pay.  These 

perceptions created disparities in wages and salaries, benefits, 

training opportunities, promotions, prestige, and power within 

the organization.  Jilian Mincer’s article (1999) covered the news 

breaking survey of 1,500 minority women from Fortune 1,000 

companies, in which the average reported income was $51,000 

with an average tenure with companies of nine years.  The most 

alarming revelation of the survey was that 42 percent of the 

women believed that they do not have the same opportunity for 

promotions as others in the organization with similar 

qualifications. 

       In the 35 years since the equal employment laws were 

enacted, women, and in particular, women of color, have made 

significant strides into the mainstream of the American 

workplace.  Despite the undeniable gains and the pay bias, 

discriminatory practices continue to impede progress for 

minority women. “Nearly half the women poised to crack the 

glass ceiling said they felt they had to play down their race or 

ethnicity to succeed, and 37 percent said they believed they had 

to play down their gender” (Mincer, 1999).  All too often, the 

workplace positions the glass ceiling in the way of female 

workers moving up and relegating too many other talented 

females to second-class workplace status on the sticky floor! 

       According to the 1998 Catalyst Census of Women Corporate 

Officers and Top Earners, less than 3 percent (or only 63 of 

2,320 individuals) of the top-earning corporate officers in 

Fortune 500 companies are women (Pencavel, 1997). Their 

earnings, which include salaries and bonuses, are only two-thirds 

those of top-earnings men. Gaps between men and women have 

declined steadily in recent decades, though progress has slowed 

in the 1990’s, and the gender-base wage differentials in the 

United States remain large relative to those in many other 

industrialized countries  (Hartmann, Allen, and Owens, 1999).  

The narrowing of the gender wage gap since 1979 connotes less 

progress than data reveals.  Over the past two decades, most of 

the reduction in the gender wage gap was attributed to the fall of 

men’s real wages (Mishel, Bernstein, Schmitt, 1999). An 

Institute for Women’s Policy Research study (Hartmann, and 

Whittaker, 1998) estimated that the growth in women’s wages 

explained only two-fifths of the decrease in the wage gap 

between 1979 and 1997; three-fifths of the narrowing of the gap 

resulted from the decline in men’s real wages.  The fall in men’s 

wages accounted for roughly half of the decline in the gender 

wage gap between 1979 and 1989 and for a stunning four-fifth’s 

of the decline between 1989 and 1997. 

 

IV. RECENT YEARS 

       The AFL-CIO and the Institute for Women’s Policy 

Research (Hartmann, et al.1999) jointly undertook a national 

study, including state-by-state breakouts, to analyze recent data 

from the Census Bureau and the Bureau of Labor Statistics.  The 

study confirms many recent analyses, finding that women who 

work full-time are paid only 74 cents for every dollar men earn 

or $148 less each week than their male counterpart.  On the other 

hand, women of color who work full-time are paid only 64 cents 

for every dollar men earn, which equals to $210 less each week.   

       In the past several years, several corporations have had to 

pay millions of dollars to women who have filed lawsuits against 

the corporation's discriminatory practices.  Per Bond (1999), the 

dynamics of overt prejudice are shifting to more subtle and 

indirect expressions.  These expressions have as much or more to 

do with privileging or giving advantage to one group than it is 

with actively stereotyping or discriminating against another. In 

other words, they are biases for instead of biases against one 

group of people.  At the end of the millennium, the differences in 

the workplace between men, women, and color are still 

prevalent, only hidden within the guise of a bias for rather than 

against the oppressed.  Violations and fines are common in 

organizations. 

       Hartmann, et al. (1999), in their joint research cited that in 

1997, two major national chains- Home Depot and Publix 

Supermarkets- agreed to pay out more than $80 million due to 

violations of Title VII and the Equal Pay Act.  Specifically, the 

settlement was due to violations of sex discrimination and 

discrimination in pay against thousands of female workers. In 

1998, several major corporations were cited for discriminatory 

actions against women and minorities.  These corporations 

included US Airways, Bayer Corp., publishing giant R.R. 

Donnelly, Pepsi-Cola, desktop computer manufacturer Gateway 

2000, insurer Highmark, Inc. (formerly Blue Cross/Blue Shield 

of Western Pennsylvania), Allison Engine Company of 

Indianapolis and CoreStates Financial Institution.  These 

corporate giants agreed to payments totaling in excess of $3.5 

million collectively to resolve Labor Department findings of pay 

bias and other discriminatory practices against women and 

minorities.  More recently, the Department of Labor announced 

that Texaco had agreed to give 186 women more than $3 million 

in back wages and pay adjustments.  This settlement was for 

restitution on findings that Texaco consistently had paid women 

in professional and executive positions less than their male 

counterparts.  Boeing, Pennzoil Company and United Parcel 

Service have agreed to employment discrimination settlements 

totaling more than $30 million. The settlement was awarded to 

thousands of African American workers and former employees  

(Hartmann, et al.1999).  

       The AFL-CIO and the Institute for Women’s Policy 

Research (Hartmann, et al.1999) jointly undertook a national 

study, including state-by-state breakouts, to analyze data from 

the Census Bureau and the Bureau of Labor Statistics.  Despite 

compositional changes in the workforce, the pay gap not only 
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plagues women, but minorities and families, in addition to men.  

To tighten the pay gap, the group advocates better laws enforcing 

equal pay and more unions. 

       The AFL-CIO and the Institute for Women’s Policy 

Research (Hartmann, et al. 1999) study further found astounding 

wage losses.  America’s working families lose a staggering $200 

billion of income annually to the wage gap -- an average loss of 

more than $4,000 each for working women’s families every year 

because of unequal pay.  The loss takes into account any 

differences in education, age, location and the number of hours 

worked. 

 

V. THE NEW MILLENIUM 

       Today’s 26 percent gender wage gap is 11 percentage points 

lower than it was in 1979. Several factors contribute to the rise in 

women’s wages today.   These factors include an increase in 

higher education, greater labor force attachment, and work 

experience. Today, women’s college graduation rates are actually 

higher than men’s; although women lagged behind in education 

for several decades.  Women have a greater labor force 

attachment and work experience, and there is currently a fairer 

treatment in the labor market and movement for women to 

transition into traditional men’s jobs.  

       According to Brickson (2000), “observable forms of 

diversity, particularly race and gender, are especially prone to 

negative outcomes since they often elicit stereotypes, prejudice, 

and negative affect.”  It is apparent that diversity does offer a 

certain richness of character to an organization; however, the 

findings indicate that diversity be managed effectively in order to 

result in a positive organizational impact.  Brickson (2000) 

further states that although there have been many approaches in 

trying to understand the impact of diversity on organizations, the 

end is usually associated with a number of negative 

consequences.  Could these negative consequences be due to 

differentials, such as benefits, opportunities, or pay?  

       Aileen McColgan notes some essential points in her book 

Just Wages for Women (1997). She not only identified the 

problem of the inequities but she also investigates its true source 

and offers possible solutions.  The inequity remains a problem of 

the persistent gender pay gap in a wider context and must be 

addressed in a multifaceted and radical fashion.   The depressing 

failure of the congressional measures, which were supposed to 

reduce inequalities, has enhanced subtle violations. McColgan 

(1997) further writes that the Sex Discrimination Act of 1975 and 

the Race Relations Act of 1976 were necessary due to the 

narrowness of the Equal Pay Act, which did not prevent 

employers from avoiding the act by refusing to employ women.  

The Sex Discrimination Act and the Race Relations Act were 

essential to enable a wider challenge to what was termed in the 

acts as anti-social practices and prejudicial attitudes. 

       In an April 1999 written news release on Policy.com, 

Herbert Stein of the American Enterprise Institute and Slate 

wrote that the wage gap between men and women of similar 

circumstances is small and that there may be an entirely rational 

explanation for any disparity.  If a woman’s productivity is lower 

than a man’s, it is not discriminatory, but perfectly reasonable to 

pay her less for the same job. Schwartz (1989) recant her past 

appointments with CEO’s of many large corporations and how 

they put women on the back-burner. However, recently there is a 

shift in enhanced awareness of women.  These CEO’s and 

various top management groups now take the initiative to learn 

how to be responsive to a proactive approach to recruiting, 

developing, and retaining women.  Although this is women in 

general, we applaud the vast strides of the success women have 

made. Is there a total rational explanation for the disparity? How 

do women rate against other countries in this arena?  What is the 

comparison by state? What does the paycheck reveal? 

 

VI. COMPARISON OF WOMEN IN OTHER COUNTRIES 

       Many other studies, of pay inequality in general, rather than 

gender differences in particular, confirm that the absence or 

weakening of collective bargaining promotes inequality.  

Almond and Rubery (1998) illustrate the point by showing that 

the proportion of women who are low paid is 8 percent in 

Sweden, 31 percent in the UK and 33 percent in the US. Edwards 

and Gilman (1999) suggest from a comparison of the UK and 

Australia that although on average women have improved their 

position relative to men, there are still gaps remaining. They 

further indicated that there may be a polarization between those 

in primary and secondary labor markets.  

       Rural Bangladeshi women are paid lower wages than their 

male counterparts.  Although female workers influence wages 

positively, employers make them victims of exploitation and 

discrimination.  Jahan & Alauddin (1996) revealed that the 

estimated daily wages for female workers receive approximately 

Taka 2.60 while those of male laborers are Taka 7.60.  Factors 

that contribute to gender-based wage discrimination include 

duration of work, social values and experience. 

 

VII. COMPARISON OF WOMEN OF DIFFERING ETHNICITY 

       According to Hartmann, et al. (1999), women earn $431 per 

week compared to men who earn $579 per week, this constitutes 

a wage gap of $148.  White women do better than women 

overall.  They earn $462 per week; however, since white men 

earn $631 per week, this is also greater than men overall. The 

$169 wage gap between white women and white men is 

therefore, larger than for all women and all men  

       Minority women have lower earnings-just $369 a week.  

Nevertheless, because minority men’s $415 weekly earnings are 

also lower than men’s overall earning, the $46 distance between 

minority women and men is the smallest gender gap.  The low 

wages of both minority women and men and their smaller gender 

gap reflect systematic disadvantages that minority's face in and 

out of the workplace.  When compared with all men rather than 

only with minority men, the wage gap for minority women-$210-

is almost five times greater (Hartmann, et al.1999). 

       African American and Hispanic workers are more than twice 

as likely as white workers to be working poor, in other words, 

they are employed but live in poverty.  Minority women workers 

confront the dual problem of gender and race bias.  They have 

especially high poverty rates: one in seven African American and 

Hispanic women workers lives below the poverty line compared 

with one in 20 white working women and men (McColgan, 

1997). 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      509 

ISSN 2250-3153  

www.ijsrp.org 

 

VIII. COMPARISON OF WOMEN IN THE U.S. BY STATE 

       The ratio of women’s wages to men’s is lower, and hence 

the wage gap is greater than corresponding national rates, in half 

of the states.  Overall, gender gaps are worse in Indiana, 

Louisiana, Michigan, Montana, North Dakota, Wisconsin and 

Wyoming. In these states, women’s median weekly wages are 

less than 70 percent than those of men.  At the other end of the 

spectrum, women fare best in Arizona, California, Florida, 

Hawaii, Massachusetts, New York, Rhode Island, and the 

District of Columbia. In these states, women earn at least 80 

percent as much as men (Hartmann, et al, 1999). 

       The District of Columbia and in six U.S. states there is a 

gender wage gap that is less than the national rate.  These six 

states are Arizona, California, New York, North Carolina, Texas 

and Virginia. The primary reason for women’s relatively 

improved status is that the wages of minority men are so much 

lower.  Minority men fare less as well than minority women 

relative to their white counterparts, though these results, in part, 

reflect white female’s low wages compared with those of white 

men (Quan, 1996). 

 

       The Joint Research Project (Hartmann, et al.1999) further 

suggested there are three clear routes to ensuring that women 

receive equal pay:  

 Vigorous enforcement of current equal pay laws 

 Passage of stronger and better equal pay laws 

 Greater protections for workers' right to organize 

together into unions.   

 

       The Policy News & Information Service reported that on 

April 7, 1999, President Clinton and the First Lady Hillary 

Clinton commented on the gap between men and women’s 

wages.  They equally stated that the 25 percent difference is 

unconscionable and the reason for this gap is discrimination. 

Gaps will continue to exist, even with controls of the many 

different variables.  However, the President continued by stating 

that by eliminating the wage gap is not only a women’s issue, but 

it is a family and a children’s issue. He further stated that it calls 

for an overwhelming passage of the Paycheck Fairness Act, 

which would remove the limits on punitive civil damages against 

companies that discriminate against female workers. 

 

IX. THE EQUAL PAY INITIATIVE 

       The Policy News & Information Service reported on 

Monday, January 24, 2000 on Policy.com that President Clinton 

announced a $27 million Equal Pay Initiative to be included in 

the fiscal 2001 budget request.  He urged the prompt passage of 

the Paycheck Fairness Act to assist in the strengthening the anti-

wage discrimination efforts.  The Paycheck Fairness Act had 

three variations of the bill introduced to the House and Senate 

floor.  They are HR 541, S74, and HR 2397 (see figure below); 

these bills are to provide effective remedies to victims of 

discrimination in the payment of wages based on sex, and for 

other purposes.  

 

FIGURE 1 

 

 

 

 

 

 

 

  

 

 

 

 

       Senator Daschle introduced the Senate bill and 

Representative Rosa Delauro introduced the House bill.  All 

three bills stem from the Fair Labor Standards Act of 1938.  Each 

bill poses to enhance the enforcement of equal pay requirements, 

such as:  

1) Any employer who violates section 6 (d) shall 

additionally be liable for such compensatory or 

punitive damage as may be appropriate, except that 

the United States shall not be liable for punitive 

damages. 

2) Enhanced penalties by notwithstanding any other 

provision of Federal Law, any action brought to 

enforce section 6 (d) may be maintained as a class 

action provided by the Federal Rules of Civil 

Procedure  

3) Training for the Equal Employment Opportunity 

Commission and the Office of Federal Contract 

Compliance Programs, subject to the availability of 

funds appropriated under section 9 (b), shall 

provide training to Commission employees and 

affected individuals and entities on matters 

involving discrimination in the payment of wages.  

4) Technical assistance and employer recognition 

program. The Secretary of Labor shall develop 

guidelines to enable employers to evaluate job 

categories based on objective criteria such as 

educational requirements, skill requirements, 

independence, working conditions, and 

responsibility, including decision making 

responsibility and de facto supervisory 

responsibility.  To carry out the purpose of this 

subsection, the Secretary of Labor shall establish a 

program under which the Secretary shall provide 

for the recognition of employers who, pursuant to a 

voluntary job evaluation conducted by the 

employer, adjust their wage scales (such 

adjustments shall not include the lowering of wages 

paid to men) using the guidelines developed under 

subsection (a) to ensure that women are paid fairly 

in comparison to men.  

5) Establishment of the National Award for Pay Equal 

in the workplace.  There is established the Robert 

Reich National Award for Pay Equity in the 

Workplace, which shall be evidenced by a medal 

bearing the inscription Robert Reich National 

Award for Pay Equity in the Workplace.  The 

 Paycheck Fairness Act 

S. 74 

Presented By: 

Senator Daschle 

Paycheck FairnessAct 

H.R.541 

Presented By: 

Rep. DeLauro 

Paycheck Fairness Act 

H.R.2397 

Presented By: 

Rep. DeLauro 
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medal shall be of such design and materials, and 

bear such additional inscriptions, as the Secretary 

of Labor may prescribe. 

 

       The Paycheck Fairness Act (HR 2397) would complement 

the Equal Pay Act (EPA) and the Civil Rights Act to provide 

effective remedies for all women. The Equal Pay Act would 

entitle women to equal pay, as well as other contractual terms.  

Essentially, it is imperative that women, especially women of 

color, earn comparable wages compared to men ‘in the same 

employment’ who engage in ‘like’ work.  In essence, this refers 

to jobs that are broadly similar or rated as equivalent in value by 

a job or task evaluation scheme. 

 

X. EFFECTS OF THE EQUAL PAY INITIATIVE 

       According to U.S. Equal Employment Opportunity 

Commission (EEOC), President Clinton’s support of the equal 

pay initiative is the first to support the enforcement efforts of the 

EEOC since jurisdiction of the Equal Pay Act in 1978.  This will 

also enable women a fair day’s pay for equivalent work 

performed.  According to Policy.com (1999), President Clinton, 

in his January announcement, referred to Sharon Long.  Sharon is 

a victim of pay discrimination, who waged a four-year legal 

battle against her former employer to be paid the same as men at 

her job who did the same work as she, but were being paid more 

than twice her salary.  The President further stated, “How many 

countless people like her…didn’t stand up and fight like she 

did?” 

       The Washington Post printed the article “Does Equal Pay 

mean Equal Work” on April 12, 1999. The article focused on the 

recent study finding that women earn more associates, bachelors, 

and masters’ degrees than men do.  For men and women in equal 

circumstances (between 27 and 33 with no children), women’s 

earnings are 98 percent of men’s earnings.  The new regulations 

will require a company to supply racial, gender, and ethnic 

heritage of employees so that the federal government can 

determine if the company is paying its employees within the 

mean range for a job.  The Clinton Administration’s initiatives 

will provide an increase analysis of data on the wage gap.  The 

act will further enable federal agencies to enforce laws regulating 

wage discrimination and provide technical assistance to both 

employers and employees.  The act will strengthen the federal 

role in hiring and retaining qualified women. 

 

XI. PERSONAL EXPERIENCE 

       According to Bond (1999) the white participants were 

disbelieving of one personal diversity account; however, they 

became unsettled after hearing the collection of stories during a 

diversity training session.  We believe that as women of color, 

we have learned to conform to organizational cultures in order to 

survive.  We discuss our experiences in an emotionless way, for 

we have learned that it is business as usual.  We are what we 

term, the Adult Children of Discrimination and have learned that 

if we maintain the ordinariness of these discriminatory practices, 

it becomes our 12 Step Rehabilitation Program.  We have 

become immune, but not forgetful.  The only way to reveal our 

experiences without embellishing the setting is to list our 

experiences with questions/responses in parentheses: 

 

 I have overheard coworkers stating that “we” should work 

with our own kind. (Where is a company that strictly 

employs ½ African American and ½ mixture of Portuguese, 

White, and Indian, or a company with ½ Alaska Native and 

½ German American. (As an American and U.S. citizen, 

have you ever been asked to work with your own kind?) 

 I am perceived as uneducated by my white coworkers and 

management because when I speak to people of my race I 

talk their talk in order for them to relate. (I see white 

workers talk to lower ranking subordinates differently than 

they speak to management, is this any different?) 

 I recently was the first only minority female employed by a 

company with over 50 people; coincidentally, this company 

bid for a government contract. (As a worker, have you ever 

felt or been referred to as being there for affirmative action?) 

 I have been spoken to by white workers as if I do not 

understand the English language. (Have you ever been 

spoken to, in the United States, as if you were illiterate or 

non-English speaking?) 

 I discovered that I received less salary than the company 

salary scale for the position I performed.  When I questioned 

the pay, I was told that it did not really matter what the 

salary was for MY particular position, I earned enough 

money. (Have you ever been informed that the published 

pay scale doesn’t matter?) 

 I was paid less than a white female administrative worker 

was, while I held a “professional” position.  The male 

coworkers with the same “professional” position were also 

compensated more than I, although my length of service was 

longer.  When I questioned the manager, he stated that the 

female worker was compensated based on a lateral move 

from an area that has higher pay.  The manager did not 

comment on the pay regarding the men. (Do you often feel 

under appreciated and wonder if it would be different if you 

were a white male?) 

 I was told that my military experience of 15 years did not 

have much weight in the business industry as far as 

experience and pay; therefore, I was considered and paid as 

an entry-level person. (Why did the male coworkers in the 

same company receive a higher level of work status with 

less experience in the same military branch when they 

started?) 

 I have been referred to in ethnic slurs when addressed by my 

boss; he stated that they were terms of endearment.  (How 

would you like to be referred to in terms of ethnic slurs?) 

 I usually arrive at work early, work through lunch, and stay 

late in order to prevent the common stereotype that my race 

is lazy. (Do you work unreported overtime in order to 

prevent the labeling of your race?) 

 I once confronted my white male manager about his obvious 

preference for white male employees when opportunities 

arose.  He laughed and said that he preferred blacks, 

especially since he is married to a black woman.  I said, “Oh, 

really?”  He laughed and said that it was a joke and walked 

away.  I was not laughing, for I am married to a black man. 
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(Have you ever been offended by off color jokes, especially 

when the essence of the joke is part of your actual life?) 

 When I recently complained about a discriminatory 

workplace issue, I was told that it is the culture of the group 

and that the company cannot change the culture. (Isn’t 

diversity about the melding of cultures, not the demanding 

of individuals to be streamlined into a foreign arena of off 

color jokes, lack of respect for women, and offensive 

language?) 

 I experienced a layoff along with another minority woman. 

(It is our belief that it was because we both complained 

about a hostile work environment and intentional 

discrimination. As a non-minority, have you ever been laid 

off within two weeks of verbally complaining about a 

sensitive issue?) 

 I have been ostracized by my department, for example, in 

my immediate work area, the supervisor informs everyone of 

a group lunch and does not include me.  My first week on 

the job, I overheard about the lunch and thought I was 

included, so I went to the restaurant only to be told that they 

were surprised to see me there. (Has your work group and 

supervisor ever overtly ostracized you?) 

 In meetings, my coworkers do not listen to my ideas and I 

get the feeling they regard me as “different”. (Have you 

experienced obvious disregard in meetings or have been 

told, every time you make a suggestion, that your idea will 

never work?) 

 The company I work for has a Thursday night volley ball 

game.  I have never been asked to participate.  I inquired 

about it and was told that it is a company “family” thing.  

Workers who are part of the company “family” are the 

frequent players.  (Have you intentionally been left out of 

company activities because you have been classified as not 

part of the company family?) 

 My coworkers do not willingly share information with me. 

For instance, the office was given an early release on a 

Friday before a long holiday weekend.  I was not informed 

about the early release and unknowingly worked an 

additional three hours. (Has your company withheld 

information?) 

 My co-workers usually talk about me in the third person, 

when I am within hearing distance. (Do your coworkers 

speak to you directly or do they speak to you in the third 

person?) 

 

       We used our personal accounts of our work experiences 

within the past three years.  The organizations we worked for 

over the past three years are a national organization with a 

diverse culture, a small partnership, and a regional corporation 

with some diversity within the workplace.  These accounts, 

coupled with research that is currently in the field, have helped 

us to derive personal implications and managerial implications in 

the area of race, gender, ethnicity, and pay.  

 

 

XII. PERSONAL IMPLICATIONS 

       The pressures within the workplace are far greater than the 

equal pay.  Although I live an extremely disciplined life in order 

not to draw attention to myself, it never fails that I am a fugitive 

to the workplace.  Numerous issues have not been touched upon 

in regards to people of race.  Further research in this area is ripe 

for the taking for both practitioners and academics. We only 

touched upon two women of color with advanced education.  We 

both have positive attitudes and both believe that there is a strong 

movement within the United States that will one day eliminate 

the disparity and we will be known as a country with increased 

proactive diversity dynamics. 

 

XIII. MANAGERIAL IMPLICATIONS 

       The purpose of this paper is to provide management with 

greater insight into the unknown factors that are prevalent within 

the diverse organization.  Based on the conjectures and the 

research in the field today, it is clear that organizations are at a 

crossroads when it comes to race, gender, ethnicity, and pay.  

Government mandates require management to function within 

certain guidelines and procedures; however, it is apparent that 

individuals, which form the corporate culture, remain uneasy and 

disoriented by the structure of intergroup cohesiveness. 

Historically, gender, race, diversity, and ethnicity constitute 

major issues in the workforce since the 1960's.  How can 

management enforce an issue when it may compromise the 

overall company productivity?  This is difficult to answer.   

       We recommend a form of relational (mentoring) or an 

alliance orientation.  Corporations readily embrace this type of 

orientation with other corporations and suppliers.  Why not take 

the same approach with gender, race, and ethnicity issues.  This 

will instill a value of determined understanding by management 

and will enable the firm to avoid the possibility of subtle 

partiality towards any group or individual.  

 

XIV. LIMITATIONS AND CONCLUSIONS 

       Please note that we did not intend this paper to be a complete 

test; therefore, because of our sample size of two women, there 

are many opportunities for future research on the level of many 

disciplines.  Significant questions and unknown factors await 

future researchers to learn of the influence of globalization, the 

impact of diversity on performance, and numerous other issues 

regarding the coping skills of each of the issues. There is little 

research in the field thus far in the area of examining a firm’s 

performance in comparison to minority wages or diversity.  

There are various opportunities for research.  According to 

Richard (2000) most studies group racial minorities in one group 

and whites in one group, a division that does not fully capture the 

diversity or the overall impact of a firm’s performance.  It is 

apparent that larger organizations that are more global will 

inevitably have a more diverse workforce. 

       Many women face invisible employment barriers that block 

access to advancement opportunities into higher-paying jobs with 

increased responsibilities.  Some women are merely abandoned 

to accept low-paying jobs with little or no opportunity for 

advancement.  As we reflected on our careers and had obtained 

opportunities into managerial positions, what truly was a 

revelation were the guidelines surrounding our position.   We 

often were confined to a specific department with more 
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responsibility and less authority than our male counterparts or 

even other women who are not in the minority status.  Moreover, 

the disturbing fact was that we were usually outside the track to 

upper-level or senior management jobs, although we had more 

education and experience than our immediate supervisor or those 

already in upper level management.   

       These “glass ceiling” barriers prematurely halt the progress 

of women in the workplace and prevent us form developing our 

full potential and talents as workers.  Affirmative action 

programs help shatter the glass ceiling with upper level women 

in corporations that are usually global.  For instance, Andrea 

Jung, who is of Asian descent, is currently the CEO of Avon 

Products, Inc.  Is this because Avon is primarily a company of 

products for women?  This is when affirmative action helps to 

expand opportunities for qualified women and can lead to higher 

wages, more advancement opportunities, and improved financial 

security. 

       The Equal Pay Act will provide women with what they were 

initially entitled to – an honest day’s pay for an honest day’s 

work.  This should not be based on discriminatory practices 

based on sex, race, color, national origin, religion, or anything 

else.  The terms and conditions of employment are collective 

agreements with fair wage structures. The legislation will enable 

women within an organization to be regarded as more than 

diversity, they will be given the opportunity to become more 

creative and feel worthy of their diversity.  The ultimate goal of 

any woman with the aid of the legislative process is to come to 

the aid of organizations.  To teach these organizations that people 

of different groups are their future.  Sustainability for any 

organization of the future will be to practice and promote a fair 

structure. This includes comparable intellect and work for 

comparable pay and further recognizing racial diversity as a 

positive source of information for the organization. 

       With the advent of globalization, the fostering of a culture, 

even minority females, is to embrace alternative views and to 

promote relationships within an organization.  To prohibit the 

potential growth of an oppressed culture is the same as stifling 

the growth of the organization.  Differentials are good, for as 

minority women we are not outliers or those who stand on the 

outside looking into the organization.  We are part of the new 

millennium organization – the global, all diverse, non-privileged, 

connected future organization.  Finally, our paper and personal 

accounts reinforce the conclusion that race, gender, national 

origin, and ethnicity will continue to play a significant role in the 

management of future organizations.  Each specific area within 

an organization needs to take diversity issues seriously and focus 

on an approach that will effectively deal with the issue that holds 

every individual accountable. Positive change within an 

organization on issues of race, gender, national origin, ethnicity, 

and pay requires an imperative that will foster an inclusive 

ambience for the all workers.  The value of differences is far 

greater than the devaluing of an individual. 
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Abstract- The main objective of this study is to search for a 

scientific method to prepare a weekly schedule for a group of 

nursing officers working for a ward of a hospital. To achieve this 

objective, we propose an optimization method. First we develop 

an optimization model by formulating the objective and the 

constraints of the problem mathematically. 

         In the recent literatures, a wide variety of different 

methodologies and models have been developed pertaining to the 

problem instances. These include Mathematical Programming, 

Meta-Heuristic Methods and Constraint Satisfaction Techniques. 

Knowledge Based Techniques have been applied for solving 

nurse scheduling problem. Column generation was also been 

explored in nurse scheduling using Set Covering–Type models. 

Particular optimization model that we are interested in is a 0-1 

Integer Linear Programming problem. We apply the Branch-and-

Bound technique to solve the problem using the optimization 

software package LINGO. Finally, the solution to the 

optimization problem is converted to a regular nurse schedule. 

The methodology is illustrated by preparing a weekly schedule 

for a private hospital in Batticaloa, Sri Lanka. 

 

Index Terms- Nurse scheduling, Mathematical Programming, 

Meta-Heuristic Methods, Constraint Satisfaction Techniques, 

Column generation, Set Covering–Type models, Knowledge 

Based Techniques, Branch-and-Bound technique. 

 

I. INTRODUCTION 

urse scheduling is one of the most complex and tedious 

scheduling problems and is considered as NP-hard 

combinatorial problems [1] in the field of personal scheduling. 

Not only in Sri Lanka, but also in most of the developed 

countries, hospital management put much effort to prepare 

schedule for their own nursing officers while being perceived to 

be fair by the officers. This scheduling problem is extensively 

challenging due to different nurse requirements on different days 

and shifts, and also due to hospitals being in continuous 

operation unlike most of the other institutions.     

        Therefore, there is a need for an efficient approach to 

schedule nurses in order to save the time and resources in the 

scheduling process and to conduct hospital operations smoothly.  

        In the passed, a wide variety of methodologies and models 

have been developed to deal with different problem instances. 

Introduction to many of these methods can be found in [2]. A 

number of survey papers [3,4,5] give an overview of the area. 

The available techniques can roughly be classified into two main 

categories: exact algorithms and (meta) heuristics. Mathematical 

programming is the traditional exact method [6,7,8,9,10], which 

guarantees to find an optimal solution on nurse scheduling for 

every instance of a problem. However, computational difficulties 

exist with this approach due to the enormous size of the search 

spaces that are generated. To reduce complexity, some 

researchers have restricted the problem dimensions and 

developed simplified models. However, this leads to solutions 

that are not applicable to real hospital situations. 

         Metaheuristic approaches [11,12] were investigated with 

some success since the 1990’s. Genetic and Memetic algorithms 

form an important class of metaheuristics that have been 

extensively applied in nurse scheduling [13,14,15,16,17]. A 

number of attempts have also been made by using other 

metaheuristics, such as simulated annealing [18], tabu search 

[19], variable neighborhood search [20,21,22] and estimation of 

distribution algorithms [23]. 

        However, the major drawback of these metaheuristics is that 

they cannot provably produce optimal solutions nor can they 

provably reduce the search space. Also, they usually do not have 

well defined stopping criteria. Moreover, most nurse rostering 

problems are highly constrained problems so that the feasible 

regions of their solution space are disconnected (i.e. separated by 

the infeasible area). Metaheuristics generally have difficulty in 

dealing with this situation.  

        In the field of nurse rostering, some decomposition 

techniques have been investigated over recent passed years. 

Aickelin and Dowsland [24] developed a genetic algorithm with 

an indirect representation. Different heuristic decoders (i.e. 

decomposers) were employed to construct the schedule, taking 

care of coverage and nurses’ preferences from different aspects. 

Ikegami and Niwa [25] grouped the constraints into shift 

constraints and nurse constraints. Based on this, the problems 

were decomposed into sub problems and solved repeatedly by 

tabu search. Brucker et al. [26] implemented decomposition by 

cyclically assigning predefined blocks of shifts to groups of 

nurses. The rest of the shifts were then assigned manually and the 

resulting schedule was improved by local search. 

        In this paper a mechanism based on 0-1 integer 

programming is proposed to prepare a roster for a group of 

nurses attached to a private hospital in Batticaloa, Sri Lanka for a 

period of one week. This proposed method is less complex 

compared to the existing methods since Branch-and-Bound is a 

common technique in the scheduling field. Further, this approach 

not just provides an idea to prepare a roster but includes some 

additional features which are not so easy to include when 

preparing a roster manually. These features are elaborated in the 

proposed mathematical model. 

        The rest of the paper is organized as follows. Following 

section describes research elaborations and the subsequent 

N 
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sections present the results and appendices. Finally, we conclude 

the paper with our conclusion.  

 

II. RESEARCH ELABORATIONS 

        Prior to the optimization model, we introduce the notations 

and meanings of technical terms that are being used. Next we 

present the optimization model to solve the rostering problem. 

 

1. Let 
},.......,2,1{ nN



be the set of nurses. For any 

nn zyNn and,
be the maximum number of 

working days and maximum number of night shifts to 

be assigned for the nurse n within the scheduling 

period respectively. 

2. Let 
)}(4),(3),(2),(1{ nightlatedayearlyT 

be 

the set of shift types of equivalent length of 8 hours 

each day. 

3. Let 
},.......,2,1{ dD



be the days in the scheduling 

time horizon. 

4. Let tdR _ be demand of number of nurses on day 

Dd   of shift type Tt . 

5. Let 1k
be the maximum number of consecutive working 

days within the scheduling period. 

6. Let 2k
be the maximum number of consecutive night 

shifts within the scheduling period. 

7. Let tdnp __ be a penalty occurring if the nurse 

Nn is scheduled to work at shift type Tt  on 

day Dd  . 

 

        Our task is to assign nurses for different shift types 

according to the demand on each day in the planning time 

horizon. It should satisfy the following standard requirements 

which are common to most of the nurse scheduling problems. 

I. Demand at a shift type on a particular day 

should be satisfied. 

II. A nurse should be assigned for at most one 

shift a day. 

III. At most maximum number of working days 

should be assigned for a nurse in this time 

horizon. 

IV. At most maximum number of night shifts 

should be assigned for a nurse in this time 

horizon. 

 

        In addition to these standard requirements following special 

requirements are request by the nursing officers: 

 

V. No night shifts between two non-night shifts. 

VI. Shift 1 or Shift 2 should not be assigned after 

night shift. 

VII. Maximum number of consecutive working 

days is 3.  

VIII. Maximum number of consecutive night shifts 

is 3.    

 

        Next we introduce the decision variables.  Let   
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        Introducing these decision variables, the optimization model 

which incorporates both common and special requirements can 

be presented as: 
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        The mathematical model described above is for preparing a 

weekly schedule for wards up to 20 nurses at a private hospital at 

Batticaloa, Sri Lanka. These schedules must respect working 

contracts and meet the demand for a given number of nurses on 

each shift type, while being perceived to be fair by the nurses 

themselves.  

        The objective function of our optimization model is 

considered as a cost function, where cost is interpreted as penalty 

and penalty is defined based on the desirability of a nurse to 

work at a shift type on a day. Therefore, our attempt is to 

minimize the penalty subject to the given constraints. These 

penalties appeared as coefficients in the objective function.     

        Hospital administration requires 3 nurses at each shift so the 

demand tdR _ is uniform and is equal to 3 for all shifts 

throughout the time horizon. Also, maximum number of working 

days and maximum number of night shifts for a nurse are 

uniform and are assumed to be 5 and 4 respectively. That is, 
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4and5  nn zy
for each nurse. Further, both the maximum 

number of consecutive working days, 1k
 and maximum number 

of consecutive night shifts, 2k
within the scheduling period are 

required to be 3. 

 

III. RESULTS AND DISCUSSION 

        This proposed model is applied to a private hospital with 20 

nurses. By using the information obtained from the hospital 

administration as well as nursing officers. A 0-1 integer linear 

programming model is formulated, which consists of 560, 0-1 

binary decision variables and 409 constraints.   

        Computations are carried on a COMPACT laptop, Intel 

Celeron1.66GHz processor and 1 GB RAM. 

        The result obtained by solving the 0-1 Integer Linear 

Programming problem is presented in the following table. Here, 

numbers represent the shift type for corresponding days: 

 

 

N.No 

D.No 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 1 2 2  4 4 1 4     3 3 2 3    1 

2 4   3 2 1  2  4   1 2 1   3 4 2 

3 1 2  1  4  3 3     2 4  4 1 2 3 

4  4 3 3 2 2 3  2      1 4 1 4 1  

5 1  1 1 4 4 2  4   3   3 2 3  2  

6  4 3  2  2  1   4 4 3  1 2 3 1  

7 3  1    1 2 2   1 3 4  4 4 2  3 

 

        First row, N.No represents nurse number and the first 

column, D.No represents day number.  

        From the above table it can be observed that this hospital 

runs with excess nurses. So we decided to reduce the number of 

nurses one by one and solve the model repeatedly for 19, 18,17 

and 16 nurses. Finally, we come to a conclusion that 17 is the 

optimal number of nurses to run this hospital subject to the above 

rules or constraints with the given penalty values. Further, this 

can be 16, if the nursing officers agree to work up to 6 days in 

one week. Solution for the model with number of nurses 17 and 

16 are given in the table-I and table-II in Appendix-I. 

 

IV. CONCLUSION 

        We have developed an optimization model for nurse 

scheduling. We have also proposed a method of solution to solve 

the model. This method will guide to prepare a nurse schedule 

more efficiently, accurately and quickly for any ward of a 

hospital which satisfies the nurses’ preferences and regulations 

provided by the hospital administrators. 

        In our model, all nurses are considered as same grade. But 

there are hospitals nurses are in different grades. According to 

their qualifications/experience demand for different grades may 

vary. One of our future works in this study will include the 

incorporation of grades in the formulation. This will produce 

more realistic results. Next aspect will be the time horizon. It is 

always advisable to have a long time horizon because nurses can 

plan their personal work in advance if they know their roster. 

Also preparing a weekly schedule is a time consuming activity. 

So in the future we will consider monthly roster with adequate 

number of nurses.          

 

 

 

 

APPENDICES  

APPENDIX-I 

         Table-I shows the solution for the model for 17 nurses. The 

Integer Linear Programming problem contains 476 binary 

variables and 505 constraints. 

 

 

Table-I 

 

N.No 

D.No 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 2 1 2  4  1 4 1 4   3 3 2 3  

2  2 1 2 3 1    4  4 2 3 2 1 4 

3 1 2  1  3 4 1 3   4 3 2   4 

4 3  3 3 2 1 4 1  2     1 2 4 

5 2 4 1  1  3 3 4   3  1 2 2  

6  4 3 1 2 3   4 3  1 4 2 1  2 

7 3   4  2 1 2 3 2  1 4   3 4 
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      Here we can see that nurse number 11 is off in this week 

since he/she gave large penalty values compared with other 

nurses. 

Table-II shows the solution for the problem with 16 nurses. This 

problem contains 448 variables and 477 constraints. 

 

Table-II 

 

N.No 

D.No 

1 2 3 4 5 6 7 8 9 10 11 12 13 1 15 16 

1 1 2 2  4  1 4 1 4   3 3 2 3 

2   3 2 3 1   4 4 1 4 2 3 2 1 

3 1 2  1  3 4 3 4  2 4 3 2  1 

4 3 2 3 3 4 1 4 1  2 2 4   1  

5 1 3     3 3 4 2   4 1 2 2 

6   1 1 4 3   4 3 2 1 4 2 2 1 

7 2 3 4 4  2 1 2 3  1 1 3 4  4 

 

Appendix-II 

        This appendix gives the C++ code to generate 0-1 integer 

Programming Problem. 

 

#include<iostream.h> 

#include<conio.h> 

#include<fstream.h> 

int const num_of_nurses=20;  //20 nurse problem 

int const demand=3; 

int const num_of_shifts=4; 

int const time_horizone=7; 

int const max_num_of_dayshifts=5; 

int const max_num_of_nightshifts=4; 

int const max_num_of_consecutive_night_shifts=3; 

int const max_num_of_consecutive_working_days=3; 

//ofstream testfile("C:\\Param\\objective.txt"); 

int i,j,k,r; 

int main() 

{ 

//* consraint1 start 

ofstream testfile3("C:\\Param\\cons1.txt"); 

for( j=1;j<=time_horizone;j++) 

{ for( k=1;k<=num_of_shifts;k++) 

 { for ( i=1;i<=num_of_nurses;i++) 

  { if (i==num_of_nurses) 

    {

 cout<<"x"<<i<<"_"<<j<<"_"<<k; 

    

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k; 

    } 

   else 

   { 

   

 cout<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

   

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

   } 

  } 

  cout<<"="<<demand<<";"<<endl<<endl; 

  testfile3<<"="<<demand<<";"<<endl<<endl; 

 } 

cout<<endl<<endl; 

testfile3<<endl<<endl; 

} 

//end of cons1*/ 

/*consraint2 start 

ofstream testfile3("C:\\Param\\cons2.txt"); 

for (i=1;i<=num_of_nurses;i++) 

{ for( j=1;j<=time_horizone;j++) 

 { for( k=1;k<=num_of_shifts;k++) 

  { if (k==num_of_shifts) 

   {

 cout<<"x"<<i<<"_"<<j<<"_"<<k; 

   

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k; 

   } 

  else 

   { 

  

 cout<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

  

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

   } 

  } 

 cout<<"<=1"<<";"<<endl; 

 testfile3<<"<=1"<<";"<<endl; 

 cout<<endl; 

 testfile3<<endl; 

 } 

cout<<endl<<endl; 

testfile3<<endl<<endl; 

} 

end of consraint2......*/ 

/*constraint3 start 

ofstream testfile3("C:\\Param\\cons3.txt"); 

for (i=1;i<=num_of_nurses;i++) 

{ for( j=1;j<=time_horizone;j++) 

 { for( k=1;k<=num_of_shifts;k++) 

  {  if (j==time_horizone && k==4) 

   {

 cout<<"x"<<i<<"_"<<j<<"_"<<k; 

   

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k; 

   } 

  else 

   { 

  

 cout<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 
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 testfile3<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

   } 

 

  } 

 } 

 cout<<"<="<<max_num_of_dayshifts<<";"<<endl<<en

dl; 

 testfile3<<"<="<<max_num_of_dayshifts<<";"<<endl<

<endl; 

} 

end of consraint3*/ 

/*constraint4 start 

ofstream testfile3("C:\\Param\\cons4.txt"); 

for (i=1;i<=num_of_nurses;i++) 

{  for( j=1;j<=time_horizone;j++) 

 { if(j!=time_horizone) 

  { cout<<"x"<<i<<"_"<<j<<"_4"<<"+"; 

  

 testfile3<<"x"<<i<<"_"<<j<<"_4"<<"+"; 

  } 

  else { 

   cout<<"x"<<i<<"_"<<j<<"_4"; 

   testfile3<<"x"<<i<<"_"<<j<<"_4"; 

       } 

 } 

 

 cout<<"<="<<max_num_of_nightshifts<<";"<<endl; 

 testfile3<<"<="<<max_num_of_nightshifts<<";"<<endl

; 

} 

end of consraint4*/ 

/*constraint5 start 

ofstream testfile3("C:\\Param\\cons5.txt"); 

for (i=1;i<=num_of_nurses;i++) 

{ for( j=2;j<time_horizone;j++) 

{ cout<<"x"<<i<<"_"<<j-1<<"_"<<"4"<<"-

"<<"x"<<i<<"_"<<j<<"_"<<"4"<<"+"<<"x"<<i<<"_"<<j+1<<"

_"<<"4"<<">=0;"<<endl; 

testfile3<<"x"<<i<<"_"<<j-1<<"_"<<"4"<<"-

"<<"x"<<i<<"_"<<j<<"_"<<"4"<<"+"<<"x"<<i<<"_"<<j+1<<"

_"<<"4"<<">=0;"<<endl; 

 } 

 cout<<endl; 

 testfile3<<endl; 

} 

end of consraint5*/ 

/*constraint6 start 

ofstream testfile3("C:\\Param\\cons6.txt"); 

for (i=1;i<=num_of_nurses;i++) 

{ for( j=2;j<=time_horizone;j++) 

{ cout<<"x"<<i<<"_"<<j-

1<<"_"<<"4"<<"+"<<"x"<<i<<"_"<<j<<"_"<<"1"<<"+"<<"x"<

<i<<"_"<<j<<"_"<<"2"<<"<=1;"<<endl; 

testfile3<<"x"<<i<<"_"<<j-

1<<"_"<<"4"<<"+"<<"x"<<i<<"_"<<j<<"_"<<"1"<<"+"<<"x"<

<i<<"_"<<j<<"_"<<"2"<<"<=1;"<<endl; 

 } 

 cout<<endl; 

 testfile3<<endl; 

} 

end of consraint6*/ 

//no consercutive night shifts 

/*constraint7 start 

ofstream testfile3("C:\\Param\\cons7.txt"); 

for (i=1;i<=num_of_nurses;i++) 

{ for (r=1;r<=(time_horizone-

max_num_of_consecutive_night_shifts);r++) 

 {

 for(j=r;j<=(r+max_num_of_consecutive_night_shifts);j

++) 

  { if 

(j<r+max_num_of_consecutive_night_shifts) 

  { cout<<"x"<<i<<"_"<<j<<"_4"<<"+"; 

  

 testfile3<<"x"<<i<<"_"<<j<<"_4"<<"+"; 

  } 

  else 

   {

 cout<<"x"<<i<<"_"<<j<<"_4"; 

   

 testfile3<<"x"<<i<<"_"<<j<<"_4"; 

   } 

  } 

 

 cout<<"<="<<max_num_of_consecutive_night_shifts<

<";"<<endl; 

 

 testfile3<<"<="<<max_num_of_consecutive_night_shif

ts<<";"<<endl; 

 } 

} 

cout<<endl; 

testfile3<<endl; 

end of consraint7*/ 

 

/*constraint8 start 

ofstream testfile3("C:\\Param\\cons8.txt"); 

for (i=1;i<=num_of_nurses;i++) 

{ for (r=1;r<=(time_horizone-

max_num_of_consecutive_working_days);r++) 

 {

 for(j=r;j<=r+max_num_of_consecutive_working_days;j

++) 

  for( k=1;k<=num_of_shifts;k++) 

 { if ( 

j==r+max_num_of_consecutive_working_days &&     

k==num_of_shifts )   

{ 

   cout<<"x"<<i<<"_"<<j<<"_"<<k; 

   testfile3<<"x"<<i<<"_"<<j<<"_"<<k; 

   } 

  else 

  {

 cout<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

  

 testfile3<<"x"<<i<<"_"<<j<<"_"<<k<<"+"; 

  } 
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  } 

//testfile<<"x"<<i<<"_"<<j<<"_"<<k<<"+")} 

 cout<<"<="<<max_num_of_consecutive_working_days

<<";"<<endl<<endl; 

 testfile3<<"<="<<max_num_of_consecutive_working_

days<<";"<<endl<<endl; 

 } 

} 

cout<<endl<<endl; 

testfile3<<endl<<endl; 

end of constraint8 */ 

 

//binormial variables 

/*binomial variables start 

ofstream testfile3("C:\\Param\\binomial.txt"); 

for (i=1;i<=num_of_nurses;i++) 

{ for( j=1;j<=time_horizone;j++) 

 { for( k=1;k<=num_of_shifts;k++) 

  {

 cout<<"@bin(x"<<i<<"_"<<j<<"_"<<k<<");"<<endl; 

  

 testfile3<<"@bin(x"<<i<<"_"<<j<<"_"<<k<<");"<<end

l; 

  } 

 } 

} 

cout<<"end"; 

testfile3<<"end"; 

end of binomial variables */ 

getch(); 

return 0; 

} 
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Abstract- Education is an essential base of good life. Education 

develops personality of an individual in all fields and aspects 

making him intelligent, learned, bold, and courageous and 

possessing strong good character. 

         Educated women are not only raising their own socio-

economic status but they are enhancing intellectual horizon of 

their children, uplifting socio-economic condition of their family 

and playing a significant role in raising their family status There 

is a strong linkage between education of women and the 

development of a nation. In fact, women education has come to 

be considered more important than that of men. According to 

2011 census, women constitute about 47.09% of total population 

of Jammu Division. In 2001 female literacy rate was 51.14 

percent as against 74.22 percent among males. Whereas, literacy 

rate of females rose to 56.86% in 2011. However, by 2010-11, 

the situation had considerably improved with girl’s enrollment 

reaching 46.15 percent at primary stage, 45.42 percent at middle 

stage and 44.14 percent in secondary stage. 

 

Index Terms- Education, Socio- Economic, Intellectual, 

Development, Nation, Literacy, Enrolment. 

 

I. INTRODUCTION 

ducation plays catalytic role in socio-economic development 

of a country; moreover women education has immense 

importance in this regard. Educated women are not only raising 

their own socio-economic status but they are enhancing 

intellectual horizon of their children, uplifting socio-economic 

condition of their family and playing a significant role in raising 

their family status There is a strong linkage between education of 

women and the development of a nation. In fact, women 

education has come to be considered more important than that of 

men. Dr. Karve, a pioneer for the cause of women education, 

once said, “If you educate a man, you educate an individual, if 

you educate a woman, you educate the whole family.” The 

University Education Commission (1949) has also rightly 

remarked: “There cannot be an educated man without an 

educated woman. If general education is to be limited to men or 

to women, that  opportunity should be given to women,  for then 

it would more surely be passed on to the next generations.” On 

the other hand, education also makes the women strong, 

empowered, creates self- reliance and brings determination in 

life. It has a central role in the struggle to achieve women’s 

equality and empowerment both in the family as well as in the 

community. Lack of education, information and low level of 

literacy aggravate the situation of deprivation in all sectors of 

life.  

II. WOMEN EDUCATION IN INDIA 

         The status of women in the Indian society has been a 

complicated one. It passed through fluctuations over the ages. 

While it was high during the Vedic Period, it slumped in the post 

Vedic Period. Again, in the modern period it rose.  The 

constitution of independent India guaranteed equal rights for 

women not only in legal, social, political spheres but 

educationally also. Education panel of the Planning Commission 

at its meeting held in July 1957, reviewed that, “suitable 

committee should be appointed to go into various aspects of the 

question relating to the nature of education for girls at the 

elementary, secondary and adult stages and to examine whether 

the present system was helping them to lead a happy and more 

useful life”. The Government of India in the Ministry of 

Education accordingly set up the National Committee of Women 

Education. The resolution on the National Policy of Education 

stresses the importance of women education in these words, “the 

education of girls should receive emphasis not only on grounds 

of social justice but also because it accelerates social 

transformation”. Education of women is directly dependent and 

closely related to the social status of them. Education of women 

is essential for happy and healthy homes, improvement of 

society, economic prosperity and national solidarity. Education 

of women is more important than of men, if new generation is to 

be made cultured and educated, if social transformation is to be 

brought rapidly, and if moral character of the children is to be 

built during the most impressionable years of their lives.  

 

III. STUDY AREA 

         Jammu Division form parts of the transition between 

Himalayas range in the north and dusty plains of Punjab in the 

South. The Jammu Division stretches between 32°-17’N to 34°-

12’North Latitude and 73°-58’E to 76°- 47’ East Longitude. 

Study area is a part of beautiful state of Jammu and Kashmir. 

Jammu Division constitutes the southernmost unit of the state of 

Jammu and Kashmir. The state occupies the total geographical 

area of 2, 22, 870 Sq km, but on Ist January 1948, with the 

declaration of the ceasefire 83808 sq km area stayed under the 

illegal occupation of Pakistan. In case of altitude, the region 

extends from 300 meters above the mean sea level in the outer 

plains, to over 5000 meters in middle Himalayas. 

Administratively Jammu Division is divided into ten districts viz. 

Jammu, Kathua, Udhampur, Doda, Rajouri, Poonch, Samba, 

E  
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Reasi, Kishtwar, and Ramban. There is luxurious growth of 

vegetation all over the “outer hills” and the “middle mountains” 

area which is mostly of tropical variety. On the whole Jammu 

Division present an intricate mosaic of mountain ranges and hills 

characterized with river terraces, valleys and gorges. 

 

Study Area 

 
Source: Jammu and Kashmir, Census of India, 2011. 

 

IV. OBJECTIVES  

The following are the specific objectives of the paper: 

 To study the gap between the literacy rates of males and 

females in Jammu Division. 

 To estimate the growth of enrollment of girls vis-à-vis 

boys in primary, middle and secondary education in 

Jammu Division. 

 To examine the increase in the number of women 

teachers employed in primary, middle and secondary 

schools. 

 

V. DATA BASE  

        The present study is mainly based on secondary data. 

Secondary data has been collected from the published record of 

various departments and other sources. Secondary data related to 

the enrollment of students by sex in primary, middle and 

secondary stage and the number of teachers by sex working in 

primary, middle and secondary schools in Jammu Division are 

obtained from the Directorate of Economics and Statistical 

Department, Government of Jammu and Kashmir. The district-

wise literacy data are taken from the census publication. 

VI. PROGRESS OF FEMALE LITERACY RATE 

        According to 2011 census, women constitute about 47.09% 

of total population of Jammu Division. In the field of education 

these disparities between males and females are still larger. Table 

(1) shows the gap between the literacy rate of males and females. 

In 2001 female literacy rate was 51.14 percent as against 74.22 

percent among males. The disparity index (ratio of male literacy 

rate to female literacy rate) in 2001 was 1.45. The literacy rate of 

females rose to 56.86 percent; on the other hand rate for males 

increased to 79.42 percent. In 2011, the disparity index is 1.39. 

 

Table (1): Gender Wise Literacy Rates in Jammu Division 

 

 

S.No. Year Male 

literacy rate 

Female 

literacy rate 

Disparity 

Index 

1 2001 74.22 51.14 1.45 

2 2011 79.42 56.86 1.39 
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Source: Jammu and Kashmir, Census of India, 2011.  

Table (2): District Wise Literacy Rate in Jammu Division 

 

Districts Year 

2001 2011 

Male 

Literacy 

Rate 

Female 

Literacy 

Rate 

Disparity 

Index 

 

Male Literacy 

Rate 

Female Literacy 

Rate 

Disparity 

Index 

Jammu 84.79 69.26 1.22 89.77 77.41 1.15 

Samba 82.65 64.50 1.28 89.76 74.39 1.20 

Kathua 75.02 53.55 1.40 81.40 64.58 1.26 

Udhampur 71.21 45.08 1.57 79.93 58.22 1.37 

Reasi 49.86 35.57 1.40 69.93 47.55 1.47 

Ramban 59.51 24.21 2.45 71.97 40.04 1.79 

Kishtwar 57.17 27.74 2.06 71.75 44.13 1.62 

Doda 70.60 34.69 2.03 80.36 50.34 1.59 

Rajouri 69.76 44.51 1.56 78.38 57.20 1.37 

Poonch 65.04 35.96 1.80 81.04 54.80 1.47 

Source: Jammu and Kashmir, Census of India, 2011. 

 

         Table (2) shows district wise literacy rate in Jammu 

Division. This table clearly shows that the literacy rate among 

females has increased at a faster rate than among males. In 2001, 

the disparity index of Jammu district was lowest i.e. 1.22 among 

all the districts of Jammu Division, on the other hand, highest 

disparity index was in Ramban district. By 2011, the situation 

had considerably improved. In 2011, again Jammu district had 

lowest disparity index .i.e. 1.15 and again Ramban district had 

highest disparity index i.e. 1.79 respectively. This table clearly 

shows the decreasing trend of disparity index among all the 

districts of Jammu Division from 2001 to 2011. 

 

 

Table (3): Year-Wise percentage of Girls Enrolment to Total Enrolment by Stages in Jammu Division 

 

S.No. Year Primary Stage 

(I - V) 

Middle  Stage 

(VI – VIII) 

Secondary Stage 

(IX – XII) 

1 1995-96 42.24 37.80 41.96 

2 2000-01 44.40 43.77 43.02 

3 2005-06 45.11 42.91 43.85 

4 2010-11 46.15 45.42 44.14 

Source:  Regional Digest of Statistics 2010-2011(Jammu Division) 
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Source: Prepared on the basis of above table. 

        Table (3) shows the progress of girl’s enrollment in 

Primary, middle and secondary stages. In 1995-96, the 

enrollment of girls was 42.24 percent at Primary stage, 37.80 

percent at middle stage and 41.96 percent at secondary stage. By 

2010-11, the situation had considerably improved with girl’s 

enrollment reaching 46.15 percent at primary stage, 45.42 

percent at middle stage and 44.14 percent in secondary stage. 

This table clearly shows that the enrollment of girls has increased 

at a faster rate than that of boys at primary, middle and also 

secondary stage.  

 

Progress of Female Teachers in Different Stages of School 

Education in Jammu Division 

        Table (4) shows the percentage of female teachers to total 

teachers in primary, middle and secondary schools. The female 

teachers constitute only 41.03 percent in primary schools, 48.31 

percent in middle schools and 35.23 percent in secondary schools 

in 1995-96. By 2005-06, these figures rose to 45.43 percent in 

primary schools, 55.18 percent in middle schools and 43.46 

percent in secondary schools. This increase in number of female 

teachers is a healthy sign towards gender equality. 

 

Table (4): Percentage of Female Teachers to Total Teachers by Type of Schools in Jammu Division 

 

S.No. Year Type of Schools 

Primary Schools Middle Schools Secondary Schools 

1 1995-96 41.03 48.31 35.23 

2 2000-01 42.53 40.75 37.95 

3 2005-06 45.43 55.18 43.46 

4 2010-11 44.58 46.09 49.39 

Source:  Regional Digest of Statistics 2010-2011(Jammu Division) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Prepared on the basis of above table. 
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Table (5): Percentage of Qualification Wise number of Trained Female Teachers to Total Teachers in all Schools of Jammu 

Division 

 

 

 

Source:  Regional Digest of Statistics 2010-2011(Jammu Division) 

 

 

 
 

Source: Prepared on the basis of above table. 

 

        Table (5) shows the percentage of qualification wise number 

of trained female teachers to total teachers in all schools of 

Jammu Division (2010-2011). This table clearly shows that 

number of trained female teachers to total teachers is maximum 

in Jammu District i.e. 68.67% followed by Samba (50.56%), 

Udhampur(49.19%), Kathua(46.76%),Kishtwar(45.33%), 

Rajouri(44.81%), Reasi(39.08%), whereas Ramban district has 

lowest number of Trained Female teachers i.e. 26.92%. This 

table also clearly indicates that 45.60% of trained female teachers 

in Jammu Division are Post Graduate, 50.51% are Graduate and 

44.60% are Under Graduate. 

 

Districts Post Graduate Graduate Under Graduate Total 

Jammu 70 68.8 59.77 68.67 

Samba 52.2 51.14 49.41 50.56 

Kathua 41.62 44.84 52.80 46.76 

Udhampur 32.25 50.55 Not available 49.19 

Reasi 39.93 47.51 35.68 39.08 

Doda 29.76 41.08 27.29 34.69 

Ramban 19.5 22.05 37.34 26.92 

Kishtwar 60 42.08 41.79 45.3 

Rajouri 47.2 41.32 47.10 44.81 

Poonch 28.16 36.63 43.61 35.53 

Total 45.60 50.51 44.60 47.69 
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VII. PROBLEMS OF GIRL’S EDUCATION 

        There are certain factors, which hamper the progress of 

girl’s education at the school level. Some of these are given 

below: 

 The foremost problem is a social one. Though a large 

proportion of parents have accepted the need for 

education of their daughters yet, the subordinate status 

of a daughter in comparison to a son in the family leads 

to the disparity in education of boys and girls. The 

discriminatory attitude stems from the fact that in Indian 

families, girls are expected to assume responsibility for 

house work at a relatively early age. Ordinarily, a girl is 

expected to help her mother in the household chores as 

well as looking after the younger siblings.  

 Illiteracy among mothers is another problem. Jawaharlal 

Nehru had once said that when we educate a boy we 

educate a boy we educate a single individual, but when 

we educate a girl we educate a family.  

 The economic dependence of women on men (husbands 

or fathers) is a great barrier threatening their self 

respect. This dominance of male members of the family 

over female members can also be explained in terms of 

economic dependence. Attempts have to be made to 

educate girls in such a way that they become 

economically independent. This will lead to an overall 

improvement of their quality of life. 

 Child marriage is another problem. Even as child 

marriage remains a legal offence, it continues to be 

prevalent in the study area. This is a great problem 

affecting the education of girls adversely. 

 

VIII. FOCUS ON EDUCATION OF WOMEN IN 11
TH

 FIVE YEAR 

PLAN 

        The main goal of the 11
th

 five year plan is to achieve 

universal primary education at primary level and empower 

women by eliminating gender disparity at all levels of education. 

The government of India and the state government in this 

Endeavour have focused on women’s education in the 

development plan over the years. Some of the ongoing initiatives 

in the state which shall spill over to 12
th

 five year plan are: 

 Sarva Shiksha Abhiyan (SSA), a flagship 

programme, is being implemented in the state for 

improvement in Gross Enrolment ratio apart from 

UEE and Universal retention. 

 National Programme foe education of girls at 

elementary level (NPEGEL) aimed at to enhance 

education of girls by providing need based 

incentives like stationary, books, uniforms etc to 

the girl student. 287 girl’s middle schools have 

been developed under NPEGEL in the state.  

 Kishori Shakti Yojna (KSY) aims at addressing the 

needs of self development, nutrition and health 

status, literacy, numerical skills and vocational 

skills of adolescent girls in the age group of 11-18 

years. 

 Pre-metric scholarship by state government is 

provided to girls to enhance their level of literacy 

and to reduce burden on the parents for sustained 

education.  

 

IX. BROAD SOCIAL BENEFITS OF EDUCATING GIRLS 

        The broad social benefits of educating girls include the 

following: 

 Children of more educated mothers tend to be better 

nourished and suffer less from illness. A young 

woman’s lack of schooling has a profound effect on the 

lines of her children. In Indonesia, the children of 

women with no formal schooling are almost three times 

more likely to die than those born to women with 

secondary education. 

 Children and particularly daughters of more educated 

mothers are more educated mothers are more likely to 

educated themselves and become literate. That women 

might have the chance of a healthier and happier life 

should be the reason enough for promoting a girl’s 

education. An educated woman has the skills, 

information and self confidence that she needs to 

become a better parent and citizen. 

 The more years of education women have, the fewer 

children they tend to have. Cross country studies show 

that an extra year of schooling for girls reduces fertility 

rates by 5 to 10 percentage. And the children of an 

educated mother are more likely to survive. In India, for 

example, the infant mortality rate of babies whose 

mothers have received primary education is half of 

children whose mothers are illiterate. 

 Educated women are less likely to die in child-birth as 

educated mother acquires the knowledge about the 

importance of planning pregnancies 

 Girl’s education is the assured route of women’s 

economic empowerment, thus freeing her from 

dependence on her husband, father and brother. Earning 

money elevates a women’s self esteem and her standing 

in her home and community. It can also propel a woman 

out of destructive relationship or encourage her to 

change its terms. 

 

X. CONCLUSION 

        Education is the most crucial input for empowering women 

with skills and knowledge and giving them access to productive 

employment in future besides raising the literacy level of the 

women. Considering this, a lot has been done for spread of 

education in Jammu Division and considerable educational 

facilities have been provided even in remote, hilly and backward 

areas of the division during the past six decades of plan 

development. Jammu and Kashmir is the only state where 

education is free up to the university level. Unique features of the 

educational programmes since independence are that free 

education has been bought within the reach of even the poorest 

sections of the population. Besides, there are other incentives like 

free noon meals, free books, free uniforms, scholarships etc. 

However, as time passed by, females made rapid progress 

especially in school education. The gap between males and 
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females in literacy rate is getting reduced, the growth rate of 

enrollment of girls is also increasing, the gender disparity index 

is fast decreasing and more importantly, more and more females 

are taking to teaching in schools. These are favorable trends and 

need to be nurtured. Last, but not the least, there is need for the 

recruitment of qualified female teachers as that can be looked 

upon a source of inspiration for the females to get inclined 

towards education.  
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Abstract: The objective of this current work is to design a z-

axis translation for an earth sensor test facility in the Earth Lab, 

Laboratory for Electro-Optics System (LEOS), ISRO 

Bangalore. It is targeted to develop the best solution for the z-

axis translation, taking into account the physical and material 

constraints as well as the operator’s safety and easy 

accessibility of the device. Nowadays there exist a set of z-axis 

translators that has been implemented on a limited number for 

testing equipments. The device developed in this thesis reveals 

a relatively new concept that is fitting space, safety and easy-

access requirements of the test facility in the earth lab. To 

achieve the goals of this current work, I followed the project 

design methodology from specialized books that lead us to 

final concept which was submitted to structural analysis and 

that will be furthermore optimized. Careful consideration of 

functional and physical domains guided us to an effective 

solution to this design problem. This solution is viable from the 

point of view of the structural analysis.  

Index Terms: z-axis translation, lead screws, scissor links, 

structural analysis. 

I. INTRODUCTION 

arth horizon sensors have been used on most orbiting 

spacecraft because they provide a convenient means for 

indicating the local vertical. In many applications they are used 

as the sensory components of active attitude-control systems; 

in others, sensed data is used to correlate the orientation of 

instruments, antennas, etc., with the local vertical. IRES is a 

two axis infrared Earth horizon sensor for accurate 

measurement of pitch and roll attitude angles with respect to 

the Earth disk centre. It is used in three-axis stabilized 

spacecrafts operating in GEO (Geostationary Earth Orbit) and 

MEO (Medium Earth Orbit). 

Geostationary or communications satellites are PARKED in 

space 22,300 miles (35,900 km) above the equator of the 

STATIONARY earth. Geostationary satellites are used for 

weather forecasting, satellite TV, satellite radio and most other 

types of global communications. At exactly 22,000 miles 

(35,900 km) above the equator, the earth's force of gravity is 

canceled by the centrifugal force of the rotating universe. This 

is the ideal location to park a stationary satellite. The signal to 

the satellite is very, very precise and any movement of the 

satellite would cause a loss of the signal. 

 

Figure 1: Geo-stationary Orbit  

The difference between the earth center and mirror scan center 

of earth sensor is proportional to PITCH ERROR of space 

craft. The difference between south and north earth chord 

width is proportional to the ROLL ERROR of the 

spacecraft.                

 

Figure 4- roll and pitch measurement. 

The goal of our current work is to design a z-axis translator for 

an earth sensor test facility. The earth sensor testing 

equipments are optical instruments which are heavy, and as 

such require devices for lifting and displacement of the same. 

When such a device is not available workers are often forced to 

raise the equipments manually which can lead to strains and 

major discomforts or even serious injuries that could affect 

testing.  

E 
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 Consequently, an adjustable lifting table will be required in 

the earth sensor lab to improve the efficiency of personnel. In 

order to do this, a mechanism is recommended to be 

incorporated into the table platform where the height is 

adjustable. 

Conventional z-axis translators are inconvenient to handle 

delicate dangerous materials at greater heights. Maintenance at 

greater heights is tedious as considerable height is not 

available. To facilitate these a folding z-axis translator can be 

used which works on principle of scissor mechanism. There is 

a platform on top of the z-axis translator for lifting purpose. 

This z-axis translator can be raised at any intermediate height 

from the ground level without slipping down with the help of 

self locking arrangements. 

The basic idea is that by displacing lower ends of the scissor 

slightly in the horizontal direction, the z-axis translator gives 

considerable vertical displacement. This z-axis translator has 

smooth opening and closing of the scissor, so that there is a 

less chance of accidents in lifting and lowering delicate, 

expensive or heavy materials thus minimizing losses. ∴ In 

practice this will prove to be economical. The z-axis translator 

can be used not only maintenance but also for material 

handling and similar other purposes, the device is easily 

transportable and rigid to handle heavy materials. 

Z-axis translator is a device used to raise all or part of the earth 

sensor test facility into the air in order to facilitate adjustment 

height in earth sensor lab LEOS (ISRO), Bangalore. Available 

Z-axis translators, however, are typically manually operated 

and therefore require substantial laborious physical effort on 

the part of the user. Such Z-axis translators present difficulties 

for the elderly and handicapped and are especially 

disadvantageous under adverse weather conditions. 

II. DESIGN OF DIFFERENT COMPONENTS OF Z-

AXIS TRANSLATION FOR AN EARTH SENSOR 

TEST FACILITY 

Z-axis translation comprises of six components. There is no 

concrete design procedure available for designing these 

components. The main components of the lift are Base plate, 

Upper plate, lead screw, nut, links and pins. On the basis of 

certain assumptions the design procedure for each of the 

components has been described as follows: 

III. SYSTEM ANALYSIS 

Mathematical model will be developed for all the components 

of the device and parts of the design to prove its performance 

in real sense. The system will be divided into the following for 

proper presentation of fact and figures to ease design effort: 

a) Frame 

FRAME 

The frame is made up of the scissor arms which are acting as 

the support to the entire structure. A table bed platform will be 

at the top of the scissor link arm. Also a similar bed will be at 

the bottom of the frame to accommodate the scissor link 

mechanism when fully collapsed. Figure 3.1 shows a schematic 

drawing of a scissor frame with 2-tier and the forces. It has six 

possible ways of application of load, but for the scope of this 

study, only one of them will be discussed. The notation at any 

particular point is used to identify linear force but with a 

subscript to identify where the force is acting on. At each joint 

there is also six possible forces and moment, but only few will 

be taken into consideration because of the symmetry of various 

joint and parts of the structure, i.e. reaction forces at similar but 

opposite point will also be similar but might be of different 

direction when all conditions are met. M will stand for the 

moment about any point, while ω will be the weight inherent in 

the system (i.e. weight). Also W will be used to represent 

applied load i.e., WX, WY, &WZ in the X, Y, & Z directions. 

 

Figure 3.1 A Schematic Drawing of a Scissors Lift Showing the Forces 

1.) Load type 1: centered load in the negative y-direction 

(normal, loading)   

 

Figure 3.3 Schematic Drawing of Scissors Structure Showing Vertical Load 

Total load in the system will be the applied load plus the 

weight of the scissor lift. Total weight of the system in the 

negative Y-direction will be 

           WY=W+WU    

Since it is vertical and centered load, the reaction forces on the 

left side of the lift are identical to the right side. This implies 

that reaction forces are symmetrical about the y-z plane. 
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Figure 

3.4 Schematic Drawing Showing Load Distributions 

 

Figure 3.5 Triangles of Forces 

 

Figure 3.6 Free Body Diagrams 

 

1.Σ MB   +=  w/4 d cos θ - Fy d/2 cos θ - Fx d/2 sinθ 

2. Σ Fx→ + = FX –Rx1 

3. Σ Fy↑+ = -w/4+Ry1+FY 

4. Σ Mc   +=  w/4 d cos θ - Fy d/2 cos θ - Fx d/2 sinθ 

5. Σ Fx→ + = Rx2 - FX 

6. Σ Fy↑+ = -w/4+Ry2 - FY 

6 equations, 6 unknown variables. 

Consider equation (i), we get 

        (1) 

Consider equation (ii), we get 

                    (2) 

By substituting equation 1 into equation 2 we get, 

 

For calculating reaction forces, 

  

  

In Summary, 

 

 

 

  

 

Design of Base Plate 

The base plate in a scissor lift only provides proper balance to 

the structure. Considering the size constraints, the dimensions 

of the base plate are taken as under. Also it has been found that 

not much of the stresses are developed in the base plate. 

Length of the plate (L) = 1500 mm and 

Width of the plate (B) = 900 mm 

Weight of the plate (W) = 250 N 

 

 
 

 
 

Figure 1 Dimensions of the Base Plate. (All dimensions in mm) 

Design of Upper Plate 

The upper plate in a scissor lift is used to place the load and 

transfer it to the links. The designing of the upper plate is 

undertaken similar as the base plate. The upper plate has the 

similar requirements as the base plate. Also it has been found 

that not much of the stresses are developed in the upper plate  
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Figure 2 Dimensions of the Upper Plate. (All dimensions in mm) 

Design of Lead Screw 

Lead screw is the ultimate component that takes up 

the load that is to be lifted or lowered by lift. It also delivers 

torque from the handle to the nut and also prevents falling of 

the lift due to its own weight. Link length is assumed to be 

1400 mm.  

It can be seen from the below figure 3 that maximum pull on 

the power screw occurs when lift is in lowermost position. 

 

Figure 3 Scissor lift showing maximum positions. 

In minimum position,  

The core diameter of the screw is taken as dc = 27 mm 

And the pitch of the screw is taken as p = 6 mm 

Therefore outer diameter do = 33 mm. 

And the average diameter, d = 30 mm 

Let α be the helix angle 

Now tan α = p / (Π .d) = 6 / (Π .30) = 3.642 

Assume μ = tan Ø. Thus we get Ø = 8.5307 

Effort required to rotate the screw while increasing the height, 

  P = W x tan (α + Ø) = 952.319 N 

Similarly effort required to reduce the height, 

P = W x tan (Ø - α) = 377.55 N 

Torque required in rotating the screw, 

T = P x (d/2) = 14284.79 N.mm 

Torsional shear stress (calculated) = 17.348 N/mm2 

Maximum principle stress (calculated) = 26.821 N/mm2 

Maximum shear stress (calculated) = 17.348 N/mm2 

It has been found that all the above calculated values are within 

the permissible limits. Therefore all dimensions considered are 

correct. 

Design of Nut 

The material of the nut is assumed to be mild steel. And 

therefore the bearing pressure of mild steel = 20 N/mm2. 

Assumed that the load W is uniformly distributed over the 

cross sectional area of the nut, therefore the bearing pressure 

between the threads is given by 

Pb = W / (Π/4) x [(do
2
) – (dc

2
)] x n 

Thus we get n = 0.1903 (n is the number of threads in contact 

with screw) 

In order to have good stability and also to prevent the 

undesirable movement of screw in the nut, take n = 4            

Now thickness of nut (t) = n x p = 24 mm and width of nut (b) 

= 1.5 do = 27 mm 

 
Figure 4 Dimensions of Nut (All dimensions in mm) 

Design of Link 

Load acting on one link = F / 2 = 1471.5 N 

The link is designed for buckling load, assuming factor of 

safety (FOS) = 3.58 

Thus critical buckling load = 1471.5 x 3.8 

 Thus critical buckling load = 5591.7 N 

Assume width of link = 3 x thickness of link and c/s area of 

link = 3 x thickness2 

Moment of Inertia =  mm
2
 

Radius of gyration = 0.866 x thickness 

Since for buckling of the link in the vertical plane, the ends are 

considered as hinged, therefore equivalent length of the link is, 

L = 1400 mm. 

Considering the Rankine’s Formula, we find Thickness of link 

= 8 mm and Width of link = 24 mm 

 

 
Figure 5 Dimensions of Link (All dimensions in mm) 

DESIGN OF PIN  

The pins will be in double shear conditions. Thus the diameter 

of pin is calculated as 20 mm 

 
Figure 6 Dimensions of Pin (All dimensions in mm) 

Wheels 
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The wheels are made of Polyurethane, have a 136 kg (300lb) 

load capacity each, and are 127 mm (5 inches) in diameter, 

wheel width 38 mm (1-1/2 in), 4 bolt holes, and the break locks 

both the wheels and the swivel motion. Locking the swivel 

motion would be ideal for extra stability. The wheels are 

chosen on the base on the design load criteria which can 

sustain the external load and well as the equipment load during 

transpiration in industrial line. The main function of using 

wheels for this equipment is that machine can be moved from 

corner to the other corner of the Earth lab as per the 

requirement to lift the load. 

 
Figure 7: Shepherd Caster Corp. Twin Lock Casters 

IV. CONCLUSIONS AND RECOMMENDATION 

The design of a portable work platform elevated by the turning 

effect of a horizontal screw spindle was carried out 

successfully meeting the required design standards. The 

portable work platform is operated by turning a handle 

attached to the horizontal spindle. The scissor lift is only for 

average load, because the higher the load the higher the effort 

required. The screw operated scissor lift is simple in use and 

does not require much maintenance. For the present dimension 

we get a lift of 150cm, the scissor lift can lift a load of 300kg. 

The main constraint of this device is its high initial cost, but 

has a low operating cost. The shearing tool should be heat 

treated to have high strength. The device affords plenty of 

scope for modifications for further improvements and 

operational efficiency, which should make it commercially 

available and attractive. Hence, it should have a wide 

application in engineering industries and not just automotive 

industry alone. Thus, it is recommended for the engineering 

industry and for commercial production. 

RECOMMENDATIONS 

It is recommended that the screw and thread should be 

lubricated frequently so as to reduce the amount of effort 

required to operate the system. This also reduces the amount of 

wear between the screw and the nut. It is also suggested that 

the spindle and nut should not be exposed to moisture so that it 

would not be susceptible to corrosion there by reducing its 

strength and toughness. 
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Abstract- Purpose: The purpose of this study is to identify 

surgical outcomes in third molar surgery when no sutures are 

used for primary closure. 

        Patients and Methods: A total of 30 third molars were 

removed from 30 patients in an outpatient setting using local 

anesthesia. A small V-shaped flap was raised in all cases and no 

sutures were placed over a 1 and ½ year period. Follow up was 

done on regular basis and protocol of 1 day ,1 week and 1 month. 

        Results: Normal healing in 75.75% cases, AO was seen in 

10.7% cases, Pain more than 3 on VAS scale in 4.93% cases , 

Other complaints in 3.25% cases.  

        Conclusions: Small flap third molar surgery without sutures 

is less invasive and saves time. Delayed healing in oral surgery is 

not new. The outcome of 30 extractions demonstrates good 

results. 

 

I. INTRODUCTION 

he surgical removal of impacted third molars is a common 

procedure associated with a diversity of technique and 

anecdotal opinion. Most surgeons agree that surgical time, 

trauma, and difficulty are important factors in postoperative 

complications
1-5

.The surgical objective is to quickly and 

carefully remove the impacted tooth with reduced complications. 

Over the years, there have been different opinions regarding 

primary and secondary closure techniques. Primary closure of a 

third molar flap is derived from basic surgical principles and 

recommended by Howe
6 

, Archer
7 

, Guralnick
8 

, Kruger
9 

, Waite
10 

, Thoma
11 

   Killey
12

 and Peterson
13.

 Other authors such as 

Hunter
14 

, Bourgoyne
15 

, Blair and Ivey
16 

, Padgett
17 

 and Mead
18

 

recommend secondary intention to facilitate irrigation and 

drainage. Some authors have recommended either primary or 

secondary closure and believe a small v-opening over the third 

molar facilitates drainage and irrigation
19-21

. 

       The purpose of this retrospective study is to report surgical 

outcomes of one surgeon’s standard third molar procedure (of a 

very small incision, and no sutures at all to reposition the flap) 

and compare results to the existing literature. An attempt was 

made to evaluate routine or average outpatient surgery carried 

out in a private practice setting. 

 

II. PATIENTS AND THE TECHNIQUE 

       A group of patients were selected from the routine OPD of 

our department of oral and maxillofacial surgery . 

Patient selection:- 

       1)Male or Female patient with impacted 3
rd

 molar on either 

side with no age limit. 

       2)Absence of active infection both pericoronally and 

periapically at time of surgery. 

        3)There should be no general contraindication to anesthesia 

and surgical procedure. 

        4)The difficulty level of the impacted 3
rd

 molar was 

calculated as per Pederson et al difficulty index scale. 

       5) Patients with a medical history of smoking or birth control 

were not excluded. 

 

III. SURGICAL TECHNIQUE 

 1)The standard surgical technique is followed. 

 2)2% chlorhexidine rinse for 20 secs. 

 3)Prophylactic I.V. antibiotics (1 gm cephalosporins) 

 4)Followed by I.V. 8 mg dexamethasone. 

 5)Lignocaine 2% with Adrenaline 1:2,00,000 used for 

local anesthesia.  

 

IV. INCISION 

       A small “V” shaped incision was made with 1 point at the 

distobuccal line angle of the second molar. One vertical limb 

followed the external oblique ridge, and the other avoided the 

gingival sulcus and extended down to the mucogingival junction. 

This provided soft tissue release and was much smaller than the 

incision described by Szymd
25

. No attached gingival tissue was 

excised over the third molar area. The flap was reflected slightly 

toward the distal and lingual so that greater access could be 

achieved. The apex of the flap was reflected and protected with a 

Minnesota retractor . Bone was removed with a rounded fissure 

bur under constant saline irrigation. The impacted tooth was 

exposed and distal bone was removed or the tooth sectioned as 

deemed necessary. The socket was briefly curetted and irrigated. 

The flap was repositioned and allowed to passively fall into a 

natural position often leaving the socket slightly open. A sterile 

sponge was placed to obtund bleeding and stabilize the flap. 

 

T 
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Incision      Incision 

 

V. ADVANTAGES 

 1) No need to detach the facial free gingival tissue 

around the second and first molar; 

  2) Decreased amount of reflected periosteum 

  3)Broad based blood supply to the flap 

  4) Adequate exposure and visibility 

  5) Good bony support for the soft tissue flap 

 6) No periodontal problems with 2
nd

 molar.  

 

 

             
Surgical exposure of the site                     bed after removal of 3

rd
 molar 
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Approximation of the over lying flap 

 

 

VI. RESULTS 

 Normal healing in 75.75% cases. 

 AO(Alveolar ostietis) was seen in 10.7% cases. 

 Pain more than 3 on VAS scale in 4.93% cases. 

              Other complaints in 3.25% cases. 

 

 

Normal
Healing

Alveolar 
Osteitis

Pain>3 
on VAS 

Other 
Complaints

100

25

50

75

 
Table 1: complication 
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VII. DISCUSSION 

       No previous third molar studies have reported on the surgical 

outcome of a suture-less technique. Although Dubois et al
22 

 and 

Stephens et al
26

 have investigated the concept of primary and 

secondary closure, the prevailing surgical technique taught in 

modern textbooks is to reposition, and stabilize mucoperiosteal 

flaps with sutures
13 

. Stephens et al
26 

 reported on the periodontal 

evaluation of 2 mucoperiosteal flaps used in removing impacted 

mandibular third molars and found there was no significant 

difference. The type of closure is the surgeon’s choice. They 

described 2 flap techniques, both described by Szymd
25

 which 

included a distal wedge excision and either an envelope flap in 

the gingival sulcus or a papilla sparring vertical release down to 

the mucogingival junction
26 

. Both flap designs were larger than 

our technique and sutured in at least 2 positions.  

       Szymd recommended the second modification for the 

following advantages: 

 

1) no need to detach the facial free gingival tissue around the 

second and first molar;  

2) decreased amount of reflected periosteum; 

3) broad based blood supply to the flap;  

4) adequate exposure and visibility; 

 5) good bony support for the soft tissue flap; and 

 6) closure can be effected with a single suture and the distal 

aspect of the third molar socket
27 

. 

 

       These principles still apply to our flap design, which is 

smaller, and without suturing essentially leaves an open area over 

the socket for secondary intention therefore not necessitating a 

distal wedge. Other studies by Magnus et al
28 

 and Woolf et al
29

 

found no significant difference in the periodontal status. 

Apparently, the flap design and suture technique even with an 

exposed area distal to the second molar did not result in a 

periodontal defect if properly carried out. This is an important 

point because in the suture-less flap technique attached gingival 

is not pulled up tightly behind the second molar. Based on these 

reports this study did not evaluate the periodontal status after 

surgery. Szymd and Hester recommend the open techniques and 

often report less edema and reduced pain
25.

 

       Sutures in dentoalveolar surgery certainly have application 

and are often necessary. This study does not imply that sutures 

should not be used to reposition a flap. However, in the posterior 

area of the dental arch, the anatomy of the ramus, tuberosity, 

gingiva, and buccal mucosa will passively fall together during 

the healing phase of third molar surgery if a small “V” shaped 

incision is carried out. This may be due to decreased 

mobilization, soft diets, and surgical contracture. In general 

Halsted’s surgical principles of wound healing applies but there 

are often exceptions
30 

. It seems that tight closure over a large 

bony socket or defect does not facilitate drainage and oral 

hygiene. Suturing may create a one-way valve that allows food 

debris to enter the socket but not easily escape. This leads to 

local infection, inflammation, edema, clot necrosis, alveolar 

osteitis, and pain. Avoiding suture closure in this area is not 

illogical when one considers that the treatment for alveolar 

osteitis (dry socket)  is irrigation, debridement, and dry socket 

dressing to create a constant opening. A small flap left open may 

actually facilitate drainage, improve hygiene, and reduce the risk 

of alveolar osteitis pain. 

 

VIII. CONCLUSION 

       Sutures in dentoalveolar surgery certainly have application 

and are often necessary.This study does not imply that sutures 

should not be used to reposition a flap. Due to the local anatomy 

of posterior area of dental arch the tissues will passively fall into 

the socket during the healing phase. This may be due to 

decreased mobilization, soft diets, and surgical contracture. It is 

important for all surgeons, and especially training programs, to 

assess surgical outcomes and test traditional logic.Evidence-

based medicine is the academic charge.Is it possible the surgical 

art of suturing in some situations is not as important as we have 

traditionally thought it to be?  

       Perhaps the English dentist, Mr Hunter, was correct in his 

text, “It is also a common practice, to close the gum as it is 

termed: this is more for show than use: for the gum cannot be 

made to close as to unite by the first intention.” 

 

REFERENCES 

[1] Alexander RE: Dental extraction wound management: A case against 
medicating postextraction sockets. J Oral Maxillofac Surg 58:538, 2000 

[2] Birn H: Etiology and pathogenesis of fibrinolytic alveolitis (‘dry socket’). 
Int J Oral Surg 2:215, 1973 

[3] Brekke JH, Bresner M, Reitman MJ: Effect of surgical trauma and 
polylactate cubes and granules on the incidence of alveolar osteitis in 
mandibular third molar extraction wounds. J Can Dent Assoc 52:315, 1986 

[4] Colby RC: The general practitioner’s perspective of the etiology, 
prevention, and treatment of dry socket. Gen Dent 9:461, 1997 

[5] Blum IR: Contemporary views of dry socket (alveolar osteitis). A clinical 
appraisal of standardization, actiopathogenesis, and management: A critical 
view. Int J Oral Maxillofacial Surg 31: 309, 2002 

[6] Howe GL: Minor Oral Surgery. Bristol, England, John Wright & Sons Ltd, 
1971 

[7] Archer WH: Oral and Maxillofacial Surgery (ed 5). Philadelphia, WB 
Saunders Co, 1975 

[8] Guralnick WC (ed): Textbook of Oral Surgery. Boston, Little Brown & Co, 
1968 

[9] Kruger GO (ed): Textbook of Oral Surgery. St. Louis, CV Mosby Co, 1974 

[10] Waite DE: Textbook of Practical Oral and Maxillofacial Surgery (ed 3). 
Philadelphia, Lea & Febiger, 1987 

[11] Thoma KH: Oral Surgery (ed 5, vol 1). St. Louis, CV Mosby Co, 1969 

[12] Killey HC, Kay LW: The Impacted Wisdom Tooth (ed 2). London, 
Churchill Livingstone Co, 1975 

[13] Peterson LJ: Contemporary Oral and Maxillofacial Surgery (ed 4). St. 
Louis, CV Mosby Co, 2003 

[14] Hunter J: The Natural History of the Human Teeth and a Practical Treatise 
on the Disease of the Teeth. Birmingham, The Classics of Medicine 
Library, 1980 

[15] Bourgoyne JR: Surgery of the Mouth and Jaws. Brooklyn, Dental Items of 
Interest Publishing Co Inc., 1957 

[16] Blair VP, Ivy RH: Essentials of Oral Surgery. St. Louis, CV Mosby Co, 
1923 

[17] Padgett EC: Surgical Diseases of the Mouth and Jaws. Philadelphia, WB 
Saunders Co, 1938 

[18] Mead SV: Oral Surgery (ed 3). St. Louis, CV Mosby Co, 1946 

[19] Clark HB Jr: Practical Oral Surgery. Philadelphia, Lea & Febiger Co, 1965 

[20] Winter L: Operative Oral Surgery. St. Louis, CV Mosby Co, 1947 

[21] Woodward HW: Modified flap termed advantageous in impacted lower 
third molar removal. Clin Dent 2:8, 1974 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      535 

ISSN 2250-3153  

www.ijsrp.org 

[22] Dubois DD, Pizer ME, Chinos RJ: Comparison of primary and secondary 
closure techniques after removal of impacted mandibular third molars. J 
Oral Maxillofac Surg 40:631, 1982 

[23] Sisk A, Hammer W, Shelton D, et al: Complications following removal of 
impacted third molars: The role of experience of the surgeon. J Oral 
Maxillofac Surg 44:855, 1986 

[24] Bui CH, Seldin EB, Dodson TB: Types, frequencies, and risk factors for 
complications after third molar extraction. J Oral Maxillofac Surg 61:1379, 
2003 

[25] Szymd L, Hester WR: Crevicular depth of the second molar in impacted 
third molar surgery. J Oral Surg Anesth Hosp Dent Serv 21:185, 1963 

[26] Stephens RJ, APP GR, Foreman DW: Periodontal evaluation of two 
mucoperiosteal flaps used in removing impacted mandibular third molars. J 
Oral Maxillofac Surg 41:719, 1983 

[27] Szymd L: Mucoperiosteal flap. Dent Clin North Am 15:300, 1971 

[28] Magnus WW, Castner DV, Hiatt WR: An alternate method of flap 
reflection for mandibular third molars. Mil Med 137:232, 1972 

[29] Woolf RH, Malmquist JP, Wright WH: Third molar extractions: Periodontal 
implications of two flap designs. Gen Dent 26:52, 1978 

[30] Cohen IK, Diegelmann RF, Lindblad WJ: Wound Healing-Biochemical and 
Clinical Aspects. Philadelphia, WB Saunders, 1992. 

 

AUTHORS 

First Author – Dr.Harsh mohan Pathak, MDS , Assistant 

Professor,  Department of oral and  maxilla- facial surgery, 

IDS,Bhubaneswar, India. 

Second Author – Dr.Sarita Kumari, MBBS, Senior medical 

officer, General Medicine, Tata Main Hospital, Jamshedpur, 

India 

Third Author – Dr.Sikander Prasad, BDS,Department of oral 

and maxillo-facial surgery, IDS,Bhubaneswar, India. 

Fourth Author – Dr.Narendra Singh, Assistant Professor, 

Department of human anatomy, 

M B Kedia dental college, Nepal. 

Fifth Author – Dr.Prachi Pathak, BDS. Practising  Dentist. 

 

 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      536 

ISSN 2250-3153  

www.ijsrp.org 

Role of Bisphenol A in Human Diseases- An Update 

Emila S
1
, Revathy K

2
, Padmanaban R

3
 and Swaminathan S

4
 

 
1 Lab Technologist, Department of Biochemistry, Central Lab, SRM Medical College Hospital & Research Centre, Kattankulathur, Kancheepuram 

District, TamilNadu. 
2 Technical Supervisor, Department of Biochemistry, Central Lab, SRM Medical College Hospital & Research Centre, Kattankulathur, 

Kancheepuram District, TamilNadu. 
3 Professor and Head, Department of Nephrology , SRM Medical College Hospital & Research Centre, Kattankulathur, Kancheepuram District, 

TamilNadu. 
4 Chief of Biochemistry, Department of Biochemistry, Central Lab, SRM Medical College Hospital & Research Centre, Kattankulathur, 

Kancheepuram District, TamilNadu. 

 
Abstract- Bisphenol A (BPA) is an industrial chemical that has 

been present in many hard plastic bottles and metal-based food 

and beverage cans since the 1960s. The US Food and Drug 

Administration (FDA), the European Food Safety Authority 

(EPSA) and numerous government agencies worldwide for use in 

food contact application. Because bisphenol A is used in so many 

common products that we use every day—such as baby bottles, 

reusable water bottles, microwaveable containers, and the 

protective coating inside most food and beverage cans—most 

people in developed countries are exposed almost continuously 

to some level of bisphenol A. The safety threshold set by the 

EPA was based on decades-old data. On the basis of results from 

recent studies using novel approaches to test for subtle effects, 

both the National Toxicology Program at the National Institutes 

of Health and FDA have some concern about the potential effects 

of BPA on the brain, behavior, and prostate gland in fetuses, 

infants, and young children. Like many chemicals, BPA is found 

in the blood and urine of virtually every American tested by the 

Centers for Disease Control and Prevention. Devised opinions 

among scientists about the exposure to BPA and health 

implications are going on, some arguing that its effect on health 

in negligible, but some has proved with studies about its effect on 

variety of disorders. This paper is therefore an attempt to review 

the recent concepts on the exposure of BPA in various disorders. 

 

Index Terms- Bisphenol A (BPA), CDC, EPSA, CVD 

 

I. INTRODUCTION 

espite the fact that more than 5000 safety-related studies 

have been published on bisphenol A (BPA), there seems to 

be no resolution of the apparently deadlocked controversy as to 

whether exposure of the general population to BPA causes 

adverse effects due to its estrogenicity. BisphenolA (BPA) is an 

industrial chemical that has been present in many hard plastic 

bottles and metal-based food and beverage cans since the 1960s. 

It has been used for decades to make toys, food containers, 

medical equipmentand many common products such as water 

bottles, food storage containers, airplane and automobile 

components, sports safety equipment and medical devices. 

Because bisphenol A is used in so many common products that 

we use every day—such as baby bottles, reusable water bottles, 

microwaveable containers, and the protective coating inside most 

food and beverage cans—most people in developed countries are 

exposed almost continuously to some level of bisphenol A. 

       Of late potential health effects of BPA have been detected in 

almost all conceivable type of human diseases. Numerous studies 

have shown its adverse effect on human health and the FDA 

recent statement “that it is virtually impossible for most people to 

experience as unsafe level of BPA exposure in their daily life”. 

 

II. BISPHENOL A IN GENERAL HEALTH & DISEASE 

       That the current TDI for BPA is adequately justified and that 

the available evidence indicates that BPA exposure represents no 

noteworthy risk to the health of the human population, including 

newborns and babies (1). 

       Higher BPA exposure is associated with general and central 

obesity in the general adult population of the United States. 

Reverse causation is of concern due to the cross-sectional nature 

of this study; longitudinal studies are needed to clarify the 

direction of the association (2). 

       Higher BPA exposure, reflected in higher urinary 

concentrations of BPA, may be associated with avoidable 

morbidity in the community-dwelling adult population (3). 

       Using a sensitive and quantitative competitive enzyme-

linked immunosorbent assay, BPA was found to migrate from 

polycarbonate water bottles at rates ranging from 0.20 to 0.79 ng 

per hour. At room temperature the migration of BPA was 

independent of whether or not the bottle had been previously 

used. Exposure to boiling water (100°C) increased the rate of 

BPA migration by up to 55-fold. The estrogenic bioactivity of 

the BPA-like immune reactivity released into the water samples 

was confirmed using an in vitro assay of rapid estrogen-signaling 

and neurotoxicity in developing cerebellar neurons. The amounts 

of BPA found to migrate from polycarbonate drinking bottles 

should be considered as a contributing source to the total “EDC-

burden” to which some individuals are exposed (4). 

       No detectable BPA was found in the extracts obtained 

under FDA's most severe default testing condition using a 

method sensitive to 5 parts per billion (ppb) in the food 

stimulants. Using these data, along with FDA's conventional 

procedure for estimating potential dietary exposure using food 

simulating migration data, the potential dietary exposure 

to bisphenol A from use of polycarbonate resins was determined 

to be less than 0.25 ppb (5). 

       Penetration of the skin depends on the conditions. 

Extractability experiments did not enable us to conclude whether 

BPA passes through the skin, but indicated that it can enter the 

skin to such a depth that it can no longer be washed off. If this 

D  
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BPA ends up in the human metabolism, exposure of a person 

repeatedly touching thermal printer paper for 10 h/day, such as at 

a cash register, could reach 71 ìg/day, which is 42 times less than 

the present tolerable daily intake (TDI). However, if more than 

just the finger pads contact the BPA-containing paper or a hand 

cream enhances permeability of the skin, this margin might be 

smaller (6). 

 

III. BISPHENOL A IN DIALYSIS 

       Bisphenol A [BPA, 2,2-bis(4-hydoxyphenyl)propane], an 

industrial chemical used in the production of polycarbonate, 

epoxide resin, and polyarylate, is considered to be an endocrine-

disrupting chemical. BPA may be present in some hollow-fiber 

dialyzers used in hemodialysis. Among renal disease patients 

who had not undergone hemodialysis, the serum BPA 

concentration increased as the renal function deteriorated, 

showing a significant negative association. Since accumulation 

of BPA could affect the endocrine or metabolic system of the 

human body, it is important to perform further investigations on 

dialysis patients (7). 

       In in vitro experiments, BPA was detected in the effluents of 

the PS-C, PS-D and EVAL hemodialyzers. In in vivo 

experiments, BPA was detected in whole blood samples from 

hemodialysis patients treated with the PS-D hemodialyzer (mean 

value, 0.77 ppb)(8). 

 

IV. BISPHENOL IN RENAL DISEASE 

       The estrogenic endocrine-disrupting substance bisphenol A 

(BPA) is extensively used as a starting material for a variety of 

consumer plastic products including dialyzer materials. In the 

randomized controlled study, the plasma BPA concentrations 

were highly elevated compared with healthy controls (range 

9.1 ± 4.5-12.0 ± 6.0 ng/mL vs. ≤0.2 ± 0.1 ng/mL; P < 0.001), but 

no change of the plasma levels was observed during 

hemodialysis. Dialyzers are one additional source of BPA, but 

differences in the elutable BPA content are not associated with a 

significant effect on BPA plasma levels in Western European 

maintenance dialysis patients. Due to high protein binding, the 

removal of BPA by hemodialysis is limited (9) 

       Urinary excretion of triclosan, and possibly BPA, decreased 

with decreasing renal function. The associations might differ by 

age or sex. Further studies are necessary to replicate our results 

and understand the mechanism (10). 

 

V. BISPHENOL AND HEART DISEASE 

       Recent animal studies have suggested that BPA exposure 

may have a role in several mechanisms involved in the 

development of cardiovascular disease (CVD), including weight 

gain, insulin resistance, thyroid dysfunction, endothelial 

dysfunction, and oxidative stress. A significant, positive 

association between increasing levels of urinary BPA and PAD 

before and after adjusting for confounders. The multivariable-

adjusted odds ratio for PAD associated with the highest versus 

lowest tertile of urinary BPA was 2.69 (95% confidence interval: 

1.02, 7.09; p-trend = 0.01).Urinary BPA levels were significantly 

associated with PAD, independent of traditional CVD risk 

factors (11). 

       Recent studies have suggested that cardiovascular diseases 

are associated with the BPA exposure. Urinary BPA was 

associated negatively with the root mean square of successive 

differences for heart rate and positively with blood pressure (12). 

       BisphenolA (BPA) is an estrogenizing endocrine disruptor 

compound of concern. Continual exposure to BPA impacts 

cardiac structure/function, protein expression, and epigenetic 

DNA methylation marks in males and females (13). 

       Associations between higher BPA exposure (reflected in 

higher urinary concentrations) and incident CAD during >10 

years of follow-up showed trends similar to previously reported 

cross-sectional findings in the more highly exposed NHANES 

respondents. Further work is needed to accurately estimate the 

prospective exposure-response curve and to establish the 

underlying mechanisms (14). 

       Higher BPA exposure, reflected in higher urinary 

concentrations of BPA, is consistently associated with reported 

heart disease in the general adult population of the USA. Studies 

to clarify the mechanisms of these associations are urgently 

needed (15). 

       There is evidence of associations between raised urinary 

bisphenol A (uBPA) and increased incidence of reported 

cardiovascular diagnoses. BPA exposure was higher in those 

with severe coronary artery stenoses compared to those with no 

vessel disease (16).  

 

VI. BPA AND CANCER 

       BisphenolA (BPA) is the principal constituent of baby 

bottles, reusable water bottles, metal cans, and plastic food 

containers. BPA exerts estrogen-like activity by interacting with 

the classical estrogen receptors (ERα and ERβ) and through the 

G protein-coupled receptor (GPR30/GPER). In this regard, 

recent studies have shown that GPER was involved in the 

proliferative effects induced by BPA in both normal and tumor 

cells. GPER is required for growth effects and migration 

stimulated by BPA in both cell types. GPER is involved in the 

biological action elicited by BPA in breast cancer cells and 

CAFs. Hence, GPER-mediated signaling should be included 

among the transduction mechanisms through which BPA may 

stimulate cancer progression (17). 

       The first scientific paper reporting on the synthesis of 

BisphenolA (BPA) was published in 1905 based on the research 

conducted by Thomas Z incke in the University of Marburg in 

Germany. 1953- Polycarbonate plastic developed and 

commercial production of BPA and polycarbonate begin. BPA, 

highly present in natural world and considered as a model of 

environmental estrogen action complexity, promotes human 

cancer cell proliferation via ERα-dependent signal transduction 

pathways (18). 

       BisphenolA (BPA) has been suspected as a potential risk 

factor for breast cancer. In age-matched subjects (N = 152), there 

were some associations between BPA levels and risks of breast 

cancer, such as age at first birth and null parity. However, there 

were no significant differences in blood BPA levels between the 

cases and the controls (P = 0.42) (19). 
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       BPA response profile was significantly associated with 

breast tumors characterized by high histologic grade (P < 0.001) 

and large tumor size (P = 0.002), resulting in decreased 

recurrence-free patient survival (P < 0.001) (20). 

       After androgen deprivation, BPA enhanced both cellular 

proliferation rates and tumor growth. These effects were 

mediated, at least in part, through androgen receptor activity, as 

prostate-specific antigen levels rose with accelerated kinetics in 

BPA-exposed animals. Thus, at levels relevant to human 

exposure, BPA can modulate tumor cell growth and advance 

biochemical recurrence in tumors expressing the AR-

T877Amutation (21). 

 

VII. BISPHENOL A AND MENOPAUSE 

       BishphenolA (BPA) is a representative endocrine disruptor 

and is also known as a xenoestrogen. There was no statistical 

significance between serum BPA concentration and clinical 

variables related to bone metabolism. To clarify the effect of 

BPA on bone metabolism, further large scaled and high risk 

group investigation may be needed (22). 

 

VIII. BISPHENOL A AND METABOLIC SYNDROME 

       Urinary BPA levels are positively associated with MetS, in a 

representative sample of US adults and independent of traditional 

risk factors for MetS. Future, prospective studies are needed to 

confirm our findings (23). 

 

IX. BISPHENOL A AND DIABETIS MELLITUS 

       BisphenolA (BPA) is a widely used chemical in the 

manufacture of polycarbonate plastics and epoxy resins. Recent 

animal studies have suggested that BPA exposure may have a 

role in the development of weight gain, insulin resistance, 

pancreatic endocrine dysfunction, thyroid hormone disruption, 

and several other mechanisms involved in the development of 

diabetes. Urinary BPA levels are found to be associated with 

diabetes mellitus independent of traditional diabetes risk factors. 

Future prospective studies are needed to confirm or disprove this 

finding (24). 

       A positive association between higher levels of urinary BPA 

and prediabetes, independent of potential confounders including 

body mass index, alcohol intake, blood pressure and serum 

cholesterol levels. Higher urinary BPA levels are found to be 

associated with prediabetes independent of traditional diabetes 

risk factors. Future prospective studies are needed to confirm or 

disprove this finding (25). 

       Long-term BPA exposure at a dose three times higher than 

the tolerable daily intake of 50 µg/kg, appeared to accelerate 

spontaneous insulitis and diabetes development in NOD mice 

(26). 

       Although higher urinary BPA was associated with elevated 

HbA1c and T2DM in the pooled analysis, it was driven by data 

from only one NHANES cycle. Additional studies, especially of 

a longitudinal design with repeated BPA measurements, are 

needed to further elucidate the association between BPA and 

T2DM (27). 

 

X. BISPHENOL A AND DRINKING WATER 

       BPA is a ubiquitous contaminant in surface, tap and bottled 

mineral water. However, exposure to BPA from drinking water is 

very low and is less than 0.01% of the tolerable daily intake 

(TDI) (28). 

       Significant amounts of BPA leached from bottle containers 

into thewater. Long storage of bottled water under direct sunlight 

should be avoided to reduce the risk of human exposure to BPA 

(29). 

       BPA in drinking water represents a minor component of 

overall human exposure, and compared with the lowest available 

oral toxicity benchmark of 16 μg/kg-bw/day (includes an 

uncertainty factor of 300) gives margins of safety >1100. Human 

biomonitoring data indicate that ingestion of drinking water 

represents <2.8% of the total intake of BPA (30). 

 

XI. BISPHENOL A AND ENDOCRINE FUNCTIONS 

       Similarities exist between the effects of exposure to BPA 

and other related chemicals with schizophrenia. These 

similarities can be observed in 11 broad categories of 

abnormality: physical development, brain anatomy, cellular 

anatomy, hormone function, neurotransmitters and receptors, 

proteins and factors, processes and substances, immunology, 

sexual development, social behaviors or physiological responses, 

and other behaviors. Some of these similarities are sexually 

dimorphic and support theories that sexual dimorphisms may be 

important to schizophrenia pathogenesis (31). 

       Higher BPA exposure may be associated with endocrine 

changes in men. The mechanisms involved in the observed cross-

sectional association with total testosterone concentrations need 

to be clarified (32). 

 

XII. BISPHENOL A AND LIVER DISEASE 

       High dose of BPA (50 mg/kg) significantly increased the 

biochemical levels of ALT, ALP and total bilirubin. BPA effect 

on the activity of antioxidant genes was confirmed by real time 

PCR in which the expression levels of these genes in liver tissue 

were significantly decrease compared to control. Data from this 

study demonstrate that BPA generate ROS and reduce the 

antioxidant gene expression that causes hepatotoxicity (33). 

 

XIII. BISPHENOL A AND REPRODUCTIVE 

       A dose–response relationship was observed with an 

increasing level of cumulative BPA exposure associated with a 

higher risk of sexual dysfunction. Furthermore, compared with 

the unexposed workers, BPA-exposed workers reported 

significantly higher frequencies of reduced sexual function 

within 1 year of employment in the BPA-exposed factories.Our 

findings provide the first evidence that exposure to BPA in the 

workplace could have an adverse effect on male sexual 

dysfunction (34). 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      539 

ISSN 2250-3153  

www.ijsrp.org 

       Exposure to high doses of BPA during the period of brain 

sexual differentiation altered the hypothalamic–pituitary–gonadal 

axis in female Sprague-Dawley rats. These results have the 

potential to link neonatal exposure to high doses of BPA in rats 

with the development of polycystic ovarian syndrome. Studies of 

doses and routes of administration more consistent with human 

exposures are needed to determine the relevance of these 

findings to human health (35). 

 

XIV. CONCLUSION 

       Contrary to older concept that BPA is harmless, recent 

findings have linked BPA to variety of disease. However, 

definitive studies have not been undertaken to elucidate the 

mechanism of action in inducing various disorders. Future 

studies should be based on this aspect. Further a simple, reliable 

and cost effective methodology should be developed compared to 

expensive HPLC technique which is being used at present. BPA 

measurement should be brought to diagnostic usefulness. 
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I. INTRODUCTION 

now Your Customer (KYC) is the due diligence and bank 

regulation that financial institutions and other regulated 

companies must perform to identify their clients and ascertain 

relevant information pertinent to doing financial business with 

them. In the USA, KYC is typically a policy implemented to 

conform to a customer identification program mandated under 

the Bank Secrecy Act and USA PATRIOT Act. Know your 

customer policies are becoming increasingly important globally 

to prevent identity theft fraud, money laundering and terrorist 

financing. Beyond name matching, a key aspect of KYC controls 

is to monitor transactions of a customer against their recorded 

profile, history on the customer’s account(s) and with peers. 

 

II. KYC HAS DIFFERENT CONNOTATIONS AND THE 

DEFINITION ABOVE IS FROM AN AML/CFT 

PERSPECTIVE 

        Know Your Customer processes are also employed by 

regular companies of all sizes, for the purpose of ensuring their 

proposed agents', consultants' or distributors' anti-bribery 

compliance. Banks, insurers and export credit agencies are 

increasingly demanding that customers provide detailed anti-

corruption due diligence information, to verify their probity and 

integrity. Some specialist consultancies help multinational 

companies and SMEs conduct Know Your Customer processes 

when entering new markets. The consultative paper 

'Consolidated know-your-customer (KYC) risk management' is a 

supplement to the Basel Committee's 'Customer due diligence for 

banks' issued in October 2001. It examines the critical elements 

for effective management of KYC policies and procedures in 

banks' foreign branches and subsidiaries.  

        The adoption of effective know-your-customer (KYC) 

standards is an essential part of banks' risk management 

practices. As discussed in the Customer due diligence for banks 

(CDD) paper, banks with inadequate KYC standards may be 

subject to significant risks, especially legal and reputational risk. 

Sound KYC policies and procedures not only contribute to a 

bank's overall safety and soundness, they also protect the 

integrity of the banking system by reducing the likelihood of 

banks becoming vehicles for money laundering, terrorist 

financing and other unlawful activities.  

 

        The CDD paper outlines four essential elements necessary 

for a sound KYC programme. These elements are 

1. Customer acceptance policy 

2. Customer identification 

3. On-going monitoring of higher risk accounts 

        Jurisdictions should facilitate consolidated KYC risk 

management by providing an appropriate legal A global risk 

management programme for KYC should incorporate consistent 

identification and monitoring of customer accounts globally 

across business lines and geographical locations, as well as 

oversight at the parent level, in order to capture instances and 

patterns of unusual transactions that might otherwise go 

undetected. Such comprehensive treatment of customer 

information can significantly contribute to a bank's overall 

reputational, concentration, operational and legal risk 

management through the detection of potentially harmful 

activities 

 

III.  KYC (KNOW YOUR CUSTOMER) INFORMATION 

FOR CUSTOMERS INTENDING TO OPEN BANK 

ACCOUNT 

        The Reserve Bank of India (RBI) has advised banks to 

follow a 'KYC guidelines', wherein certain personal information 

of the account-opening prospect or the customer is obtained. The 

objective of doing so is to enable the Bank to have positive 

identification of its customers. This is also in the interest of 

customers to safeguard their hard earned money. The KYC 

guidelines of RBI mandate banks to collect three proofs from 

their customers. They are  

1. Photograph  

2. Proof of identity  

3. Proof of address  

 

IV. KNOW YOUR CUSTOMER – WHAT YOU MUST 

KNOW  

What is KYC?  

        Know Your Customer - KYC enables banks to know/ 

understand their customers and their financial dealings to be able 

to serve them better  

 

Who is a customer of the Bank?  

        For the purpose of KYC Policy, a „Customer‟ is defined as:  

1) A person or entity that maintains an account and/or has 

a business relationship with the Bank;  

2) One on whose behalf the account is maintained (i.e. the 

beneficial owner);  

 

V. ENHANCED DUE DILIGENCE 

        EDD has not been internationally defined. As a result 

financial institutions are at risk of being held to differing 

standards dependent upon their jurisdiction and regulatory 

environment. An article published by Peter Warrack in the July 

2006 edition of ACAMS Today (Association of Certified Anti-

Money Laundering Specialists) suggests the following: 

K  
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         “A rigorous and robust process of investigation over and 

above (KYC) procedures, that seeks with reasonable assurance to 

verify and validate the customer’s identity; understand and test 

the customer’s profile, business and account activity; identify 

relevant adverse information and risk assess the potential for 

money laundering and / or terrorist financing to support 

actionable decisions to mitigate against financial, regulatory and 

reputational risk and ensure regulatory compliance.” 

 

VI. CHARACTERISTICS OF EDD 

1. Rigorous and robust 

        Generally this means consistent, thorough and accurate. The 

process must be documented and available for inspection by 

regulators. The process must be SMART (Specific, Measurable, 

Achievable, Relevant and Time bound), scalable and 

proportionate to the risk and resources. A Ball workflow system 

ensuring that the KYC process and procedures are Defined, 

Repeatable and Measurable is recommended. 

2. Reasonable assurance 

        What is reasonable depends upon factors including 

jurisdiction, risk and resources. For sanction matches it depends 

upon information provided by regulators. In all cases the 

suggested standard is to the civil standard of proof i.e. on the 

balance of probability. 

3. Relevant adverse information 

        Information obtained from any source, including the 

Internet, free and subscription databases and the media, which is 

directly or indirectly indicative of involvement in money 

laundering, terrorist financing or predicate offenses. 

        Examples include fraud and other dishonesty, drug 

trafficking, smuggling or other proscribed offences, references to 

money laundering, or conducting business, residing in or 

frequenting countries deemed by the Financial Action Task Force 

and/or (institution) as being countries under sanction or countries 

with which (institution) does not do business; to official 

sanctions or watch lists; and to investigations, convictions or 

disciplinary findings by authorized regulatory bodies. 

 

VII. OVER AND ABOVE KYC PROCEDURES 

        EDD files rely upon initial client screening. This definition 

requires revalidation of the customer’s identity – knowing the 

client’s identity, not who they say they are. EDD processes 

should use a tiered approach dependent upon the risk. 

        Crucial to the integrity of any EDD process is the reliability 

of information and information sources, the type and quality of 

information sources used, properly trained analysts who know 

where to look for information, how to look and how to 

corroborate, interpret and decide the results. Open source 

intelligence companies such as World Compliance and C6, 

aggregate this information and compile it daily into a 

comprehensive database. Estate Engineer (Civil) Sunil Ch. Das, 

Agartala Searching on Google, for example, means different 

things to different people. Experience has shown poor returns 

from staff that believed they were experienced, but in practice 

were not and consequently failed to find relevant information. 

 

KYC Process Capability Maturity Model 

       A draft KYC Capability Maturity Model was published and 

shared with a range of international KYC practitioners in 2009 

and 2010. An updated and peer-reviewed version will be 

published in the ACAMS ACAMS Today magazine in early 

2011. 

       The KYC Maturity Model is based on the typical 5 levels of 

the standard Capability Maturity Model. These levels are 

typically described as Initial, Repeatable, Defined, Managed and 

Optimized and have very strict meanings. The KYC maturity has 

however been somewhat simplified, renamed and re-built as 

follows: Chaotic, Reactive, Proactive, Service Managed and 

Value Managed. Practical process improvement learning’s have 

also been taken from common manufacturing and IT productivity 

methodologies such as Lean, Agile, 6-Sigma, ITIL and Balanced 

Scorecard. 

 

VIII. CONTINUOUS DUE DILIGENCE 

       CDD refers to the monitoring of clients and their activities to 

see if the client does not change markedly over time. In effect 

this combats the possibility that an individual (or more often an 

organization) that has passed KYC is still who they say they are 

and doing what they said they would do when they underwent 

KYC checks. For example a corporate account set up honestly 

and openly by one person who passes KYC checks could be 

passed years later to another person that would not, without CDD 

the services provider would not know that the new owner is 

present. KYC (CDD) policy would normally demand KYC 

checks on the new owner regardless of the account history. 

 

KYC is a client identification program that verifies and 

maintains records of the identity and address of investors.  

1. KYC norms were introduced in 2002 by the Reserve 

Bank of India. It directed all banks and financial 

institutions to put in place a policy framework to know 

their customers before opening any account. The 

purpose was to prevent money laundering, terrorist 

financing, theft and so on.  

2. Today other regulators too have made KYC 

mandatory. The Securities and Exchange Board of 

India (Sebi) has mandated it for mutual funds and 

broking accounts, the Insurance Regulatory 

Development Authority (IRDA) while buying 

insurance and the Forwards Markets & Commission 

(FMC) for commodity trading. You need to submit it 

even for making post office deposits. 

IN BRIEF 

 

* KYC is mandated by most regulatory 

authorities  

* Documents for proof of identity and address are 

needed.  

* Certain investments may need PAN card details 

* Duplication of documents in some cases is 

possible 

http://ads.rediff.com/5c/inbusinessA.rediff.com/business-article.htm/385557065/x15/default/empty.gif/64663579554534796570734143774666
http://ads.rediff.com/5c/inbusinessA.rediff.com/business-article.htm/385557065/x15/default/empty.gif/64663579554534796570734143774666
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* Investee firms may also incur compliance cost 

3. Documents needed: The mandatory details required 

under KYC norms are proof of residence and identity. 

4. A person's ration card, passport, utility bills or a letter 

from the employer or his housing society is accepted as 

residence proof. For proof of identity, passport, voter 

ID card, Permanent Account Number (PAN) card or 

driving license too could work. Nowadays, most 

institutions ask for the customer's PAN too. 

5. Impact: Although the effort towards strengthening 

identification norms has helped in preventing money 

laundering and reducing fraud, it has had a negative 

impact in an unexpected quarter. The growth in 

investor numbers in various instruments is either 

stagnating or reducing. Apparently, the KYC norms 

are proving restrictive because of the hassles of 

documentation. 

6. The KYC requirement sometimes leads to unnecessary 

and repetitive work, delaying operations. Customers 

complain about the paperwork involved. Ultimately, it 

means customers have to run from pillar to post for 

complying with the KYC norms. Investors complain of 

being asked to provide details repeatedly or face a 

freeze on their accounts  

7. Impact for service providers: Companies and 

distributors say, KYC requirements have burdened 

them with substantial administrative obligations. The 

verification rules place a financial burden on banks, 

insurance companies and mutual funds due to the 

involved costs. Currently, every entity has to 

individually conduct this verification which results in 

duplication of effort for customers as well as the 

institutions. 

8. There is a need to simplify KYC requirements. The 

authorities could opt for centralization of the KYC 

norms to make investing easy for those not well versed 

with paperwork. Mutual funds have done this at an 

industry level by giving the mandate to a single entity, 

CDSL Ventures. Uniformity in requirements for KYC 

prescribed by all authorities would help make the filing 

easier. One important document that will make life 

simpler is - 'Aadhar', the unique identification number 

to be provided to each citizen by Unique Identification 

Authority of India (UIDAI), a government initiative.  

But there is still some time before it will be 

implemented. By making KYC norms simpler, it will 

make investments simpler. It is especially required if 

investing is to become more inclusive.’ 

9. Beneficiaries of transactions conducted by professional 

intermediaries, such as Stock Brokers, Chartered 

Accountants, Solicitors, etc. as permitted under the 

law, and any person or entity connected with a 

financial transaction, which can pose significant 

reputation or other risks to the Bank, say, a wire 

transfer or issue of a high value demand draft as a 

single transaction.  

Why does the bank ask you for proof of your identity and 

address?  

       The identification of a customer is a very critical process 

with a view to protect the customer interests by preventing from 

fraudsters who may use the name, address and forge signature to 

undertake benami / illegal business activities, encashment of 

stolen drafts, cheques, dividend warrants, etc. This also helps to 

safeguard banks from unwittingly used for the transfer of deposit 

of funds derived from criminal activity or for financing terrorism. 

Identification of customers will also help to control financial 

frauds, identify money laundering and suspicious activities, and 

for scrutiny / monitoring of large value cash transactions. 

  

Are KYC requirements new? 

        No, KYC requirements have always been in place and 

Banks have been taking KYC documents in accordance with the 

guidelines issued by RBI from time to time. RBI has revisited the 

KYC guidelines in the context of recommendations made by the 

Financial Action Task Force (FATF) on Anti Money Laundering 

standards and on Combating Financing of Terrorism and 

enhanced the KYC standards in line with international 

benchmarks. 

 

 Is KYC mandatory?  

       Yes. It is a regulatory and legal requirement. Regulatory: In 

terms of the guidelines issued by the Reserve Bank of India 

(RBI) on November 29, 2004 on Know Your Customer [KYC] 

Standards – Anti Money Laundering [AML] Measures, all banks 

are required to put in place a comprehensive policy framework 

covering KYC Standards and AML Measures. Legal: The 

Prevention of Money Laundering Act, 2002 (PMLA) which 

came into force from July 1, 2005 (after “rules” under the Act 

were formulated and published in the Official Gazette) also 

requires Banks, Financial Institutions and Intermediaries to 

ensure that they follow certain minimum standards of KYC and 

AML as laid down in the Act and the “rules” framed there under  

 

When does KYC apply?  

       KYC will be carried out at the following stages:  

1. Opening a new account  

2. Opening a subsequent account where documents as per 

current KYC standards not been submitted while 

opening the initial account  

3. Opening a Locker Facility where these documents are 

not available with the bank for all the Locker facility 

holders  

4. When the bank feels it necessary to obtain additional 

information from existing customers based on conduct 

of the account  

5. When there are changes to signatories, mandate holders, 

beneficial owners etc. KYC will also be carried out in 

respect of non-account holders approaching the bank for 

high value one-off transactions. 

 

 Who is your contact point in the bank for KYC purposes? 

        Your contact point in the Bank will be the Relationship 

Manager / the official who opens your account and who is in 

touch with you for your transactions.  

 

What is money laundering? 
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        Money Laundering refers to conversion of money illegally 

obtained to make it appear as if it originated from a legitimate 

source. Money laundering is being employed by launderers 

worldwide to conceal criminal activity associated with it suahc as 

drugs / arms trafficking, terrorism and extortion. All crimes that 

produce a financial benefit give rise to money laundering.  

 

What has this got to do with opening bank accounts?  
       The first step in the laundering process for criminals is to get 

their money into an account with a Bank, often using a false 

identity and address. The funds so deposited will be transferred 

to other accounts locally or abroad or used for buying goods or 

services. These transactions would appear to be like any legally 

earned money and becomes difficult to trace it back to its 

criminal past. Banks under law should not only prevent this, but 

should stop criminals who wish to use the banking channel to 

launder the ill-gotten money from illegal / criminal activities.  

 

How could this affect you as a customer?  
       A key defense against money laundering is to prevent 

accounts being opened in false identities. Anyone wishing to 

open an account will therefore be asked for proof of their identity 

and address. These documents have to be essentially obtained 

irrespective of the type of account to be opened and the purpose 

for which the account is opened for. The fact that these 

documents are asked for opening of account does not mean that 

you are suspected of money laundering. Criminals try to appear 

to be normal law-abiding customers, for example they may try to 

open a number of accounts using small amounts of money. 

Hence it is necessary to identify all prospective account holders 

or customers. Anybody including a criminal could falsely use 

your identity, if these identity documents are not obtained.  

 

What proof of identity will you need?  

       The best identification documents are those, which are 

issued by a Government authority, which should have a 

photograph, address and signature. For an individual document 

like copy of the Passport, Election Identity Card, Permanent 

Account Number (PAN) card, etc. would be sufficient for the 

purpose of establishing the identity of a customer. This has to be 

submitted along with a document to establish the address of the 

customer. You may approach the nearest branch of the Bank for 

the list of acceptable documents to be submitted for proof of 

identity and address. Similarly, for other entities like firms, 

companies, trusts, etc., documents like Partnership Deed, Trust 

Deed, Memorandum & Articles of Association, Certificate of 

Incorporation, Registration and Service Tax, License under 

Shops and Establishment Act, etc. would be applicable and the 

branch / sales staff / call center would be able to help you in 

providing the details of the list of approved documents. 

 

 What will happen if you do not provide the required KYC 

information / documents to the Bank?  
       The Bank will be entitled to refuse to open the account (if 

you are a prospective customer) or discontinue its relationship 

with you citing non-providing of KYC information / documents 

(if you are an existing customer). If you however, require 

reasonable time to furnish certain non-critical documents you can 

approach the branch / sales staff. If you are a small depositor, 

would you still have to go through the stringent KYC 

requirements? While the internal procedures of the Bank and the 

guidelines of RBI require that satisfactory proof of your identity 

and address, RBI has simplified the KYC procedure with the 

objective of greater financial inclusion, i.e. making available the 

basic banking facilities to those persons who intend to keep 

balances not exceeding Rupees Fifty Thousand (Rs. 50,000/-) in 

all their accounts taken together and the total credit in all the 

accounts taken together is not expected to exceed Rupees One 

Lakh (Rs.1,00,000/-) in a year. Help us to Help You Please help 

us to prevent crime, tax evasion and the laundering of the 

proceeds of such crime or evasion by being patient when staff 

asks you to provide documents to prove your identity. You can 

also help prevent crime against yourself and others by 

maintaining the confidentiality of your account details and 

identity documents. Indian Regulations on Prevention of Money 

Laundering – A customer must know Under the Prevention of 

Money Laundering Act (PMLA) 2002, and the Rules thereof, the 

banks are required to report:  

       a) All cash transactions (deposits and withdrawals) of the 

value of more than Rupees Ten Lakhs or equivalent thereof in 

foreign currency;  

       b) All series of cash transactions integrally connected to each 

other, which have been valued below Rupees Ten Lakhs or its 

equivalent in foreign currency where such series of transactions 

have taken place within a month and the aggregate value of such 

transactions exceeds Rupees Ten Lakhs.  

       c) All cash transactions were forged or counterfeit currency 

notes or Bank notes have been used as genuine and where any 

forgery of a valuable security has taken place;  

       d) All suspicious transactions whether or not made in cash 

and by way of as mentioned in the Rules.  

 

IX. UNDER REGULATORY INSTRUCTIONS ISSUED 

BY THE RESERVE BANK OF INDIA IN 

CONSULTATION WITH THE GOVERNMENT OF 

INDIA AND INDIAN BANK’S ASSOCIATION  

       a) Demand drafts, mail transfers and travelers cheques for 

Rs. 50,000/- and above can be issued by banks only by debit to 

the customer’s account or against cheque or other instrument 

tendered by the purchaser and not against cash payment;  

       b) Demand drafts, mail transfers and travelers cheques for 

Rs. 50,000/- and above can be paid by banks only by credit to the 

customer’s account or through other banking channels and not in 

cash.  

       Many of the new ‘Know Your Customer’ initiatives and 

regulations have not been viewed in a positive light by the 

financial services community. These regulations, along with 

many others, are viewed simply as a necessary evil and 

compliance as an increased operating cost. Even the language of 

regulation is negative. We talk in terms of obligations, duties, 

and requirements. The word most frequently paired with 

‘regulatory’ is ‘burden’, and the antithesis of ‘regulation’ in any 

discussion of the issue is ‘freedom’, as though the two terms are 

mutually exclusive. Clearly, while identifying and profiling 

customers and reporting suspicious transactions may become an 

accepted part of banking best practice. These initiatives have not 

been greeted with great enthusiasm. But this could be a serious 
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miscalculation of the changing landscape in financial services. 

The fundamental role of a financial services company must be to 

make a profit by serving its customers. And more profit can be 

made and more customers retained if the customers are well 

served. This having been stated, what could be better than getting 

to know more about your customers?  

       Knowing your customer should not be seen as a function to 

be relegated to Compliance, but a fundamental building block for 

a profitable operation. Good intelligence is essential to planning 

business strategy. Financial Institutions should reconsider any 

initial negative reaction to these new regulations and should 

avoid allowing valuable information to gather dust in the 

compliance department. Many banks have already paid millions 

of dollars to understand and implement complex CRM programs 

and processes. Meeting regulatory compliance should be a 

byproduct of knowing your client with successful and profitable 

customer relationships being the ultimate goal.  

       The institutions that understand that compliance with Know 

Your Customer regulations can be an investment rather than a 

cost will reap the rewards of this new landscape. The increase in 

regulation over the past two decades has been a delicate game of 

cat and mouse between legislators and the financial services 

industry. And moves to strengthen regulation in different parts of 

the world have invariably followed hard on the heels of scandal – 

BCCI, Barlow Clowes, Marcos, and Abacha to name but a few. 

Many politicians pay lip service to the sanctity of the individual’s 

right to financial privacy, but only up to point. The reality is in 

the massive amounts of new legislation moving through national 

and international bodies. Massive inroads have already been 

made into the privacy edifice by successive raids against drug 

trafficking, money laundering, corruption, tax evasion, and, as no 

one will need reminding, terrorism. Anonymity, whether 

individual or corporate, is no longer to be tolerated and sources 

of funds must now be known. And there is no bucking this trend.  

Pressures are being brought to bear from many different 

directions and at many different levels – national governments, 

international bodies, multinational authorities, non-governmental 

organizations, self-regulatory groupings, and private sector or 

professional associations. If there was any hope that this issue 

would go away, the events of September 11th have dismissed 

that notion. The G7 leading industrialized nations set the ball 

rolling with the creation of the Financial A action Task Force 

Against Money Laundering. And the ranks have been swelled 

variously by parallel or supporting contributions from the 

Organization for Economic Cooperation and Development, the 

International Monetary Fund, the United Nations, the Financial 

Stability Forum, and the Basel Committee on Banking 

Supervision.  

       The latter’s approach to ‘Know Your Customer’ (KYC) 

standards is from a wider prudential perspective than money 

laundering alone. It originates from its concerns for market 

integrity and the direct and indirect losses that may be incurred 

by banks that do not have or have not properly implemented 

appropriate due diligence procedures. That there are increasing 

pressures on private banks in particular to verify the identity of 

their clients is no news to many of the largest banks in that 

group. Forces for change from without the industry have been 

equaled, and quite possibly exceeded, by forces for change from 

within.  

       The majority of respondents see it as important to achieve 

operational performance and to manage the hazards within the 

business but only a few are also beginning to view risk 

management as a proactive tool in the development of the 

business strategy and strategic opportunities. Private banks, say 

the Basel Committee, are particularly exposed to reputational 

risk, and should therefore apply enhanced due diligence to such 

operations. Development of strong brand is becoming 

increasingly important.  

       Image and reputation are ranked second as a key 

differentiator by chief executive officers in the PWC survey. 

They are also perceived as the second ranked criterion for clients 

selecting a private bank or wealth manager, and as the top ranked 

measure of success. At a minimum, leaders must consider the 

effect that internal processes and procedures can have on the 

reputation and brand of their organization. Institutions that do not 

have a facility to meet these new regulations are unnecessarily 

exposing themselves to other significant risks that include civil 

fines and significant penalties. External audit exemptions could 

result in a decreased share value for many highly profitable 

private banks. Investors must be confident that leadership has 

this issue under control. To look at the new KYC regulations as 

simply a compliance issue is the wrong approach. This is a glass 

half full, not half empty.  

       Knowing your customer is what the modern financial 

services industry is all about. The process allows you to manage 

your risk, but if properly implemented it should also provide the 

data to help steer your strategy, improve customer service, and 

increase profitability. Financial institutions must shake off the 

‘regulatory burden’ mindset and seek to capitalize instead on this 

‘regulatory bonus’. Performing effective due diligence is not 

simply a compliance issue, but a golden opportunity to better 

understand your customers and their needs. Capturing and 

utilizing the right information can transform an otherwise 

burdensome compliance process into a cornerstone of business 

development and customer relationship best practices. 

 

X. CONCLUSION 

1) Banks doing KYC monitoring for anti-money 

laundering (AML) and checks relating to combating the 

financing of terrorism (CFT) increasingly use 

specialized transaction monitoring software, particularly 

names analysis software and trend monitoring software. 

2) Know Your Customer processes are also employed by 

regular companies of all sizes, for the purpose of 

ensuring their proposed agents', consultants' or 

distributors' anti-bribery compliance. Banks, insurers 

and export credit agencies are increasingly demanding 

that customers provide detailed anti-corruption due 

diligence information, to verify their probity and 

integrity. Some specialist consultancies help 

multinational companies and SMEs conduct Know Your 

Customer processes when entering new market. 

3) The adoption of effective know-your-customer (KYC) 

standards is an essential part of banks' risk management 

practices. As discussed in the Customer due diligence 

for banks (CDD) paper, banks with inadequate KYC 

standards may be subject to significant risks, especially 
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legal and reputational risk. Sound KYC policies and 

procedures not only contribute to a bank's overall safety 

and soundness, they also protect the integrity of the 

banking system by reducing the likelihood of banks 

becoming vehicles for money laundering, terrorist 

financing and other unlawful activities.  

4) “A rigorous and robust process of investigation over and 

above (KYC) procedures, that seeks with reasonable 

assurance to verify and validate the customer’s identity; 

understand and test the customer’s profile, business and 

account activity; identify relevant adverse information 

and risk assess the potential for money laundering and / 

or terrorist financing to support actionable decisions to 

mitigate against financial, regulatory and reputational 

risk and ensure regulatory compliance.” 

5) There is no escaping the paperwork while investing in 

financial products. Be it, opening a new bank account, 

demat account or buying insurance, filling the Know 

Your Client (KYC) documents is a mandatory 

procedure today. 
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I. INTRODUCTION 

elcome to Bancassurance. Bancassurance - a term coined 

by combining the two words bank and insurance (in 

French) - connotes distribution of insurance products through 

banking channels. Bancassurance encompasses terms such as 

‘Allfinanz’ (in German), ‘Integrated Financial Services’ and 

‘Assure banking’. This concept gained currency in the growing 

global insurance industry and its search for new channels of 

distribution. Banks, with their geographical spread and 

penetration in terms of customer reach of all segments, have 

emerged as viable sources for the distribution of insurance 

products. And everyone wants to jump onto the bandwagon for a 

piece of the action cake. The insurance industry has finally 

woken up from its long slumber to an altogether new awakening. 

It is the rise of a new dawn that has brought with it opportunities 

galore. From innumerable insurers, to affordable and quality 

covers for the consumer, from increase in distribution channels to 

incorporating information technology measures, from net selling 

to bringing about increased transparency - it’s all there. The 

ubiquitous agent is no more the only distribution channel today 

for insurance products. Increase in distribution channels has 

among others also seen the concept of Bancassurance taking 

roots in India, and it is emerging to be a viable solution to mass 

selling of insurance products. 

        Bancassurance is a long-standing dream of offering a 

seamless service of banking, life & non-life products. India, 

being the one of the most populous country in the world with a 

huge potential for insurance companies, has an envious chain of 

bank branches as the lifeline of its financial system. Banks with 

over 65,000 branches & 65% of household investments are the 

backbone of the Indian financial market. In India, there are 75 

branches per million inhabitants. Clearly, that’s something 

insurance companies - both private and state-owned - would find 

nearly impossible to achieve on their own. Considering it as a 

channel for insurance gives insurance an unlimited exposure to 

Indian consumers. Banks have expertise on the financial needs, 

saving patterns and life stages of the customers they serve. Banks 

also have much lower distribution costs than insurance 

companies and thus are the fastest emerging distribution channel. 

For insurers, tying up with banks provides extensive 

geographical spread and countrywide customer access; it is the 

logical route for insurers to take. 

        The business of banking around the globe is changing due to 

integration of global financial markets, development of new 

technologies, universalization of banking operations and 

diversification in non-banking activities. Due to all these 

movements, the boundaries that have kept various financial 

services separate from each other have vanished. The coming 

together of different financial services has provided synergies in 

operations and development of new concepts. One of these is 

bancassurance.  

        Bancassurance simply means selling of insurance products 

by banks. In this arrangement, insurance companies and banks 

undergo a tie-up, thereby allowing banks to sell the insurance 

products to its customers. This is a system in which a bank has a 

corporate agency with one insurance company to sell its 

products. By selling insurance policies bank earns a revenue 

stream apart from interest. It is called as fee-based income. This 

income is purely risk free for the bank since the bank simply 

plays the role of an intermediary for sourcing business to the 

insurance company.  

        Bancassurance has grown at different places and taken 

shapes and forms in different countries depending upon 

demography, economic and legislative prescriptions in that 

country. It is most successful in Europe, especially in France, 

from where it started, Italy, Belgium and Luxembourg. The 

concept of bancassurance is relatively new in the USA. As 

mentioned above bancassurance growth differs due to various 

reasons in different countries. The Glass-Steagall Act of 1933 

prevented the banks of the USA from entering into alliance with 

different financial services providers, thereby putting a barrier on 

bancassurance. As a result of this life insurance was primarily 

sold through individual agents, who focused on wealthier 

individuals, leading to a majority of the American middle class 

households being under-insured. With the US Government 

repealing the Act in 1999, the concept of bancassurance started 

gaining grounds in the USA also.  Coming to Asia, it has been 

estimated that bancassurance would contribute almost 16% of the 

life premium in the Asian markets in the year 2006 primarily due 

to the growth expected in India and China.  

        Coming to India, bancassurance is a new buzzword in India. 

It originated in India in the year 2000 when the Government 

issued notification under Banking Regulation Act which allowed 

Indian Banks to do insurance distribution. It started picking up 

after Insurance Regulatory and Development Authority (IRDA) 

passed a notification in October 2002 on 'Corporate Agency' 

regulations. As per the concept of   Corporate Agency, banks can 

act as an agent of one life and one non-life insurer. Currently 

bancassurance accounts for a share of almost 25-30% of the 

premium income amongst the private players in India.  

        Bancassurance provides various advantages to banks, 

insurers and the customers. For the banks, income from 

bancassurance is the only non interest based income. Interest is 

market driven and fluctuating and quite narrowing these days. 

Banks do not get great margins because of the competition this is 

why more and more banks are getting into bancassurance so as to 

improve their incomes. Increased competition also makes it 

difficult for banks to retain their customers. Banassurance comes 

as a help in this direction also. Providing multiple services at one 

place to the customers means enhanced customer satisfaction. 

For example, through bancassurance a Customer gets home loans 

W 
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along with insurance at one single place as a combined product. 

Another important advantage that bancassurance brings about in 

banks is development of sales culture in their employees.  

        As for the insurance company the advantage that 

bancassurance provides is evident. The insurance company gets 

improved geographical reach without additional costs. In India 

around 67,000 branches are there for PSU banks alone. If all 

67,000 branches sell the insurance products one can see the 

reach. This is one method of penetrating the market. There is also 

another method called 'Bank Referral'. Here the banks do not 

issue the policies; they only give the database to the insurance 

companies. The companies issue the policies and pay the 

commission to them. That is called referral basis.  

        India's rural market has huge potential that is still untapped 

by the insurance companies. Setting up their own networks 

entails such a huge cost, that no company would be interested in 

doing so. Bancassurance again comes as an answer. It helps the 

insurance companies to tap the market at a much lower cost. As 

for the customer the competitive nature of the Indian market 

ensures that the reduction in costs would result in benefits in 

terms of lower premium rates being passed on to him. The 

penetration level of life insurance in the Indian market is 

abysmally low at 2.3% of GDP with only 8% of the total 

population currently insured. With almost half of the population 

likely to be in the 'wage earner' bracket by 2010, there is every 

reason to be optimistic that bancassurance in India will play a 

long inning.  

        The life insurance industry in India has been progressing at 

a rapid pace since opening up of the sector in 2000. The size of 

the country, a diverse set of people combined with problems of 

connectivity in rural areas, makes insurance selling in India a 

very difficult proposition. Life insurance companies require 

immense distribution strength and tremendous manpower to 

reach out to such a huge customer base. This distribution will 

undergo a sea change as various insurance companies are 

proposing to bring insurance products into the lives of the 

common man by making them available at the most basic 

financial point, the local bank branch, through Bancassurance.  

Simply put, bancassurance is the process through which 

insurance products are sold to customers at their local banks. 

With banking network of 65,000 branches serving more than 300 

million retail banking customers, insurance can be available at 

affordable prices to people even in remote corners of the country. 

The relationship is symbiotic; but there are challenges. The most 

common challenges to success are poor manpower management, 

lack of a sales culture within the bank, no involvement by the 

branch manager, insufficient product promotions, failure to 

integrate marketing plans, marginal database expertise, poor 

sales channel linkages, inadequate incentives, resistance to 

change, negative attitudes toward insurance and unwieldy 

marketing strategy. Even insurers and banks that seem ideally 

suited for a bancassurance partnership can run into problems 

during implementation. Before targeting the market, it is 

essential to do a SWOT analysis. One more important obstacle in 

development of bancassurance in India has been a set of 

regulatory barriers. Some of these have recently been cleared 

with the passage of the Insurance (Amendment) Act, 2002. 

Looking at the west where sales through the banking network 

have been a roaring success, the Indian banking sector has far to 

go. But one thing stands obvious. If insurance in India is to 

succeed, it can only be through the Bancassurance channel. 

 

II. REASONS FOR GROWING PHENOMENA OF 

BANCASSURANCE 

        The opening up of the insurance industry to private sector 

participation in December 1999 has led to the entry of 20 new 

players, with 12 in the life insurance sector and eight in the non-

life insurance sector. Almost without exception these companies 

are seeking to utilize multiple distribution channels such as 

traditional agency, bancassurance, brokers and direct marketing. 

Bancassurance is seen by many to be a significant or even the 

primary channel (the latter being the case for at least SBI Life). 

In other Asian markets we have seen bancassurance make 

significant headway in recent times. For example, bancassurance 

accounted for 24% of new life insurance sales by weighted 

premium income in Singapore in 2002. This is a significant 

increase on the equivalent 2001 statistic of 15% and is as a result 

of growth in significant bank-centric bancassurance operations. 

In Hong Kong the figure for 2002 is expected to be at the 20% 

level for the same basic reasons. 

 Life insurance premium represents 55% of the world 

insurance premium, and as the life insurance is basically 

a saving market. So it is one of the methods to increase 

deposits of banks. 

 In non-life insurance business banks are looking to 

provide additional flow of revenues from the same 

customers through the same channel of distribution and 

with the same people. 

 Insurers have been turning in ever-greater numbers to 

alternative modes of distribution because of the high 

costs they have paid for agent services. 

 Insurers operate through bancassurance own and control 

relationships with customers. Insurers found that direct 

relationships with customers gave them greater control 

of their business at a lower cost. Insurers who operate 

through the agency relationship are hardly having any 

control on their relationship with their clients. 

 The ratio of expenses to premiums, an important 

efficiency factor, it is noticed very well that expenses 

ratio in insurance activities through bancassurance is 

extremely low. This is because the bank and the 

insurance company is benefiting from the same 

distribution channels and people. 

 It is believed that the prospects for increased 

consolidation between banking and insurance is more 

likely dominated and derived by the marketing 

innovations that  are likely to follow from financial 

service modernization. Such innovations would include 

cross selling of banking, insurance, and brokerage 

products and services; the increased use of the Internet 

by consumers; and a melding of insurance and banking 

corporate cultures. 

 One of the most important reasons of considering 

Bancassurance by Banks is increased return on assets 

(ROA). One of the best ways to increase ROA, 

assuming a constant asset base, is through fee income. 
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Banks that build fee income can cover more of their 

operating expenses, and one way to build fee income is 

through the sale of insurance products. Banks those 

effectively cross-sell financial products can leverage 

their distribution and processing capabilities for 

profitable operating expense ratios. 

 By leveraging their strengths and finding ways to 

overcome their weaknesses, banks could change the 

face of insurance distribution. Sale of personal life 

insurance products through banks meets an important 

set of consumer needs. Most large retail banks engender 

a great deal of trust in broad segments of consumers, 

which they can leverage in selling them personal life 

insurance products. In addition, a bank’s branch 

network allows the face-to-face contact that is so 

important in the sale of personal insurance. 

 Another advantage banks have over traditional 

insurance distributors is the lower cost per sales lead 

made possible by their sizable, loyal customer base. 

Banks also enjoy significant brand awareness within 

their geographic regions, again providing for a lower 

per-lead cost when advertising through print, radio 

and/or television. Banks that make the most of these 

advantages are able to penetrate their customer base and 

markets for above-average market share. 

 Other bank strengths are their marketing and processing 

capabilities. Banks have extensive experience in 

marketing to both existing customers (for retention and 

cross selling) and non-customers (for acquisition and 

awareness). They also have access to multiple 

communications channels, such as statement inserts, 

direct mail, ATMs, telemarketing, etc. Banks’ 

proficiency in using technology has resulted in 

improvements in transaction processing and customer 

service.  

 By successfully mining their customer databases, 

leveraging their reputation and distribution systems. 

(Branch, phone, and mail) to make appointments, and 

utilizing sales techniques and products tailored to the 

middle market, European banks have more than doubled 

the conversion rates of insurance leads into sales and 

have increased sales productivity to a ratio which is 

more than enough to make bancassurance a highly 

profitable proposition. 

 Insurers have much to gain from marketing through 

banks. Personal-lines carriers have found it difficult to 

grow using traditional agency systems because price 

competition has driven down margins and increased the 

compensation demands of successful agents. Over the 

last decade, life agents have sold fewer and larger 

policies to a more upscale client base. Middle-income 

consumers, who comprise the bulk of bank customers, 

get little attention from most life agents. By capitalizing 

on bank relationships, insurers will recapture much of 

this underserved market. 

 Most insurers that have tried to penetrate middle-

income markets through alternative channels such as 

direct mail have not done well. Clearly, a change in 

approach is necessary. As with any initiative, success 

requires a clear understanding of what must be done, 

how it will be done and by whom. The place to begin is 

to segment the strengths that the bank and insurer bring 

to the business opportunity. 

 

III. WHY BANCASSURANCE IN INDIA? 

        The management of the new Indian operations is conscious 

of the need to grow quickly to reduce painful start-up expense 

overruns. Banks with their huge networks and large customer 

bases give insurers an opportunity to do this efficiently. 

Regulations requiring certain proportions of sales to the rural and 

social sectors give an added impetus to the drive for 

bancassurance. Selling through traditional methods to these 

sectors can be inefficient and expensive. Tying up with a bank 

with an appropriate Customer base can give an insurer relatively 

cheap access to such sectors. This is still an issue for insurers 

despite the recent widening of the definition of the rural sector 

(so that it now accords with the census definition).In India, as 

elsewhere, banks are seeing margins decline sharply in their core 

lending business. Consequently, banks are looking at other 

avenues, including the sale of insurance products, to augment 

their income. The sale of insurance products can earn banks very 

significant commissions (particularly for regular premium 

products). In addition, one of the major strategic gains from 

implementing bancassurance successfully is the development of 

a sales culture within the bank. This can be used by the bank to 

promote traditional banking products and other financial services 

as well.  Bancassurance is not simply about selling insurance but 

about changing the mindset of a bank. In addition to acting as 

distributors, several banks have recognized the potential of 

insurance in India and have taken equity stakes in insurance 

companies. This is perhaps the precursor of a trend we have seen 

in the United Kingdom and elsewhere where banks started off as 

distributors of insurance but then moved to a manufacturing role 

with fully owned insurance subsidiaries. 

 

IV. INSURANCE MARKET IN INDIA - A QUICK LOOK 

        With the progress of reforms, Insurance market has been 

flooded with a number of players. As at end-March 2006, among 

the life insurers, there were 151 companies in private sector and 

Life Insurance Corporation of India (LIC) was the solitary public 

sector company. Among non-life insurers, nine companies were 

in private sector and four companies were in public sector 

(Annex II). As regarding the present size of the insurance market 

in India, it is stated that India accounts not even one per cent of 

the global insurance market.  

        However, studies have pointed out that India’s insurance 

market is expected to grow rapidly in the next 10 years. Mathur 

(2004) for instance, stated that in spite of significant growth of 

life insurance business through the outstanding efforts of LIC, 

only 25 to 26% of insurable population in India has been insured. 

In terms of ‘insurance penetration ratio’ (defined as ratio of 

insurance premium to GDP), a key indicator of the spread of 

insurance coverage and insurance culture, India compares poorly 

by international standards. The penetration ratio was less than 

one per cent in 1990s and it improved to 4.8% by end-March 
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2006. As against this, a Survey Report of Swiss Re revealed that 

the penetration ratio as at end-March 2006, in respect of some of 

the European countries, viz., UK and Switzerland at 16.5% and 

11.0%.  

        In Asia, Taiwan and South Korea had registered their 

respective ratio of as high as 14.5% and 11.1%. Insurance 

Penetration ratio for the World was placed at 7.5% far greater 

than that of India Thus in a country with more than 1.2 billion 

populations; the poor penetration ratio indicates that a vast 

majority of population remain outside the reach of the insurance, 

especially in rural and semi-urban areas, in the context of the 

absence of social security schemes. This clearly suggests the 

presence of vast potential for tapping the insurance market 

particularly by widening the distribution channels. This is where 

the strategy of bancassurance could possibly become more 

relevant. 

 

V. SWOT ANALYSIS OF BANCASSURANCE 

Strengths 

        In a country of 1Billion people, sky is the limit for personal 

lines insurance products. There is a vast untapped potential 

waiting to be mined mainly for life insurance products. There are 

more than 900 Million lives waiting to be given a life cover (total 

number of individual life policies sold in 1998-99 was just 91.73 

Million). There are about 200 Million households waiting to be 

approached for a householder’s insurance policy. Millions of 

people travelling in and out of India can be tapped for Overseas 

Medi-claim and Travel Insurance policies. After discounting the 

population below poverty line the middle market segment is the 

second major in the world after China. The insurance companies 

worldwide are eyeing on this, why not we pre-empt this move by 

doing it ourselves? Our other strength lies in a huge pool of 

experienced professionals whether it is banks or insurance 

companies who may be easily relocated for any bancassurance 

venture. LIC and GIC both have a good range of personal line 

products already lined up, therefore R & D efforts to create new 

products will be minimal in the beginning. Additionally, GIC 

with 4200 operating offices and LIC with 2048 branch offices are 

almost already omnipresent, which is so essential for the 

development of any bancassurance project 

  

 Weaknesses 

        The IT culture is unfortunately missing completely in all of 

the potential and future collaborators i.e. banks, GIC & LIC. A 

late awakening seems to have dawned upon but it is a case of too 

late and too little. Elementary IT requirement like networking 

(LAN) is not in place even in the headquarters of these 

institutions, when the need today is of Wide Area Network 

(WAN) and Vast Area Network (VAN). Internet connection is 

not accessible even to the managers of operating offices. The 

middle class population that we are eyeing at is today 

overburdened, firstly by inflationary pressures on their pockets 

and then by the tax net. Where is the money left to think of 

insurance? Fortunately, LIC schemes get IT exemptions but 

personal line products from GIC (mediclaim already has this 

benefit) like householder, travel, etc. also need to be given tax 

exemption to further the cause of insurance and to increase 

domestic revenue for the country. Another drawback is the 

inflexibility of the products i.e. it cannot be tailor made to the 

requirements of the customer. For a bancassurance venture to 

succeed, it is extremely essential to have in-built flexibility so as 

to make the product attractive to the customer. 

  

Opportunities 

        Banks’ database is gigantic even though the goodwill may 

not be the same as in case of their European counterparts. This 

database has to be dissected variously and different 

homogeneous groups are to be churned out in order to position 

the bancassurance products. With a good IT infrastructure, this 

can really do wonders. Other developing economies like 

Malaysia, Thailand and Singapore have already taken a leap in 

this direction and they are not doing badly. There is already an 

atmosphere created in the country for liberalization and there 

appears to be a political consensus also on the subject. Therefore, 

RBI or IRA should have no hesitation in allowing the marriage 

of the two to take place. This can take the form of merger or 

acquisition or setting up a joint venture or creating a subsidiary 

by either party or just the working collaboration between banks 

and insurance companies. 

 

Threats 
        Success of a bancassurance venture requires variations in 

approach, thinking and work culture on the part of everybody 

involved. Our work force at every stages are so well entrenched 

in their standard way of working that there is a specific threat of 

conflict to any change that bancassurance may set in. Any 

transfer to a new company or subsidiary or change from one 

work to a different kind of work will be presented with 

vehemence. Another possible threat may come from non-

response from the target customers. This happened in USA in 

1980s after the enactment of Garn - St Germaine Act. A rush of 

joint ventures took place between banks and insurance 

companies and all these failed due to the non-response from the 

target customers. US banks have once again (since late 1990s) 

twisted their attention to insurance i.e., life insurance. The 

investors in the capital may turn their face off in case the rate of 

return on capital falls short of the existing rate of return on 

capital. Since banks and insurance companies have major portion 

of their earnings coming from the investments, the return from 

bancassurance must at least match those returns. Also if the 

unholy alliances are allowed to take place there will be severe 

competition in the market resulting in lower prices and the 

bancassurance venture may never break-even. 

 

VI. BANK INSURANCE MODEL ('BIM') 

        The Bank Insurance Model ('BIM'), also sometimes known 

as 'Bancassurance', is the term used to describe the partnership or 

relationship between a bank and an insurance company whereby 

the insurance company uses the bank sales channel in order to 

sell insurance products. BIM allows the insurance company to 

maintain smaller direct sales teams as their products are sold 

through the bank to bank customers by bank staff. Bank staff and 

tellers, rather than an insurance salesperson, become the point of 

sale/point of contact for the customer. Bank staff are advised and 

supported by the insurance company through product 

information, marketing campaigns and sales training. Both the 
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bank and insurance company share the commission. Insurance 

policies are processed and administered by the insurance 

company. BIM differs from 'Classic' or Traditional Insurance 

Model (TIM) in that TIM insurance companies tend to have 

larger insurance sales teams and generally work with brokers and 

third party agents. An additional approach, the Hybrid Insurance 

Model (HIM), is a mix between BIM and TIM. HIM insurance 

companies may have a sales force, may use brokers and agents 

and may have a partnership with a bank. BIM is extremely 

popular in European countries such as Spain, France and Austria. 

The usage of the term picked up as banks and insurance 

companies merged and banks sought to provide insurance, 

especially in markets that have been liberalized recently. It is a 

controversial idea, and many feel it gives banks too great a 

control over the financial industry or creates too much 

competition with existing insurers. 

        In some countries, bank insurance is still largely prohibited, 

but it was recently legalized in countries such as the United 

States, when the Glass–Steagall Act was repealed after the 

passage of the Gramm-Leach-Bliley Act. But revenues have been 

modest and flat in recent years, and most insurance sales in U.S. 

banks are for mortgage insurance, life insurance or property 

insurance related to loans. But China recently allowed banks to 

buy insurers and vice versa, stimulating the bancassurance 

product and some major global insurers in China have seen the 

bancassurance product greatly expand sales to individuals across 

several product lines. 

        Private Bancassurance is a wealth management process 

pioneered by Lombard International Assurance and now used 

globally. The concept combines private banking and investment 

management services with the sophisticated use of life assurance 

as a financial planning structure to achieve fiscal advantages and 

security for wealthy investors and their families. 

 

VII. THE BANCASSURANCE CHANNEL  

        The Bancassurance channel is a channel that has been the 

most profitable channel for assurance businesses worldwide. So 

what is it that makes the channel work?  Penning down a few 

thoughts of mine. This is basically my understanding on the 

bacassurance channel A Watson Wyatt study on India’s 

bancassurance sector has revealed that bancassurance would 

generate about 35 per cent of the private insurers’ premium 

income by 2012. Nearly 90 per cent of the life insurers expect 

(my guesstimate) not less than 75 per cent increase in new 

business premium income during the current fiscal from the 

bancassurance channel.  

 

VIII. RBI GUIDELINES FOR THE BANKS TO ENTER 

INTO INSURANCE BUSINESS 

        Following the issuance of Government of India Notification 

dated August 3, 2000, specifying ‘Insurance’ as a permissible 

form of business that could be undertaken by banks under 

Section 6(1) (o) of the Banking Regulation Act, 1949; RBI 

issued the guidelines on Insurance business for banks. 

        1. Any scheduled commercial bank would be permitted to 

undertake insurance business as agent of insurance companies on 

fee basis, without any risk participation. The subsidiaries of 

banks will also be allowed to undertake distribution of insurance 

product on agency basis. 

        2. Banks which satisfy the eligibility criteria given below 

will be permitted to set up a joint venture company for 

undertaking insurance business with risk participation, subject to 

safeguards. The maximum equity contribution such a bank can 

hold in the joint venture company will normally be 50 per cent of 

the paid-up capital of the insurance company. On a selective 

basis the Reserve Bank of India may permit a higher equity 

contribution by a promoter bank initially, pending divestment of 

equity within the prescribed period. The eligibility criteria for 

joint venture participant are as under: 

        i. The net worth of the bank should not be less than Rs.500 

crore; 

        ii. The CRAR of the bank should not be less than 10 per 

cent; 

        iii. The level of non-performing assets should be reasonable; 

        iv. The bank should have net profit for the last three 

consecutive years; 

        v. The track record of the performance of the subsidiaries, if 

any, of the concerned bank should be satisfactory. 

        3. In cases where a foreign partner contributes 26 per cent of 

the equity with the approval of Insurance Regulatory and 

Development.  

        4. A subsidiary of a bank or of another bank will not 

normally be allowed to join the insurance company on risk 

participation basis. Subsidiaries would include bank subsidiaries 

undertaking merchant banking, securities, mutual fund, leasing 

finance, housing finance business, etc. 

        5. Banks which are not eligible for ‘joint venture’ 

participant as above, can make investments up to 10% of the net 

worth of the bank or Rs.50 crore, whichever is lower, in the 

insurance. 

 Companies for providing infrastructure and services support. 

Such participation shall be treated as an investment and should 

be without any contingent liability for the bank. The eligibility 

criteria for these banks will be as under: 

        i. The CRAR of the bank should not be less than 10%; 

        ii. The level of NPAs should be reasonable; 

        iii. The bank should have net profit for the last three 

consecutive years. 

        6. All banks entering into insurance business will be 

required to obtain prior approval of the Reserve Bank. The 

Reserve Bank will give permission to banks on case to case basis 

keeping in view all relevant factors including the position in 

regard to the level of non-performing assets of the applicant bank 

so as to ensure that non-performing assets do not pose any future 

threat to the bank in its present or the proposed line of activity, 

viz., insurance business. It should be ensured that risks involved 

in insurance business do not get transferred to the bank and that 

the banking business does not get contaminated by any risks 

which may arise from insurance business. There should be ‘arms 

length’ relationship between the bank and the insurance outfit. 
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IX. CONCLUSION 

1. Where legislation has allowed, bancassurance has 

mostly been a phenomenal success and, although slow 

to gain pace, is now taking off across Asia, especially 

now that banks are starting to become more diverse 

financial institutions, and the concept of universal 

banking is being accepted. In India, the signs of initial 

success are already there despite the fact that it is a 

completely new phenomenon. The factors and 

principles of why it is a success elsewhere exists in 

India, and there is no doubt that banks are set to become 

a significant distributor of insurance related products 

and services in the years to come. 

2. The success of bancassurance greatly hinges on banks 

ensuring excellent customers relationship; therefore 

banks need to strive towards that direction. As pointed 

out by Low (2004), the changing mindset is cascading 

through the banking sector in India and this would be a 

right time for banks to resorting to bancassurance, 

especially in the context of proactive policy 

environment of regulatory authorities and the 

Government.  

3. The fact that the banking operations in India, unlike in 

other developed countries, are still branch oriented and 

manually operated vis-à-vis highly mechanized and 

automated banking channels, viz., internet banking, 

ATMs, etc. are all the more conducive for flourishing of 

bancassurance. Regulators could explore the possibility 

of allowing banks having tie-up arrangements with 

more than one insurance company, giving wider choice 

for the customers.  

4. In addition to acting as distributors, banks have 

recognized the potential of bancassurance in India and 

will take equity stakes in insurance companies, in the 

long run. This is somewhat similar a trend observed in 

the United Kingdom and elsewhere where banks started 

off as distributors of insurance but then moved on to the 

fully owned insurance subsidiaries.  

5. Going by the present pace, bancassurance would turn 

out to be a norm rather than an exception in future in 

India. Supervisory concerns as pointed out earlier, could 

best be tackled by way of closer and systematized 

coordination between the respective supervisory 

authorities there needs to be a clear cut identification of 

activities between banking and insurance at the 

institution’s level as also at the level of regulators.  

6. Adequate training coupled with sufficient incentive 

system could avert the banks’ staff resistance if any. In 

sum, bancassurance strategy would be a ‘win-win 

situation’ for all the parties involved - the customer, the 

insurance companies and the banks. 
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Abstract- Image denoising is a process to restore a worth   image from degraded image by choosing an appropriate filter but 

choosing an appropriate filter still is a challenge. Recently, wavelet transform has attracted more and more interest in image de-

noising because the wavelet transform of an image produces a non-redundant image representation, which provides better spatial and 

spectral localization of image formation.  The wavelet transform can be interpreted as image decomposition in a set of independent, 

spatially oriented frequency channels and each cannel can be treated as a single element for removal of noise using an appropriate 

shrinkage threshold and at the end all treated channels recombined to get denoised image. We discuss in this paper various shrinkage 

techniques used in wavelet transform for image denoising in respect of test image size, orthogonal wavelets and elapsed time under 

Additive White Gaussian Noise.  

 

Index Terms- Additive White Gaussian Noise (AWGN), Image Denoising, Peak Signal to Noise Ratio (PSNR), Shrinkage 

Techniques, and Wavelet Transform. 

I. INTRODUCTION 

he image denoising [1, 2] of an image naturally corrupted by noise is a classical problem in the field of image processing. In image 

processing, noise is undesired information that degrades the quality of image. Imperfect instruments, problems with the data 

acquisition process, and interfering natural phenomena can degrade the data of interest. Image denoising involves removing the effect 

of noise and preserves the detail to produce a high quality image. There are various methods to restore an image from noisy distortions 

but selecting the appropriate method plays a major role in getting the desired image. The denoising methods tend to be problem 

specific. For example, a method that is used to denoise satellite images may not be suitable for denoising medical images. This paper 

covers the wavelet transform shrinkage techniques for image denoising and their detail comparative study. The performance of each 

technique is compared by computing Mean Square Error (MSE) and Peak Signal to Noise Ratio (PSNR) [3, 4] besides the visual 

interpretation. 

II. WAVELET TRANSFORM SHRINKAGE TECHNIQUES 

Donoho and Johnstone [5] pioneered the work on filtering of additive Gaussian noise using wavelet 

thresholding. From their properties and behavior, wavelets play a major role in image denoising. The term 

wavelet thresholding is explained as decomposition of  the image into wavelet coefficients, comparing the 

detail coefficients with a given threshold value, and shrinking these coefficients close to zero to take 

away the effect of noise in the image. The image is reconstructed from the modified coefficients. This 

process is also known as the inverse discrete wavelet transform. During thresholding, a wavelet coefficient 

is compared with a given threshold and is set to zero if its magnitude is less than the threshold; 

otherwise, it is retained or modified depending on the threshold rule. 
Thresholding methods use a threshold and determine the clean wavelet coefficients based on this threshold.   

 

A. Hard Thresholding 

If the absolute value of a coefficient is less than a threshold, then it is assumed to be 0, otherwise it is unchanged. Mathematically it 

is given by 

 fh(x) = x,                if x ≥ λ 

         = 0,       otherwise 

The hard thresholding [6] function chooses all wavelet coefficients that are greater than the given threshold λ and sets the others to 

zero. The threshold λ is chosen according to the signal energy and the noise variance (σ 
2
). 

 

B. Soft Thresholding 

T 
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The soft thresholding [6] function has a somewhat different rule from the hard thresholding function. It shrinks the wavelet 

coefficients by λ towards zero, 

Hard thresholding is discontinuous. To overcome this, Donoho introduced the Soft Thresholding method. If the absolute value of a 

coefficient is less than the threshold λ, then it is assumed to be 0, otherwise its value is shrunk by λ. Mathematically, it is given by 

 f (x) = x ‒ λ, if x ≥ λ 

        = 0,    if x < λ 

        = x + λ, if x     λ  

The soft-thresholding rule is chosen over hard-thresholding, because soft-thresholding method yields more visually pleasant images 

over hard thresholding. 

C. Visu Shrink 

Visu Shrink [6] was introduced by Donoho. It uses a threshold value T that is proportional to the standard deviation of the noise. It 

follows the hard thresholding rule. It is also referred to as universal threshold and is defined as       

  (1) 

where σ 
2
 is the noise variance and M is the number of pixels. This asymptotically yields a MSE estimate as M tends to infinity. As 

M increases, we get bigger and bigger threshold, which tends to over smoothen the image. Visu Shrink follows the global thresholding 

[6] scheme where there is a single value of threshold applied globally to all the wavelet coefficients [1]. 

D. Bayes Shrink 

Bayes Shrink [7] was proposed by Chang, Yu and Vetterli [8]. It uses soft thresholding and is subband dependent, which means that 

thresholding is done at each band of resolution in the wavelet decomposition. It is smoothness adaptive. In particular, it is assumed 

that, for the various subbands and decomposition levels, the wavelet coefficients of the original image follow approximately a 

Generalized Gaussian Distribution (GGD) [4]. The Bayes threshold ‘T’ is defined as  

 

                  (2) 

if  is non-zero. 

Otherwise, it is set to some predetermined maximum value. 

                (3) 

is calculated as, 

 

                    (4) 

The noise variance  is estimated from the HH band as,  

 

                                         (5) 

D. Neigh Shrink 

In NeighShrink [9] method, the wavelet coefficients are threshold according to the magnitude of the squared sum of all the wavelet 

coefficients i.e. the local energy within the neighborhood window. 

Let d(i,j) denote the wavelet coefficients of interest and B(i,j) is a neighborhood window around d(i,j). Also let S2=Σd2(i,j) over the 

window B(i,j). Then the wavelet coefficient to be threshold, is shrinked according to the formulae,     

  

d(i,j)= d(i,j)* B(i,j)                                     (6) 

where the shrinkage factor can be defined as B(i,j) = ( 1-T2/ S2(i,j))+, and the sign + at the end of the formulae means to keep the 

positive value while set it to zero when it is negative. 

 
E. Gaussian Noise 

Gaussian noise is evenly distributed over the signal [10]. This means that eachpixel in the noisy image is the sum of the true pixel 

value and a random Gaussiandistributed noise value. As the name indicates, this type of noise has a Gaussiandistribution, which has a 

bell shaped probability distribution function given by, 

 

                     (7) 
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where g represents the gray level, m is the mean or average of the function, and σ is the standard deviation of the noise. 

 

 
   g 

 

Fig.1Gaussian distribution 

III. PERFORMANCE MEASURE 

To measure the performance of the various shrinkage techniques for image denoising, a test image is added with some known 

Gaussian noise. This would then be given as input to the denoising algorithm, which produces an image close to the original test 

image as per shrinkage techniques deployed. The performance of each shrinkage algorithm is compared by computing MSE and 

PSNR, besides the visual interpretation. 

MSE and PSNR are the two main parameters for comparison of shrinkage denoising techniques. In statistics, the mean squared error 

of an estimator is the difference between an estimator and the true value of the quantity being estimated i.e. difference between the 

original image and the denoised image. 

Let original image is  of size  and  is estimated image after restoration then MSE can be defined as- 

 

             (8) 

PSNR is the peak signal to noise ratio, here signal is the original image and noise is error introduced by restoration. PSNR is the 

most commonly used parameter to measure the quality of reconstruction image with respect to the original image. A higher PSNR 

would normally indicate that the reconstruction is of higher quality. PSNR is usually expressed in terms of the logarithmic decibel 

scale (dB). 

                                                        (9) 

 Using (8), we get 

          (10) 

 

Here  is the original image of size  and  is the reconstructed image after restoration. In the expression of PSNR, 

the value of the numerator is 255
2
; it is the square of the maximum possible pixel value of the image . When  is the 8-bit 

gray scale image, the maximum possible pixel value of the Image  is 255. 

Elapsed Time is the amount of time which MATLAB takes to complete all operations of that particular 

denoising algorithms and displays the time in seconds. 

IV. SIMULATED RESULTS AND DISCUSSION 

The wavelet transforms shrinkage methods: Visu Shrink, Bayes Shrink, Neigh Shrink, Bi Shrink are simulated in MATLAB. The 

test images: Lena, Barbara and Boats of sizes 512×512 and House and Peppers of sizes 256×256 are corrupted with AWGN of 

standard deviation sigma at different intervals i.e. sigma (σ) = 10, 20, 30, 40.The wavelets used are orthogonal wavelets i.e. coiflets, 

symlets, daubechies and haar.  

 

Table-1(a) Performance under different  

sigma values of AWGN 

F(g) 
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IMAGE Visu Shrink 

(Haar) 

Bayes Shrink 

(Haar) 

LENA 

(512 x 512) 

PSNR Elapsed 

time (Sec.) 

PSNR Elapsed 

time (Sec.) 
σ = 10 30.6532 0.045933 29.8091 0.045855 

σ = 20 26.4793 0.045079 26.4884 0.044968 

σ = 30 23.6048 0.045430 23.7881 0.045166 

σ = 40 21.3985 0.044816 21.6207 0.046123 

BARBARA 

(512 x 512) 

PSNR Elapsed 

time (Sec.) 

PSNR Elapsed 

time (Sec.) 

σ = 10 27.0321 0.044753 25.1309 0.045171 

σ = 20 24.0440 0.044499 23.5684 0.045761 

σ = 30 22.0047 0.043889 21.9787 0.045201 

σ = 40 20.3194 0.045542 20.4340 0.045865 

BOATS 

(512 x 512) 

PSNR Elapsed 

time (Sec.) 

PSNR Elapsed 

time (Sec.) 

σ = 10 29.4420 0.045532 28.0915 0.046286 

σ = 20 25.7227 0.044900 25.3604 0.045003 

σ = 30 23.1188 0.046145 23.1338 0.044599 

σ = 40 21.0749 0.045351 21.2112 0.045101 

HOUSE 

(256 x 256) 

PSNR Elapsed 

time (Sec.) 

PSNR Elapsed 

time (Sec.) 

σ = 10 30.8739 0.010850 29.3920 0.009800 

σ = 20 26.2293 0.009497 26.1226 0.010248 

σ = 30 23.3050 0.009539 23.5412 0.009696 

σ = 40 21.1075 0.009540 21.4390 0.009506 

PEPPERS 

(256 x 256) 

PSNR Elapsed 

time (Sec.) 

PSNR Elapsed 

time (Sec.) 

σ = 10 29.3540 0.009837 27.1206 0.010131 

σ = 20 25.6211 0.009505 23.9953 0.010256 

σ = 30 22.8838 0.009683 22.1074 0.009936 

σ = 40 20.7348 0.009626 20.4682 0.009536 

 

Table-1(b) Performance under different  

sigma values of AWGN 

 

IMAGE Neigh Shrink 

(Haar) 

Bi Shrink 

(Haar) 

LENA 

(512 x 512) 

PSNR Elapsed 

time (Sec.) 

PSNR Elapsed 

time (Sec.) 
σ = 10 33.3147 5.800438 32.7335 0.047611 

σ = 20 29.7907 5.676601 29.0275 0.047452 

σ = 30 27.9265 5.704856 26.8363 0.061307 

σ = 40 26.6950 5.607180 25.2176 0.045770 

BARBARA 

(512 x 512) 

PSNR Elapsed 

time (Sec.) 

PSNR Elapsed 

time (Sec.) 

σ = 10 31.5857 5.922542 30.3805 0.048614 

σ = 20 27.4689 5.792790 26.0484 0.047630 

σ = 30 25.3808 5.723764 24.0034 0.047934 

σ = 40 24.0829 5.702113 22.6938 0.048180 
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BOATS 

(512 x 512) 

PSNR Elapsed 

time (Sec.) 

PSNR Elapsed 

time (Sec.) 

σ = 10 31.9014 5.855568 31.3918 0.048494 

σ = 20 28.2986 5.706110 27.7366 0.047814 

σ = 30 26.4013 5.687567 25.6460 0.045968 

σ = 40 25.2007 5.663731 24.1534 0.045849 

HOUSE 

(256 x 256) 

PSNR Elapsed 

time (Sec.) 

PSNR Elapsed 

time (Sec.) 

σ = 10 33.5719 1.486125 33.0123 0.010874 

σ = 20 29.9426 1.444289 29.1771 0.011689 

σ = 30 27.9873 1.476113 26.7781 0.010377 

σ = 40 26.6621 1.419338 24.9968 0.011341 

PEPPERS 

(256 x 256) 

PSNR Elapsed 

time (Sec.) 

PSNR Elapsed 

time (Sec.) 

σ = 10 32.0660 1.488034 31.3745 0.011141 

σ = 20 27.9119 1.461632 27.5441 0.011296 

σ = 30 25.7133 1.426746 25.2915 0.011394 

σ = 40 24.1687 1.418810 23.6835 0.011752 

 

The all wavelet transform shrinkage methods are applied on all five test images with the combination of four wavelets coif5, sym8, 

db10 and harr for image denoising using Gaussion noise sigma variation from 10 to 40. The simulated results with haar wavelet  are 

tabulated as given above Table - 1(a) and 1(b) and the following graphs (in Fig 2 to Fig 5) represent the comparative views of each 

shrinkage method with four wavelets coif5, sym8, db10 and harr applied to all test images i.e. Lena, Barbara and Boats of sizes 

512×512 and House and Peppers of sizes 256×256. 

The elapsed time is taken as the measure of execution time in seconds of each shrinkage denoising algorithm to determine the faster 

method of image denoising. Elapsed time is proportional to the resolution of the denoised image. The best performance Neigh Shrink 

method with coif5 wavelet is visually interpreted in Fig 6.   
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Fig.2(a) Performance Neigh Shrink using coif5 wavelet 
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Fig.2(b) Performance Bayes Shrink using coif5 wavelet 
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Fig.2(c) Performance Visu Shrink using coif5 wavelet 
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Fig.3(a) Performance Neigh Shrink using sym8 wavelet 
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Fig.3(b) Performance Bayes Shrink using sym8 wavelet 
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Fig.3(c) Performance Visu Shrink using sym8 wavelet 
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Fig.4(a) Performance Neigh Shrink using db10 wavelet 
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Fig.4(b) Performance Bayes Shrink using db10 wavelet 
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Fig.4(c) Performance Visu Shrink using db10 wavelet 
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Fig.5(a) Performance Neigh Shrink using haar wavelet 
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Fig.5(b) Performance Bayes Shrink using haar wavelet 
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Fig.5(c) Performance Visu Shrink using haar wavelet 

ORIGNAL IMAGE

 
Fig.6(a) Original Test Image LENA (512 x 512)  
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NOISY IMAGE (GAUSSION SIGMA = 30) 

 
Fig.6(b) Noisy I a e  it  Ga ssion Noise (σ = 30) 

 
DENOISED IMAGE AT GAUSSION NOISE SIGMA = 30) 

 
Fig.6(c) Denoise  I a e  it  Nei     rink  et o   sin  coi 5  avelet at Ga ssion Noise (σ = 30) 

V. CONCLUSION 

The PSNR and elapsed time (execution time) are taken as performance measures. The PSNR values and elapsed time of the 

different filters for various test images are tabulated in table 1 and different shrinkage techniques for orthogonal wavelets are graphed 

in Fig 2 to Fig 5.These simulated result shows that the Neigh Shrink method with coif5 wavelet gives best performance (high PSNR) 

at the cost of more execution time (elapsed time) among all used shrinkage methods for image denoising in respect of different test 

images and their size. The performance of wavelets coif5 and sym8, haar and db1 are almost same in terms of PSNR values. The filter 

with less elapsed time is usually implemented in real-time applications. 
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Abstract- Silver nanoparticles were synthesized at room 

temperature using fenugreek seed extract. The synthesized silver 

nanoparticles were characterized using UV-Visible spectroscopy, 

XRD and particle size analyser. The UV-Vis. spectra showed a 

red shift with time indicating the increase in particle size. The 

XRD data revealed that silver nanoparticles crystallizes in fcc 

structure with a space group of Fm-3m. The average size of the 

particles was found to be 174 nm. 

 

Index Terms- Green synthesis, Nanocrystalline materials, 

Crystal structure, silver nanoparticles, particles,nanosize 

 

X. INTRODUCTION 

ilver nanoparticles have wide application in medicine [1]. 

The physical and chemical methods for preparation of silver 

nanoparticles employ toxic chemicals [2], on the other hand 

green synthesis [3-7] of nanoparticles uses natural plant, fruit, 

leaf or seed extracts and can be safely used for medicinal 

applications. Also the green synthesis is cost effective, 

environment friendly, fast in giving nanocrystalline materials. In 

the present work, we have found a cost effective method to 

synthesise silver nanoparticles using fenugreek seed extract.  

 

I. RESEARCH ELLABORATIONS 

       All solutions were prepared using double distilled water. 

Initially 1 g of fresh organic grade fenugreek seeds were washed 

thoroughly and soaked in 100 ml of water for 24 h. It was then 

ground using a mixer and made into a paste. The resultant paste 

was diluted to get a homogenous solution with water and stirred 

for 3 h. Subsequently the solution was then centrifuged at 2000 

rpm for 20 min. The supernated centrifugate was used as 

fenugreek extract. Silver nanoparticles were synthesized by 

adding 3.0 ml of fenugreek extract to 1x10
-3

M silver nitrate 

(Merck extrapure). solution The resultant solution was colourless 

initially and turned yellowish-brown colour within one hour. On 

addition of methanol, the precipitate obtained was then filtered 

and dried under deccicator. 

 

II. RESULTS OR FINDINGS 

        The yellowish brown colour in Fig. 1 after one hour of 

addition of fenugreek extract indicates the formation of silver 

nanoparticles. It was observed that the solution colour intensified 

with time which can be attributed to increase in size of silver 

particles formed. 

 

 
                                         A                           B 

 

Fig. 1. Colour of the solution of silver nitrate and fenugreek 

extract, (A) after 5 minutes and (B) After 1h. 

 

        The ascorbic acid and oxalic acid in fenugreek act as 

reducing agents and the other ingredients in fenugreek helps in 

stabilising the nanoparticles formed. The particle size graph is 

shown in Fig. 2 shows that the size of the particles is ranged 

between 43.82  nm – 1281 nm with a mean size of 174.18 nm. 

The broad spectrum of particle size may be due to agglomeration 

of silver particles with fenugreek seed extract.   

 

 
Fig.  2. Particle size distribution of silver nanoparticles. 

 

       UV-Vis spectrum was scanned after one hour and thereafter 

periodically once every day for a week. Figure 3 shows a peak at 

around 357 nm which was found to show red shift with 

broadening as time increases. The broadening and red shift may 

be due to increase in particle size. This observation can be 

confirmed by calculating the conduction band energy. 

       The conduction band energy represents the amount of energy 

required to excite the conduction electrons from the lowest 

energy state to higher energy states influenced by the UV-visible 

electromagnetic radiation. The conduction band energy [8], E of 

Ag nanoparticles may be calculated using the relation  

E = hc/λmax 

S  
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       Where h is the Planck’s constant, c the speed of light, and 

λmax the wavelength of the absorption maxima. The absorption 

maximum λmax red shifted towards lower wavelength from 357 

- 415 nm with time, corresponding to conduction band of 3.437 -

2.989 eV respectively. The conduction band energy is more for 

particles with small size as the number of atoms to make up the 

nanoparticles is few, so that conduction electrons are less 

attracted to protons of the Ag nanoparticles and, consequently 

increase the conduction band. Thus as the particle size increases 

with time, its conduction band decreases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  3. UV-Visible spectra of silver nanoparticles. 

 

       The indexed xrd pattern in Figure 3 shows a slight 

broadening of peaks owing to small particle size of crystallites 

[9-10]. The high intense peak for fcc materials is generally (111) 

reflection and is shown by the synthesised silver nanoparticles. 

The intensity of the peaks reflected the crystalline nature of the 

silver nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Powder X-ray diffraction pattern of the synthesized 

silver nanoparticles. 

 

        Five peaks at 2θ values of 38.12, 44.24, 64.38 and 77.32 

degrees corresponding to (111), (200), (220) and (311) planes of 

Silver were observed and found to match well with the standard 

powder diffraction card of Joint Committee on Powder 

Diffraction Standards (JCPDS), silver file No. 87–0720. The 

average ‘a’ value of the synthesised was found to be 4.079 Å. 

 

III. CONCLUSIONS 

        Silver nanoparticles were synthesized at room temperature 

using fenugreek extract. The present method of synthesis does 

not involve use of harmful chemicals and hence can safely be 

used for medicinal applications. 
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    Abstract- Children are the nation’s most important resource. They hold the potential and set the limits of future development of any 

country. Children are not born with the innate ability to choose a nutritious diet, instead their food habits are learned through 

experience and education. Basic knowledge of food and normal eating is learned in childhood. Parents have been found to be the 

principle regulators of children’s eating and food supply, and the home environment is most influential on children’s consumption 

behaviors. Preschool children between the age group of 3 ½  yrs to 4 ½ years and 4 ½ years to 5 ½ years and their parents were 

selected for the nutrition education programme. The tools developed for the programme  includes PowerPoint presentation and recipe 

booklet on smart school snacks for the parents. A nutrition handbook containing information about basic nutrition, food pyramids, 

stories and rhymes on nutrition were developed for the preschool children. The samples were subjected to pre test and post test to 

evaluate the impact of the developed tools. 

 

    Index Terms- nutrition education, preschoolers 

 

I. INTRODUCTION 

hildren are the nation’s most important resource. They hold the potential and set the limits of future development of any country. 

Children in the earliest years of their lives are of critical importance both to their immediate wellbeing and to their future 

(UNICEF, 2011). Preschool children constitute 20 per cent of the Indian population. This is a huge human resource which needs to be 

developed and nurtured for the country to progress. The young children to develop into responsible citizens with correct attitudes 

towards food and hygienic practices, nutrition and health education (NHE) should be started as early as possible. Nutrition and health 

education in the formative years of preschool age will help to inculcate correct habits and will aid in instilling right beliefs (Ramesh 

and Saroj 2003). Research evidence suggests that children are not born with the innate ability to choose a nutritious diet; instead their 

food habits are learned through experience and education. Basic knowledge of food and normal eating is learned in childhood (Birch, 

1999). 

 

The nutrition education of preschoolers requires the involvement of the young child’s primary role models: parents, caregivers and 
teachers. Socioeconomic status and cultural traditions strongly influence eating habits and therefore health, nutrition status and disease 

rates (Birch, 1984). Early nutrition education should be a part of the school curriculum and that enables children to learn at an early 

age, the importance of healthy eating. Healthy eating habits developed early in life will encourage healthy eating as an adult 

(Fernandez, 2006).  

 Parents have been found to be the principle regulators of children’s eating and food supply and the home environment is most 

influential on children’s consumption behaviors (Cambell et al., 2006). 

II . REVIEW OF RESEARCH 

   As given by Hunsley (1982) nutrition education is so important to two to five year olds because the quality of their nutrition affects 

their growth and development. These positive food practices and attitudes that are established during the early years are believed to 

affect food choices and consequently nutritional status throughout life. The early years are the most important years for nutrition 

education because it is during this period that lifetime eating habits are formed.  According to Singleton(1992), the early years in a 

child’s life are critical ones to the formation of health promoting nutritional concepts and behavior. 

 

A child’s eating behaviour is strongly influenced by the family environment. The family eating environments include parents own 

eating behaviours and child feeding practices. Results of research on behavioural mediators of familial patterns indicate that parents 

own eating behaviours and their parenting practices influence the development of children’s eating behaviours (Birch et al.,1984). 

Parents create environments for children that may foster the development of healthy eating behaviours and weight, or that may 

promote overweight and aspects of disordered eating. Characteristics of these environments include socio-demographic factors, 

parental activity, parental eating styles and parents’ child-feeding styles. Parents shape the development of children’s eating 

behaviours, not only by the foods they make accessible to children, but also by their own eating styles behaviour at mealtimes and 

child feeding practices. Parent’s child-feeding practices are associated with children’s eating behaviours, including specific eating 

C 
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styles, food selection and preferences, and the regulation of energy intake (Silvia et,al.2008). Nutrition education can bring about the 

desired change only through appropriate nutrition education tools.  

 

 

 

 

 

III  MATERIALS AND METHODS 

 

100 preschool children (n=100) between the age group of 3.5 to 4.5 and 4.5 to 5.5, and their parents from Kochi were 

selected to conduct the nutrition education.  

 

I Development of nutrition education package 

 

The Nutrition Education package was formulated for the study consisted of  

1.Nutrition Handbook for preschool children  

 

A handbook titled as ABC’of healthy eating  containing information’s about basic nutrition, commonly available foods and 

their names along with learning alphabets, food guide pyramid, stories and rhymes on nutrition. Nutrition based activities were 

also given in the handbook. 

 

2.Power point presentation  for parents  

In the present study a power point titled “ Eating  right everyday’’ was formulated to educate the parents on basic dietary 

guidelines. The five food groups, recommended dietary allowance for preschool children, dangers of processed and ready to eat foods, 

deficiency diseases, tips for healthy eating and promoting healthy eating for preschool children were the major points selected to make 

the PowerPppoint. 

3.Recipe Booklet for parents 

A recipe booklet titled “  art  c ool  nacks” was developed. A literature review published by the University of Florida 

titled “The Benefit of Healthful Snacking ’’convinced that using school snacks as the venue to teach nutrition lessons was appropriate. 

Research showed the importance of focusing nutrition education on away from –home food consumption and snaking.Bobroff, (2005). 

A recipe booklet containing healthy snack preparations suitable for preschoolers were too planned. This book enabled the parents to 

select healthy snacks for their kids. 

II Evaluation of education package by experts 

Nutrition Education packages(Power point Presentation and Nutrition Hand Book) were evaluated by experts on the basis of its 

efficiency using a 5 point score card. 

III Conduct of nutrition education programme 

 

The hand book developed was used as a nutrition education tool for preschoolers and developed power point for parents . 

IV Impact assessment of the developed tools 

The impact of the developed education package was assessed by using a pre test and a post test.  

Nutrition knowledge among preschool children were assessed by using three activities based on nutrition. Play way method was used 

to conduct the assessment, where the child understands his needs and goals while playing. 

Three activities were distributed before and after the nutrition education programme. The difference in response obtained were noted 

and were statistically evaluated  using t –test. 

To evaluate the impact of developed power point . ten questions based on the power point presentation were formulated and were 

distributed among the parents before and after the conduct of the education programme. The  responses were statistically evaluated 

using t- test to assess the impact. 

 

 

using nutrition education tools such as folders, slides, leaflets, charts and audio visual CDs, among children’s girls in Hyderabad city 

revealed significant improvement in the nutrition related knowledge in the experimental group (Rao et al, 2007). 

 

 IV. RESULT AND DISCUSSION 

 

Development of handbook for preschool children 
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Fig 1- Developed nutrition  handbook, Power point CD & recipe book 

 

Evaluation of developed nutrition education package by experts were given in Table 1 

 

Table 1 The mean scores given for the nutrition handbook and power point  by experts  

 

 

Evaluation of nutrition education package by experts revealed that 

relevance to topic and appropriateness of the target group obtained the 

maximum score  of 5 and 4.5 respectively.  

 

Impact assessment of nutrition education  using the developed tools  

 

Table 2 Mean test score of Nutrition education using Handbook by 

preschool children 3.5 to 4.5 years (n=50) 

 

S  Significant  

** Level of Significance is 0.01  

 

Table 3 Mean test score of Nutrition education using 

Handbook by preschool children 4.5 to 5.5 years (n=50) 

 

Characteristics 

Mean scores  

for 

handbook(max. 

score =5) 

Mean scores for 

power point(max. 

score =5) 

Clarity 4.5 4.2 

Brevity 4 3 

Relevance to 

topic 
5 5 

Appropriateness 

of target group 
5 5 

Activity Test 

Mean 

(Max. 

score 

=5) 

SD 

Mean 

Differe

nce 

Calcu

lated 

t - 

value 

Table

d 

t - 

value 

Si

g 

Identificati

on of food 

Pre 3.32 0.9 -

1.68 
12.69 

** 

2.680 
S 

Post 5.00 0.0 

Knowledge 

on healthy 

& 

Unhealthy 

Foods 

Pre 2.08 0.8 
-

2.92 
24.90 

** 

2.680 
S 

Post 5.00 0.0 

Health 

effect of 

food 

Pre 0.90 0.6 -

3.26 
22.90 

** 

2.680 
S 

Post 4.16 0.7 

Activity Test 

Mean 

(Max. 

score 

=5) 

SD 

Mean 

Differe

nce 

Calcu

lated 

t - 

value 

Table

d 

t - 

value 

S

i

g 

Identificati-

on of food 

Pre 4.90 0.30 
-0.10 2.33 

* 

2.001 

S 

Post 5.00 0.00 
 

Knowledge 

on healthy 

& 

Unhealthy 

Pre 4.20 0.63 

-0.80 8.85 
** 

2.680 
S 

Post 5.00 0.00 
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S  Significant  

** Level of Significance is 0.01  

* Level of Significance is 0.05  

 

Among the three activities given for preschool children between 

the age group of 3.5 to 4. All pre test has got least score. But when post test was conducted identification of food and knowledge on 

healthy and unhealthy food scored a maximum score of 5. But children find it difficult to respond with the health effects of food even 

in post test. In the case of children between the age group of 4.5 to 5.5 they responded comparatively better during pre test. But 

showed a significant difference in the responses between pre and post test. Since the calculated  t value is greater than the tabled t 

value, for all the three activities it can be concluded that the nutrition education was brought about a significant difference in the 

knowledge level preschool children in both age groups. 

 

Table 4 Mean test score of power point presentation by parents (n=100) 

 

 

S  Significant  

 ** Level of Significance is 0.01  

 

 

The effectiveness of the PowerPoint evaluated by conducting the 

nutrition education also revealed that there is a significant diffence 

in the level of knowledge among the parents both during pre and 

post test .The calculated ‘t’ value is greater (26.057) than the tabled 

‘t’ value. (2.626). It can be concluded that the  PowerPoint has 

brought about a significant difference in the knowledge level of the 

parents and had the level of significance of 0.01 

 

V Conclusion 

 

The study was to develop a nutrition education package for preschool children and their parents. The developed packages were 

evaluated by experts in the field of nutrition. Nutrition education was conducted using the developed tools. The impact of the 

education programme was evaluated by means of pre test and post test. The effectiveness of the education programme for preschool 

children revealed that majority of the children obtained maximum test score during post test compared to pre test. Even the parents 

also received maximum score for their post test. So the present study indicated  that nutrition education during early years can impart 

greater knowledge among children. The study also revealed that nutrition education should also be given to parents during the early 

years of their child’s life as they are the primary decision makers at home. so the developed nutrition education tool was effective in 

imparting nutrition knowledge among preschool children and their parents. 
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SD 
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Abstract- Analysis of retaining wall is one of the major part in 

Geotechnical Engineering. This can be done by various methods 

such as Rankine's Theory, Coulomb’s Theory, Culmann's 

Graphical Method which depends on various assumptions . To 

overcome this, various approaches has been adopted, in this 

paper we have tried to formulate the same with the help of 

Dimension Analysis method by which results can be obtained 

without any assumptions and an universal formula can be 

developed. We have used the modified Buckingham-pi theorem 

for this analysis. The results of dimensional analysis so obtained 

are then compared with the actual test results. The comparison 

shows the validity of this method. 

 

Index Terms- Retaining wall; Active Earth Pressure; 

Dimensional Analysis; Trial and error. 

 

I. INTRODUCTION 

very Engineer seeks to have a  simple, fast and reliable 

solution to his problems. For this he took help of various 

analysis tools. There are various methods of analysis such as 

Limit Equilibrium Analysis, Finite Element Analysis etc. which 

involves simple rules and assumptions to more complex 

techniques. Dimensional analysis is a mathematical technique 

which makes use of study of dimensions as an aid to the solution 

of several engineering problems. The various physical quantities 

used by engineers to describe the given phenomenon can be 

described by a set of quantities which are in a sense independent 

of each other. These quantities are known as fundamental or 

primary quantities. The expression for a derived quantity in terms 

of the primary quantities is called the dimension of the physical 

quantity  

 

II. MATERIALS AND METHODS 

2.1 Experimental Study On Earth Pressure Of Retaining 

Wall By Field Tests by Minaro Matsuo,Satosuo Kenmochi [3]            
Earth pressure acting on retaining wall has been theoretically & 

experimentally studied by many researchers but the large ranged 

measured result are comparatively low. In this paper Influence of 

displacement of wall on magnitude of earth pressure are shown. 

 

Retaining wall structure 

Height  10 meter  Made up of concrete 

Backfill Silty Sand & Slag (Produced in Iron manufacturing 

process)  

Duration One Year (Including preparation of the test) 

 

Procedure in General 

         When Earth Pressure becomes stable at rest wall is moved 

outside to Active State and after completion of the same wall has 

returned back to original position to measure Passive Pressure. 

 

Experimental Set up 

         Wall is made up of concrete of 10m height. Lowest end is 

supported by Hinge (Provides not only inclined displacement but 

also horizontal displacement)Pressure receiving plates – 2m in 

each unit length Load Cells – Four to each pressure receiving 

plate. Two at the lowest end (Measure wall friction)Oil Jacks – 

Between Retaining wall & wall of existing building. 

 

 
 

Pre-Experimental Procedure 

         Retaining wall set up with supports by Oil Jacks between 

existing wall & test wall. Place the lowest pressure receiving 

plate and fill the backfill up to height of 2mContinue the process 

up to 10m height. 

 

Unit Weight  

         Silty Sand   1.9 t/m3 Slag (A) 2.0 t/m3 Slag( B) 1.6  t/m3 

 

Influence of Underground water 
         Sand mat is placed between original ground & backfill 

Water always pumped out  

 

Experimental Procedure  
         At Rest Firstly wall is kept at rest condition – 2 Months  

         Active State Tilting deformation is given – Twenty Days ( 

Displacement is measured by Dial gauge)   Passive State Wall 

has been bring to original position. This is actually not perfect 

passive state but gives the Rough information. Beyond this 

practically not possible due anticipated danger 

E 
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Relationship between Earth Pressure & Time. 

 
 

 

Resultant force        = Horizontal Earth pressure + Frictional Force. 

Horizontal Earth pressure  = Sum of values measured by twenty load cells 

Frictional Force         = Two load cells at the lowest end of pressure receiving plate 

 

Distribution Of Earth Pressure in Vertical Direction 
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Coefficient Of Earth Pressure, Angle Of Wall Friction, Point Of Application Of Resultant Force. 

 
 

2.2 Formulation of Dimensional Analysis Equation  

         Dimensional analysis looks to reduce to a minimum the 

dimension space in which the behaviour of problem can be 

studied by joining and systematically positioning the assumed 

governing variables     (V) = (V1, V2, V3... Vn), consisting  total 

of ‘m’ independent primary dimensions (D) = (D1, D2, D3...Dm), 

into N = (n - m) dimensionless groups, that are (π1, π2, π3…πn), 

with N being less than V 
[1]

. 

         Thus, using modified Buckingham – pi theorem
 [1]

 we have 

V = { Pa, γ, z, k, Φ, δ, d }hence, n = 7. Writing the dimensions of 

the variables, V= { M
1
 L

-1
 T

-2
 , M

1
 L

-2
T

-2
, L

1
, O, O, O, L

1
 }, m = 

3.                   

         As a requirement the condition of ‘Dmin’ which looks to 

reduce the total number of primary dimensions in set {V} is 

fulfilled by minimizing the value of m, therefore, assuming the S 

= [M
1
L

-1
T

-2
],          V= [S

1
, S

1
L

-1
,L

1
,0,0,0,L

1
]; hence, m = 2; the 

number of repeating variables forming a set Q. Thus, the number 

of dimensional pi-groups and the number of isolated variable in 

N = (n-m) = 7 – 3 = 5. 

         R is a set o variables in V that dimensions totally different 

from one another,   

         R= { p, γ, z }. Dimensionless gropes are formed by the 

combination of the repeating (Q) and isolated (NOTQ) variable 

sets; Since Q is to be selected from R,  

Q = { Pa, γ }      

  .......... (1)    

NOTQ = { z, k, Φ, δ, d }     

  .......... (2) 

Therefore the dimensionless groups are,     

      π1= { Pa, γ, z }     

   ......... (3i)  

Or  

      π2= { Pa, γ, k }     

   ......... (3ii)  

Or  

      π3= { Pa, γ,Φ }     

   ......... (3iii) 

Or  

      π4= { Pa, γ, δ }     

   ......... (3iv) 

Or  

      π5= { Pa, γ, d }     

   ......... (3v) 

Now, representing    

      π1= { Pa, γ, z }      

  ......... (4)  

In dimensional form eq. (4) can be stated as follows:  

[M
o 
L

o 
T

o
]= [M

1
 L

-1
 T

-2
]

 a
 x [M

1
 L

-2
T

-2
]

 b
 x [L

1
]

 c
  

 

Comparing the indices of left hand side and the right hand side; 

for  

M: 0 = a +b 

L: 0 = -a-2b+c 

T: 0 = -2a - 2b 

 

Hence,  a =1 then b = -1, c = -1   

 

Substituting these values in eq. (4)  

 π1 = { Pa  γ
-1

  z
-1

 } = Pa  / (γ z )    

   .......... (5) 

 

         Similarly, by solving the eq. for π2, π3, π4 and π5 we find 

that  

 π2 = k       

  .......... (6)   

  π3 = Φ      

   .......... (7) 

π4 = δ        

  .......... (8) 

π5  = Pa /  (γ d)       

  .......... (9) 

 

         We consider π1 = ψ (π2, π3, π4, π5) and by substituting from 

eqs. (5),(6),(7),(8)and (9), we have 

Pa  / (γ z )= ψ [k, Φ, δ, Pa / (γ d) ]  .......... (10) 

         To find exact nature of (ψ) a power product relationship of 

the dimensionless groups is used as follows; 

π1 = β1 (π2
β2
, π3

β3
, π4

 β4
, π5

 β5
)  ......... (11) 
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         To solve eq. (11), a logarithmic form of this eq. is used  

log(π1) = log(β1)+ β2 log(π2)+  β3 log( Π3)+ β4 log( Π4)+ β5 

log( Π5) 

log (Pa /(γ z )) = (logβ1) + β2 log(k) + β3 log (Φ) )+ β4 log(δ)+ β5 

log(p/(γ d)) ......... (12)  

 

         Now π1 is treated as the dependent variable and the value of 

constants (β1, β2, β3) can be found out by performing a multiple 

regression analysis of eqs. (11) and (12) or by the trial-and-error 

procedure of eq. (12). 

         Now using the Properties of Backfill material with 

reference to the Experiment performed on site and using 

Rankines formula to find the Active Pressure at mid height of 

wall .We will use this as a control point to formulate the D.A for 

Slag B as Backfill material we will get 

 

Pa = k γ z = 0.1325 * 1.6* 5 = 1.06 t/m2, And taking the values 

of Φ = 50° δ = Φ/2 = 25° d = 0.0325m 

 

         By using the test results obtained from the site test, and 

substituting the values of the test results in eq. (12) - that is, 

using this point as a control point to formulate the dimensional 

analysis, we get 

-2.021 = log(β1) -2.0212 β2 + 3.912 β3 + 3.212β4 + 3.015β5 

  ......... (13) 

 

         Table 1 explains the trial and error procedure with values of 

constants for eq.(13), in the first trial, β1, β2, β3 and β4 are 

assumed and the corresponding β5 value is back calculated by 

using eq.(13) for values π1, π2 , π3, π4 and π5 of the first set of test 

results, which are use as a control point. Then the determined β 

values are submitted, along with the values of π1, π2 , π3, π4 and π5 

for the second set of test results, as a check point in eq.(11). 

Hence the control point is used to prepare the dimensional 

analysis equation and the checkpoint is used to authenticate it. 

 

 

 

 

Table 1. Trial and Error Procedure with Values of Constants 

for Equation (13) 

Trial 

No. 
β1 β2 β3 β4 β5 

Results 
Remark 

1 1 1 1 1 -2.3627 0.1349 

NOT 

VALID 

2 1 1 1 0.9 -2.2562 0.13475 

NOT 

VALID 

3 1 1 0.6 0.6 -1.4176 0.1339 

NOT 

VALID 

4 1 1 0.5 0.5 -1.1813 0.1337 

NOT 

VALID 

5 1 1 0.4 0.4 -0.945 0.1334 

NOT 

VALID 

II. 6 
1 1 0.3 0.3 

-

0.70878 0.1332 

NOT 

VALID 

III. 7 
1 1 0.2 0.2 -0.4725 0.1329 

NOT 

VALID 

IV. 8 
1 1 0.1 0.1 -0.2362 0.1328 

NOT 

VALID 

V. 9 1 1 0.09 0.09 -0.2125 0.1326 VALID 

 

         Thus the trial 9, as shown in Table 5, resulted in a valid 

equation and correct set of values are 

β1=1,      β2= 1 ,    β3 = 0.09 , β4= 0.09  ,  β5= -0.2125  

 

         By substituting the preceding β values values in Eq.(9) and 

solving, we get the universal formula  

Pa =  {  k  z   γ
1.2125

  (Φ δ)
.09

 d 
0.2125 

}  
   

     
......... (14) 

 

III. RESULTS AND DISCUSSION 

3.1 Comparison of Experimental Results and Dimensional 

Analysis 

         To verify the proposed method we have used  5 test results. 

Below graphs  shows the results of the tests conducted at site and 

the results obtained by the proposed method. The results shows 

that the prediction capability of this new method is very good.  

 

Comparison Active Pressure For Slag B    

d = 0.0125, k = 0.36, δ = 45°, Φ = 50°, γ = 1.6   
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Comparison Active Pressure For Slag B    

d = 0.025, k = 0.30, δ = 51°, Φ = 50°, γ = 1.6 

 

 
Comparison Active Pressure For Slag B    

d = 0.0325, k = 0.3, δ = 50°, Φ = 50°, γ = 1.6 

 

 
Comparison Active Pressure For Slag B    

d = 0.0488, k = 0.27, δ = 49°, Φ = 50°, γ = 1.6 

 

 
Comparison Active Pressure For Slag B    

d = 0.0725, k = 0.23, δ = 50°, Φ = 50°, γ = 1.6 

 

 
 

         Graphical Comparison between Experimental and 

Analytical Results 

 

IV. CONCLUSION 

 The It is possible to formulate a DA for any type of 

Geotechnical problem , only thing that various 

parameters involved in the problem should  be known 

along with there interrelationship with each other. 

 Various assumptions required in the conventional 

analysis are not required for the D.A.  

 From any point called as Control Point either obtained 

by traditional analysis or an experimental tests; the 

predictions of the other points with different soil 

conditions, displacements could be possible.  

 The results obtained for Active conditions are 

quantitatively conservative as well as qualitatively 

conversant with the lab. Test and also field test. 
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 D.A.is simpler method than any other traditional 

method to take the wall displacement into consideration. 

 D.A. is simpler and faster method as compared to any 

other rigorous methods of analysis such as Finite 

Element Analysis, Limit Equilibrium Methods, etc. and 

have potential to replace them. 

Notations: 

The following symbols are used in this paper: 

Pa      =  Active Earth pressure 

γ         =   Soil Density 

z         =  Depth of backfill 

k       =  Coefficient of Earth Pressure 

Φ       =  Angle of Internal Friction 

Δ =  Angle of wall Friction 

D =  Wall displacement 

V     =  Set of independent and dependent parameters 

involved in the phenomenon; and an Unknown function 

M       =   Mass dimension 

L  =   Length dimension 

T     =  Time dimension 

D        =  Set of independent primary dimensions 

Dmin    =  Minimum number of independent and nonzero 

elements 

n        =   Number of variables or parameters 

m        =   Number of primary dimensions in D 

N        =  (n−m) = Number of dimensionless groups 

Q        =   Set of repeating variables 

R        =   Set of variables in V that have dimensions 

totally distinct from one another 
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The knowledge, adoption and the economic analysis of 

groundnut cultivation practices in Mahabubnagar 

district 

Rampuram Jayapal Reddy, Dr.N.Sandhya Shenoy 

 
 
Abstract: Groundnut is the major cash crop for Mahabubnagar district. It is important to know the present scenario of adoption of 

improved cultivation practices to get to know the adoption gaps and knowledge gaps resulting in lower yields and higher cost of 

cultivation. The study indicated that majority of the sample groundnut farmers were in the range of 31 – 60 years from this it could be 

inferred that the farmers practicing groundnut are middle aged and having small family norm, the average land holding of groundnut 

farmers was 2-5 acres, and majority of farmers were illiterates followed by  the education level upto primary and secondary school 

level only and in choosing wider spacing had highest adoption gaps and weed management, water management, Organic manure 

application and pesticide management fertilizer management, and in choosing plant variety had highest knowledge gaps. The 

economic analysis indicated higher cost of cultivation in using seed rate, pesticides, and harvesting areas. These have to be addressed 

through awareness creation programmes and proactive policies that enable ease in procurement of necessary inputs and facilitating 

environment for adoption of improved cultivation practices, and reducing cost of cultivation , thereby increasing profits per unit area  

resulting in improvised livelihoods of the farmers.  

 

Key words: Knowledge gap, adoption, economic analysis, groundnut cultivation 

 

 

Introduction 

 

Groundnut cultivation is the major livelihood activity for majority of farmers in Mahabubnagar district. Considering its 

contribution to the livelihoods, it is necessary to study the present scenario of groundnut cultivation practices, the knowledge and 

adoption levels of the farmers including the cost of cultivation. The prevalent knowledge gaps and adoption gaps have to be addressed 

and steps for reducing the cost of cultivation need be practiced to gain higher yields and profits from the unit area. The present study 

addresses the above.    

 

 

Methodology 

 

 The present study was undertaken in Hanwada mandal of Mahabubnagar (dist.), Andhra Pradesh, as the groundnut 

cultivation was widely practiced in this mandal. Six villages from Hanwada were selected randomly for the study.  From each village, 

36 farmers were randomly selected and interviewed on groundnut cultivation. The data pertained to the crop year 2012 – 2013 .  were 

collected by personal interview method with the help of pre-tested schedules.   

 

Findings 

Knowledge Gaps 

Pesticide management fertilizer management, and in choosing plant variety had highest knowledge gaps. 
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Adoption gaps 

In choosing wider spacing (30×10cms and 22.5×10cms) had highest adoption gaps and weed management, water 

management, Organic manure application.  

 

Economic analysis 

Nursery cost for groundnut was considerably higher.  The expenditure made on chemical fertilizer in groundnut was higher.  

The quantities of seed, human labour, bullock labour, machine labour used was more in groundnut cultivation.   

 

Conclusion 

The farmers are not getting quality seed the farmers are not aware of choosing the quality seed, and also the government is 

not undertaking certain measures in getting the quality seed, fertilizers by this farmers are choosing the seed from private sectors by 

this the farmers are not getting maximum yield returns by not getting seed in time by this, the farmers are cultivating the field in 

December instead of October – November by this they are not getting maximum returns in their field the farmers are not getting 

maximum returns in their field on The investment made on the groundnut crop. 
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    Abstract- Efficient performance of Agricultural Market Committees(AMCs) is considered to be the sine quo non for the 

economic development of an agrarian country like India. Though the number of AMCs have been steadily increasing in India, still 

the farmers are being exploited by one form or another in transacting the agricultural commodities. In view of this, several 

apprehensions and concerns were raised fearing about the performance of AMCs in discharging the regulatory provisions for 

efficient transaction of agricultural commodities. Various enactments have been formulated by Government from time to time to 

revamp the agricultural marketing system in the country and presently, Model act 2005 (The State Agricultural Produce Marketing 

(Development and Regulation) Act, 2005) has been under implementation. In this context of exploring the agricultural marketing 

system with a farmers ended approach, the present paper aims at analyzing the performance appraisal of AMCs in Telangana 

region of AP in India through Data Envelopment Analysis(DEA) approach. The analytical findings revealed that 59% of selected 

DMUs are being operated at Scale Efficiency <1. The remaining 41% DMUs are being operated at constant return to scale(CRS) 

and this directs the Government to continue the existing support even in the future.  

 
    Index terms- Agricultural Market Committees, Data Envelopment Analysis, Efficiency, Return to Scale 

 
I. INTRODUCTION 

ficient performance of agricultural markets is considered as the sine qua non of economic development of any country. This is 

not an exception with reference to India. It is a known fact that, regulated agricultural markets have been established in India 

with the prime objective of transacting agricultural produce efficiently and thereby, to safeguard the interests of the farming 

community. Since 1966 and upto the current year, there have been a steady progress in the establishment of regulated agricultural 

markets in the country. In India, the organized marketing of agricultural commodities has been promoted through a network of 

regulated markets. Most State Governments and Union Territory(UT)  administrations have enacted legislations (Agricultural 

Produce Marketing (Regulation) Act (APMC Act)) to provide for the regulation of agricultural produce markets. While by the end 

of 1950, there were 286 regulated markets in the country, their number as on 31
st
, March 2011 stood at 7566 consists of  2433 

principal markets and 5133 sub-yards. Some wholesale markets are outside the purview of the regulation under APMC Acts. 

Similar trends were noticed in the state of Andhra Pradesh in general and Telangana region of Andhra Pradesh in particular. In 

Andhra Pradesh, with 23 districts, there are 905 regulated markets which consists of  329 principal markets and 576 sub-yards and 

in Telangana region comprising of  10 districts, 131 principal markets and 347 sub-yards are reported as on 31
st
, March 2011. 

      So far, so forth, these regulated markets in Telangana region of Andhra Pradesh are serving the farming community in view of 

the laid out promises at the time of their establishment. The contributions of these regulated markets are clearly manifested 

through various outcomes in the forms of viz, regulating the marketing practices, systematizing the marketing costs, settlement of 

disputes between farmers and traders, prompt payment of sales proceeds, checking the malpractices of marketing middlemen etc., 

with a view to safeguard the interests of the farmers in transacting their produce and inturn, to realize significant producer’s share 

in consumer’s rupee. To keep up these promises, the Government from time to time revised the marketing regulations and 

presently Model Act, 2005 (The State Agricultural Produce Marketing (Development and Regulation) Act, 2005) has been 

enacted to make the farmers more dynamic and competitive in the context of liberalized trade regime. However, coming to the 

reality, there exists a wide gap between the promises made and actual performance shown by these regulated markets. The earlier 

mentioned regulatory provisions offered by these regulated markets are being exploited in one form or other against the interests  

of the farming community. Thus, it became evident that, these regulated markets in the Telangana region of Andhra Pradesh in 

India are not efficient enough in discharging the regulatory provisions and hence, the farmers could not enjoy the true benefits of 

market regulation. It is in this context, the researchers made an attempt to analyse the technical efficiency in the functioning of 

regulated markets in Telangana region of Andhra Pradesh in India. It has seen that not many attempts were found in India in 

general and Telangana region in particular to analyse the efficiency of functions of regulated markets. In this background, this 

study is certainly a contribution in the analysis of efficiency of regulated markets. Thus this study explores the use of Data 

Envelopment Analysis(DEA) which is a powerful Operations Research tool appropriate for the context. This study is conducted 

with the following specific objectives:  

1). To study whether the regulatory provisions contribute to the technical efficiency of the functioning of regulated markets        

      and if they contribute, how they influence the efficiency.  

2). To analyse the trends in the efficiency in the functioning of  regulated markets.  

 

II. METHODOLOGY 

E 
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     For analyzing the efficiency of regulated markets in India, Telangana region of Andhra Pradesh state has been purposefully 

selected, as the investigators hail from this state. (DEA) model was used to assess the technical efficiency of regulated markets in 

Telangana region of Andhra Pradesh in India. DEA is one of the most popular approaches used in the literature to appraise the 

performance of Decision Making Units (DMUs). It permits the selection of efficient markets with in the Telangana region. DEA 

was used in prior studies on the efficiency of  financial institutions to examine the impact of some specific changes such as 

financial reforms, the impact of financial practices and the impact of different ownership groups. DEA assesses the efficiency 

frontier on the basis of all input and output information from the region. (Rogers, 1998). Thus, the relative efficiency of markets 

operating in the same region can be estimated (Fried et al. 2002). Hence, identification of performance indicators in regulated 

markets is useful for identifying a benchmark for the whole region. Moreover, the DEA methodology has the capacity to analyse 

multi-inputs and multi-outputs to assess the efficiency of institutions (Coelli, Rao & Battese 1998).  

DEA model 

     Several DEA models have been presented in the literature. The basic DEA model evaluates efficiency based on the 

productivity ratio which is the ratio of outputs to inputs. This study applied Charnes, Cooper and Rhode’s (CCR) (1978) model 

and Banker, Charnes and Cooper (BCC) (1984) model. The production frontier has constant returns to scale in CCR model. The 

basic CCR model formulation (dual problem/ envelopment form) is given by :  

The basic CCR model formulation (dual problem/ envelopment form)  

Minθ - ε
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Source :Zhu (2003, p.13) 

 

where, θ denotes the efficiency of DMUj , while yrj is the amount of r
th

 output produced by DMUj using xij amount of i
th

 input. 

Both yrj and xij are exogenous variables and λj represents the benchmarks for a specific DMU under evaluation (Zhu 2003). Slack 

variables are represented by si and sr.  According to Cooper, Seiford and Tone (2004) the constraints of this model are :  

     i.   the combination of the input of firm j is less than or equal to the linear combination       

          of  inputs for the firm on the frontier; 

    ii.   the output of firm j is less than or equal to the linear combination of inputs for the   

          firm on the frontier; and  

   iii.   the main decision variable θj lies between one and zero.  

     Further, the model assumes that all DMUs are operating at an optimal scale. However, imperfect competition and constraints to 

finance may cause DMUs to operate at some level different to the optimal scale (Coelli, Rao & Battese 1998). Hence, the Banker, 

Charnes and Cooper (1984) BCC model is developed with a production frontier that has variable returns to scale. The BCC model 

forms a convex combination of DMUs (Coelli, Rao & Battese 1998). Then the constant returns to scale linear programming 

problem can be modified to one with variable returns to scale by adding the convexity constraint  Σλj = 1.  The model given below 

illustrates the basic BCC formulation (dual problem/envelopment form) :  
The basic BCC model formulation (dual problem/envelopment form) 
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    This approach forms a convex hull of intersecting planes (Coelli, Rao & Battese 1998). These planes envelop the data points 

more tightly than the constant returns to scale (CRS) conical hull. As a result, the variable returns to scale (VRS) approach 
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provides technical efficiency (TE) scores that are greater than or equal to scores obtained from the CRS approach (Coelli, Rao & 

Battese 1998). Moreover, VRS specifications will permit the calculation of TE decomposed into two components: scale efficiency 

(SE) and pure technical efficiency (PTE). Hence, this study first uses the CCR model to assess TE then applies the BCC model to 

identify PTE and SE for each DMU. The relationship of these concepts is given below :  

Relationship between TE, PTE and SE 

TECRS = PTEVRS*SE   

where    TECRS = Technical efficiency of constant return to scale 

 PTEVRS = Technical efficiency of variable return to scale  

         SE = Scale efficiency 

Source : Coelli, et al., (1998).  

     The above relationship, which is unique, depicts the sources of inefficiency, i.e., whether it is caused by inefficient operation 

(PTE) or by disadvantageous conditions displayed by the scale efficiency (SE) or by both. If the scale efficiency is less than 1, the 

DMU will be operating either at decreasing return to scale (DRS) if a proportional increase of all input levels produces a less-than-

proportional increase in output levels or increasing return to scale (IRS) at the converse case. This implies that resources may be 

transferred from DMUs operating at DRS to those operating at IRS to increase average productivity at both sets of DMUs 

(Boussofiane et al.,1992).  

 
III. DATA AND VARIABLES FOR THE STUDY 

     Efficiency of a AMC depends on the facilities available with the AMC such as drying  platforms, storage units, market 

functionaries etc., which leads to good amount of arrivals and in turn AMC earns countable market fees creating employment. 

DEA assumes that, the inputs and outputs have been correctly identified. Usually as the number of inputs and outputs increase, 

more DMUs tend to get an efficiency rating of 1 as they become too specialized to be evaluated with respect to other units. On the 

other hand, if there are too few inputs and outputs, more DMUs tend to be comparable. In any study, it is important to focus on 

correctly specifying inputs and outputs. DEA is commonly used to evaluate the efficiency of a number of AMCs and it is a multi-

factor productivity analysis model for measuring the relative efficiency of a homogeneous set of regulated markets (DMUs). For 

every inefficient AMC, DEA identifies a set of  corresponding efficient AMC that can be utilized as benchmarks for improvement 

of performance and productivity. DEA is developed based on two scale of assumptions viz., Constant Return to Scale (CRS) 

model and Variable Return to Scale (VRS) model. CRS means that the producers are able to linearly scale the inputs and outputs 

without increasing or decreasing efficiency. This is a significant assumption. The assumption of CRS may be valid over limited 

ranges but its use must be justified. As an aside, CRS tends to lower the efficiency scores while VRS tends to raise efficiency 

scores.  

For enabling the study of evaluation of AMC’s we have the following resources(inputs) and productivity indicators or 

outputs :  

Inputs : X1 - Arrivals(in Qtls),   X2  - Amenities & facilities(in MTs.) 

              X3 - Market functionaries(in Nos.),  (X4) - Notified market area(in Kms) 

 Outputs :  Y1 - Valuation(Rs. in Lakhs),  Y2 - Market fees(Rs. in Lakhs)     

                              Y3 -  Staff position(in Nos.)  

 The study involves the application of DEA to assess the efficiency of  128 AMCs in Telangana region(nine districts, 

excluding Hyderabad district since it is a urban district and having only 3 AMCs) of Andhra Pradesh State in India during the 

years 2005-06, 2006-07, 2007-08 and 2008-09. The data used for assessment was obtained from the Annual Reports published by  

Directorate of Marketing and Inspection(vide ref : www.agmarknet.nic.in) and from the Annul Administrative Reports of the 

selected AMCs. DEA is applied separately for each year using input-orientation with radial distances to the efficient frontier. By 

running these programmes  with the same data under CRS and VRS assumptions, measures of overall technical efficiency (TE) 

and ‘pure’ technical efficiency(PTE) are obtained, along with scale efficiencies. The details were shown in Tables (1) to (3). 

 
IV. RESULTS AND DISCUSSION 

     The main theme of the present study is to assess the performance of  AMCs in nine districts viz., Adilabad, Karimnagar, 

Khammam, Mahabubnagar, Medak, Nalgonda, Nizamabad, Rangareddy, Warangal which are located in Telangana region of 

Andhra Pradesh state in India. The study intends to assess the efficiency of facilities in AMCs and thereby improving 

infrastructure of AMCs to provide suitable marketing avenues for farming community.   

PERFORMANCE OF AMCs AT REGIONAL LEVEL: The findings of DEA portrayed through Table 1 revealed the following 

salient information :  

 Nearly 41 percent i.e. 52 out of 128 total AMCs in Telalngana region are operated at Constant Return to Scale(CRS) in 

the entire period of study, that is 2005-06 to 2008-09. This reveals that these 52 AMCs in Telangana region are operating 

with stability, balancing the inputs(resources contained in these) to satisfy the outputs i.e. the purpose of AMCs. These 

are :  

S.No. Name of  AMC 
Return to Scale 

2005-06 2006-07 2007-08 2008-09 

1 ADILABAD crs crs crs crs 

2 ASIFABAD crs crs crs crs 

3 ECHODA crs crs crs crs 

4 KAGAZNAGAR crs crs crs crs 
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5 GANGADHARA crs crs crs crs 

6 JAGITIAL crs crs crs crs 

7 JAMMIKUNTA crs crs crs crs 

8 KARIMNAGAR crs crs crs crs 

9 KATARAM crs crs crs crs 

10 PEDDAPALLI crs crs crs crs 

11 POTHUGAL crs crs crs crs 

12 SULTANABAD crs crs crs crs 

13 VEMULAWADA crs crs crs crs 

14 BURGAMPAHAD crs crs crs crs 

15 DHAMMAPETA crs crs crs crs 

16 ENKOOR crs crs crs crs 

17 KALLUR crs crs crs crs 

18 KHAMMAM crs crs crs crs 

19 SATHUPALLI crs crs crs crs 

20 WYRA crs crs crs crs 

21 ALAMPUR crs crs crs crs 

22 BADEPALLY crs crs crs crs 

23 GADWAL crs crs crs crs 

24 KALWAKURTHY crs crs crs crs 

25 KOLLAPUR crs crs crs crs 

26 KOSGI crs crs crs crs 

27 MAHABUBNAGAR crs crs crs crs 

28 SHADNAGAR crs crs crs crs 

29 NARAYANKHED crs crs crs crs 

30 NARSAPUR crs crs crs crs 

31 SADASHIVPET crs crs crs crs 

32 SIDDIPET crs crs crs crs 

33 ALAIR crs crs crs crs 

34 HUZURNAGAR crs crs crs crs 

35 KODAD crs crs crs crs 

36 NIDMANOOR crs crs crs crs 

37 VALIGONDA crs crs crs crs 

38 ARMOOR crs crs crs crs 

39 BANSWADA crs crs crs crs 

40 BODHAN crs crs crs crs 

41 GANDHARI crs crs crs crs 

42 KAMAREDDY crs crs crs crs 

43 NIZAMABAD crs crs crs crs 

44 MARPALLY crs crs crs crs 

45 NARSINGI crs crs crs crs 

46 TANDUR crs crs crs crs 

47 KESAMUDRAM crs crs crs crs 

48 KODAKANDLA crs crs crs crs 

49 MULUG crs crs crs crs 

50 NARSAMPET crs crs crs crs 

51 PARKAL crs crs crs crs 

52 WARANGAL crs crs crs crs 

 

 About 16 percent i.e. 20 out of 128 total AMCs in Telangana region are operating with Increasing Return to Scale(IRS) 

through out the study period which reveal that these are showing encouraging trial to promote the purpose subject to 

additional inputs or resources are support. Infact these AMCs do need encouragement to promote the goal or purpose of 

AMCs. These are :  

S.No. Name of  AMC 
Return to Scale 

2005-06 2006-07 2007-08 2008-09 
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1 BOATH irs irs irs irs 

2 CHENNUR irs irs irs irs 

3 JAINATH irs irs irs irs 

4 JAINOOR irs irs irs irs 

5 KHANAPUR irs irs irs irs 

6 SARANGAPOOR irs irs irs irs 

7 GOLLAPALLY irs irs irs irs 

8 HUSNABAD irs irs irs irs 

9 HUZURABAD irs irs irs irs 

10 KORUTLA irs irs irs irs 

11 MANTHANI irs irs irs irs 

12 METPALLY irs irs irs irs 

13 AMANGAL irs irs irs irs 

14 ATHMAKUR irs irs irs irs 

15 DUBBAK irs irs irs irs 

16 JOGIPET irs irs irs irs 

17 RAMAYAMPET irs irs irs irs 

18 THOGUTA irs irs irs irs 

19 PARIGI irs irs irs irs 

20 GHANPUR(STN) irs irs irs irs 

 

 However it is regrettable to note that some of the other AMCs shown below are operating with Decreasing Return to 

Scale(DRS) through out the study period which implies that the resources are not utilized properly and wasted. Those 

AMCs are :  

S.No. Name of  AMC 
Return to Scale 

2005-06 2006-07 2007-08 2008-09 

1 CHANDUR DRS DRS DRS DRS 

2 CHOUTUPPAL DRS DRS DRS DRS 

 

     Further it is observed that AMCs like Dharmaram, Nelakondapalli, Achampet, W.P.Town, Chityal and Halia are exhibiting 

dismal performance regarding operational efficiency of the resources, i.e., they are operated with DRS for three years of reference 

period of study which indicates that the resources of these AMCs have to be transferred to AMCs operated with IRS. It is also 

noticed that some of the AMCs  have shown a shift in the return to scale pattern i.e either from IRS to CRS or vice-versa implying 

that, there is increased resource use efficiency ie., with reference to the exploitation of resources usage . Hence, these AMCs have 

shown an increased pace of return to scale(RTS) in the recent year 2008-09 compared to the earlier periods. However it is 

disheartening to say that, the selected AMCs like Bhainsa, Madhira, Nagarkurnool, Nakrekal, Miryalguda and Suryapet are 

showing dismal performance regarding the operational efficiency of the resources, as the RTS had shown a shift either from IRS 

to DRS or from CRS to DRS.  

PERFORMANCE OF AMCs AT DISTRICT LEVEL: Mean technical efficiency of AMCs in Telangana region district-wise was 

obtained and shown in table-2 and 3. Interestingly some of the following observations are established.  

 In Telangana region more number of efficient AMCs are identified compared to inefficient AMCs which reveal that the 

purpose of AMCs are significant in this pat of Andhra Pradesh.  

 Further it is interesting and encouraging to note that number of efficient AMCs increased from the financial year 20005-

06 to 2008-09 which is a positive growth and trend for the promotion of AMCs actively as per the intention of 

Government scheme in the Telangana region of Andhra Pradesh.  

Among selected districts, Warangal district had exhibited highest scale efficiency for two years i.e., 2005-06 and 2008-09 and 

Nizamabad district is having highest scale efficiency for two years i.e., 2006-07 and 2007-08. The districts with least scale 

efficiencies are Medak, Rangareddy, Warangal and Adilabad in the years 2005-06, 2006-07, 2007-08 and 2008-09 respectively. 

Regarding mean technical efficiency, no district is constant in its position throughout the reference period of study.  

      The informal discussions held with AMC Officials revealed the following interesting points for this heartening performance:  

 Farmers are showing positive attitude for transacting their produce in the AMCs                  

                    compared to local markets on account of the competitive price being realized in the AMCs. 

 Strengthening of infrastructure in the market yards like grading, processing, marketing        

                    information network, storage facilities etc. 

 More encouragement by the Government in the form of implementing pledge loan          

                   scheme, Rythu Bandhu Padhakam etc. 

 Regulation of marketing practices and marketing costs.  

 

V. CONCLUSIONS 
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 The analyses reveal that nearly 67 percent of the overall 128 AMC in Telangana region seen to be performing 

optimally(efficiently fulfilling the purpose) balancing the resources. However still 33 percent of the overall 128 AMCs, the 

efficiency is behind optimal level. Among this, 29 percent of AMCs are not achieving the best performance due to lack of 

availability of adequate resources while improvement can be established with augmenting adequate resources(inputs). However, 

other 4 percent of AMCs donot perform efficiently due to lack of motivation since the resources are under utilized and does not 

exhibit the fulfillment of optimal performance inspite of adequate resources. Therefore the study identifies that the resources 

which are unutilized in some of the AMCs can be distributed to those which are lagging behind due to scarcity of resources to 

promote and strengthen the overall activity of AMC performance in this region. This will promote 90 percent of AMCs to achieve 

optimal performance within the region and to participate in the wellbeing of farming community as per the intention of the 

Government support.  
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Table 1 : CRS, VRS, Scale efficiency and RTS of selected AMCs 

S.No. Name of  AMC 
2005-06 2006-07 2007-08 2008-09 

CRS VRS Scale RTS CRS VRS Scale RTS CRS VRS Scale RTS CRS VRS Scale RTS 

1 ADILABAD 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

2 ASIFABAD 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

3 BHAINSA 1 1 1 crs 1 1 1 crs 0.978 1 0.978 DRS 0.7941 1 0.7941 DRS 

4 BOATH 0.8829 0.9585 0.9211 irs 0.8024 0.9895 0.8109 irs 0.9488 1 0.9488 irs 0.8479 0.9503 0.8923 irs 

5 CHENNUR 0.6816 1 0.6816 irs 0.6816 1 0.6816 irs 0.8953 1 0.8953 irs 0.7476 1 0.7476 irs 

6 ECHODA 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

7 INDERVELLY 1 1 1 crs 1 1 1 crs 1 1 1 crs 0.7876 1 0.7876 irs 

8 JAINATH 0.7008 1 0.7008 irs 0.7126 1 0.7126 irs 0.8836 1 0.8836 irs 0.7008 1 0.7008 irs 

9 JAINOOR 0.8303 1 0.8303 irs 0.7338 0.9902 0.7411 irs 0.7925 1 0.7925 irs 0.5261 1 0.5261 irs 

10 KAGAZNAGAR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

11 KHANAPUR 0.7449 0.9928 0.7503 irs 0.7449 0.9928 0.7503 irs 0.7449 0.9928 0.7503 irs 0.7488 0.9928 0.7542 irs 

12 KUBEER 1 1 1 crs 1 1 1 crs 1 1 1 crs 0.3248 0.9201 0.3531 irs 

13 LUXETTIPET 1 1 1 crs 1 1 1 crs 0.9246 1 0.9246 DRS 1 1 1 crs 

14 MANCHERIAL 1 1 1 crs 1 1 1 crs 1 1 1 crs 0.7873 0.9507 0.8281 irs 

15 NIRMAL 0.8419 0.9021 0.9333 DRS 0.9234 0.941 0.9813 DRS 0.8453 0.8599 0.983 irs 0.7358 0.7667 0.9597 irs 

16 SARANGAPOOR 0.9022 1 0.9022 irs 0.7025 1 0.7025 irs 0.7671 1 0.7671 irs 0.5909 1 0.5909 irs 

17 CHOPPADANDI 0.9357 1 0.9357 irs 0.9587 1 0.9587 irs 0.8869 1 0.8869 irs 1 1 1 crs 

18 DHARMAPURI 0.8007 0.9422 0.8498 irs 0.8884 0.9785 0.908 irs 0.8207 0.9422 0.8711 irs 1 1 1 crs 

19 DHARMARAM 0.9491 0.9885 0.9601 DRS 1 1 1 crs 0.9054 0.9561 0.9469 DRS 0.8997 0.916 0.9822 DRS 

20 GANGADHARA 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

21 GOLLAPALLY 0.6605 0.9024 0.7319 irs 0.671 0.9117 0.7359 irs 0.7574 0.9026 0.8392 irs 0.63 0.9093 0.6929 irs 

22 HUSNABAD 0.7677 0.881 0.8714 irs 0.7423 0.8941 0.8302 irs 0.6756 0.8028 0.8415 irs 0.5452 0.8187 0.6659 irs 

23 HUZURABAD 0.4367 0.8047 0.5427 irs 0.4586 0.7984 0.5744 irs 0.4411 0.7984 0.5524 irs 0.6274 0.8096 0.775 irs 

24 JAGITIAL 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

25 JAMMIKUNTA 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

26 KARIMNAGAR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

27 KATARAM 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

28 KORUTLA 0.6251 0.9429 0.663 irs 0.5526 0.9336 0.5919 irs 0.6193 0.9345 0.6628 irs 0.7307 0.9459 0.7724 irs 

29 MALLIAL 1 1 1 crs 0.6 1 0.6 irs 0.7562 1 0.7562 irs 0.5675 1 0.5675 irs 

30 MANTHANI 0.4237 0.8126 0.5214 irs 0.5529 0.9776 0.5655 irs 0.4329 0.9782 0.4425 irs 0.2879 0.8781 0.3279 irs 

31 METPALLY 0.7714 0.8013 0.9627 irs 0.7754 0.8343 0.9295 irs 0.5658 0.7509 0.7535 irs 0.6583 0.8095 0.8132 irs 

32 PEDDAPALLI 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 
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33 POTHUGAL 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

34 SIRICILLA 1 1 1 crs 0.9825 1 0.9825 irs 0.9054 1 0.9054 irs 1 1 1 crs 

 

Table 1 (Cont’ ) : CR   VR    cale e  iciency an  RT  o  selecte   MCs 

35 SULTANABAD 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

36 VEMULAWADA 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

37 BADHRACHALAM 1 1 1 crs 1 1 1 crs 0.9609 1 0.9609 irs 1 1 1 crs 

38 BURGAMPAHAD 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

39 DHAMMAPETA 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

40 ENKOOR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

41 KALLUR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

42 KHAMMAM 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

43 KOTHAGUDEM 1 1 1 crs 1 1 1 crs 0.8154 0.8812 0.9253 irs 1 1 1 crs 

44 MADHIRA 1 1 1 crs 1 1 1 crs 1 1 1 crs 0.8974 1 0.8974 DRS 

45 NELAKONDAPALLI 0.9145 0.9836 0.9298 DRS 0.9449 1 0.9449 DRS 1 1 1 crs 0.8776 0.9158 0.9583 DRS 

46 Nugurucherla (HQ) 0.8199 0.8938 0.9174 DRS 1 1 1 crs 1 1 1 crs 0.9271 0.9935 0.9332 DRS 

47 SATHUPALLI 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

48 WYRA 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

49 YELLANDU 0.7305 1 0.7305 DRS 0.9302 1 0.9302 DRS 1 1 1 crs 1 1 1 crs 

50 ACHAMPET 0.6494 0.6658 0.9754 irs 0.6587 0.6634 0.9929 DRS 0.8115 0.9265 0.8759 DRS 0.5872 0.6211 0.9454 DRS 

51 ALAMPUR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

52 AMANGAL 0.7121 0.9177 0.7759 irs 0.7435 0.9177 0.8102 irs 0.9384 0.9612 0.9763 irs 0.9454 0.964 0.9807 irs 

53 ATHMAKUR 0.4413 0.8914 0.4951 irs 0.4303 0.8666 0.4966 irs 0.5577 0.9492 0.5876 irs 0.6743 1 0.6743 irs 

54 BADEPALLY 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

55 DEVARAKADRA 0.6106 0.9255 0.6598 irs 0.7043 0.9223 0.7636 irs 0.887 0.9538 0.93 irs 1 1 1 crs 

56 GADWAL 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

57 KALWAKURTHY 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

58 KOLLAPUR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

59 KOSGI 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

60 MAHABUBNAGAR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

61 MAKTHAL 1 1 1 crs 0.7987 0.8114 0.9844 irs 0.7873 0.7926 0.9933 irs 0.742 0.7425 0.9993 irs 

62 NAGARKURNOOL 1 1 1 crs 1 1 1 crs 1 1 1 crs 0.8651 0.9249 0.9353 DRS 

63 NARAYANPET 0.7986 0.9122 0.8755 irs 0.8987 0.9568 0.9393 irs 1 1 1 crs 1 1 1 crs 

64 SHADNAGAR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 
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65 W.P.ROAD 1 1 1 crs 1 1 1 crs 1 1 1 crs 0.9576 1 0.9576 irs 

66 W.P.TOWN 0.5616 0.5723 0.9814 irs 0.4784 0.4915 0.9733 DRS 0.4925 0.5123 0.9612 DRS 0.6892 0.7155 0.9633 DRS 

67 DUBBAK 0.3653 1 0.3653 irs 0.3776 1 0.3776 irs 0.5081 1 0.5081 irs 0.3025 1 0.3025 irs 

68 GAJWEL 1 1 1 crs 0.8335 0.8844 0.9425 DRS 1 1 1 crs 0.7045 0.7362 0.9569 irs 

69 JOGIPET 0.5742 0.973 0.5901 irs 0.5916 0.9005 0.6569 irs 0.6523 0.8776 0.7433 irs 0.5494 0.826 0.6651 irs 

70 MEDAK 1 1 1 crs 1 1 1 crs 0.9122 1 0.9122 DRS 1 1 1 crs 

 

Table 1 (Cont’ ) : CR   VR    cale e  iciency an  RT  o  selecte   MCs 

71 NARAYANKHED 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

72 NARSAPUR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

73 RAMAYAMPET 0.9869 1 0.9869 irs 0.9379 1 0.9379 irs 0.9709 1 0.9709 irs 0.9228 1 0.9228 irs 

74 SADASHIVPET 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

75 SIDDIPET 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

76 THOGUTA 0.4624 0.8048 0.5746 irs 0.382 0.8519 0.4484 irs 0.654 1 0.654 irs 0.1587 0.5222 0.3039 irs 

77 ZAHEERABAD 1 1 1 crs 1 1 1 crs 1 1 1 crs 0.7888 0.8988 0.8776 irs 

78 ALAIR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

79 BHONGIR 0.4445 1 0.4445 irs 0.461 1 0.461 irs 0.4752 1 0.4752 irs 1 1 1 crs 

80 CHANDUR 0.805 0.8806 0.9142 DRS 0.8886 0.8972 0.9903 DRS 0.8074 0.8264 0.9769 DRS 0.6115 0.62 0.9863 DRS 

81 CHITYAL 0.8526 0.8669 0.9834 DRS 0.6894 0.7045 0.9786 irs 0.8572 0.8696 0.9858 DRS 0.6798 0.6802 0.9994 DRS 

82 CHOUTUPPAL 0.8138 0.8284 0.9824 DRS 0.7331 0.7344 0.9982 DRS 0.7926 0.8036 0.9863 DRS 0.7683 0.8939 0.8596 DRS 

83 DEVARAKONDA 0.8139 1 0.8139 irs 1 1 1 crs 0.8004 1 0.8004 irs 1 1 1 crs 

84 HALIA 0.8895 0.9318 0.9546 DRS 1 1 1 crs 0.8139 0.8452 0.9629 DRS 0.9077 0.9736 0.9323 DRS 

85 HUZURLAGAR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

86 THIRUMALAGIRI 0.4491 0.4957 0.9061 irs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

87 KODAD 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

88 MIRYALAGUDA 1 1 1 crs 0.6107 0.7516 0.8125 irs 0.4869 0.704 0.6916 irs 0.5019 0.5953 0.843 DRS 

89 MOTHKUR 0.482 0.8434 0.5715 irs 0.8023 0.8366 0.9589 DRS 0.6181 0.6225 0.9928 irs 1 1 1 crs 

90 NAKREKAL 0.7157 0.7564 0.9462 DRS 1 1 1 crs 1 1 1 crs 0.9519 1 0.9519 DRS 

91 NALGONDA 0.9082 1 0.9082 DRS 0.7527 0.8371 0.8992 irs 0.7582 0.8317 0.9117 irs 0.8001 0.8462 0.9455 irs 

92 NEREDUCHERLA 0.7428 0.8206 0.9052 irs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

93 NIDMANOOR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

94 SURYAPET 1 1 1 crs 0.6648 0.7615 0.873 irs 0.3906 0.4863 0.8033 irs 0.7366 0.7694 0.9574 DRS 

95 VALIGONDA 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

96 Venkateswara Nagar 1 1 1 crs 1 1 1 crs 1 1 1 crs 0.9751 0.9838 0.9912 irs 
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97 ARMOOR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

98 BANSWADA 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

99 BODHAN 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

100 GANDHARI 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

101 KAMAREDDY 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

102 MADNOOR 0.8378 0.8742 0.9583 irs 1 1 1 crs 1 1 1 crs 0.9349 1 0.9349 irs 

103 NIZAMABAD 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

104 PITLAM 0.9922 1 0.9922 irs 0.9426 1 0.9426 irs 0.9677 1 0.9677 irs 1 1 1 crs 

105 VARNI 1 1 1 crs 1 1 1 crs 1 1 1 crs 0.7042 0.8244 0.8541 irs 

106 YELLAREDDY 0.8627 1 0.8627 irs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

 

Table 1 (Cont’ ) : CR   VR    cale e  iciency an  RT  o  selecte   MCs 

107 CHEVELLA 1 1 1 crs 0.4624 1 0.4624 irs 1 1 1 crs 1 1 1 crs 

108 IBRAHIMPATNAM 0.9786 0.9787 0.9999 DRS 1 1 1 crs 0.9627 0.9628 0.9998 DRS 0.9463 0.9602 0.9855 irs 

109 MARPALLY 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

110 MEDCHAL 0.7567 0.9691 0.7809 irs 0.9726 1 0.9726 irs 1 1 1 crs 1 1 1 crs 

111 NARSINGI 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

112 PARIGI 0.9096 1 0.9096 irs 0.7733 1 0.7733 irs 0.8218 1 0.8218 irs 0.7328 1 0.7328 irs 

113 SARDARNAGAR 1 1 1 crs 0.5 0.7363 0.6791 irs 1 1 1 crs 0.7873 1 0.7873 irs 

114 SHANKERPALLY 1 1 1 crs 0.5613 0.9621 0.5834 irs 1 1 1 crs 1 1 1 crs 

115 TANDUR 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

116 VIKARABAD 1 1 1 crs 0.9623 1 0.9623 irs 1 1 1 crs 1 1 1 crs 

117 CHERIAL 1 1 1 crs 1 1 1 crs 0.4713 0.6456 0.73 irs 1 1 1 crs 

118 GHANPUR(STN) 0.8811 0.9501 0.9274 irs 0.5669 0.8395 0.6753 irs 0.3589 0.7458 0.4813 irs 0.9079 0.9288 0.9775 irs 

119 JANGAON 0.9881 0.9891 0.9989 irs 0.8283 0.9064 0.9139 irs 0.6039 0.7727 0.7816 irs 1 1 1 crs 

120 KESAMUDRAM 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

121 KODAKANDLA 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

122 MAHABUBABAD 1 1 1 crs 1 1 1 crs 0.4886 0.6503 0.7513 irs 1 1 1 crs 

123 MULUGU 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

124 NARSAMPET 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

125 PARKAL 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

126 THORRUR 0.9745 0.9924 0.9819 DRS 1 1 1 crs 0.4543 0.6451 0.7042 irs 0.9415 0.9446 0.9967 irs 

127 WARANGAL 1 1 1 crs 1 1 1 crs 1 1 1 crs 1 1 1 crs 

128 WARDHANNAPET 0.9009 1 0.9009 irs 0.514 1 0.514 irs 0.3806 1 0.3806 irs 1 1 1 crs 
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 MEAN 0.903 0.966 0.9317  0.8897 0.9647 0.9196  0.8891 0.9546 0.9265  0.8907 0.9574 0.9261  

 S.D. 0.1634 0.0813 0.1348  0.1765 0.0826 0.1517  0.1795 0.1035 0.1371  0.1789 0.0954 0.1505  
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Table 2: District-wise and Year-wise Mean Technical Efficiencies 

District 
2005-06 2006-07 2007-08 2008-09 

CRS VRS SCALE CRS VRS SCALE CRS VRS SCALE CRS VRS SCALE 

ADB 0.9115 0.9908 0.9200 0.8938 0.9945 0.8987 0.9238 0.9907 0.9327 0.7870 0.9737 0.8084 

KRMR 
0.8685 0.9538 0.9019 0.8591 0.9664 0.8838 0.8383 0.9533 0.8729 0.8473 0.9544 0.8799 

KMM 
0.9588 0.9906 0.9675 0.9904 0.9999 0.9905 0.9828 0.9909 0.9912 0.9771 0.9930 0.9838 

MBNR 
0.8690 0.9344 0.9272 0.8654 0.9194 0.9388 0.9103 0.9468 0.9603 0.9095 0.9393 0.968 

MDK 
0.8535 0.9798 0.8652 0.8293 0.9670 0.8512 0.8816 0.9889 0.8899 0.7661 0.9076 0.8208 

NGD 
0.8377 0.917 0.9121 0.8738 0.9223 0.9459 0.8316 0.8942 0.9256 0.8912 0.9138 0.9719 

NZB 
0.9693 0.9874 0.9813 0.9943 0.9999 0.9944 0.9968 0.9999 0.9969 0.9639 0.9824 0.9789 

RGR 
0.9645 0.9948 0.9690 0.8232 0.9698 0.8433 0.9070 0.9202 0.9099 0.8864 0.9229 0.8871 

WRL 
0.9787 0.9943 0.9841 0.9091 0.9788 0.9253 0.7298 0.8716 0.8191 0.9875 0.9895 0.9979 

Note : ADB=Adilabad, KRMR=Karimnagar, KMM=Khammam, MBNR=Mahabubnagar, MDK=Medak, NGD=Nalgonda,  

NZB=Nizamabad, RGR=Rangareddy, WRL=Warangal. 

 

Table 3: Descriptive statistics of selected AMCs  

Description 2005-06 2006-07 2007-08 2008-09 

CRS VRS SCALE CRS VRS SCALE CRS VRS SCALE CRS VRS SCALE 

No. of 

AMCs  

evaluated 

128 128 128 128 128 128 128 128 128 128 128 128 

No. of 

efficient 

AMCs 

78 93 78 79 94 79 76 95 76 77 93 77 

No. of 

Inefficient 

AMCs 

50 35 50 49 34 49 52 33 52 51 35 51 

Mean Score 0.9030 0.9660 0.9317 0.8897 0.9647 0.9196 0.8891 0.9546 0.9265 0.8907 0.9574 0.9261 

Standard 

Deviation 
0.1634 0.0813 0.1348 0.1765 0.0826 0.1517 0.1795 0.1035 0.1371 0.1789 0.0954 0.1505 

Maximum 

Score 
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

Minimum 

Score 
0.3653 0.4957 0.3653 0.3776 0.4915 0.3776 0.3589 0.4863 0.3806 0.1587 0.5222 0.3025 
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  Abstract- The management of racehorses remains amateurish in 

Sri Lanka although the sport has been prevailing in the country 

for over a century. This study aimed to gain basic knowledge on 

the local management practices, identify related problems and 

make suggestions for improvement. Nuwara Eliya district was 

selected as the study area since rearing horses and racing is done 

mainly in this area. Data were obtained by administering a 

questionnaire to the stable workers and the horse owners of every 

stable unit (n=5) in the district. The total number of racehorses in 

the district was 44, out of which Thoroughbreds were 

predominant (62%). The majority of the horses (72%) are 

imported from India. All the stables were located on well drained 

land, and were not undesirably close to domestic dwellings. The 

basic construction design and material were similar in all stables. 

The daily routine in all stables was the same with only minor 

differences. The amount of exercise and the type and amount of 

feed given to the horses during the non racing period differ from 

those given during the racing season. The animals are fed 

depending on the physical needs, not by analyzing feed quality or 

evaluating the nutrient requirement. Grooming and hoof care 

comply with recommended methods although health care is not 

satisfactory since veterinary attention is sought only after the 

condition of a sick horse worsens. After the horse’s racing days 

are over it is used for breeding or riding. Constraints faced by 

racehorse owners include high expense in maintaining horses and 

lack of workers with professional knowledge and expertise. The 

management of race horses in the Sri Lanka has not reached the 

standards of countries where horse racing is well developed. 

Relevant practices could be adopted from countries with a 

developed equestrian industry. This will upgrade the 

performance and welfare of race horses, thus improving the 

racing industry. 

    

 Index Terms- Racehorses, racing, management, Sri Lanka, 

stables. 

 

I. INTRODUCTION 

orse racing, an equestrian sport with a long history, is 

popular in many countries. In Sri Lanka, however, horse 

racing and management has a great deal to improve to reach 

international standards. Management of race horses encompasses 

aspects such as housing, nutrition, training, exercise, grooming 

and general health care. According to literature, stables with 

loose boxes are preferred over tie stalls to house horses 

(Spaulding, 1976). Training and exercise are the most important 

aspects in the management of race horses. The age that horses are 

first ridden, or “broken” varies with the breed (Davison, 1987). A 

horse requires a balance of many nutrients (Cunha, 1980). 

Different feed types are available for horses and the type given is 

determined based on factors such as cost, availability, quality,  

 

requirement, and the nutritive value of the feed (Pilliner, 1999). 

Under the rules of racing and International Equestrian Federation 

(EFI), detection of any stimulant, sedative or ‘substance other 

than a normal nutrient’ in the body fluids of a horse will lead to 

disqualification (Pilliner, 1999). Grooming, which is performed 

twice daily is important for aesthetic reasons and for health 

(Wright, 1987 and McBane, 2005). Good hoof and dental care 

are also essential to maintain health and performance (Spaulding, 

1976 and Pilliner, 1999). Although horse racing has been 

prevailing in the country since the colonial era, no documented 

studies are available on the management practices of local race 

horses. This study was carried out to gain preliminary knowledge 

on the topic, identify related problems and to make suggestions 

for improvement. 

 

II. METHODOLOGY 

An extensive literature review was carried out to gain knowledge 

on the management of race horses in countries with a well 

developed equestrian industry. Since horse racing is an activity 

done mainly in Nuwara Eliya, most of the stables for race horses 

were confined to this area until recent times. Since it could be 

stated that the management practices of horses in Nuwara Eliya 

reflect the management of horses throughout the country, the 

Nuwara Eliya district was selected as the study area. Each stable 

unit in the district was visited from July 2010 to August 2011, 

and a structured questionnaire was administered to the stable 

workers and in some cases, the race horse owners, to collect data 

on the management practices. 

 

III. RESULTS AND DISCUSSION 

The sole purpose of rearing horses in the stables in the Nuwara 

Eliya district is for racing, except for in one, where breeding is 

the major purpose. Thoroughbreds are the predominant breed 

used for racing (62%). The total number of racehorses in the 

district was 44. Most stables maintain a higher number of 

geldings compared to the number of mares and stallions.  

The origin of the race horses in these stables is mainly India, 

although few locally bred animals are also used for racing. 

Imported horses have a ‘passport’ issued by the Indian Stud 

Book Authority with the details regarding the animal’s pedigree 

and markings. However, no proper records are maintained on 

individual animals.  

All the stables were located on well drained land, and were not 

undesirably close to domestic dwellings. The basic construction 

design and material were similar in all stables. The dimensions of 

a box comply with the standards (Sainsbury, 1987). The daily 

routine in all stables was the same with only minor differences. 

Typically, the horses are taken out for training or exercise in the 

H 
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morning, which lasts for four hours. Subsequently, the horses are 

brought in, groomed and fed. These activities are repeated in the 

evening. Grooming and hoof care comply with the methods 

recommended by McBane (2005) and Wright (1987). The 

imported horses are well experienced athletes. However, when a 

foal is born, it is trained for racing by Sri Lankan trainers. Foals 

get accustomed to be handled by humans by the age of six 

months. Specific training for racing begins at two years of age. A 

thoroughbred horse takes three to four years to reach the highest 

level of grading which is ‘Class 1’. The training procedure 

adopted by Sri Lankan horse trainers obey the methods 

recommended by Davison (1987). The exercise regime during 

the racing season differs from that during non-racing periods. 

Similarly, the quantity and composition of the diet during the 

racing season is different compared to that during non racing 

periods. Water is provided ad-libitum at all times. None of the 

stables practiced a method of analyzing feed quality or 

evaluating the nutrient requirement of the horses. The animals 

are fed depending on the physical needs as observed by the 

workers. Thus, it is evident that the nutritional management of 

race horses in Sri Lanka needs to be developed considerably. The 

nutritional requirement should be evaluated scientifically and 

feed formulation should be done accordingly, to upgrade 

performance. Although it is not practiced in Sri Lanka, the 

nutritional status can be assessed by observing a horse’s body 

condition. This is useful in ration formulation. Condition can be 

assessed using a method originally devised for farm livestock, 

known as condition scoring, by which the horse’s weight 

displacement along the neck, ribs and over the back and quarters 

is assessed visually (Pilliner, 1999).  

The commonly reported ailments were colic (20%) and 

lacerations (45%). The stable workers attempt to treat mild to 

moderate conditions and veterinary attention is sought only after 

the condition worsens. Each stable has a small store of 

commonly used drugs, which are used by the workers to treat 

animals with various conditions, mostly without any justification. 

The horses are vaccinated annually against tetanus and 

dewormed every 6 months. Dental examination is done if 

animals show signs of dental disorders. Regular hoof care is 

practiced in all stables. Few animals (2%) show signs of 

boredom and stress such as stall walking and pawing. Vices such 

as kicking and biting are exhibited by a few (5%). Although 

veterinary care is quite disregarded by horse owners due to the 

high cost, health and welfare of the horses could be improved 

greatly with regular veterinary attention.  

The racing lifespan of a horse ends when it is no longer fit 

enough to run or reaches its twelfth year, after which it is used 

for breeding or riding. Animals with a good pedigree and 

performance are selected for breeding. Once a mare is bred, 

pregnancy is confirmed by failure to return to estrus, or in some 

cases, by rectal examination, carried out by a veterinarian. 

However, the knowledge and expertise in the field of horse 

breeding has to be improved vastly if it is to reach international 

standards. 

Constraints faced by race horse owners 

The expense of maintaining a race horse is high, and is about 

Rs.20,000 per month in the non racing period, flaring up to 

Rs.50,000 per month during the racing season. None of the 

workers have professional qualifications although a few (8%) 

have been working with race horses in countries where horse 

racing is well developed. All imported horses are on the verge of 

retirement from their racing careers, and thus perform poorly or 

sustain illness after a short period. No proper screening methods 

are employed to detect drug abuse, although in developed 

countries, drug screening is a pre requisite for a horse to be 

qualified for a race (Pilliner, 1999). The prizes awarded for the 

winners at a racing event are not as attractive compared to those 

awarded for other sports.  

 

IV. CONCLUSION 

The management of local race horses has not reached the 

standards of countries where horse racing is an advanced 

industry due to various constraints. Management practices in 

countries where equestrianism is developed can be studied and 

certain practices could be adopted as relevant. If the management 

can be improved, the performance and welfare of the horses will 

develop so that horse racing in Sri Lanka would reach higher 

standards. In turn, it will improve the racing industry.  
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    Abstract- We evaluated the changes in estrous cycle of female 

rats fed either high carbohydrate or high protein diets for 42 days 

relatively to commercially available rodent pellets. Animals fed 

high carbohydrate diet showed a lengthened estrus cycle while 

those fed with a high protein diet could not continue a healthy 

estrous cycle. Animals received a protein rich diet showed a 

lengthened estrus cycle with an atypically extended diestrous 

stage until protein rich food is withdrawn and a balanced diet 

was introduced. However, animals fed with a carbohydrate rich 

diet showed a typical estrous cycle but slightly lengthier. Present 

findings have shown that nutrition depletion affect on estrous 

cycle in rats. Interestingly the changes were highly reversible 

upon replacement of a balanced diet. Results of the present 

findings suggest that nutritionally balanced diet is important for a 

healthy estrous cycle in laboratory rats thus diet should be given 

special attention during animal experimentation. 

    Index Terms- Diet composition, Nutrient depletion, Estrus 

behaviour, Growth, Rats 

 

INTRODUCTION 

eproductive processes are energetically costly processes 
especially in female mammals in which pre and post 
nataly growth and development is taking place (Flick et 

al. 1990; Wade et al. 1996), and are characterized not only by 
cyclic alteration in female reproductive tract and but also in 
the sexual receptivity. Sexual cycle of mammals other than 
primates is called estrus cycle (Ganong 1985). Estrus cycle 
consists of four stages, i.e.,  (i) proestrus where vaginal 
smears are dominated by nucleated epithelial cells, (ii) estrus 
where vaginal smears get cornified, (iii) meta estrus where 
cornified smears infiltrated by leucocytes, and (iv) diestrus 
where vaginal smears consisting almost entirely of 
leucocytes (Hurkaj & Mathur 1976). The recurrent period of 
receptivity or “heat” is called estrus in which sexual interest 
of the female is aroused and ovulation is taking place. The 
duration of estrus cycle varies from animal to animal and 
may be influenced by extroceptive factors such as light, 
temperature, nutritional status and social relationships (Du 
et al. 1996). Availability of energy have immediate direct 
effect on reproduction and female mammals will differ or 
interrupt reproductive attempts in favor of processes 
necessary for individual survival (Wade et al. 1996), until 

energy supply become more abundant. This energetic 
inhibition of reproduction can take a number of forms, 
including a delay of puberty, cessation of ovulatery cycles, 
fetal resoroption or infanticide (Bronson 1985; Marstellar et 
al. 1987; Schncider et al. 1989). Food serves both a proximate 
and an ultimate factor in regulation of fertility and, therefore 
food supply is the single most important environmental 
factor controlling reproduction (Wade 1998; Bronson 1989).  

 

Female rat repeats estrus cycle throughout the year at 
intervals of four to five days (Ganong 1985; Hurkaj and 
Mathur 1976), unless subjected to pregnancy, pseudo-
pregnancy (after a sterile mating), or disease. The cycle 
involves whole reproductive tract and it is possible to 
determine sexual status of the female rat by examining the 
smears prepared from vaginal fluid. The present study was 
carried out to investigate the impacts of nutrient depletion 
on the estrous cycle of female wistar rats. Rats were chosen 
for this work, since they were by far the most economic 
model for nutritional studies (Donnelly et al. 2000) and, also 
they have shown to eat fish and maintain healthy growth 
rates on fish diets (Arnold et al. 1998).  

 

MATERIALS AND METHODS 

Forty-five mature wistar female rats (age 12  2 weeks; 
weighing 250  20 g) with previously proven standard 
behaviour of estrous cycle (kept in standard animal house 
conditions, i.e., Temperature 27-30 0C; Photoperiod, 
approximately 12 hours light and 12 hours dark daily) were 
randomly divided into 3 groups (n=15 per group). Animals 
were maintained in standard solid bottom rat cages as 5 
animals per cage with wood shavings as bedding materials. 
Each group was given either Boiled rice only (group A) 
consisting of 91%, 8% and 1% proximate composition of 
carbohydrates, protein and fat in dry basis, respectively 
(USDA 2004) or Fish meat only (group B) consisting of 75% 
and 3% proximate composition of Protein and fat in dry 
basis, respectively (USDA 2004; Merindol 1969; Lovell 1934) 
or commercially available readily usable rodents Pellets 
(group C) consisting of 60% carbohydrates, 28% proteins 

R 
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and 12% fat, ad libitum for 42 days. At the end of the initial 
study period of 42 days, diets of group A and B animals were 
changed to normal rodent pellets instead of boiled rice or fish 
meat for further 18 days i.e. as same as in group C animals. 
Tap water was available at all times and the animals in all 
groups were provided other environmental conditions 
similarly.  

 

Amount of leftover food was assessed daily to observe any 
difference in food preferences in any specified diets and 
general behavour of rats were recorded for one hour each 
day during 08.00-12.00 hours. Animals were weighted every 
other day using a top loading balance (Mettler PE 3600). 
Vaginal smears were observed daily (between 16.00 - 17.00 
hours) to assess status of estrus cycle. Number of estrus 
cycles and their lengths (number of days per cycle) were 
computed separately for initial 6 days as well as for next 42 
days and then up to day 60. Percentage reduction or increase 
in body weight of individuals were calculated during the 
experimental period up to 42 days and from then to 60 days, 
using initial and final body weights at each stage. Data were 
statistically analyzed using SPSS statistical package (version 
16). Significant level was set at 5% and data was presented as 
mean  SD. 

 

RESULTS 

Food consumption and general behaviour of rats in group A & B 

did not show any significant difference compared to those in 

group C animals fed with standard rodent pellets. However, there 

was a significant reduction (p<0.001) in percentage body weight 

gain in group B rats during first 42 days. Group A animals did 

not show any net body weight gain during the initial 42 day study 

period. In contrarily, percentage body weight in group C animals 

showed a healthy regular growth throughout the experiment 

(Figure 1).  

 

 
Figure 1: Percentage body weight gain in female rats tested with 

three different diets (**p<0.01) 

 

Having regular estrus cycle during the initial period, there was no 

significant difference (p<0.05) in length of the estrus cycle in rats 

tested in three groups during first six days of the experiment. 

Number of estrus cycles for initial six days in group A, B & C 

rats were 1.270.12, 1.270.12 and 1.200.11, respectively. 

However, irregularities in estrus cycle were observed in Group A 

and B animals after initial 6 days. That is, estrous cycle 

irregularities occurred as lengthened diestrous stage. It was 

highly conspicuous in group B animals, i.e., they could not 

continue a healthy estrus cycle and only diestrus stage could be 

observed during the experimental period from day 6 to 42 

(Figure 2). Although, group A animals could continue the estrus 

cycle, each cycle took slightly lengthen period (5.710.16 days) 

compared to animals in group C (4.230.12 days). 

 

 
Figure 2: Number of estrus cycles of rats tested in three different 

diets up to 42 days of the experiment (***p<0.001) 

 

After introducing normal pellet diet since 42 day, group B 

animals showed significantly higher (p<0.01) gain in body 

weight (29.803.46%). Similarly animals in group A showed a 

regular increase in body weight (1.461.45 %) compared to 

animals in group C (0.89  1.16%). Estrous cycle of group B 

animals resumed estrous cycle from extended diestrous stage. 

Number of days per each estrous cycle was significantly higher 

in group B animals (10.20  0.92 days) compared with that of in 

group C animals (4.36  0.15 days). Rats in group A also showed 

a reduction in number of days per estrous cycle (4.64  0.31 

days) from its estrous cycle length (4.87  0.19 days) during 

initial 42 days. 

 

 

DISCUSSION 

Biologically end point data for laboratory rats can be affected by 

factors such as the light, temperature, social relationships, diet, 

age and strain. Here, we tested two different diets with increased 

composition of carbohydrate or protein by depleting protein or 

carbohydrate and fat composition with reference to commercially 

available laboratory rodents pellets. Female rats received a 

protein rich diet showed a lengthened estrus cycle with an 
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atypically extended diestrous stage until protein rich food is 

withdrawn and a normal balanced diet was introduced. 

 

Animals fed with three diets containing different nutrient 

composition showed a similar food preference. Rats fed with a 

high carbohydrate diet containing low amount of protein and fat 

did not show a significant reduction in body weight throughout 

the experiment. In contrary, rats fed high protein diet could not 

maintain their body weight, at least as animals fed high 

carbohydrate diet. Overall results of individual body weight in 

present study have clearly shown that nutrition depletion as well 

as its composition directly affects on animal growth and body 

weight. However, it is clear that present findings are not in 

agreement with Arnold and others (1998) in which authors have 

found that rats could maintain healthy growth rates on a fish diet. 

Similarly to body weight, animals fed either high carbohydrate or 

high protein diet showed lengthened or ceased ovulatory cycles. 

Both of these diets in group A and B consisted of low amount of 

other major nutrients (carbohydrates or proteins and fat) 

comparatively to a normal rodent diet. It is clear that reduction in 

balanced diet formula has greatly affected on healthy estrous 

cycle and changed to an unhealthy and irregular estrous cycle as 

seen in the experiment. Provision of carbohydrate lack, protein 

rich diet may have had possible impacts in dramatic reduction of 

animal growth and changes of their healthy estrous cycle. 

However, such changes in estrous cycle were reversible, and this 

was clearly observed during the latter part of the experiment, 

post day 42. When animals’ diets were shifted to standard rodent 

pellets, estrous cycle shifted towards standard length of the cycle. 

Animals in the three groups did not show a significant difference 

in length of estrus cycle during initial six days of the experiment 

indicating they all had a healthy estrous cycle before 

commencing the experiment. Differences in estrous cycle we 

observed in the study were due to direct or indirect effects caused 

by nutritional depletion. Present study has shown that during the 

initial period, before the extreme diets were introduced, animals 

had a healthy estrous behaviour. However, it is not easy to 

exclude any influence of other nutrients in carbohydrate or 

protein rich diets. It is presumed that restriction of certain 

components of diet could target completely unknown endpoints. 

Food restrictions are known to alter the secretion of pituitary 

gonadotropins and gonadal steroids. These secretary responses 

are thought to be preliminary due to suppression of gonadotropin 

releasing hormone (GnRH) release which is mediated by 

changing the activity of GnRH neurons in forebrain. Changes in 

the function of GnRH-secreting neurons have been inferred from 

circulating levels of LH. Suppression of sexual behaviour 

appears to be due to decrease in estrogen receptor in the 

ventromedial hypothalamus (Wade et al. 1996; Berriman et al. 

1992). This fact stresses that for a healthy physiological 

performance in estrous cycle, laboratory rats need a healthy 

balanced diet. On the other hand, increased availability of 

carbohydrate or proteins only cannot regulate normal 

physiological processes in animals. Our results on the length of 

estrus cycle in animals fed with normal diet is in agreement with 

previous findings in which rat’s ovulatory cycles took place 

within 4 to 5 days (Ganong 1985; Hurkaj and Mathur 1976). 

In previous studies, estrus cycles of hamsters were interrupted by 

even a brief (48-h) period of food deprivation (Schncider and 

Wade 1989a; Schncider and Wade 1989b; Schncider and Wade 

1990). Therefore, observed irregular behavior of estrus cycle of 

rats in present study has proven that nutrient composition directly 

affects on estrus cycle, as in food deprivation. Lengthened and 

ceased ovulatory cycles in animal groups fed either high 

carbohydrate or high protein diet are in agreement with Wade 

(1998) that reproduction was depending on diet and energy 

availability. Cessation of ovulatery cycle in diestrus stage means 

that there is no ovulation or sexual receptivity. Therefore, it may 

directly affect on the population regulation of the individuals. 

Intensive studies for over a decade have revealed that Alaskan 

Steller Sea lion population decline since the late 1970’s in 

parallel with a shift in the ocean’s composition of fish (Calkins et 

al. 1999). Present findings have shown that lengthened estrus 

cycles could be reversed nearly to normal length and animals 

with ceased estrous cycles could re-start the cycle, after 

introducing the normal diet from 42
nd

 day of the experiment. 

Therefore, it is clearly evident that nutritional depletion can 

directly affect on the estrus behaviour and nutritional infertility 

can be reversed in rats. One possible mechanism for such 

changes in estrus behaviour of animals may be due to the diet 

induced changes in LH pulses and changes of the LH pulses can 

be rapidly restored upon refeeding (Berriman et al. 1992). 

Furthermore, depletion of available metabolic energy due to 

increase requirements for thermogenesis or alternatively from 

mechanisms unrelated to energy expenditure, also inhibits 

reproduction (Schneider and Wade 1990b). Therefore, it is 

crucial that diets with sufficient proximate composition of 

nutrients must need the animals to maintain their physiological 

processes at optimum level. To achieve better results from the 

animal experimentation it is necessary to pay attention on 

nutrient composition in diets along with other environmental 

factors of animal welfare. Provision of sufficient nutrients to 

experimental animals reflects reliable results from animal 

experimentation in different ways. For instance, greater supply of 

metabolic energy from diets attenuated cannibalism of pups in 

heavier mothers of hamsters (Schneider and Wade 1989). 

 

 

CONCLUSION 

The present study shows that depletion of balanced nutrient 

components from daily food supply of laboratory rats could have 

consequences in disrupted estrous cycle behavior. Although the 

effects are transient and could be reversed if animals are 

switched back to normal balanced diet, such consequences could 

reflect results of other experimentation. Further experimentation 

is in progress to identify severity of physiological consequences. 
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Abstract- This paper presents modeling of Photovoltaic (PV) 

module using MATLAB/Simulink. The model is developed on 

the basis of mathematical model of the PV module. The PV 

module of VIKRAM SOLAR PANEL PV- ELDORA 230 is 

selected for the experimental and technical data to analyze the 

developed model. The objective of this paper is to develop a 

model to simulate the behavior of a photovoltaic cell. Both 

models are implemented in MATLAB/Simulink. To demonstrate 

the validity of the model the IV and PV curves results were 

compared with those provided by the manufacturer.  

 

Index Terms- Photovoltaic (PV), PV cells, Modeling, 

Simulation, MATLAB/Simulink, IV curves. 

 

I. INTRODUCTION 

he entire world is facing a challenge to overcome the hurdle 

of energy crisis. The diminishing deposits of non renewable 

energy resources such as coal, natural gas, fossil fuels etc. have 

added to this worry. It is thus fairly evident that a need exist for 

developing alternative energy sources. The immediate need 

would  be  to vitiate   the  problems  caused     by depletion of oil 

and natural gas, while the long term need would be to develop 

means that can replace coal and fossil fuels. Rapid population 

growth and industrialization, demands for an increased amount 

of electrical energy[1]. Solar energy is a renewable, inexhaustible 

and ultimate source of energy. If used in a proper way, it has a 

capacity to fulfill numerous energy needs of the world. Solar 

cells convert solar energy into electrical energy. This 

phenomenon occurs in materials which have the property of 

capture photon and emit electrons. The main material used in the 

photovoltaic industry is silicon [2]. But there are many lines of 

research to find materials to replace or supplement to silicon to 

improve conversion efficiency, as for example [3, 4]. 

      The main aim of this paper is to provide a reader with the 

fundamental knowledge on design and building the blocks of PV 

module based on the mathematical equations using MATLAB/ 

Simulink. The principle and operation of the PV cell and the 

fundamental characteristics of PV cell are discussed in chapter II. 

In chapter III mathematical model of the ideal PV cell and also 

the practical PV cell values are shown from VIKRAM SOLAR 

PANEL- ELDORA 230 .In chapter IV the different types of 

models are shown which are analyzed during this work. The 

simulation model developed using MATLAB/Simulink and the 

results obtained are presented and discussed in chapter 5. 

 

II. OPERATION AND CHARACTERISTICS OF PV OR SOLAR 

CELLS 

2.1Principle of Operation of Solar Cell: 

Solar cell is basically a p-n junction fabricated in a thin wafer or 

layer of semiconductor. The electromagnetic radiation of solar 

energy can be directly converted to electricity through 

photovoltaic effect. Being exposed to the sunlight, photons with 

energy greater than the band-gap energy of the semiconductor 

are absorbed and create some electron-hole pairs proportional to 

the incident irradiation. Under the influence of the internal 

electric fields of the p-n junction, these carriers are swept apart 

and create a photocurrent which is directly proportional to solar 

insolation [5]. The ideal solar cell, theoretically, can be modeled 

as a current source in anti-parallel with a diode (Fig.2.1 (a)). The 

direct current, generated when the cell is exposed to light, varies 

linearly with solar radiation. An improvement of the model 

includes the effects of a shunt resistance and another in series [6]. 

 
Fig. 2.1(a) Equivalent circuit for PV model 

 

      According to [6] and based Fig. 2.1(a) photovoltaic panel  its 

characteristic equation : 

 I = I ph – Id – Ish       ….(1) 

Being Iph, Id and Ish: 

 Iph=          . ...(2) 

 Id=Is.(    -1)            ….(3) 

 Is=Isc.(    -1)                ….(4) 

 Vt=                                  ....(5) 

 

      This expression describes the electrical behavior and 

determines the relationship between voltage and current supplied 

T  
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by a photovoltaic module. It is a non-linear mathematical 

equation whose parameters are, Ns is number of cells in series, Iph 

is the current produced by the photoelectric effect, IS is the 

reverse saturation current. RS and Rsh are inherent resistances in 

series and parallel associated with the cell. Q is the electron 

charge, K  Boltzmann’s constant and a, the ideality factor 

modified. 

 

2.2 Characteristics of Solar Cell:  

      PV system naturally exhibits a nonlinear I-V and P-V 

characteristics which vary with the radiant intensity and cell 

temperature. Fig.2.1 (b) and Fig.2.1(c) respectively shows the 

equivalent circuit models of cell. 

 

 
Fig. 2.1(b) I-V curve 

 

      The curve drawn (Fig. 2.1(b) and Fig.2.1(c)) shows how the 

voltage and current varies with Irradiation and Temperature of 

PV module. We can find out maximum power by finding out the 

Vmax and Imax. There are different methods of finding out 

Maximum power of PV module  i.e. Pmax and these are known as 

MPP Techniques i.e Maximum Power Point Technique at that 

point we get Vmax and Imax. 

 
Fig. 2.1(b) P-V curve 

 

      The fundamental parameters related to solar cell are short 

circuit current (Isc), open circuit voltage (Voc), maximum power 

point (MPP)[6]. 

      Short Circuit Current is the current corresponds to the short 

circuit condition when the impedance is low and it is calculated 

when the voltage equals to zero.  

I (at V=0) = Isc              …..(6) 

 

      Open Circuit Voltage is the voltage when the open circuit 

occurs and there is no current passing through the cell. The Open 

circuit voltage is calculated when the voltage equals to zero.  

V (at I=0) = Voc           ……(7) 

      Maximum Power Point is the operating point at which the 

power is maximum across the load.  

Pm = VmIm                 …...(8) 

 

      where, Vm is the maximum voltage and Im is the maximum 

current.  

      Efficiency of solar cell is the ratio between the maximum 

power and the incident light power.  

η =                      …….(9) 

 

Pin is taken as the product of the solar irradiation of the incident 

light (G=λ/1000), measured in W/m
2
, with the surface area (Ac) 

of the solar cell in m
2
.    

 

III. PHOTOVOLTAIC PANEL TO BE DEVELOPED  

      In order to apply these concepts to developments of a solar 

cell model, the VIKRAM SOLAR PANEL PV- ELDORA 230 

module has been chosen for modeling. This module has 50 series 

connected polycrystalline cells. The key specifications are shown 

in Table 1. 

 

Table1. Key specifications of the VIKRAM SOLAR  PV 

Panel 

 

      The performance of solar cell is normally evaluated under the 

standard test condition (STC), where an average solar spectrum 

at AM 1.5 is used, the irradiance is normalized to 1000W/m
2
, and 

the cell temperature is defined as 25 ºC. 

 

IV. TYPES OF MODELS 

      The two models presented in this paper are part of a more 

complete study of models of cell or photovoltaic panels. The 

models that are analyzed and compared differ depending on if 

they are modeled with MATLAB/Simulink or with the support of 

Model  ELDORA 230  

Cell type  Polycrystalline  

Maximum Power[W]  (-0/+5w)(pump) 

235w  

Open circuit voltage Voc[V]  36.65  

Short Circuit Current[Isc]  8.35  

Current, Max power Impp [A]  8.08  

Voltage , Max power  Vmpp[V]  29.10  

Normal operating cell temperature  45  
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some of their toolboxes. Below is a brief summary of each of the 

simulation forms analyzed in this work. 

 

 

A. Matlab Programming 

      This model is made only in Matlab, based on mathematical 

equations that define the photovoltaic cell. From the work of 

Walker [7], Gonzalez [8] and Ahikiro [9] a function in Matlab 

[10] has been developed which calculates the current module 

from data of voltage, solar radiation and temperature. Setting the 

constant temperature or radiation, curves IV and PV will be 

obtained. From another script also calculates the maximum 

power point. 

 

B. Matlab Tools 

      This section has taken into account two ways to represent the 

IV and PV curves. In the first form of representation, the graphic 

interface for curve fitting Cftool (Curve Fitting Toolbox) has 

been used. The International Journal on “Technical and Physical 

Problems of Engineering” (IJTPE), Iss. 10, Vol. 4, No. 1, Mar. 

2012 47 starting point of this model is the manufacturer's 

datasheet, in which the IV and PV curves of the panel are 

represented. In this curve at least three coordinates (V, I) are 

known, (0, ISC), (Vmpp, Impp) and (VOC, 0). Manually more 

coordinates can be approximated to facilitate the representation. 

With these coordinates, the tool will provide an equation of a 

similar curve to the original one. In the second form, the model 

consists of two Matlab programs. The first serves for the 

presentation and data capture and calculations are made in the 

second one. These calculations are based on three functions of 

MATLAB: fsolve, fzero and lsqnonlin. In this case the data used 

were obtained experimentally from the panels analyzed. Data can 

be exchanged from one form of representation to another. 

 

C. Basic Model in Simulink 

      This model is made based on [11,12]. It is a model like the 

one shown in section D, also based on mathematical Equation (1) 

but made with elements of Simulink. It is a basic model in which 

the values of Rs (0.001 Ω) and Rsh (1000 Ω) are assumed to be 

known. 

 

D. Simulink Model with Tags 

      This is the usual way to model a PV cell that has been 

developed among other authors, by Villava [12]. It starts from 

the same equations as in section A, but it is developed in 

Simulink. Based on this kind of programming could also 

simulate the basic model of the previous section in this way. The 

model developed with tags, presented in this paper (Figures  4), 

model in Section C is the basic model based on Equation (1). 

Therefore the results have to be the same. Fig. 4. Types of tags 

 

 
Fig. 4 

 

E. Model of Physical Component 

      This model is made from physical elements using Simscape. 

With those elements, electrical equivalent circuit diagram of the 

cell is performed.  

 

F. Model of Advanced Component Library 

      This is the simplest model. It works with an element of 

SimElectronics, that is a toolbox dependent of Simscape. The 

element to model, Solar Cell, appears in the Source Library. 

Only, it is needed to enter the parameters that define the cell, 

provided by the manufacturer's data sheet. 

 

G. Model According with Look Table Function 

      This model is created from experimental data of the panel 

that is going to be simulated. It is based on the element Look 

Table (2D). Lookup Tables library in Simulink which generates a 

vector of data, from the experimental data of irradiance, voltage 

and current. Then use the surface fitting tool.  

 

V. MODEL BASED ON SIMULINK WITH TAGS 

      In this model two types of tags (Figure 4) were worked with: 
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Figure 5.1. Simulink model with tags 

 

       From: Outputs the data type (or types) of the signal 

connected to the corresponding Goto block. Library: Signal 

Routing. 

       • Goto: Pass block input To/From blocks. Input can be of 

any type. Library: Signal Routing. 

       From/Goto combinations can be quite powerful in Simulink. 

These blocks are useful tools to structure a complex design 

which would otherwise have many crossing signal lines, a 

stylistic choice that can make a model harder to decipher. But, 

From/Goto blocks can only be used with a local scope. They are 

basically nonfunctional, simply hiding a signal line from view. 

The model developed (Figure 5.1) is based on the equivalent 

circuit of solar cell (Fig.2.1) and its characteristic equation, 

Equation (1). Where current (I) obtained in the solar panel is 

defined by the following expression: 

 

I = I ph – Id – Ish 
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Figure 5.2 IV Curve results 

 

       The model developed is shown in Figure 5. In this model the 

irradiance (Ir) is a vector of value [200 400 600 800 1000]. It will 

be represented an IV characteristic curve for each irradiance 

value in the same graph, as shown in Figure 5.2. The same goes 

for the PV curve in Figure 5.3. If 50 cells are put in series a full 

panel simulation is obtained. 

 

 
 

Figure 5.3 PV curves Result 

 

VI. CONCLUSION 

       Since the field tests can be expensive and depend primarily 

on weather conditions it is very convenient to have simulation 

models to perform at any time. For this reason, in this paper, for 

the development of photovoltaic arrays the methods of modeling 

in MATLAB/SIMULINK have been analyzed. During analysis 

one of the method is selected and a model is developed on that. 

This model has  been designed in Simulink with Tags. The 

blocks with tags makes the model more user-friendly. Such a 

generalized PV model is easy to use for the implementation on 

Matlab/Simulink modeling and simulation platform.  

       Results presented in the paper clearly demonstrates, IV and 

PV characteristic curve similar to the graph that presents the 

manufacturer's data sheet of the solar panel. More similar the 

curve obtained, better the model will be.  
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Abstract- When we work harder, our hearts beat faster. When 

we're hot, we sweat. The internal functions within our body 

regulate themselves. Correspondingly, won’t we like to have 

systems that can heal themselves? Autonomous Computing is a 

holistic, system-wide perspective. The ultimate goal is to have 

the machine think for itself without human input, to be able to 

boot up backup systems, and even to order spare parts to ensure 

transparency to the user. Successful autonomic systems will need 

to be self-configuring, self-optimizing, self-protecting, and self-

healing. So rather than having to tell systems what to do 

explicitly in a certain situation, we just tell these systems what 

we're trying to accomplish. While that ultimate goal is still years 

away, the first generation of self-adapting software tools is 

within reach. Autonomic computing will not reinvent computer 

science but will offer new opportunities—new ways of securing 

our systems against attack. 

 

Index Terms- self-configuring, self-optimizing, self-protecting, 

self-healing 

 

I. INTRODUCTION 

utonomic computing is an approach to self-managed 

computing systems with a minimum of human interference. 

The term derives from the body's autonomic nervous system. The 

human body is self-healing. Broken bones mend, cuts heal, and a 

child’s immunity system grows stronger. The body’s autonomic 

nervous system, which controls involuntary actions without 

conscious awareness or involvement, has fascinated the world of 

medicine. So why can’t it be the same with computers? Must a 

computer engineer or a systems administrator monitors a server 

round-the-clock to ensure normal operation? The solution is 

autonomic computing systems that will have the ability to 

configure, tune and even repair themselves. Machines that 

analyze the difficulties and re-route to alternate ultimate 

networks, computers or even switch to a backup chip. The goal is 

to have the machine think for itself without human input, to be 

able to boot up backup systems, and even to order spare parts to 

ensure sure that the people running the system never know there 

is a problem.  

        

II. ARCHITECTURE FEATURE  

       Autonomic computing will have implications for computing 

systems at all scales, from single devices to the  worldwide 

networked economy. One very common architecture for an 

autonomic element will involve two parts: 

 Functional unit: that performs whatever basic function 

the element provides (such as storage, database 

functions, Web services, and so on) 

 Management unit: that oversees the operation of the 

functional unit, ensures that it has the resources that it 

needs to perform its function, configures and 

reconfigures it to adapt to changing conditions, carries 

out negotiations with other autonomic elements. 

 What is "Self-CHOP?" 

 

      The acronym CHOP is shorthand for configure, heal, 

optimize, and protect, the fundamental aspects of autonomic 

computing technology. Autonomic systems are designed to 

address one or more of these aspects. Figure 1 illustrates these 

concepts. 

 

Figure. Self-CHOP 

 
 

      An architectural blueprint for autonomic computing explains 

the self-CHOP attributes: 

 

      Although autonomic, control loops consist of the same 

fundamental parts, their functions can be divided into four broad 

embedded control loop categories. 

 Self-configuring - It Can dynamically adapt to changing 

environments. Self-configuring components adapt 

dynamically to changes in the environment, using 

policies provided by the IT professional. Such changes 

could include the deployment of new components or 

the removal of existing ones, or dramatic changes in the 

system characteristics. 

 Self-healing - It Can discover, diagnose and react to 

disruptions. Self-healing components can detect system 

malfunctions and initiate policy-based corrective action 

without disrupting the IT environment. Corrective 

action could involve a product altering its own state or 

A  



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      603 

ISSN 2250-3153  

www.ijsrp.org 

effecting changes in other components in the 

environment. 

 Self-optimizing -  It Can monitor and tune resources 

automatically. Self-optimizing components can tune 

themselves to meet end-user or business needs. The 

tuning actions could mean reallocating resources -- 

such as in response to changing workloads -- to 

improve overall utilization, or ensuring that particular 

business transactions can be completed in a timely 

fashion. Self-optimization helps provide a high 

standard of service for both the system's end users and 

a business's customers. 

 Self-protecting -  It Can anticipate, detect, identify and 

protect against threats from anywhere. Self-protecting 

components can detect hostile behaviors as they occur 

and take corrective actions to make themselves less 

vulnerable. The hostile behaviors can include 

unauthorized access and use, virus infection and 

proliferation, and denial-of-service attacks. Self-

protecting capabilities allow businesses to consistently 

enforce security and privacy policies. 

                    

    Ex.  ABS (Anti-lock braking system) 

          -Safety innovations by engineers 

1. ABS prevents the wheel from locking when the car 

goes into a skid. This ensures the car can still be 

steered and thus prevents accidents. The ABS 

comprises electronic sensors and solenoid valves in 

the wheel hubs. 

2. Windows XP also incorporates self-healing 

technology. When an application crashes, the user 

can shut it down systematically, thereby preventing 

the entire system from freezing or hanging. This 

operating system also offers to report program errors 

to the Microsoft Support team. Further, Windows XP 

looks out for updates and automatically downloads 

these when available.  

3. Recent versions of Microsoft Office include a Repair 

feature. So if key program file (such as 

Winword.exe) gets corrupted or accidentally deleted, 

the software can reinstall it. Such features will soon 

be present in other desktop software. 

 

      A good example would be RAID, which allows a storage 

system to have a disk drive fail and it just  keeps  running nicely, 

it basically works around and heals the failure of that disk drive. 

 

III. AUTONOMIC CYCLE 

 

 
Autonomic manager 

 

      The autonomic manager is a component that implements the 

control loop. The architecture splits the loop into four parts that 

share knowledge. They are: 

 Monitor--provides the mechanisms that collect, 

aggregate, filter, manage, and report details (metrics and 

topologies) collected from a managed resource 

 Analyze--provides the mechanisms to correlate and 

model complex situations that allow the autonomic 

manager to learn about the IT environment and help 

predict future situations 

 Plan--provides the mechanisms that construct the action 

needed to achieve goals and objectives 

 Execute--provides mechanisms that control the 

execution of a plan with considerations for dynamic 

updates 

 

      The four parts work together to provide the control loop 

functionality. They consume and generate knowledge. This 

knowledge builds on known information about the system and 

grows as the autonomic manager learns more about the 

characteristics of the managed resources. The knowledge is 

continuously shared among the four parts, leading to more 

informed decisions being made by the parts. It shows a structural 

arrangement of the parts--not a control flow. The bold line that 

connects the four parts should be thought of as a common 

messaging bus rather than a strict control flow. In other words, 

there can be situations where the plan part might ask the monitor 

part to collect more or less information. There could also be 

situations where the monitor part may trigger the plan part to 

create a new plan. 

 

IV. MANAGED RESOURCE 

      The managed resource is a controlled system component. 

There can be a single managed resource (a server, database 

server, or router) or a collection of resources (a pool of servers, 

cluster, or business application).An autonomic manager 

communicates with a managed resource through the 

manageability interface. A touchpoint is the implementation of 

the manageability interface by a specific managed resource. For 

example, a database server might implement a touchpoint for 

communicating with an autonomic manager. 
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V. MANAGED RESOURCE TOUCHPOINT 

      The touchpoint, one of the three main elements of the 

autonomic computing architecture, delivers the manageability 

interface to the autonomic manager. The manageability interface 

between an autonomic manager and a managed resource is 

organized into sensor and effector operations. In the simplest 

terms, sensor operations are typically used to transmit events or 

properties to an autonomic manager, whereas effector operations 

are typically used to cause some sort of change in a managed 

resource, such as altering state data or setting property values. 

      The combination of sensor and effector operations forms the 

manageability interface that is available to an autonomic 

manager. As shown in Figure , by the black lines connecting the 

sensor and effector sides of the diagram, the architecture 

encourages the idea that sensor and effector operations are linked 

together. 

 

VI. BENEFITS 

      Autonomic computing was conceived to lessen the spiraling 

demands for skilled I/T resources, reduce complexity and to 

drive computing into a new era that may better exploit its 

potential to support higher order thinking and decision making. 

 

 I/T related benefits: 

 Cost-savings - scale to use.  

 Full use of idle processing power, including home PC's, 

through networked system.  

 Natural language queries allow deeper and more 

accurate returns.  

 Seamless access to multiple file types. Open standards 

will allow users to pull data from all potential sources 

by re-formatting on the fly.  

 Stability. High availability. High security system. Fewer 

system or network errors due to self-healing.  

  

 Higher Order Benefits:  

 Embedding autonomic capabilities in client or access 

devices, servers, storage systems, middleware, and the 

network itself. Constructing autonomic federated 

systems.  

 Achieving end-to-end service level management.  

 Collaboration and global problem-solving. Distributed 

computing allows for more immediate sharing of 

information and processing power to use complex 

mathematics to solve problems.  

 Massive simulation - weather, medical - complex 

calculations like protein folding, which require 

processors to run 24/7 for as long as a year at a time.  

 

VII. PROBLEM 

 This boom has also led to unprecedented levels of 

complexity. The simultaneous explosion of information 

and integration of technology into everyday life has 

brought on new demands for how people manage and 

maintain computer systems. Demand is already 

outpacing supply when it comes to managing complex 

and even simple computer systems. 

 As access to information becomes omnipresent through 

PC's, hand-held and wireless devices, the stability of 

current infrastructure, systems, and data is at an 

increasingly greater risk to suffer outages and general 

disrepair. We are quickly reaching a threshold moment 

in the evolution of the industry's views toward 

computing in general and the associated infrastructure, 

middleware, and services that maintain them. The 

increasing system complexity is reaching a level beyond 

human ability to manage and secure. This increasing 

complexity with a shortage of skilled I/T professionals 

points towards an inevitable need to automate many of 

the functions associated with computing today. 

 

 

VIII. CHALLENGES 

      The difficulty in developing and implementing autonomic 

computing is daunting - enough to constitute a Grand Challenge. 

At the heart of the matter is the need to bring together minds 

from multiple technical and scientific disciplines as well as 

differentiated businesses and institutions to share a sense of 

urgency and purpose To create autonomic systems, researchers 

must address key challenges with varying levels of complexity. 

They are 

      System identity: Before a system can transact with other 

systems it must know the extent of its own boundaries. How will 

we design our systems to define and redefine themselves in 

dynamic environments.      

      Translating business policy into I/T policy: The end result 

needs to be transparent to the user. How will we create human 

interfaces that remove complexity and allow users to interact 

naturally with I/T systems 

      Adaptive algorithms: New methods will be needed to equip 

our systems to deal with changing environments and 

transactions. How will we create adaptive algorithms to take 

previous system experience and use that information to improve 

the rules 

      Improving network-monitoring functions to protect security, 

detect potential threats and achieve a level of decision-making 

that allows for the redirection of key activities or data. 

Smarter microprocessors that can detect errors and anticipate 

failures. 

 

IX. IMMUNE SYSTEM 

      In a highly connected world, security threats can spread very 

quickly, and it is vital that the security response be 

correspondingly quick. One effective response to that threat was 

the development of a biologically inspired immune system. 

      The immune system automates every stage of this process. 

The antivirus software on a protected client system uses a variety 

of heuristic methods to detect and identify files or other objects 

that may contain a new virus. A suspect file is encrypted and 

securely transmitted to an analysis center, where it is exercised 

and encouraged to spread within a protected environment. After 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      605 

ISSN 2250-3153  

www.ijsrp.org 

it spreads, it is automatically analyzed, new detection and repair 

information is extracted, and the updated definitions are tested 

and provided to both the original infected system and to any 

other systems that are registered to receive automatic updates 

8.Future 

      Some current components and their proposed development 

under autonomic computing, includes SMS, SNMP, Adaptive 

network routing, network congestion control, high availability 

clustering, ESS, RAID, DB optimizer, virus management etc. 

In case of SMS, its level of sophistication is Serving the world 

used for Policy management and Storage tank 

       (A policy managed storage for every file or folder, the user 

sets policies of availability, security, and performance. The 

system figures out where to put the data, what level of 

redundancy, what level of backup, etc. This is goal-oriented 

management)It's Future goal is Policy language and protocols. 

      SNMP whose level of sophistication is Heterogeneous 

components interacting , used for Mounties(enables goal-

oriented recovery from system failure instead of procedural 

oriented recovery), Workload management. It's Future 

goalisAutonomiccomputingstack,Socialpolicy, Adaptive network 

routing, network congestion control, high availability clustering 

have a level of sophistication of homogeneous components 

interacting.lt is used for Collective intelligence 

 

X. CONCLUSION 

      Autonomic computing offers as least as many benefits in the 

security area as it does challenges. The complexity of modern 

computing systems makes secure systems administration a 

daunting task and one that is seldom done well in practice. 

Recent advances, including the growing use of automatic 

intrusion detection systems, secure embedded processors, 

proactive security measures, and automated virus response, have 

helped take some of the burden of security maintenance off 

overloaded system administrators, but there is much more to do. 

By making computing systems directly aware of the security 

policies that apply to them, and giving the systems the ability to 

conform their actions to those policies, the techniques of 

autonomic computing will help create systems that are 

increasingly and consistently secure. This new view of 

computing will necessitate changing the industry's focus on 

processing speed and storage to one of developing distributed 

networks that are largely self-managing, self-diagnostic, and 

transparent to the user. 
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Abstract- Human lives can be saved from an accident by 

detecting an accident before it occurs. But this need advance 

accurate human detection and also accident detection capability. 

At present there are several works regarding pre crash detection 

& avoidance system from obstacle. But we are lacking to 

priorities crash with human or animals compared to obstacles. 

What would be the situation when a system has to choose 

between human and obstacles? If the system is unable to detect 

human then there is a probability to hit humans instead of 

obstacles. To solve this problem in this work we have priorities 

humans or animals first. Car will avoid human or animal first 

then if possible it will try to avoid obstacles also. If the system is 

unable to avoid accident then our system has accident detection 

technique with pin point location tracking using GSM only. 

 

Index Terms- Pre-crash Detection, GSM, accident detection, 

vehicle tracking. 

 

I. INTRODUCTION 

ccording to the WHO 2013 Global Status Report on Road 

Safety [1], road traffic deaths would become the fifth 

leading cause of death. The report showed that there had been no 

overall reduction in the number of people killed on the world's 

roads: about 1.24 million deaths occur annually. Among them 

cyclist, motorcyclists, car occupants & unspecified road users are 

high. Number of animals die in road accident is also quite good. 

Even in several countries the number is pretty high. In order to 

reduce the number of car crash Charles Birdsong, Ph.D., Peter 

Schuster, Ph.D., John Carlin, Daniel Kawano, William 

Thompson has designed Pre-crash detection system using 

ultrasonic, laser range finder and radar sensors [2]. Accident 

Avoidance and Detection on Highways is designed by S.P. 

Bhumkar, V.V. Deotare, R.V.Babar [3]. These systems have the 

ability to detect obstacles but the most important to detect human 

being or animals and avoid them are missing. This sensing 

technology can reduce a large number of bikers, cyclist and 

passerby death. There are also lots of research work is available 

on accident avoidance, crash detection and alarm system. 

Megalingam, Rajesh Kannan & their group mate have developed 

“Wireless vehicular Accident Detection and Reporting System” 

[4].  Automatic Accident Detection via Embedded GSM message 

interface with Sensor Technology is developed by C.Vidya 

Lakshmi, J.R.Balakrishnan [5]. These methods uses break 

system, windows close, seat belt stiffen to save life from the 

accident but if the obstacle is human or animal then our system 

uses avoidance system also. If avoidance is not possible and 

accident happens then this system generate an SMS, also internet 

based alert through GSM module only, including tracking the 

position of accident using GSM. 

 

 

 
              

(a)                  (b) 

 

Figure 1: a) Human Detected before 5meter b) Human avoidance system executing. 

 

A  

5 meter 
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(a)                 (b) 

 

Figure 2:- a) Unable to avoid obstacles. b) Accident Detected & Alarm generated. 

 

 

II. MAIN TECHNOLOGY USED  

A. Passive Infra Red sensor:- 

         Human sensing technology is the key of this project. 

Passive Infra Red sensor has been used to detect human in this 

project. Infrared radiation exists in the electromagnetic spectrum 

at a wavelength that is longer than visible light. It cannot be seen 

but it can be detected. Objects that generate heat also generate 

infrared radiation and those objects include animals and the 

human body whose radiation is strongest at a wavelength of 

9.4um [5].PIR sensor is able to detect the change of radiation of 

these infrared radiation. Bellow is a picture of working principle 

of PIR sensor. 

 

 

 
Figure 3:- Typical Configuration of PIR [5]. 

 

 

 
Figure 4:- Working principle of PIR sensor [6]. 
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       If any human or animal passes in front of the PIR sensor or 

any movement is detected of human or animal in front of PIR 

sensor it generates +5v and -5v sine signal. A breakout board is 

used to detect this signal and convert it into a longer digital 

signal. The output of PIR sensor can be adjusted. For max it can 

create an output signal for approximately 1.2 seconds [6]. This is 

more than enough to detect the signal. 

 

B. Fresnel lenses 

       FL65 Fresnel lens is made of an infrared transmitting 

material that has an IR transmission range of 8 to 14um which is 

most sensitive to human body radiation. It is designed to have its 

grooves facing the IR sensing element so that a smooth surface is 

presented to the subject side of the lens which is usually the 

outside of an enclosure that houses the sensor.  

       The lens element is round with a diameter of 1 inch and has 

a flange that is 1.5 inches square. This flange is used for 

mounting the lens in a suitable frame or enclosure. Mounting can 

best and most easily be done with strips of Scotch tape. 

 

 
Figure 5:- Fresnel Lens, increase sensitivity and range of PIR sensor. 

 
Figure.6:- Detection area of PIR sensor with Fresnel lens. 

 

       Detection area of a PIR sensor is 3m in width, 5m in length 

& 3m in height. But on average the width of any car is around 

1.5m. We have to detect humans or animals within this width. 

So, we have covered the lens area to reduce the width to 1.5m. 

Here is a picture bellow. 
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5 meter 

 
 

Figure 7:-. Reduced width of PIR sensor. 

 

         In order to identify the position of the human being we 

need two sensors. Their detection area will overlap each other at 

the center. If both the sensor detect human means human is at the 

center. If left PIR only detect means the person is at the left side 

of the car and same for the right side. Here is a figure describing 

the covered area. 

 

 

 

                                                                                             
 

 

Figure 8:- Area covered by PIR sensors & human position detection. 

 

        With the help of distance sensor this system [2] is also able 

to find out the distance of the human. 

 

 B. Accident avoidance system:- 

        An advance pre-crash system is also capable of avoid 

accident sensing human and their distance from vehicle. For 

example this system can execute an automated braking force. 

Determining the position of human or obstacle the system can 

handle the steering also. Also the system can generate an auto 

horn to indicate the person that a car is coming if driver forgets 

to press horn. 

 

C. Accident Detection:-  

        Most of the accident detection system uses complex 3 axis 

accelerometer, gravity sensor or costly android mobile phones 

with complex circuitry. In this system the accident detection 

method is also cheap and simple. We have used a tilt sensor to 

detect accident. Whenever any major accidents happens car jump 

or even flip over. We are detecting the amount of angle it rotated 

from ground. Tilt sensor can measure a rotation of minimum 

+15degree or -15 degree [7]. 

 

 

 

 PIR 
Sensor1 

 PIR 
Sensor2 

1.5 meter 

0.5 meter 

0.5 meter 

0.5 meter 

Front side 

of a car 
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Figure 9:- Accident Detection using tilt sensor. 

 

D. Location tracking without GPS 

        As all of us think that without GPS locating any object is 

not possible, but this information is not valid anymore. By the 

help of unique code, broadcast by each BTS tower it is possible 

to get the location of any GSM module at about certain limit of 

acceptability. Of course the location provided by this method is 

not as accurate as GPS data, but still its error margin is small 

enough to consider. 

 

How the method works: 

 

Code description:  MCC – Mobile Country code 

  MNC – Mobile Network Code 

  LAC – Location Area Code 

                CID – Cell ID 

 

        This set of code can be extracted from the GSM module, 

which is continually given by every BTS tower. When a GSM 

tower is under any tower, module gets this information at the 

very beginning. This code can be posted in the website [8] to get 

the location of device. Detailed code description can be found in 

wiki [9].   

 

        Example of the code: For Bangladesh using Grameenphone 

operator:  

 

MCC - 470 MNC – 01 LAC – 21534(random), CID – (random) 

 

        Device will take the above mention code and send an SMS 

to the nearest emergency help point. With the help of more 

developed software it is possible to send the location or even 

Google location link. 

 

E. Atmega8 

        Brain of this project is Atmega8 micro-controller. It is a 8 

bit Micro controller with RISC architecture. Its speed is up to 

16MIPS throughput at 16MHz. It has 8K bytes of flash and 

512bytes EEPROM. Operating voltage 2.7v -5.5v, in active 

mode it consumes only 3.6mA & in sleep mode it consumes less 

than 1uA current [10] 

 

 
Figure 10:- Atmega8 Pinout. 

 

 

III. CIRCUIT DESCRIPTION 
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Figure 11:- Schematic Diagram 

 

 

        The controller used in this project is ATMEGA8. Two PIR 

sensors are connected to PORTB0 & PORTB1 bit. One tilt 

sensor is connected to PORTB1 bit. All these sensors give digital 

input that’s why all these 3 pins are pulled down by 10K 

resistors. Here all the VCC are +5v. GSM module communicates 

with microcontroller through UART. Other 2pins used to control 

the GSM module. Through PWR_key GSM module can be 

turned on or turned off through microcontroller. STS_key gives 

the turned on or off status of GSM module to microcontroller. 

One led is connected with Net_light pin. This led shows the 

availability of network of GSM module.   

        Circuit operation is simple. First step is to detect human. 

There are three possibilities, human is at left side of the car, at 

the middle of the car or at right side of the car. If human is at left 

side only PIR1 will generate a high signal, if human is at the 

center both the PIR will generate high signal & if the person is at 

right side only PIR2 will generate a signal. According to the PIR 

a signal will be sent to turn the staring to avoid the human. If 

avoidance of obstacle is not possible then the tilt sensor will be 

get shorted and a +5v will go through PINB2 bit. When 

microcontroller gets this signal it initiates an alarm and send a 

sms through GSM module finding the coordinate location. 

 

 

 
 

Figure 12:- Front view of the Hardware 
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Figure 13:- Backside of Hardware 

 

IV. FURTHER APPLICATION 

1. Avoiding Helicopter or Air plane collision with 

birds. 

2. Robots will be able to identify humans & 

animals. 

3. In NASA robot to detect presence of life using 

sensor. 

4. Earthquake survival finding inside buildings. 

5. Fire survival finding inside buildings. 

 

V. CONCLUSION 

        Passive Infra red sensor is a reliable solution for detecting 

human or animals and this technique certainly can save lots of 

life. Human lives are most valuable. Pre-crash detection system 

must be equipped with combination of different sensors. 

Detecting humans or animals including obstacles will certainly 

give us a better solution to reduce the death of humans in road 

crash.    
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Abstract- The CD4 count is a critical measure of immune system and is used as an important biomarker for describing the progress to 

AIDS in children’s and adults. Usually infants will be having better CD4 count with good immune system as age progresses the CD4 

count start declining. 
 .
Present study aims to describe the trend of CD4 count with respect to different age group of children’s. A 

prospective and retrospective cohort data was collected from Government ART centers of Bangalore city.    Total 100 HIV infected 

patients alive on HAART   were considered from March 2009- 2010. Demographic profile, mode of transmission, age, sex, CD4 count 

at inception of HAART, follow up CD4 count like 6 months, 12 months and 24 months were recorded..Opportunistic infection, 

duration of HAART, WHO clinical stage, type of regimen and adherence were documented. Collected data were analyzed by using 

SPSS-16.50 version software. The mean age of the children was 8.19±3.62years, CI 95% 7.63-9.08, P>0.05.  At the time of inception 

of HAART CD4 count was fewer and negatively correlated (r= -0.02
ns

) with age of the children. the mean CD4 count  at the time of 6  

month was  573.99±288.73 µ/dL, CI 95% 572.36-576.28, P<0.05; CD4 count at 12 months was 654.68±269.09 µ/dl, CI 95% 653.26-

655.89, P<0.05 and  CD4 count at 24 months was 773.20±274 µ/dL. 87, CI 95% 772.64-775.03, P<0.05respectively.Duration of 

HAART and follow up CD4 count was statistically significant (p<0.05) with age of the children .The majority of children’s  have  

better CD4 count  after inception of HAART  .HIV TB confection is the most common in older children(7-15.0years) 

Early inception of HAART mainly helps the childrens to maintain better CD4 count with good immune systems and they are less 

prone to OI’s. 

Index Terms- CD4, HAART, WHO Stage, HIV 

I. INTRODUCTION 

 

AIDS is a scourge, more than 1.30 million children has been affected globally .In India more than a lakh children infected from 

Mother to child and IUD’s. HAART have been initiated during 2004. The CD4 count is a critical measure of immune system and is 

used as an important biomarker for describing the progress of AIDS in children and adults. Among Infected children over five years of 

age there is continual loss of CD4-T cells, with a lower CD4 count indicating more sever immune deficiciency and higher risk of 

developing opportunistic infections (OI’s) and AIDS defining illness .The CD4 count is also important biomarker for HIV infected 

children; however, the CD4 counts vary strongly with different age group of pediatric population. New born infants have substantially 
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higher cd4 count than older .With increasing age, the CD4 counts in infants decline and begin to approximate those of adults; a decline 

in children’s CD4 count is therefore normal. The rate of CD4 count decline is often much more rapid in infected infants than in 

infected adults
1
. Many authors have shown that HIV infants have lower CD4 counts than uninfected infants

2
.The present study aims to 

describe the trend of CD4 count with respect to the different age group of children. 

II. MATERIALS AND METHODS 

 

A prospective and retrospective cohort data were collected from Government ART centers of Bangalore city.  A  Total of 100 HIV 

infected alive and on HAART   patients were considered for study evaluation for the period from March 2009- 2010.Informed consent 

was obtained from the parents or guardian. Demographic profile, mode of transmission, age, sex, CD4 count at inception of HAART, 

follow up CD4 count like 6 months, 12 months and 24 months were recorded. Growth parameters; weight, height and BMI was 

systematically evaluated for each follow up period .Opportunistic infection, duration of HAART, WHO clinical stage, type of regimen 

and adherence were documented. Collected data were analyzed by using SPSS-16.50 and Minitab 6.50 version software. Exponential 

model, different polynomial predictive models were used to know the temporal changes of CD4 count over a period of time. Mortality 

and survivability rate was determined by using Kaplanmeir mortality curve.   

III. MODEL FORMULATION 

 

Single exponential smoothing: CD4 count has been changes due to illness and co morbid condition of the patients. The impact of 

effective comprehensive care support and treatment of antiretroviral treatment, CD4 count can improve and more enable to develop 

immunity and viralogical suppression in children’s. The forecasting is more essential to know the trend and seasonal changes of CD4 

count. In this aspect we wish to forecast the predictive value of our time series data. We have assumed that    =observed value at 

time‘t ‘; our forecast was denoted by  ,the predictive error of the model was given by. The method of single exponential forecasting 

takes the forecast for the previous and adjusts it using the forecasting error .That is, the forecast for the next period was  

,    Where   

 

Tab (1): Descriptive statistics of HIV infected children’s Demographic profile. 

SL.No Defined variables Mean±SD CI-95% P-Value 

I. Demographic profile    

I(a). Age(yrs) 8.19±3.62 7.63-9.08 P<0.05 

01 2-4 yrs 2.96±1.22 

(05) 

2.40-3.05 P>0.05 

02 5-7yrs 6.32±0.98 

(12) 

5.20-6.89 P<0.05 
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03 7-9yrs 8.20±0.30 

(15) 

7.56-9.08 P<0.05 

04 9-12 yrs 10.14±0.56 

(19) 

9.22-11.31 P<0.05 

05 13-15 yrs 12.55±0.21 

(22) 

12.16-16.08 P<0.05 

06 16 yrs 14.26±0.420 

(27) 

13.05-15.63 P<0.05 

II Gender    

01 

02 

Male 

Female 

65.0% 

35.0% 

63.22-66.18 

34.25-36.89 

P<0.05 

P<0.05 

III Mode of transmission    

01 Parintal transmission 88.90% 87-13-90.16 P<0.05 

02 IUD’s 6.53% 5.81-7.01 P>0.05 

03 Not known 4.57% 4.07-5.2 P>0.05 

IV Parents HIV Status    

01 

1(a) 

1(b) 

HIV +Ve 

Yes (Both) 

Single 

No 

 

79.0% 

15.0% 

8.0% 

 

78.06-80.55 

14.50-16.11 

7.01-9.50 

 

P<0.05 

P<0.05 

P<0.05 

02 

2(a) 

2(b) 

HIV –ve 

Yes 

Not known 

 

90.0% 

10.0% 

 

88.26-91.56 

8.56-11.56 

 

P<0.05 

P<0.05 

IV Mode of transmission in 

parents 

   

01 Homosexuality 10.20% 9.04-11.53 P<0.05 

02 Heterosexuality 76.33% 74.02-77.30 P<0.05 

03 IUD’s 7.47% 6.56-8.01 P<0.05 

04 Not Known    

V Economic status    

01 Higher income 14.0% 11.47-13.88 P<0.05 

02 Mid income 28.0% 27.02-29.36 P<0.05 

03 Low Income 58.0% 57.52-59.01 P<0.05 

*Significant p<0.05 

 

 

The mean age of the children’s was 8.19±3.62years, CI 95% 7.63-9.08, P>0.05.  Male and female comprises 65.0% and 35.0%.The 

mean of  age of the different age groups  of  children was 2-4years  05(,2.96±1.22, CI 95 % 2.40-3.05) , P>0.05; 5-7yrs 12(6.32±0.98, 
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CI 95% 5.20-6.89),p<0.05; 7-9yrs 15  (8.20±0.30, 7.56-9.08), P<0.05; 9-12 yrs 19 (10.14±0.56, 9.22-11.31), P<0.05  13-15 yrs  was  

22 (12.55±0.21, CI 95% 12.16-16.08), P<0.05; 16 yrs 27 (14.26±0.420, CI 95% 13.05-15.63),p<0.05.HIV mode of transmission were 

recorded and Parintal transmission (89.0%), IUD’s (7.0%) and not known (4.0%).Both parents were get infected (79.0%),single 

parents( 15.0%), and not infected (8.0%).Parents mode of transmission were obtained from white cards, Homosexuality (10.0%), 

Heterosexuality(77.0%),IUD’s (8.0%) and Not Known (3.0%) ; High income  (14.0%) , mid income(28.0%)  and low income  status 

(58.0%). 

 

Tab (2): Mean CD4 count and other defined variables of Infected children (N=100). 

 

 

SL.No CD4 Count Mean±SD CI 95% P-Value 

01. Age 8.19±3.62 7.63-9.08 P<0.05 

02. CD4 count at base line 293.71±74.40
a
 291.99-295.63 p>0.05 

03. CD4 count at six month 573.99±288.73
b
 572.36-576.28 P<0.05 

04. CD4 count at 12months 654.68±269.09
ab

 653.26-655.89 P<0.05 

05. CD4 count at 24 months 773.20±274.87
b
 772.64-775.03 P<0.05 

06. Mean HAART duration 542.79±224.79
b
 540.89-226.03 P<0.05 

VIII Co morbid condition    

 Yes 12.00% 10.99-13.58 P>0.05 

 No 88.00% 87.63-90.21 P<0.05 

 Death 8.00% 7.08-9.15 P<0.05 

 LFU 4.0% 3.50-4.23 P>0.05 

 Survivar 88.0% 87.85-90.52 P<0.05 

XI HIV TB co infection    

 Yes 18.0% 17.53-19.08 P>0.05 

 No 82.0% 81.55-83.89 P<0.05 

X Mean Duration of HAART 598.01±9.80 596.33-601.56 P<0.05 

XI WHO clinical stage    

 Stage I 3.0% 2.56-3.06 P>0.05 

 Stage II 18.0% 17.35-19.22 P>0.05 

 Stage III 45.0% 44.56-46.21 P<0.05 

 Stage IV 65.0% 64.36-66.05 P<0.05 

Superscript a, b significant mean differences, DMRT test. 

 

 At the time of inception of HAART CD4 count was fewer and negatively correlated (r= -0.02) with age of the children. 

HAART should  improve  the CD4 count and it was found to be 573.99±288.73 µ/dL at the time of six month, CI 95% 572.36-576.28, 

P<0.05; CD4 count at 12 months was 654.68±269.09 µ/dl, CI 95% 653.26-655.89, P<0.05 and  CD4 count at 24 months was 

773.20±274 µ/dL. 87, CI 95% 772.64-775.03, P<0.05respectively.The Mean duration of HAART was 542.79±224.79days, CI 95% 

540.89-226.03,p<0.05.Duration of HAART and follow up CD4 count was statistically significant (p<0.05)  presented in Tab(2) 
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Fig 1(a): Trend of CD4 at base line                 Fig 1(b): Trend of CD4 count at after six months 

 

 

              
 

Fig 1(c ): Trend of CD4 count at 12 months    Fig1( d):Trend of CD4 count at 24 months 

 

The trend of CD4 count was observed  by different curve fitting methods.asper the model the mean predicted CD4 count at inception 

of HAART was 89.93µ/dL with co- efficient of determination was  R
2
 =0.45  presented in Fig 1(a),Age and CD4 count was not 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      618 

ISSN 2250-3153  

www.ijsrp.org 

statistically significant (p> 0.05)  at the time of HAART initiation. It was explained that R² 45.0% variation was observed from both 

the variables.  Fitted linear trend equation was 88.93 xs. After effective comprehensive treatment, palliative support, good adherence 

and WHO clinical stage can improve the CD4 count and it was observed in Figures 1(b), 1(c) and 1(d). The Exponential model was 

fitted to explain the variations among CD4 count changes in mean age at different follow up period.Asper the predicted model 

smoothing was positively associated with age of the children and follow up CD4 count .The predicted equation was found to be y = 

181.7x, CD4 count at six months; 12 months was y = e
3.013x    

R² = 0.891 and 24 months was y = e
3.080x 

R² = 0.914 respectively. 

Tab (3): KPM –Model for estimation of mean survival of HAART duration censored by mortality 

 

 

 

 

 

 

SL.No 

a 
Mean 

a
 Median 

Estimate 

Std. 

Error 

95% Confidence 

Interval 

Estimate 

Std. 

Error 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Lower 

Bound 

Upper 

Bound 

01 572.810 23.086 527.562 618.058 547.000 45.965 456.909 637.091 

 

a. Estimation is limited to the largest survival time if it is censored. 
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Fig 2(a): 1-Survival of Chil ren’s    Fi 2(b):   rvival o  c il ren’s 

 

 

 

Over a period of time Mean HAART duration was 572.810±23.08 days with CI 95% 527.562-618.058 and median was 

547.000±45.965 days with CI 95%456.909-637.091 days. The KPM –model was clearly showed that ,reduced mortality (7.98%) 

p=0.001, low risk , good prognosis , adherence, familial support, lower stigma ,effective strategic and comprehensive treatment 

would  increase the survivability of the children.Psychosoial support  and level of literacy were predictors of the survivability 

and it was documented as a indicator variables Tab(3)  

Tab (4): Relation bet een OI’s an  a e o  t e c il ren’s. 

 

SL.No Variables B S.E. Wald Sig. Exp(B) 

01 Age (Years) .007 .112 .003
ns

 .953 1.007 

 Base line CD4 count(µ/dl) 

At the time of  inception of 

HAART 

.001 .006 .037
ns

 .848 1.001 

02 CD4 at Six month (µ/dl) -.001 .002 .648* .421 .999 

03 CD4 at 12  month (µ/dl) -.002 .002 .988* .320 .998 

04 CD4 at 24  month (µ/dl) .001 .002 .869* .351 1.001 

05 WHO clinical stage 6.399 4.721 1.837* .175 601.007 

06 Duration of HAART -.003 .002 1.880* .170 .997 

07 Opportunistic infection -3.697 3.598 1.055* .304 .025 

 

*2 Log likelihood-49.18, Cox & Snell R Square-0.064, Nagelkerke R Square-0.149 

 

Inception of HAART at lower CD4 count (<100µ/dl) is more eager to acquainted with Oi’s .The relation was expressed by using 

logistic regression. Different types of TB were found with different episode. Many studies showed that spectrum of TB was associated 

with baseline CD4 count(<100µ/Dl), advanced WHO clinical stage(Stage IV) ; lower body weight, low BMI and adolescent were 

influenced factors of TB . The Present study correlates with the age group and OI’s. Age and base line CD4 count was not statistically 

significant (p>0.05). CD4 at Six month.648*(p=0.05) , CD4 at 12  month.(988*,p=0.05) , CD4 at 24  month .869*(p<0.05)  , Duration 

of HAART  1.880* p<0.05 ,WHO clinical stage  1.837,p=0.05  were statistically significant and  -2 Log likelihood-49.18, Cox & 

Snell R Square-0.064, Nagelkerke R Square-0.149.The co efficient were presented in Tab (4). 

 

Tab (5 ): AUC- or a e an  base line CD 4 co nt o  t e c il ren’s 

 

SL variables 

Area Std. Error
a
 

Asymptotic 

Sig.
b
 

Asymptotic 95% 

Confidence Interval 
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Lower 

Bound 

Upper 

Bound 

01 Age .506 .098 .954 .313 .699 

02 Base line CD4 

count (µ/Dl) 
.429 .118 .505 .198 .659 
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Fig(1):Changes of CD4 count over a period of base line HAART  to after 24 months of  treatment 

 

Tab (6):  peci icity an  sensitivity o  OI’s  it  respect to  i  erent a e  ro ps an  baseline CD4 count 

 

 Age (years) Base line CD4 count(µ/dl) 

 

Positive if 

Greater Than or 

Equal To
a
 Sensitivity 1 - Specificity 

Positive if 

Greater 

Than or 

Equal To
a
 Sensitivity 1 - Specificity 

01. 1.0 1.000 1.00 1012.22 1.000 1.00 

02. 2.50 .989 1.00 1986.23 .989 1.00 

03. 3.150 .913 1.00 1136.12 .989 .875 

04. 3.40 .902 1.00 1052.08 .978 .875 

05. 3.50 .891 1.00 157206 .967 .875 

06. 3.82 .880 1.00 1636.90 .946 .875 

07. 4.25 .793 .875 1681.21 .935 .875 

08. 4.65 .783 .875 1711.50 .924 .875 

09. 4.90 .772 .875 1761.00 .913 .875 

10. 5.25 .761 .625 1832.50 .902 .875 

11. 5.55 .739 .625 1922.50 .891 .875 

12. 5.70 .728 .625 2000.00 .880 .875 

13. 5.90 .717 .625 2041.50 .870 .875 

14. 6.10 .609 .625 2071.50 .859 .875 

15. 6.55 .598 .625 1152.00 .848 .875 

16. 6.95 .587 .625 1252.00 .837 .875 

17. 7.15 .576 .500 333.00 .826 .875 

18. 7.45 .565 .500 372.00 .804 .875 

19. 7.74 .554 .500 239.00 .793 .875 

20. 7.94 .543 .500 243.50 .783 .875 

21. 8.45 .446 .500 248.50 .739 .875 

22. 8.95 .424 .500 253.00 .739 .750 

23. 9.30 .370 .250 257.00 .717 .750 

24. 9.70 .348 .250 260.50 .707 .750 

25. 9.86 .337 .250 265.50 .663 .625 

26. 9.96 .326 .250 268.50 .652 .625 

27. 10.50 .283 .250 271.50 .620 .625 

28. 11.10 .239 .250 276.00 .587 .625 

29. 11.60 .239 .125 279.00 .576 .625 
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30. 12.50 .174 .125 282.00 .565 .625 

31. 13.50 .098 .125 285.50 .554 .625 

32. 14.50 .033 .000 288.00 .543 .625 

33. 15.50 .011 .000 292.50 .467 .625 

 

 

 

Receiver operating characteristic analysis (ROC) was used to compare with age and CD4 count in respect to OI’s .Study showed that 

AUC for  age was 0.506 ±0.098 (CI 95% 0.313-0.699)  ;AUC for base line CD4 count was 0.429±0.118 ( CI 95% 0.198-0.659) Tab (). 

The matrix of analysis were clearly pointed out 50.60 % of children’s with higher age (between 7-15 years) suffered HIV TB co 

infection .In case of younger age group, with good CD4 count were not susceptible to  HIV TB co infection.Asper the ROC model 

Tab () age group between 1 to 6.95 years have better CD4 count with  better  sensitivity and specificity  98.90%,87.50%   to 83.75% , 

87.50%  respectively. In case of Older age group between 7-15 years had lesser CD4 count and very much susceptible to HIV TB co 

infection. The specificity and sensitivity was 46.70%, 62.50% respectively Tab (6)  

IV. DISCUSSION 

 

The relevance of this finding is yet to be clarified, but suggests more effective immune reconstitution in children treated early in their 

course. Fitted models allow us to predict long-term CD4 count based on age and different clinical parameters. Curve fitting models 

were used to account for inter-individual variability and examine effects of HAART with respect to different age groups, sex, WHO 

staging and HIV TB co infections. Early inception of HAART mainly helps the childrens to maintain better CD4 count with good 

immune systems and they are less prone to OI’s and it also reduces the progression of disease, mortality and RNA plasma viral  load. 

The children with Low CD4 count at Pre-ART level initiated with HAART are more proned to OI’s , AIDS defining illness like 

malignancies, low BMI, decreasing Body weight ,advanced clinical stage, poor phenotypic appearance ,  growth retardation  and  

lipoatrophy and dystrophy. 

However, we observed that improvement in CD4 count was better among children with higher baseline CD4 count i.e. lesser degree of 

immunosupression. Similar observations have been reported in adults by Lawn, et al. [11], but seldom reported in children. This could 

be attributed to overwhelming opportunistic infections observed with higher degrees of immunosupression. Hence earlier detection 

and higher baseline CD4 count might improve the outcome of antiretroviral treatment. 

 

V. CONCLUSION 
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The majority of children have better CD4 count after inception of HAART and that the slope of rise was greater in older children in 

the first six months of therapy. Present study shows that children with older age are more prone to HIV TB confection (7-15 years).  
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Performance of Priority-based Scheduler in LTE-

Advanced for Propagation Models 

Sayed Abdulhayan, Prahlad T kulkarni and Ravindra D Noubade 

 

 

Abstract- Scheduler is part of executing throughput in MAC 

Layer. A good scheduler provides high Quality of Service (QoS) 

and work towards getting more and more throughput. There are 

varieties of Scheduler based on different factors such as fairness 

and maximum feedback etc. Priority Scheduler is based on the 

need of the service to be catered. We have designed a priority 

based scheduler on the top of ZF-MUMIMO scheduler. Our 

Proposed scheduler is two-level scheduler. We will see the 

performance of designed Priority scheduler in Non Line of Sight 

(NLOS) and Line of Sight (LOS) propagation Models in this 

paper. 

 

Index Terms- ZF-MUMIMO Scheduler, Frame Error Rate 

(FER), Cell-Specific, UE Specific, NLOS, LOS. 

 

I. INTRODUCTION 

s the technology advances we come across several new 

inventions as per the need of Human being. There is also a 

competition to discover the way to satisfy the quench of 

throughput by various Scientists and Researchers. We require the 

throughput at the required level desired by us but if we badly 

need some of our application to have executed in short span of 

time, we may fail some time. Depending on the need we want 

our work to be done. So we have developed the priority 

scheduler so that our need get catered according to the priority. 

We have classified this paper into 5 sections. Introduction is I-

section, parameter for the setup of testing the Scenario is 

explained in II-section. III-section deals with the explanation of 

Priority scheduler, NLOS and LOS Propagation Models. IV-

section is used to display the performance of priority scheduler in 

NLOS and LOS propagation Models. We will conclude this 

discussion with conclusion in V-section.  

 

Parameters for Scenario Conducted 

       In order to carry out the simulation and get results we need 

to setup certain parameters in Simulation tool. These parameters 

are set according to the compatibility of LTE Advanced 

technology. The Parameters are mentioned as below  

 

Channel Model Binary Symmetric Channel 

NSNR 
(Normalized Signal-

to-Noise Ratio) 
 

100 

Number of transmitting 

Antennas (nTX)  

4 

User count (nUE) 5 

Simulation Type LTE-A-MUMIMO 

Carrier frequency 2.1e+09 

No of Base stations (nBS) 1 

Bandwidth 1.4e+6 

Subcarrier Spacing 15000 

Cyclic Prefix normal 

Simulation type Parallel 

Pathloss Model Activated 

Sampling Time 5.2083e-07 

OFDMN Symbol 140 

Number of Sub frames 1000 

Scheduled TTIs 132 

HARQ process count 8 

Maximum HARQ 

retransmission 

0 

Base scheduler Priority scheduler based on 

ZF-MUMIMO 

Filtering ’Block Fading’ 

Channel model Type ’flat Rayleigh’ 

Time Correlation ’independent’ 

Interpolation Method ’shift to nearest neighbor’ 

Propagation Condition ’NLOS’ 

‘LOS’ 

Sample Density 2 

Uniform Time Sampling Applied 

Traffic model Data packet traffic + FTP 

traffic + Full Buffer traffic + 

Gaming traffic+ HTTP 

traffic + Video traffic + 

VOIP traffic 

 

II. EXPLANATION ABOUT THE SYSTEM 

 Priority Scheduler:  

       The priority scheduler is a two-level Scheduler. The base 

scheduler is ZF-MUMIMO on which priority factor governs. 

Selecting the packet on the top layer of scheduler based on 

priority factor which in turn depends on:  

 Response Time Expected by Users 

 Delay 

 Buffer length 

 

       Response Time Expected by Users: The users.’ expected 

response time is the time elapsed between sending a request and 

the reception of the first response by the user. More the response 

time expected by the users less the Priority factor. 

       Delay: The network transmits delay is the time elapsed 

between the emission of the first bit of a data block by the 

transmitting end-system, and its reception by the receiving end-

system. More the delay there is increase in Priority factor 

accordingly. The delay consists of Tap delay, HARQ delay and 

Uplink delay altogether.  

 

A  
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Delay =Tap delays +HARQ delay + uplink delay; 

Tap delay=Interpolator delay; 

 

       Jitter: In transmission technology, jitter refers to the 

variation of delay generated by the transmission equipment. This 

parameter doesn’t come into picture because this is user specific. 

       Buffer length: More the Buffer length the data can remain 

more in system increasing the throughput. As buffer length 

increases the Priority factor increases. This is because the traffics 

which are non real time have a high buffer length and those who 

are Real time traffic are having very less buffer length. 

 

Priority factor=PF,Response Time Expected by Users=X 

Delay=D,Buffer length=B 

 

PF=B/(X×D); 

Response Time Expected by Users(X) for the following traffic 

model are mentioned as below 

Full Buffer Model=20mSec 

VoIP traffic model=50mSec 

HTTP traffic model=400mSec 

Data packet traffic model=150mSec 

Video traffic model=200mSec 

Gaming traffic model=250mSec 

FTP traffic model=5 Sec. 

 

 
Fig.1 Dimensionless priority factor based on buffer length 

and delay 

 

       The maximum Priority factor generated from whichever 

traffic will be selected for the scheduler under ZF-MUMIMO 

which is base scheduler. This is how we are able to send only 

those traffics which have highest priority at a particular instant 

among all the traffics needed to be sending across. In ZF-

MUMIMO scheduler given a set of users, the scheduler selects 

more than one user and transmits independent data to them 

simultaneously by using zero-forcing beam forming [1]. 

       NLOS Propagation Model:  When radio transmission across 

a path is obstructed usually by a physical object in the 

innermost Fresnel zone, the Phenomenon is known as Non-line-

of-sight (NLOS) or near-line-of-sight. NLOS conditions 

commonly caused by buildings, trees, hills, mountains, and, in 

some cases, high voltage electric power lines. This may lead to 

unnecessary signal reflection, absorption and garbling of the 

signal. 

       LOS Propagation Model: Electromagnetic radiation or 

Acoustic wave propagation are called as Line of Sight 

Propagation. These include electromagnetic light travelling in 

straight line. Travel time is measured and used to evaluate the 

distance between Transmitter and receiver in LOS Propagation. 

The rays or waves may be diffracted, refracted, reflected, or 

absorbed by atmosphere and obstructions with material and 

generally cannot travel over the horizon or behind obstacles. 

 

Performance of priority scheduler 

       We will analyze the performance of Priority Scheduler with 

the NLOS and LOS propagation model. There are two divisions 

for comparison of each of the parameters i.e. Cell Specific and 

UE specific. Cell specific is more important than UE Specific. 

Under UE Specific we are evaluating the first UE parameter out 

of 5 UEs. 

 

 Throughput Measurement 

       In communication networks, such as VoIP, Ethernet or 

packet radio, throughput is the average rate of successful 

message delivery over a communication channel. This data may 

be delivered over a physical or logical link, or pass through a 

certain network node. The throughput is usually measured in bits 

per second (bit/s or bps), and sometimes in data packets per 

second or data packets per time slot. In our paper we are using 

Kbits/sec. The system throughput is the sum of the data rates that 

are delivered to all terminals in a network.  

 

 
Fig.2 Cell specific throughput coded NLOS Propagation 

Model 

 

 
Fig.3 Cell specific throughput coded in LOS Propagation 

Model 

 

       The Cell specific throughput coded in NLOS propagation 

Model is in fig.2 comparing it with throughput coded in LOS 

propagation Model from fig.3 we confer that throughput coded is 

same in both the cases except some spikes in the LOS 

propagation Model.  
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Fig.4 Cell specific throughput uncoded in NLOS Propagation 

Model 

 
Fig.5 Cell specific throughput uncoded in LOS Propagation 

Model 

 

       The Cell specific throughput uncoded in NLOS propagation 

Model is in fig.4 comparing it with throughput uncoded in LOS 

propagation Model from fig.5 we confer that there is no major 

difference in throughput uncoded between the two scheduler. 

 

 
Fig.6 UE specific throughput coded in NLOS Propagation 

Model 

 

 

 
Fig.7 UE specific throughput coded in LOS Propagation 

Model 

 

       The UE specific throughput coded in NLOS propagation 

Model is in fig.6 comparing it with throughput coded in LOS 

propagation Model from fig.7 we confer that Throughput Coded 

is slightly greater in NLOS then LOS propagation Model. 

 

       The UE specific throughput uncoded in both NLOS 

propagation Model and LOS propagation Model is zero. 

 

 Frame Error Rate Measurement 

       Frame error rate (FER) has almost the same meaning as BER 

(Bit error rate), but the error rate calculation is between frame 

and not bit. In other words, let say, we transmit 100 frames and 

out of them only 3 frames having errors so the FER is 3/100. 

While BER has its theoretical importance, we can in no way 

measure this value in real world (if we know the transmit bits at 

the receiver, we in fact do not need to transmit at all). When 

designing a code, the exact BER criteria might not be tractable. 

Therefore, PER (Packet error rate) is used instead. In real system, 

we do not have access to BER or PER, but only FER through 

CRC. 

       Frame Error Rate (FER) measurement is used to test the 

performance of a mobile station's receiver. During an FER 

measurement, the test set sends a sequence of frames to the 

mobile station. Each frame contains CRC (Cyclic Redundancy 

Code) bits, which provide frame quality indicator and allow the 

mobile station to verify that it has correctly decoded a frame. The 

mobile station is put into a loopback service option and makes its 

best attempt to decode each received frame sent from the test set. 

Once the mobile station determines the Category Type that 

specifies whether the frame received is a good frame, bad frame, 

frame erasure, or a frame blanked by signaling, the mobile 

station encodes and re-transmits the frame, with the first two bits 

replaced with the Category Type information, back to the test set. 

The test set compares each received frame to the corresponding 

frame that was sent and validates the Category Type information, 

then determines the measurement results. The test set keeps a 

running count of the measured frames and the number of frames 

that contain bit errors. Confidence level testing is a feature of 

FER measurements that applies statistical analysis to FER 

measurements so that pass/fail test results can be obtained in the 

shortest possible time. 
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Fig.8 Cell specific FER coded in NLOS Propagation Model 

 

 
Fig.9 Cell specific FER coded in LOS Propagation Model 

 

       The Cell specific FER coded in NLOS propagation Model is 

in fig.8 comparing it with FER coded in LOS propagation Model 

from fig.9 we confer that FER Coded is same in Both NLOS and 

LOS Propagation Models. 

 

 
Fig.10 Cell specific FER uncoded in NLOS Propagation 

Model 

 

 
Fig.11 Cell specific FER uncoded in LOS Propagation Model 

 

       The Cell specific FER uncoded in NLOS propagation Model 

is in fig.10 comparing it with FER coded in LOS propagation 

Model from fig.11 we confer that FER uncoded in NLOS 

propagation Model is almost half of that in LOS propagation 

Model.  It is also observed that FER coded results in very good 

performance compared to FER uncoded. 

 

 
Fig.12 UE specific FER coded in NLOS Propagation Model 

 

 
Fig.13 UE specific FER coded in LOS Propagation Model 

 

       The UE specific FER coded in NLOS propagation Model is 

in fig.12 comparing it with FER coded in LOS propagation 

Model from fig.13 we confer that NLOS propagation Model has 

slightly less FER than LOS propagation Model.  It is also 

observed that FER coded results in very good performance 

compared to FER uncoded. 

 

 
Fig.14 UE specific FER uncoded in NLOS Propagation 

Model 
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Fig.15 UE specific FER uncoded in LOS Propagation Model 

 

       The UE specific FER uncoded in NLOS propagation Model 

is in fig.14 comparing it with FER uncoded in LOS propagation 

Model from fig.15 we confer that both uncoded FER in both the 

schedulers are identical.  It is also observed that in both the cases 

FER coded results in very good performance compared to FER 

uncoded 

 

 Bit Errors Measurement 

       As the name implies, a bit error rate is defined as the rate at 

which errors occur in a transmission system. This can be directly 

translated into the number of errors that occur in a string of a 

stated number of bits. The definition of bit error rate can be 

translated into a simple formula: 

BER     =     number of errors / total number of bits sent  

 

       If the medium between the transmitter and receiver is good 

and the signal to noise ratio is high, then the bit error rate will be 

very small - possibly insignificant and having no noticeable 

effect on the overall system. However if noise can be detected, 

then there is chance that the bit error rate will need to be 

considered. 

       The main reasons for the degradation of a data channel and 

the corresponding bit error rate, BER is noise and changes to the 

propagation path (where radio signal paths are used). Both 

effects have a random element to them, the noise following a 

Gaussian probability function while the propagation model 

follows a Rayleigh model. This means that analysis of the 

channel characteristics are normally undertaken using statistical 

analysis techniques. 

 

 
Fig.16 Cell specific bit errors coded in NLOS Propagation 

Model 

 

 
Fig.17 Cell specific bit errors coded in LOS Propagation 

Model 

 

       The Cell specific Bit errors coded NLOS propagation Model 

is in fig.16 comparing it with Bit errors coded in LOS 

propagation Model, from fig.17 we confer that Bit errors coded 

in LOS propagation Model is less in number and severity than 

that of NLOS propagation Model. 

 

 
Fig.18 Cell specific bit errors uncoded in NLOS Propagation 

Model 

 

 
Fig.19 Cell specific bit errors uncoded in LOS Propagation 

Model 

 

       The Cell specific Bit errors uncoded in NLOS propagation 

Model is in fig.18 comparing it with Bit errors uncoded in LOS 

propagation Model from fig.19 we confer that both are high and 

same expect few spikes in NLOS propagation Model. It is also 

observed that in both the cases Bit errors coded results in very 

good performance compared to Bit errors uncoded. 
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Fig.20 UE specific bit errors coded in NLOS Propagation 

Model 

 

 
Fig.21 UE specific bit errors coded in LOS Propagation 

Model 

 

       The UE specific Bit errors coded in NLOS propagation 

Model is in fig.20 comparing it with Bit errors coded in LOS 

propagation Model from fig.21 we confer that Bit errors Coded 

in NLOS propagation Model is less when compared with LOS 

propagation Model. Bit errors coded results in very good 

performance compared to Bit errors coded. 

 

 
Fig.22 UE specific bit errors uncoded in NLOS Propagation 

Model 

 

 
Fig.23 UE specific bit errors uncoded in LOS Propagation 

Model 

 

       The UE specific Bit errors uncoded in NLOS propagation 

Model is in fig.22 comparing it with Bit errors uncoded in LOS 

propagation Model from fig.23 we confer that both are high with 

uncoded Bit errors more in NLOS propagation Model. 

 

 Block Size Measurement 

       Resource Block size: A frame is 10ms in length. Each frame 

is divided (in the time domain) into 10 sub frames. A sub frame 

is 1ms in length. Each sub frame is divided (in the time domain) 

into 2 slots. A slot is 0.5ms in length. Each slot is divided (in the 

frequency domain) into a number of resource blocks. The 

number of resource blocks in a slot depends on the channel 

bandwidth. A resource block is 0.5ms in length and contains 12 

subcarriers from each OFDM symbol. The number of OFDM 

symbols in a resource block depends on the cyclic prefix being 

used. The resource block is the main unit used to schedule 

transmissions over the air interface [2]. 

 

       Transport Block size: Transmission Bandwidth is the 

number of active Resource Blocks in a transmission. As the 

bandwidth increases, the number of Resource Blocks increases. 

The Transmission Bandwidth Configuration is the maximum 

number of Resource Blocks for the particular Channel 

Bandwidth. The maximum occupied bandwidth is the number of 

Resource Blocks multiplied by 180 kHz [6]. The Transport Block 

Sizes are calculated based on the MCS (modulation and coding 

scheme), the number of allocated PRBs(Physical resource 

Blocks) and the number of available REs(Resource Elements)   

So the transport block size does not increase linearly with the 

increase of the index itself. We might have  the same number of 

allocated PRBs but the number of available REs will be smaller 

because of  OFDMA symbols carrying PDCCH or the same 

number of REs in a PRB but different MCS for the allocation.  
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Fig.24 Cell specific block size coded in NLOS Propagation 

Model 

 

 
Fig.25 Cell specific block size coded in LOS Propagation 

Model 

 

       The Cell specific block size coded in NLOS propagation 

Model is in fig.24 comparing it with block size coded in LOS 

propagation Model from fig.25 we confer that block size coded  

are of sizes nearly 340 in NLOS propagation Model is slightly 

less when compared with LOS propagation Model. There is also 

presence of spike in LOS propagation Model. 

 

 
Fig.26 Cell specific block size uncoded in NLOS Propagation 

Model 

 

 
Fig.27 Cell specific block size uncoded in LOS Propagation 

Model 

 

       The Cell specific block size uncoded in NLOS propagation 

Model is in fig.26 comparing it with block size uncoded in LOS 

propagation Model from fig.27 we confer that block size 

uncoded in NLOS propagation Model is more or less same when 

compared with LOS propagation Model except for few higher 

spikes in case of NLOS propagation Model. However in both the 

cases Block size Coded is having better performance than that of 

Block size uncoded. 

 

 
Fig.28 UE specific block size coded in NLOS Propagation 

Model 

 

 
Fig.29 UE specific block size coded in LOS Propagation 

Model 

 

       The UE specific block size coded in NLOS propagation 

Model is in fig.28 comparing it with block size coded in LOS 

propagation Model from fig.29 we confer that block size coded 

in priority scheduler is more or less same when compared with 

LOS propagation Model except for more number of 120 sized 

Transport blocks in case of NLOS propagation Model. 
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Fig.30 UE specific block size uncoded in NLOS Propagation 

Model 

 

 
Fig.31 UE specific block size uncoded in LOS Propagation 

Model 

 

       The UE specific block size uncoded in NLOS propagation 

Model is in fig.30 comparing it with block size coded in LOS 

propagation Model from fig.31 we confer that block size 

uncoded in NLOS propagation Model is more or less same when 

compared with NLOS propagation Model. However in both the 

cases Block size Coded is having better performance than that of 

Block size uncoded. 

 

III. CONCLUSION 

       There are many schedulers, each having its own specific and 

unique characteristic. Each of the scheduler has certain 

advantages and disadvantages. Some of schedulers are specific to 

applications. We have presented results for NLOS propagation 

Model and LOS propagation Model. We have used the cell 

specific criteria and also the user specific to measure the 

performance of our NLOS propagation Model with NLOS 

propagation Model. In both the cases we used the coded and 

uncoded parameters like throughput, block size, FER and bit 

errors to evaluate the performance of the schedulers. The 

proposed Priority scheduler is the one for which UE specific 

NLOS propagation Model and cell specific LOS propagation 

Model is suited best according to the results which we have come 

across the discussion in the paper. 
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Comparison of Priority-based two-level Schedulers in 

LTE-Advanced 

Sayed Abdulhayan, Prahlad T Kulkarni and Ravindra D Noubade  

 
 

Abstract- Scheduler is part of executing throughput in MAC 

Layer. A good scheduler provides high Quality of Service (QoS) 

and work towards getting more and more throughput. There are 

varieties of Scheduler based on different factors such as fairness 

and maximum feedback etc. Priority Scheduler is based on the 

need of the service to be catered. We have designed a priority 

based schedulers on the top of ZF-MUMIMO, MaxThroughput 

and Optimum throughput schedulers. Our Proposed schedulers 

are two-level schedulers. In this paper, we present the 

performance of designed Priority schedulers with different Base 

schedulers. 

 

Index Terms- ZF-MUMIMO Scheduler, Frame Error Rate 

(FER), Cell-Specific, UE Specific, Maximum Throughput 

scheduler, and Optimum Throughput Scheduler. 

 

I. INTRODUCTION 

s the technology advances we come across several new 

inventions as per the need of Human being. There is also a 

competition to discover the way to satisfy the quench of 

throughput by various Scientists and Researchers. We require the 

throughput at the required level as desired by us but if we badly 

need some of our application to have executed in short span of 

time, we may fail some time. Depending on the need we want 

our work to be done. So we have developed the priority 

scheduler so that our need get catered according to the priority. 

The rest of the paper is organized in to four sections. The 

parameter for the setup of testing the scenario is explained in 

section II. In section III, we have presented the proposed 

Scheduler Models. The performance of priority schedulers with 

different Base schedulers is discussed in section IV. The section 

V presents conclusions.  

 

II. PARAMETERS FOR SCENARIO CONDUCTED 

       In order to carry out the simulation and get results we need 

to setup certain parameters in Simulation tool. These parameters 

are set according to the compatibility of LTE Advanced 

technology. The Parameters are mentioned as below  

 

Channel Model Binary Symmetric Channel 

NSNR (Normalized Signal-to-

Noise Ratio) 

100 

Number of transmitting 

Antennas (nTX)  

4 

User count (nUE) 5 

Simulation Type LTE-A-MUMIMO 

Carrier frequency 2.1e+09 

No of Base stations (nBS) 1 

Bandwidth 1.4e+6 

Subcarrier Spacing 15000 

Cyclic Prefix normal 

Simulation type Parallel 

Pathloss Model Activated 

Sampling Time 5.2083e-07 

OFDMN Symbol 140 

Number of Sub frames 1000 

Scheduled TTIs 132 

HARQ process count 8 

Maximum HARQ 

retransmission 

0 

Base scheduler 

 

 

 

 

 Priority based on ZF 

MUMIMO 

 Priority based on 

Maximum Throughput  

 Priority based on 

Optimum Throughput  

Filtering ’Block Fading’ 

Channel model Type ’flat Rayleigh’ 

Time Correlation ’independent’ 

Interpolation Method ’shift to nearest neighbor’ 

Propagation Condition ’NLOS’ 

Sample Density 2 

Uniform Time Sampling Applied 

Traffic model Data packet traffic + FTP 

traffic + Full Buffer traffic + 

Gaming traffic+ HTTP 

traffic + Video traffic + 

VoIP traffic 

 

III. PRIORITY SCHEDULER MODEL 

       The priority scheduler is a two-level Scheduler. The base 

scheduler is ZF-MUMIMO on which priority factor governs. 

QoS depends on:  

 Response Time Expected by Users 

 Delay 

 Data Rate 

 Required Bandwidth 

 Loss Rate 

 Error Rate 

 

       Since we are developing the scheduler for 4G, LTE-

Advanced, we are supplied with data rate, bandwidth etc. We 

have proposed a scheduling model which will cater the 

A  
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application need depending upon priority factor. This Priority 

factor depends upon following 

       Response Time Expected by Users: The users.’ expected 

response time is the time elapsed between sending a request and 

the reception of the first response by the user. Higher the 

response time expected by the users, lower the Priority factor.  

       Delay: The network transmits delay is the time elapsed 

between the emission of the first bit of a data block by the 

transmitting end-system, and its reception by the receiving end-

system. More the delay, there is a corresponding increase in 

Priority factor.  

       Jitter: In transmission technology, jitter refers to the 

variation of delay generated by the transmission equipment. This 

parameter doesn’t come into picture because this is user specific. 

       Buffer length: Larger Buffer length results in lesser data 

overflow and increase in the throughput. As buffer length 

increases the Priority factor increases. This is because the traffics 

which are non real time have a high buffer length and those who 

are Real time traffic are having very less buffer length. 

 

Priority factor=PF 

Response Time Expected by Users=X 

Delay=D, Buffer length=B 

 

PF=B/(X×D); 

Response Time Expected by Users (X) for various traffic models 

is as below: 

Full Buffer Model=20 msec 

VoIP traffic model=50 msec 

HTTP traffic model=400 msec 

Data packet traffic model=150 msec 

Video traffic model=200 msec 

Gaming traffic model=250 mSec 

FTP traffic model=5 Sec. 

 

       The need and the necessity of a person to get the data at 

required time is noticed and well addressed in Priority Scheduler. 

We have seen the normal priority scheduler also but it has a great 

disadvantage, it will not consider the delay and remaining Buffer 

size. In our Priority Scheduling we are using delay, Buffer 

Length as a factor to calculate the Priority factor for the traffic. 

The delay consists of Tap delay, HARQ delay and Uplink delay 

altogether.  

 

Delay =Tap delays +HARQ delay + uplink delay; 

Tap delay=Interpolator delay; 

 

 
Fig.1 Dimensionless priority factor based on buffer length 

and delay 

 

       The maximum Priority factor generated from whichever 

traffic will be selected for the scheduler under ZF-MUMIMO 

which is base scheduler. This is how we are able to send only 

those traffics which have highest priority at a particular instant 

among all the traffics needed to be sending across. 

       The maximum Priority factor generated from whichever 

traffic will be selected for the scheduler under MaxThroughput 

scheduler who is base scheduler. This is how we are able to send 

only those traffics which have highest priority at a particular 

instant among all the traffics needed to be sending across. 

       The maximum Priority factor generated from whichever 

traffic will be selected for the scheduler under 

OptimumThroughput scheduler who is base scheduler. This is 

how we are able to send only those traffics which have highest 

priority at a particular instant among all the traffics needed to be 

sending across. 

       ZF-MUMIMO Scheduler: In ZF-MUMIMO scheduler given 

a set of users, the scheduler selects more than one user and 

transmits independent data to them simultaneously by using zero-

forcing beam forming [1]. 

       MaxThroughput Scheduler: It is used for best effort packet 

switched network like wireless to maximize the total throughput  

of the network. This is done by giving scheduling priority to the 

least "expensive" data flows in terms of consumed network 

resources per transferred amount of information. 

       OptimumThroughput Scheduler: Future wireless networks 

are likely to provide each user access to multiple channels. The 

dynamic scheduling problem at any given time in such networks 

is to determine (i) the set of users that can transmit/receive, and 

(ii) the set of channels that a user can use. Our goal is to 

optimally determine the above so as to maximize the system 

throughput using on-line adaptive policies. The availability of 

multiple channels gives rise to several unique challenges in 

attaining the above goal. Channel characteristics at any given 

time will typically be different for different channels, and these 

characteristics will also vary with time. In a system with a large 

number of users and channels, an individual user could use only 

a small number of channels at any time. Therefore, measuring the 

channel quality perceived by each user for each channel would 

require additional probe packets, which introduces a significant 

measurement overhead. 

       Thus unlike single-channel networks, scheduling in 

multichannel networks must be done under inaccurate channel 

state information, resulting from infrequent channel 

measurements. Moreover, in a multichannel wireless system, the 

scheduling questions depend strongly on the transmission 

mechanisms. Specifically, the scheduling constraints differ 

significantly based on whether simple (pure) or orthogonal 

frequency division multiplexing (FDM) is used, and the manner 

in which power is allocated across channels [2]. 

 

IV. PERFORMANCE OF PRIORITY SCHEDULER 

       We will analyze the performance of Priority Scheduler with 

the normal ZF-MUMIMO scheduler. We want this performance 

because in Priority scheduler the root scheduler is ZF-

MUMIMO. Hence we are comparing them. There are two 

divisions for comparison of each of the parameters i.e. Cell 

Specific and UE specific. Cell specific is more important than 
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UE Specific. Under UE Specific we are evaluating the first UE 

parameter out of 5 UEs. 

 

 Throughput Measurement 

       In communication networks, such as VoIP, Ethernet or 

packet radio, throughput is the average rate of successful 

message delivery over a communication channel. This data may 

be delivered over a physical or logical link, or pass through a 

certain network node. The system throughput is the sum of the 

data rates that are delivered to all terminals in a network.  

 

 
Fig.2 Cell specific throughput coded in priority scheduler 

based on ZF-MUMIMO 

 

 
Fig.3 Cell specific throughput coded in priority scheduler 

based on Max Throughput 

 

 
Fig.4 Cell specific throughput coded in priority scheduler 

based on Optimum Throughput 

 

       The Cell specific throughput coded in priority schedulers 

having base scheduler as ZF-MUMIMO, Maximum throughput 

and Optimum throughput is almost same in each of the cases. 

 

 
Fig.5 Cell specific throughput uncoded in priority scheduler 

based on ZF-MUMIMO 

 

 
Fig.6 Cell specific throughput uncoded in priority scheduler 

based on Max Throughput 

 

 
Fig.7 Cell specific throughput uncoded in priority scheduler 

based on OptimumThroughput 

 

       The Cell specific throughput uncoded in priority schedulers 

having base scheduler as ZF-MUMIMO, Maximum throughput 

and Optimum throughput is almost same in each of the cases. 
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Fig.8 UE specific throughput coded in priority scheduler 

based on ZF-MUMIMO 

 

 
Fig.9 UE specific throughput coded in priority scheduler 

based on Max Throughput 

 

 
Fig.10 UE specific throughput coded in priority scheduler 

based on OptimumThroughput 

 

       The UE specific throughput coded in priority schedulers 

having base scheduler as ZF-MUMIMO, Maximum throughput 

and Optimum throughput is almost same in each of the cases. 

 

 Frame Error Rate Measurement 

       Frame error rate (FER) has almost the same meaning as BER 

(Bit error rate), but the error rate calculation is between frame 

and not bit. In other words, let say, we transmit 100 frames and 

out of them only 3 frames having errors so the FER is 3/100. 

While BER has its theoretical importance, we can in no way 

measure this value in real world (if we know the transmit bits at 

the receiver, we in fact do not need to transmit at all). When 

designing a code, the exact BER criteria might not be tractable. 

Therefore, PER (Packet error rate) is used instead. In real system, 

we do not have access to BER or PER, but only FER through 

CRC. 

       Frame Error Rate (FER) measurement is used to test the 

performance of a mobile station's receiver. During an FER 

measurement, the test set sends a sequence of frames to the 

mobile station. Each frame contains CRC (Cyclic Redundancy 

Code) bits, which provide frame quality indicator and allow the 

mobile station to verify that it has correctly decoded a frame. The 

mobile station is put into a loopback service option and makes its 

best attempt to decode each received frame sent from the test set. 

Once the mobile station determines the Category Type that 

specifies whether the frame received is a good frame, bad frame, 

frame erasure, or a frame blanked by signaling, the mobile 

station encodes and re-transmits the frame, with the first two bits 

replaced with the Category Type information, back to the test set. 

The test set compares each received frame to the corresponding 

frame that was sent and validates the Category Type information, 

then determines the measurement results. The test set keeps a 

running count of the measured frames and the number of frames 

that contain bit errors. Confidence level testing is a feature of 

FER measurements that applies statistical analysis to FER 

measurements so that pass/fail test results can be obtained in the 

shortest possible time. 

 

 
Fig.11 Cell specific FER coded in priority scheduler based on 

ZF-MUMIMO 

 

 
Fig.12 Cell specific FER coded in priority scheduler based on 

Max Throughput 

 

 
Fig.13 Cell specific FER coded in priority scheduler based on 

Optimum Throughput 

 

       The Cell specific FER coded in priority schedulers having 

base scheduler as ZF-MUMIMO, Maximum throughput is less 

and the priority scheduler who has base scheduler as Optimum 

throughput is more. 
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Fig.14 Cell specific FER uncoded in priority scheduler based 

on ZF-MUMIMO 

 

 
Fig.15 Cell specific FER uncoded in priority scheduler based 

on Max Throughput 

 

 
Fig.16 Cell specific FER uncoded in priority scheduler based 

on Optimum Throughput 

 

       The Cell specific FER uncoded in priority schedulers having 

base scheduler as ZF-MUMIMO, Maximum throughput is almost 

half of the FER uncoded when compared with the priority 

scheduler which has base scheduler as Optimum throughput. 

  

 
Fig.17 UE specific FER coded in priority scheduler based on 

ZF-MUMIMO 

 

 
Fig.18 UE specific FER coded in priority scheduler based on 

Max Throughput 

 

 
Fig.19 UE specific FER coded in priority scheduler based on 

Optimum Throughput 

 

       The UE specific FER coded in priority schedulers having 

base scheduler as ZF-MUMIMO, Maximum throughput is very 

less and the priority scheduler who has base scheduler as 

Optimum throughput is more. 
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Fig.20 UE specific FER uncoded in priority scheduler based 

on ZF-MUMIMO 

 

 
Fig.21 UE specific FER uncoded in priority scheduler based 

on Max Throughput 

 

 
Fig.22 UE specific FER uncoded in priority scheduler based 

on Optimum Throughput 

 

       The UE specific FER uncoded in priority schedulers having 

base scheduler as ZF-MUMIMO, Maximum throughput and 

Optimum throughput respectively is almost same. 

 

 Bit Errors Measurement 

       The main reasons for the degradation of a data channel and 

the corresponding bit error rate, BER is noise and changes to the 

propagation path (where radio signal paths are used). Both 

effects have a random element to them, the noise following a 

Gaussian probability function while the propagation model 

follows a Rayleigh model. This means that analysis of the 

channel characteristics are normally undertaken using statistical 

analysis technique. 

 

 

Fig.23 Cell specific bit errors coded in priority scheduler 

based on ZF-MUMIMO 

 

 
Fig.24 Cell specific bit errors coded in priority scheduler 

based on Max Throughput 

 

 
Fig.25 Cell specific bit errors coded in priority scheduler 

based on Optimum Throughput 

 

       The Cell specific bit errors coded in priority schedulers 

having base scheduler as ZF-MUMIMO, Maximum throughput 

is less and the priority scheduler who has base scheduler as 

Optimum throughput is more. 

 

 
Fig.26 Cell specific bit errors uncoded in priority scheduler 

based on ZF-MUMIMO 
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Fig.27 Cell specific bit errors uncoded in priority scheduler 

based on Max Throughput 

 

 
Fig.28 Cell specific bit errors uncoded in priority scheduler 

based on Optimum Throughput 

 

       The Cell specific bit errors uncoded in priority schedulers 

having base scheduler as ZF-MUMIMO, Maximum throughput 

and Optimum throughput respectively is almost same. Bits errors 

are reduced considerable when compared coded and uncoded 

strategies. 

 

 
Fig.29 UE specific bit errors coded in priority scheduler 

based on ZF-MUMIMO 

 
Fig.30 UE specific bit errors coded in priority scheduler 

based on Max Throughput 

 

 
Fig.31 UE specific bit errors coded in priority scheduler 

based on Optimum Throughput 

 

       The UE specific bit errors coded in priority schedulers who 

have base scheduler as ZF-MUMIMO, Maximum throughput is 

less and the priority scheduler who has base scheduler as 

Optimum throughput is more. 

 

 
Fig.32 UE specific bit errors uncoded in priority scheduler 

based on ZF-MUMIMO 
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Fig.33 UE specific bit errors uncoded in priority scheduler 

based on Max Throughput 

 

 
Fig.34 UE specific bit errors uncoded in priority scheduler 

based on Optimum Throughput 

 

       The UE specific bit errors uncoded in priority schedulers 

having base scheduler as ZF-MUMIMO, Maximum throughput 

and Optimum throughput respectively is almost same. There is 

great improvement in the channel quality when it’s coded. 

 

 Block Size Measurement 

       Resource Block size: A frame is 10ms in length. Each frame 

is divided (in the time domain) into 10 sub frames. A sub frame 

is 1ms in length. Each sub frame is divided (in the time domain) 

into 2 slots. A slot is 0.5ms in length. Each slot is divided (in the 

frequency domain) into a number of resource blocks. The 

number of resource blocks in a slot depends on the channel 

bandwidth. A resource block is 0.5ms in length and contains 12 

subcarriers from each OFDM symbol. The number of OFDM 

symbols in a resource block depends on the cyclic prefix being 

used. The resource block is the main unit used to schedule 

transmissions over the air interface [3]. 

       Transport Block size: Transmission Bandwidth is the 

number of active Resource Blocks in a transmission. As the 

bandwidth increases, the number of Resource Blocks increases. 

The Transmission Bandwidth Configuration is the maximum 

number of Resource Blocks for the particular Channel 

Bandwidth. The maximum occupied bandwidth is the number of 

Resource Blocks multiplied by 180 kHz [6]. The Transport Block 

Sizes are calculated based on the MCS (modulation and coding 

scheme), the number of allocated PRBs(Physical resource 

Blocks) and the number of available REs(Resource Elements)   

So the transport block size does not increase linearly with the 

increase of the index itself. We might have  the same number of 

allocated PRBs but the number of available REs will be smaller 

because of  OFDMA symbols carrying PDCCH or the same 

number of REs in a PRB but different MCS for the allocation.  

 

 
Fig.35 Cell specific block size coded in priority scheduler 

based on ZF-MUMIMO 

 

 
Fig.36 Cell specific block size coded in priority scheduler 

based on Max Throughput 

 

 
Fig.37 Cell specific block size coded in priority scheduler 

based on Optimum Throughput 

 

       The Cell specific block size coded in priority schedulers 

having base scheduler as ZF-MUMIMO, Maximum throughput 

is having more spikes of large size and priority schedulers who 

have base scheduler as Optimum throughput have less spikes of 

large size. Rest all of the features for block size is same for all 

the compared schedulers. 
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Fig.38 Cell specific block size uncoded in priority scheduler 

based on ZF-MUMIMO 

 

 
Fig.39 Cell specific block size uncoded in priority scheduler 

based on Max Throughput 

 

 
Fig.40 Cell specific block size uncoded in priority scheduler 

based on Optimum Throughput 

 

       The Cell specific block size uncoded in priority schedulers 

having base scheduler as ZF-MUMIMO, Maximum throughput 

and Optimum throughput respectively is almost same. However 

in all the cases Block size Coded is having better performance 

than that of Block size uncoded. 

 

 
Fig.41 UE specific block size coded in priority scheduler 

based on ZF-MUMIMO 

 

 
Fig.42 UE specific block size coded in priority scheduler 

based on Max Throughput 

 

 
Fig.43 UE specific block size coded in priority scheduler 

based on Optimum Throughput 

 

       The UE specific block size coded in priority schedulers 

having base scheduler as ZF-MUMIMO, Maximum throughput 

and Optimum throughput respectively is almost same. 
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Fig.44 UE specific block size uncoded in priority scheduler 

based on ZF-MUMIMO 

 

 
Fig.45 UE specific block size uncoded in priority scheduler 

based on Max Throughput 

 

 
Fig.46 UE specific block size uncoded in priority scheduler 

based on Optimum Throughput 

 

       The UE specific block size uncoded in priority schedulers 

having base scheduler as ZF-MUMIMO, Maximum throughput 

and Optimum throughput respectively is almost same. 

 

V. CONCLUSION 

       There are many schedulers, each having its own specific and 

unique characteristics. Each of the scheduler has certain 

advantages and disadvantages. Some of schedulers are specific to 

applications. We have presented results for priority scheduler 

having base schedulers as ZF-MUMIMO, Maximum throughput 

and Optimum throughput scheduler. We have used the cell 

specific criteria and also the user specific to measure the 

performance of our proposed Priority Schedulers based on ZF-

MUMIMO, Maximum throughput and Optimum throughput 

scheduler. In all the cases, we used the coded and uncoded 

parameters like throughput, block size, FER and bit errors to 

evaluate the performance of the schedulers. The Priority 

scheduler with base scheduler as ZF-MUMIMO is having the 

advantage of zero forcing while beam forming and also high 

Throughput. The Priority scheduler with Maximum throughput 

has the advantage of high throughput same as earlier mentioned 

but can’t be used for Zero forcing while beam forming. The 

priority scheduler based on Optimum throughput scheduler is 

having less number of spikes in Transport block sizes which are 

advantageous when compared with the other two schedulers. The 

Priority scheduler having ZF-MUMIMO scheduler at its base is 

the best in term of reducing the backhaul load and increased 

throughput which we have come across in the discussion in the 

paper. 
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     Abstract- Address resolution protocol is one of the most 

critical protocol serving in the OSI model of network 

architecture. It is responsible for the conversion of network 

address to physical address at the network layer. But, it is 

vulnerable to certain attacks and hence information integrity also 

gets compromised to great extent. Many efforts have been made 

and different methods have also been applied to prevent such 

attacks at ARP, but none has been able to give satisfactory 

results. So, an analysis of such method in order to prevent ARP 

has been done to layout the feasibility considering different 

factors like backward compatibility, cost, efficiency, ease of 

implementation, size of network, reliability, manageability etc. 

of these respectively. 

 

     Index Terms- ARP, MAC address, ARP poisoning, Spoof 

detection, Port security. 

 

 

I. INTRODUCTION 

A) ARP ( Address Resolution Protocol ) 

The task of determining the MAC(Media Access Control) 

address for the data to be sent on network is the responsibility of 

ARP. ARP is used by the IP network layer to map IP addresses 

to hardware addresses at data link layer. ARP is working below 

the network layer as a part of the Open Systems Interconnection 

(OSI) link layer, and is used when IP is used over the Ethernet. 

 

B) How does ARP works? 

 When an Ethernet frame is broadcasted from one machine to 

another on LAN, the 48-bit MAC address is used to determine 

the interface for which the frame is meant to be destined.  

Address resolution refers to the process of dynamically finding a 

MAC address of a computer on a network. The protocol provides 

a dynamic mapping between the two different types of addresses 

that are IP address and MAC address which is used by data link 

layer. The process is dynamic since it happens automatically and 

is normally not a concern of either the application user or the 

system administrator. In a shared Ethernet where hosts use the 

TCP/IP suite for communication, IP packets need to be 

encapsulated in Ethernet frames before they can be transmitted 

on to the wire. 

      There is a one-to-one mapping between the set of IP 

addresses and the set of Ethernet addresses. Before the packet 

can be encapsulated in an Ethernet frame, the host sending the 

packet needs the recipient’s MAC address. Therefore, ARP is 

used to find the destination MAC address using the IP address. 

 

C) How ARP is compromised? 

ARP does not maintain the states of its own and hence does not 

check whether the upcoming arp reply was actually requested or 

not, before updating the corresponding pairing in the arp cache 

of the system. So, the attacker sends the bogus replies to the 

communicating systems, thereby making the changes favorable 

to attacker, in the pairing of IP and MAC addresses. By doing 

this the information starts going through the attacker’s machine, 

without coming into notice of actual hosts. 

 

II. ARP Poisoning 

     In order to minimize the number of ARP requests that are 

being broadcast, operating systems maintain a cache of ARP 

replies from different hosts. When a host receives any ARP 

reply, it will normally update its ARP cache with the new 

IP/MAC association entry. Since ARP is known to be stateless 

protocol, most operating systems generally will update their 

cache if a reply is received, regardless of fact whether they sent 

out any actual request or not. 

   ARP spoofing is mainly construction of forged ARP replies. 

When a forged ARP reply is sent, a target computer could be 

easily pursued to send frames meant for Host A to instead go to 

Host B. If done properly, Host A will have no idea that any such 

redirecting of data has taken place. The process of updating a 

target computer’s ARP cache with a forged entry is referred to 

as “poisoning”. The result of ARP cache poisoning is that the IP 

traffic intended for one host is diverted to a different host. 

There are many different kind of attacks that could be 

implemented to poison the respective arp caches of two 

communicating devices. These are like man-in-the-middle 

attack, sniffing, cloning, connection hijack, denial of service, 

smart IP spoofing etc. Encrypted connections are also not secure. 

Such attacks can also be performed on SSL(Secure Socket 

Layer) also. It has also become easy due to easy availability of 

different exploits online and that too are free of cost. 

 

III. FEASIBILITY OF PREVENTION METHODS 

    Every network that can be considered a LAN is exposed to 

this type attack, no matter what kind of networking technology 

has been used. There is no universal defense measure or cure 

against ARP spoofing. But still there are certain preventive 

measures that could be taken, but they their respective 

limitations due to certain factors like backward compatibility, 

cost, efficiency, ease of implementation, size of network, 

reliability, manageability etc. They still are effective depending 

upon the network type and security related to data being 

communicated. Different available techniques could be broadly 

classified on basis of approaching levels. They are: 
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1. System level 

a) Static IP: Here IP and Mac association is entered in 

cache by the administrator itself. Therefore forged 

replies are not able to manipulate the cache. But it 

also increases the workload of administrator. But 

for a small network, one is able to protect its 

gateway effectively. 

b) Operating system: In linux, its kernel 2.4 does not 

respond to the unrequested replies, but updates on 

requests. And it could be made to respond using 

tools like ettercap. Solaris[2] also updates its 

entries after some predefined time bounds. This 

also does not prevent attacker, since it can manage 

to reply before the legitimate user working fast 

enough to meet time limits. 

c) Firewalls: These also apply the act of detecting 

only the modified log entries.  If found anything 

suspicious, intimidate the administrator. 

d) Ebtable: It is the utility available in linux for 

programming the switches. It could be used to 

avoid ARP poisoning also but much of the task is 

left on the shoulders of administrator, that one 

could easily made mistakes while programming. 

Also these rules for ARP prevention are not widely 

available.  

 

2. Hardware level 

a) Sniffer: Efforts were made by M.M. Dessouky [9] 

to built a hardware easy to be installed acting as a 

sniffer for detecting the attacks. But major question 

is to prevent the attacks because once the attack has 

been made it gives enough time to the attacker to 

do malicious task in network. 

b) Port security: What it mainly does, binds a specific 

MAC address to the port. Performance level is also 

maintained, requires certain rules to be configured. 

It provides security from only certain type ARP 

attacks not all. 

c) Dynamic ARP Inspection[11]: These Cisco’s high 

end switches that update IP/MAC binding after 

analyzing DHCP IP releases. And effectively drops 

the invalid replies. But these are quite expensive. 

3. Middleware level 

a) ArpWatch: Is easily available tool that act as a 

monitoring agent for the arp related activities. It 

reads the previous and updated data and alarms the 

administrator if anything does not match. But it 

gives a lot of false notifications while in an 

environment where DHCP is used. 

b) ARP-Guard: It works within architecture 

employing sensors. A better approach than 

arpwatch but not good enough. 

c) Snort: It’s a kind of intrusion detection system. It 

constantly observes the network for malicious 

activity regarding ARP and timely send the 

information to the administrator. But it is mainly 

deployed at network borders, and is not worth of 

deploying within the internal network. This whole 

approach goes in vain when many IDS system does 

not consider working with DHCP and not much 

backward compatible with general ARP.  

d) Anticap: Is a kernel patch that rejects the invalid 

combination of IP and MAC addresses learning 

from earlier entries. Does go well with DHCP. 

Being kernel patch requires kernel space thereby 

slowing down the performance. 

4. Cryptographic level 

a) S-ARP: Secure ARP[8] involves cryptography to 

get the arp replies be digitally signed before they 

are considered valid for updating the arp cache. It 

is backward compatible also but requires a signing 

authority server that will keep track of all the 

public and private keys of all the participating 

hosts in the network. It adds to the complexity of 

the whole network and also slows down the 

performance as it requires time for validating the 

digital signatures. In case the authority server fails, 

it leads to the failure of the whole network.  

b) IP-sec: Secure arp provides authentication at link 

layer only where as IP-sec can provide more 

protection with almost the similar overheads. But it 

puts a lot of load on CPU thereby effecting the 

performance whereas S-arp leads to less load on 

CPU. 

5. Architectures proposed: 

a) A simple approach is to divide the large network 

into small networks so they are easily maintained 

by the administrator. In smaller number of hosts 

any malicious host is also easily identifiable. 

b) Middleware approach given by Tripunitara[12] is 

not practically implemented. Its is a kind of 

asynchronous prevention and detection scheme. It 

requires a lot of changes to be made on all the hosts 

in the network. Though it is backward compatible 

but no widely acceptable implementations are 

available. 

c) Gouda, [13] proposed an architecture using a 

secure server. The communication with server is 

done using two protocols. But it is not practical, as 

it requires new protocols to be installed at every 

host and failure of secure server will collapse the 

whole network. 

 

IV. CONCLUSION 

 

Today’s techniques can’t give you complete protection against 

ARP attacks, but we can guard our self with IDS and specialized 

ARP manipulation sensors to detect most manipulation attempts. 

Ignoring the issue is not a convincing option unless we can 

genuinely trust every user with access to our LAN. ARP 

spoofing is one of several vulnerabilities which exist in modern 

networking protocols, which allow a knowledgeable individual 

free reign over a network. As we have seen these attacks are 

relatively easy to implement, as there is a large variety of 

automated tools available, while any type of defense against 

them would not be enough.  

 

V. FUTURE SCOPE 
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As we have seen that there no much reliable and effective 

technique to prevent from ARP spoofing. So, there still need of a 

lot of work that could be done. There are many tools available to 

perform the attack but none to ensure complete security from 

such attacks. We could purpose some changes in the existing 

algorithms for ARP Cache poisoning prevention and detection 

for a host running Linux. 
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     Abstract- The present investigation was conducted to determine the effects of 6-week yoga asana on basal metabolic rate of novice 

female players. Thirty female novice players were selected as subjects for the present investigation aged were ranging from 17- 24 

years. To investigate the influence, 6-week yoga asana was imparted to the subject of group A (Yoga training) and B (control group). 

The significance of difference was tested for the basal metabolic rate by paired ‘t’ test. The 6-week of yoga asana includes Poorna 

Bhujangasana, Baddhapadmasana, Kukkut asana, Hal asana and Ardha Matsyendrasana The effect of 6-week yoga asana was used to 

identify the significant differences (p<0.005-0.001) improvement on basal metabolic rate of novice female players in group A (Yoga 

training) compared with control group B. Asana training may be recommended to improve other physiological based performance and 

enhance basal metabolic rate. 

 

    Index Terms- Yoga asana, Basal metabolic rate, Novice female players 

 

I. INTRODUCTION 

wadesh (2012) in recent years there has been considerable interest in scientific research on yoga in India and in the west. Today 

yoga being a subject of varied interest, has gained worlds wide popularity. The basic Adhomukha Svanasana (downward-facing 

dog posture) stimulates the nervous system, while the more daunting Salamba Sirsasana (headstand) promotes clarity of thought and 

improves your memory. Other postures, boost the respiratory and immune systems, tone muscles and, most important, relieve stress 

(Iyengar 2007). Yoga has both preventive and therapeutic benefits. The nature of every yogic practice is Psycho Physiological and if 

this conceptual background is not clearly understood, the whole outlook on yogic practices will be disturbed. The relation of yogic 

practice in terms of anatomy and physiology would remove many misconceptions about them (Gore, 1984). An overview of the 

development of various metabolic measurements and describe how one such measurement came to be known as the basal metabolic 

rate (BMR). (Hulbert 2004; McNab 1992; and Speakman 2004) BMR is the metabolic rate measured in an adult non reproducing 

individual in a zone of thermo neutrality and in a post absorptive state during the inactive phase of its circadian cycle, with body 

temperature at a normothermic level (McNab, 1997). There are three types of asana (a) Relextive (b) Corrective (c) Meditative. Yoga 

has become increasingly popular in western countries as a method for coping with stress and as a means of exercise and fitness 

training (Schell, 1994). Asanas are body positions in which one remains steady and comfortable, both physically and mentally, for a 

desired length of time without strain. Asanas help the muscles relax by improving circulation, which in turn relieves built- up tension 

and stress. In all Meditative posture spine is erect which allows all the physiological activities go on normally. Physiology says that 

erect postures create proper balance posture for digestive organs, heart and lungs (Amresh, 2007). Over the last 10 years, a growing 

number of research studies have shown that the practice of yoga can improve strength and flexibility, and may help control such 

physiological variables as blood pressure, respiration and heart rate, and metabolic rate to improve overall exercise capacity (Raub, 

2002). There have been many studies on yoga and its effects on physical function (Hadi, 2007) but with the phenomenal and ever 

increasing popularity of yoga asana in the past few years, there is a surprising lack of research on this particular discipline and as a 

result the present study had been undertaken to examine the effects of selected asanas in yoga on basal metabolic rate of novice 

players. 

 

II. IDENTIFY, RESEARCH AND COLLECT IDEA 

Thirty subjects (Mean +  SD: 23.21+ 1.45 years, weight 60.50 + 2.45 kg, height 1.67 + 0.035m) were randomly selected from 

Lakshmibai National Institute of Physical Education in Guwahati (Assam, India) volunteered to participate in the study. To investigate 

the influence of 6-week yoga training was imparted to the subject of experimental “A” and control group “B”. The groups were 

consisted of 15 subjects each. Prior to the testing and experimental programme the subjects were assembled and oriented regarding the 

objectives and requirements of the test items. The 6-week of yoga training, lasting 60min each, which includes Poorna Bhujangasana, 

Baddhapadmasana, Kukkut asana, Hal asana and Ardha Matsyendrasana. The asanas includes:  

 Poorna Bhujangasana: (Full cobra pose)  

 Baddhapadmasana : (Locked-up Lotus pose) 

A 
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 Kukkut asana: (Cock Pose) 

 Hal asana: (Plow Pose) 

 Ardha Matsyendrasana: (Half Lord of the Fishes Pose) 

The BMR formula was uses the variables of height, weight, age and gender to calculate the Basal Metabolic Rate (BMR). 

Women: BMR = 655 + (9.56 x weight in pounds) + (1.85 x height in inches) - (4.68 x age in years) (Harris, 1919). The reliability 

coefficient for institute students was found to be 0.79. 

The 6-week of yoga training, lasting 60min each, which includes Poorna Bhujangasana, Baddhapadmasana Kukkut asana, Hal 

asana and Ardha Matsyendrasana. 

 
The differences between-group was assessed using the Student’s t-test for dependent data (Verma, 2000) are presented in table 1. 

III. WRITE DOWN YOUR STUDIES AND FINDINGS 

    The results of basal metabolic rate of the experimental (Yoga asana) and control  groups are presented in the table 1.The 

effect of 6-week yoga asana was used to identify the significant differences (p<0.005-0.001)in improvement on basal metabolic rate of 

novice female players of experimental group “A” compared with control group “B”.  

 

Table 1. Mean values (SD) of basal metabolic rate in yoga asana and control groups (n = 15 each) before (Pre) and after (Post) 6-

weeks of training asanas 

 

Group Number Mean S.D. SEM ‘t’ Val e 

Experiment (Pre-test) 

Experimental (Post-test) 

15 

15                                                

234.5 

127.6 

46.88 

15.16 

12.10 

3.916 
 

8.587* 

 

0.269 
Control (Pre-test) 

Control (Pre-test) 

15 

15 

232.8  

233.8 

65.10 

64.93 

16.80 

16.76 

*Significant at 0.05 level.                            Tab t .05 (14) = 2.14 

 
Table-1 shows that the mean of basal metabolic rate of pre-test of experimental group and post-test of experimental group was 234.5 

and 127.6 respectively, whereas the mean of basal metabolic rate of pre-test of control and post-test of control group was 232.8 and 

233.8. The “t” value in case of experimental group was 8.587 and for control group it was 0.269. Since cal. t (=8.587)> tab t .05 (14) 

(=2.145), Ho (null hypothesis) is rejected at .05 level of significance. Thus it may be concluded that six week training program of 

asanas by leads to significant improvement in basal metabolic rate of novice female players. No significant change over that 6-week 

yoga training was noted in the control group, not subjected to any training. As per the study the above remark can be given at 95% 

confidence. 

 

IV. CONCLUSION 

Yoga is a popular aid in improving both physical and mental health. Yoga is a powerful tool to help blossom and reach full 

human potential. Physiological responses to physical training, including yoga, have been well studied by many investigators (Iyengar, 

2007). The findings are supported by the study conducted by Udupa K.N. on Yogic and Non Yogic exercise: Improved Physiological 

Fig. 2.Yoga Asanas 

A – Poorna 

Bhujangasana 

B – Baddhapadmasana 

C – Kukkut asana  

D – Hal asana 

E – Ardha 

Matsyendrasana 

 

 

B C 

D E 

A 
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variables of students to determine the effects of yogic exercise on Physiological variables showed a statistically significant (P < .001) 

improvement (Schell, 1994).These studies have shown that regular practice of yoga leads to improvement in physiological functions 

and human performance. The subjects of this study belonged to different nature, habits, personal exercise, regimens, diet, family back 

ground and other natural factor which are not under the control of the investigator and were considered as limitation of the study. 

Yoga asana on selected physiological variable observed to the signification improved breath holding capacity vital capacity and 

resting rate (Indirani, 1993).  Asana and jogging on selected physiological and hematological variables were found to be more 

effective then jogging in improving pulse rate, vital capacity, breath holding time and sacrum cholesterol (Shaynebance, 2003). 

Physical activity increased following yoga, and symptoms decreased, as did BMI and hip and waist measurements (Mclver, 2009).  

The study conducted by Sohoni studied that blood pressure and blood cholesterol reduced considerably in 23 patients and they 

experienced an overall relief of 90% after they practiced asana, pranayama, meditation, yoganidra and omkar chanting for 6 months 

considering the effect of selected yogic exercise (Sohoni, 1995). In conclusion, the present study suggested that a 6-week of yoga 

asana showed significant improvement in basal metabolic rate of novice players through a variety of effect including body mass index 

(BMI), waist and hip circumference, fat-free mass, total cholesterol, high-density lipoprotein and fasting serum leptin levels (Telles, 

2010). These data provide more evidence to support the beneficial effect of yoga asana on basal metabolic rate and thus, such may be 

recommended to improve body fat percentage, body water content level and lean body mass (Sajwan, 2010). On the basis of the 

findings of the study, the following conclusions are drawn significantly improvement in the basal metabolic rate of novice female 

players. 
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Abstract- Corn (Zea mays L.)   is a versatile crop, allowing it to 

grow across a range of agro-ecological zone popularly called 

“Queen of Cereals”. Weeds constituent one of the major 

economic important problem  for maize  growers because they 

can reduce  yield up to 86 per cent.  A field experiment were 

conducted for two years at Tamil Nadu Agricultural University, 

Coimbatore during kharif seaons of 2010 and 2011 to evaluate 

the weed management options for transgenic stacked (TC 1507 

& NK 603) and conventional maize hybrids. The experiments 

were conducted with the following objective to evaluate the 

weed control efficiency and crop productivity with K salt of 

glyphosate formulations under field conditions. Treatments 

consisted of two transgenic stacked hybrids  named 30V92  and  

30B11 applied with glyphosate as early post emergence at 900 

and 1800 g a.e ha
-1

  during kharif,2010   and conventional maize 

hybrids named 30V92 and 30B11 applied with glyphosate  by 

controlled droplet application method at 900 ,1350 and  1800 g 

a.e ha
-1

 during kharif,2011 ,these were compared with non 

transgenic counterpart maize hybrids applied with pre emergence 

atrazine at 0.5 kg ha
-1

 followed by one hand weeding on 40 DAS 

with and without  insect management. Based on the two years 

field  experimentation , it was found that early  post emergence 

application of glyphosate  at 1800 g a.e ha
-1

 gave significantly 

lower weed density, weed dry weight and higher weed control 

efficiency at all the intervals . Higher grain yield was registered 

with post emergence application of glyphosate at 1800 g a.e ha
-1

 

in transgenic and conventional maize  hybrid of 30V92(12.21 t 

ha
-1

  and  11.23 t ha
-1

 ) during both the seasons of study. 

 

Index Terms- Transgenic maize,Weed density,Weed dry weight, 

Yield attributes ,Grain yield 

 

I. INTRODUCTION 

erbicidal weed control seems to be a competitive and 

promising way to control weeds at initial stages of crop 

growth. Selection of proper herbicides is essential for successful 

weed management in all crop production systems [1]. Maize was 

an ideal crop due to availability of the plant to acclimate to many 

soil and climate conditions. It is an important cereal crop s 

cultivated worldwide ,it is not only important human nutrient 

source, but also a basic element  of animal feed and raw material 

for manufacture of many industrial products.The major yield 

reducing factors for maize cultivation in india are weeds and 

insects. Weeds cause considerable yield loss due to competition 

of resources with maize crop [2]. 

        Post emergence herbicides have been achieved adequate 

weed control programmes, due to its broad spectrum of activity, 

excellent crop safety, convenience and flexibility [3]. This 

necessitates the development and testing of selective early post 

emergence herbicides for weed control in maize. Glyphosate is a 

foliar applied ,broad spectrum , post emergence herbicide 

capable of controlling annual, perennial grasses and 

dicotyledonous weeds. The introduction of glyphosate resistant 

crops has created new oppurtunities for the use of effective , non 

selective herbicides like glyphosate  as selective weed control in 

crop production. Prior to the introduction of glyphosates resistant 

crops , glyphosate is being applied to control existing vegetation  

prior to sowing the crops. Now, it can be used as post emergence 

herbicide in glyphosatre resistant crops [4] Herbicide resistant 

corn plants confer tolerance to glyphosate by production of the 

glyphosate –resistant CP4 5-enolpyruvyl shikimate – 3 phosphate 

synthase (CP4 EPSPS) proteins. Transgenic stacked  hybrid 

maize (TC1507 X NK 603) was developed for preventing yield 

losses for maize crop due to pests and weeds and to improve 

productivity.  Post emergence application of  glyphosate  at 1800 

g a.e ha
-1

 gave significantly lower  weed index , weed dry weight 

and high weed control efficiency at all the intervals. Post 

emergence application of glyphosate at 1800 g a.e ha
-1

 in 

transgenic maize and post emergence control droplet application 

method of glyphosate at 1800 g a.e ha
-1

 in conventional maize 

hybrid (30V92) recorded high productivity and profitability. In 

view of the above facts, an experiment on “Evaluation of weed 

management options for transgenic stacked and non transgenic 

maize hybrids’was formulated with the following objectives. 

With these in view, evaluation of weed control efficiency and 

yield of glyphosate resistant maize hybrids has been taken up 

during kharif season of 2010 and 2011 with the objectives of, to 

assess the effect of glyphosate on the weed control efficacy in 

transgenic and conventional maize hybrid and to find out the 

influence of glyphosate on  grain  yield of herbicide tolerant and 

conventional maize hybrids . 

  

H 
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II. MATERIALS AND METHODS 

2.1 Experimental site and initial soil characteristics 

        Field experiments were laid out during kharif seasons of 

2010 & 2011 in Eastern block farm of Tamil Nadu Agricultural 

University , located at Coimbatore,India.The geographical 

location of the experimental site is situated in western agro 

climatic zone of Tamil Nadu at 11ºN longitude and 77 ºE latitude 

with an altitude of 426.7 m above MSL and the farm receives the 

total annual rainfall of 674 mm in 45.8 rainy days. The soil of the 

experimental site was sandy  clay loam in texture (32.48 % clay, 

18.50 % silt and 28.96 % coarse sand) with low available 

nitrogen,medium in available phosphorous and high in available 

potassium.The soil analysed 260,11.90 and 490 Kg ha
-1

 of 

KMnO4- N,Olsen –P and NH4 OAC- K, respectively with EC of 

0.16 dSm-1 ,Ph of 8.11 and organic carbon of 0.31%. 

 

2.2 Experimental Design , Selection of cultivar and Sowing 

        The experiment was laid out in randomized complete block 

design (RBD) with sixteen treatments and replicated thrice. The 

gross plot size adopted was (5mx3.6m) 18 Sq meter.The adopted 

spacing between the rows and plants were 60 cm and 25 cm 

respectively. Herbicide tolerant transgenic maize test hybrids 

namely 30V92, 30B11 and conventional hybrids of 

30V92,30B11 ,BIO 9681 and COHM5 during kharif,2010. 

Conventional maize hybrids 30V92 , 30B11 , BIO 9681 and 

COHM5  were raised during kharif, 2011. After sowing the seed, 

immediate light irrigation was given to the crop for uniform 

germination. 

 

2.3 Treatment details 

        The experiment I during kharif, 2010 comprises two 

transgenic stacked hybrids 30V92 and 30B11 with post 

emergence of glyphosate at 900 and 1800 g a.e ha
-1

 and 

conventional maize hybrids of 30V92 with pre emergence  

atrazine at 0.5 kg ha
-1

 on 3 DAS fb HW 40 DAS and insect 

control, 30V92 no weeding and insect control, 30V92 no 

weeding and no  insect control, conventional maize hybrid of 

30B11  with pre emergence  atrazine at 0.5 kg ha
-1

 on 3 DAS fb 

HW 40 DAS and insect control, 30B11 no weeding and insect 

control, 30B11 no weeding and no  insect control ,  conventional 

maize hybrids of BIO 9681  with pre emergence  atrazine at 0.5 

kg ha
-1

 on 3 DAS fb HW 40 DAS and insect control, BIO 9681   

no weeding and insect control, BIO 9681  no weeding and no  

insect control and COHM5 with pre emergence atrazine at 0.5 kg 

ha
-1

 on 3 DAS fb HW 40 DAS and insect control, COHM5 no 

weeding and insect control, COHM5 no weeding and no  insect 

control. 

        The experiment II during kharif, 2011 comprises of 

conventional maize hybrid of 30V92 with  post emergence 

controlled droplet application of glyphosate at 900,1350 and 

1800 g a.e ha
-1

, 30B11 hybrid with post emergence  glyphosate at 

900,1350 and 1800 g a.e ha
-1 

,30V92  with pre emergence  

atrazine at 0.5 kg ha
-1

 on 3 DAS fb HW 40 DAS and insect 

control, 30V92 no weeding and insect control, 30V92 no 

weeding and no  insect control,30B11 with pre emergence  

atrazine at 0.5 kg ha
-1

 on 3 DAS fb HW 40 DAS and insect 

control , 30B11 no weeding and insect control,30B11 no 

weeding and no  insect control , BIO 9681 with pre emergence  

atrazine at 0.5 kg ha
-1

 on 3 DAS fb HW 40 DAS and insect 

control,BIO 9681  no weeding and no  insect control and 

COHM5 with pre emergence atrazine at 0.5 kg ha
-1

 on 3 DAS fb 

HW 40 DAS and insect control, COHM5 no weeding and no  

insect control.   

        The herbicides as per the treatments schedule were applied 

as pre emergence at third day after sowing, glyphosate 

application at 2-4 leaf stage of weeds (20-25 DAS of maize). 

Hand operated knapsack sprayer fitted with a flat fan type nozzle 

(WFN 40) was used for spraying the herbicides adopting a spray 

volume of 250 litres ha
-1

. The recommended dose of 150:75:75 

Kg of NPK ha
-1

 in the form of urea,single super phosphate and 

muriate of potash. 

 

2.4 Observation on weeds 

2.4.1. Weed density 

        The weed count was recorded species wise using 0.5m x0.5 

m quadrated four randomly fixed places in each plot and the 

weeds falling within the frames of the quadrat were counted, 

recorded and the mean values were expressed in number m
-2

.The 

density of grasses, sedges and broadleaved weeds and the total 

weeds were recorded at 20,40,60 and 80 days after sowing and 

expressed in number m
-2

. 

 

2.4.2. Weed Dry Weight 

        The  weeds falling within the frames of the quadrant were 

collected, categorized into grasses, sedge and broadleaved weeds 

,shade dried and later dried in hot air oven at 80
º
C for 72 hrs. the 

dry weight of grasses , sedge and broadleaved weeds were 

recorded separately at 20,40 and 60 days after sowing and 

expressed in Kg ha
-1

. 

 

2.4.3 Weed Control Efficiency 

        Weed control efficiency was calculated as per the procedure 

[5] 

100x
WD

WD-WDc
WCE%

c

t


 
Where , 

                          WCE – Weed control efficiency (per cent) ; 

                           WDc  - Weed biomass (g.m
-2

) in control plot; 

                           WDt  - Weed biomass (g.m
-2

) in treated plot; 

 

2.5 Statistical Analysis 

        The data were statistically analysed following the procedure 

given by Gomez and Gomez (2010) for randomised block design 

.The data pertaining to weeds and germination were transformed 

to square root scale of
)2  (X 

 and analysed as suggested by 

[6] .Whenever significant difference existed, critical difference 

was constructed at five per cent probability level. 

                            

III. RESULTS AND DISCUSSION        

3.1. Effect on weeds 

        Weed flora of the experimental field  in maize was 

predominantly consisted of twelve species of broad leaved 

weeds, five species of grasses and a sedge weed.The dominant 

broadleaved weeds were Trianthema portulacastrum, Datura 

stramonium, Cleome gynandra, Digera arvensis, Physallis 
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minima and Corchorous olitorius.The dominant grass weeds 

were Setaria verticillata  and Cyanodon dactylon. Cyperus 

rotundus was the only sedge present in the experimental field. 

 

3.2 Weed Density 

        During kharif, 2010 season,lower weed density was 

achieved under non transgenic maize hybrid BIO 9681 and 

30B11 with pre emergence application of atrazine at 0.5 Kg ha
-1

 

followed by hand weeding at 20 DAS. Relatively, a higher 

density was observed under unweeded checks and transgenic 

maize before imposing post emergence application of glyphosate. 

At 40 DAS and 60 DAS ,lower weed density observed under 

transgenic maize hybrid 30V92 with post emergence application 

of glyphosate at 1800 g a.e ha
-1

 resulted in effective control of 

broad leaved weeds ,grasses and sedges due to its broad spectrum 

action [7]. This may due to more impressive control of 

broadleaved weeds like Trainthema portulacastrum ,Datura 

stramonium ,Cleome gynandra and Physallis minima . Foliar 

application of glyphosate was readily and rapidly translocated 

throughout the actively growing aerial and under ground portions 

at active growing stage of broadleaved weeds might have 

blocked the 5-Enulpyruvate shikimate -3- phosphate synthase 

enzyme and arrest the amino acid synthesis which led to 

complete control [8] (Table 1). During kharif, 2011 season, post 

emergence controlled droplet application of glyphosate at 

conventional maize hybrid of 30V92 at 1800 g a.e ha
-1

 (1.84 Nos 

m
-2

) observed lesser total weed density at 40 DAS .Thus 

glyphosate effectively controlled a broad spectrum of annual and 

perennial grasses , sedges and broadleaved weeds[9] could be 

due to increased translocation of glyphosate inside the plant 

tissues [10] (Table 2).  

 

3.3 Weed dry weight 

        Weed dry weight  is the most important parameter to assess 

the weed competitiveness for the crop growth  and 

productivity.Considerable reduction in weed dry weight was 

recorded with the application of glyphosate at 1800 g a.e ha
-1

 in 

transgenic 30V92 and post emergence controlled application of 

glyphosate at 1800 g a.e ha
-1

 in conventional maize hybrid of  

30V92 (1.58 and 1.82 g m
-2

) at 40 DAS during kharif , 2010 and 

kharif, 2011(Table 1&2).This might be weed control as achieved 

by glyphosate [11] this findings were  in accordance with earlier 

reports that post emergence application followed by pre 

emergence herbicide reduced total weed dry weight by at least 97 

per cent  when compared to without glyphosate applied plots 

[12].  

 

3.4 Weed control efficiency 

        Weed control efficiency which indicates the comparative 

magnitude of reduction in weed dry matter, was highly 

influenced by different weed control treatments. Pre emergence 

application of atrazine at 0.5 Kg ha
-1

 followed by hand weeding 

recorded higher weed control efficiency of 80.28 percent in non 

transgenic maize hybrid 30V92 at 20 DAS. Whereas at 40 DAS 

after spraying of herbicide,higher weed control efficiency of 

99.53 per cent was recorded in  glyphosate at 1800 g a.e ha
-1

 

followed by 30B11was observed 98.97 per cent during 

kharif,2010 (Table 1). whereas during kharif,2011 higher weed 

control efficiency was observed with glyphosate at 1800 g a.e ha
-

1
 in conventional maize hybrid of 30V92 registered maximum 

weed control efficiency of 99.14 per cent owing to the fact that 

registered lesser weed density and weed dry weight (Table 2). 

 

3.4 Effect on crop yield attributes and yield 

        During both  the  years of study, among the  weed control 

treatments, post emergence application of glyphosate at 1800 g 

a.e ha
-1

 in transgenic corn hybrid recorded higher grain yield of 

12.21 t ha
-1

 .this was 36.64 percent higher than the unweeded 

check plot of transgenic 30V92 during kharif , 2010, whereas , 

during kharif, 2011post emergence controlled  droplet 

application of glyphosate at  1800 g a.e ha
-1

 in conventional 

maize hybrid of 30V92 resulted in higher grain yield of 11.23 t 

ha
-1

 (Table 3&4). This was 44.79 percent higher than the 

unweeded check plot of conventional maize hybrid. This could 

be achieved control of weeds with non selective ,translocated 

herbicide, provided the  favourable crop growth environment at 

the establishment stage of the crop itself by minimizing the 

perennial and annual weeds and increased the seed and stalk 

yields . This might be due to the fact that the perennial weeds 

like Cyperus rotundus, Cyanodon dactylon, troublesome 

broadleaved weeds like Trianthema portulacastrum weeds were 

effectively controlled and might increase the maize yield may be 

due to better light utilization of narrow row zone and faster 

canopy closure  .  

        Higher yield attributes of increased cob length, cob girth 

and number of grains per cob and test weight were recorded with 

post emergence application of glyphosate at 1800 g a.e ha
-1

 in 

both the transgenic and conventional maize hybrids of 30V92 

and 30B11 respectively. This might due to better control of 

weeds at critical stages and shifted the balance in favour of crop 

in the utilization of nutrients,moisture,light and space and creates 

the  favourable environment for recording higher growth of 

maize leading to enhanced yield attributes [13].  Among the 

weed control treatments methods, lower weed index was 

recorded with 9.09 and 10.15 per cent  in transgenic 30V92(T1) 

and 30B11(T5) whereas at conventional maize hybrids observed  

glyphosate at 1350 g a.e ha
-1 

recorded lower weed index of 7.75 

and 15.23 per cent in non transgenic maize hybrids of 30V92 

(T2) and 30B11(T5). Unweeded check plots resulted in higher 

weed index and performed poorly during both the years of study. 

 

IV. CONCLUSION  

        From the results of the field experiments, it could be 

concluded that post emergence spraying of potassium salt of 

glyphosate at 1800 g a.e ha
−1

 in transgenic and conventional 

maize hybrid of 30V92 enhanced   complete control of broad 

spectrum weeds can keep the weed density,dry weight reasonable 

at lower level and enhance higher productvity and profitability 

with higher grain  yield during both the kharif seasons. 
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Table  1. Effect of glyphosate application on total weed 

density and total weed dry weight in herbicide tolerant 

transgenic maize- kharif, 2010 

 

    Treatments                                          

                                                                                  Kharif, 2010 

                            Total weed density (No. m-2)                            Total weed dry weight (g. m-2)                                              WCE (%) 

20 DAS 40 DAS 60 DAS 20 DAS 40 DAS 60 DAS 20 DAS 40 DAS 

T1 -30V92 POE Glyphosate @ 900 g a.e ha-1 15.43(236.22) 2.78(5.75) 3.4 (9.63) 7.61 (55.94) 1.88 (1.52) 2.35 (3.54) 0.00 98.56 

T2 -30V92 POE Glyphosate @1350 g a.e ha-1 15.33(233.08) 2.04(2.15) 2.35 (3.52) 7.37 (52.37) 1.58 (0.49) 1.87 (1.50) 0.00 99.53 

T3 -  30V92 POE Glyphosate (Weedy check) 15.74(245.60) 14.3 (202.93) 13.81(188.75) 7.66 (56.62) 10.39(106.03) 10.22 (102.43) 0.00 0.00 

T4 -30B11 POE Glyphosate @ 900 g a.e ha-1 15.78(246.89) 3.31(8.98) 3.84(12.74) 7.40(52.79) 2.16 (2.68) 2.60 (4.75) 0.00 97.72 

T5 -30B11 POE Glyphosate @1350 g a.e ha-1 16.06(256.07) 2.55(4.50) 3.06 (7.35) 7.71(57.41) 1.79 (1.20) 2.21 (2.87) 0.00 98.97 

T6 -30B11 POE Glyphosate (Weedy check) 15.81(248.10) 14.5 (209.43) 14.42(205.99) 8.18(64.92) 10.94(117.59) 10.22 (102.51) 0.00 0.00 

T7 -30V92 PE atrazine  0.5 kg ha-1 + HW+ Insect Control 7.99 (61.85) 7.81(59.00) 5.79(31.48) 3.68(11.57) 5.78(31.43) 4.52 (18.39) 80.28 72.57 

T8 -30V92 No Weed control and only Insect Control 15.45(236.55) 13.64(183.99) 12.7 (160.36) 7.08(48.17) 9.99 (97.79) 9.42 (86.77) 0.00 14.66 

T9 -30V92  No Weed control and no Insect Control 16.05(255.75) 14.37(204.37) 14.38(204.69) 7.79(58.70) 10.80(114.59) 10.58 (109.99) 0.00 0.00 

T10 -30B11 PE atrazine  0.5 kg ha-1 + HW+ insect control 7.55 (55.00) 8.14(64.34) 5.87(32.43) 3.88(13.04) 6.12 (35.48) 4.72 (20.32) 79.66 70.33 

T11-30B11No Weed control and only Insect Control 15.51(238.44) 13.5 (182.38) 13.12(170.11) 7.41(52.92) 10.3 (105.35) 9.97 (97.47) 0.00 11.92 

T12 -30B11 No Weed control and no Insect Control 16.25(262.00) 15.05(224.47) 15.0 (224.57) 8.13(64.14) 11.03(119.61) 10.98 (118.66) 0.00 0.00 

T13 -BIO9681 PE atrazine 0.5 kg ha-1 + HW+ Insect 
Control 

7.15 (49.14) 7.52(54.58) 5.96(33.49) 3.74(11.98) 6.23 (36.77) 5.12 (24.24) 77.27 68.73 

T14 -BIO9681No Weed control and no Insect Control 14.69(213.70) 13.8 (189.93) 14.52(208.94) 7.40(52.71) 10.94(117.62) 10.90 (116.82) 0.00 0.00 

T15 -CoHM5 PE atrazine  0.5 kg ha-1 + HW+ Insect Control 7.83 (59.37) 8.32 (67.3) 6.20(36.44) 4.08(14.61) 6.75 (43.55) 5.69 (30.32) 79.28 68.56 

T16 -CoHM5 No Weed control and no Insect Control 16.38(266.19) 15.24(230.37) 15.79(247.44) 8.52(70.54) 11.8 (138.52) 12.16 (145.78) 0.00 0.00 

SEd 1.34 1.11 1.06 0.65 0.83 0.80 - - 

CD(P=0.05) 2.74 2.27 2.17 1.34 1.70 1.63 - - 
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Table 2.Effect of glyphosate application on total weed 

density, total weed dry weight and weed control efficiency in 

conventional maize hybrids  

    Treatments                                          

                                                                                     Kharif, 2011 

   Total weed density (No. m
-2

)                          Total weed dry weight (g. m
-2

)                   WCE 

(%) 

20 DAS 40 DAS 60 DAS 20 DAS 40 DAS 60 DAS 20 DAS 40 DAS 

T1 -30V92 POE Glyphosate @ 900 g a.e ha-1 15.43(236.22) 2.78(5.75) 3.4 (9.63) 7.61 (55.94) 1.88 (1.52) 2.35 (3.54) 5.14 96.15 

T2 -30V92 POE Glyphosate @1350 g a.e ha-1 15.33(233.08) 2.04(2.15) 2.35 (3.52) 7.37 (52.37) 1.58 (0.49) 1.87 (1.50) 14.29 97.66 

T3 -  30V92 POE Glyphosate @ 1800 g a.e ha-1 15.74(245.60) 14.3 (202.93) 13.81(188.75) 7.66 (56.62) 10.39(106.03) 10.22 (102.43) 8.73 99.14 

T4 -30B11 POE Glyphosate @ 900 g a.e ha-1 15.78(246.89) 3.31(8.98) 3.84(12.74) 7.40(52.79) 2.16 (2.68) 2.60 (4.75) 21.41 95.86 

T5 -30B11 POE Glyphosate @1350 g a.e ha-1 16.06(256.07) 2.55(4.50) 3.06 (7.35) 7.71(57.41) 1.79 (1.20) 2.21 (2.87) 14.16 97.17 

T6 -30B11 POE Glyphosate @ 1800 g a.e ha-1) 15.81(248.10) 14.5 (209.43) 14.42(205.99) 8.18(64.92) 10.94(117.59) 10.22 (102.51) 11.15 98.87 

T7 -30V92 PE atrazine  0.5 kg ha-1 + HW+ Insect Control 7.99 (61.85) 7.81(59.00) 5.79(31.48) 3.68(11.57) 5.78(31.43) 4.52 (18.39) 82.26 68.96 

T8 -30V92 No Weed control and only Insect Control 15.45(236.55) 13.64(183.99) 12.7 (160.36) 7.08(48.17) 9.99 (97.79) 9.42 (86.77) 13.97 10.25 

T9 -30V92  No Weed control and no Insect Control 16.05(255.75) 14.37(204.37) 14.38(204.69) 7.79(58.70) 10.80(114.59) 10.58 (109.99) 0.00 0.00 

T10 -30B11 PE atrazine  0.5 kg ha-1 + HW+ insect control 7.55 (55.00) 8.14(64.34) 5.87(32.43) 3.88(13.04) 6.12 (35.48) 4.72 (20.32) 80.03 65.71 

T11-30B11No Weed control and only Insect Control 15.51(238.44) 13.5 (182.38) 13.12(170.11) 7.41(52.92) 10.3 (105.35) 9.97 (97.47) 13.57 8.31 

T12 -30B11 No Weed control and no Insect Control 16.25(262.00) 15.05(224.47) 15.0 (224.57) 8.13(64.14) 11.03(119.61) 10.98 (118.66) 0.00 0.00 

T13 -BIO9681 PE atrazine 0.5 kg ha-1 + HW+ Insect 
Control 

7.15 (49.14) 7.52(54.58) 5.96(33.49) 3.74(11.98) 6.23 (36.77) 5.12 (24.24) 78.97 63.82 

T14 -BIO9681No Weed control and no Insect Control 14.69(213.70) 13.8 (189.93) 14.52(208.94) 7.40(52.71) 10.94(117.62) 10.90 (116.82) 0.00 0.00 

T15 -CoHM5 PE atrazine  0.5 kg ha-1 + HW+ Insect Control 7.83 (59.37) 8.32 (67.3) 6.20(36.44) 4.08(14.61) 6.75 (43.55) 5.69 (30.32) 73.19 61.68 

T16 -CoHM5 No Weed control and no Insect Control 16.38(266.19) 15.24(230.37) 15.79(247.44) 8.52(70.54) 11.8 (138.52) 12.16 (145.78) 0.00 0.00 

SEd 1.34 1.11 1.06 0.65 0.83 0.80 5.14 96.15 

CD(P=0.05) 2.74 2.27 2.17 1.34 1.70 1.63 14.29 97.66 
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Table 3. Effect of weed control methods on yield attributes 

and grain yield in herbicide tolerant transgenic maize hybrid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Treatments                                          

                                                              Kharif, 2010 

Cob length 

(cm) 

Cob girth 

(cm) 

Number of 

kernels /row 

Test weight 

(g) 

Yield 

(t ha-1) 

T1 -30V92 POE Glyphosate @ 900 g a.e ha-1 21.03 16.76 38.80 40.11 11.10 

T2 -30V92 POE Glyphosate @18000 g a.e ha-1 21.70 16.84 41.27 42.67 12.21 

T3 -  30V92 POE Glyphosate (Weedy check) 20.06 15.83 37.18 33.28 8.84 

T4 -30B11 POE Glyphosate @ 900 g a.e ha-1 19.70 16.19 37.90 39.10 10.97 

T5 -30B11 POE Glyphosate @1800 g a.e ha-1 20.20 16.44 38.50 42.05 11.98 

T6 -30B11 POE Glyphosate (Weedy check) 19.36 15.32 35.93 32.11 9.12 

T7 -30V92 PE atrazine  0.5 kg ha-1 + HW+ Insect Control 19.73 15.92 38.23 37.72 10.23 

T8 -30V92 No Weed control and only Insect Control 19.30 15.68 36.55 34.78 8.33 

T9 -30V92  No Weed control and no Insect Control 18.66 15.17 36.23 33.12 7.52 

T10 -30B11 PE atrazine  0.5 kg ha-1 + HW+ insect control 18.33 15.80 38.00 37.00 9.76 

T11-30B11No Weed control and only Insect Control 17.81 15.50 36.03 33.35 8.20 

T12 -30B11 No Weed control and no Insect Control 17.73 15.13 35.90 31.23 7.35 

T13 -BIO9681 PE atrazine 0.5 kg ha-1 + HW+ Insect Control 17.92 15.87 37.60 37.22 8.00 

T14 -BIO9681No Weed control and no Insect Control 15.31 14.93 35.23 30.45 6.12 

T15 -CoHM5 PE atrazine  0.5 kg ha-1 + HW+ Insect Control 16.20 15.60 36.80 31.88 7.33 

T16 -CoHM5 No Weed control and no Insect Control 15.01 13.37 33.93 28.54 5.08 

SEd 0.23 0.72 0.47 1.63 0.41 

CD(P=0.05) 0.48 1.47 0.96 3.33 0.84 
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Table 4. Effect of weed control methods on yield attributes 

and grain yield in conventional maize hybrids 

 

 

 

    Treatments                                          

                                                       Kharif,  2011 

Cob length 

(cm) 

Cob girth 

(cm) 

Number of 

kernels /row 

Test weight 

(g) 

Yield 

(t ha-1) 

T1 - 30V92 POE Glyphosate @ 900 g a.e ha-1 18.88 15.67 38 36.70 9.12 

T2 -  30V92 POE Glyphosate @  1350 g a.e ha-1 19.90 16.10 38 38.70 10.36 

T3 -  30V92 POE Glyphosate @ 1800 g a.e ha-1 21.43 16.73 41 42.87 11.23 

T4 -30B11 POE Glyphosate @ 900 g a.e ha-1 18.56 15.23 36 35.52 8.25 

T2 -30V92 POE Glyphosate @ 1350 g a.e ha-1 19.62 15.89 37 38.10 9.52 

T3 -  30V92 POE Glyphosate @ 1800 g a.e ha-1 20.12 16.33 39 40.45 10.39 

T7 -30V92 PE atrazine  0.5 kg ha-1 + HW+ Insect Control 18.43 15.46 39 36.55 8.72 

T8 -30V92 No Weed control and only Insect Control 16.76 14.10 33 34.62 7.40 

T9 -30V92  No Weed control and no Insect Control 15.79 13.96 34 34.00 6.20 

T10 -30B11 PE atrazine  0.5 kg ha-1 + HW+ insect control 18.08 15.12 36 36.12 8.01 

T11-30B11No Weed control and only Insect Control 16.12 14.65 33 34.78 6.80 

T12 -30B11 No Weed control and no Insect Control 16.01 14.23 32 33.24 6.22 

T13 -BIO9681 PE atrazine 0.5 kg ha-1 + HW+ Insect Control 17.00 15.00 36 35.41 7.10 

T14 -BIO9681No Weed control and no Insect Control 15.50 13.76 32 31.13 5.60 

T15 -CoHM5 PE atrazine  0.5 kg ha-1 + HW+ Insect Control 16.10 14.17 34 34.52 6.10 

T16 -CoHM5 No Weed control and no Insect Control 14.92 13.09 29 29.23 4.80 

SEd 1.12 0.67 2.49 1.65 0.80 

CD(P=0.05) 2.29 1.48 5.10 3.38 1.64 
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Abstract - Recently, Data Warehouse has proven to be a 

powerful technology for the integration of heterogeneous data 

into a multidimensional repository for decision-support 

analysis. The complex ETL (extraction, transformation and 

loading) process and the aggregation-intensive queries are 

affected by a sequence of domain specific NFRs (Non 

Functional Requirement). This advocates the use of service 

oriented NFR approach for building a data warehouse 

specification. 

 

However, the specification and classification of service 

oriented systems and service oriented data warehousing (DW) 

systems have not been addressed to the appropriate level as 

attempted for non service-oriented systems. In this paper, we 

propose a new framework for the classification of NFR (Non-

functional requirements) with respect to engineering service 

oriented and service oriented data warehousing systems.  In 

addition, this proposed classification is supposed to be of 

significance in terms of NFRs classification for service 

engineering and service-oriented DW engineering.  
 

Index Terms— Non Function Requirement specification, SOC, 

QoS, NFR, Data Warehousing 

I. INTRODUCTION 

n recent years Data Warehouse (DW) has proven to be a 

powerful technology for integrating distributed operational 

data into a comprehensive repository for predicting future 

decisions. Therefore, the design of these systems is rather 

different from the design of the conventional operational 

systems that is involved with the supply of data to the 

warehouse systems. The former involves information 

requirements of decision makers, structure and allocated 

requirements of the latter systems also. Software engineers 

need to deal with the complex process of ETL (extracting, 

transforming, and loading) data while managing the 

deployment of solution; that can precisely and timely integrate 

a number of heterogeneous source systems. On the basis of 

deployment, they present analytical results in an accurate and 

reliable form; thus offering flexibility at the front-end with the 

support of a complete, non-redundant dimensional model. 

Thus, both operational and strategically visionary approach 

have to be wrapped up in a multidimensional package in order  

to meet corporative analytical requirements pervading pure 

decision-support functionality as well as quality constraints 

like integrity, accessibility, performance, etc [23]. This 

advocates the use of DW Requirements Engineering 

techniques for building a data warehouse specification 

precisely.  

 

To pursue the goal, we propose a methodological 

approach for the requirements analysis of data 

warehouse systems. The approach provides an 

service-oriented method for the guidance of 

requirements engineers during the data warehouse 

specification process. The non-functional 

requirement acts as a constraint on software 

product, or on software development process and 

externally related constraints. However, much 

knowledge is required regarding the requirements 

specifications for service oriented systems i.e. from 

functional view to non-functional view. The 

proposed approach is general with regard to non-

functional requirements and paves the paths in order 

to understand the positive and negative aspects of a 

certain requirement in regard to the process of data 

warehouse.  

 

The NFR Framework [6] helps to produce a 

solution that is able to embrace the quality 

characteristics of a particular domain. So, we aim to 

devise a new classification of non-functional 

requirements for service oriented systems (service 

engineering) and service-oriented DW systems 

(service-oriented engineering). We have designed a 

hierarchical tree of non-functional requirements in 

respect to the data warehouse engineering. Such a 

classification helps in identifying and guiding the 

NFR specifications for service-oriented systems. In 

the paper, a review of related work concerning 

service-oriented engineering and NFRs 

classification is presented in section 2. In Section 3, 

we introduce the new framework of NFR 

classification. Lastly, we conclude our discussion 

regarding the proposed classification and future 

work directions. 

I 
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II. RELATED WORK 

A.  Service Oriented Computing 

Service-Oriented Computing (SOC) is a new 

outcome for the development of services that can be 

reusable and loosely coupled for creating flexible 

applications. Erl [10] defined SOC as a platform for 

new generation computing that encompasses 

service-oriented paradigm and service-oriented 

architecture to create and assemble one or more 

services. Both language and platform independent 

services can be addressed. Papazoglou et al [18] 

considered SOC as a logical separation of 

functionality in three main architectural layers 

namely, service foundation, service composition 

and  service management and monitoring 

(semantics, QoS and properties of NFR services). 

They also addressed the Service-Oriented 

Architecture (SOA) as a logical approach to realize 

SOC. Sommerville [19] considers  SOA as a new 

technology for the development of distributed 

applications as shown in Figure 1. 

 

 
Figure 1: Service-Oriented Architecture [19]. 

 

Web services serve as a promising technology for 

implementation of SOA. It uses Internet as the 

medium for distributed computing and offers 

interoperability. Web services are implemented by 

means of open standards such as WSDL (Web 

Service Description Language), UDDI (Universal, 

Description, Discovery and Integration). It allows 

service requestors to browse and find the required 

service, and SOAP (Simple Object Access Protocol 

SOAP) as shown in Figure 1[19]. Sommerville [19], 

describes the design service interfaces considering 

service operations.  However, it lacked the 

description of NFRs and service semantics. 

 

Furthermore [22], entails business process driven 

software development. The process relies on 

business process understanding and analysis by 

taking into account functional requirements and 

NFRs. Sometimes, composition of services may 

also be required for complex business processes. 

B. Non-Functional Requirement Classification  

In recent days, customers not only concentrate 

about the embedded functionality in DW services 

but they also pay attention to the desired quality of 

services, such as reliability, security, and efficiency. 

Such requirements are categorized under NFRs. 

In the attempt to develop a framework for software 

quality characteristics, Boehm [4] proposes some 

form of NFRs classification as depicted in Figure 2. 

Boehm also proposed quality evaluation metrics in 

order to assess adherence to NFRs.    For example, 

low-level quality attributes are logically implied as 

the guarding conditions for such type of adherence. 

Using this tree, three questions are deduced: 

namely,(1) How it is possible that the developed 

software can change its environment?,(2) how 

adhering this software is with respect to quality 

requirements such as reliability, efficiency and 

usability and (3) Extent to which such software can 

be maintained? In spite of such worthy 

classification provided by Boehm, but the 

framework is still not complete and lacks more 

reflective quantification techniques. Such type of 

technique can be a service oriented paradigm.  

However, the classification by Boehm can be 

considered as a landmark for further refinements. 

Davis [7] introduced NFRs as non-behavioural 

requirements and identified seven qualities as a 

further refinement in the classification of Boehm.  

 

Chung et al [6] proposed a process and goal based 

NFR-framework, in which goals are decomposed 

and refined to sub goals for arriving at low-level 

operationalisations soft goals by the use of the SIG 

(Soft Goal Interdependency Graph). The low level 

operationalisations denote some additional 

functional requirements for satisfying the high level 

NFRs through the “Label Propagation Algorithm”. 

NFR can have a varied range such as “satisfied”, 

“weakly denied” etc. This illustrates tradeoffs 

between the soft goals. Thus, this framework may 
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be considered as a comprehensive approach for the 

determination of the satisfaction and tradeoffs of 

between low-level NFRs. Burgess et al [5] proposed 

the concept for SIG to develop Soft goal 

Interdependency Rule set Graph (SIRG). SIRG will 

act as an automated technique for determination of 

optimal set of the low-level operationalisations to 

attain better NFRs’ satisfaction. However, the SIRG 

requires some comprehensive case studies. 

 

The IEEE Standard [14] is a notable example to 

classify and specify NFRs. Gilb [12] classified the 

requirements to functions, qualities, costs and 

constraints [12]. Except the first, the last three can 

be NFRs. Along this context, qualities can denote 

“function  performance” and constraint relate to 

“restrictions on the freedom of requirements or can 

be design”. Gilb’s classification emerged out of 

presence of unwanted or undesirable requirements 

as specified in SRS (Software Requirement 

Specification) documentation. Such type of 

requirements may be false, unclear, and/or not 

possible to assess satisfaction level. 

 

Sommerville and Kotonya [15] introduced NFRs as 

a  medium of restrictions and constraints among 

system services. However, this classification may 

be considered most comprehensive in terms of 

NFRs types. They classified NFR under three key 

categories i.e. product, process, and externally 

related NFRs. The product category relates to the 

possible or desired attributes that may be possessed 

by a system. The second category relates to 

constraints and restrictions laid on the development 

process over the system. Finally, the third category 

relates to externally related NFRs  

related to organisational regulations, national or 

international standards, or can be interoperability 

requirements. 

 

Glinz [13] further classified NFRs as performance 

and quality related requirements. They described 

NFR using four facets: kind,  

representation, satisfaction, and role. Lamsweerde 

[21] later classified NFRs according to QoS 

(Quality of Service), compliance, architectural 

constraints and development constraints as in 

Figure 3.  

 
Figure 2:Boehm's Characteristics Tree [4].

  

 
Figure 3: Lamsweerde Non-Functional Requirements on Software Services  [21]. 
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QoS relates to quality requirements such as 

security, performance, etc.  Compliance relates to 

confirmation to standards, organisational 

regulations and external standards and laws. 

Architectural constraints implies structural 

constraints in relation to the developed software 

along with its operational constraints. Development 

constraints considers the governance in developing 

the anticipated software, such as maintainability, 

schedules, etc. 

 

C. Service- Oriented NFR 

In order to relate NFRs to service oriented 

development, it is concerned with identification of 

QoS attributes, tradeoff between them, and how 

they affect the development of service-oriented 

applications. However, no classifications attempts 

to have been reported in the literature to specialize 

or arrive at a new classification of NFRs for service 

oriented DW engineering.  Galster and Bucherer 

[11] proposed NFRs classification regarding 

services and service oriented systems. 

 

O’Brien et al [16] introduced different quality 

attributes affecting SOA and then discussed ten 

attributes related issues along with recommended 

solutions in order to satisfy quality characteristics. 

They also discussed tradeoffs between quality 

attributes, for example: developers may be required 

to be aware of the negative effect of security on 

performance and interoperability, and the harm that 

can be caused due to the absence of some quality 

attributes such as availability. They observed the 

limitation of current standards [16] in addressing 

quality attributes to attain the appropriate NFR 

specification. 

 

As a number of standards have been developed for 

QoS (WS-Reliable). However, a Service Level 

Agreement (SLA) is needed to be established 

between the parties in order to attain an agreement 

on the desired QoS. But no classification provides 

an explicit classification of NFRs in relation to 

service oriented DW engineering. 

 

Later, Ameller and Franch [2] proposed a Service 

Level Agreement Monitor (SALMon). It acts as a 

monitoring technique on SLA. This technique is 

used to monitor services in order to carry out the 

appropriate decisions when unexpected actions 

occurs while adopting SOA in order to meet SLA 

requirements. An ISO/IEC 9126 based 

classification of the desired characteristics in 

relation to web services as presented in Figure 4. It 

emphasis on the technical and non-technical 

characteristics of NFR services. This quality model 

was chosen because of its generic features and 

ability to develop characteristic hierarchies. In this 

quality model, characteristics chosen are refined 

and decomposed to sub levels.  

 

Galster and Bucherer [11], presented a taxonomy 

for NFRs along with service-centric systems. They 

classified NFR into three categories, namely: 

process requirements, service requirements and 

external requirements. This proposal denoted the 

ability to relate the taxonomy to the service level as 

well as the system level.  Dobson and Sommerville 

[9] demonstrated an attempt of developing QoS 

ontology, namely the QoSOnt for service-centric 

systems, but disregards domain knowledge. 
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Figure 4: Quality Model [2]. 

 

III. PROPOSED NFR FOR SERVICE 

ENGINEERING AND SERVICE 

ORIENTED DATA WAREHOUSE 

ENGINEERING 

This proposed classification shown in Figure 5 is 

designed on the basis of NFR classification given 

by Kotonya and Sommerville and Van 

Lamsweerde. In the proposed classification, we 

addressed service engineering and DW-oriented 

service engineering as high-level categories leading 

to further sub classifications. 

 

 

 

 
 

Figure 5: A Non-Functional Requirements Multilevel Taxonomy on Service-Oriented DW Engineering.

A. NFR for Service Engineering 

The constraints are based on the desired QoS, 

compliance to requirements, development 

standards, and architectural constraints. However, 

this leads to a service which is reusable, loosely 

coupled with independent operational requirements. 

But, it adhers to related organizational, 

national/international standards and regulations. 

The Service composition and invocation  applicable 
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to QoS requirements concerns for  desired 

characteristics of a service that is running 

independently. It also integrates other services at 

run-time. The External service appreciation of 

Development requirements are related to service 

engineering process stages ; starting with the 

service identification stage. It starts from designing, 

servicing, implementation and deployment stages. 

Compliance requirements belonging to Critical 

service requirement implies for the conformation 

related to standards, laws or  rules, organizational 

regulations, etc . Internal service appreciation 

related to  Architectural constraints, are mainly 

concerned with structural constraints or to service 

design. They adhere to Erl’s [10] SOA principles 

namely, abstract underlying logic, loosely coupled, 

reusable, autonomous, services share standardised 

contracts, stateless, discoverable and composable . 

 

B. NFR for Service Oriented DW Engineering 

The constraints are based on the QoS attributes, 

standards’s compliance, the development process, 

and architectural constraints. The benefits are 

provided by the Data warehouse through the use of 

reusable services. Service engineering NFRs are 

applicable to single service, while service-oriented 

DW engineering NFRs considers the overall 

behaviour of the application developed from 

reusable services. 

 

The QoS attributes, and standards and regulation 

compliance regulate the overall behavior of the 

DW-oriented application. DW engineering process 

influences the NFR of development and 

architectural constraints. If the construction of 

service oriented application is done by the 

composition of service process, then the 

development process NFR concerns for 

requirements of workflow development, service 

discovering, service selection, modelled workflow 

refinement , refined workflow enactment and 

testing of services and the overall application. 

IV. CONCLUSION 
The proposed classification in this paper has 

addressed the non-functional requirements for both 

service oriented engineering and service oriented 

DW-oriented engineering.   The latter is dependent 

on the former in terms of classification of NFRs. 

This newly proposed classification is mainly based 

on Sommerville and Lamsweerde and service 

oriented development. The proposed classification 

is the basis for a shared understanding of NFRs in 

both of the areas i.e. service engineering and DW-

oriented engineering. The NFR classification 

facilitates the development of the semantics behind 

the identified set of NFRs in every category and 

subcategories of the hierarchy. 

 

Future work can be done on completing the 

specification of the classification. So, that it could 

serve as the general ontology for engineering of 

service oriented DW applications. Therefore, this 

proposed classification paves the path for advancing 

the state of the art in the process of quantification, 

for particular application domains. 
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Abstract- Davana (Artemisia pallens wall.ex.D.C.) is an 

important high valued annual aromatic herb of India belonging to 

the family Asteraceae. A field experiment was conducted at 

TamilNadu agricultural university, Coimbatore during rabi 2011 

to study the influence of ratoon crop on growth, yield attributes 

and resultant seed quality of davana. The experiment was laid out 

with four different treatments viz., Stubbles cut at 5 cm height, 

Stubbles cut at 10 cm height, Stubbles cut at 15 cm height,   

Control (Normal crop) defoliation with the spacing of 15x7.5 cm 

and 125:125:75 NPK kg/ha were adopted in a randomized block 

design with five replications. Studies on ratoon crop revealed that 

defoliated seedlings improved the seed yield plot
-1

 (30.39 g), 

herbage yield plot
-1

 (980 g), germination (62%) and vigour index 

(148.8). 

 

Index Terms- Ratoon crop, davana, crop growth, seed yield and 

seed quality. 

 

I. INTRODUCTION 

romatic plants are the natural source of perfumes and 

fragrance widely exploited by essential oil industries across 

the world. India stands 3
rd

 in essential oil production in the 

world. Davana (Artemisia pallens wall.ex.D.C.) is an important 

high valued annual aromatic herb of India belonging to the 

family Asteraceae and commercially cultivated in south India as 

a short duration crop from November to march. India has a 

monopoly in production and export trade of davana oil. Davana 

is traditionally used in religious ceremonies and in making 

garlands, bouquets, floral decorations and floral chaplets, lends 

an element of freshness and a rich sumptuousness of fragrance to 

religious occasions (Narayana et al., 1998). Davana is being 

propagated through seeds. The productivity of any crop is the 

ultimate results of its growth and development. Artemisia pallens 

possesses anti-inflammatory, antipyretic and analgesic 

properties. It is used in Indian folk medicine for the treatment of 

Diabetes mellitus. (Al-Harbi et al., 1994). Ratooning is a method 

of harvesting a crop which leaves the roots and the lower parts of 

the plant uncut to give the ratoon or the stubble crop. The main 

benefit of ratooning is that the crop matures earlier in the season. 

Ratooning can also decrease the cost of preparing the field and 

planting. Hence, an attempt was made to study the effect of 

ratoon crop on the growth and yield attributes and resultant seed 

quality.  

 

II. MATERIALS AND METHODS 

       Field experiments was conducted during rabi 2011 at 

TamilNadu Agricultural University Coimbatore to study the 

effect of different dates of transplanting on the growth and yield 

attributes and resultant seed quality of davana. The seeds of 

davana (Artemisia pallens) obtained from Horticultural college 

and Research Institute, Periyakulam was chosen for the study. 

The experiment was laid out in Randomized block design with 

five replications. Treatment details are Stubbles cut at 5 cm 

height, Stubbles cut at 10 cm height, Stubbles cut at 15 cm height 

and  Control (Normal crop) defoliation with the spacing of 

15x7.5 cm and 125:125:75 NPK kg/ha accommodating 90 

plants/plot. Growth attributes such as plant height(cm), fresh 

weight of the seedling (g/plant), dry matter production, 

chlorophyll content of the seedling, days to first flower, days to 

50% flowering, number of branches/plant. Yield attributes viz., 

number of flower heads/plant, seed yield/plant, seed yield/plot, 

1000 seed weight, herbage yield/plot. Resultant seed quality such 

as germination (%)(ISTA,1999), seedling length (cm) the 

distance between the tip of the primary leaf to the tip of the 

primary root, vigour index (Abdul Baki and Anderson,1873) and 

Dry matter production (g seedlings
-10

) dried in a hot air oven 

maintained at 85°C for 48h and cooled in a dessicator for 30 min 

and weighed in an electronic digital balance. The data obtained 

from experiments were analyzed by the ‘F’ test for significance 

following the method. Factorial Randomized Block Design as 

described by Panse and Sukhatme. 1985. Wherever necessary, 

the percent values were transformed to angular (Arc-sine) values 

before analysis. The critical differences (CD) were calculated at 

5 per cent probability level. The data were tested for statistical 

significance. 

 

III. RESULTS AND DISCUSSION 

       The results of Table 1 were followed. Significant difference 

was observed in the plant height at vegetative, flowering and 

maturity stages, plant height was highest with defoliated 

seedlings (51.84 cm) and the lowest with stubbles cut at 5 cm 

height  (18.54 cm). At flowering stage, the maximum plant 

height was recorded by defoliated seedlings (53 cm) and the 

minimum height was recorded in stubbles cut at 5 cm height  

(39.31 cm). At maturity stage, defoliated seedlings recorded the 

higher plant height (52.30 cm) and the lowest height was 

recorded in stubbles cut at 5 cm height (47.63 cm). Fresh weight 

was highest in defoliated seedlings (8.82 g) followed by the 

Stubbles cut at 15 cm (7.53 g) and the lowest was recorded with 

stubbles cut at 5 cm height (5.56 g). At flowering stage, the 

A 
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higher fresh weight of the seedlings (16.18 g) was recorded by 

defoliated seedlings, and the lowest was recorded in stubbles cut 

at 5 cm height  (10.41 g). At maturity stage the maximum fresh 

weight of the seedlings was recorded by defoliated seedlings 

(13.94 g) followed by Stubbles cut at 15 cm (12.34 g) and the 

lowest value was recorded with stubbles cut at 5 cm height  (9.31 

g).  

       The results of Table 2 were followed. The higher dry matter 

production  at maturity was observed in defoliated seedlings 

(5.56 g) and the lowest value was recorded with stubbles cut at 5 

cm height  (3.21 g). At flowering stage, the higher dry matter 

production of the seedlings (10.42 g) was recorded by defoliated 

seedlings, followed by stubbles cut at 15 cm (8.37 g) and the 

lowest value was recorded with stubbles cut at 5 cm height  (6.56 

g). At maturity stage, the maximum dry matter production of the 

seedlings recorded by defoliated seedlings (9.83 g) and the 

lowest value was recorded with stubbles cut at 5 cm height  (6.04 

g).At vegetative stage, the chlorophyll content was highest with 

stubbles cut at 15 cm (13) followed by stubbles cut at 10 cm (12) 

and the lowest value was recorded in defoliated seedlings (11). 

At flowering stage, the maximum chlorophyll content recorded 

by stubbles cut at 15 cm (13) and the lowest value was recorded 

in defoliated seedlings (10). At maturity stage, stubbles cut at 15 

cm recorded the higher chlorophyll content (12) and the lowest 

value was recorded with defoliated seedlings (10).  

       The results of Table 3 were followed. Significant difference 

was noticed in days to first flowering, defoliated seedlings (41 

days) attained early flowering, followed by stubbles cut at 15 cm 

(41 days) and the late flowering was noticed in stubbles cut at 5 

cm height  (46 days). For days to fifty per cent flowering, 

defoliated seedlings (45 days) attained early fifty per cent 

flowering, followed by stubbles cut at 15 cm (49 days) and the 

late fifty percent flowering was noticed in stubbles cut at 5 cm 

height  (53 days).Significant difference was noticed in number of 

branches. The more number of branches was observed in 

defoliated seedlings (18.52) and the lowest value was recorded in 

stubbles cut at 15 cm (13.87).The maximum number of flower 

heads plant
-1

 recorded by defoliated seedlings (69) followed by 

stubbles cut at 15 cm (62) and the flower heads plant
-1

 was 

lowest in stubbles cut at 5 cm height  (52.02).The maximum seed 

yield
-1

 plant was recorded by defoliated seedlings (4.32 g) 

followed by stubbles cut at 15 cm (4.22 g) and the seed yield was 

minimum in stubbles cut at 5 cm height  (3.72 g).The maximum 

seed yield plot
-1

 was recorded by defoliated seedlings (30.39 g) 

which is on par with stubbles cut at 15 cm (29.72 g) and the seed 

yield plot
-1

 was minimum in stubbles cut at 5 cm height  (25.67 

g).1000 seed weight was highest in defoliated seedlings (135 mg) 

which is on par with stubbles cut at 15 cm (132 mg) and the 1000 

seed weight was the lowest in stubbles cut at 5 cm height  (114 

mg). The maximum herbage yield plot
-1

 was recorded by 

defoliated seedlings (980.68 g) followed by stubbles cut at 15 cm 

(868.12 g) and the herbage yield was minimum in stubbles cut at 

5 cm height  (642.30 g). 

       The results of Table 4 were followed .Significant difference 

was observed in germination percentage due to ratoon 

treatments. The germination percentage was highest with 

defoliated seedlings (62%), which is on par with stubbles cut at 

15 cm (59 %) and the germination was lowest in stubbles cut at 5 

cm height  (56%).The maximum seedling length was recorded by 

defoliated seedlings and stubbles cut at 15 cm (2.41 cm) and the 

seedling length was lowest in stubbles cut at 10 cm and stubbles 

cut at 5 cm height  (2.31 cm).No significant difference was 

observed for dry matter production. The maximum vigour index 

was recorded by defoliated seedlings (148.80) followed by 

stubbles cut at 15 cm (141.60) and the vigour index was 

minimum in stubbles cut at 5 cm height  (129.03). 

       The principle involved in ratoon cropping are that the ratoon 

crop has well developed root system, earlier maturity and the 

perennial nature. Ratooning can also decrease the cost of 

preparing the field and planting. Commercially davana is 

cultivated for herbage yield, hence to study the effect of ratoon 

crop this experiment was conducted with four treatments viz., 

leaving the stubble height at 5 cm, 10 cm, 15 cm and defoliation 

of the leaves. Among these treatments, defoliated seedling 

recorded higher growth, and yield attributes. Plant height, 

number of branches, number of flower heads, seed yield plant
-1

, 

seed yield plot
-1 

and herbage yield plot
-1

 were also higher for the 

stubbles cut at the height of 15 cm which was on par with the 

defoliated seedlings, and stubbles cut at the height of 5 cm 

recorded the lowest values. The reason might be the time taken 

and nutrients translocation will be lower in case of the stubbles 

cut at the height of 5 cm. (Fig.1 and 2).  

       Dry matter production is directly proportional to the ratio of 

seasonal transpiration (De Wit 1958; Hanks et al., 1969). In most 

situations, grain production is directly dependent upon total dry 

matter production (Hanks and Rasmussen 1982). In the present 

study stubbles cut at the height of 15 cm recorded higher dry 

matter production, seed yield, herbage yield, 1000 seed weight. 

This is probably because plants cut at a higher level utilized less 

energy in recovery compared to the lower stubble height. This 

observation is in conformity with the findings of  Stockdale 

(2005) reported that aboveground total seed numbers and seed 

weights were generally greater for the higher defoliation height 

(7.0 vs. 2.8 cm) of subterranean clover (Trifolium 

subterraneum L.). 

 

IV. CONCLUSION 

       The experiment was laid out with four different treatments 

viz., Stubbles cut at 5 cm height, Stubbles cut at 10 cm height, 

Stubbles cut at 15 cm height,   Control (Normal crop) defoliation 

adopted with the spacing of 15x7.5 cm and 125:125:75 NPK 

kg/ha. From the present investigation, Studies on ratoon crop 

revealed that defoliated seedlings improved the seed yield plot
-1

 

(30.39 g), herbage yield plot
-1

 (980 g), germination (62%) and 

vigour index (148.8).  
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Table 1. Influence of ratoon crop on growth attributes at different growth periods 

 

 
Plant height (cm) Fresh weight of the seedling (g plant

-1
) 

Treatments 
Vegetative 

stage 

Flowering 

stage 

Maturity 

stage 
Mean 

Vegetative 

stage 

Flowering 

stage 

Maturity 

stage 
Mean 

Stubbles cut at 5 cm 

height  
18.54 39.31 47.63 35.26 5.56 10.41 9.31 9.24 

Stubbles cut at 10 

cm height  
21.09 40.20 47.94 36.31 6.29 12.36 10.72 10.80 

Stubbles cut at 15 

cm height  
22.63 42.59 49.35 38.19 7.53 14.62 12.34 12.41 

Defoliated seedlings 51.84 53.00 52.30 52.38 8.82 16.18 13.94 14.09 

Mean 28.53 43.78 49.31  7.05 13.39 11.58  

SEd 1.62 1.30 0.77  0.27 0.49 0.08  

CD (P=0.05) 3.54 2.83 1.68  0.60 1.08 0.18  

 

Table 2. Influence of ratoon crop on growth attributes at different growth periods 

 

 
Dry matter production of the seedling (g plant

-1
) Chlorophyll content 

Treatments Vegetative stage Flowering stage Maturity stage Mean 
Vegetative 

stage 

Flowering 

stage 

Maturity 

stage 
Mean 

Stubbles cut at 5 cm 

height  
3.21 6.56 6.04 5.27 11 12 11 11 

Stubbles cut at 10 

cm height  
4.31 7.59 7.13 6.34 12 12 11 12 

Stubbles cut at 15 

cm height  
4.72 8.37 7.56 6.88 13 13 12 13 

Defoliated seedlings 5.56 10.42 9.83 8.60 11 10 10 10 

Mean 4.45 8.23 7.64  12 12 11  

SEd 0.187 0.32 0.31  0.2 0.1 0.0  

CD (P=0.05) 0.40 0.69 0.67  0.5 0.3 0.1  
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Table 3. Influence of ratoon crop on yield attributes 

 

Treatments 
Days to first 

flowering 

Days to 50% 

flowering 

Number of 

branches 

Number of 

flower heads 

plant
-1 

Seed yield 

plant
-1

 (g) 

Seed yield 

plot
-1

  (g) 

1000 seed 

weight (mg) 

Herbage 

yield plot
-1

 

(g) 

Stubbles cut at 5 cm 

height  
46.21 53.45 16.55 52.02 3.72 25.67 114.00 642.30 

Stubbles cut at 10 cm 

height  
44.40 50.30 15.64 58.00 4.08 28.70 127.50 754.15 

Stubbles cut at 15 cm 

height  
42.60 48.70 13.87 62.00 4.22 29.72 132.00 868.12 

Defoliated seedlings 40.80 44.50 18.52 69.00 4.32 30.39 135.00 980.68 

Mean 43.50 49.24 16.14 60.26 4.08 28.62 127.50 811.31 

SEd 0.77 1.01 0.42 1.51 0.02 0.08 2.47 5.99 

CD (P=0.05) 1.67 2.21 0.93 3.30 0.06 0.18 5.38 13.06 

 

Table 4. Influence of ratoon crop on resultant seed and seedling quality characters 

 

Treatments Germination (%) Seedling length(cm) 
Dry matter production  

(g seedlings
-10

) 
Vigour index 

Stubbles cut at 5 cm height  56 (48.44) 2.31 1.2 
129 

Stubbles cut at 10 cm 

height  
55 (47.87) 2.31 1.2 

127 

Stubbles cut at 15 cm 

height  
59 (50.18) 2.41 1.2 

142 

Defoliated seedlings 62 (51.94) 2.41 1.0 149 

Mean 58 (49.60) 2.36 1.2 
136 

SEd 0.97 0.03 0.16 2.65 

CD (P=0.05) 2.11 0.07 NS 5.79 
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Fig.1. Influence of ratoon crop on seed yield plant
-1

(g) and herbage yield plant
-1

 (g) 

 

 
 

Fig.2. Influence of ratoon crop on 1000 seed weight (mg), germination (%) and vigour index 
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Abstract- Treated distillery effluent (TDE) generated through 

biomethanated distillery effluent was applied to arable land for 

augmenting agricultural production. The TDE contains 

considerable amount of organic matter and salt besides its high 

plant nutrients content. With this background, an attempt was 

made. Field experiments were conducted to study the long term 

effect of TDE and inorganic fertilizers on soil properties and 

yield of sugarcane in sandy loam soil during 2010-2011 and 

2011-2012. The main plot treatments viz., TDE was applied at 

the rate of  1.25, 2.5, 3.75 and 5.0 lakh litres ha
-1

 for treatments 

were compared with control and the sub-plots viz., N, NP, NK, 

PK, NPK for fertilizer treatments were compared with control 

(no fertilizer). The results revealed that the application of TDE @ 

5.0 lakh liters per ha had significantly increased the microbial 

population and enzymatic activities and this will indirectly 

improve the chemical and physical properties.  

 

Index Terms- TDE, Inorganic fertilizers, microbial and 

enzymatic activities and sugarcane yield 

 

I. INTRODUCTION 

griculture is the backbone of India. It occupies second 

position in the sugarcane production in the world. In Tamil 

Nadu, there are 35 sugar factories and distilleries with a total 

installed capacity of 2.4 lakh kiloliters of alcohol. Distillery 

effluent, a liquid waste from the distillery industry is of plant 

origin contains large quantities of soluble organic matter and 

plant nutrients. In the distillery industry, for every litre of alcohol 

produced, about 15 litres of spentwash is released as waste water. 

So there is a possibility of getting 48 billion litres of spentwash 

(Distillery spentwash) from distillery industries in India. The 

sugarcane crop irrigated with Treated distillery effluent (TDE) 

did not contain any toxic elements/compounds. The estimated 

potential of 48 billion liters of spentwash will be 1,44,000 tonnes 

of K, 12,200 tonnes of N and 2000 tonnes of P per annum. The 

proper use of TDE application could produce 85,000 tonnes of 

biomass annually. Different doses of TDE have been tried in 

combination with different fertilizers in agricultural fields by 

Joshi et al. (1996) and they had recommended post sown 

irrigation with 50% NPK treatment for better performance in 

sugarcane. Under sugarcane cultivation, the soils are getting 

depleted of nutrients. So, replenishment of soil nutrients and 

maintenance of soil health by organic source are required. The 

TDE can play a prime role in bridging the wide gap of depletion 

and repletion of nutrients. The present study was carried out in 

sandy loam soil to assess the nutrient supplying potential of TDE 

to sugarcane crop with different combination of fertilizers. The 

effect of such application on the cane yield and physico-chemical 

properties were also assessed. 

 

II. MATERIALS AND METHODS 

        The field experiment was undertaken up to study the long 

term effect of TDE and fertilizers on sugarcane yield at cane 

farm, EID Parry (India) Ltd., Cuddalore district, Tamil Nadu. 

The TDE was obtained from EID Parry (India) Ltd., Distillery, 

Nellikuppam and was characterized for its various physico-

chemical properties (Table 1). The initial soil (0-15 cm depth) 

was low in organic carbon (0.37 per cent) and alkaline KMnO4-N 

(123 kg/ha) and medium in Olsens’s P (15.1 kg/ha) and Neutral 

normal ammonium acetate-K (212 kg/ha), having pH (8.38) and 

EC of 0.10 dSm
-1

 (Table 1). 

 

Experimental details 

        The experiments were laid out in split-plot design with 

graded doses of TDE as main-plots and nutrient combinations as 

sub-plots with three replications. The main-plot treatments viz., 

TDE was applied @ 1.25, 2.5, 3.75 and 5 lakh litres per ha for 

M2, M3, M4, M5 treatments and were compared with control and 

the sub-plots viz., N, NP, NK, PK, NPK for S2,S3,S4,S5,S6 

fertilizer treatments and were compared with control (no 

fertilizer). The TDE was applied as pre-planting dose in the 

fallow land as per the treatments and allowed for natural 

oxidation. The natural oxidation was to narrow down the BOD 

and COD of the TDE. The soil was then thoroughly mixed and 

sugarcane planting (Variety CO 86032) was taken up after 45 

days of TDE application. The N, P and K fertilizers were applied 

at 75 per cent of the recommended doses viz., 206, 45 and 84 kg 

of N, P2O5 and K2O per ha. 

 

Cane yield and collection of soil samples 

        The crop was managed by adopting standard package of 

practices. Cane yield data were recorded at the age of 12 months 

from the plots and were converted to yield ha
-1

. The initial and 

post harvest soil samples were collected from 10 spots at random 

from each experimental plot (0-30 cm depth) and a composite 

sample of each plot was used for estimation of soil physico-

A  
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chemical properties by standard procedures. The data were 

statistically scrutinized (Gomez and Gomez, 1984). 

III. RESULTS AND DISCUSSIONS 

Biological properties 

Bacteria (Table 3) 

        The bacterial population was changed due to different levels 

of TDE and fertilizers. It ranged from 53.33 to 74.17 x 10
-6

 CFU 

g
-1

 of post harvest soil. The highest population was recorded due 

to application of 5.0 lakh litres ha
-1

 (M5) and control (M1) 

recorded the lowest. Among the subplot treatments, the 

NPK (S6) found to be higher than rest of the treatments and this 

was followed by PK (S5), NK (S4), NP (S3) and control (S1) and 

which in turn on a par. The colony count was low in N alone 

(S2). Though, the interaction effect of TDE and fertilizer on 

bacterial population was not significant. However, the graded 

doses of TDE and NPK (S6) fertilizers had recorded the highest 

population among the rest of the treatments. 

 

Fungi (Table 3) 

        It varied from 6.27 to 10.85 x 10
-3

 CFU g
-1

 of post harvest 

soil. The application of graded doses of TDE increased the 

fungal population. The fungal population was highest in the 

treatment which received 5.0 lakh litres ha
-1

 (M5) whereas, 

control (M1) recorded the lowest. Among the subplot treatments, 

NPK (S6) found to be highest colony count, followed by NP (S3), 

PK (S5), NK (S4) and N alone (S2) which were comparable 

among themselves but had higher values than control. Though 

the interaction effect was not significant, the fungal population 

was found to be enhanced at high levels of TDE application. 

 

Actinomycetes (Table 3) 

        The actinomycetes population of the soil monitored at post 

harvest stage of sugarcane crop indicated that the application of 

TDE @ 5.0 lakh litres ha
-1

 (M5) increased over control. This was 

followed by 3.75 (M4), 2.5 (M3) and 1.25 lakh litres ha
-1

 (M2) 

which in turn being on a par and control (M1) recorded the 

lowest. Among the subplot treatments, the application of NP 

(S3) fertilizers recorded the highest and being comparable with 

NPK (S6) fertilizers. This was followed by PK (S5) and NK (S4) 

which had similar effect and control (S1) recorded the lowest.        

The interaction of main X subplot treatments were found to be 

non-significant. 

        The microbial populations were remarkably increased due 

to application of graded doses of TDE. The per cent increase of 

27.63, 57.32 and 48.87 of bacteria, fungi and actinomycetes were 

observed in the TDE received plots @ 5.0 lakh litres ha
-1

 (M5) 

respectively over control (M1). Since, TDE contains high amount 

of organic matter with high content of dissolved salts of essential 

plant nutrients, its application improves the soil biological health. 

The stimulation of higher microbial activity and secretion of 

microbial polysaccharides due to application of TDE might be 

the reason for higher microbial population of post harvest soil. 

This is inline with the findings of Maheswari, 2011. 

 

Dehydrogenase (Table 4) 

        The dehydrogenase content was found to vary between 2.67 

µg TPF g
-1

 soil h
-1

 (M1) in control plot and 6.59 µg TPF g
-1

 soil 

h
-1 

in 5.0 lakh litres ha
-1

 (M5) applied plots at post harvest soil. 

The main plot treatment had significant effect on dehydrogenase 

activity. The subplot treatment, NPK received plots found to be 

high value (4.89 µg TPF g
-1

 soil h
-1

), followed by NP (S3) (4.85 

µg TPF g
-1

 soil h
-1

), NK (S4) (4.82 µg TPF g
-1

 soil h
-1

), PK (S5) 

(4.80 µg TPF g
-1

 soil h
-1

), N alone (S2) (4.74 µg TPF g
-1

 soil h
-1

) 

and control (S1) recorded the lowest (4.34 µg TPF g
-1

 soil h
-

1
).The interaction effect of TDE and fertilizers application on 

dehydrogenase activity was significant.  

        The application of TDE @ 3.75 (M4) and 5.0 lakh litres ha
-1

 

(M5) had similar effect, but superior over the rest of the treatment 

in increasing the phosphatase activity.The subplot treatments 

effect on soil phosphatase activity was also significant. 

Irrespective of doses of TDE application, PK (S5) received plots 

found to be higher and control recorded the lowest (20.06 µg 

nitrophenol g
-1

 soil h
-1

) which was followed by 22.60, 22.18, 

21.77 and 21.22 µg nitrophenol g
-1

 soil h
-1

 in NPK (S6), NP (S3), 

NK (S4) and N alone (S2) respectively. The interaction effect of 

TDE and fertilizer application on soil phosphatase activity was 

significant. The graded doses of TDE and fertilizer plots had 

increased the phosphatase activity. The control recorded lowest 

value (8.54 µg nitrophenol g
-1

 soil h
-1

) in M1S1.  

        The urease activity was found to vary between 12.62 µg 

NH4-N g
-1

 soil h
-1 

in 5.0 lakh litres ha
-1

 (M5) and 3.50 µg NH4-N 

g
-1

 soil h
-1 

in control (M1) at post harvest soil. Irrespective of 

fertilizer application, the graded doses of TDE had significantly 

increasing the urease activity. The subplot treatments effect on 

soil urease activity was also significant. Irrespective of doses of 

TDE application, the urease activity was higher in NPK (S6) and 

NP (S3). The graded doses of TDE and fertilizers had increased 

the urease activity. The interaction effect of TDE and fertilizer 

application on urease activity was significant.  

        Dehydrogenase is considered as important enzymes for 

oxidative process in the soil.  The enzyme activity is important 

for nutrient cycling and transformation. Application of TDE 

enhanced the activities of enzymes in the post harvest soils 

especially at higher levels. Addition of organic matter through 

TDE which inturn reflected on organic carbon. Increased enzyme 

activity over periods might be due to increased microbial activity 

which would have enhanced the organic matter degradation and 

mineralization. Similar results were also reported by Saliha et al. 

(2005). Application of NPK fertilizer also showed significant 

positive effect on dehydrogenase activities. Similar increase in 

soil phosphatase activity with the application of biomethanated 

distillery effluent was also reported by Kalaiselvi and 

Mahimairaja (2009).  

IV. CONCLUSION 

        Based on the above discussion, it can be concluded that the 

application of TDE @ 5.0 lakh liters per ha along with NP 

fertilizer will be the best suitable combination for getting the 

highest microbial population and enzymatic activities in sandy 

loam soil. Besides it will indirectly improve the chemical 

properties of soil. 
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Table 1.Physico-chemical properties and chemical composition of the treated distillery effluent 

Parameters Content Parameters Content 

Colour Dark brown Nitrogen (ppm) 1,350 

pH 7.3 Phosphorus (ppm) 550 

EC (dS m
-1

) 29.5 Potassium (ppm) 9,500 

BOD  4,500 Zinc (ppm) 11 

COD  48,000 Copper (ppm) 65 

Total solids  85,000 Iron (ppm) 4.3 

Organic carbon (per cent) 27.4 Manganese (ppm) 5.4 

 

Table 2. Characteristics of experimental soil 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Effect of TDE and fertilizers on microbial population of post harvest soil (pooled data of 2 crop cycles) 

S No Parameter Values  

1. Soil Series Vadalapakkam 

2. Soil taxonomy Typic Haplustalf 

3. Texture Sandy loam 

4. Bulk density (Mg m
-3

) 1.32 

5. Particle density (Mg m
-3

) 2.33 

6. Pore space (%) 30.2 

7. Water holding capacity (%) 36.4 

8. pH  8.38 

9. EC (dS m
-1

)  0.10 

10. CEC (cmol p(+) kg
-1

 15.6 

11. Organic carbon (per cent) 0.37 

12. Available N (kg ha
-1

) 123 

13. Available P (kg ha
-1

) 15.1 

14. Available K (kg ha
-1

) 212 

15. Exchangeable Calcium (cmol (p+) kg
-1

) 7.40 

16. Exchangeable Magnesium (cmol (p+) kg
-1

) 3.50 

17. Exchangeable Sodium (cmol (p+) kg
-1

) 1.52 

18. Exchangeable Potassium (cmol (p+) kg
-1

) 0.25 

19. ESP (%) 12.0 
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                                                     Bacteria (x10-6 CFU g-1) Fungi (x10-3 CFU g-1) Actinomycetes (x10-5 CFU g-1) 

Treatments S1 S2 S3 S4 S5 S6 Mea

n 

S1 S2 S3 S4 S5 S6 Mea

n 

S1 S2 S3 S4 S5 S6 Mean 

M

1 

55.33 53.33 55.97 54.30 53.43 62.10 

55.74 

6.27 6.45 6.50 6.77 6.61 6.78 

6.56 

3.82 3.98 4.08 3.94 3.99 4.11 

3.99 

M2 59.30 59.00 61.53 60.27 62.17 60.67 

60.49 

8.09 8.08 8.46 8.01 8.18 8.34 

8.19 

5.06 5.33 5.38 5.49 5.32 5.47 

5.34 

M3 65.07 62.87 62.90 64.10 63.43 63.43 

63.63 

8.48 8.68 8.48 8.60 8.45 8.74 

8.57 

5.34 5.48 5.68 5.50 5.46 5.56 

5.51 

M4 67.80 65.07 67.03 69.00 69.00 70.43 

67.40 

8.75 8.87 9.29 8.96 9.25 9.30 

9.07 

5.43 5.51 5.71 5.69 5.65 5.74 

5.62 

M5 68.40 68.83 72.27 72.30 72.30 74.17 

71.14 

9.89 10.29 10.35 10.30 10.25 10.85 

10.32 

5.69 5.66 6.43 5.63 5.93 6.29 

5.94 

Mean 
63.18 61.82 63.94 64.07 64.07 66.16 

 
8.30 8.47 8.62 8.53 8.55 8.80 

 
5.07 5.19 5.46 5.25 5.27 5.44 

 

 M S M x 

S 

S x M    M S M x S S x M    M S M x S S x M    

SE d 0.85 1.06 2.33 2.38    0.11 0.10 0.23 0.23    0.05 0.09 0.20 0.21 0.05   

CD (0.05) 1.97 2.14 NS NS    0.26 0.20 NS NS    0.12 0.19 NS NS 0.12   

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Effect of TDE and fertilizers on enzymatic activities of post harvest soil (pooled data of 2 crop cycles) 

                                  Dehydrogenase µg TPF g
-1
 soil h

-1
 Phosphatase (µg nitrophenol g

-1
 soil h

-1
 Urease µg NH4-N g

-1
 soil h

-1
 

M1-control, M2- 1.25, M3- 2.5, M4-3.75, M- 5.0 lakh liters per ha (TDE) 

S1- control, S2- N, S3- NP, S4-NK, S5-PK and S6-NPK 
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Treatments S1 S2 S3 S4 S5 S6 Mea
n 

S1 S2 S3 S4 S5 S6 Mea
n 

S1 S2 S3 S4 S5 S6 Mean 

M

1 

55.33 53.33 55.97 54.30 53.43 62.10 

55.74 

6.27 6.45 6.50 6.77 6.61 6.78 

6.56 

3.82 3.98 4.08 3.94 3.99 4.11 

3.99 

M2 59.30 59.00 61.53 60.27 62.17 60.67 

60.49 

8.09 8.08 8.46 8.01 8.18 8.34 

8.19 

5.06 5.33 5.38 5.49 5.32 5.47 

5.34 

M3 65.07 62.87 62.90 64.10 63.43 63.43 

63.63 

8.48 8.68 8.48 8.60 8.45 8.74 

8.57 

5.34 5.48 5.68 5.50 5.46 5.56 

5.51 

M4 67.80 65.07 67.03 69.00 69.00 70.43 

67.40 

8.75 8.87 9.29 8.96 9.25 9.30 

9.07 

5.43 5.51 5.71 5.69 5.65 5.74 

5.62 

M5 68.40 68.83 72.27 72.30 72.30 74.17 

71.14 

9.89 10.29 10.35 10.30 10.25 10.85 

10.32 

5.69 5.66 6.43 5.63 5.93 6.29 

5.94 

Mean 
63.18 61.82 63.94 64.07 64.07 66.16 

 
8.30 8.47 8.62 8.53 8.55 8.80 

 
5.07 5.19 5.46 5.25 5.27 5.44 

 

 M S M x 

S 

S x M    M S M x S S x M    M S M x S S x M    

SE d 0.85 1.06 2.33 2.38    0.11 0.10 0.23 0.23    0.05 0.09 0.20 0.21 0.05   

CD (0.05) 1.97 2.14 NS NS    0.26 0.20 NS NS    0.12 0.19 NS NS 0.12   

 

 
M1-control, M2- 1.25, M3- 2.5, M4-3.75, M- 5.0 lakh liters per ha (TDE) 

S1- control, S2- N, S3- NP, S4-NK, S5-PK and S6-NPK 
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Abstract: - Security is at the forefront of most networks, and 

many companies implement a comprehensive security policy 

encompassing many of the OSI layers, from application layer all 

the way down to IP security. However, one area that is often left 

untouched is hardening Layer 2 and this can open the network to 

a variety of attacks and compromises. Address resolution 

protocol is the mapping of IP address to the MAC address (layer 

3 to layer2 mapping). ARP provides no authentication 

mechanism to the incoming request packets this is the reason that 

any client can forge an ARP message contains malicious 

information to poison the ARP cache of target host. There are 

many possible attacks on ARP which can make the 

communication unsecure such as man-in-the-middle (MITM), 

Denial of service (DOS), cloning attack, session hijacking and 

many more attacks. 

Keywords: — Address resolution protocol (ARP), ARP Cache, 

Denial of service (DOS) Attacks, MAC Address, IP Address, 

man-in-the-middle (MITM) 

                            I. INTRODUCTION  

A computer connected to an IP/Ethernet LAN has two addresses, 

One is the MAC(media  access control) address, second is the IP 

address . ARP spoofing may allow an attacker to intercept data 

frames on a LAN, modify the traffic, or stop the traffic 

altogether. Often the attack is used as an opening for other 

attacks, such as denial of service, man in the middle, or session 

hijacking attacks. The attack can only be used on networks that 

make use of the Address Resolution Protocol (ARP) [1], and is 

limited to local network segments. The network card, called the 

MAC address.  

 The MAC, in theory, is a globally unique and unchangeable 

address which is stored on the network card itself.MAC 

addresses are necessary so that the Ethernet protocol can send 

data back and forth, independent of whatever application 

protocols are used on top of it. Ethernet builds “frames” of data, 

consisting of 1500 byte blocks.  Each frame has an Ethernet 

header, containing the MAC address of the source and the 

destination computer. The second address is the IP address. IP is 

a protocol used by applications, independent of whatever 

network technology operates underneath it. Each computer on a 

network must have a unique IP address to communicate.  IP 

addresses are virtual and are assigned via software. IP and 

Ethernet must work together.IP communicates by constructing 

“packets” which are similar to frames, but have a different 

structure. These packets cannot be delivered without the network 

layer.  In this case they are delivered by Ethernet, which splits 

the packets into frames, adds an Ethernet header for delivery, and 

sends them down the cable to the switch.  The switch then 

decides which port to send the frame to, by comparing the 

destination address of the frame to an internal table which maps 

port numbers to MAC addresses. When an Ethernet frame is 

constructed, it must be built from an IP packet.  However, at the 

time of construction, Ethernet has no idea what the MAC address 

of the destination machine is which it needs to create an Ethernet 

header.  The only information it has available is the destination 

IP from the packet’s header.  There must be a way for the 

Ethernet protocol to find the MAC address of the destination 

machine, given a destination IP. This is where ARP, the Address 

Resolution Protocol, comes in.  

                        II. ARP OPERATIONS 

ARP operates by sending out “ARP request” packets.  An ARP 

request asks the question “Is your IP address x.x.x.x?  If so, send 

your MAC back to me.”  These packets are broadcast to all 

computers on the LAN, even on a switched network.  Each 

computer examines the ARP request, checks if it is currently 

assigned the specified IP, and sends an ARP reply containing 

its MAC address. To minimize the number of ARP packets 

being broadcast, operating systems keep a cache of ARP 

replies. When a computer receives an ARP reply, it will 

update its ARP cache with the new IP/MAC association.  As 

ARP is a stateless protocol, most operating systems will 

update their cache if a reply is received, regardless of whether 

they have sent out an actual request. ARP spoofing [2] 

involves constructing forged ARP request and reply packets.  

By sending forged ARP replies, a target computer could be 

convinced to send frames destined for computer A to instead 

go to computer B.  When done properly, computer A will have 

no idea that this redirection took place.  The process of 

updating a target computer’s ARP cache with a forged entry is 

referred to as “poisoning”. Various attacks on arp are S N I F 

F I N G Switches determine which frames go to which ports 

by comparing the destination MAC on an frame against a 

table.  This table contains a list of ports and the attached MAC 

address.  The table is built when the switch is powered on, by 

examining the source MAC from the first frame transmitted on 

each port. Network cards can enter a state called “promiscuous 

mode” where they are allowed to examine frames that are 

destined for MAC addresses other than their own.  On 

switched networks this is not a concern, because the switch 

routes frames based on the table described above.  This 

prevents sniffing of other people’s frames. However, using 

ARP spoofing, there are several ways that sniffing can be 

performed on a switched network. A “man-in-the-middle” 

attack is one of these.  When a MiM is performed, a malicious 

http://en.wikipedia.org/wiki/Data_frame
http://en.wikipedia.org/wiki/Data_frame
http://en.wikipedia.org/wiki/Denial_of_service
http://en.wikipedia.org/wiki/Man-in-the-middle_attack
http://en.wikipedia.org/wiki/Session_hijacking
http://en.wikipedia.org/wiki/Session_hijacking
http://en.wikipedia.org/wiki/Address_Resolution_Protocol
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user inserts his computer between the communications path of 

two target computers.  Sniffing can then be performed. The 

malicious computer will forward frames between the two 

target computers so communications are not interrupted.  The 

attack is performed as follows (where X is the attacking 

computer, and T1 and T2 are targets):  

-X poisons the ARP cache of T1 and T2.  

 -T1 associates T2’s IP with X’s MAC.  

 -T2 associates T1’s IP with X’s MAC.  

 -All of T1 and T2’s IP traffic will then go to X first, instead 

of directly to each other.   

  This is extremely potent when we consider that not only can 

computers be poisoned, but routers/gateways as well.  All 

Internet traffic for a host could be intercepted with this method 

by performing a MiM (man in the middle) on a target 

computer and the LAN’s router. Another method of sniffing 

on a switched network is MAC flooding.  By sending spoofed 

ARP replies to a switch at an extremely rapid rate, the 

switch’s port/MAC table will overflow.  Results vary by 

brand, but some switches will revert to broadcast mode at this 

point.  Sniffing can then be performed. D O S Updating ARP 

caches with non-existent MAC addresses will cause frames to 

be dropped.  These could be sent out in a sweeping fashion to 

all clients on the network in order to cause a Denial of Service 

attack.  This is also a side effect of post-MiM attacks, since 

targeted computers will continue to send frames to the 

attacker’s MAC address even after they remove themselves 

from the communication path. To perform a clean MiM attack, 

the target computers would have to have the original ARP 

entries restored by the attacking computer. H I J A C K I N G 

Connection hijacking allows an attacker to take control of a 

connection between two computers, using methods similar to 

the MiM attack.  This transfer of control can result in any type 

of session being transferred.  For example, an attacker could 

take control of a telnet session after a target computer has 

logged in to a remote computer as administrator L O N I N G 

MAC addresses were intended to be globally-unique 

identifiers for each network interface produced.  They were to 

be burned into the ROM of each interface, and not be changed.  

Today, however, MAC addresses are easily changed.  Linux 

users can even change their MAC without spoofing software, 

using a single parameter to “ifconfig”, the interface 

configuration program for the OS .An attacker could DoS a 

target computer, then assign themselves the IP and MAC of 

the target computer, receiving all frames intended for the 

target. 

 

 

Fig 1: ARP Normal and cache poisoning 

 

III. VULNERABILITIES OF THE ADDRESS RESOLUTION 

PROTOCOL 

The Address Resolution Protocol (ARP) [4] is a widely used 

protocol for resolving network layer addresses into link layer 

addresses. When an Internet Protocol (IP) datagram is sent 

from one host to another on a local area network, the 

destination IP address must be converted into a MAC address 

for transmission via the data link layer. When another host's IP 

address is known, and its MAC address is needed, a broadcast 

packet is sent out on the local network. This packet is known 

as an ARP request fig2. The destination machine with the IP 

in the ARP request then responds with an ARP reply fig2, 

which contains the MAC address for that IP. 

ARP is a stateless protocol. Network hosts will automatically 

cache any ARP replies they receive, regardless of whether or 

not they requested them. Even ARP entries which have not yet 

expired will be overwritten when a new ARP reply packet is 

received. There is no method in the ARP protocol by which a 

host can authenticate the peer from which the packet 

originated. This behavior is the vulnerability which allows 

ARP spoofing to occur. 

 

http://en.wikipedia.org/w/index.php?title=File:ARP_Spoofing.svg&page=1
http://en.wikipedia.org/wiki/Address_Resolution_Protocol
http://en.wikipedia.org/wiki/Communications_protocol
http://en.wikipedia.org/wiki/Network_layer
http://en.wikipedia.org/wiki/Link_layer
http://en.wikipedia.org/wiki/Internet_Protocol
http://en.wikipedia.org/wiki/Datagram
http://en.wikipedia.org/wiki/Local_area_network
http://en.wikipedia.org/wiki/MAC_address
http://en.wikipedia.org/wiki/Data_link_layer
http://en.wikipedia.org/wiki/Broadcast_packet
http://en.wikipedia.org/wiki/Broadcast_packet
http://en.wikipedia.org/wiki/Stateless_protocol
http://en.wikipedia.org/wiki/Cache_%28computing%29
http://en.wikipedia.org/wiki/Authenticate
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       Fig 2: ARP request and response 

IV ANATOMY OF AN ARP SPOOFING ATTACK 

The basic principle behind ARP spoofing is to exploit the 

above mentioned vulnerabilities in the ARP protocol by 

sending spoofed ARP messages onto the LAN. ARP spoofing 

attacks can be run from a compromised host on the LAN, or 

from an attacker's machine that is connected directly to the 

target LAN. 

Generally, the goal of the attack is to associate the attacker's 

MAC address with the IP address of a target host, so that any 

traffic meant for the target host will be sent to the attacker's 

MAC instead. The attacker could then choose to: 

Inspect the packets, and forward the traffic to the actual 

default gateway (interception).Modify the data before 

forwarding it (man-in-the-middle attack).Launch a denial-of-

service attack by causing some or all of the packets on the 

network to be dropped 

                     V. THE ARP ATTACKS  

A. Connection Hijacking & Interception 

 Packet or connection hijacking and interception is the act in 

which any connected client can be victimized into getting their 

connection manipulated in a way that it is possible to take 

complete control over. 

 B. Connection Resetting 

 The name explains itself very well. When we are resetting a 

client's connection, we are cutting their connection to the 

system. This can be easily done using specially crafted code to 

do so. Luckily, we have wonderful software that was made to 

aid us indoingso. 

 

C. Man in the Middle 

A hacker can exploit ARP Cache Poisoning to intercept 

network traffic between two devices in your network. For 

instance, let's say the hacker wants to see all the traffic 

between your computer, 192.168.0.12, and your Internet 

router, 192.168.0.1. The hacker begins by sending a malicious 

ARP "reply" (for which there was no previous request) to your 

router, associating his computer's MAC address with 

192.168.0.12 Now your router thinks the hacker's computer is 

your computer. Next, the hacker sends a malicious ARP reply 

to your computer, associating his MAC Address with 

192.168.0.1, now your machine thinks the hacker's computer 

is your router. Finally, the hacker turns on an operating 

system feature called IP forwarding. This feature enables the 

hacker's machine to forward any network traffic it receives 

from your computer to the router. Whenever you try to go to 

the Internet, your computer sends the network traffic to the 

hacker's machine, which it then forwards to the real router. 

Since the hacker is still forwarding your traffic to the Internet 

router, you remain unaware that he is intercepting all your 

network traffic and perhaps also sniffing your clear text 

passwords or hijacking your secured Internet sessions. 

 

              Fig 3: Man in the middle attack 

D. Packet Sniffing  

 Sniffing on a Local Area Network (LAN) is quite easy if the 

network is segmented via a hub, rather than a switch. It is of 

course possible to sniff on a switched environment by 

performing a MAC flood attack. As a result of the MAC flood, 

the switch will act as a hub, and allow the entire network to be 

sniffed. This gives you a chance to use any sort of sniffing 

software available to you to use against the network, and 

gather packets. 

http://en.wikipedia.org/wiki/Spoofing_attack
http://en.wikipedia.org/wiki/MAC_address
http://en.wikipedia.org/wiki/IP_address
http://en.wikipedia.org/wiki/Host_%28network%29
http://en.wikipedia.org/wiki/Man-in-the-middle_attack
http://en.wikipedia.org/wiki/Denial-of-service_attack
http://en.wikipedia.org/wiki/Denial-of-service_attack
http://www.watchguard.com/glossary/s.asp#session_hijacking
http://www.insecure.in/arp_attack.asp
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                               Fig 4:  Packet sniffing 

 

E. Denial of Service 

A hacker can easily associate an operationally significant IP 

address to a false MAC address. For instance, a hacker can 

send an ARP reply associating your network router's IP 

address with a MAC address that doesn't exist. Your 

computers believe they know where your default gateway is, 

but in reality they're sending any packet whose destination is 

not on the local segment, into the Great Bit Bucket in the 

Sky. In one move, the hacker has cut off your network from 

the Internet. 

 

F. MAC Flooding 

MAC Flooding is an ARP Cache Poisoning technique aimed at 

network switches. (If you need a reminder about the difference 

between a hub and a switch, see this sidebar.) When certain 

switches are overloaded they often drop into a "hub" mode. In 

"hub" mode, the switch is too busy to enforce its port security 

features and just broadcasts all network traffic to every 

computer in your network. By flooding a switch's ARP table 

with a ton of spoofed ARP replies, a hacker can overload 

many vendor's switches and then packet sniff your network 

while the switch is in "hub" mode. 

 

 

 

                    Fig 5: MAC flooding attack 

Some of the tools [3] that can be used to carry out ARP 

spoofing attack 

 Arpspoof (part of the DSniff suite of tools) 

 Arpoison 

 Ettercap 

 Cain&Abel 

 Seringe[13] 

 ARP-FILLUP -V0.1 

 arp-sk -v0.0.15 

 ARPOc -v1.13 

 arpalert -v0.3.2 

 arping -v2.04 

 arpmitm -v0.2 

 arpoison -v0.5 

 ArpSpyX -v1.1 

 ArpToXin -v 1.0 

 SwitchSniffer 

 

 

VI. VARIOUS SOLUTIONS OF ARP 

 Recently, there have been several solutions proposed 

to solve the ARP spoof problem. However, most of 

them have some critical drawbacks. The previous 

solutions may be grouped as follows 

  A. Cryptographic approaches 

Bruschi et al. [5] proposed a secure address resolution 

protocol (SARP), which uses asymmetric key cryptography to 

authenticate the hosts in a local area network (LAN).In SARP, 

each host uses an invite–accept protocol to periodically 

http://www.watchguard.com/archive/files/images/Hub-Switch.sidebar.htm
http://www.robertgraham.com/pubs/sniffing-faq.html
http://en.wikipedia.org/wiki/DSniff
http://en.wikipedia.org/wiki/Ettercap_%28computing%29
http://en.wikipedia.org/wiki/Cain_and_Abel_%28software%29
http://en.wikipedia.org/wiki/ARP_spoofing#cite_note-12
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register its IP–MAC pairs in a secure server.IP–MAC pairs are 

hashed by a message digest algorithm. This approach, 

however, requires medication of the ARP protocol as the 

sender needs to sign each ARP message with its private key, 

and the receiver needs to verify the signature with the sender’s 

public key.Goyal and Tripathy [6] used the combination of 

digital signatures and one-time password based on hash chains 

to authenticate a host. Their approach requires substantial 

overhead to perform signature generation, verification and key 

management.Limmaneewichid and Lilakiatsakun [7] proposed 

an ARP authentication scheme based on ARP authentication 

trailer, named P-ARP, which consists of a magic number, 

nonce and the authentication data produced by the HMAC 

hash function. In order to hide the target IP address in an APR 

request message, additional operation such as hash function 

must be performed to create nonce and HMAC values. In 

addition, this approach is ineffective against ARP DoS attacks. 

Although  cryptographic approach is generally an effective 

mechanism to guarantee integrity of ARP packets themsel  

B. Kernel-based patch 

Anticap [8] and Antidote [9] are some examples of solutions 

to ARP spoof that suggest a patch to some specific OS to 

protect against ARP spoof. However, their patch can be used 

only with some specific kernel. ARP in that kernel after~ ves, 

it often slows down the overall network throughput to an 

unacceptable level in practice. patched may not be compatible 

and interoperable with the ARPmechanisms in other un-

patched kernels. 

C. Host-based approaches 

Xing et al. [10] used WinPcaP library to capture and filter 

ARP packets. Whenever ARP response acket is received and 

the cache needs to be updated, it compares against the correct 

IP–MAC address pairs and corrects the contents of the local 

ARP cache if they are different. Ramachandran and Nandi [11, 

12] checked inconsistencies of the addresses advertised by 

ARP request and TCP SYN packets. In order to build reliable 

IP–MAC pairs, they used the IP–MAC address advertised by 

ARP messages to build TCP SYN packets. When there are no 

ARP attacks, the destination  MAC and IP in the TCP SYN 

packet has to be the source MAC and IP address reported in 

ARP messages. However,this approach would create a heavy 

traffic on the LAN if ARP DoS attacks are continuously 

generated to probe the network. Furthermore, this approach 

only detects an ARP attack but cannot prevent it.Hou et al. 

[13] used a network intrusion detection system (e.g. Snort [14, 

15]) to detect ARP attacks. They expanded the original ARP 

spoofing plug-ins in Snort by adding an ARP inspection 

module. The ARP inspection module automatically binds the 

correct gateway IP–MAC address in static mode. Likewise, 

Barbhuiya et al. [16] used a host-based intrusion detection 

system to detect ARP attacks.Their approach checked the 

integrity and authenticity of ARP replies using a combination 

of digital signatures and one time passwords based on hash 

chains. Information included in digital signatures (e.g. IP 

address to MAC 

address mapping, the local clock time and the tip of hash chain 

etc.) is used to verify the password. the host-based IDS 

answered ARP requests by sending digital signature as the 

ARP reply. Unfortunately, s acknowledged by the authors, at 

present this approach can only detect ARP attacks.Philip [17] 

proposed a technique to prevent ARP cache poisoning attacks 

in wireless access point-based networks which may include 

wired clients. The access point creates a mapping table, which 

stores the mapping of IP addresses to MAC addresses. Since 

all the wireless clients registered with the access point have to 

obtain an IP address using the DHCP protocol, the mapping 

table contains the correct mapping of all the wireless clients 

that communicate through this access point. Therefore 

whenever the access point receives an ARP request or reply, it 

uses its mapping table to verify whether the mapping in the 

ARP request or reply is valid. Unfortunately, there are a 

couple of serious drawbacks to this approach. First, it does not 

support hosts that have static IP addresses. Second, it is 

designed to work with only Linksys routers, and this approach 

requires manufacturers to release device driver source code to 

update firmware which handles transmission of packets from 

one wireless client to another. tellectual property issues 

prevent this approach from becoming widely adapted in 

practice.Nam et al. [18] proposed man-in-the-middle (MITM)-

resistant address resolution protocol (MR-ARP). Their 

approach consists of two parts: (i) mapping table (e.g. long-

term table) keeps the values of IP–MAC pairs for connected 

hosts over longer periods; and (ii) conflict resolution 

mechanism based on voting prevents hosts against MITM 

attacks being launched. However, their approach was installed 

and evaluated on a small number of hosts. In addition, if a host 

is disabled by another type of DoS attack in the worst case, 

then the MITM attack cannot be valid.Lastly, Trabelsi and El-

Hajj [19] proposed a stateful ARP cache management 

mechanism based on a fuzzy logic. The DHCP protocol, the 

mapping table contains the correct mapping of all the wireless 

clients that communicate through this access point. Therefore 

whenever the access point receives an ARP request or reply, it 

uses its mapping table to verify whether the mapping in the 

ARP request or reply is valid. Unfortunately, there are a 

couple of serious drawbacks to this approach. First, it does not 

support hosts that have static IP addresses. Second, it is 

designed to work with only Linksys routers, and this approach 

requires manufacturers to release evice driver source code to 

update firmware which handles transmission of packets from 

one wireless client to another. Intellectual property issues 

prevent this approach from becoming widely adapted in 

practice.Nam et al. [18] proposed man-in-the-middle (MITM)-

resistant address resolution protocol (MR-ARP). Their 

approach consists of two parts: (i) mapping table (e.g. long-

term table) keeps the values of IP–MAC pairs for connected 

hosts over longer periods; and (ii) conflict resolution 

mechanism based on voting prevents hosts against MITM 

attacks being launched. However, their approach was installed 

and evaluated on a small number of hosts. In addition, if a host 

is disabled by another type of DoS attack in the worst case, 

then the MITM attack cannot be valid.Lastly, Trabelsi and El-

Hajj [19] proposed a stateful ARP cache management 

mechanism based on a fuzzy logic. Thecan be used to block 

ARP attacks in small office, home office (SOHO) LANs. The 

scheme consists of two elements, namely a server that updates 
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the ARP cache and a switch that blocks all ARP messages. 

However, they failed to address how the server collects the 

correct IP–MAC  mappings so that it may generate correct 

reply to the incoming ARP requests. 

D. Port security on switch 

This group of solutions suggests using an expensive switch 

that can support port security (such as Dynamic ARP 

Inspection (DAI) [20]). This kind of switch can help detect 

ARP spoof easily. However, the main problem of this solution 

is cost. For most of organization, it would not be possible to 

change all LAN switches to the high-end ones (in particular at 

the access level ofnetwork). 

E. Manually configuration of static ARP entries 

The most basic way to protect against ARP spoof is manually 

configuring static ARP entries at every host.However, this 

solution is not manageable for network administrators of a 

rather big  rganization. Also, it would be rather difficult to 

educate all end users of any organization to configure static 

ARP entries properly. 

F. ARP spoof detection & protection software 

There have been several programs, proposed to detect and 

protect against ARP spoof. Yet, most of them work 

ineffectively. Some of them can only detect but not protect, 

such as XArp [21], ARPWatch [22]. Several programs (such 

as Anti Netcut [23], NoCut [24], and AntiARP [25]) have 

been tested in our lab [26] and found an ineffectiveness of 

protection.AVASS [27] is an ARP spoof detection/protection 

software,designed and implemented by a team from our lab 

[26]. From our testing, it demonstrates effectiveness. 

However, we have also found that the design of AVASS is 

still not very efficient and easy to manage. In this work, we 

join with some of the team who has built AVASS to redesign 

and implement a new and better solution. 

G. server-based approaches 

Gouda and Huang [28] proposed an architecture in which a 

secure server is connected to the Ethernet and communications 

with the server take place using invite-accept and request-

reply protocols. All ARP requests and replies occur between a 

host and the server, and replies are authenticated using shared 

pair keys. Kwon et al. [29]proposed a similar approach to 

securely manage IP addresses in a distributed network. This 

approach uses an agent which retrieves genuine IP–MAC pairs 

from a host and forwards them to the manager to construct 

reliable IP–MAC mapping. The manager node onitors if IP 

addresses of licensed hosts are changed, and unauthorized 

hosts are disconnected as they are  assumed to have suffered 

spoofing attacks. Ortega et al. [30] proposed a scheme that can 

be used to block ARP attacks in small office, home office 

(SOHO) LANs. The scheme consists of two elements, namely 

a server that updates the ARP cache and a switch that blocks 

all ARP messages. However, they failed to address how the 

server collects the correct IP–MAC mappings so that it may 

generate correct reply to the incoming ARP requests.Lootah et 

al. [31] implemented a secure IP–MAC address  

Lootah et al. [31] implemented a secure IP–MAC address 

mapping in which an ARP reply is generated with an attached 

signature when a request is issued. A ticket is appended as a 

variable length ayload. This approach uses a local ticket agent 

(LTA), a key management server, to issue a public key to 

obtain the IP–MAC from the ticket. This approach is 

backward compatible with existing ARP, but it is susceptible 

to replay attacks. Furthermore, addition of cryptographic 

features in ARP may lead to some performance overhead. 

Pansa and Chomsiri [32] proposed revision of the dynamic 

host configuration protocol (DHCP)definition to include 

authentication of network devices and inclusion of mapping 

information between IP and MAC addresses. Although 

flawless in concept, it would cause serious compatibility 

problems because DHCP is one of the most popular protocols. 

In general,  approaches based on secure server are generally 

ineffective because the server itself becomes the primary 

target of DoS attacks and has the potential of becoming a 

single point of failure.Some high-end Cisco switches provide a 

feature called dynamic ARP inspection [33] through which the 

switch may drop ARP packets containing invalid IP/MAC 

pairs.The switch binds a physical port to a MAC address and 

maintains valid associations in content addressable memory 

(CAM) tables. However, if the first sent packet itself is a 

spoofed MAC address, the whole system fails. Likewise, 

various network monitoring tools (e.g. such as ARP- GUARD 

[34], ARPWATCH [31] and ARPDEFENDER [35]) inspect if 

ARP tables are arbitrarily changed. They maintain IP–MAC 

addresses of the ARP cache, periodically compare if changes 

have been made to the ARP cache, and alert administrators if 

necessary. These tools are cheaper than switches with port 

security but have slower response time compared to switches 

.Furthermore, false alarms occur when genuine IP (or MAC) 

address changes occur. 

H. ASA (anti-ARP spoofing agent) software 

Address resolution protocol (ARP) is widely used to maintain 

mapping between data link (e.g.MAC) and network (e.g. IP) 

layer addresses. Although most hosts rely on automated and 

dynamic management of ARP cache entries, current 

implementation is well-known to be vulnerable to spoofing or 

denial of service (DoS) attacks. There are many tools that 

exploit vulnerabilities of ARP protocols, and past proposals to 

address the weaknesses of the ‘original’ ARP design have 

been unsatisfactory. Suggestions that ARP protocol definition 

be modified would cause serious and unacceptable 

compatibility problems. Other proposals require customized 

hardware be installed to monitor malicious ARP traffic, and 

many organisations cannot afford such cost. This study 

demonstrates that one can effectively eliminate most threats 

caused by the ARP vulnerabilities by installing anti-ARP 

spoofing agent (ASA)[36] which intercepts unauthenticated 

exchange of ARP packets and blocks potentially insecure 

communications. The proposed approach requires neither 

medication of kernel ARP software nor installation of traffic 

monitors. Agent uses user datagram protocol (UDP) packets to 

enable networking among hosts in a transparent and secure 

manner. The authors implemented agent software on Windows 

XP and conducted an experiment. The results showed that 

ARP hacking tools could not penetrate hosts protected by 

ASA.  

Some of the tools that can be used to defense ARP spoofing 

attacks 
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 anti-arpspoof 

 Arpwatch 

 ArpON: Portable handler daemon for securing ARP 

against spoofing, cache poisoning or poison routing 

attacks in static, dynamic and hybrid networks. 

 Antidote: Linux daemon, monitors mappings, 

unusually large number of ARP packets. 

 Arp_Antidote Linux Kernel Patch for 2.4.18 - 2.4.20, 

watches mappings, can define action to take when. 

 ArpGuard: ArpGuard protects your Mac by keeping 

an eye on your Internet network. 

 Arpalert: Predefined list of allowed MAC addresses, 

alert if MAC that is not in list. 

 Arpwatch/ArpwatchNG/Winarpwatch: Keep 

mappings of IP-MAC pairs, report changes via 

Syslog, Email. 

 Prelude IDS: ArpSpoof plugin, basic checks on 

addresses. 

 Snort: Snort preprocessor Arpspoof, performs basic 

checks on addresses 

 XArphttp://en.wikipedia.org/wiki/ARP_spoo

fing - cite_note-XArp-11: Advanced ARP 

spoofing detection, active probing and passive 

checks. Two user interfaces: normal view with 

predefined security levels, pro view with per-

interface configuration of detection modules and 

active validation. Windows and Linux, GUI-based. 

 

 

 

 

TABLE1: ARP SPOOFING ATTACK DETECTION TOOLS COMPARISON

Name OS GUI Free Protection 
Per 

interface 
Active/passive 

Agnitum Outpost 

Firewall 
Windows Yes No Yes No passive 

AntiARP Windows Yes No Yes No active+passive 

Antidote Linux No Yes No ? passive 

Arp_Antidote Linux No Yes No ? passive 

Arpalert Linux No Yes No Yes passive 

ArpON  Linux/Mac/BSD No Yes Yes Yes active+passive 

ArpGuard  Mac Yes No Yes Yes active+passive 

ArpStar Linux No Yes Yes ? passive 

Arpwatch  Linux No Yes No ? passive 

ArpwatchNG Linux No Yes No No passive 

Colasoft Capsa Windows Yes No No Yes 
no detection, only analysis with manual 

inspection 

Prelude IDS ? ? ? ? ? ? 

remarp Linux No Yes No No Passive 

Snort  Windows/Linux No Yes No Yes Passive 

Winarpwatch Windows No Yes No No Passive 

XArp Windows, Linux Yes 
Yes (+pro 

version) 

Yes (Linux, 

pro) 
Yes active + passive 

Seconfig XP 
Windows 

2000/XP/2003 only 
Yes Yes Yes No 

only activates protection built-in some 

versions of Windows 

 

 

http://en.wikipedia.org/wiki/Arpwatch
http://en.wikipedia.org/wiki/ArpON
http://en.wikipedia.org/wiki/ARP_spoofing#cite_note-XArp-11
http://en.wikipedia.org/wiki/ARP_spoofing#cite_note-XArp-11
http://en.wikipedia.org/wiki/ArpON
http://en.wikipedia.org/w/index.php?title=ArpGuard&action=edit&redlink=1
http://en.wikipedia.org/wiki/Arpwatch
http://en.wikipedia.org/wiki/Snort_%28software%29
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VII. ARP ATTACK PROTECTION 

To prevent the above mentioned ARP attacks, H3C launches a 

comprehensive ARP attack protection solution. 

Figure 6: Device roles in an ARP attack protection solution 

 

                                         Fig 6 

Figure 6 shows the device roles in an ARP attack protection 

solution. The device roles serve as the basis for analyzing 

possible ARP attacks that Layer 2 and Layer 3 network 

devices may encounter, and for providing effective attack 

protection methods. 

An access switch is a critical point to prevent ARP attacks, as 

ARP attacks generally arise from the host side. To prevent 

ARP attacks, the access switches must be able to 

          Establish correct ARP entries, detect and filter out 

forged ARP packets, and ensure the validity of ARP packets it 

forwards. 

          Suppress the burst impact of ARP packets. 

After configuring the access switches properly, you do not 

need to deploy ARP attack protection configuration on the 

gateway. This relieves the burden from the gateway. 

If the access switches do not support ARP attack protection, or 

the hosts are connected to a gateway directly, the gateway 

must be configured to 

          Create correct ARP entries and prevent them from 

being modified. 

          Suppress the burst impact of ARP packets or the IP 

packets that will trigger sending of ARP requests. 

 
TABLE 2: COMPARISON OF VARIOUS APPROACHES TO DEFEND HOSTS AGAINST ARP ATTACKS 

                                                Category           Operation mode of      communication Protocol                      Types of security assurance                            

                                                                             ARP cache table                                                                                   against ARP attacks  

                                                                                                                                                                              At Host                          at Gateway                                                                                                 

Bruschi et al. [5]                   cryptography,            dynamic                         modified ARP              defeat ARP spoofing attack            N/A    

                                                Server-based 

Goyal and Triphyp [6]        cryptographic             dynamic                         modified ARP              defeat ARP Spoofing attack            N/A    

                                               Server-based 

Limmaneewichid and        cryptographic            dynamic                           ARP                              defeat ARP spoofing attack             N/A    

Lilakiatsakun [7] 

Xing et al. [10]                     host-based                 dynamic                          ARP                              defeat ARP spoofing attack             N/A    

                                              (application) 

Ramachandran                   host-based                   dynamic                          ARP                             Detection of ARP spoofing              N/A    

and Nandi [11, 12] 

Hou et al. [13]                     host-based                  dynamic                          ARP                             Detection of ARP spoofing               N/A    

                                              (IDS   plug-ins)            ( gateway’s IP–MAC 

                                                                                     pairs in static mode) 

Barbhuiya et al. [16]          host-based IDS            dynamic                         ARP                             Detection of ARP spoofing               N/A    

                                              Cryptographic 
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Philip [17]                            host-based                   dynamic                         ARP                             defeat ARP Spoofing attack             N/A    

                                              (router) 

Nam et al. [18]                   host-based                   dynamic                          ARP                             defeat ARP Spoofing attack             N/A    

                                                                           (ARP table,long-term table) 

Trabelsi and                       host-based                    dynamic                          ARP                             defeat ARP Spoofing attack             N/A    

Gouda and Huang [28]    server-based                 dynamic                         ARP                              defeat ARP Spoofing attack             N/A    

                                            Cryptographic        

Kwon et al. [29]                server-based                 dynamic                          ARP                             defeat ARP Spoofing attack             N/A    

                                            (server, agent) 

Ortega et al. [30]              server-based                 dynamic                          ARP                             defeat ARP Spoofing attack            N/A    

Lootah et al. [31]              server-based                 dynamic                         ARP                               only Detection of ARP spoofing    N/A    

                                            cryptographic       

Pansa and Chomsiri [32] server-based                 dynamic                        ARP, Modified             defeat ARP Spoofing attack            N/A    

                                                                                                                            DHCP  

M. OhY.-G. KimS               host-based                    Static                           UDP among             defeat ARP Spoofing attack        detection of                   

   HongS. Cha[36]                                                    ( agent)                      ASA protected hosts      and DOS attacks                     being spoofed                

                                                                                                                                                                                                        or under   DoS            

                                                                                                                                                                                                          attacks                                                                                                                                                                                                                                                                                                                                                                                                                                                                

                                                                                                                                                                                                                       

                                                                                                                                                                                                                

                                                                  

 

VIII. CONCLUSIONS  

In conclusion the main aim of this paper is to differentiate 

between the various solutions of address resolution protocol 

and also discuss the limitations of these existing solutions. We  

analyzed  several  currently  available  solutions;  identify  

their  strengths and  limitations  and  provide  comparison  

among  them.  Also describe the how to prevent the ARP 

spoofing attacks. Specified number of tools for carries the 

ARP spoofing attack and defense ARP spoofing. we can  say  

that  this  paper may be  used as  a  reference  by researchers  

when  deciding  how  to  secure  the  ARP  protocol.  
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Abstract- SCADA refers to a large-scale, distributed 

measurement(and control) system. SCADA is not a specific 

technology, but a type of application. SCADA stands for 

Supervisory Control and Data Acquisition — any application that 

gets data about a system in order to control that system is a 

SCADA application. A SCADA application has two elements: 

        1. The process/system/machinery we want to monitor a 

control — this can be a power plant, a watersystem, a network, a 

system of traffic lights, or anything else. 

        2. A network of intelligent devices that interfaces with the 

first system through sensors and control outputs.  

        Now modern SCADA system network are associated with 

large area through LAN/WAN. So automatically the secure 

security system of SCADA is necessary and for that in this paper 

we have propose a complete secure SCADA system base on the 

MiniSec, a secure network layer protocol for wireless sensor 

networks.By simulation we have shown that it will perform more 

securely then other SCADA system. 

 

Index Terms- SCADA, RTU, MiniSec Network, TinySec 

Network, ZigBee Network 

 

I. INTRODUCTION 

CADA systems are used to automate complex industrial 

processes where human controls impractical — systems 

where there are more control factors, and more fast-moving 

control factors, than human beings can comfortably manage. 

 

Around the world, SCADA systems control: 

       • Electric power generation, transmission and 

distribution: SCADA is used around the world to control all 

kinds of industrial processes — SCADA can help us increase 

efficiency,lower costs and increase the profitability of your 

operations.tems to detect current flow and line voltage, to 

monitor the operation of circuit breakers, and totake sections of 

the power grid online or offline. 

       • Water and sewage: State and municipal water utilities use 

SCADA to monitor and regulate waterflow, reservoir levels, pipe 

pressure and other factors. 

       • Buildings, facilities and environments: Facility managers 

use SCADA to control HVAC, refrigeration units, lighting and 

entry systems. 

       • Manufacturing: SCADA systems manage parts 

inventories for just-in-time manufacturing, regulate industrial 

automation and robots, and monitor process and quality control. 

       • Mass transit: Transit authorities use SCADA to regulate 

electricity to subways, trams and trolley buses; to automate 

traffic signals for rail systems; to track and locate trains and 

buses; and to control railroad crossing gates. 

       • Traffic signals: SCADA regulates traffic lights, controls 

traffic flow and detects out-of-order signals. 

 

Components of the SCADA system: 

A SCADA system performs four functions: 

1. Data acquisition 

2. Networked data communication 

3. Data presentation 

4. Control 

 

These functions are performed by four kinds of SCADA 

components: 

       1. Sensors (either digital or analog) and control relays that 

directly interface with the managed system. 

       2. Remote telemetry units (RTUs). These are small 

computerized units deployed in the field at specific sites and 

locations. RTUs serve as local collection points for gathering 

reports from sensors and delivering commands to control relays. 

       3. SCADA master units. These are larger computer 

consoles that serve as the central processor for the SCADA 

system. Master units provide a human interface to the system and 

automatically regulate the managed system in response to sensor 

inputs. 

       4. The communications network that connects the SCADA 

master unit to the RTUs in the field. 

 
Fig: SCADA System 

 

 

 

 

S  
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II. RELATED WORK 

        In this section, we describe recent works related to this 

paper. [9] offered an overview of technologies related to SCADA 

systems. Security issues regarding SCADA systems were 

discussed in [10, 2, 1 ]. In [10], Miller discussed the importance 

of the availability of process control systems within critical 

infrastructure systems and tried to call attention to the security 

aspects of these systems. In [1], Igure etal. did a survey on the 

research challenges of the security of modern SCADA systems. 

In [5], Goeke et al. examined the weakness of SCADA systems 

and proposed corresponding solutions. In [11], the U.S. 

Department of Energy proposed 21 suggestions to prevent 

attacks from the communication networks.In [12], Cheung et al. 

proposed a method to detect attacks towards SCADA systems 

using model-based intrusion detection. None of these studies 

considered the use of security patterns. 

 

Security patterns. 

        Security patterns were first proposed as a research paper by 

Yoder et al. in [14]. [13] reviewed most of the existing security 

patterns and provided system designers with guidelines for using 

security patterns to build secure systems. More information 

regarding the concepts of security patterns and the principles of 

building secure systems using security patterns were illustrated in 

[6, 15]. None of the proposed patterns apply specifically to 

SCADA systems. 

 

Attacks Against SCADA Systems 

        In today’s corporate environment, internal networks are 

used for all corporate communications, including SCADA. 

SCADA systems are therefore vulnerable to many of the same 

threats as any TCP/IP-based system. SCADA Administrators and 

Industrial Systems Analysts are often deceived into thinking that 

since their industrial networks are on separate systems from the 

corporate network, they are safe form outside attacks. PLCs and 

RTUs are usually polled by other 3rd party vendor-specific 

networks and protocols like RS-232, RS-485, MODBUS4, and 

DNP, and are usually done over phone lines, leased private frame 

relay circuits, satellite systems, licensed and spread spectrum 

radios, and other token-ring bus topology systems. This often 

gives the SCADA System Administrators a false sense of 

security since they assume that these end devices are protected 

by these non-corporate network connections. Security in an 

industrial network can be compromised in many places along the 

system and is most easily compromised at the SCADA host or 

control room level. SCADA computers logging data out to some 

back-office database repositories must be on the same physical 

network as the back-end database systems, or have a path to 

access these database systems. This means that there is a path 

back to the SCADA systems and eventually the end devices 

through their corporate network. Once the corporate network is 

compromised, then any IP-based device or computer system can 

be accessed. These connections are open 24x7 to allow full-time 

logging, which provides an opportunity to attack the SCADA 

host system with any of the following attacks: 

        • Use a Denial of Service (DoS) attack to crash the SCADA 

server leading to shutdown condition (System Downtime and 

Loss of Operations) 

        • Delete system files on the SCADA server (System 

Downtime and Loss of 

Operations) 

        • Plant a Trojan and take complete control of system (Gain 

complete control of system and be able to issue any commands 

available to Operators) 

        • Log keystrokes from Operators and obtain usernames and 

passwords (Preparation for future take down) 

        • Log any company-sensitive operational data for personal 

or competition usage (Loss of Corporate Competitive 

Advantage) 

        • Change data points or deceive Operators into thinking 

control process is out of control and must be shut down 

(Downtime and Loss of Corporate Data) 

        • Modify any logged data in remote database system (Loss 

of Corporate Data) 

        • Use SCADA Server as a launching point to defame and 

compromise other system components within corporate network. 

(IP Spoofing). 

 

So the SCADA Security Problem are- 

1.SCADA Network Vulnerabilities Unveiled 

2. Internet Connection = Cyber Attacks Now Possible 

3. Common Operating System Vulnerabilities Exposed 

4. Legacy and Newer Equipment Incompatibilities 

5. Online Protocol Libraries & System Documentation 

6. Electrical Power Utility Deregulation 

7. Competitive Industry 

8. Security & Network Upgrades = Higher Costs 

9. Physical Threats 

10. Insider Threats 

11.Terrorist Threats (Heightened After 9-11 Attacks) 

12. Nation State Level Threats 

 

III. PROPOSE WORK 

        So to solve those above problem of SCADA we need a 

network which can provide more security and as we know for 

Secure sensor network communication protocols need to provide 

three basic properties: data secrecy, authentication, and replay 

protection. Secure sensor network link layer protocols such as 

Tiny-Sec and ZigBee enjoy significant attention in this type of 

operation. 

        However, TinySec achieves low energy consumption by 

reducing the level of security provided. In contrast, ZigBee 

enjoys high security, but suffers from high energy consumption. 

MiniSec is a secure network layer that obtains the best of both 

worlds: low energy consumption and high security. MiniSec has 

two operating modes, one tailored for single-source 

communication, and another tailored for multi-source broadcast 

communication.The latter does not require per-sender state for 

replay protection and thus scales to large networks. 

 

DREAW BACK OF PRIVIOUS SENSOR NETWORK 

        Considerable attention had been paid to developing secure 

sensor network communication protocols. Unfortunately, 

existing technologies, such as TinySec and ZigBee, are unable to 

achieve low_This research was supported in part by CyLab at 

Carnegie Mellon under grant DAAD19-02-1-0389 from the 
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a secure network layer protocol for wireless sensor networks. 

simultaneously providing the three important properties of secure 

communication: secrecy, authentication, and message replay 

protection.TinySec, a popular secure link layer protocol, achieves 

low energy consumption and memory usage. Unfortunately, it 

also sacrices on the level of security. For example, it employs a 

single network-wide key, such that every node in the network 

can masquerade as any other node. Second, TinySec does not 

attempt to protect against replay attacks. ZigBee provides a 

higher level of security than TinySec since it is not restricted to a 

network-wide key. By keeping a per-message counter as the 

Initialization Vector (IV), ZigBee protects against message 

replay attacks. However, ZigBee is an expensive protocol. First, 

ZigBee sends the entire 8-byte IV with each packet, resulting in 

high communication overhead and high energy consumption by 

the radio. Also, ZigBee requires per-sender state, which 

consumes a large amount of memory as the number of 

participants increases 

 

ADVANTAGE OF THE NETWORK 

        MiniSec, a secure network layer protocol for wireless sensor 

networks. We achieve the best of both worlds: lower energy 

consumption than TinySec, and a high level of security like 

ZigBee. We accomplish this by leveraging three techniques. 

First, we employ a block cipher mode of operation that provides 

both secrecy and authenticity in only one pass over the message 

data. Second, we send only a few bits of the IV,while retaining 

the security of a full-length IV per packet. In contrast, previous 

approaches require two passes over the plaintext (one for 

encryption and one for authentication) and transmission of the 

full-length IV. 

 

Desired Properties 

        We now present the desired properties of a secure sensor 

network communication architecture. 

 

Data Authentication. 

        Data authentication empowers legitimate nodes to verify 

whether a message indeed originated from another legitimate 

node (i.e., a node with which it shares a secret key) and was 

unchanged during transmission. As a result, illegitimate nodes 

should not be able to participate in the network, either by 

injecting their own messages or by modifying legitimate 

messages. Data authentication is one of the basic building blocks 

of a secure system. For example, nodes need to verify commands 

from the base station, and a base station needs to authenticate 

whether the data readings indeed originate from valid nodes. 

Typically, data authentication is achieved by the sender 

computing a message-authentication code (MAC) over the 

payload and appending that to the message. Upon reception, the 

packet is considered to be valid if the receiver recomputes the 

MAC and it matches with the received MAC. ZigBee, TinySec 

and SNEP provide data authentication by using the CBC-MAC 

function, using Skipjack or RC5 as the block cipher. 

Data Secrecy.  

        Data secrecy, another basic requirement of any secure 

communication system, prevents unauthorized parties from 

discovering the plaintext. It is typically accomplished by setting 

up an encrypted communication channel. Encryption schemes or 

modes can be evaluated based on different criteria. A strong level 

of security is the notion of semantic security [3, 9]. The 

Handbook of Applied Cryptography de_nes semantic security 

such that .a passive adversary with polynomially bounded 

computational resources can learn nothing about the plaintext 

from the cipher text. Semantic security implies that an 

eavesdropper cannot gain any information about the plaintext, 

even after observing many encryptions of the same plaintext. 

        In secure communication protocols, data secrecy is provided 

by a cryptographic encryption scheme. To guarantee semantic 

security, we typically require a probabilistic encryption scheme 

and an unique initialization vector (or IV) for each encryption to 

add variation to the ciphertext. TinySec uses CBC-encryption, 

while SNEP and ZigBee employ counter-mode encryption. 

MiniSec provides both authentication and secrecy using OCB-

encryption with a non-repeating counter. 

 

        Replay Protection.  

A replay attack is when attackers record entire packets and replay 

them at a later time. TinySec is not resilient to such an attack, 

while SNEP provides protection using a counter. MiniSec 

provides replay protection in the unicast and broadcast setting, 

respectively. 

 

        Freshness.  

Since sensor nodes often stream time-varying measurements, 

providing guarantee of message freshness is an important 

property. There are two types of freshness: strong freshness and 

weak freshness. MiniSec provides a mechanism to guarantee 

weak freshness, where a receiver can determine a partial ordering 

over received messages without a local reference time point. 

Note that both ZigBee and SNEP provide weak freshness, while 

TinySec does not provide any form of freshness. 

 

Low Energy Overhead.  

Energy is an extremely scarce resource in sensor nodes. Thus, it 

is of paramount importance for the security protocol to retain a 

low energy overhead.On the Telos platform, sending a single 

byte is equivalent to executing about 4720 instructions. Thus, to 

reduce energy consumption, it is imperative to minimize 

communication overhead. Although public key cryptography had 

enjoyed major advancement recently, it is still 3.4 orders of 

magnitude more expensive than symmetric cryptography in 

typical sensor nodes. Because it requires less energy consumed 

by the processor, security protocols that only employ symmetric 

cryptography are preferred in sensor network applications. 

 

Resilient to Lost Messages.  

The relatively high occurrence of dropped packets in wireless 

sensor networks requires a design that can tolerate high message 

loss rates. 
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IV. SIMULATION RESULTS 

 

 
Fig:- 2 

 

        In the above figure a comparison is done between using 

fixed security level and variable security level over SCADA 

network. The figure state that using the Minisec sensor protocol 

network the variable security level is greaduely decreasing so the 

network is becoming more secure. 

 

V. CONCLUSION 

        So using the Minisec secure sensor network protocol the 

total entire system of the SCADA become more trustable and 

efficiency.As the MiniSec network protocol has low energy 

consumption and high security so it is more cost effective. 

 

REFERENCES 

[1] D. Goeke and H. Nguyen. SCADA system security. 
http://islab.oregonstate.edu/koc/ ece478/05Report/Goeke-Nguyen.pdf, 
2005. 

[2] V. M. Igure, S. A. Laughter, and R. D. Williams. Security issues in SCADA 
networks. Journal of the Computers & Security, 25(7):498–506, 2006. 

[3] A. Risley, J. Roberts, and P. Ladow. Electronic security of real-time 
protection and SCADA communications. In Proc.of the 5th Annual Western 
Power Delivery Automation Conference, 1-3 April 2003. 

[4] E. Byres and J. Lowe. The myths and facts behind cyber security risks for 
industrial control systems. In Proc. of VDE Congress, Berlin, Germany, 
2004. 

[5] E. B. Fernandez, M. VanHilst, M. M. L. Petrie, and S. Huang. Defining 
security requirements through misuse actions. Advanced Software 
Engineering: Expanding the Frontiers of Software Technology, 219:123–
137, 2006. 

[6] E. B. Fernandez and R. Pan. A pattern language for security models. In 
Proc. of the 8th Annual Conference on the PatternLanguages of Programs 
(PLoP 2001), Urbana, Illinois, USA,11-15 September 2001. 

[7] T. Priebe, E. B. Fernandez, J. I. Mehlau, and G. Pernul. Apattern system for 
access control. In Proc. of the 18th. Annual IFIP WG 11.3 Working 
Conference on Data and ApplicationsSecurity, 2004. 

[8] A. Braga, C. Rubira, and R. Dahab. Pattern Languages of Program Design 
4, chapter 16, Tropyc: A pattern language for cryptographic object-oriented 
software. Addison Wesley Publishing Company, 1999. Also in Proc. of 
PLoP, 1998. 

[9] S. A. Boyer. Supervisory Control and Data Acquisition. ISA– The 
Instrumentation, Systems and Automation, 1999. 

[10] A. Miller. Trends in process control systems security. IEEE Security and 
Privacy, 3(5):57–60, 2005. 

[11] U.S. Department Of Energy. 21 steps to improve cyber security of SCADA 
networks.http://www.oe.netl.doe.gov/docs/ 

[12] S. Cheung, B. Dutertre, M. Fong, U. Lindqvist, K. Skinner,and A. Valdes. 
Using model-based intrusion detection for SCADA networks. In Proc. of 
the SCADA Security Scientific Symposium, Miami Beach, FL, USA, 
January 2007. 

[13] M. Schumacher, E. B. Fernandez, D. Hybertson, F. Buschmann, and P. 
Sommerlad. Security Patterns: Integrating Security and Systems 
Engineering. John Wiley &Sons, Inc., 2006. 

[14] J. Yoder and J. Barcalow. Architectural patterns for enabling application 
security. In Proc. of PLoP, 1997. Also Chapter15 in Pattern Languages of 
Program Design, vol. 4 (N.Harrison, B. Foote, and H. Rohnert, Eds.), 
Addison-Wesley,2000. 

[15] E. B. Fernandez. Security patterns. In Proc. of International Symposium on 
System and Information Security, 2006. 

 

AUTHORS 

First Author – Kousik Maity, currently pursuing B.Tech in 

Electronics & Communication Engineering at Bengal Institute of 

Technology under West Bengal University of Technology. His 

research interest includes robotics & wireless Communication. 

Second Author – Purnendu Chakraboty, currently pursuing 

B.Tech in Electronics & Communication Engineering at   Future 

Institute of Engineering & Management under West Bengal 

University of Technology. His research interest includes robotics 

& wireless Communication. 

Third Author - Bidisha Goswami, currently pursuing B.Tech in 

Electronics & Communication Engineering at   Future Institute 

of Engineering & Management under West Bengal University of 

Technology. Her research interest includes robotics & wireless 

Communication. 

Fourth Author – Arup Paul, currently pursuing B.Tech in 

Electronics & Communication Engineering at   Future Institute 

of Engineering & Management under West Bengal University of 

Technology. His research interest includes wireless 

Communication. 

Fifth Author – Arumoy Saha, currently pursuing B.Tech in 

Information Technology at Bengal Institute of Technology under 

West Bengal University of Technology. His research interest 

includes wireless Communication & satellite communication. 

 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      691 

ISSN 2250-3153  

www.ijsrp.org 

Characterization of GCET Protocol in Ad Hoc Network 

Anamika Rai, Ravikant Yadav, Mrs. Ruchi Asija 

 
* Department of Computer Science & Engineering, Galgotias College of Engineering & Technology, Greater Noida 

 
Abstract- An ad hoc wireless network is an autonomous self-

organizing system of mobile nodes connected by wireless links 

where nodes not in direct range can communicate via 

intermediate nodes. A common technique used in routing 

protocols for ad hoc wireless networks is to establish the routing 

paths instead of continually maintaining a complete routing table. 

A significant concern in routing is the ability to function in the 

presence of byzantine failures which include nodes that drop, 

delay, or mis-route packets in an attempt to disrupt the routing 

service. 

         We propose a routing protocol for ad hoc wireless networks 

that provides resilience to byzantine failures caused by individual 

or colluding nodes. Our delay analysis technique detects a faulty 

link (mainly those which lead to packet drop, mis-route and 

delay). These links are then avoided by repetitively comparing 

their time delay and by using a beacon message in our route 

discovery protocol that leads to a least delay path to the 

destination. 

 

Index Terms- Ad hoc network, Byzantine, Black hole Attack, 

Byzantine Wormhole Attack, Delay value analysis technique.   

 

I. INTRODUCTION 

d hoc wireless networks are self-organizing multi-hop 

wireless networks where all the hosts (nodes) take part in 

the process of forwarding packets.It is relatively better 

communication methodology which has a rapid growth of 

wireless gadget, such as laptop, PDAs wireless sensors and 

Wireless phones, shows the importance of wireless technology 

becoming more prominent day by day. The Infrastructure 

networks rely on a fixed base station or access point, where all 

the mobile nodes are connected to it. The infrastructure less 

networks is the ad hoc networks, where all the mobile nodes are 

connected to each other with the absence of an access point a 

centralized point of management. A mobile ad hoc network 

consists of nodes. Nodes within radio range of each other can 

communicate directly over wireless links, and those that are far 

apart use other nodes as relays. Each host in an ad hoc wireless 

network also acts as a router and routers are mostly multi hop. 

Ad hoc wireless network[1] is self –organized in such a way that 

a collection of mobile nodes without the help of any fixed 

infrastructure and central management is formed automatically. 

Each node is equipped with a wireless receiver and transmitter 

that communicate with other nodes which lie in its radio 

communication range. Ad hoc wireless network is dynamic in 

nature and they constantly move in and out of their network 

limits (range). Ad hoc networks can easily be deployed since 

they do not require any fixed infrastructure, such as base stations 

or routers.   Therefore, they are highly applicable to emergency 

deployments, natural disasters, military battle fields, and search 

and rescue missions. 

        Initially, Ad hoc wireless network was designed for military 

applications, but later on it found its new usage. For example, 

search and rescue mission, data collection, virtual classes and 

conferences where laptops, PDA or other mobile devices are in 

wireless communication. A key component of ad hoc wireless 

networks is an efficient routing protocol, since all of the nodes in 

the network act as routers. Some of the challenges faced in ad 

hoc wireless networks include high mobility and limited power 

resources. Consequently, ad hoc wireless routing protocols must 

use battery power efficiently.  

        In this routing protocol, nodes initiate a route discovery 

process only when data packets need to be routed. Discovered 

routes are then analysed by time delay comparison for selecting 

an efficient path. Here we assume that there is proper security in 

the ad hoc network where this protocol is working. Although one 

might assume that once authenticated, a node should be trusted, 

there are many scenarios where this is not appropriate. For 

example, when ad hoc networks are used in a public Internet 

access system (airports or conferences), users are authenticated 

by the Internet service provider, but this authentication does not 

imply trust between the individual users of the service. Also, 

mobile devices are easier to compromise because of reduced 

physical security, so complete trust should not be assumed. 

        Since ad hoc wireless network is being used widespread, 

security has become a very important issue[2]. Therefore, only a 

node that compromises with an attacking node can cause the 

network to fail. The dynamic and cooperative nature of the ad-

hoc routing infrastructure also imposes additional security 

threats. Dynamic changes to the network topology make it 

difficult to detect if a node providing false routing information is 

Byzantine[3] or is just out of sync with the topological changes. 

These security threats must be considered, when designing 

security mechanisms for a wireless ad-hoc network. This paper 

focuses mainly on routing process[4] assuming a pre-secured 

system that detects inappropriate or malicious activity on a 

computer or network. This paper is structured as follows. In 

section 2 we discuss about misbehaving or critical nodes in Ad 

hoc wireless network. In section 3 we present the algorithm of 

our protocol. In section 4 we discuss the detailed technique 

proposed for preventing byzantine faults and finally provide a 

comprehensive analysis of results in section 5. 

 

II. PROBLEM DEFINITION  

        We consider only the source and destination to be trusted,            

and assume that there exists anon-adversarial path between 

source and destination. Any intermediate node on the path 

between the source and destination may exhibit Byzantine 

A  
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behavior[7]. The goal of our protocol is to avoid Byzantine 

behavior, or bound its effect on the overall system. We assume 

that an intermediate node can exhibit such behavior either alone 

or in collusion with other nodes. We do not address resource 

consumption attacks where a node receives a high number of 

messages with incorrectly authenticated packets[8]. We define 

Byzantine behavior as any action by an authenticated node 

performed at the network layer that results in disruption or 

degradation of the routing service (i.e. the attacker does not have 

control over the MAC or physical layers). Attacks like 

eavesdropping, fabricating or modifying packets can be 

prevented by traditional encryption, authentication and integrity 

mechanisms. More complex attacks include manipulating the 

route discovery phase of the protocol to control the path 

establishment. Examples of such attacks are making a path 

appear either longer or shorter than it is. One simple way to do 

this is by modifying the information that propagates on the 

packet, such as the hop count or the list of nodes on the path. A 

basic Byzantine attack is referred to as a black hole attack [2,5] 

where the adversary drops data packets (entirely or selectively), 

while still participating in the routing protocol. As a result, 

whenever an adversarial node is selected on a path, data will be 

lost partially or entirely on that path. Authentication techniques 

cannot prevent the attack, since once a node is compromised and 

under adversarial control, all the cryptographic keys are available 

to the attacker. Thus, the attacker can generate messages that 

appear to be authentic. Besides attacks that can be performed 

individually by one malicious node, we consider stronger forms 

of Byzantine attacks that involve colluding malicious nodes 

which coordinate their actions. Examples of such attacks are the 

Byzantine wormhole attack[9] and its stronger variant the 

Byzantine overlay network wormhole. In a Byzantine wormhole 

attack two colluding adversaries cooperate by tunneling packets 

between each other in order to create a shortcut (or wormhole) in 

the network. This tunnel can be created by using a private 

communication channel, such as a pair of radios and directional 

antennas, or by using the existing ad hoc network infrastructure. 

The adversaries can then use the low cost appearance of the 

wormhole in order to increase the probability of being selected 

on paths, and then attempt to disrupt the network by selectively 

dropping the data packets or to perform traffic analysis. Note that 

for a Byzantine wormhole, the wormhole link exists between two 

compromised (adversarial) nodes, while in a traditional 

wormhole two honest nodes are tricked into believing that there 

exists a direct link between them. Wormhole detection 

techniques proposed against traditional wormholes, are 

ineffective in the case of Byzantine wormholes due to the trust of 

the wormhole link end points (which are adversarial).A 

Byzantine overlay network wormhole attack is a more general 

(and stronger) variant of the previous attack and occurs when 

several nodes are compromised and form an overlay network. By 

tunneling packets through the overlay network, the adversaries 

make it appear to the routing protocol that they are all neighbors, 

which considerably increases their chances of being selected on 

routes and facilitates further attacks[9].We do not consider 

general attacks such as Sybil and node replication attacks. 

 

III. GCET ROUTING PROTOCOL 

        Our protocol establishes a reliability metric based on past                                                

delay value analysis and uses it to select the best path. The metric 

is represented by a list of delay values where high delay values 

correspond to low reliability. Each route in the network 

maintains its own list, referred to as a reliability list, and 

dynamically updates that list when it detects faults.  

 

Fig. 1 Routing Protocol Phases 

 

        These links are avoided using a secure route discovery 

protocol that incorporates the reliability metric. More 

specifically, our routing protocol can be separated into three 

successive phases, each phase using as input the output from the 

previous. 

        1) Route discovery: Using flooding and beacon message, 

this phase sends and outputs the initial path from the source to 

the destination. 
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Fig.2 Flooding 

 

        2) Delay value Analysis: This phase analyses the delay 

value involved for respective beacon messages and maintains a 

delay value list for each pair nodes. The delay value list is used 

by the efficient route tracing phase to avoid faulty path. 

        3) Efficient Route tracing: This phase maintains a reliability 

list of links discovered by the time delay management algorithm. 

The delay value list is used by the route discovery phase in cyclic 

manner to generate effective route. 

 

1) Route Discovery: When a source node wants to transmit 

data to a destination node and if it doesn’t has a path to 

destination node in the routing table, it broadcasts the 

beacon message to establish a main route. When 

intermediate nodes receive the beacon message and they 

are not the destination that is determined in the packet, 

take action similar to conventional AODV[6] protocol. 

If the destination node receives beacon, sends the reply 

to the source node, and after net traversal time (in 

milliseconds) sends reply to the source node. If the 

source node receives the reply, the main route is 

established and starts data transmission. 

 

 

Fig.3 Transmission of Beacon message 

 

2) Delay Value Analysis: This phase aims to form a list of 

the delay values involved in route discovery phase. 

Beacon message transmission acts a medium for this 

goal. The delay values are compared with optimum 

threshold value which determines whether the link is 

efficient or not. In case, the delay value is greater than 

the threshold value, the link is rejected. Else, the link 

proves to be efficient as it is within the acceptable 

range. The threshold value is determined as per analysis 

of data obtained in initial stages. 

3) Route Tracing: After analyzing the links on basis of 

delay values, a list efficient links is maintained. These 

links are used further to establish efficient route for data 

transmission. The route is traced on the basis of original 

algorithm. This route has minimum risk from the 

foreseen byzantine failures such as packet drop, delay, 

mis-route. Thus, it is used for successful transmission of 

data packets. 

 

IV. ALGORITHM  

1. Assume the Beacon message is pre-encrypted. 

2. Broadcast it using flooding technique. 

3. When all the nodes in the network are available. 

4. Max distance between any two nodes is fixed at some 

standard (let D). 

5. So max time of message delivery is estimated which is 

used as threshold. 

6. Now when reply is generated then the time delay 

between the links is compared to obtain the best nodes 

(in reply time) in the network.  

7. Hence a route with least time delay (let tl) is traced to 

send a packet to the destination. 

8. Further, when packet passing is done then the initial 

node chooses that neighbor node which has least time 

delay for reply (tl= min {t0, t1 t2 t3 ……}). 

9. In this way least delay links are chosen among the 

nodes. 

10. Further the same process is repeated for each pair of 

nodes to obtain a route. 

11. If an error comes then error message (Rerr) is generated 

towards the source. 

12. Finally, the packet is successfully transmitted to the 

destination.  

 

V. ANALYSIS & RESULTS 

        The Implementation of the GCET routing protocol is done 

on NS2[11]. The Network Simulator (ns2) network simulation 

package will be the supported tool for this class. You may run 

ns2 using the ECE Graduate Workstation Laboratory or you can 

install it on your own Linux. Tcl, Tk, Otcl, and Tclcl[12] are 

support programs that are used by ns2, which is the simulation 

program. Nam is the network simulator which provides visual 

views of the network simulation. 
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Fig.4 Routing Flowchart 
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Fig.5 Processing of TCL file on Ubuntu Terminal by NS2 
 

 

Fig.6 Visual of NAM Trace initially. Here sink0, source-4 
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Fig.7 Visual of Beacon Message transmission in Network 

 

Fig.8 Data Transmission to sink using Droptail 
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Fig.9 Again transmission of data continues from Source to Sink 

 

VI. CONCLUSION 

         In this paper, we have illustrated the GCET Routing 

protocol which uses an on-demand approach for finding routes, 

that is, a route is established only when it is required by a source 

node for transmitting data packets. It employs destination 

sequence numbers to identify the most recent path.  

         In Ad Hoc wireless networks, due to high network traffic. 

A number of recent works have been studied before 

implementing this new methodology. The implemented solution 

unlike some of its predecessors does not depend on distance 

metrics but mainly focus on transmission time which leads to an 

efficient system formation. Currently more studies are being 

done to implement probing method based on Divide and Conquer 

technique to add tolerance of several errors to the protocol. 
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Abstract- Thalassemia describes a group of inherited disorders 

characterized by reduced amount of hemoglobin, the oxygen-

carrying protein inside the red blood cells. Various 

haematological and serological parameters were studied in a 

cohort of thalasaemic patients coming for routine blood 

transfusion regime in a government run children hospital of 

Rajkot. Due to poor socio-economic condition, none of the 

patients were taking chelation therapy needed for better 

management of thalassaemia. To get insight into effect of 

multiple blood transfusions on these patients, age, spleen status, 

distribution of blood group, hemoglobin level and other 

hematological indices and serolological parameter like SGPT 

related to iron overburden was studied. A very low hemoglobin 

level with very high SGPT level along with sleenomegaly is 

suggestive of poor prognosis in these patients. 

 

Index Terms- Thalassemia, Hematology, Serology, 

Spleenomegaly 

 

I. INTRODUCTION 

Normal hemoglobin A consists of two α and two β chains. 

The globin gene clusters are present on chromosome 16 

while the β gene clusters are present on chromosome 11. 

Thalassemias are autosomal recessive disorders. In thalassemia, 

one of the globin chains syntheses may be defective either due to 

mutation or deletion resulting in excess production ofthe other 

chain which damages the red cell membrane.  

On the basis of the affected globin chain, the thalassemias are 

classified into α or β types. The β thalassemia is prevalent 

throughout the world while α is found more in the Mediterranean 

region, 
[1]

 Middle East, 
[2],[3],[4]

 South Asia 
[5],[6]

 and South East 

Asia. 
[7],[8],[9]

  

       The hematological parameters in the thalassemic patients 

vary with the type and severity of anemia. However, varying 

degrees of microcytosis is invariably a common feature of almost 

all types of thalassemias.  Thalassemias are classified according 

to the globin that is affected, hence the names alpha and beta 

thalassemia. Beta thalassemia is the most well-known type of 

thalassemia and is also called Cooley's anemia. Beta thalassemia 

major usually causes severe anemia that can occur within months 

after birth. If left untreated, severe anemia can result in 

insufficient growth and development, as well as other common 

physical complications that can lead to a dramatically decreased 

life-expectancy. To avoid that repeated blood transfusions are 

required. Individuals with beta thalassemia major receive regular 

blood transfusions, usually on a monthly basis. This helps 

prevent severe anemia and allows for normal growth and 

development. However, in poor socio economic set up this 

regime is not strictly adhered to and result in a grim scenario in 

terms of maintenance of satisfactory hematological and 

serological parameters for targeted aim of well being of such 

patients. Life sustaining transfusion regime also has the flip side 

in terms of spleenomegaly and increased SGPT levels due to iron 

overload. An attempt was made to study hematological and 

serological parameters in thalassemic patients on regular blood 

transfusion regime without chelation therapy. This along with 

other complications of blood transfusion can decrease life 

expectancy of such patients dramatically. 

 

II. MATERIALS AND METHODS 

       A group of 130 thalassemic patients at K.T. Children 

Hospital, Rajkot initially included in the study in the year of 

2003. At the end of the study we had  registered 218 patients. 

These patients had been receiving blood transfusions regularly at 

K.T. Children Hospital since 2003 till the end of the study 

period. Patients who had received at least 2 previous blood 

transfusions were included for serological follow up for 5 

successive years (2003, 2004, 2005, 2006 and 2007). Transfusion 

and clinical records of all patients were maintained. About 3 ml 

blood sample was collected and samples were preserved. 

Analysis of 121 patients was done at the end of the study and the 

others were excluded due to various reasons (05 patients moved, 

sample was inadequate in 02, one patient died and one was lost 

to follow up). 

       -Screening of Hematological parameters: All the samples 

were screened by poCFH-100i Automated Hematology Analyzer 

by Sysmax, Transasia. It shows parameters like WBC, RBC, 

HGB, HCT, MCV, MCH, MCHC, PLT, LYM#, LYM%, MXD#, 

MXD%, NEUT#, NEUT%, RDW-SD, RDW-CV, PWD*, MPV, 

P-LCR.It shows histogram of WBC, RBC and PLT. 

       -Screening of blood groups (ABO):  Monoclonal 

agglutinating sera were used for the determination of human 

blood groups (ABO) by Span Diagnostic kit. 

       -Screening for S.G.P.T. detection specially in Thalassemic 

patients: All the samples were screened by S.G.P.T. IFCC 

method, Kinetic by ERBA S.G.P.T. Test kit. 

       -Screening of Iron & TIBC Level by Crest Biosystems: Test 

is based on Ferrozine Method for the determination of Iron and 

Total Iron Binding Capacity in serum. 

 

N  
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III. RESULT AND DISCUSSION 

       Present study was conducted to observe haematological and 

serological parameters in thalassemia patients who received 

multiple blood transfusion without chelation therapy in and 

around Rajkot city. Figure 1 shows prevalence of blood group in 

Thalassemia patients to study the preference of any particular 

blood group. 

 

Blood group wise distribution of Thalassemia patients 

Figure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

      Figure   shows in our studies  42 patients out 121 possess 

Blood group O (34.71%), 23 out of 121 are of blood group A 

(19%), 47 out of 121 are of blood group B (38.84%) and 9 out of 

121 having blood group AB (7.45%). This pattern is similar to 

the pattern of blood group observed in general population. 

        Repeated blood transfusion results in Spleenomegaly in 

Thalassemic patients. However some patients undergo 

spleenactomy to reduce amount of blood transfusion. 

 

Spleen status in Thalassemic patients 

Figure 2 

37%

49%

14%

SPLEEN STATUS

Normal

Enlarged

 

       Figure 2 shows that 49% of the patients had spleenomegaly 

and 37% patients had normal size of the spleen. 14% of patients 

were spleenectomized which make them susceptible to microbial 

infection. However spleenectomy procedure is always followed 

by vaccination to the patients. The estimation of Hemoglobin 

always reveals the deviation of Hb level from the normal. 

Anything below 13.8 gm% in males and 12.0 gm% in females in 

considered as anemia. 

 

Estimation of Hemoglobin in Thalassemia Patients 

Figure 3 
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  Hemoglobin 

% 

1 Thalassemic 

Average 

7.6% 

2 Normal 15% 

 

       Above table shows patients with Thalassemia have lower 

Hemoglobin (Average 7.6%) than Normal (Average 15.0%). 

       Above Figure shows patients with thalassemia shows lower 

Hemoglobin % in our study, Thalassemic patients have average 

7.6% of Hemoglobin as compare to normal patients have 15.0 % 

of Hemoglobin. 

 

Table 1 

Serological Parameters 

 

 Normal values Thalassemic 

Patient’s 

Average value 

SGPT 6-21 IU/ml 55.1 IU/ml 

TIBC 228-428 

mcg/ml 

506.5 mcg/dl 

S. 

Iron 

80-175 

microgm/100ml 

206.18 

microgm/100ml 

 

       Above table shows Thalassemia patients show higher level 

of S.G.P.T. enzyme (55.1IU/ml) than Normal people (6-21 

IU/ml),  higher T.I.B.C. levels (506.49 mcg/dl) than Normal 
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people (228-428 mcg/dl) and  higher level of S. Iron. (206.18 

µg/100 ml) than Normal people ( Male:80-175 µg/100 ml and 

Female: 60-160 µg/100 ml) 

 

Heamatological Parameters 

Table 2 

 

         Above table shows Thalassemic patients have lower levels 

of H.C.T. (21.6%) than Normal people (37-47%). 

         Above table shows that thalassemia patients show higher 

level of R.D.W.–C.V. (21.44%) than Normal people (11.5-

14.0%). Also total count of leucocytes is always increased during 

thalassemia. Above table shows Thalassemic patients show high 

levels of W.B.C. (12.5 X 10
3 

cells/cmm) than Normal people 

(4.5-11.00 X 10
3 

cells/cmm. The number of white blood cells 

may appear raised due to the presence of a large number of 

immature (nucleated) red blood cells, which the cell counter may 

mistakenly identify as white blood cells. RBC count is also low. 

Microcytic anemia is observed.  Above table shows Thalassemic 

patients have lower levels of Red Blood Cells  (2.82 X 10
6 

cmm) 

than Normal people ( Male: 4.5-6.5 X 10
6 

cmm and Female: 3.9-

5.6 X 10
6 
cmm) 

 

 

Statistical Correlation analysis of various parameters: 

         Correlation analysis of various parameters in hemogram as well as incidence of microbial infections with the amount of blood 

transfused was carried out. 

 

 Hb S.G.P.T. S.Iron RBC HCT MCV RDW-CV WBC 

Hb 1        

S.G.P.T. 0.034 1       

S.Iron -0.228 0.001 1      

RBC 0.769 0.011 -0.183 1     

HCT 0.774 -0.019 -0.180 0.959 1    

MCV 0.134 -0.077 -0.033 0.118 0.378 1   

RDW-CV -0.152 -0.226 0.083 -0.023 0.050 0.175 1  

WBC 0.094 0.137 -0.057 0.078 0.115 0.116 0.152 1 

 

 

         As shown in the table there is a significant correlation 

between hemoglobin value, RBC count and hematocrit value. 

There was also a significant correlation of moderate degree 

between hematocrit value and mean corpuscles value. 

         Thalassemia is a worldwide disorder. α- and β -thalassemia 

are the most common single-gene hemoglobin disorders in the 

world. It is more prevalent in areas endemic for 

malaria. 
[18]

 South East Asia, 
[7],[8],[9]

 India, 
[5],[6]

 Mediterranean 

region 
[2],[3],[4]

 and Middle East including Saudi 

Arabia 
[2],[14],[15],[16],[17]

 are the regions from where large number 

of cases are reported. The change in hematological parameters 

depends on the type of thalassemia. The clue for thalassemia is 

low mean corpuscular volume (MCV) < 78 fl or low mean 

corpuscular hemoglobin (MCH) <27 pg. Although iron 

deficiency is the most common cause of a low MCV or a low 

MCH, it is likely that this finding will point to thalassemia in 

regions of countries with thalassemia-prone ethnic populations. 

There are several causes of the anemia produced by different 

abnormal hemoglobins. Microcytic hypochromic anemia is a 

common hematological abnormality in clinical practice and 

usually is caused by iron deficiency and thalassemia trait. 
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Abstract- An increasing number of Peer-to-Peer (P2P) Internet 

applications rely today on data dissemination as their 

cornerstone, e.g., audio or video streaming, multi-party games. 

These applications typically depend on some support for 

multicast communication, where peers interested in a given data 

stream can join a corresponding multicast group. As a 

consequence, the efficiency, scalability, and reliability 

guarantees of these applications are tightly coupled with that of 

the underlying multicast mechanism. 

        At the network level, IP Multicast offers quite good 

efficiency and scalability but best-effort reliability only. 

Moreover, the deployment of IP Multicast requires all routers to 

be appropriately configured, which makes it quite impractical in 

large scale or open settings, i.e., where one does not have full 

control over the networking environment. For this reason, several 

research directions have focused on trying to offer some form of 

multicast communication at a higher level, typically via an 

application-oriented middleware. Such a higher level data 

dissemination support is often referred to as Application Layer 

Multicast (ALM)Multicasting provides an efficient way of 

delivering data from a sender to a group of receivers. 

        Recent application-layer multicast and overlay multicast 

approaches provide a new way of handling multicast without 

upgrading the infrastructure in a large scale. Meanwhile, they 

introduce a number of challenges and are still plagued with 

concerns pertaining to scalability, deployment, heterogeneity and 

dynamic performance. In this paper we propose a new protocol 

framework for relieving these issues, so-called the Overlay 

Dynamic Multicast Protocol or ODMP, which intends to provide 

an efficient and reliable multicast support by dynamically 

managing an overlay core comprised of end hosts. 

 

Index Terms- Overlay, multicast, end host, application layer 

multicast, media streaming 

 

I. INTRODUCTION 

ith the wide deployments of broad band  technologies and 

due to the insufficient infrastructure  support of IP-

Multicast, tremendous amount of work  has been carried out on 

building application-layer  multicast systems for providing end 

users the media  streaming service. According to their overlay  

structures, existing works could be classified as tree-like systems 

and mesh like systems. The former ones  include ESM NICE 

,SCRIBE and Zigzags. In these  systems, nodes are organized in 

a spanning tree, and  the media data are pushed from parent node 

to child  nodes. For fully utilizing nodes’ bandwidths, systems  

containing multiple trees are also designed, such as  CoopNet, 

Split Stream, and Chunky spread. On the  other hand, data 

driven- based mesh-like overlays  have been proposed recently 

for media multicasting,  examples include Cool- Streaming  and 

PRIME, and  many successful commercial applications such as  

PPLive also adopts this mesh-like design. Compared  with the 

tree-like design, the mesh-like overlay is  more resilient against 

node failures, but it incurs  additional control overhead with the 

data-driven technique.  

         In ALM approach, end hosts form a virtual network, and 

multicast delivery structures are constructed on the top of this 

virtual overlay network. A basic ALM approach is to form and 

maintain an overlay for data transmission, where all end hosts in 

a multicast session are involved without considering the 

heterogeneities of them, e.g. computation power, bandwidth and 

access possibilities. For instance, all end hosts join the full mesh 

construction of ESM (Narada) [4] and multiple connections exist 

between any two nodes. The main advantage of constructing 

such a mesh is the easy implementation and being relatively 

stable, i.e. it can recover quickly from faults. Unfortunately, the 

mesh maintenance introduces a very high control overhead 

(O(2N ) where N is the number of group members) because each 

node must keep the information of the whole group or at least 

most of group.  

         Observing the weaknesses from ALM approaches, an 

alternative approach – overlay multicast or OM, by using a kind 

of “infrastructure-based” solution, has been proposed to 

implicitly gain the underlying network information.  Proposals of 

such an approach include OMNI [3] and TOMA [7]. Generally, 

overlay multicast relies on intentionally placed infrastructure 

nodes (instead of end hosts) in the network like overlay proxies 

or MSNs to implement the functionalities similar to IP multicast 

routers. These intermediate nodes can then obtain and utilize the 

knowledge about the underlying network topology to optimize 

the overlay routing path. The design issues of OM can be 

summarized in the following two aspects: 

         On the one hand, OM approaches employ these fixed or 

long-term infrastructure-based nodes to simplify membership 

management and multicast tree construction. This advantage can 

become a weakness, too, since the assumption of these fixed 

nodes in the infrastructure limits the extensibility and flexibility 

of deployment. Before constructing trees to be adaptive to a 

different metric, the infrastructure must be re-established based 

on other long-term measurements. 

         On the other hand, the locations of these intermediate nodes 

and the status of the overlay links among them are crucial to the 

overlay construction and maintenance. However, it is not realistic 

to conjecture the locations of each newly joining member; hence 

W  
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it cannot ensure that the selected node can provide optimal 

connections for the new member. That is, TOMA and OMNI 

need dedicated infrastructure deployment and costly server, 

which could not be adaptive to dynamic network changes and 

group member changes. Therefore, it is relatively difficult to 

implement them into the current Internet environment although 

they are proposed to provide multicast support for group 

communication applications. Obviously, to develop a practical, 

efficient and reliable multicast framework is the exclusive way to 

wide deployment of multicasting services. 

         Strongly motivated, in this paper, we present a new overlay 

multicast framework which manages a dynamic mesh-based 

overlay core where involves only participating end hosts without 

relying on the availability of the OM-aware infrastructure nodes, 

while providing certain degree of efficiency, reliability and 

resilience. The remainder of the paper is structured as follows. 

Section 2 gives a brief overview about ODMP framework. 

Section 3 further analyzes the properties of ODMP. Then, section 

4 discusses the performance metrics used in application level 

multicast. Finally, section 5 concludes with a brief summary and 

future work. 

 

II. FRAMEWORK OVERVIEW 

         Different from aforementioned application level multicast 

protocols, the Overlay Dynamic Multicast Protocol(ODMP) 

approach presented in this proposal attempts to support large-

scale groups without relying on any predefined intermediate 

nodes. In this approach, the overlay multicast mesh is solely 

constructed and maintained by end hosts. In addition, ODMP is 

designed to be suitable for real-time media streaming 

applications, which represents a substantial group of user 

applications such as IPTV. Therefore, ODMP tries to tackle the 

twin requirements of bandwidth and delay. Actually, the 

conjunction with delay and bandwidth guarantees has not been 

explicitly considered in prior work. To make ODMP a reality, we 

decouple the proposed solution into the following parts. Firstly, 

ODMP constructs an on-demand overlay core by which it can 

achieve the optimal performance. Secondly, ODMP distributes 

the burden of group management and data delivery to a few 

nodes instead of the source. Thirdly, the self-organizing protocol 

scales well to at least hundreds of nodes without sacrificing the 

quality of the overlay network. Fourthly, ODMP achieves the 

scalability by limiting group management within locality so that 

it can dramatically reduce the overhead and complexity of the 

overlay maintenance. The preliminary ideas of ODMP have been 

proposed as an Internet draft [8] and currently being discussed in 

the Scalable Adaptive Multicast Research Group (SAMRG) of 

the Internet Research Task Force (IRTF) [15]. The following 

subsections discuss more details about ODMP. 

 

2.1 ODMP architecture overview 

         Essentially, ODMP can be regarded as a hybrid approach of 

application layer multicast and overlay multicast, which attempts 

to support one-to-many real-time media streaming applications 

over the Internet [8]. Before we explore the details of ODMP, 

several terms need to be clarified [5] [16]:  

         1. Out-degree: residual degree, namely, the number of the 

rest outgoing multicast sessions that a node can establish; 

         2. Free-rider: an end host which is not able to provide extra 

out-degree for other members, that, it can only receive multicast 

service; 

         3. Rendezvous Point (RP): a server or a proxy to assist 

managing group members and to store some required information 

(e.g. performance related); 

         4. Source: the multicast session sender. It can be either a 

video stored server or some video distributed servers in one 

service domain, which delivers the data traffic to the source-

based multicast group members. ODMP currently is designed to 

only provide the source-specific multicast mechanism to realize 

the single source-based overlay multicast; 

         5. Uptime: the time duration from a node joining in a 

multicast session to its leaving the session; 

         6. Super node: some end hosts are selected to construct and 

maintain a dynamic overlay mesh which is used to manage the 

multicast group and relay data from the source to receivers. 

ODMP employs a two-tier hierarchy consisting of an overlay 

mesh and some core-based clusters. The key idea behind it is to 

select a few (presumably higher capability) end hosts (i.e. super 

nodes) during the multicast initialization phrase and also when 

group member changes self-organize into an overlay mesh, and 

dynamically maintain such a mesh. The rest of end hosts select 

their super nodes according to local policies and service 

requirements. Based on the mesh, those end hosts sharing the 

same super node form a core-based cluster. The reason why 

ODMP limits the membership management in locality is that 

network situation changes (e.g., multicast members 

joining/leaving) within a certain cluster will not have any impact 

on other clusters. In this way, the total control overhead can be 

alleviated. Fig. 1 depicts a simple example of this hierarchy, in 

which six super nodes construct the overlay mesh. Based on the 

mesh, some core-based clusters are shaped to connect the super 

nodes. 

         Here, a corresponding communication channel between the 

source and Rendezvous Point (RP) is built by exploiting the 

existing protocol stacks such as UDP/IP or TCP/IP. The data 

channels utilize IP unicast according to the underlying IP 

transport scheme. 

         Specifically, four phrases are involved in the ODMP 

architecture construction, detailed descriptions could be found in 

the draft [8]: 

         1) after initialization, RP will estimate the out-degree of all 

end hosts, from which it selects some high out-degree nodes to 

be super nodes;  

         2) selected super nodes are then connected in a mesh;  

         3) each non- super node measures the e2e latency to each of 

the super nodes and one of them with less e2e latency will be 

chosen; 

         4)end hosts sharing the same super node will form a core-

based clusteras shown in fig 2. Basically, a source-based ODMP 

architecture consists of a sender, several receivers, one or many 

RPs and Dynamic Name Servers (DNSs). 
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2.2 Features of ODMP 

 
Figure 1 An example of ODMP overlay hierarchy 

 

 

Cluster 

 
 

Fig:2 Example of Cluster 

 

         After having taken a glimpse at the basic primitives of 

ODMP, its main features, to emphasize the necessity of such a 

design, are presented as follows. 

 

 Support end hosts with heterogeneity  
         It can be used in heterogeneous environments like the 

Internet as the upper level nodes in the overlay hierarchy are 

chosen dynamically. In ODMP, it is possible that only a small 

number of end hosts are selected to construct the overlay mesh 

when there are a large proportion of free-riders in the group. 

 

 Dynamic mesh-based approach 

         Tree-based overlays are regarded as the most efficient 

solution for data distribution in a stable network. Nevertheless, 

lacking of redundant links, an essential characteristic of the tree 

structure, is not efficient for dynamic scenarios. To address the 

inherent fragility of trees in dynamic networks, an overlay mesh 

which connects nodes by multiple paths is introduced in this 

approach to support efficient and reliable applications. 

 

 Efficient data distribution tree 
         Because overlay multicast networks are built on top of a 

general unicast infrastructure, the problem of efficiently 

managing network resources is somehow more difficult than 

classical networks. Overlay links are built and maintained 

depending on how well they are utilizing the underlying links. To 

take advantage of the underlying network, an efficient data 

delivery tree is constructed upon a mesh and core-based clusters. 

 

 Adaptive and resilient to dynamic network 

changes  

         The transient nature of the end hosts introduces some issues 

regarding reliability in an overlay multicast tree. The ungraceful 

departure of nodes or unexpected network failures may result in 

data outages on the downstream nodes or even crashes to the 

whole multicast system. Nevertheless, ODMP is designed to be 

robust to handle these problems by preventing incapable or 

transient nodes from staying at the center of the multicast tree. 

Also it has to note that ODMP could be extended as a pure OM 

solution when some known designated infrastructure nodes can 

be used. Previously, there have been several approaches to devise 

the mesh-based overlay multicast. One example is Scattercast 

[17], a mesh-based application level infrastructure for content 

distribution, in which the mesh is first built among multicast 

proxies by a neighbor discovery protocol. Another example is a 

mesh-based data dissemination overlay called Bullet [16]. 

However, to the best of our knowledge, ODMP is the first 

proposal supporting all the above four features for real-time 

media streaming applications over the Internet. Thus, our main 

contributions can be summarized as follows. 

         1. ODMP considers the heterogeneous capabilities of group 

members by investigating their available bandwidth. In this 

framework, high out-degree nodes which are able to and willing 

to make more contributions to the network are likely to get better 

performances. So far, they are entitled to having better 

performances and more responsibilities. Another benefit that 

ODMP offers makes it an attractive option as this principal we 

propose here might further augment the available bandwidth for 

the overlay tree. 

         2. In addition to supporting heterogeneous end hosts with 

considering their available bandwidth, ODMP also considers the 

end-to-end delay for end hosts. While constructing the overlay 

multicast tree, high-capacity nodes have the priority to stay at the 

higher level of the tree: this allows us to produce the tree as short 

as possible and hence the 

overall delay can be reduced. Furthermore, it is beneficial to 

achieve the fast convergence during tree initialization phrase and 

after dynamic changes. 

         3. Then, we address the transient nature of end hosts by 

periodically pushing high-capacity nodes to the higher level of 

the tree using some comparison mechanism. That is, ODMP 

prevents incapable or transient nodes from staying at the center 

of the multicast tree. In this case, the ODMP overlay structure is 

relatively stable and resilient to dynamic network changes. 

Although the failure of a single node may result in a transient 

instability in a small subset of participants, no single-node failure 

would lead to a catastrophe in any part of the overlay multicast 

tree. 
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III. ANALYSIS OF ODMP PROPERTIES 

         As known, media streaming is a bandwidth-constraint 

service and available bandwidth resources may be insufficient for 

multicast sessions during runtime [9]. It is why we need to 

consider the out-degree bound in streaming applications, which 

can be easily observed from the available bandwidth. For 

example, on the assumption that the bit rate of media is B and the 

outbound bandwidth of an end host i is b(i), the total number of 

sessions it can establish is b(i)/B which is also the maximum 

degree of the end host. The knowledge of available bandwidth in 

overlay routing is nowadays regarded as acquirable, based on 

recent advances in avail-bandwidth measurement techniques and 

tools [10-12]. If an end host’s maximum degree is less than two 

(<2), the end host can only perform  as a leaf node because it can 

only receive data from incoming sessions. One important aspect 

of ODMP is the ability to support the heterogeneity of the node 

capability: currently we take out-degree as the primary 

capability. Usually, only a small number of nodes can serve in 

the overlay mesh (non-leaf) nodes, while a large number of hosts 

can only work as leaf nodes. One question immediately arises: 

how many non-leaf nodes are required when constructing the 

overlay multicast tree for a given sized group and a given 

topology of network? To answer this question, we firstly estimate 

the required non-leaf nodes which can provide extra out-degrees 

for other nodes in terms of different group numbers, to form the 

multicast tree in each cluster. The rest of this section will be 

organized as follows. Section 3.1 will give an analysis on how it 

is possible to support end hosts with different capacities. The 

issue of overall delay optimization with respect to tree depth and 

out-degree will be discussed in section 3.2. In section 3.3, we 

show the importance of uptime deployment since ODMP is able 

to be adaptive and resilient to dynamic network changes. 

Meanwhile, we will consider the instability caused by dynamic 

network changes, e.g. end hosts may join/leave the group at will. 

Another metric in the protocol design, namely the convergence 

time, will be finally discussed, which covers the session start 

procedure and dynamic network change scenarios. 

 

3.1. Required number of non-leaf nodes for tree construction 

         We assume that m end hosts participating in the cluster in 

-leaf nodes which 

have average n out-degrees. That is, end hosts could only be 

performed as leaf-nodes as they can hardly provide extra out-

degree for other nodes. These leaf-nodes can just receive the 

services instead of making some contributions to the network. 

Thus, according to the overlay construction mechanism of 

ODMP they are striven to be placed at the bottom as possible.  

         In order to compose a complete overlay multicast tree, the 

number of multicast sessions for leaf nodes should be no less 

than 

(1-α).m 

Then, we have 

k+m.n.α>(1-α).m+α.m 

It is clear that k>=n 

because the super nodes selected based on the selection 

mechanism of ODMP (as depicted in section 6.2 of [8]) should 

provide more out-degrees than other cluster members. 

Thus, 

k+m.n.α>n(1+m.α) 

To make (1) come into existence  α should satisfy the following 

inequality:that is, 

n(1+m.α)> (1-α).m 

 
Fig.3 Percentage Of Required non-leaf nodes Vs Average 

out-degree 

that is, 

α>(m-n)/m.n. 

         Note that α relies on the total number of participants (m) 

and the average out-degree of non-leaf nodes(n),We show the 

exact relationship between out-degree and the percentage of non-

leaf nodes in fig.3 

 

3.2. The analysis on the tree depth 

         To reduce the overall delay of the tree, a mechanism could 

be used in ODMP is to assign nodes with larger out- degree to 

the higher level in each cluster.  

 

3.2.1 The worst case of tree depth problem 

         In the worst case, leaf nodes will try to attach to the tree at 

the higher level so that only one non-leaf node can stay at each 

level. Theoretically, at least one non-leaf node should stay at 

each level of the tree; otherwise, it is impossible to support 

multicast sessions for downstream nodes. For example, the 

mechanism attaching to the tree without invitation allows nodes 

to join in the tree once they receive an answer from one of the 

group members [13]. This approach would create deep graphs 

with a high worst- case tree depth (m(1-α)/(n-1))  but fast join 

operations and less cost of tree construction. 

 

3.2.2 The best case of tree depth problem 

         In contrast to the worst case, the best situation is that all 

nodes with higher out-degree try to occupy the positions at the 

higher level of the multicast tree so that all leaf nodes can only 

be placed at the bottom level. For example, the approach of 

attaching to the tree with best invitation supposes that a newly 

joining node waits for all responses from the requested nodes 

until it finds the best one [13]. This approach would create wide 

graphs with a low worst-case tree depth  

([logn 
m(1-α)  

]) but slow join operations and high cost of tree 

construction as well.  

         However, as long as we aim to get better performance by 

the self-refinement mechanism, the overhead and the cost of tree 

construction will be increased. In order to balance the tradeoff 
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between the cost of tree construction and the performance, we 

need to investigate a new tree construction mechanism for 

ODMP. For example, a hybrid method of attaching to tree with 

best invitation and attaching to the tree without invitation might 

alleviate the cost of construction by sacrificing some 

performances.  

 

3.3 The impact of uptime 
         Compared to the network layer multicast, overlay multicast 

approaches usually are more susceptive to dynamic network 

changes, e.g., nodes leave the group just after a short time, which 

are also called transient nodes. ODMP is able to tackle this 

problem by periodically pushing high-capacity nodes to higher 

levels of the tree. Then, it is very likely that super nodes and their 

immediate children are the high-capacity nodes after a certain 

time. They are placed at the top level of the tree since they have 

relatively higher capacity, which is an indication of being more 

stable than low level nodes. In addition, the newcomers who 

have higher capacities could climb from the bottom to a higher 

level after some switching phrases. For example, newcomers at 

the lower level could switch to the higher level if their capacities 

exceed (over a predefined threshold) their current parent. Here, 

an appropriate threshold will be defined to avoid unnecessary 

switching since if the child has a smaller bandwidth support, it 

will be ultimately placed below the parent. 

         How can ODMP achieve the above objective? We combine 

uptime (its definition seen in section 2.2.1) with out-degree as the 

capacity of the node, to strengthen the maintenance of the 

overlay hierarchy. The main goal of doing so is to reduce the 

impacts of frequent changes on the management of memberships, 

e.g. transient nodes leave the group. Hence, only a small portion 

of the tree will be affected and needs to be re-constructed after 

the dynamic changes. 

         To illustrate the problem in a simple way, it is assumed that 

the capacity of each host is linear distributed. 

Explicitly, we assign the capacity of each end host 

Ck as follows: 

Ck  = bk + (bk/m).tk 

Where 1<=k<=m  

, m is the total number of cluster members, 

bk is the out-degree of node k. 

 

         Once an end host participates in the multicast session, tk 

starts to calculate the uptime for this member. When it leaves the 

group, the tk will be reset as 0. 

         To show the importance of the uptime explicitly, we apply 

the expression (7) into the experiment of Fig. 4 In this case, some 

node may have higher capacity at the beginning due to its higher 

out-degree (i.e. out-degree=15). 

         When it leaves the group at time t=30, other nodes, e.g. 

whose out-degree=10, can exceed its capacity in the end. 

Moreover, some node may join in the multicast session later but 

it can also exceed the lower degree node after a certain time. 

Actually, this is a kind of self-refinement used to achieve the 

efficiency and reliability of the multicast tree. For example, node 

with out-degree of 12 joins the group at time t=30 and exceeds 

the node with out-degree 10 at time t=90 due to its higher 

bandwidth support. Seen from this simple example, stable nodes 

with higher out- degree are likely placed at the higher level 

regardless of dynamic changes. 

 
Fig.4 An example of the uptime and the capacity of nodes 

 

         In above three sections, we have shown the possibility of 

constructing the overlay multicast tree in ODMP and discussed 

some performance related factors, e.g. the out-degree, the tree 

depth and the uptime. Next, we discuss the convergence time 

which is one of required metrics for protocol designs. 

 

3.4 The analysis on the convergence time 

         The proposed approach of multicast tree construction 

should be beneficial not only to satisfy the service requirements, 

but also to shortening the convergence time [14]. On the 

assumption that N nodes take part in the multicast group, they 

have totally n different levels of capacities. Figure 5 An example 

of the uptime and the capacity of nodes. 

         Let’s suppose m = 10 and n = 4, where five nodes in this 

group are free-riders, two nodes have only one out-degree and 

the rest three nodes respectively have two, three and four out-

degrees. If we only select one super node to lead the multicast 

tree, one of the nodes with highest capacity will be selected as 

the super node. Here, the node with capacity c = 4 will lead 

constructing the multicast tree. 

         Fig. 5 shows two possible constructions, in which five 

nodes can only act as leaf nodes and each of the rest nodes 

occupies one certain capacity. Each circle represents one ode and 

the number inside is the capacity of this node. On the left side 

(a), it is one of the possible best cases, where all leaf nodes are 

placed at the bottom level as possible. Comparatively, the worst 

case is shown in the right side (b). According to the proposed 

mechanism, the worst case should be that all low-capacity nodes 

are placed at the high level of the tree. 

         We assume that each level takes the similar convergence 

time (T) for the tree since in ODMP each node is assumed to find 

its parent by requiring the existing higher level nodes. Thus, it 

will take 2T for (a) to complete the construction while it will be 

4T for (b) to reach the convergence. Nevertheless, the 

heterogeneities of underlying end hosts and different methods of 

the overlay tree construction have a great impact on the 

convergence time, which will be investigated in the next step of 

research work. 
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Fig.5 Possible tree constructions :a) the best case  b) the 

worst case 

 

         Besides, we need to find out how long will it take for a new 

joining member to attach into the tree as end hosts may join the 

group at will, which is another indication of convergence. So far 

we take Fig. 6 as an example to explore how a newcomer (i.e. 

node X) can join in the multicast tree. 

 

 
Fig. 6 An example of a newcomer joining in the multicast tree 

 

         Step 1 Firstly, node X sends a JOIN request to the super 

node S to be its intermediate node. 

         Step 2 The super node will check the rest of its out-degree. 

Unfortunately, S, in Fig. 7, has no other possible sessions for X. 

         Step 3 Then, S will check its intermediate children and 

transfer the JOIN request to one of its children with the largest 

out-degree. In this example, S will transfer the request to node 

1.1 and 1.3 because both of them have additional out-degrees. 

         Step 4 If there are multiple potential parents at the same 

depth, it chooses the best one in terms of their uptime. Suppose 

node 1.1 has larger uptime than node 1.3, the newcomer X will 

accept the JOIN response from the node 1.1. Based on the 

message exchange procedure, the newcomer finally attaches to 

the node 1.1 and joins in the multicast tree. Therefore, it takes 2T 

for X to join in the multicast session. 

         From this example, we also find that the depth of the 

multicast tree largely impacts the time of joining procedure. 

Besides, it turns out that it is important to take the tree depth into 

consideration during the overlay multicast tree construction. The 

analysis on the node leaving procedure is similar to the above 

example, but is omitted for simplicity reasons. 

 

IV. PERFORMANCE METRICS 

         In this section, we analyze the stress, stretch and overhead 

metrics which are usually used evaluating application level 

multicast approaches. 

         Model: Since we are interested in the asymptotic nature of 

the metrics, we assume a large number of end hosts are densely 

and uniformly distributed in the network. For a large set of 

uniformly distributed end hosts, the clusters created by the 

ODMP protocol will have similar properties, i.e. will have the 

similar number of cluster members, m, as defined by the 

protocol.  

         Stress: Stress is defined as the number of copies of an 

identical packet sent over a single link. Stretch: as another 

performance metric. According to its definition, we only consider 

the maximum stress of ODMP: 

Maximum stress = max (Sn, ks) 

         where Sn is the total number of super nodes and ks is 

maximum average degree of the super node. The maximum 

stress of ODMP is greatly smaller than NICE’s since the value of 

Sn is not large (its maximum size is smaller than hundred) and ks 

the maximum out-degree of the super node, will not very large 

(e.g. tens). 

         Stretch: Stretch is also called Relative Delay Penalty 

(RDP), defined as below: 

RDP = Overlay delay / unicast delay  

         Consider a member, X located at an arbitrary point in the 

space, that belongs to one certain cluster Ls of the overlay  

hierarchy. Let S be the super node of Ls to which X belongs. 

Then, we assume that average tree depth of ODMP could be 

calculated as a combination of the worst case and the best case 

(seen in section 3.2): 

davg = A(m(1-α)/n-1) + B(logn
m(1-α)

 ) 

 

         in which A, B are two parameters used in synthetically 

computing the average tree depth. We briefly outline due to 

space constraints. To simplicity, we just assume A = B = 0.5, α 

=0.9 and each level of the tree depth represents the unit delay. 

Thus, the average stretch within each cluster could be described 

as: 

Stretchavg=0.2 Sn + 2(1-logn
10Sn

) and Sn << n 

Then, 

                       Stretchavg=0.2 Sn+2 

 

         Protocol overhead: Corresponding to the structure of 

ODMP overlay hierarchy, protocol overhead could be divided 

into two components: mesh management overhead and cluster 

maintenance overhead. In ODMP, super node needs to exchange 

update information with each other at a constant frequency of c1. 

Besides, each super node takes charge of one cluster in which m 

cluster members construct a core-based tree. Thus, mesh 

management overhead on each super node is O(c1(ns + m)). To 

maintain each cluster and to be adaptive to dynamic changes, 

cluster members periodically (at the constant frequency of C2) 

report their status to their neighbors. In this way, the super node 

will have at maximum O(C2K ) 
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Therefore, the overall overhead on super node is O(C1(ns + m) + 

C2K). 

 

V. CONCLUSION  

         In this paper, we proposed a novel Overlay Dynamic 

Multicast Protocol (ODMP) framework to overcome some 

dynamic efficiency and deployment issues with media streaming 

applications over the Internet. 

         Under this framework, some selected nodes in a physical 

region self-organize into an overlay mesh, which is dynamically 

maintained according to their resource availability and 

performance. By systematic analysis, we verified that it is 

possible to construct such an overlay hierarchy for ODMP 

although there are a large number of free-riders in the network. 

Secondly, the tree depth has a great impact on the performance of 

the applications, and hence we construct multicast tree within 

each cluster as short as possible. To address the instability and 

unreliability traits of end hosts, ODMP periodically pushes high-

capacity nodes to the higher level of the tree. Furthermore, we 

analyzed the three important metrics for application level 

multicast, namely, stress, stretch and protocol overhead.  
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Abstract-Wireless Power transmission (WPT) is a useful and convenient technology that can be employed to collect solar energy and 

concentrate on earth surface without the need for a wire connection called as solar power satellites (SPS). WPT via Resonance, for 

example, can be applied in the future to stable and CO2-free space-based solar power satellites. Overall, WPT will support both future 

energy production and the environment. This paper provides an analysis of wireless power transfer with an assessment of its practical 

applicability in terms of power range and efficiency. There are four types of satellites are accessed, one is primary and others are 

secondary. The secondary satellites are placed in triangular axis and primary satellite is placed at center of triangle for maximum 

power transfer .This assessment is obtained through the design and construction of a resonant inductive wireless powering system(in 

secondary satellites) suited to supply a main satellite transceiver(i.e. primary) for  power range from 480-1920 watts with efficiency 

80-90%. In this paper the formula for calculating the mutual inductance between circular coils with lateral and angular misalignment 

by using the approach of F. W. Grover is presented. This system is evaluated and designed by using MATLAB 2012a coding. 

 

Index- Solar power satellites, Need, Assumption, Formula for Resonance, system block diagram & result. 

I. SOLAR POWER SATELLITE: BASIC CONCEPT 

asic idea of SPS is to collect the solar energy in orbit and send it to ground by microwave, laser beam or some other way.The 

concept of the Solar Power Satellite energy system is to place giant satellites, covered with vast arrays of solar cells, in 

geosynchronous orbit 22,300 miles above the Earth's equator. Each satellite will be illuminated by sunlight 24 hours a day for most of 

the year. Because of the 23" tilt of the Earth’s axis, the satellites pass either above or below the Earth’s shadow. It is only during the 

equinox period in the spring and fall that they will pass through the shadow. They will be shadowed for less than 1% of the t ime 

during the year.The solar cells will convert sunlight to electricity, which will then be changed to radio-frequency energy by a 

transmitting antenna on the satellite and beamed to a receiver site on Earth. It will be reconverted to electricity by the receiving 

antenna, and the power would then be routed into our normal electric distribution network for use here on the Earth. Figure 1 

illustrates the concept. The great advantage of placing the solar cells in space instead of on the ground is that the energy is available 24 

hours a day, and the total solar energy available to the satellite is between four and five times more than is available anywhere on 

Earth and 15 times more than the average location. Testing has demonstrated that wireless energy transmission to the Earth can be 

accomplished at very high efficiencies. Tests have also shown that the energy density in the radio-frequency beam can be limited to 

safe levels for all life forms. The concept is simple; the technology exists
[1][2]

. 

 

Figure 1. Components of Solar Power Satellites & Basic Conversion Process 

 

II. Need 

B 
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Realization of external supplying power to satellite moving on its orbit can lead to weight reduction and miniaturization of power 

system. It can also reduce difficulties in launching satellite like launching cost. Standardization of wireless power transmission module 

has the effects of being on market faster and improvement of usability’s effects. Thus, building of the Flexibility Power Supply 

Network which uses wireless power transmission technology expands potential of nano-satellites in space. 

 

III. Formula for circular coils with both lateral and angular misalignments 

In 
[4]

 and 
[5]

, Grover presented a formula for computing the mutual inductance M between two filamentary circular coils with inclined 

axes (e.g., see Fig. 2). The first coil has a radius RP , and the second coil has a radius RS. The distance between the coils' centers is c, 

and the distance between their axes is d. The resulting expression proposed by Grover for M is: 

 

        … (1) 

 

Where 

  &  

 

       … (2) 

 ,  

And           … (3) 

 

K (k) and E (k) are elliptical integral given as 

 

  ,  

… (4) 

 

For parallel resonance θ=0 & angular resonance θ=60.The derivation for the formula with magnetic vector is given in reference
 [3]

. 

 
Figure 2. Filamentary circular coils with angular and lateral misalignment 

 

IV. Block diagram 

The diagram in fig.3 serves to clarify the distinction between the WPT systems two main functional parts, namely the Power train and 

the Control loop. Throughout the development phase, the control loop has been replaced by manual tuning of the operating frequency 

based on power readings from millimeters and an electronic DC load. As such, a greater part of the development effort has gone in to 

analysis and design of the Power train, which in the context of maximizing efficiency is by far the most critical component. 
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Figure 3. System Block diagram 

The “Power Train” block constitutes the magnetic link from source to load, while the “Control Loop” senses the supply and load 

scenario and adjusts the operating frequency accordingly.The diagram in fig. 4 depicts the functional blocks of the power train which 

on the transmitting side consists of an inverter, matching capacitors and the transmitter coil. The secondary side similarly consists of a 

receiver coil and matching capacitors, along with rectification/smoothing and a DC-DC converter for output voltage regulation. 

Fig. 4 shows the basic concept of proposed system.There are four satellites are used for required power level. 

(i).For initial base load only Satellite-1 is accessed and tranmitts power upto 480 Watts. 

(ii).For slightly increased load Satellite-1 & 2 are accessed and both transmit Power from 480-960 Watts. 

(iii)For peak load Satellite 1,2 & 3 are accessed and system transmit power from 960-1440Watts. 

(iv) For overload Satellte 1,2,3 & 4 are accessed and system transmit pwer from 1440-1920 Watts.

The main satellite is covered with three satellite with triangle frame. 
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Figure 4.Basic Concept of wireless powering of SPS 

 

 

V. Result 

The system block diagram is designed by using MATLAB coding and results are as follow, this paper provides only the result of 

Satellite-2 which is designed with 480 watts power output and LLC with angular (60 degree) resonance with main SPS.Figure 5 & 6 

are total DC power from solar panel of Sat.-2.Fig 7 shows output of half brigde D-inverter & fig.8shows the primary voltage of 

transformer with 220 volts.Fig-9,10 & 11 represents theinput impedance,input power & output power of LLC converter respectively at 

200 KHz frequency.at last fig.12 shows the DC power from Sat.2 using resonance. 

    
 

Figure 5. Output Power of 480 Watts from solar panels of sat.-2   Figure 6. DC waveform of output voltage of Satellite-2 

    
       Figure 7.Output Voltage of Inverter                                                 Figure 8.Primary voltage of Transformer 

 

   
Figure 9.LLC impedance at resonance frequency of 200 KHz.  Figure10.LLC input power at resonance frequency of 200 KHz. 
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Figure11.LLC output power at resonance frequency of 200 KHz.       Figure 12.Total DC power from satellite-2   

 

VI. Conclusion 

A wireless power transfer system capable of transferring the required amount of power has been studied successfully with resonance 

concept. The copious amount of applications for wireless power transmission delivers no small amount of motivation to this pursuit 

and certainly promises a beginning of an exciting new future in the energy industry and will have massive impacts throughout our 

everyday lives. However the technology is still young and it will be interesting to monitor its development through the course of the 

next ten years. It’s easy to see where wireless power transfer will better our lives, eliminating excess cables and wires, removing 

unnecessary clutter and the need for cleaning, allowing us even greater mobility with our devices and also allowing us to inhabit, in 

today’s standards,uninhabitable areas,it will bring us one step close in solving the worlds energy crisis. and future uses. This paper 

provides basic idea and development for solar power satellite which is the best option for present energy demand problem. The 

proposed system can be used for Farm-Houses, Industrial site for their power requirement. 
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    Abstract- The Apparel industry in Sri Lanka represent as one of the largest contributors for the export revenue of the country. The 

quality of garments is vital to its survival in an increasingly competitive apparel industry in order to maintain the production of high 

quality garments and improved productivity in the apparel industry. 

The objective of this study is to improve efficiency of the sewing process in apparel industry through the reduction of defectives. This 

study is focused in three major defect types; run off stitches, unbalanced shape and wavy seams. I have developed generalized linear 

models for each defect type to find the significant factors affecting on the proportion of occurrence of defects.  Under these models, I 

have recommended few remedial actions to be implemented. On implementation of recommended remedial actions, the percentage of 

defectives was up to an acceptable level. The outcome of this study reflected that an industry may gain higher productivity and 

profitability with improved quality product by minimising reworks activities.  

    Index Terms- Defects, Defects in sewing, Generalized Linear Model, Quality 

I. INTRODUCTION 

Despite its modest beginnings in 1970s, the apparel industry in Sri Lanka has grown to become one of the largest contributors to the 

export revenue of the country representing over 43% of its total exports. Moreover the apparel industry also contributes around 39% to 

the industrial production of Sri Lanka. Being the single largest employer in the manufacturing sector, the apparel industry provides at 

least 75% of Sri Lanka’s employment directly as well as indirectly. 

The quality of garments is vital to its survival in an increasingly competitive apparel industry in order to maintain the production of 

high quality garments and improved productivity in the apparel industry. 

Presently statistical methods are widely used by industries for improving the production process and reducing its defects. Most of the 

industries in Sri Lanka collect data pertaining to its day to day production process. Only few industries make use of such data for the 

improvement of their industry. If one can analyze such data by using the proper statistical methods, it would be possible to come 

across valuable findings, which could be used for the improvement of that industry. 

One of the major problems in the apparel industry is the high defect rate. As a result, the rate of production is not as high as expected 

and also the industry cannot achieve its targets. The biggest disadvantage is the buyer dissatisfaction since the quality of the products 

is considerably at very lower level. Further cost of the labour used for the reworking of defective products and cost for materials used 

for defective products are significantly high. Therefore the loss generated due to defects is also significantly high.  

In this paper, only the subjects of sewing quality are analyzed. As sewing defects are minimised it is possible for firms to decrease 

their costs, while they increase the production speed. Hence, they can be more powerful at a competitive atmosphere.  

Primary objective of this research is to figure out explanations for any discrepancies of this considerably high percentage of defects. 

Second one is finding out possible ways to overcome the factors that increase defect rate. There are lots of women’s brassiere styles 

manufactured in ‘Sintesi Private Limited’. Brassiere style DN672 is inspected for defects since this was one of the major products of 

the company due to the high demand and the profit margin of this particular style. Main buyer of the style is Marks and Spencer. The 

style consists with four colours which are Black, Cream, Chocolate and Pink mix. Information and data of the garments was required 

for this study and were collected during the period from December 2011 to February 2012. 

  Table 1.1: Details of the DN672 style 
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Item Type of the fabric/foam Supplier 

Inner cup fabric Garry fabric South Asia textiles 

Foam KBRB Hocheung 

Outer cup fabric IPE012 Hayleys 

 

Manufacturing Process  

 

                

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Chart of Manufacturing Process of brassieres 

 

II. ANALYSIS AND DISCUSSION 

Major types of defects were identified through Pareto Chart shown in Figure 1.2 below; 
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Figure 1.2: Pareto Chart of Defect Type 

 

Major defects from Pareto Chart are considered for analysis and the defects are listed in Table 1.2 below; 

Table 1.2: Major defects identified from Pareto Chart 

 

Defect Type Percentage 

Run Off Stitch 26.1 

Unbalanced 23.1 

Wavy Seam 22.2 

 

Four factors identified as a result of the preliminary study and are listed in Table 1.3 which are expected to have an effect on the 

percentage of defectives;  

Table 1.3:  Potential Factors 

Merchandizing 

Department  
Warehouse 

Material Quality 

Assurance Lab   
Sample Room   

Lamination 

Section   

Cutting Section   Moulding 

Section   
Sewing Section   Packing Section   
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Factors Levels 

Colour of the garment Chocolate 

Cream 

Black 

Pink mix 

Size of the garment Small 

Large 

Line Number 2 

3 

7 

8 

Target per Day in each 

line 

200-300 

301-400 

401-500 

501-600 

601-700 

 

 

In order to analyze and identify which factors have the most significant impact on the percentage of defects, the ‘Generalized Linear 

Modelling’ technique was used with the aid of ‘GLIM 3.76’ statistical package, which was developed by the ‘Working Party’ on 

Statistical Computing of the Royal Statistical Society. GLIM programs were tried to write for major defect types, considering the 

presence or absence of a defect in a garment as a Bernoulli trial.. Since the number of parameters is higher than the number of 

observations, full model could not be fitted. Then I tried to fit the model with main factors and certain two-way interaction terms. 

However, adequate model was not found under the binomial distribution. 

Then the ‘General Linear Model’ was utilized to find the adequate model for proportion of defects. It was assumed the defect 

proportion has the normal distribution. Since the assumptions were not satisfied by this method, it failed to identify the factors which 

affect the defect proportion.  

Then the Generalized Linear Model was used by considering the gamma distribution. Initially full model was fitted for each defect 

type. The goodness-of-fit for generalized linear models can be characterized by the deviance value, which is formed as the logarithm 

of a ratio of likelihoods.  The deviance for the full model was approximately zero and the deviance for all other models was positive. 

Hence the smaller the deviance, the better the model fit. The deviance was often used as a goodness-of-fit statistic for testing the 

adequacy of a fitted model. 

After fitting a particular model, the importance of each factor in the model can be evaluated by the resultant increase in deviance when 

we remove that factor from the model. This increase can be compared with the appropriate F statistic to compute the p-value for this 

factor. If the p-value is less than 0.05, then the factor is significant at the 95% level. 

GLIM models which are fitted for ‘Run Off Stitches’, Unbalanced and Wavy Seams are presented in Table 1.4, Table 1.5 and Table 

1.6 respectively. ‘Anscombe’ residual analysis was satisfied for all the models. 

Table 1.4: Generalized Linear Model for proportion of Run Off Stitch 

 

 
 

Parameter    Estimated value   Standard error    T-

statistic 

Constant  2.514  0.4351  5.778 

Colour (chocolate) 2.342  1.082  2.164 

Line (7)   3.174  1.355 

 2.342 

Line (8)   1.806  0.8714 

 2.072 

Deviance = 7.0293   DF  = 23 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      718 

ISSN 2250-3153  
 

www.ijsrp.org 

 

According to the Table 1.4, it is clear that the colour and line are factors that affect on occurrence of ‘Run Off Stitches’. The garments 

which are coloured Black, Cream and Pink mix had the same effect on occurrence of ‘Run Off Stitches’, while Chocolate colour 

garments had a different effect. The lines 2 and 3 had similar effect, while lines 7 and 8 had a different effect. 

Table 1.5: Generalized Linear Model for proportion of Unbalanced Shape 

 

 
 

According to the Table 1.5, it is clear that the Line and Target are factors that affect in occurrence of unbalanced shape. The lines 2, 3 

and 7 have similar effect while Line 8 has different effect. 

Table 1.6: Generalized Linear Model for proportion of Wavy Seams 

 

 
 

According to the Table 1.6, it is clear that the size, colour and target are factors that affect on occurrence of Wavy seams.  

Solutions Provided 

Through discussions with the managers and supervisors, following remedial actions were implemented for the each defect which is 

indicated in the Table 1.7. 

Table 1.7: Defects and Remedial Actions 

 

Defects Action 

Run Off Stitches The stitches are extended than required and the operators are trained to control the speed of 

the machine 

Unbalanced The operators are trained to check for unevenness by using a sample garment 

Wavy Seam Operators are trained to handle large size garments in proper way 

 

 

After the remedial actions were taken, the garments were checked for defects. The results are indicated in Figure 1.3. 

 

Parameter    Estimated value   Standard error    T-

statistic 

Constant  13.34  2.478  5.383 

Line (8)   -20.6  7.485 

 -2.752 

Target             -0.00654  0.00186              

-3.516 

Line (8).Target             0.03674 

 0.0453  2.401 

Deviance = 8.5225   DF  = 23 

Parameter    Estimated value   Standard error    T-

statistic 

Constant  3.354  2.325  1.442 

Colour(chocolate)          -3.403  0.9709               

-3.505 

Size(large)  2.626  1.233  2.129 

Target            0.007461            0.002911

  2.563 

Size(large).Target        -0.007467            0.002919

              -2.558  

Deviance = 7.0293   DF  = 23 
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Figure 1.3: Defect Percentage each defect type Before & After Implementation 

 

III. CONCLUSION 

Good quality increases the value of a product or service, establishes the brand name and builds up good reputation for the garment 

exporter, which in return results in customer satisfaction, high sales and foreign exchange for the country. In this study there were 

three major defect types occurred in a garment. All the defect types had a very high percentage of occurring and that was more than 

the acceptable level of 5%. Using Generalized Linear Models, significant factors affected on the defect percentage had been found. 

Remedial actions had been discussed with the management to overcome these significant factors. After implementing the remedial 

actions, the defect percentage of each defect was decreased to an acceptable level.  
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    Abstract: This paper cites relevant provisions in the 

National Housing Policies, where the thrust is clearly on Housing 

for the Urban Poor, along with the inclusion of research 

outcomes in the area of alternative materials and technology in 

order to lower construction costs. The intention has been 

"Affordable Housing for all, hence the policies create room for 

standardization of building components, to facilitate ease and 

speed of construction. All Government instruments appear to be 

in place for receiving innovation; As a spin off to the space 

created for action research showcasing alternative low cost 

solutions to the acute housing shortages on account of non 

affordability, the research focus needs to shift to identification of 

obstacles that exist in the mobilization, implementation, and 

transformation of the intent and content of the policies in to a 

working reality. It is the action that has to follow the policy 

formulation that needs to be detailed out, if one is serious about 

the policies in the first place. 

 

    Index Terms- Affordable Housing, Economically Weaker 

Sections, National Policies, Task Force, Urban Poor     

I. INTRODUCTION  

amboo Reinforced Concrete (BRC), an innovation, is ready 

to replace the costliest structural material (steel) in RCC 

columns beams and slabs, after it has been customized 

technologically as an ideal material to suit budget mass- housing 

for the Urban Poor, in cities close to Bamboo growing regions in 

India. 

However, before the material is proven to be guaranteed cost 

minimizers; definitions, policies, strategies, action plans, 

building regulations, the administrative, financial and managerial 

frameworks, have to be examined to assess and evaluate the 

possibilities of such a product penetrating the mainstream 

housing market. The Design execution construction occupation 

and implementation through various Government schemes 

offering a standard affordable Dwelling Unit will be guided by 

the norms set by the new housing and urban habitat policy 2007. 

Right from for its size, location, financial outlay, public finance, 

subsidies, infrastructural package, income and expenditure 

pattern study and other terms and conditions if any have been 

spelt out. Capacity building measures, Manpower Training, 

participation norms etc. are of utmost importance involving 

special target groups, stakeholders and beneficiaries, if 

technology Transfer is to be expected. Do the Housing Policies 

stand firm to welcome drastic technological innovations? Do the 

definitions of affordable housing allow for non conventional 

materials?  Are Affordable houses actually affordable, by the 

poorest of the poor, who are below poverty line? Where does 

bamboo stand with respect to affordability, appropriateness, as 

defined by the committee led by Mr. Deepak Parekh, Chairman – 

HDFC Ltd? The Paper seeks to place the “designed” bamboo 

dwelling unit against the backdrop of The National Urban 

Housing and Habitat Policy, 2007. 

II. TASK FORCE ON AFFORDABLE HOUSING FOR ALL 

99% of the total housing shortage is located among the 

Economically Weaker Sections (EWS) and Lower Income 

Groups (LIG) of the Urban Population. The commencement of 

11th Five Year Plan period itself saw a deficit of 24.7 million 

units. In order to meet this challenge The Ministry of Housing & 

Urban Poverty Alleviation created a High Level Task Force in 

January, 2008 to examine the issues related to the provision of 

Affordable Housing for All led by The Chairman – Housing 

Development and Finance Corporation Limited ( HDFC Ltd.)  

A. The Issues addressed in the Report by the Task Force 

1. Developing innovative financial instruments for bringing 

flexibility in the housing market and examining various fiscal 

and spatial incentives for increasing supply of houses to 

economically weaker sections and Low Income families. 

2. Affordability of all categories including the Economically 

Weaker Sections (EWS), Low Income Groups (LIG) and Middle 

Income Groups (MIG) in terms of their income and consequent 

paying capability as well as other factors; recommending ways 

and means of enhancing accessibility of EWS/LIG groups to 

housing with suitable governmental support; and Recommending 

ways and means of enhancing accessibility of MIG groups to 

housing. 

3. Examining the framework of Regional Planning and Master 

Planning with a view to enhancing the supply of developed land 

and recommending legislative measures for accelerating the 

supply of housing units for the urban poor. 

4. Recommending measures for promotion of low cost building 

technologies; 

5. Suggesting steps for enhancing the supply of rental housing; 

B     
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6. Assisting the Ministry in devising an integrated strategy for 

in-situ slum up gradation with a view to improving the quality of 

habitat as well as providing the urban poor with places to work 

and sell; and 

7. Advising the Ministry about various types of programme 

initiatives with the aim of achieving the goal of “Affordable 

Housing for All”. 

B. Recommendations of the Task Force 

The Task Force has strongly recommended the need for 

‘Affordable Housing’ and mentioned that delay in addressing the 

affordable housing problem would seriously affect India’s 

economic growth and poverty reduction strategies. The Task 

Force notes that housing is central to economic growth and has 

multiplier effects on employment, poverty reduction etc. The 

Task Force estimates that alleviating the urban housing shortage 

could potentially raise the rate of growth of GDP by at least 1-1.5 

percent and have a decisive impact on improving the basic 

quality of life. 

C. Specific Recommendations of the Task Force  

1. Public policy should be “Affordable Housing Centric”  

2. To have a uniform definition of affordable housing for a 

country as large and diverse as India, using the concept of “one-

size-fits-all” is counter-productive. However, the Task Force has 

suggested the following parameters for the purpose.  

1. Government to may undertake a separate exercise to 

estimate the number of households on the basis of these 

parameters. The Task Force visualizes the size of the household 

as five members 

2. Data on initiation and completions of housing schemes at the 

national and state level be made readily available and be 

collected through an institutional structure. 

III. THE DEFINITION AFFORDABLE HOUSING AS PUT FORTH 

BY THE TASK FORCE UNDER THE CHAIRMANSHIP OF MR 

DEEPAK PAREKH CHAIRMAN HDFC 

A. Affordable housing 

1. This is a term used to describe dwelling units whose total 

housing costs are deemed affordable to a group of people within 

a specified income range. A primary factor in housing 

affordability is household income. The most common approach 

is to consider the percentage of income that a household is 

spending on housing costs. In the US and Canada, a commonly 

accepted guideline for housing affordability is a housing cost that 

does not exceed 30 per cent of a household's gross income. 
 
Table 1: Affordability levels and Income Categories Deepak Parekh Chairman 

 

2 EWS/LIG categories of households: A unit with a carpet 

area between 300 and 600 sq ft, with the cost not exceeding four 

times the household gross annual income and the EMI/rent not 

exceeding 30 per cent of the household’s gross monthly income. 

Household size: 5  

3. MIG categories of households: A unit with a carpet area not 

exceeding 1,200 sq ft with the cost not exceeding five times the 

household gross annual income and EMI/rent not exceeding 40 

per cent of the household's gross monthly income. Household 

size: 5 

IV. RESOURCE MOBILISATION  

A. Land for Affordable Housing 

1. Additional lands may be brought into urban usage on a 

regular basis  

2. Simplifying procedures and processes for land 

acquisition and conversion of agricultural lands for urban use. 

3. Reviewing the processes of Master Planning and 

effecting such changes as are necessary for making a proper 

assessment of land requirements and allocation of such lands for 

different uses, including lands for affordable housing.   

4. Treat affordable housing as a ‘public purpose.’ 

5.  Upward revision in the FAR/FSI, across cities of 

different sizes commensurate with investment in infrastructure 

that it will necessitate.  

6. Implement in-situ development in an integrated manner 

7. Create healthy rental housing market under programmes 

like Jawaharlal Nehru National Urban Renewal Mission 

(JNNURM) 

8. Revamp role of State Housing Boards and encourage 

them to focus on playing a more active role in the provision of 

affordable housing, even if it is through public private 

partnerships 

9. Funds raised through the sale of land transactions by 

State Housing Boards must be ring fenced, with a defined 

proportion redeployed only for affordable housing 

10. Develop detailed critical space plans, which incorporate 

infrastructure intensive cluster development. 

11.  Impose an impact fee on those benefiting from higher 

FAR/FSI. 

12. In-situ development on public lands for addressing 

affordable housing issues in partnership with the Government. 

13. ‘Security of tenure’ is to be recognized as an important 

and integral tool for relieving pressures on the housing market. 

This may undertaken through regularization of settlements, 

community or cooperative ownership, security via lease, use 

rights, which enables in-situ development to take place.  

14. The recommendations on land related issues i.e. 

bringing in additional lands, upward revision in the FAR/FSI and 

in-situ development have to be implemented in an integrated 

manner. 

Income 
Group 

Size Cost EMI/Rent 

Carpet 
Area in 
Sq. Ft 

As a Multiple of 
Household Gross 

Annual Income (x) 

As a Percentage of 
Gross Monthly 

Income 

EWS/LIG 300-600 < 4x < 30% 

MIG < 1200 < 5x < 40% 
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15. Improve the speed of transactions through cadastral, 

computerized land records and application of e-governance to 

land transactions. 

16. Commission a professional study, to examine the range 

of issues covering urban land and recommend a comprehensive, 

long-term urban land policy. Given the environmental concerns, 

“sustainable” methodologies need to be developed. 

17.  Need to foster an environment that would make rental 

housing for EWS/LIG categories a worthwhile activity to invest 

in.  

B. Fiscal and Financial Framework 

1. Increase JNNURM funds for affordable housing by 100 

percent and a part of the funds be used for direct provisioning of 

housing for poor urban households.  

2. A part of the funds be also used as supplements for in-

situ development to be routed through the Non-Government 

Organizations (NGOs) and Community Based Organizations 

(CBOs). 

3. A cess of 0.5 percent on all central government taxes be 

credited to a dedicated Shelter Fund, to be managed by the 

National Housing Bank, with a budgetary support of equal 

amount, so as to make a long-term impact on affordable housing.  

4. Permit housing finance institutions (HFIs) to access 

long-term External Commercial Borrowing (ECB) market, since 

the HFIs require long-term funding sources at the lowest cost 

possible to pass on to the ultimate borrowers. 

5. Reinstate income tax deduction under Section 80 IB of  

the Income Tax Act for developers engaged in affordable 

housing projects  

6. Extend scope of Section 36(1) (vii) of the Income Tax 

Act to include housing finance institutions 

7. Role of State Housing Boards be revamped and the 

Boards be encouraged to focus on playing a more active role in 

the provision of affordable housing, even if it is through public 

private partnerships. 

8. Funds raised through the sale of land transactions by 

State Housing Boards must be ring fenced, with a defined 

proportion to be redeployed only for affordable housing. 

9. Modifications in Income Tax Act for HFCs and 

developers engaged in affordable housing projects. 

10. Reduction in stamp duty rates and registration fee for 

affordable housing to 2% ad valorem uniformly in all states.  

11. Levy a flat charge of Rs. 1,000 on registration of 

equitable mortgages. 

12. Bring “affordable housing” under the infrastructure 

definition. 

13. Establish a housing finance company whose main focus 

will be on microfinance and support and scale up existing 

microfinance companies by effecting changes in their regulations 

that constrain their operations 

14. Promote use of new and alternate technologies in 

construction 

15. Set up a dedicated institutional framework to promote 

affordable housing 

16. Promote household savings in the informal sector  

17. Establish a real-estate regulator that could serve as a 

single window for overseeing and monitoring the affordable 

housing agenda, regulate activities, promote policy reform, etc. 

Until then, set up ombudsman-type bodies at the state level. 

C. Technology for Cost Effectiveness 

A low-rise high-density built form is recommended as an 

appropriate measure for upgrading, redevelopment or 

construction of housing projects for the lower income groups. 

D. Institutional Framework 

1. The real estate should be regulated through a regulator 

and pending the legislative process for having real estate 

regulators in place in the States, consideration should be given to 

set up Ombudsman type bodies at the State level.   

2. The role of the housing and real estate Ombudsman 

would be to monitor JNNURM housing projects, ensure that 

proper appraisals are being done, collect relevant data, identify 

beneficiaries for JNNURM housing projects and address 

consumer grievances.  

V. ANALYSIS 

A. Concept of Affordability 

Affordability is generally viewed as a ratio of price/rent of 

housing to income of household. The ratio differs for different 

income groups. Lower income groups can afford to pay much 

less proportion of their income for housing than that of higher 

income groups. While keeping the affordability ratio for LIG and 

MIG as given by the Parekh Committee, the ratio for EWS needs 

to be lowered to not more than 20 per cent for EMI/rent and 3 

times household’s gross annual income for cost of house. 

Another category of urban poor which is also (or ought to be) 

part of government’s inclusive policy of providing Affordable 

Housing for all namely BPL (Below Poverty Line). This category 

needs to be considered separately and not as part of EWS. The 

affordability level of households in this category would be no 

more than 5 per cent of the income. The income categories and 

affordability levels thus can be defined as follows:- 

 
Table 2: Affordability levels and Income Categories 
 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      723 

ISSN 2250-3153  

www.ijsrp.org 

 

Taking the income classification of different income groups as 

defined by the Government of India, the affordability levels 

would be as follows; 

 

 

 

 

 

 
Table 3: Income classifications and capacity to afford EMI/Rent/Month 

 

 

Not all the households in each category would be 

concentrating at the upper end of the spectrum. Affordability 

levels of most of the poor would be much lower than what is 

being communicated by the figures in Table 3. It is also quite 

evident, that at current prices these cannot fetch a dignified house 

in most urban areas. It is important to define the lower limits for 

each income category also in order to plan for provisioning of all 

for lowest of income group in each category. Affordability is to 

be defined not only in terms of purchase price of the house (in 

case of ownership housing) or rent but must also include other 

charges/fees (registration charge, search cost etc.) payable at the 

time of purchase/renting of the house as also recurring cost over 

the lifetime of stay in the house. These would include taxes, 

maintenance cost, utility cost. One may also include cost of 

commuting to work place or other places of different members of 

family. 

B. Affordable vs. Adequate Housing 

Given the limitations on ATP (Affordability to Pay) of various 

(and especially the lowest) income groups, housing options for 

these are decided in terms of whatever is `possible’ within these 

limits. Housing defined as being a package of multiple 

characteristics including location, tenure, size, infrastructure – 

compromise is made mainly on locations and size. In fact issue 

of affordability, especially for the poor is closely linked with 

location of housing. Most of the poor work in the informal 

sector. Most appropriate locations for these are near their work 

places. Since, most of them get paid according to work done, 

time consumed in commuting from places for off from 

(potential) work places would mean fewer hours of work, lower 

income and lower ATP. The increased cost of commuting from 

far off work places would have a further negative impact on 

`money’ available for housing. Besides, the objective of 

providing Affordable Housing for all is not only to provide 

housing within their affordability limits but to provide a superior 

package of housing than what they have at present. The trade-off 

between location and tenure/infrastructure may not always be a 

preferred option for the poor. 

Similarly, provision of small sized (one room) units with 

minimal area to fit within the affordability limits of the lower 

income groups needs to be reappraised. At present, the 

enunciation of housing problem in various Government 

documents is not only in terms of dilapidated housing conditions 

but also large number of households living in congested (one 

room units) conditions. Planning for provisioning of one-room 

units is not solving the problem of housing. It may also be noted 

that housing is a durable product and once built will stand for 

next 30-40 years. By providing for small sized high-density units 

one would be replacing one types of slum with other type of 

slums. The objective of Housing policy thus should be not only 

to provide Affordable Housing but to provide housing which 

satisfies minimum adequate norms. One is to define Adequate. 

Housing and then deliberate as to how to make this housing 

affordable for different income groups. 

The affordability limits (in terms of income prices ratio) are 

defined for the country as a whole. So is the size of housing 

which is within this affordability limit. It is quite obvious that 

such cannot be the case for all urban areas in the country. Thus 

there may be very few households in Mumbai with incomes 

below the EWS limit but still find it impossible to afford even 

one sq.ft of land in the city. In some small cities, income levels 

of the poor may be at the lower end of EWS income limits and 

despite low prices of housing, the problem of un-affordability 

Income Group 

Income Cost EMI/Rent 

Monthly 

Rs. 

As a Multiple 
of Household 
Gross Annual 

Income (x) 

As a Percentage 
of Gross 

Monthly Income 

BPL <=2690 < 2x 5% 

EWS 2639 - 3300 < 3x 20% 

LIG 3301 - 7300 < 4x < 30% 

MIG 
7301 - 
14500 < 5x < 40% 

Income 
Group 

Income 

Affordable 
EMI/Rent per 

Month (in Rs) 

Affordable cost 
of the 

House (in Rs) 

Monthly 

Rs. In Absolute Terms In Absolute Terms 

BPL <=2690 <= 134 <=64500 

EWS 2639 - 3300 538 - 660 96876--118800 

LIG 3301 - 7300 990 - 2190 158448--350400 

MIG 
7301 - 
14500 2920 - 5800 438000--870000 
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will remain. There will be not only interstate but also intra state 

differences in affordability levels of income groups. Housing is a 

location specific issue. The income limits, the affordability levels 

of the EWS, LIG and MIG need to be defined at the local level. 

Formulating policies based on such generalized affordability 

norms may not be bring about desired results.  

Another important issue, which needs to be considered, is, 

whether the definition of Adequate Housing would be the same 

for different types of households. It must be recognized that 

households differ not only according to income but also 

according to household size, composition of household, 

profession, level of skills, stability or otherwise of job etc. The 

housing requirement and preferences would vary accordingly. 

The definition of Adequate Housing for each household cannot 

be the same. Thus housing requirement (in terms of location, 

tenure, size etc) of single male/female, new migrants will be 

quite different from other households. To plan for providing 

dwelling units of a particular size within affordability limits 

(defined in relation to income) for all may not be a good policy. 

It may also be noted that willingness to pay will be higher for ‘a 

glove that fits’ rather than a misfit. One is to avoid defining 

Adequate Housing in general terms of `x’ Sq.Ft. of area for 

different income groups. 

Definition of Adequate Affordable Housing will differ from 

place to place and for different categories of households within 

each income group. This needs to be defined at the local level. 

C. Can the Market provide Affordable Housing? 

The market does respond to purchasing power of different 

income groups and provides some kind of shelter to all. The only 

shortcoming is that this housing is far from `adequate’. The level 

of inadequacy is highest in case of the poor and is deficient in 

almost all characteristics of housing. The reason for high 

(unaffordable) price of housing in the market lies in:- 

 

1. High land prices, 

2. Cost of construction 

3. Transaction cost 

4. Taxes & legal charges, and 

5. Profit margins of private operators. 

 

Price of land is the single most expensive component in the 

cost of housing in urban areas. High price of land is a 

consequence of the inability of land market to respond quickly to 

increased demand for land with growth of urbanization. The 

sluggish response of land market is partly due to inherent 

inefficiencies and imperfections of this market. Land/housing 

market is characterized by small size of the market (number of 

buyers and sellers in each submarket is quite small); low levels 

of substitutability between houses/land plots in different 

submarkets; lack of information about price and availability of 

houses/land in different areas leading to limited competition. 

Further it takes a long time to make land available for residential 

use. Conversion of land from one use to another takes a long 

time due to various state regulation and procedures. 

Increased demand combined with slow response of supply leads 

to higher prices setting a benchmark. Even when supply is 

increased over medium to long term, prices do not decline. Prices 

are normally downwardly rigid. High and increasing land prices 

fuel expectations and add speculative demand to user’s demand 

leading to further increases. Excess demand for land for new or 

existing uses is also partly responsible for increase in prices. 

Quite often public sector/state projects are provided land at 

much-below market (subsidized) prices leading to wasteful use 

of land thus drawing away excessive land from the market and 

reducing supply. Low cost of use of land in existing uses also 

creates excess demand. If the cost were put at more `realistic’ 

(near-market) levels, land from existing uses could be released 

for new uses. This would have some softening impact on price of 

land. Supply of land could also be increased if conditions could 

be created for quicker turnover of use of land. Land could be 

released from obsolete uses and put to use for newly emerging 

uses. Examples of such obsolete uses in cities abound [see R.M. 

Kapoor1990]. In India, the high transaction costs of shifting 

houses reduce mobility of households. Many households may 

like to shift to different locations or different sized units over 

their life cycle but continue to be rooted in the same house 

forever. A notable example of such a phenomenon is old retired 

persons continuing to stay on in prime locations in the urban 

areas, which if vacated could release some housing for the new 

working population and would have positive impact on prices. 

The cost of building materials, construction labor, outdated 

technologies, high capital cost due to long-drawn construction 

process increases the cost of constructions. Various fees and 

taxes payable by the developer during production process 

increase the cost still further. These cost include conversion fee 

(for change of land use from non-residential to residential use), 

license fee (for permission to carry out a project), registration fee 

and stamp duty (for registration of purchase of land in 

developer’s name), wealth tax on land, development fees (for 

obtaining No Objection Certificates and approvals from various 

authorities) and income tax on sale of properties. These taxes and 

fees are passed on to the consumer (partly or fully depending on 

the elasticity of demand and market conditions) as part of the 

cost of production. The cost of construction itself is hiked by 

taxes and duties levied on construction materials and services 

rendered by various professionals in the project. Sale tax, excise 

duty, VAT is levied on building materials like steel, cement, 

paint. Varnishes,   etc. Further, payments made to consultants 

like architects, structural engineers contractors, real estate 

consultants and agents are subject to service tax. To nullify the 

impact of service tax, the developer normally increases the fee by 

the tax amount (fully or partly). Transaction cost including 

search cost, brokerage, and stamp duty and registration fee. 

These escalate the cost to the owner still further. 

In the past few years, a booming economy has given rise to a 

segment of population with very high income. This coupled with 

low interest rates on home loans and fiscal incentives had 

enhanced their affordability levels significantly. This has given a 

further fillip to demand for housing by a certain section. 

Increasing prices have fed expectations of continuing increments 

emboldening the builders to amass huge amounts of land at 

inflated prices. It is due to this fact that despite the present 

decline in demand, builders are wary of reducing prices 
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significantly. Reducing prices to an `equilibrium level’ would 

mean huge losses for most of them. 

Increase in prices at the (top) end of the market has impacted 

on prices at the middle and lower ends. This phenomenon has 

priced out not only the poor but many a middle income groups 

also from the market. Housing inequalities have increased. The 

decade 1991-2001 had seen an increase in housing inequality. If 

a census of housing conditions were to be taken up in 2009, one 

would see further widening of this inequality.  

The market has thus failed to provide land at affordable prices 

to different sections of population. The most deprived being the 

poor. Government has intervened in the market through physical, 

legislative and economic instruments. 

D. Monetary and Fiscal Policies 

Considering the importance of finance in improving the 

affordability of housing, the Government of India had used both 

monetary and fiscal policies to increase the flow of funds to 

housing as also to reduce its cost. Under monetary policy, 

commercial banks are directed to lend a certain percentage of 

their advances for priority sector. Housing has been designated as 

one of the priority sectors. The government’s fiscal policy has 

been very supportive of housing sector since 1996. A number of 

fiscal incentives to encourage investment in housing have been 

provided. 

E. Priority Sector Lending for Housing 

Under the policy of Priority Sector Lending (PSL), scheduled 

commercial banks are to lend 40% of their net bank credit every 

year to priority sectors. The priority sectors include Agriculture, 

Small Scale industry and 8 other sectors. Housing is one of these. 

Whereas a sub-target has been fixed for agriculture and tiny 

sectors, none has been fixed for housing.  

Lending for housing under this program thus becomes a 

residual rather than a priority. In the last few years the credit 

given for housing by commercial banks increased manifold due 

to slow off take by other sectors. 

The loans by commercial banks can be either direct loans to 

individuals or indirect loans for housing to Housing Intermediary 

agencies and all investments in financing of housing. 

The Reserve Bank of India has been continuously 

`liberalizing’ the terms of PSL for housing. The loan limit for 

direct loans has been increased from Rs.3 lakh to Rs.5 lakh in 

1997 to Rs. Rs.20 lakh in 2009, as part of the fiscal stimulus.  

The private sector is `demanding’ a further increase to Rs.50 

lakh. It is clear that the governments’ priority in housing sector, 

as defined in its credit policy is not confined to housing for the 

Poor but housing per se.  

The rate of interest on loans below Rs.2 lakh is subsidized 

whereas those above this limit are deregulated. The commercial 

banks thus would have no incentive to lend for the poorer 

sections of population. (Directly or the indirect route through 

NGOs, cooperative banks or other intermediary agencies) 

F. India’s Urban Housing Problem 

The total (urban) housing shortage in the country is estimated 

at 24.7 million dwelling units. Approximately 98 to 99 per cent 

of this shortage pertains to EWS-LIG. 

In terms of `quality’ of structure, (defined as permanent) 

housing 79 per cent of housing stock was permanent (in 2001). A 

mere 5.3 per cent was temporary and within that even a smaller 

portion (2 per cent) was unserviceable temporary.  

The situation was more critical in terms of large sized families 

living in small house. Only 12 per cent of households were 1-2 

members but 37 per cent lived in one or less room. 48 per cent of 

married couples did not have independent room. 68 per cent 

lived in 2 or less rooms including a significant percentage of 

large sized families. 

Comparing the number of households living in 

permanent/semi permanent/ temporary housing with the number 

of housing units in each category, the excess of number of 

households over number of housing units in three categories is 3 

million, 1 million and 0.8 million respectively. Thus, a larger 

proportion of households, living in permanent housing, share 

accommodation with other households. Congestion factor was 

higher in permanent housing than in nonpermanent. 

This is understandable since a large number of non-pucca 

(non-permanent) houses would be too small in size to 

accommodate more than one household. The problem however is 

not only of number of livable housing units equaling or 

exceeding number of household. Unless the supply responds to 

requirement in different segments, we might have surpluses in 

some segments and shortage in others. This is evidenced by high 

vacancy rate (at 9 per cent) in urban housing.  

A clear understanding of the nature of housing problem is an 

essential pre-requisite for formulating appropriate policies. Even 

though the `need’ for housing is the highest at the lower end, it is 

not to say that need for housing for MIGs/HIGs has been 

exhausted. The housing policies thus have to be directed towards 

meeting requirements of all sections of population. 

 

VI. INFERENCE 

A. Review of a scheme - Guidelines for Interest Subsidy 

Scheme for Housing the Urban Poor (ISHUP)  

Interest Subsidy Scheme for Housing for the Urban Poor 

(ISHUP) is aimed at providing cheap loans to the urban poor 

who have a plot but insufficient funds for constructing a pucca 

house for themselves. The scheme gives them an interest subsidy 

of 5%, per annum for loans up to Rs.1 lakh for EWS (per month 

house hold income below Rs.5, 000/-) and LIG (per month 

house-hold income between Rs.5, 001/- to Rs.10, 000/-) Under 

this scheme, interest subsidy of Rs.1, 100 Crore allocated to the 

scheme is expected to leverage institutional finance of Rs.3, 870 

Crore. The scheme has been kept as a pilot for the 11th plan, 

partly because of the limitation of funds, and partly with a view 

to evaluate demand for this package. It is hoped that the states 

and ULBs will promote it actively in towns in which no housing 

is being provided under JNNURM or any state scheme. HUDCO 
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has been identified as one of the nodal agency towards 

implementing the scheme. 

As it can be seen, this scheme is meant for an income level 

much higher than that of the Urban Poor targeted at, in the event 

of houses being designed out of BRC (Bamboo Reinforced 

Concrete), for structural components.  

As per the NRC report, income groups termed as the BPL 

(Below Poverty Line) whose monthly incomes are estimated to 

be much lesser than Rs. 2690, and who can at the most afford a 

rent/EMI of Rs. 134, are not eligible for this scheme. While at 

the macro level a scheme of this sort could serve to make 

housing affordable for a section of society, the poorest of the 

poor in designated urban areas will not be able to benefit from 

this scheme. 

B. Inconsistencies and misconceptions: 

1) Yet another question is, can the EWS, BPL population 

afford a third of its income on housing? What can 30% of a 

monthly income of Rs.2690/- (Rs.807/ pm) fetch him for a 

house, assuming that he does set aside a third of his income as 

EMI/Monthly Rent?  

2) Can he afford a total cost amounting to Rs.2, 58, 000/?  Can 

a Pucca house be designed constructed, and handed over to the 

owner, at such an amount including processing charges, taxes, 

registration fees, consultants etc?  

3) The Deepak Parekh Committee report supports it. However, 

on closer analysis it is clear that what is being promised is what 

is “Possible” and certainly not what is “desirable” in terms of 

size and number of rooms. A standard compromise is being made 

across the country uniformly, thereby reducing the area, size of 

rooms, and number of rooms.  

4) Congestion, arising due to a higher density of population 

sharing infrastructural facilities, is characteristic of this type of 

pucca housing, the price of which is forever skyrocketing. Will 

the size be further reduced? To what extent? 

5) The pucca house is not always a priority for all owners; 

some prefer a cheaper rate of construction, without forgoing size, 

at the same cost.  

6) It is needless to say that there is a minimum size of the 

house and that of the rooms and also the number of rooms, below 

which it cannot qualify as adequate housing. Hence a balance 

between affordability, adequacy and habitability, quality, safety 

and security, is required to be found.  

7) Even as an investment, unlike gold, neither for its purchase 

nor EMI /rent, can the price remain constant! Just as in the case 

of land, fragmentation and shrinking of a house cannot be termed 

as a viable solution simply because if the phenomenon is 

stretched to its logical extreme, there is a point after which, any 

further shrinking will render the home as a folly in Architecture. 

8) Hence if there is a constant at all, it has to be the minimum 

size of the house, the minimum number of rooms, safety, security 

and durability, leaving no room for a compromise. 

9) The Pucca and /or kutchaness of the house are irrelevant 

terms as long as the other constants are focused upon. 

10) If at all there is a variable, it has to be to be the cost and 

material of the house, which can be controlled by the use of 

appropriate technology. 

11)  Knowing now, that neither of the parameters can be 

provided at the cost of the other, an architectural design, with 

BRC structural component can commence within the budgetary 

constraint, so that a decent home can be constructed. Based on 

this understanding postulates can thus be framed: 

C. Postulates 

1) A house constructed under any State or Central 

Government has to be durable, safe secure and habitable. 

2) Habitability to be defined in terms of a minimum 

specific size and number of rooms per house hold consisting of 5 

members. 

3) The Concept of a pucca house to be modified, so as to 

include alternative materials and technology which continue to 

provide security safety, habitability, so as to qualify for funding 

through banks and HFIs.  

4) It has to be noted that all alternative materials 

unconventional materials do not result in a kutcha house. 

5) A Pucca house despite being durable, safe and secure 

can still be inhabitable. 

6) A pucca house can be durable, safe secure, habitable 

and still be unaffordable on account of other hidden costs, 

including travel and other betterment, processing and user 

charges, taxes etc. 

7) A so called Kutcha (temporary) house (using parallel 

technology) can also be durable, safe secure, habitable and still 

be unaffordable on account of its inherent capital cost, other 

hidden costs, including travel and other betterment, processing 

and user charges, taxes etc. 

8) Affordability cannot be equated to size of the house 

infinitely as being inversely proportional to it, but must stop at a 

point when it starts to get inhabitable or inadequate.  

VII. CONCLUSION 

Having started with the idea of using bamboo as a substitute to 

steel in the key structural components of a dwelling unit designed 

for the urban poor living close to Bamboo producing Regions in 

India, it was necessary to examine. 

1) How favorable the policies were towards the use of 

alternative materials, in principle and in spirit.  

2) Whether there were inconsistencies within the provisions of 

the Policy for affordable housing and habitat 2007, which would 

prove to be a hurdle in promoting structural components out of 

BRC (Bamboo Reinforced Concrete) if it is technically proved 

safe, durable and reasonably priced and sized.   

3) To put it simply it's about lowering construction costs by 

replacing SRC (Steel Reinforced Concrete by BRC (Bamboo 

Reinforced Concrete). While the DPC (Deepak Parekh 

Committee) report makes a firm point, about encouraging the use 

of alternative materials and Technology, having understood the 

NRC report there appear to be retarding forces making the so 

called "affordable housing", totally unaffordable for the urban 

homeless, which is the target group in question.   

4) A few of the most critical definitions in the Deepak Parekh 

Report are not in coherence with the intent of the policy. One 

such definition is that of a pucca house. This definition excludes 
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some of the non conventional materials used in self constructed 

homes by the Urban Poor. They are, as per the report, termed as 

kutcha (temporary). It is this very house which is a home for a 

typical informal sector daily-wage HH (House Hold), who would 

often live in it for decades. It goes on to establish that it is not 

valueless.  However, the definition renders a house of this 

category ineligible for being granted a housing loan. The irony is, 

that this income group, which needs the loan the most, and 

despite careful revision, and all-encompassing policy 

frameworks evolved, it is also the income group that is denied 

housing.  
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Abstract- Women as a class are oppressed and subdued by the 

hegemony of social patriarchy. Gender concerns and discourses 

service within the development bureaucracies dominated by men. 

The continued male dominance in science and technology is due 

in large measure to the enduring symbolic association of 

masculinity and technology by which cultural images and 

representations of technology converge with prevailing images of 

masculinity and power. The use of technology is always 

discriminatory. Women in technical roles often feel that the skills 

and feedback they bring to their jobs are not valued technology 

and development, are considered gender-neutral. Women are 

forced to seek employment in other areas which may have no 

relationship with their original experience, expertise and interest 

within the Masculinity- technology association, one can discern a 

series of highly gendered dichotomies. Most obvious of these is 

the distinction between being people focused and machine 

focused. This article is an attempt to analyze the role of family & 

society in masculinizing technology and how society is using 

technology as a instrument for ‘engendered’ bise. It will focus on 

the fact that how ideological and conceptual differences have 

prevented significant progress. There is three section of the 

article first section will focus on the status of women, second 

section on gender bias in science and technology and the third 

section will through light an reason for gender gap in technology 

followed with conclusion. 

 

I. STATUS OF WOMEN 

would like to begin this article by thanking all the women 

pioneers who have struggled personally to prove that a women 

can get any job done. 

    In the course of Indian history from prehistoric to modern and 

contemporary time there were distinct stages of the rise and fall 

in the status and role of women in India. The recorded evidence 

found in a certain period and in a particular place / province has 

express opposite views about the worth, nature and importance of 

women. According to one school, a woman is the best gift of 

God to man. She brings prosperity when she is properly treated 

and respect, and is called Lakshmi, the goddess of wealth and 

prosperity. The second school of through holds the view that the 

best way to reach God is to avoid women
1
. The Status of woman 

is a complex question and has to be studied as an integral part of 

the socio-economic structure in which women live. The changes 

that have place in their position are a part of the process of 

transformation of a traditional society. 

    There is almost a consensus of opinion among great scholars 

of classical literature that during the age of Vedas (2500-1500 

B.C) a women’s status was equivalent to that of man. The 

position of women in Vedic period can be judged by the way in 

which the birth of a girl was received. None of the hymns of 

Rigveda considered the birth of a daughter as inauspicious. But 

we find prayers for the birth as a son in Atharva Veda which 

says, “The birth of a girl,grant it ealsewhere; here grant a boy.”2 

We do find a frequent longing for a male child in the Rigveda, 

while during the Vedic Age, there were some parents who would 

perform Kanyasraddhas on the second day of the moon for the 

blessing of getting learned and capable daughters.Girls were 

educated like boys. Like their brothers the girls wore the sacred 

thread (Upavita-Dharana) and used to pass through a period of 

Brahmacharya.According to Sarvanukra-manika there were as 

many as twenty women who are credited with having composed 

the hymns of the Rigveda. Many of them became distinguished 

poetesses and where honoured by having their peoms including 

in Vedic literature. Some of the high class women were highly 

educated and they actively participated in intellectual and 

philosophical discussions. Apart from a literary career, women 

entered fields of teaching, medicine, business, defence and 

administration.3  

    In the post Vedic Period, women were known to take up 

teaching career. She was accepted as an Acharya. Some of the 

lady teachers were specialists in theology and philosophy, the 

most abstruse and difficult subjects. Women had the privilege of 

adoption. For instance, Vadharimati adopted Haranyashasta and 

Loppada adopted Santha, the daughter of Dasaratha.
4
With the 

lapse of time the position of the daughter also changed. During 

this period there was a gradual decline in women’s education. 

Girls were not allowed to go to the houses of the preceptor or 

centres of education but were taught only by near relatives like 

father, brother or the uncle. Thereafter only the girls of rich and 

cultured families received religious and other training. As a 

result, there appeared a tendency to curtail the religious rights 

and privileges of women in general. During this period the desire 

to get a son to provide for the future became quite intense and 

daughters came to be looked upon as encumbrances.The 

discontinuance of Upanayana, the neglect of education and 

lowering of the marriage age produced disastrous consequences 

regarding the position and status of women. Early marriage 

became a hindrance in the education of girls. Women came to be 

regarded as being of the same status as the Sudra.Unjust and 

archaic social customs like child marriage, Sati and polygamy 

reduced the status the women to the level of mere goods or cattle. 

They were regarded as ‘nari-sudras’. Altekar says that the period 

between 500A.D to 1800A.D was one of progressive 

deterioration in the position of women. In the history of India, 

these depressing days of total injustice, intolerance and 

inequality would remain as the darkest spots for ever. There were 

I  
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varied and many reasons for the deterioration in the position of 

women. The only good thing that developed during this period 

was the recognition of certain proprietary rights for women.
5
 

In Manusmriti we find two contradictory statements  (i) Where 

women are honoured, there Gods dwell (ii) A woman is to be 

protected and sheltered all through her life by her male relatives 

– by the father during her childhood, the husband when a 

housewife and the son during her widowhood. The position of 

women in all other spheres, except the proprietary rights, 

continued to deteriorate in this period. Most of the causes 

responsible for the degradation of women during the last period 

continued to operate in this age also. The reasons that are 

responsible for the deterioration of the status of women in India 

were (i) patriarchal joint family system (ii) polygamy and the sati 

customs (iii) enforced widowhood, denial of the right to divorce 

and right to remarry after widowhood, and (iv) child marriage 

and the purdah system. Because of child marriages to much older 

men, there were  increase in the number of widows. Both child 

marriage and the purdah custom led to low literacy rate among 

women. Their entry to social, political and religious functions 

was prohibited.  

    The British were the first who unified the country as a whole 

and were liberal in their thinking. They believed that rational 

thinking had to be the basis for all customs and institutions and 

customs and institutions not based on reason had to be done 

away with. Hence, during the British rule, Indian society faced 

significant medications. The British government worked slowly 

and succeeded in providing an alternative way of life for those 

who wanted change, by introducing a new type of economy, state 

structure, educational system and also by passing new social 

legislations. 

    For the upliftment of women in India several factors are 

responsible. The first one was the direct influence of the British, 

noted for their courtesy towards women and the second, the 

general awakening of Asians in the twentieth century. The 

political struggle for India’s independence also gave considerable 

force to the feminist movement in India.
6
 

    The British introduced female education in India. But the 

system of child marriage came in the way of the spread of female 

education. Hence in 1929 they also passed the Child Marriage 

Restraint Act. This Act was also amended by the Acts VIII and 

XIX in 1938 and in 1978. This act restricted the evils of early 

marriage and increase in the number of girl widows. The Act not 

only prohibited the solemnization of child marriages but also 

raised the minimum age for marriage of girls to 14. Under 

section 5 of the 1929 Act, the marriage of girls below 14 years 

and boys below 18 years of age was to be penalized. The 1929 

Child Marriage Restraint Act was also known as the sarda Act. 

Besides removing the evils of child marriage, it promoted female 

education. This led to the improvement in the position of the 

daughter. 

    Besides these governmental efforts, in 1917 Mrs. Annie 

Besant tried to promote women’s education through the Indian 

Association. In 1920 the Federation of Universities of women 

was established and in 1925 the National Council of women 

started. Great personalities like Raja Ram Mohan Roy, the 

founder of Brahma Samaj, Ishwarchandra Vidyasagar, 

Dayananda Saraswati, the founder of Arya Samaj, Keshub 

Chandra Sen, Gopal Krishna Gokhale, Ramakrishna 

Paramahamsa, Swami Vivekananda, Padita rambai and other 

tried to bring out unprecedented awakening among women who 

were downtrodden and had been oppressed for centuries. During 

India’s struggle for independence, thousands of women took part 

under the leadership of Mahatma Gandhi, Sarojini Naidu, 

Vijayalakshmi Pandit and Kasturba Gandhi were some of the 

unique women personalities.  

    Due to the principles of democracy based on liberty, a 

woman’s role began to change towards greater emancipation 

from man’s domination. The role of wife-mother was affected by 

this new freedom. In India, due to efforts of social reformers and 

social legislations, women were brought out of the confines of 

their homes.
7
 The process of industrialization and urbanization 

and their share in the changes which followed.
8
 It was the 20

th
 

century that brought about dynamic changes and new concepts 

which affected the status of women, giving them fresh dignity 

and importance. 

    But unfortunately gender biased laws are still prevalent. 

Women are still deprived of their rights. The ‘Lakshman-Rekhas’ 

still confines Hindu women. India is considered a country of 

male chauvinism. Male chauvinism has been taken so much for 

granted throughout the entire course of human and social 

evolution that no one even raises the question of the position of 

men in any particular society. It needs a brilliant perspective and 

acute mind such as that of Bertrand Russell to point out the 

steady deterioration of the male role in modern society, since 

almost all his functions have been taken over by the state. In 

contrast, the question of the position of women in any society is 

one that is often asked. Most veiled is it in the case of these 

societies which have just emerged from the feudal stage of social 

development in a sense. The UNO can be said to have put 

another nail in the coffin of male superiority by declaring 1975 

as the International Women’s Year, thereby attracting even more 

notice towards the status of women in present day society, a 

question that men would prefer to hush up. The justification of 

the UN decision lies obviously in the fact that women are still 

treated as more-or-less second class citizens in respect of many 

democratic rights. They have yet to taste real equality though of 

course isolated examples of women who have won a place for 

themselves in their society can be cited. Notably the names of 

Mrs. Indian Gandhi in India, Mrs. Thatcher in Britain, Mrs. 

Bandarnaike in Sri Lanka spring to one’s mind. Not only have 

they demonstrated their quality with men, they have in fact 

established that women can prove more capable, given the 

opportunity. The last few decades have no doubt seen women 

coming out in the open and joining the mainstream of 

development of the country. Ever it is to be seen whether this has 

helped them in achieving a status for themselves, in the minds of 

people at large. Can we consider women in India now equal to 

man in status at least those who are working with men? No I 

really, don’t think so this has been achieved. Women are today 

found in every field of man’s working and several have even 

become economically independent but has even that enhance 

there status.The last sixty six years of the Independence of India, 

we have seen women coming out to be educated, to do jobs, to 

make careers, yet the perception that women are second to men 

has not been erased. Now thus it is time to study and analyze that 

anomaly that, though she works shoulder to shoulder with men, 

she still remain second why? 
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    When examining gender bias, it is important to define and 

understand the term. Gender is defined by the American Heritage 

Dictionary as “classification of sex”. According to this same 

source, bias is defined as “preference or inclination that inhibits 

impartiality; prejudice (American Heritage Dictionary 1983). 

Thus gender bias is separation of gender in a way which prefers 

one sex over the other. Gender bias in technology refers to 

preference for or favouring of one sex over the other in computer 

use and or access, software use and or manufacturing, and intenet 

use and content. As can be seen, gender bias in technology is a 

multifaceted and complex issue specially in India. 

    The gender gap exists between male and females in the use of 

technology was found in a 1994 study, it was found that in a 

grasp of fourth through sixth graders who were defined as 

“heavy” computer users, the ration of girls to boys using 

computer was 1:4 (Sakamto, 1994). This is only the beginning of 

a trend which reveals a gap between boy and girls that continues 

into high school, college and beyond “Girls’ participation rates 

(in math and science) in elementary and secondary school have 

increased, but drop as women advance in higher education. 

Although girls achievement is approaching that of boys, a gender 

gap persist which increases with the grade level (Title IX at 25; 

Report Card on Gender equality). Many parents, educators and 

manufactures out there are indeed very sensitive to the issue of 

gender. They are making great strides to create equality in all 

area for male and female. On the other hand these are those 

parents, educators, and manufacturers shocked and surprised to 

realize that they are unintentionally separate signals about 

expectation for girls and boys. 

II. GENDER BIAS IN SCIENCE & TECHNOLOGY 

    After the revolution of science and technology it was expected 

that male superiority will no longer work because science may 

revolutionized man’s working and living environment so much 

that the old consideration do not apply. Now the task requiring 

tremendous physical energy can be performed by machines 

which can be operated by pushing a button, differentiation on the 

basis of physical strength are meaningless, but unfortunately for 

the women life is still the same. It is strange but true that 

computing remains a heavily male-dominated field even after 

thirty years of extensive efforts to promote female participation 

the gender gap and gender bias in technology are still a 

complicated issues. The issue is not about how many women are 

earning their Bachelors degrees in science, the question to be 

asked in how many of them are actually active in scientific 

research and how many of them are in the field of technology? 

Women earn more Ph.Ds then man in the humanities, social 

sciences, education and life sciences. It is hear warming to know 

that women now serve as a president of India. 

    But elsewhere, the figures are different women comprise just 5 

per cent of profession in Math, 5 percent in Physic, 5 percent in 

Electrical Engineering. Women scientists form not only a very 

small proportion of women in India, but also a minor proportion 

all Indian working women. Most women scientists emerge in 

biology related fields. Even in these fields, their research is 

expected to be market driven. As a matter of fact, status of IIT 

Bombay shows that out of the total students persuing 

undergraduate studies only 10 percent are girls. Gender bias is 

made evident by the fact that only 34 women have awarded the 

Nobel Prize Since 1901 and only 2 in Physics. 

    In an analysis of 500 letters of recommendation for research, 

IIT’s and clinical faculty position at a medical school, 

researchers concluded that recommenders often unconsciously 

describe candidates in stereotypically gendered ways. It was 

found that letters written about women compared with letters 

written on behalf of man, were short and more likely to lack 

basic features, such as how they knew the applicant, concrete 

references about the applicants read, or evaluative comments 

about the applicants traits or accomplishments. The researchers 

also found that descriptions of men were more likely than those 

of to be aligned with the critical job requirements research record 

and ability adjectives used to describe both male and female 

applicants were often based in gender stereotype ; men as 

successful and women as nurturing. Words like “Compassionate” 

were frequently used for women, while words like 

“accomplishment” were more often used for men. Grindstone 

words  - adjectives describing applicants as hard workers – were 

also more often used for women than for men, implying that 

women may have strong work ethics, but men have ability. Word 

and phrase repetition leads to cohension and can be a persuasive 

rhetorical device when superlatives and status words (e.g. 

Outstanding, research) were repeated more often in letter 

describing men than women. Letter recommending women were 

twice as likely to include doubt raisers (e.g “it appears that her 

health is stable”, “while she has not done”) than letters written 

for men. Letter describing the positive qualities of men more 

often emphasized their rate as researcher and professionals, while 

letters describing the positive qualities of women more often 

emphasized teaching. The pronoun “her” was followed by 

“training”, “teaching” or “personal life”, much more often than 

was “his”. Similarly, “his” was more often followed by 

“research”, “skills” and “publications” than was “her” all shows 

that unconscious biases influence decisions and practices in ways 

that are beneath the surface of our awarness. From birth, we 

develop “knowledge Schemas” that shape over beliefs about 

people, events, and things. They are based in generalization or 

stereotypes rather than information about individuals or specific 

situations. Gender schemas can lead us to judge the same action 

or outcome differently for women and men. When this happen it 

is unconcious gender bias in action. Research shows that we 

become more aware of one’s gender in situations where someone 

is the only person, or one of only a few, of that gender, as is the 

case for most women in it. 

    In the IT workplace, unconscious gender bias can mislead 

employers both male and female to make inaccurate judgments 

in hiring, performance, reviews and promotion. Experiments 

consistently shows that women and their work are misperceived 

as less valuable than man even when their demonstrated ability is 

identical. Women at all levels of IT have to work harder and 

often violate norms about famine behavior to build authority and 

demonstrate belonging. Women in authority positions are 

especially vulnerable to unconscious bias, perhaps because they 

are fewer in number than male leaders. Studies show that women 

more often suffer from unconscious bias when the number of 

women in an applicant pool is small;   evaluators are under the 

time pressure, fatigued or needing a quick decission : or when 

performance criteria are ambiguous. 
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    Former Harvard head Larry Summers had once angered 

feminist across the globe by suggesting that women may not 

have an innate ability to handle Science and Math. The theory 

has many takers in India too, reports the national task force for 

women in science that released its findings recently. Prejudiced 

mindsets, the burden of their family roles, and gender-biased 

administrators have ensured that women scientists and 

technologist remain a minority in the workforce. Though women 

make for 37% of science Ph.Ds, a depressing large percentage 

drop out of the workforce. Women are poorly represented in top 

post in most government departments related to science and not 

one of the 37 council for scientific and industrial research (CSIR) 

labs in the country is headed by a women. “Science and 

technology make for a demanding career and women often run 

into the glass ceiling. There are less than 20% of women in the 

faculties of research institutions and universities and less than 

4% women fellows in sciences academies. Only a handful of 

them are in selection committees. According to Dr Mahtab Bamji 

who head the task force set up by the department of Science 

under the ministry of science and technology “there is no single 

women Bhatnagar award winner”. 

    Gender bias in technology have actually comes up in the open 

when top scientists have made indiscreet remark. In 2005 

President of Harvard University actually said that innat 

differences between men and women might be one reason that 

fewer women succeed in science and math careers. This caused a 

furore in the academic community. Gender bias is made evident 

by the fact that only 34 women have been awarded the Nobel 

Prize since 1901, and only 2 in Physics. I feel that there is no 

uniform and meritorious judgment because of gender bias. Even 

today, the process of reviewing being followed is the standard 

single blind review system, in which reviewers are aware of the 

authors name and affiliations, while authors are keep in the dark 

about the identity of their reviewers. As a result it makes it a 

loprided method where the knowledge of authors identity – 

gender, nationality, research institution, level of experience in the 

field can (and does) bias reviewer’s opinions on the merit of the 

research. 

III. REASONS FOR GENDER GAP IN TECHNOLOGY 

    Observation tells us about diverse group have diverse opinion 

about the reasons for Gender discrimination in technology in 

India. According to some women tend to work in male 

dominated environments and are therefore more likely to face 

difficulties in their workplace culture. Women in India are more 

strongly constrained by cultural norms and family commitments 

than male collegues. In certain areas and also in certain families, 

the lack of access to good quality education for girl child is a 

core problem which reduce the number of women entering the 

technological profession. Women certainly do not lack 

confidence and  determination, but being in a small minority with 

little career guidance, family pressure, restricted in their time, 

socital norms, psychological pressure, it simply difficult for 

women to compete for resources than it is for men. But it is not 

the case that women do not succeed, there are example of many 

successful women in technological profession, but their success 

rests not only on their scientific talent, hardwork, confidence and 

determination but also on a combination of an enabling social 

background, family approval, financial support, social support 

and more importantly their scarifies in every spheres of life. 

    Women in India are more committed to their family then 

career. Primary responsibility for family care and domestic work 

led to time restraints, and lack of flexibility. According to an 

Astrophysicist of India “ultimately it is much easier to be a man 

in research this is a career that demands more than 9 am to 5 pm 

involvement it requires one to be able to cut off from other 

during certain phases of concentrated work and to be free to 

travel for conferences and workshops. Try doing that if you are a 

women running on India household with your elders (parents / 

in-laws) and young children. Yes you can  refuse to spend hours 

in the kitchen cooking special festival meals and performing 

endless pujas, and refrain from attending all those relatives 

weeding and naming ceremonies,  sacred thread ceremonies and 

first grain ceremonies and Grihapraveshams and Satyanarayana 

pujas and what not, and refuse to observe them yourself, but you 

may end up fighting your way all the time”. 

    Direct discrimination, sexual harassment and intimation in the 

workplace which is faced by most of the women. Women are 

sexually as well as financially exploited by their peers and often 

discriminated and suppressed in their workplace. Self imposed 

constraints which is due to psychological pressure. These 

referred to women’s internalisation of various aspects of their 

socialization as women, their apparent, lack of self confidence, 

lack of aggressiveness, and moreover lack of assertiveness. As 

these are psychological traits or behavioural traits highly valued 

in most competitive work place and a women who appears to 

lack them is unsuccessful in technological field. 

    The most important reason for gender gap in technology is 

levels of discrimination in education from the childhood. It has 

been observed that the birth of a girl child in India is not 

considered desirable by any family when on one side boys get 

going to the school at an appropriate time girl child are prevented 

from attending school or they are sent to relatively inferior 

school with respect of child. The Phenomenon is more 

pronounced in rural regions which are still deeply entrenched in 

ancient customs and traditions. A number of social constraints 

like lack of adequate security, economic notions about dowry etc 

are seen to be responsible for such prejudices and it would not be 

wrong to say that such prejudices are the main reason for 

entering women in science and technological field. Right from 

the beginning the female is forced to be depended be subordinate 

to her male counterpart, explain the every complaint and 

submissive of her to any authority coming her way. She too gets 

manifested as being dependent on every male counterpart. The 

girl is never really allowed to establish her own identity. Initially 

she is educated, subsequently not allowed to work and make her 

living too. She is always either a daughter, wife, or a mother, or a 

grand mother and not really her own self. Pre marriage nothing 

significant happens in an Indian women’s life due to familial and 

societal pressure of marriage post – marriage too things don’t 

work out due to an interplay of variety of societal and familial 

factor of child care, husband care etc. To succeed under such 

circumstances takes a great deal. 
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IV. CONCLUSION 

    Unfortunately, gender gap in the field of Technology is not 

limited to Indian women they are significantly underrepresented 

in information and communication technology (ICT) in most 

countries. In view of the growing role of technology in the world 

at the beginning of the 21
st
 century in education, 

communications, occupations, and entertainment, and as a tool 

for solving the world’s problems – women’s low and decreasing 

representation is a major worry. Technology remains a heavily 

male – dominated field even after twenty five years of extensive 

efforts to promote female participation. It has been claimed that 

there is a growing demand for IT workers with leadership, 

interpersonal and communication skills in order to combat the 

general drop in worker retention and ineffective training. 

    There is a quotetation by a well known Nicholas D. Kristof, an 

American Journalist, author, open eyed columnist, and a winner 

of two Pulitzer Prizes and is widely known for bringing to light 

human rights abuses and social injustices, in Asia and Africa. I’m 

sure we can agree with him especially in connection with the 

way women are treated in India and particularly regarding the 

wife’s role in society. Despite the economic industrial, 

educational, social development in India and the progress in 

communication and technology : women living in modern India 

still face many issues of gender discrimination which prevent 

them to succeed in their interested field. The married women 

face the braunt of it all as they lose even the little freedom they 

enjoyed before marriage in their parents home. All the women 

can recollect how they grow up as a girl or the way their sister or 

other girls they knew spend their childhood with parental 

restraint, rule and regulation? Either they have been a victim or 

they have certainly witnessed or hard stories of how the wife has 

been ill-treated by the spouse and her in-laws. 

    Yes, we are all familiar with the fact that women have been 

treated poorly in the Indian society and however modern Indians 

may claim to be, their personalized views traditions, superstitions 

etc do not make life easy for the wife in India. Though there are 

lot of improvement in the status of women, but they are still not 

seen as true equals by a large section of the Indian society. The 

evils of child marriage, the dowry system, restriction on 

education of girls, economic slavery, illiteracy, ignorance of their 

basic rights domestic violence, physical abuse dowry deaths, 

forced abortions, female infanticide etc are still prevalent making 

the women so vulnerable and victimized. India is still very much 

a male dominated society. 

    Women comprise 50% of the world’s population. It is an 

anomaly that though they possess diverse capabilities and are of 

valuable service in various nation-building activities, had been 

relegated to secondary position by the modern society. They are 

normally referred to as the weaker sex, incapable and 

incompetent. Modern women have proved that are second to 

none in any area whether it is at home, where she rears children 

an does other duties as a housewife. Or it is outside home at their 

workplace in industry, media, IT, politics, technology 

administration / management, armed forces or civil services. 

They work shoulder to shoulder with men almost in all the areas. 

With changing times, the India wife has risen up to the occasion, 

has equipped herself with required skills education etc and is 

capable of doing her part, successfully managing the work both 

inside and outside the home (work place). But the unfortunate 

fact is that Gender bias in the field of science technology is still 

prevent in today’s classrooms, home and society. What was once 

thought of as gender bias has moved into an updated term, 

gender inequality. 

    Many NGOs and advocacy group work both internationally 

and locally to support women scientists some of them are Indian 

women scientists association (IWSA) which is a voluntary non 

political, secular organization registered in 1973, under Society’s 

Reg. Act. IWSA has ten braches all over India. The objective of 

IWSA is to develop scientific temple in society to promote 

understanding of economic and social problem of women with 

science education and to be a representative body for women 

working in natural and physical science, including applied 

sciences, like engineering and medicine. The Agharkar Reseach 

Institute (ARI) is an autonomous, grant in aid research institute 

of the department of Science and Technology (DST). The 

Institute is committed to promotion of science and technology 

with emphasis on high standards of research and development  

activities for the benefit of mankind and the nation. There are 

many scientific and Technological Institute which work for the 

progress of women in the Technological field but the truth 

remain the same, gender bias are still prevalent in every field. “It 

is high time for all the Institute or universities to move past 

thinking about underrepresentation of women in science and 

technology solely as a consequence of biased hiring and 

evaluation and instead think about it as resulting from outdated 

policies created at a time when men with stay at home wives rule 

the academy “This is said by Williams founder of Cornell 

Institute for Women in Science, research and outreach centre that 

studies and promotes the careers of scientists. 

    Thus it would not be wrong to say that Gender has figured in 

important way in shaping the careers of scientist in India. 

Ideologies of gender, nature and science developed over different 

areas have resulted in the exclusion of women from science for a 

long time all over the world. Science and technology has been 

considered ‘masculine’ and gender gap in science has been 

observed in many societies. The social norms, family norms, 

societal structure, relationship between family and work and the 

organizational processes of scientific institutions have created a 

series of interrelated problems for women in science. Science, 

society and women are closely linked and there is a need for 

changes within the social process and institution of science. 

 

REFERENCES 

[1] K.Gill,Hindu Women Property in India (New Delhi, Deep and Deep 
publications 1986)p.17  

[2] Atharva Veda, 2-3. 

[3] Ibid, PP 44-46 

[4] Venkatarayappa, Feminine Roles (Bombay : Popular Prakashan, 1966) PP 
36-37 

[5] As.Attekar P. 358 

[6] K.Gill P. 35 

[7] B. Kuppuswamy, Social change in India (Delhi : Vikas Publishing House, 
1972) P 84  

[8] Ailen D.Ross, The Hindu Family in the Urban Setting (London : Oxford 
Univesity Press 1961)p117 



International Journal of Scientific and Research Publications, Volume 3, Issue 7, July 2013      733 

ISSN 2250-3153  

 

www.ijsrp.org 
 

Recurrent Pseudocyst Pinna: A Rational Approach to 

Treatment  

  yaz Re  an    Mushtaq A Sangoo*, Sajad Hamid**, Asif A Wani *, Shahnawaz hamid * * *, Masood H Kirmani  

* Nazir A Khan* 

 

*Department of Otorhinolaryngology, Head and Neck Surgery, SKIMS Medical college Bemina, Jammu & Kashmir, India 

 **Department of anatomy SKIMS Medical college, Bemina.  

* * * SKIMS Soura 

 

 

     Abstract- Objective: The objectives of this study 

were to evaluate a rational approach in the 

management of recurrent pseudocyst pinna, so as to 

ascertain the definitive treatment of frequently 

recurring condition. 

Materials and Methods: Forty eight (48) patients 

were diagnosed with pseudocyst of pinna who were 

unresponsive to aspiration and intralesional steroid 

injection at our tertiary care referral centre (ENT 

deptt. of SKIMS Medical college) between December 

2009 to April 2012. Forty one (41) patients showed 

recurrence within 10 days after needle aspiration and 

intralesional steroid with contour dressing and were  

randomly divided into two groups. Group I 

comprising of 26 patients, underwent incision and 

drainage with curettage followed by buttoning and 

group II comprising of 15 patients, underwent surgical 

deroofing of the cyst along with buttoning. 

Results: 39 males and 9 females with mean age of 

32.6±4.5 years were taken in this study. 29 (60.417%) 

patients  had left sided lesion, whereas 19 (39.563%) 

patients had right sided lesion. Most common site of 

involvement was scaphoid fossa in 29 (60.417%) 

followed by concha in 16 (33.33%) and triangular 

fossa in 3 (6.25%) patients. 41 (85.41%) patients 

showed recurrence within 10 days after needle 

aspiration and intralesional steroid injection and 

contour dressing. 7 (26.923%) of the 26 patients 

showed recurrence after incision and drainage with 

buttoning. These 7 patients that recurred along with 

the 15 patients underwent surgical deroofing with 

buttoning showed no recurrence. In our study one 

patient developed perichondritis initially followed by 

cauliflower ear, otherwise the results were 

cosmetically acceptable. Biochemical study of the 

aspirated fluid revealed markedly elevated activity of 

Lactate dehydrogenase (LDH) levels in all cases. 

Conclusion:Pseudocyst of pinna is a rare, benign, 

idiopathic, asymptomatic, cystic swelling over the 

anterior aspect of auricle and can be a source of 

disappointment for the surgeon because of frequent 

recurrence after its treatment. Optimal treatment for 

recurrent pseudocyst of the pinna involves removal of 

anterior cartilaginous leaflet of the pseudocyst with 

repositioning of the overlying flap of skin followed by 

buttoning which accomplishes the twin objectives of 

complete resolution of the condition without any 

recurrence. This results in a normal appearing auricle 

with minimal scarring. 

   

    Index Terms- Pseudocyst, Cystic swelling, 

cartilage, pinna     

  

I. INTRODUCTION 

seudocyst of pinna is a rare, benign, idiopathic, 

asymptomatic, cystic swelling over the anterior 

aspect of auricle and can be a source of 

disappointment for the surgeon because of frequent 

recurrence after its treatment. Engel[2] in 1966, first 

reported the pseudocyst of auricle in the Chinese 

population. It is predominantly seen in young male 

adults, being uncommon before the age of 20 years 

and after 60 years. This rare disorder results from 

spontaneous accumulation of a sterile, oily, yellowish 

fluid and presents clinically as a painless, solitary, 

fluctuant, non-inflammatory, dome shaped cystic 

swelling on the anterior surface of pinna. Majority of 

cysts are located in the scaphoid [1] and the triangular 

fossae. It ranges usually from 1-5 cm in diameter. The 

etiology of pseudocyst of the auricle is unknown, but 

P 
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the two main theories have been reported. The first 

theory suggests that an auricular pseudocyst often 

results after repeated minor low grade trauma, such as 

rubbing, ear pulling, sleeping on hard pillows[2] or 

wearing a motorcycle helmet or headphones[8]. It was 

suggested that chronic trauma induced cartilage 

degeneration resulting in progressive dilatation and 

formation of a cystic space within the auricular 

cartilage[6]. In support of this traumatic etiology, 

elevated serum lactic dehydrogenase (LDH) values 

have been reported within the pseudocyst fluid. Two 

of the elevated isoenzymes, LDH-4 and LDH-5, are 

proposed as major components of auricular cartilage. 

These enzymes may be released from auricular 

cartilage degenerated from repeated minor 

trauma[10]. The second theory hypothesized that 

congenital embryologic defect of the auricular 

cartilage is the predisposing factor in the development 

of the pseudocyst. The auricle is developed from the 

first and second branchial arches, and congenital 

maldevelopment of this branchial arch may result in 

residual tissue planes within the cartilage which may 

reopen, giving rise to a pseudocyst[4]. Other studies 

showed that the auricular pseudocyst might represent 

an autoimmune disease involving the auricle [11]. The 

possible mechanism may be an accumulation of 

reactive exudates due to immunoreactions of 

autologous antibody and auricular tissue. Other 

newest study postulates a hypothesis in which an 

inflammatory response manifesting as perivascular 

mononuclear infiltrates of predominantly lymphocytes 

is the cause of the development of this condition. 

After this triggering inflammatory response on the 

auricular cartilage, these inflammatory cells release 

inflammatory cytokines, resulting in a cleavage in the 

auricular cartilage. An inflammatory fluid slowly 

accumulates within the cartilage, lifting the anterior 

segment of the auricular cartilage from its posterior 

segment. Later on this inflammatory process slowly 

settles and is replaced by the histological evidence of 

perichondrial fibroblastic response and granulation 

tissue formation. 

 Histologically, pseudocyst of the auricle is 

characterized by an intercartilagenous cavity lacking 

an epithelial lining, hence the name pseudocyst. 

Irregular thinning and hyalinization of the cartilage 

peripheral to the cavity is also seen. Later stage of 

pseudocyst may also show intracartilagenous fibrosis 

and granulation tissue[4]. Lim et al[3] in their 

histological review of 16 cases of pseudocysts, found 

a perivascular mononuclear infiltrate of 

predominantly lymphocytes in all the cases.  

Despite the large number of treatment 

modalities that have been described for this condition, 

the definitive treatment still remains controversial 

because of high recurrence rate.   

II. MATERIALS AND METHODS 

Forty eight (48) patients were diagnosed with 

pseudocyst of pinna who presented with 

asymptomatic painless cystic swelling over anterior 

aspect of auricle and were managed at our tertiary 

care referral centre (ENT deptt. of SKIMS Medical 

college) between December 2009 to April 2012. All 

the patients were initially subjected to needle 

aspiration and intralesional steroid injection with 

contour dressing. The biochemical analysis of the 

aspirated fluid was done. Forty one out of the forty 

eight patients showed recurrence within 10 days after 

needle aspiration and intralesional steroid with 

contour dressing. These 41 patients were randomly 

divided into group I comprising of 26 patients who 

underwent incision and drainage with curettage 

followed by buttoning and group II comprising of 15 

patients who underwent surgical deroofing of the cyst 

along with buttoning under local anaesthesia. All 

patients gave informed written consent and all the 

procedures were performed in an outpatient setting. 

III. RESULTS 

39 males and 9 females with asymptomatic 

pseudocyst of pinna were treated at SKIMS MC 

Hospital between Dec. 2009 to April 2012. The age of 

patients ranged from 28 to 40 years, with the mean 

age of 32.6±4.5 years. 29 (60.417%) patients had left 

sided lesion whereas 19 (39.583%) patients had right 

sided lesion. All the patients had painless swelling of 

pinna as presenting symptom, with an average 

duration of symptoms of 3 weeks ranging from 15 to 

28 days. The scaphoid  fossa was the most common 

site of of involvement. 29 (60.417%) patients 

presented with lesion in the scaphoid fossa followed 

by concha in 16 (33.33%) and triangular fossa in 

3(6.25%) patients. 41(85.41%) patients showed 
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recurrence within 10 days after needle aspiration and 

intralesional steroid injection and contour dressing. 7 

(26.925%) of the 26 patients in group I had recurrence 

after incision and drainage with buttoning within 10 

days after removal of buttons. The 7 patients that 

recurred then underwent deroofing with buttoning 

alongwith 15 patients of group II. Thus a total of 22 

patients underwent surgical deroofing with buttoning. 

None of the patients had recurrence following this 

technique. The patients were followed for 6-8 months. 

In our study, one patient developed perichondritis 

initially  followed by cauliflower ear 2 months after 

the surgery. The patient was diabetic, underlying 

comorbidity may have contributed to the unfavourable 

outcome, otherwise the results were cosmetically 

acceptable. Biochemical study of the aspirated fluid 

revealed markedly elevated activity of Lactate 

dehydrogenase (LDH) and a preponderance of LDH-4 

and LDH-5 in all patients.  

IV. DISCUSSION 

Pseudocyst of the auricle is characterized by a 

unilateral, asymptomatic, cystic swelling of the helix 

or the antihelix, most often located in the scaphoid 

fossa[2]. Engel[2] in 1966 first reported the 

pseudocyst of the auricle in the Chinese. This rare 

disorder results from spontaneous accumulation of a 

sterile, oily yellowish fluid, resembling olive oil[1]. It 

is mostly observed in young males and presents 

clinically as a benign, non inflammatory, painless 

swelling on the lateral or the anterior surface of 

pinna[1],[2]. The etiology of pseudocyst is still 

incompletely understood, but several mechanisms for 

its pathogenesis have been put forth. Originally, 

Engel[2] hypothesized that abnormal release of 

lysosomal enzymes from local chondrocytes caused 

progressive dilatation and formation of an 

intracartilagenous cavity. Another theory 

hypothesized that congenital embryonic dysplasia of 

the auricular cartilage is a factor in the development 

of pseudocyst. The auricle develops from 6 tubercles 

on the first and second branchial arches. It has been 

suggested that during the complex fusion and folding 

that form the auricle, residual tissue planes may 

sometimes be formed within the mesenchyme that 

gives rise to the auricular cartilage. It is the reopening 

of these tissue planes later on that result in the 

formation of pseudocyst[4]. Another factor that has 

been postulated to play some part in the pathogenesis 

of pseudocyst is chronic low grade trauma. Engel[2] 

suggested that the Chinese habit of sleeping on a hard 

pillow might be a causative factor in the pseudocyst 

formation. Other types of minor trauma that have been 

cited include the carriage of large hampers and sacks 

on shoulders[6], motorcycle helmets and stereo 

headphones[8] and even the Italian habit of pulling the 

pinna on birthday[9]. Choi[6] suggested that repeated 

minor trauma led to an overproduction of 

glycosaminoglycans, which starting as microcysts 

within the cartilage, coalesce to form a larger lesion or 

pseudocyst. However, trauma has not been 

documented in most cases of pseudocyst. Tan[7] 

found a positive history of trauma in only 10% of 

patients, whereas Cohen[1],[23], reported a history of 

trauma to the lesional site in 30% of patients. In our 

study , 24 (50%) patients gave a history of trauma, 

whereas 5 (10.4%) patients were motorcycle helmet 

wearers. This gives evidence to the fact that minor 

repeated trauma may be critical to the pathogenesis of 

this condition. Elevated levels of LDH in the 

pseudocyst fluid also points towards a traumatic basis 

of pseudocyst formation. Two of the elevated 

isoenzymes, LDH-4 and LDH-5, are proposed as 

major components of human auricular cartilage. These 

enzymes may be released from the auricular cartilage 

degenerated from repeated minor trauma[10]. The 

autoimmune basis of pseudocyst formation was 

analysed by Chen et al[11], who measured in the 

cystic fluid and blood samples of 44 cases the content 

of IgG, IgA, IgM and complement C3, the content of 

immune complex, DNA of cytomegalovirus, 

antinuclear antibody and reactions between samples 

and frozen sections of healthy white rats. In view of 

the marked male preponderance of this condition, we 

propose a hormonal basis of pseudocyst formation. 

Cohen[1] reported that 93% of the cases occur in 

males. Other studies have reported a similar male 

preponderance (Tan[7], 87.5%; Lim[3], 87.8%). In 

our study 39(81.25%) patients were males. This 

striking male prevalence can be explained on the 

differential action of estrogen and testosterone in 

inducing cytokines. Interleukin 1 is a cytokine that 

plays a major role in inflammatory response in the 

context of infections and immune mediated diseases. 

Monocytes/macrophages are the primary source of IL-

1. Interleukin 1 stimulates the production of mediators 

such as prostaglandin E2, nitric oxide, cytokines, 
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chemokines, and adhesion molecules that are involved 

in articular inflammation. Furthermore, IL-1 

stimulates the synthesis and activity of matrix 

metalloproteinases (MMP) and other enzymes 

involved in cartilage destruction[24]. Morishita et al 

studied the effect of sex hormones on the production 

of IL-1 by the human peripheral monocytes and 

concluded that the estradiol and progesterone 

inhibited the production of IL-1 from human 

peripheral monocytes. Similar results were obtained 

by Richette[13] et al and Posma et al. The authors 

propose that the hormones modify the inflammatory 

response induced by chronic low grade trauma in 

susceptible individuals having a certain autoimmune 

defect or congenital dysplasia of the auricular 

cartilage that invariably leads to pseudocyst 

formation.  

There is much controversy regarding the 

management of pseudocyst pinna. Restoration of the 

normal architecture of the auricle with no recurrence 

is the main goal of the treatment. Various treatments 

reported in literature include simple aspiration, 

intralesional injection of corticosteroids and aspiration 

in combination with bolstered pressure sutures or 

plaster of paris cast[9],[15],[16],[22]. More invasive 

techniques like incision and drainage of the cavity 

followed by its obliteration by curettage, sclerosing 

agent and pressure dressing; open deroofing that 

involves removal of the anterior cartilaginous leaflet 

of pseudocys with repositioning of the overlying flap 

of skin have also been recommended. Both needle 

aspiration and incision drainage of the peudocyst 

result in prompt accumulation of the fluid in the 

lesion[1],[2]. Aspiration or incision and drainage 

followed by compression decreases the recurrence 

rate. Compression has been achieved using traditional 

contour dressing, bolstered pressure sutures[15], 

plaster of paris casts[16] and recently using buttoning. 

The role of corticosteroids either systemic or 

intralesional is controversial with varying success 

rates. Minocycline is thought to work as a sclerosant 

through its anti-inflammatory and immunomodulatory 

mechanisms. Recently, the use of fibrin glue as a 

sealer between the 2 leaves of the cartilage has been 

described by Tuncer[17] with positive results in one 

patient of recurrent pseudocyst. However, it is 

difficult to interpret the significance of these 

observations as both involved few patients. Various 

surgical techniques have been proposed for treating 

this condition. Incision and drainage was the earliest 

to be described but has shown to have a high 

recurrence rate[2]. Zhu and Wang[18] have reported a 

method of inserting a small drainage tube in to the 

cavity of the pseudocyst with a guidewire. Paul et 

al[19] described in a single patient the successful use 

of a 3-mm punch biopsy of the inferior border of the 

pseudocyst followed by application of a bolster.  

Surgical deroofing of the pseudocyst was first 

described by Choi[6] in 31 patients with no recurrence 

and cosmetically good results in 90% of the patients. 

He had used contour dressings for compression. 

Lim[3] modified this technique by using buttoning as 

a compression method, in 41 patients and reported no 

recurrence with good cosmetic outcome in all the 

patients. Chang[20] reported similar results in 10 

patients of pseudocyst in whom deroofing was done. 

The use of buttons was first described in 

otolaryngology literature as a method to maintain 

adequate localized pressure in the ear in patients with 

auricular hematoma. Almost all the reported 

studies[2,3,6,7,20] on this mysterious condition have 

been described in the Chinese population. This study 

is among non-Chinese (Indian) population. Most of 

the studies report a high male preponderance[1,2,7]. 

The mean age of presentation was 32.6 ± 4.5 years, 

similar to those reported by Tan[7] (38.2 years) and 

Choi[6] (42.8 years) showing it to be a disease 

primarily of young adults. In our study, scaphoid fossa 

was the most common site of involvement in 29 

(60.417%) patients. Choi[6] described scaphoid fossa 

(80.6%) as being the most common site of pseudocyst.  

On comparing the various modalities, we 

found that aspiration followed by pressure dressing is 

an ineffective method of treating pseudocyst as only 7 

patients responded to this modality. Incision and 

drainage followed by buttoning considerably 

decreased the recurrence rate. This could be explained 

on the basis that buttons offer a better and a more 

constant compression as compared to contour 

dressings. However, surgical deroofing of the cavity 

followed by buttoning was associated with 0% 

recurrence and offered a cosmetically acceptable 

result in all cases. Buttoning provides the best form of 

compression as it offers a constant pressure, is easy to 
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apply, is aesthetically appealing and is patient friendly 

as it avoids the need for large bandages. 

V. CONCLUSION 

Pseudocyst of the auricle is a benign condition of the 

anterior or lateral wall of the pinna with unknown 

etiology. It can occur in all races. The epidemiological 

profile of this condition is similar in Chinese and non-

Chinese (Indian) population. A hormonal influence 

modulating the inflammatory process explains the 

marked male preponderance of this condition. Several 

treatment methods have been reported with variable 

results. Optimal treatment for recurrent pseudocyst of 

the pinna involves removal of anterior cartilaginous 

leaflet of the pseudocyst with repositioning of the 

overlying flap of skin followed by buttoning which 

accomplishes the twin objectives of complete 

resolution of the condition without any recurrence. 

This results in a normal appearing auricle with 

minimal scarring.   
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Abstract- A study was conducted at the Teaching and Research 

Farm of the University of Agriculture, Makurdi in 2007 and 2008 

cropping seasons to monitor the effects of selected chemical 

stimulants on castor seed germination. Top paper (TP) method of 

seed germination according to Toogood (1993) was adopted. The 

chemical stimulants used included: 2, 4 – Dichlorophenoxyacetic 

acid (2, 4-D) @  200mg/L, coconut milk @ 15%, aluminum 

tetraflouride (AlF4) @ 200mg/L, fusiccoccin (FC) @ 200mg/L, 

potassium nitrate (KNO3) @ 15% and ethrel @ 200mg/L. The 

chemical stimulants were put into 9cm-diameter petridishes, each 

containing ten seeds of each castor accession. Data were 

collected on first germination count at 7 days after planting 

(DAP), final germination count at 14 DAP, pre-emergence 

mortality at 14 DAP, post-emergence mortality at 14 DAP, and 

germination speed index was used to quantify seed, seedling 

vigour and the planting value of seed lots. Results revealed that 

15% of coconut milk followed by 15% of potassium nitrate and 

200mg/L of aluminum tetraflouride produced significantly higher 

final germination count and germination speed index but lower 

seed mortality rate was observed with untreated seed lot (control) 

and with 1% of hydrogen peroxide. Germination characteristics 

were not significantly different in 2007 and 2008. Year x 

stimulant interaction on germination characteristics was not 

significant in all the castor accessions studied.  

 

Index Terms- castor, chemical stimulants, seed germination. 

 

I. INTRODUCTION 

astor (Ricinus communis L.) is an industrial crop grown for 

its economic seeds exploited mainly for producing castor oil 

(Uvah et al., 1991). In Nigeria, seed yield is low in the range of 

500-650kg/ha. Thus, it contributes very little as a foreign 

exchange earner in Nigeria and its production is below optimum 

level for industrial uses. Castor plant has so far remained 

underexploited and little is known about its regular cultivation.  

        One major limitation to its large scale production 

throughout the world has been the problem of poor germination 

due to seed dormancy. According to Lago et al (1978) seed 

dormancy in castor is manifested in slow, erratic and low 

germination. Treatments like scarification and stratification are 

needed to overcome external and internal dormancy (Baskin and 

Baskin, 1998). Although the seed germination biology of many 

plant species has been investigated (Nikolaeva and Rasumova, 

1985), there is paucity of information concerning that of castor.  

        Little work has been done on the aspects of the type, causes 

and control of dormancy in castor seeds. Studies on pre-sowing 

treatments to break dormancy in castor seeds have also not 

received desired attention. The problem of dormancy in castor 

seeds require systematic studies as to ensure uniform germination 

and to improve its planting value.  There is also a dearth of 

information on the response of castor seeds to some chemical 

stimulants with respect to seed germination. The objective of this 

study was to determine the effects of some chemical stimulants 

(plant growth regulators) on castor seed germination.  

 

II. MATERIALS AND METHODS 

        Seeds of Ricinus communis L. were collected from Premier 

Seeds Company in Makurdi, in 2007. Top paper (TP) method of 

seed germination according to Stafford and Metzer (1970) was 

adopted at Crop Science laboratory, University of Agriculture, 

Makurdi, to study the effects of chemical stimulants on castor 

seed germination in 2007 and 2008.  Treatments used included, 

four castor accessions viz: LAF-4, LAF-11, AKW-5, AKW-7; 

and five chemical stimulants namely: 2, 4-D @ 200mg/L, 

Coconut milk @ 15%, Aluminum tetraflouride @ 200mg/L, 

Fusicoccin @ 200mg/L, and Ethrel @ 200mg/L. The chemical 

stimulants were put in different 9cm-diameter Petri-dishes, each 

containing ten seeds of each castor accession. The experiment 

was laid out in Completely Randomized Design replicated three 

times. Treatment effects were observed for 24 hours. 

Germination tests immediately followed treatments to evaluate 

effects of chemical stimulants on germination. Observations 

recorded were: 1-first germination count at 7 days after planting 

(DAP); 2-final germination count at 14 days after planting 

(DAP); 3-total germination count at 14 days after planting 

(DAP); 4-pre-emergence mortality at 14 DAP; 5-post-emergence 

mortality at 14 DAP. Germination speed index (Nakagawa, 

1992) was used to quantify seed, seedling vigour and the planting 

value of seed lots. Seedling evaluation was done daily starting 

from the time first normal seedlings appeared.     

 

III. RESULTS 

        Chemical stimulants exerted significant differences in first 

germination count, final germination count, pre-emergence 

mortality, post-emergence mortality and germination speed of 

index in LAF-4 castor accession compared with the control 

(Table 1).  

        Treating LAF-4 accession with either coconut milk or 

KNO3 or aluminum tetraflouride produced higher final 

germination count and germination speed index, and lower total 

mortality of seeds. 

        LAF-11 plants treated with potassium nitrate @ 15% 

produced higher final germination count and lower total seed 

C  
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mortality followed by aluminum tetraflouride @ 200mg/L; while 

potassium nitrate @ 15% and coconut milk @ 15% yielded 

significantly higher germination speed index (Table 2). 

        Results on effects of chemical stimulants on seed 

germination of AKW-5 castor accession are presented in Table 3. 

Seeds soaked in 15% of coconut milk for 24 hours were 

significantly higher in final germination count, germination 

speed index and lower in total mortality. AKW-5 plants treated 

with fusicoccin @ 200mg/L gave satisfactory results in all the 

germination characteristics. Table 4 shows that seeds of AKW-7 

accession soaked in 15% of coconut milk for 24 hours were also 

significantly higher in first germination count, final germination 

count, germination speed index, but lower in total mortality. Year 

x chemical stimulant interaction on germination characteristics 

was not significant in all the castor accessions studied.   

 

IV. DISCUSSION 

        The higher total germination, low mortality rate and higher 

germination speed  index observed with 15% of coconut milk, 

200mg/L of AIF4 and 15% of KNO3 in Tables 1 to 4 could be 

attributed to the stimulative or regulatory effects of these 

stimulants plant growth regulators on seed germination. Plant 

growth regulators are organic compounds that regulate aspects of 

growth, development and yield of botanical species in very small 

concentrations. Coconut milk contains a crude cytokinin, trans 

zeatin, which stimulates cell division. Dormancy breaking and 

germination is one of the many physiological processes under the 

control of plant growth regulators (Nickell, 1978). Trans zeatin 

stimulates the activity of  gibberellic acid (GA3) in embryos 

which in turn stimulates seed germination (Reibott and Blevins, 

1998). 

        Aluminum tetraflouride (AIF4), an activator of the G-

proteins is capable of influencing biological systems such as cell 

division, cell expansion, dormancy breaking and seed 

germination (May and Nordstrom, 1991). High concentrations of 

AIF4 lead to aluminum toxicity. Potassium nitrate (KNO3) is 

involved in many regulatory mechanisms. In this trial, KNO3 was 

used to test its effect on seed germination. This result showed 

that KNO3 had a positive stimulative effect (probably cell 

division or elongation of growth axis) on seed germination. 

Experiments conducted under controlled conditions revealed that 

application of KNO3 to the steeping solution, made hypocotyl 

extension more rapid under dry conditions (Haerdter and Krauss, 

1999). 

        In this study, the effects of 15% of coconut milk, 200mg/L 

of AIF4, and 15% of KNO3 on seeds of castor accessions 

produced significantly higher total germination and germination 

speed index, but lower total mortality. This means that 15% of 

coconut milk, 200mg/L  of AIF4, and 15% of KNO3 are good 

stimulants of castor  seed germination, particularly 15% of 

coconut milk followed by 15% of KNO3.  It is therefore hoped 

that the information reported in this study will not only extend 

the cultivation of castor but also serve as a basis for further 

research work on crop husbandry with respect to seed dormancy, 

seed germination, growth, yield and quality of castor. 
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Table 1. EFFECTS OF CHEMICAL STIMULANTS ON SEED GERMINATION OF CASTOR ACCESSION LAF-4 IN  

  2007 AND 2008 (COMBINED DATA). 

 

 

 

Treatments  

 

First germination 

count, 7 days after 

planting  

Final germination 

count, 14 days after 

planting 

Pre-emergence 

mortality of 

seeds 

Post-emergence 

mortality of 

seeds 

Total mortality of 

seeds 

Germination 

speed Index 

Control (untreated seeds) 1.67 4.00 6.00 0.00 6.00 26.33 

 

2, 4-D @ 200mg/L 

 

2.17 

 

4.50 

 

5.50 

 

0.00 

 

5.50 

 

27.50 

 

Coconut milk  @ 15%  

 

3.17 

 

7.17 

 

3.00 

 

0.00 

 

3.00 

 

31.17 

 

ALF4 @ 200mg/L  

 

3.17 

 

7.00 

 

2.83 

 

0.00 

 

2.83 

 

31.33 

 

KNO3 @ 15%  

 

3.50 

 

6.83 

 

3.17 

 

0.00 

 

3.17 

 

31.33 

       

Fusicoccin @ 200mg/L 3.50 6.67 3.33 0.00 3.33 31.17 

 

Ethrel @ 200mg/L  

 

3.33 

 

5.83 

 

4.17 

 

0.00 

 

4.17 

 

30.17 

LSD (0.05)     0.679          0.635      0.635         NS            0.635      1.270 

CV (%)   20.8          9.6                           12.3          0.0            12.3       3.7 

 

Key 

 

2, 4-D  = 2, 4-dichlorophenoxyacetic acid 

 

ALF4  = Aluminum tetraflouride 

 

KNO3  = Potassium nitrate 
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Table 2.      EFFECTS OF CHEMICAL STIMULANTS ON SEED GERMINATION OF CASTOR ACCESSION IN 

LAF-11  

           2007 AND 2008 (COMBINED DATA). 

 

 

 

 Treatments 

First germination count, 

7 days after planting  

Final germination 

count, 14 days after 

planting 

Pre-emergence 

mortality of seeds 

Post-emergence 

mortality of seeds 

Total mortality 

of seeds 

Germination 

speed Index 

Control (untreated seeds) 1.67 3.67 6.33 0.00 6.33 26.00 

 

2, 4-D @ 200mg/L 2.67 5.50 4.50 0.00 4.50 29.17 

 

Coconut milk  @ 15%  4.33 7.17 2.83 0.00 2.83 32.507 

 

ALF4 @ 200mg/L  3.83 7.33 2.67 0.00 2.67 32.17 

 

KNO3 @ 15%  4.00 7.67 2.33 0.00 2.33 32.67 

 

Fusicoccin @ 200mg/L 3.50 7.33 2.67 0.00 2.67 31.83 

 

Ethrel @ 200mg/L  3.50 6.33 3.67 0.00 3.67 30.83 

 

LSD(0.05)              0.657            0.679         0.679   NS                    0.679        

1.224 

CV (%)            17.8             9.5                           14.7   0.0                    14.7        3.5 

 

 

Key 

 

2, 4-D  = 2, 4-dichlorophenoxyacetic acid 

ALF4  = Aluminum tetraflouride 

KNO3  = Potassium nitrate 

 

 

 

Table 3.   EFFECTS OF CHEMICAL STIMULANTS ON SEED GERMINATION OF CASTOR ACCESSION AKW-5 IN 

     2007 AND 2008 (COMBINED DATA). 

 

 

 

Treatments 

 

First germination 

count, 7 days 

after planting  

Final germination 

count, 14 days after 

planting 

Pre-emergence 

mortality of 

seeds 

Post-emergence 

mortality of seeds 

Seedlings 

Total mortality of 

seeds 

Germination 

speed Index 

Control (untreated seeds) 1.83 4.00 6.00 0.00 6.00 26.67 

 

2, 4-D @ 200mg/L 

 

2.50 

 

6.00 

 

4.00 

 

0.00 

 

4.00 

 

29.50 

 

Coconut milk  @ 15%  

 

4.33 

 

8.17 

 

1.83 

 

0.00 

 

1.83 

 

33.50 

 

ALF4 @ 200mg/L  

 

4.33 

 

7.50 

 

2.50 

 

0.00 

 

2.50 

 

32.83 

 

KNO3 @ 15%  

 

3.83 

 

7.83 

 

2.17 

 

0.00 

 

2.17 

 

32.67 

 

Fusicoccin @ 200mg/L 

 

4.50 

 

7.83 

 

2.17 

 

0.00 

 

2.17 

 

33.33 

 

Ethrel @ 200mg/L  

 

3.83 

 

7.33 

 

2.67 

 

0.00 

 

2.67 

 

32.17 
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LSD(0.05)                0.64    0.68           0.66     NS          0.66 

   1.22 

CV (%)               15.8    8.5                 16.3  0.0         16.3    3.4 

 

 

Key 

2, 4-D  = 2, 4-dichlorophenoxyacetic acid 

ALF4  = Aluminum tetraflouride 

KNO3  = Potassium nitrate 
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Table 4.        EFFECTS OF CHEMICAL STIMULANTS ON SEED GERMINATION OF CASTOR ACCESSION AKW-

7  

  IN 2007 AND 2008 (COMBINED DATA). 

 

 

 

Treatments 

 

First germination 

count, 7 days after 

planting  

Final germination 

count, 14 days after 

planting 

Pre-emergence 

mortality of 

seeds 

Post-emergence 

mortality of seeds 

Total mortality 

of seeds 

Germination 

speed Index 

Control (untreated seeds) 2.00 4.17 5.83 0.00 5.83 27.00 

 

2, 4-D @ 200mg/L 

 

2.67 

 

6.00 

 

4.00 

 

0.00 

 

4.00 

 

29.67 

 

coconut milk  @ 15%  

 

4.50 

 

8.33 

 

1.67 

 

0.00 

 

1.67 

 

33.67 

 

ALF4 @ 200mg/L  

 

4.00 

 

7.33 

 

2.67 

 

0.00 

 

2.67 

 

32.33 

 

KNO3 @ 15%  

 

4.00 

 

8.17 

 

1.83 

 

0.00 

 

1.83 

 

33.17 

 

Fusicoccin @ 200mg/L 

 

4.33 

 

7.33 

 

2.67 

 

0.00 

 

2.67 

 

32.67 

 

Ethrel @ 200mg/L  

 

3.33 

 

6.83 

 

3.17 

 

0.00 

 

3.17 

 

31.17 

LSD(0.05)            0.635         0.720      0.720      Ns              0.720          

1.164 

CV (%)          16.0         9.3                    17.8       0.0                          17.8          3.2 

 

Key 

 

2, 4-D  = 2, 4-dichlorophenoxyacetic acid 

 

ALF4  = Aluminum tetraflouride 

 

KNO3  = Potassium nitrate 
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Abstract- The objective of Speech Recognition is to determine 

the sequence of sound units from the Speech signal so that the 

linguistic message in the form of text to be decoded from the 

speech Signal. Speech is a sequence of sound units 

corresponding to a linguistic message. The main problem in these 

speech applications is processing of the speech signal in a 

manner similar to human auditory Processing mechanism, so that 

features relevant to a particular task can be extracted. This paper 

reviews some of the technologies used for speech recognition for 

different techniques and survey of some different recognition 

techniques. 

    The excitement in neural networks started mainly due to the 

difficulties in dealing with the problems .In the field of speech, 

image, neural language and decision making. Speech recognition 

applications are becoming more and more useful nowadays. 

Various interactive speech aware applications are available in the 

market. But they are usually meant for and executed on the 

traditional general-purpose computers. With growth in the needs 

for embedded computing and the demand for emerging 

embedded platforms, It is required that the speech recognition 

systems (SRS) are available on them too. PDAs and other 

handheld devices are becoming more and more powerful and 

affordable as well. It has become possible to run multimedia on 

these devices. Speech recognition systems emerge as efficient 

alternatives for such devices where typing becomes difficult 

attributed to their small screen limitations. This paper 

characterizes an SR process onPXA27x XScale processor, a 

widely used platform for handheld devices and implements it for 

performing tasks on media files through a Linux media player, 

Mplayer. 

 

Index Terms- Recognition, Sound Units, linguistic 

I. INTRODUCTION 

peech recognition basically means talking to a computer, 

having it recognize what we are saying, and lastly, doing this 

in real time. This process fundamentally functions as a pipeline 

that converts PCM (Pulse Code Modulation) digital audio from a 

sound card into recognized speech. The elements of the pipeline 

are: 

 

 
 

Figure 1: Block diagram of a speech recognizer [16] 

 

Transform the PCM digital audio into a better acoustic 

representation – The input to speech recognizer is in the form of 

a stream of amplitudes, sampled at about 16,000 times per 

second. But audio in this form is not useful for the recognizer. 

Hence, Fast-Fourier 

Transformations are used to produce graphs of frequency 

components describing the sound heard for 1/100th of a second. 

Any sound is then identified by matching it to its closest entry in 

the database of such graphs, producing a number, called the 

“feature number” that describes the sound. 

Unit matching system provides likelihoods of a match of all 

sequences of speech recognition units to the input speech. These 

units may be phones, diaphones, syllables or derivative units 

such as fenones and acoustic units. They may also be whole word 

units or units corresponding to group of 2 or more words. Each 

such unit is characterized by some HMM whose parameters are 

estimated through a training set of speech data. 

Lexical Decoding constraints the unit matching system to 

follow only those search paths sequences whose speech units are 

present in a word dictionary. 

S  
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Apply a "grammar" so the speech recognizer knows what 

phonemes to expect. This further places constraints on the search 

sequence of unit matching system. A grammar could be anything 

from a context-free grammar to full-blown English. 

Figure out which phonemes are spoken – This is a quite 

dicey task as different words sound differently as spoken by 

different persons. Also, background noises from microphone 

make the recognizer hear a different vector. Thus a probability 

analysis is done during recognition. A hypothesis is formed 

based on this analysis. A speech recognizer works by 

hypothesizing a number of different "states" at once. Each state 

contains a phoneme with a history of previous phonemes. The 

hypothesized state with the highest score is used as the 

final recognition result. 

II. RELATED WORK 

    A lot of speech aware applications are already there in the 

market. Various dictation software’s have been developed by 

Dragon [12], IBM and Philips [13]. Genie [11] is interactive 

speech recognition software developed by Microsoft. Various 

voice navigation applications, one developed by AT&T, allow 

users to control their computer by voice, like browsing the 

Internet by voice. Many more applications of this kind are 

appearing every day. The SPHINX speech recognizer of CMU 

[1] provides the acoustic as well as the language models used for 

recognition. It is based on the Hidden Markov Models (HMM). 

The SONIC recognizer [2] is also one of them, developed by the 

University of Colorado. There is other Recognizers such as 

XVoice [4] for Linux that take input from IBM’s Via Voice 

which, now, exists just for Windows. Background noise is the 

worst part of a speech recognition process. It confuses the 

recognizer and makes it unable to hear what it is supposed to. 

One such recognizer has been devised for robots [17] that, 

despite of the inevitable motor noises, makes it communicate 

with the people efficiently. This is made possible by using a 

noise-type-dependent acoustic model corresponding to a 

performing motion of robot. Optimizations for speech 

recognition on a HP Smart Badge IV embedded system [19] has 

been proposed to reduce the energy consumption while still 

maintaining the quality of the application. Another such scalable 

system has been proposed in [18] for DSR (Distributed Speech 

recognition) by combining it with scalable compression and 

hence reducing the computational load as well as the bandwidth 

requirement on the server. Various capabilities of current speech 

recognizers in the field of telecommunications are described in 

[20] like Voice Banking and Directory Assistance. 

 

III. PROJECT DESCRIPTION (PROOF OF CONCEPT) 

    In future main goal is to integrate the Mplayer with the SR 

system to control the functioning of a media file. The block 

diagram shown below depicts its functioning: 

 

 
 

Figure 2: Block diagram for the SRS functioning integrated with Mplayer 

 

The target hardware platform for this work is PXA27X 

mainstone board. It serves as a prototype for handheld devices. 

The mainstone board is 208 MHz Intel PXA27X processor, with 

64MB of SDRAM, 32MB of flash memory and a quarter-VGA 

color LCD screen. We chose this particular device because it 

runs the GNU/Linux R_ operating system, simplifying the initial 

port of our 

system. To build our system, a GCC 3.4.3 cross-compiler is used 

as it is built with the cross tool script. Let us describe each 

component of our system. 

Voice Input: The input is human voice which, as explained 

before, is sampled at rate of 16,000 per second. It should be 

given in live mode. But because of some conflicts in the channel 

settings of the sound card and that used by the software, we are 

not able to do it in live mode. We are running the recognizer in 

batch mode, instead, i.e. taking input in the form of a pre-

recorded 

audio file (in RAW format). 

Microphone: The microphone that we are using for recognition 

is built onto the PXA27x platform itself. It has got its own 

advantages and disadvantages: 

Advantages: 

 

 

Disadvantages: 

 

 

Speech Recognizer: Platform speed directly affected our choice 

of a speech recognition system for our work. Though all the 

members of the SPHINX recognizer family have well-developed 

programming interfaces, and are actively used by researchers in 

fields such as spoken dialog systems and computer-assisted 

learning, we chose the Pocket Sphinx [9, 10] as our speech 

decoder which is particularly meant for embedded platforms. It is 

a version of open-source Sphinx2 speech recognizer which is 

faster than any other SR system. 

    We cross-compiled Pocket Sphinx on XScale and executed the 

various test scripts present in it. Both the digits and word 

recognition scripts are up and running on PXA27x. The voice 

input is supposed to be given from its microphone. PXA27x 

microphone is set to accept STEREO input only. Whereas, the 

Pocket Sphinx speech decoder takes voice input in MONO 

format only. 
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    Due to limitations in the code, we were not able to solve this 

problem, and hence we are using pre-recorded audio files for this 

purpose. The SR process decodes these input files, identifies the 

command and generates output accordingly. 

In our application, two input files have been used - ready.raw and 

stop.raw. The first one is having the utterance - PLAY - that 

when recognized by SRS, fires a command to the bash asking it 

to play a media file. It sends the Mplayer command - 

mplayer inc_160_68.avi 

Voice 

Input Microphone 

Speech 

Recognizer Mplayer 

XScale LCD 

(media file playing) 

The Mplayer starts playing this particular file on the pxa27x 

LCD display. This is done by creating a child process so that the 

speech recognition system keeps running to take further inputs. 

The second command has the utterance - STOP - that kills the 

playing process. 

Challenges 

1) The main challenge for us was to identify an efficient SRS, 

that is able to run on Linux and can be cross-compiled. 

2) At first we used SPHINX2 as our decoder. But some of the 

scripts present in it were not working on pxa27x because of their 

dependence on PERL which is very difficult to cross compile for 

XScale. Patches are available to cross-compile it for Strong-arm 

processor. Even the authors of those patches are not able to 

answer how to do it on XScale. 

3) Pocketsphinx supports mono channel audio as the input. The 

audio codec AC97 has some lines of code which hard codes the 

channel in stereo without considering the mono channel. 

The biggest reason for not working with live mode is this as the 

number of samples produced in stereo are twice than it is 

required, causing the recognition to fail. 

4) There were some memory problems which we faced while we 

were running the software on the mainstone board. For this, we 

had to set parameters like –mmap option which prevented 

memory overflows. 

IV. LIMITATIONS 

1. The dictionary of Pocket Sphinx is huge and needs to be 

optimized. 

2. Our dictionary was supposed to contain four words – PLAY, 

PAUSE, STOP and REPEAT that need to be pronounced in a 

specific way to enable the SRS to recognize them. Among these, 

we are only able to implement PLAY and STOP commands for a 

single media file. 

3. The conflict between the software and sound card channel 

settings is a big problem for this system. 

V. RESULTS 

INPUT INPUT 

ready.RAW Mplayer starts playing the media 

file inc_160_68.avi . 

 

 

stop.RAW 

 

Mplayer stops 

 
 

VI. CONCLUSION AND FUTURE ENHANCEMENTS 

    The speech recognizer that we chose for pxa27x, 

PocketSphinx, is the first open-source embedded SR system that 

is capable of real-time, medium-vocabulary continuous speech 

recognition. We are able to recognize both digits and words on 

the board. We tried our best to run this system in live mode, but 

because of the software limitations (i.e. not able to accept stereo 

input), a conflict between the software and the sound card input 

instead, we are only able to do that in batch mode. This work can 

be taken way too far from the state in which it is now. The 

current software doesn't support stereo channel. This can be 

made more adaptable for any kind of channel changes. 

    The author of this software is going to address the channel 

conflict problem in the next version, where every alternate 

sample will be dropped so that we have enough number of 

samples for mono mode which is the main requirement for 

PocketSphinx to work in live mode. Also, in the present work, 

we have hardcoded the filename which we want to play. This can 

be further programmed to take input from the user himself as to 

what file he wants to play. Besides all these, this application can 

be deployed for use on other handheld and mobile devices. 
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Abstract- The main constraint in message transmission is 

security. The key must be shared among users so that we have a 

secure transmission in group based message transmission. In this 

paper we discuss an important security problem that happens in 

mobile ad hoc network for key agreement in dynamic group. For 

a communication to be secure, a group key must be shared by all 

the members of the group. The key must be updated when any 

member of the group leaves existing group or become a new 

member of the existing group. In this paper, we establish a 

secured transmission. The main idea here is to spilt the existing 

network into smaller sub-network   and each sub-network 

maintains its own keys. These keys should be updated when a 

existing node leave the network or when an new node joins the 

existing system. The nodes that have the high stability in the sub-

network will be made as the Inner gateway member and among 

Inner gateway member the one that has high stability will be 

made as Outer gateway member. 

 

Index Terms- adhoc network, secured group transmission, 

elliptic curve cryptography, KASP. 

 

I. INTRODUCTION 

mobile ad-hoc network is a self-configuring 

infrastructureless network of mobile devices connected by 

wireless each device in MANET  is free to move independently 

in any direction, and will therefore change its link to other 

devices frequently. Each must forward traffic unrelated to its 

own use, and therefore be a router. A wireless ad hoc network is 

decentralized type of wireless network. The network is ad hoc 

because it does not rely on pre-existing infrastructure such as 

routers. An ad hoc network is made up of multiple nodes 

connected by links. 

       The primary challenge in building a MANET is equipping 

each device to continuously maintain the information required to 

properly route traffic. Different protocols are then evaluated 

based on measure such as packets drop rate, the overhead 

introduced by the routing protocol, end-to-end packets delay etc. 

An efficient group key agreement protocol has been introduced 

he nodes as selected based on stability and power. Here the main 

idea is to split a large network into several subnetwork, each 

maintaining its subgroup keys to manage the subgroup and 

managing many subgroups using Elliptic Curve Diffie-Hellman 

(ECDH) key agreement algorithm. In this paper, we develop two 

protocols namely, Subgroup Key Generation(SKG) for 

subnetwork and Group KeyGeneration(GKG) for a outer 

network based on ECDH. When the membership changes these 

subgroup keys n the groupkeys should be changed. The messages 

and the key updates will b limited within sub network and outer 

networkdue to the introduction of group based approach. This 

computed load is being distributed to many mobile adhoc 

network nodes. In terms of efficiency and security it been proved 

both practically and theoretically that new protocol KASP 

performs well and efficient for key establishment problem. 

       In ad hoc network that is large and highly mobile cannot use 

a single key for entire network because the rekeying process will 

become costly. The Inner gateway member that is been selected 

will maintain a Inner key and the Outer gateway member 

maintains a Outer key. When a group member leaves the existing 

network or joins a existing network the group key agreement 

protocol needs to represents the security issue due to mobility of 

nodes.         

 

II. EXISTING SYSTEM 

       Security is the main constraint in message transmission 

using mobile ad hoc network. 

       Limitations of existing system: 

 Ad-hoc networks are not generally having a trusted third 

party. 

 Keys are generated for singal user which is not secured 

in case of group communication. 

 

III. PROPOSED SYSTEM 

       In this paper an important security issue has been authorities 

an  mobile adhoc network for establishing dynamic group key 

agreement. The group members must share the group key among 

themselves for secure communication. 

 

Advantages of proposed system: 

 Keys are generated for the group user. 

 Communication of messages takes place through a 

trusted third party in mobile adhoc network called 

gateway member. 

 

IV. DESIGN 

4.1 Design Constraints 

       The project aims to develop a system which allows group 

communication in network, by splitting the group into subgroups 

and generating keys for group and subgroup using ECDH. These 

keys will be applied for the message which needs to be 

transmitted over the network. The algorithms being implemented 

A 
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have a range of efficiency and complexity. The code is intended 

to be written in Java language, supporting JCreator and JDK 

environment.  

 

4.2.Interfaces 

       Interface refers to a point of interaction between components 

and is applicable at the level of hardware and software.  

 

4.2.1User Interface 

       The users interact with the machine using  the user interface 

in the system.The hardware and software forms the components 

of the user interface . various system consists of this user 

interface and provide a means of input that allow manipulation of 

the system by the users, and the effects of users manipulation can 

be indicated  by the output. 

       The two proposed algorithms i.e. registration protocol and 

signature generation protocol to achieve high performance and 

scalability with respect to the security being provided. 

Application can be accessed from the cloud storage service over 

all nodes, and then exchanges the data via a network. 

 

4.3 High Level Design 

       Software Development is generally a stepwise process. 

Before the process of implementing the software at hand it 

involves the process of software design. A software design is a 

description of the structure of the software to be implemented, 

the data which is part of the system, the interfaces between the 

components, sometimes, the algorithms used. Designers do not 

arrive at a finished design immediately but develop the design 

iteratively through a number of different versions. The design 

process involves adding formality and detail as the design is 

developed, with constant backtracking to correct earlier designs. 

       In many software development projects, software design is 

an ad hoc process. Starting from the set of requirements, usually 

in natural language, an informal design is prepared. Coding 

commences and the design stage is modified as the system is 

implemented. When the implementation stage is complete, the 

design has usually changed so much from the initial specification 

that the original design document becomes an incorrect and 

incomplete description of the system. There are several 

advantages of the design phase. Some of them are listed below: 

 The design phase helps to understand the user 

requirements and helps to map the user requirements 

into implementation phase. 

 The iterations in the design phase helps in incorporating 

as many user requirements as possible in the final 

software being developed. 

 The design phase reduces the cost involved in the 

development of the software as many changes would be 

made to the software in the implementation if the design 

is not clear. 

 

       The design process is iterative and requires consideration of 

various design alternatives at every stage. The objective of the 

design stage is to produce the overall design of the software. 

 

The design stage involves two sub-stages namely: 

 High-Level Design 

 Detailed-Level Design 

       In the proposed application of  high-level design the 

technical architecture will study the functional and non 

functional design of the overall solution architecture, which can 

handle those needs. High Level Design means precisely that. A 

discussion of  high level design  gives us an over view of how the 

top level components and how a few things should work which 

will comprised to give the proposed system.  

       A complete implementation details must not be given and at 

sometimes very little information on the implementation is 

enough. At some point we should not even give details of 

database like relation and object sometimes providing details of 

platforms and programming language gives a detail idea of 

implementation. In this chapter we give an overview of the 

design of the system and how it is organized and the flow of data 

through the system. By reading this document the user should 

have an overall understanding of the problem and its solution. 

We have also discussed about the problems encountered during 

the design of the system and justified the use of the design. The 

Data Flow Diagrams (DFD), given in the later sections of the 

chapter, shows the flow of data through the system. 

 

4.4 Design Considerations 

       The design process is iterative and requires consideration of 

various design alternatives at every stage. The design process is 

constrained by the assumptions made prior to the development of 

the system. It involves deciding on the type of approach used for 

the development of each portion of the system selecting the same 

rationale. Thus this section describes many of the issues which 

need to be addressed or resolved before attempting to devise a 

complete design solution. 

 

4.4.1 Assumptions and Dependencies 

       Several assumptions regarding the hardware required and the 

working environment of the system influence design decisions. 

The assumptions have been made after considerable consultation 

with the end user and are more or less reasonable. 

 

 The system will be implemented on the 

Windows operating system, using Java. The 

system should be modified so as to enable its 

use on the Linux operating system as well. 

 The system runs on the Windows Operating 

System which is Windows XP or above. 

 

4.4.2General Constraints 

       There might be some global limitations or constraints that 

have a significant impact on the design of the system’s software 

or an associated impact. Such constraints may be imposed on the 

following issues related to our project which are as follows: 

 There exists a maximum limit on the number 

of nodes that can be deployed in the network 

so as to prevent degradation in performance 

of the proposed algorithm while it is being 

executed on the system.  

 As the number of nodes increases, the 

complexity of showing different cases for the 

algorithm becomes difficult. Therefore, we 

limit ourselves to a fewer number of nodes 

for demonstration purpose. 
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V. ARCHITECTURAL STRATEGIES 

       The system is developed using the Top-Down approach. In 

this method, the system divides the files based on the number of 

nodes. Each node downloads the files and then requests the 

missing files from the neighboring nodes. 

 The ‘JAVA’ programming language has been 

used for development of the application. 

 The WINDOWS XP or later versions of 

windows XP operating system has been used 

as the platform for development. 

 The processes communicate through Sockets. 

 

5.1  System Architecture 

       This section provides a high-level overview of how the 

functionality and the responsibilities of the system were 

partitioned and then assigned to subsystems or the components or 

the modules appropriately. The main purpose here is to gain a 

general understanding of how and why the system was 

decomposed, and how the individual parts work together to 

provide the desired functionality. The system architecture is as 

shown in figure 1. 

 

Figure 1: System Architecture 

 

Diffie Hellman Algorithm: 

       Diffie–Hellman key exchange (D–H)[nb 1] is a specific 

method of exchanging cryptographic keys. It is one of the earliest 

practical examples of key exchange implemented within the field 

of cryptography. The Diffie–Hellman key exchange method 

allows two parties that have no prior knowledge of each other to 

jointly establish a shared secret key over an insecure 

communications channel. This key can then be used to encrypt 

subsequent communications using a symmetric key cipher. 

 

Elliptic Curve Cryptography using Diffie Hellman Algorithm 

       Elliptic curve Diffie–Hellman (ECDH) is an anonymous key 

agreement protocol that allows two parties, each having an 

elliptic curve public-private key pair, to establish a shared secret 

over an insecure channel.[1][2][3] This shared secret may be 

directly used as a key, or better yet, to derive another key which 

can then be used to encrypt subsequent communications using a 

symmetric key cipher. It is a variant of the Diffie–Hellman 

protocol using elliptic curve cryptography. 

VI. RESULTS 

Setup mechanism 

 
 

 

2.1 Open Jcreator and run java programs 

 

 
2.2 Enter the node details to add or delete a node 

 

 
2.3After successfully inserting the node a message appears 
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2.4 Select the GatewayMembers 

 

 
2.5 Gateway Members for two groups are selected 

 

 
2.6   Decrypted message is received by the reciever 

 

VII. CONCLUSION 

       Mechanisms that enable individual peers of unstructured P2P 

content sharing networks to register longstanding queries and 

receive notification when new matching items appear can 

significantly improve their utility and effectiveness. While the 

pub-sub paradigm can provide this capability, implementing pub-

sub systems on unstructured overlays is often a very complex 

endeavor. The continuous query paradigm studied in this paper is 

similar to pub-sub, but it provides best effort notification service. 

We presented the design and evaluation of a lightweight system, 

called CoQUOS, which supports continuous queries in 

unstructured P2P networks.  

       The CoQUOS system incorporates severalnovel features 

such as cluster resilient random walk for query propagation and 

dynamic probability scheme for query registration, and a lazy 

replication technique for countering network churn. 

 

VIII. FUTURE ENHANCEMENT 

7.1 3GPP: 

 The 3rd Generation Partnership Project(3GPP) is 

developing an  architechture for next generation mobile 

communication system ie. System Architecture 

Evolution.  

 SAE/LTE architecture, Extensible Authentication 

Protocol-Authentication and Key Agreement (EAP-

AKA) is used to provide secure 3G-WLAN 

interworking. 

 Disclosure of user identity, man-in-the-middle attack, 

Sequence Number (SQN) synchronization, and 

additional bandwidth consumption. Are the 

vulnerabilities in EAP-AKA protocol 

 The analyzes threats and attacks in 3G and a new 

authentication and key agreement protocol is been 

proposed based on EAP-AKA. 
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 To overcome the vulnerabilities present in the EAP-

AKA a combined protocol has been proposed with 

symmetric key cryptosystem and elliptic curve Diffie 

Hellman. 

 

7.2 FGPA: 

 FGPA involves the hardware implementation of elliptic 

curve cryptography (ECC). 

 Experimental results demonstrate that the FPGA 

implementation can speedup the point multiplication by 

31.6 times compared to a software based 

implementation. 

 The main contribution of FPGA based design is the 

resources sharing and parallel processing optimization. 
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Abstract- Fungal species that establish an endophytic role inside 

the tissues of plants are known to produce a wide range of 

biologically active metabolites and enzymes. In the present 

study, Endophytic fungi were isolated from the stems and leaves 

of monocot and dicot plants species collected from Jabalpur 

region, (M.P.) and were screened for their ability to produce 

amylase, cellulase, protease, lipase, and laccase activity. Each of 

endophytic fungal isolates showed a wide range of enzyme 

activity. Total ninety five fungal strains were isolates from plants 

and total thirty strains tested for their ability to produce amylase, 

cellulase, protease, lipase, and laccase activity. The ability to 

produce these enzymes was distributed amongst the strains 

tested. The implication of enzyme production in relation to 

lifestyle abilities of the endophytes is discussed. 

 

Index Terms- Endophytic microorganism, Enzyme, Fungi, 

Monocot, Dicot. 

 

I. INTRODUCTION 

he term endophyte (Greek: endo = within + phyte=plant) 

include all organism that during a variable period of their life 

colonies the living internal tissues of their hosts. Bacteria, 

actinomycetes and fungus can be found in inside the plants [10] 

defined endophytes as “the organisms inhabiting plant organs 

some time in their life internal plant tissues without causing 

apparent harm to the host”. Endophytes are 

found in a wide verity of plant tissue types such as seeds, ovules, 

fruits, stems, roots, leaves, tubers, buds, xylem and bark [2][14]. 

Endophytic microorganisms are those which inhabitant the 

internal part of plants, causing apparently no visible changes to 

their hosts. Although known since long time, their  importance  

become  evident  only  more  recently when  it was shown  that 

they play specific  roles  as for instance, protecting the host-

plants against insects and diseases. It has been found also that 

some endophytic microorganisms can produce valuable 

pharmaceutical substances of biotechnological interest [12] 

[13].Fungal endophytes live internally, either intracellularly or 

intracellularly without causing overt sign of damage [2] within 

the plant tissue.  Fungal endophyte usually occurs in monocot 

and dicot plant part such as stem, leaves and root accourding to 

previous reports [1]. Several studies have shown the presence 

of fungal endophytes in host speices belonging virtually to all 

plant divisions from mosses and ferns to monocotyledons and 

dicotyledons. Limited evidence also indicates that Endophytic 

fungi may influence population dynamics, plant community 

diversity & Ecosystem function. Many scientist proved that 

Monocot and Dicot Plant is rich in nutrient & they are beneficial 

host for the Endophytic fungi, for example Callicarpa 

tomentosa,Withania somnifera, Clotropis procera and Cynodon 

dactylon [1] [8] [9]. Resent report indicates that the endophytic 

fungi are responsible for the production of secondary metabolites 

[6] [11] [13]. Presence of Endophytic fungi in monocot and dicot 

plant is in the most cases beneficial for the plant. The aim of the 

present study was to identify the endophytic fungi form dicot and 

monocot plants part and screened their enzymetic activity. 

 

II. METHODS 

1. Source of endophytes- 

        Fungal endophytes were isolated from the monocot and 

dicot plant parts (Table 1). The plants samples were collected 

from the diverse region of Jabalpur. The samples was collected 

in sterile plastic bags, sealed and carefully brought to the 

laboratory.  

2. Isolation of Fungal Endophytes- 
        The fungal endophytes isolated from various plant parts i.e. 

root, stem and leaf from monocot and dicot plants [1] [14]. 

        Isolation from leaves-In the laboratory, the sample leave 

surfaces were sterilized to remove all microbial epiphytes by 

soaking them in 1:5 dilutions of NaOCl (Sodium Hypochlorite 

solution for 15 minutes. Then, rinsed in sterile distilled water and 

dipped in 70% ethanol for 10 minutes. After that the samples 

were washed with distilled water. Then from the surface 

sterilized leaves, segments approximately 2mm X 2mm were 

aseptically cut with sterile scalpel in a laminar-flow hood, the 

outer tissues of the sample were cut so as to expose the interior 

surface to PDA plates and incubated at 28±1ºC for the 

appearance of the fungal growth. After about 15 days of 

incubation mycelial growth appeared on the plates. Then small 

bits of these growths from periphery were transferred onto new 

PDA plates and repetitive re-plating of the fungal colonies was 

continued until the pure cultures were obtained. Differences in 

morphology shape and color helped to distinguish between 

different microbial entities. 

        Isolation from stem and roots-The roots of each plant 

were first of all washed in sterile water to remove the debris and 

epiphytic microorganisms attached to outer surfaces surface then 

subjected to sequential 1-min washes with solutions containing 

1% sodium hypochlorite, 70% ethanol and sterile distilled water. 

These root sections were then chopped into 1-cm lengths and 

inoculated into PDA plates as such to expose their internal 

T  
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surfaces onto the plates and incubated at 28±1ºC till the growth 

appeared in the plates. Further the organisms were purified in the 

same way as mentioned above in the case of isolation from 

leaves by repeated sub culturing method. 

3. Identification of Isolated fungal organisms- 

        The identification of fungi was done using the culture 

characteristics and microscopic characteristics of fungal culture 

such as shape, color, pattern and arrangement of the mycelium, 

conidial arrangement, types of spore etc [4]. All the isolated 

fungi were identified up to genus level on the bases of detailed 

culture and microscopic study and by consulting relevant 

literature. The pure culture of isolated fungal strains was 

maintained in PDA slants at 28
0
C during the study. 

 

III. STUDIES ON ENZYME PRODUCING ABILITY 

        The isolated fungal cultures were subjected to their 

enzymatic activity i.e amylase, cellulase, laccase, lipase and 

protease. 

Assessment of enzyme producing efficiencies of fungal 

endophytes:- 

 A total of five types of enzymes viz, Amylases, Cellulases, 

Laccases, Lipases and Proteases producing activity were 

assessed on solid medium as per methods of [5] [7] [8] [9]. 

 Amylase Activity: The amylase producing ability of all the 

isolated fungal endophytes were assessed by growing the 

fungal organisms on Glucose Yeast Peptone Agar (Glucose: 

1g; Yeast extract: 1g; Peptone: 0.5g; Agar: 16g; 

D.W.:1000ml; pH 6) medium supplemented with 2% starch 

as substrate for enzyme activity and incubating the plates for 

7 days at 28±1ºC for appearance of the fungal growth. After 

incubation the pates were flooded with1% iodine. The clear 

zone formed surrounding the respective fungal colonies were 

considered positive for amylase activity.  

 Cellulase Activity: The cellulose producing ability of all the 

isolated fungal endophytes were assessed by growing the 

fungal organisms on Yeast Peptone Agar medium (Yeast 

extract: 1g; Peptone: 0.5; Agar: 16g; D.W. 1000ml; 

Supplemented with 0.5% Na-carboxymethyl cellulose 

(CMC) and supplemented with 0.5% Na-carboxymethyl 

cellulose (CMC) as enzyme substrate and incubating the 

plates for 7 days at 28±1ºC for appearance of the fungal 

growth. After incubation the plates were flooded with 0.2 

aqueous Congo red reagents and destained with 1M NaCl for 

15 min. The clear zone surrounded the colony indicated the 

cellulase activity.  

 Laccase Activity: The laccase producing ability of all the 

isolated fungal endophytes were assessed by growing the 

fungal organisms on Glucose yeast peptone agar medium 

(Glucose: 1g; Yeast extract: 1g; Peptone: 0.5g; Agar: 16g; 

D.W.: 1000ml; pH: 6; amended with 1-naphthon-0.005%) 

amended with 0.005% 1-naphthol as enzyme substrate and 

incubating the plates for 7 days at 28±1ºC for appearance of 

the fungal growth. On oxidation of 1-naphthol by laccase the 

medium changed from clear to blue. The colour change 

indicates laccase positive test.  

 Lipase Activity: The lipase producing ability of all the 

isolated fungal endophytes were assessed by growing the 

fungal organisms on peptone agar medium (Peptone: 10 g; 

.NaCl: 5g.; CaCl2 2H2O: 0.1g.; Agar: 16 g; .D.W.: 1000ml; 

pH: 6 supplemented with Tween20) supplemented with 

Tween 20 as enzyme substrate and incubating the plates for 

7 days at 28±1ºC for appearance of the fungal growth. After 

incubation a clear zone around the colony indicated lipase 

positive activity by the fungi.  

 Protease Activity: The protease producing ability of all the 

isolated fungal endophytes were assessed by growing the 

fungal organisms on glucose yeast peptone medium 

(glucose: 1g; Yeast extract; 1g; Peptone; 0.5g; Agar; 

16gD.W.; 1000ml; pH: 6; amended with gelentin-0.4%) 

supplemented with 0.4% gelatin as enzyme substrate and 

incubating the plates for 7 days at 28±1ºC for appearance of 

the fungal growth. After incubation plates were flooded with 

saturated aqueous ammonium sulphate. The undigested 

gelatin precipitated with ammonium sulphate and the 

digested area around the colonies appeared clear and thus 

indicating the positive protease activity by the fungi.  

 

IV. RESULTS 

        In order to collect different monocot and dicot plant species 

for isolation of endophytic fungi , an extensive survey from 

different biodiversity regions of Jabalpur. This resulted in 

collection of a total of 22 plant species of monocot and dicot and 

their different plant parts i.e. Root, Stem, leaf and bark used for 

isolation of endophytic fungi that is summarized in Table No 1. 

 

 

Table: 1 Endophytic fungal isolates from monocot and dicot plant parts. 

 

     

Fungi 

Plant name with plant parts 

Monocot Dicot 

Aspergillus sp. Triticum turgidum(L), Aloe barbadensis (L), 

Cyperace sp.(S), Agrostis  sp.(S) 

Rouwolfia serpentine (S), Syzygium 

aeromaticum (S), Gymmnema sylvestre 

(S),Datura alba (L) 

Nigrospora sp. Triticum turgidum (L,R.), Cynodon sp. (L,B), 

Pennisetum sp.(L,S) 

Datura alba (R), Magnifera indica,(L,S), 

Acacia arabica (L) 

Mucor sp. Zea mays (L,R), Aloe barbadensis (L), 

Pennisetum sp. (S) 

Datura alba (S), Calotropis 

Procera (S), Brassica compestris,(S) 

Curvularia sp. Zea mays (L), Allium cepa (L), Acorus 

calamus (L), Cyperace sp.(L), Tradescontin 

Rouwolfia serpentine (L), Magnifera 

indica (L), Brassica compestris (L) 
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sp.(B) 

Fusarium sp. Acorus calamus (L), Zea mays (R), Agrostis  

sp.(L) 

Rouwolfia serpentine (L,S),  Gymmnema 

sylvestre (S) 

Alternaria sp. Cyperace sp.(L), Zea mays (L), Allium cepa 

(L), 

Gymmnema sylvestre (L), Aegle 

marmelos (S), Acacia arabica (S),  

Stemphylum sp. Tradescontin sp.(L,B, Zea mays (L),  Lycopersicum esculentum (L,S) 

Chetomium sp. Tradescontin sp.(L), Agrostis sp.(L) Aegle marmelos (L), Osimum sanctum 

(L,S) 

Note: L-leaf, B-bark, R-root, S-stem. 

 

         A total of 86 isolates belonging to eight different fungi 

namely Nigrospora sp., Aspergillus sp., Mucor sp., Curvularia 

sp.,Alterneria sp.,Stemphylum sp.,Fusarium sp.,Chetomium sp. 

have been isolated from different plant parts of monocot and 

dicot plants. Fig 1 showed total no of endophytic fungi isolated 

from monocot and dicot plants. 

 

 
Fig1. Total no of Endophytic Fungi isolated from Monocot 

and Dicot plants. 

 

        It is known from the previous literature that endophytic 

microflora are the richest source of bioactive metabolites. On the 

virtues of these metabolites only these endophytic organisms 

impart useful effects on their respective hosts in which they 

survive. The results of qualitative estimation of endophytic 

fungal enzymes Keeping this fact on mind in view the enzyme 

producing capability of some of the important fungal endophytes 

were screened out on solid media. For this, the species of 

Aspergillus sp., Fusarium sp, Nigrospora sp. and Curvularia sp. 

were selected to screen out the amylase, cellulose, lipase, 

protease and laccase producing ability on solid medium with 

respective enzymatic substrates. 

        The result obtained revealed that all the four fungal 

endophytes possessed excellent enzymatic activity. However 

Aspergillus sp., Nigrospora sp., Fusarium sp. and Curvularia sp. 

Did not show  the  lipase  activity as well as the fungal 

endophytes Aspergillus sp. did not show laccase activity.  

        Fig2 shows representative petri plates indicating the 

presence of enzymes from isolated endopytic fungi by qualitative 

test. In the figure 2, plate (I) showing a clear zone aroundthe 

fungal colony indicating the degradation of starch by the amylase 

enzyme produced by the fungi. Plate (II) represents the 

production of protease enzyme by endopytic fungi. The clear 

zone around the fungal colony indicates degradation of gelatin 

due to protease activity. Plate (III) represents the production of 

Cellulase enzyme from isolated endophytic fungi. Plate (IV) 

represents the production of Laccase activity from isolated 

endophytic fungi the medium colour get changed from yellow to 

reddish positive for laccase test. 

 

 

 

 

Amylase activity Ia (Nigrospora sp.) Ib (Aspergillus sp.) 

 
Control 

 
Test 

 
Control 

 
  Test 

Protease activity IIa (Nigrospora sp.) IIb (Fusarium sp.) 

  
Test 

 
Control 

 
Test Control 
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Cellulase activity IIIa (Curvularia sp.) IIIb (Fusarium sp.) 

 
Control 

 
Test 

 
Control 

 
Test 

Laccase activity IVa Curvularia sp.) IVb (Fusarium sp.) 

  
Test 

 
Control 

 
Test 

 

Fig: 2 Enzymatic activities of fungal endophytes isolated from monocot and dicot plant parts. 

 

        I Amylase activity – (Control)- (Without substrate)    

Test- (with starch (2%) as substrate) Zone of clearance around 

the colony indicate the positive amylase test.   

        II Protease activity- (Control)- (Without substrate)    

Test (with aqueous ammonium sulfate as substrte  zone of 

clearance around the colony indicate the positive protease 

activity   

        III Cellulase  activity – (Control)- (Without substrate)    

Test (With CMC (0.5%) as substrate) Zone of clearance around 

the Colony indicate the positive cellulase activity.    

        IV Laccase activity- (Control)- Control (with un-inoculated 

on organism on medium amended 0.005% 1-with 0.005% 1-

naphthol as substrate of the medium remained unchanged.                     

 

        Test (with inoculated organism medium amended with 

napthol as substrate) the colour the medium colour get changed 

from yellow to reddish positive laccase test 

 

V. CONCLUSION 

       The present study leads to the need of further in depth 

studies on these isolated bioactive endophytic fungal isolates. On 

our study shows that monocot and dicot plants have good source 

of different kind of endophytic fungi. Our study indicates that 

these endophytic fungi are able to produce quite a good source of 

different types of industrially important enzymes. There are no 

reported studies on amylase, protease, laccase, lipase and 

cellulase enzymes to the present knowledge. 
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    Abstract- C Reactive Protein (CRP) is an acute phase protein 

whose levels are shown to be elevated in inflammation. 

Atherosclerosis is known to involve inflammation and 

dyslipidemia is a triggering factor in its development. In this 

study we tried to address any association that might exist 

between high sensitive C reactive protein (HSCRP) and lipid 

profile. In this study HSCRP and the Lipid profile parameters 

were estimated in thirty two patients who visited the Kasturba 

Hospital, Manipal. The results obtained indicate a strong 

significant positive correlation of total cholesterol (p value 

=0.0001) and triglycerides( p value= 0.023) with HSCRP and a 

negative correlation of HDL (p value =0.16) with the same. 

These results indicate that there may be a role for HSCRP in 

screening and risk stratification of atherosclerosis. 

 

  Index Terms- HSCRP, Lipid profile, atherosclerosis 

 

I. INTRODUCTION 

espite great progress in the field of pharmacological therapy 

chronic conditions like coronary syndromes (ACS), 

diabetes mellitus, obesity, metabolic syndrome remain the major 

cause of mortality and morbidity in the modern world. 

Inflammation plays a key role in the initiation and progression of  

these conditions.[1,2] C-reactive protein (CRP) is a highly 

conserved plasma protein that participates in the systemic 

response to inflammation. It is an excellent biomarker for acute-

phase response and has proved to be  an important and 

characteristic predictor of future cardiovascular disease and 

metabolic abnormalities in overtly seen healthy men and women. 

[3,4]Also, it is widely accepted that increased levels of low-

density lipoprotein(LDL), triglycerides (TGs),  total cholesterol 

(TC) and decreased levels of high density lipoprotein (HDL) are 

associated with atherosclerosis that may lead to predisposition to 

other acute coronary syndromes.[5] LDL-a component of lipid 

profile is known to activate a cascade of local inflammation 

which can lead to formation of atherosclerotic plaques.[6] Even 

though both CRP  and Lipid Profile parameters have a role in 

initiation and progression of atherosclerosis, no data is available 

regarding the correlation between these 2 entities with respect to 

the risk stratification of atherosclerotic diseases. Therefore the 

present study is conducted to compare the HSCRP levels with the 

lipid profile parameters and to check any existing correlation 

between them. 

 
II. MATERIALS AND METHODS: 

Study design: 

Ethical Clearance for this study was obtained from the 

Institutional Ethics Committee, Kasturba Medical College, 

Manipal. Thirty two individuals not suffering from any infections 

or having an active inflammatory condition between the age 

group 25 - 80 that visited the Kasturba Hospital, Manipal were 

included in this study. The samples were collected in plain 

vacutainers and were assayed for the Lipid profile and HSCRP. 

 

Biochemical Parameters: 

The estimation of the Lipid profile involving total cholesterol 

(TC), high density lipoprotein cholesterol (HDL-C), low density 

lipoprotein cholesterol (LDL-C)and triglycerides was based on 

the enzymatic colorimetric test   using the Roche cobas e600 

analyzer . The HSCRP levels were analyzed by sandwich ELISA 

technique using HSCRP kit. 

III. RESULTS 

   The statistical analysis was done using the SPSS 16 software. 

Since the HSCRP values did not follow normal distribution, 

regression analysis was done keeping square root HSCRP as the 

dependent variable. 

The results shown in Table 1 indicate a moderately strong 

significant correlation between HSCRP and Triglycerides with a 

R value of 0.35 and p value of 0.023. Also, a very strong and 

significant positive correlation is seen between HSCRP and Total 
Cholesterol with a p value of 0.0001. Alternatively a weak 

negative correlation is seen between HDL and HSCRP and a 

weak positive correlation between HSCRP and LDL.  
 

 

Table 1 : The following table shows the comparison of 

HSCRP with the Lipid profile in terms of the Pearson 

coefficient and the p value obtained by regression analysis. 

(N=32) 

PARAMETER R VALUE* p VALUE** 

Triglycerides 0.35 0.023 

Total cholesterol 0.6 0.0001 

HDL -0.18 0.16 

LDL 0.20 0.14 

 

* Pearsons coefficient 

** p value obtained by regression analysis (significant if p value 

< 0.05 ) 

 

 

D 
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IV. DISCUSSION AND CONCLUSION 

    This study showed a strong, significant positive correlation 

between the serum HSCRP Levels with the serum cholesterol 

and triglycerides. Also a weak negative correlation is seen 

between the serum HSCRP levels and HDL. LDL on the other 

hand showed a very weak positive correlation with serum 

HSCRP. These findings support the hypothesis that dyslipidemia 

can induce an inflammatory reaction which is a hall mark of 

atherosclerosis. CRP is an acute phase protein which is produced 

shortly after an inflammatory stimulus from the hepatocytes. 

Several cytokines like IL-1, IL-6 and TNF-α that are secreted 

locally in the area of the harmed tissue regulate the production of 

CRP.[7] According to Danish et al Obesity, cardiovascular 

diseases, metabolic syndrome and Type 2 diabetes mellitus are 

associated with high HSCRP levels as there is low grade 

systemic inflammation in these conditions[8,9,10]. 

Also, studies have shown levels of LDL, triglycerides and total 

cholesterol are associated with atherosclerosis.[11] The transport 

vehicle of cholesterol and other lipids in body is low density 

lipoprotein (LDL). Once oxidized, LDL is called small dense 

LDL and which can trigger a low grade  local inflammation 

leading to cytokine release. Phagocytosis of oxidized LDL by 

monocytes transforms them into foam cells with a lipid core 

which is the beginning of  atherosclerotic plaque formation.   

Next, the storage site of triglycerides is mainly adipose tissue 

which was earlier considered to be a passive organ is now known 

to express the proinflammatory cytokine IL6. Marjolein et al 

suggested that excess loading of triglycerides in adipose tissue as 

seen in obesity can cause release of IL6  by adipose tissue which 

can be involved in induction of low grade systemic 

inflammation[12].    

High serum level of high density lipoprotein (HDL) on the other 

hand is associated with reduced risk for development of 

atherosclerotic disease . HDL particle are believed to be anti 

atherogenic and antagonized pathways of  inflammation 

,thrombosis and oxidation[13].     

The data obtained from the study therefore supports the theory 

that serum LDL, total cholesterol and triglycerides were higher 

and HDL was lower in individuals with HSCRP on the higher 

side of the normal range suggesting a low grade systemic 

inflammation. These results indicate that there may be a role for 

HSCRP in screening and risk stratification of atherosclerosis. 

Also this suggests that there may be a role for anti -inflammatory 

agents along with statins in treatment of dyslipidemia. 

One of the limitation of the study is that the small sample size 

due to which perhaps the correlation between HSCRP and LDL 

could not be proved very significant. We did not consider 

whether any of the patients were on hypolipidemic drugs which 

could have influenced lipid profile values. So, we could not 

comment on the effects of hypolipidemic drugs on HSCRP and 

inflammation. 
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Abstract- A field study was conducted at Makurdi, Nigeria, 

during 2011 and 2012 cropping seasons to determine the 

responses of seven cowpea varieties to four growth regulators 

with respect to nodulation and yield. Aluminum tetraflouride 

(AlF4) and 2, 4-D were applied at 200mg/L; while coconut milk 

and potassium nitrate (KNO3) were applied at 15%; all 

applications as foliar spray. Parameters evaluated per plant 

included: number of nodules, number of branches, nodule weight 

(g), number of pods, number of leaves, pod length (cm), pod 

weight (g) and seed weight (kg/ha). Results showed that coconut 

milk at 15% produced significantly higher nodule number, 

number of leaves, pods, pod length, and pod weight than KNO3, 

2, 4-D, AIF4 and control treatments. The stimulative effect of 

KNO3 yielded higher seed weight, which was significant. 

Varieties IT98KD-391 and Borno brown gave significantly 

higher nodule number and pod number. Variety IT89KD-288 

recorded longer pods which differed significantly from pod 

length of variety IT03K-338-1, and higher pod weight which 

differed significantly from pod weights of other varieties except 

Borno brown. Borno brown showed greater potential for seed 

production than other varieties used in this study. 

 

Index Terms- Responses, cowpea varieties, growth regulators, 

nodulation and yield 

 

I. INTRODUCTION 

owpea’ has the ability to fix atmospheric nitrogen through 

its root nodules and leave reasonable quantity of nitrogen 

in the soil (up to 30kgN/ha). Nodulation and legume yield are 

directly related to the magnitude and efficiency of symbiotic N2 

fixation occurring in root nodules (Schubert, 1982). The 

interaction between roots of leguminous plants and bacteria leads 

to the formation of unique plant organ, the root nodule, in which 

the differentiated bacteria fix atmospheric nitrogen. It is 

generally believed that plant growth regulators viz; coconut milk, 

potassium nitrate, 2, 4-D, aluminum tetraflouride are involved in 

triggering the initiation of root nodules and that hormonal 

balance is an important factor in the control of nodule 

development, maintenance and senescence (Hirsch, et al., 1977). 

Research works to improve the yield potential of cowpea apart 

from breeding programmes have not received desired attention. 

There is a dearth of information on the response of cowpea to 

some growth regulators with respect to nodulation and yield. The 

present study attempts to investigate the effects of growth 

regulators on the process of nodulation and yield in cowpea. 

 

II. MATERIALS AND METHODS 

        Seeds of seven cowpea varieties viz: IT97K-499-35, IT98K-

573-1-1, IT89KD-391, IT98K-205-8, IT03K-338-1, IT89KD and 

Borno brown, were procured from IITA, Ibadan. Plant growth 

regulators namely: dichlorophenoxyacetic acid (2, 4-D), 

potassium nitrate (KNO3) and aluminum tetraflouride (AlF4) 

were purchased from University of Agriculture, Makurdi; while 

coconut milk was procured from coconut plantation at Owerri, 

Nigeria. Cypermethrine insecticide was also procured for pest 

control. 2, 4-D and AIF4 were formulated at concentrations of 

200mg/L, while coconut milk and KNO3 were prepared at 

concentrations of 15%. The growth regulators were applied split 

as foliar sprays before flowering and during poding.  

        Two seeds were planted per hill on the ridge and spaced 

25cm x 75cm. Thinning to one plant per hill was done two weeks 

after planting. The gross plot size was 8m x 9.9m (79.2m
2
),  with 

net plot size of  7.2m
2
. 

        At maximum flowering stage, plant samples were collected 

from each net plot for determination of nodule number and 

nodule weight per plant. The experiment was laid out as split-

plot in Randomized Complete Block Design with three treatment 

replications. 

        Cowpea varieties occupied main plots; growth regulators 

were assigned to subplots. The plots were weeded manually 

twice; before and after flowering. Foliar sprays of each growth 

regulator were made, before flowering and during poding. 

Cowpea plants were sprayed with cypermeterine insecticide 

before flowering to control beetles, grasshoppers, aphids etc.   

 

Determination of nodule number and weight: 

        At harvest maturity (14 WAS), the number and weight of 

nodules were determined from five randomly selected plants 

from each plot.  

 

Determination of yield: 

        Data on yield traits collected from five randomly selected 

plants from each net plot were recorded at harvest maturity as 

follows: 

- Number of leaves plant
-1

 

- Number of branches plant
-1

 

- Number of pods plant
-1

 

- Pod length (cm) 

- Pod weight (g) 

- Seed weight (kg/ha) 

‘C  
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        The data were analyzed statistically by Analysis of variance 

technique and comparison among treatment means was made by 

Fisher’s Least Significant Difference procedure (F-LSD) at 5% 

probability.  

 

III. RESULTS AND DISCUSSION 

Number of nodules and nodule weight: 

        The results of F-LSD showed significant (LSD=0.05) 

difference in number of nodules and nodule weight plant
-1

 among 

the treatments. The result revealed that maximum nodule number 

plant
-1

 was recorded in variety IT98KG-391 and Borno brown 

while the least nodule number was variety IT97K-499-35 (Table 

1.). Varieties IT98KG-391 and Borno brown differed 

significantly from other varieties in nodule number plant
-1

. 

Coconut milk at 15% produced significantly higher nodule 

number plant
-1

 compared to other treatments. There were 

significant differences among treatments regarding their effects 

on nodule weight plant
-1

. Variety IT98KG-391 produced nodule 

weight which was significantly different from nodule weight of 

other varieties; IT97K-499-35 had least nodule weight.  

        The stimulative effect of coconut milk at 15% yielded 

significantly higher nodule weight compared to other growth 

regulators (Table 1.). This was followed by KNO3 treatment at 

15%. The observed increases in nodule number and nodule 

weight in coconut milk treatment indicate the distinct role of 

cytokinin in nodule morphogenesis (Hirsch and Fang, 1994). 

Previous work of Zarrin et al. (1998), Zarrin and Bano (1998) 

and Bano (1986) demonstrated the positive role of cytokinin in 

nodulation. Garg et al. (1995), Dayal and Bharti (1991) also 

observed cytokinin-induced increase in nodule weight and 

nodule number. Singh (1993) noticed that growth regulators like 

2, 4-D, Naphthaline Acetic Acid (NAA) and Indole Acetic Acid 

(IAA) used as foliar spray brought considerable varieties in 

nodulation. 

 

Yield of Cowpea: 

Number of branches plant
-1

: 

        Results on effects of variety and growth regulators on yield 

components of cowpea are presented in Table 2. Results 

indicated that cowpea varieties showed significant difference in 

all the yield components analyzed. Maximum number of 

branches plant
-1

 was observed with variety IT98K-573-1-1 which 

was significantly different from number of branches from other 

varieties. Varieties IT98KG-391, IT98KG-205-8, IT89KG-288, 

and Borno brown were statistically the same in number of 

branches      plant
-1

, but differed significantly from varieties 

IT97K-499-35 and IT03K-338-1. Coconut milk treatment 

produced maximum number of branches but the difference in 

number of branches among growth regulators was not 

significant. 

        The greater number of branches produced by variety IT98K-

573-1-1 could be attributed to its genetic make-up. Hudson 

(1984) reported that growth, development and yield of crops are 

products of interplay between its genetic make-up and the 

environment.   

 

 

 

Number of leaves plants
-1

: 

        Results in Table 2 showed that variety IT98K-573-1-1 

recorded significantly higher number of leaves compared to other 

varieties. The least number of leaves was observed with variety 

IT98K-205-8. 

        Coconut milk at 15% produced number of leaves which was 

higher and significantly different from number of leaves 

produced by other growth regulators. Number of leaves produced 

by other growth regulators except 15% of coconut milk was 

statistically the same. Variety and growth regulator interaction on 

number of leaves was significant. IT98K-573-1-1 x coconut 

milk, KNO3 interactions produced maximum number of leaves 

which were significantly different from other variety growth 

regulator interactions (Table 3). Caers and Vending (1986) 

reported that application of coconut milk to Solanum gilo 

promoted photosynthetic activity mainly by means of increase in 

leaf chlorophyll content and leaf number. Davis (1984) showed 

that the quantity of dry matter produced per unit time is a 

function of the number and size of leaves per plant at optimum 

light intensity, light duration and soil moisture conditions. The 

fewer number of leaves produced with other growth regulators 

was probably due to decline in their stimulative effect and hence 

decline in the quantity of dry matter produced. 

     

Number of pods plant
-1

: 

        Higher number of pods plant
-1

 was observed in variety 

IT98KG-391 which differed significantly from number of pods 

produced by other varieties. Variety IT98K-205-8 had the least 

number of pods plant
-1

. Higher number of pods plant
-1

 were 

observed when cowpea plants were treated with coconut at 15%, 

and this differed significantly with the control, 2, 4-D and AIF4. 

Reinbott and Blevins (1998) observed increase in number of 

seeds and number of pods of soybean due to foliar application of 

coconut milk. Applying adequate potassium nitrate (15-20%) to 

soybean increased the pod yield by 26% and oil yield by 34% 

(Keen and Zidenberg-Cher, 2000). Foliar spray of KNO3 at 0.5% 

at 50% flowering showed maximum values of pods plant
-1

, pod 

length, seeds pod
-1

 and 1000 seed weight which were 

significantly superior to water spray and unsprayed control 

(Sharma et al., 2000). Peterson et al (1990) concluded that BAP 

(synthetic cytokinin) significantly reduced pod abscission and 

subsequently increased total number of pods and seeds.  

 

Pod length: 

        Results in Table 2 showed that variety IT89KG-288 

recorded pod length (18.52 cm) which was significantly higher 

and different from pod lengths of other varieties. Results 

indicated that other varieties did not differ significantly in pod 

length. The pod length produced by 15% of coconut milk was 

higher and significantly different compared to pod length of 2, 4-

D and the control. The maximum pod length recorded in coconut 

milk treated plants could be attributed to cytokinin regulation of 

photosynthetic capacity. Single treatments of 100mg/L IAA, 

100mg/L GA3, 15% coconut milk; as welll as combined 

treatments of 100mg/L IAA + 10% coconut milk, and 100mg/L 

GA3 + 15% coconut milk resulted in significantly increased pod 

length in Abelmoschus esculentus (Mukaila, 2005). Sharma et al 

(2000) reported that foliar application of KNO3 to grasspea at 

0.50% during 50% flowering stage showed maximum pod length 
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which was significantly superior to water spray and unsprayed 

control. 

 

Pod weight: 

        Higher pod weight was observed with variety IT89KG-

288(1.54g) and was significantly different from pod weights 

produced by other varieties except Borno brown and IT98K-573-

1-1 (Table 2). The stimulative effect of coconut milk at 15% 

produced significantly higher pod weight (1.42g) compared to 

other growth regulators.  

        The cytokinin, 6-benzyl-amino-purine when sprayed on 

open flowers of Solanum melongena, increased the number of 

fruits set as well as the total weight of the fruits (Olympios, 

1976). Keen et al (2000) observed increase of coconut milk at 

pod weight of soybean due to application of coconut milk at 

10%.  

 

Seed Weight Plant
-1

: 

        Results summarized in Table 2 indicated that higher seed 

weight (2561.00kg/ha) with variety Borno brown, differed 

significantly from seed weights of other varieties except IT98K-

205-8. Variety IT98K-573-1-1 had the least seed weight 

(1397kg/ha). 

        KNO3 at 15% gave weight (2156kg/ha) which was 

significantly higher compared to other growth regulators, except 

AIF4 at 200mg/L. Variety x growth regulator interaction on seed 

weight was significant. Borno brown x growth regulator 

interactions produced maximum seed weight which differed 

significantly from other variety x growth regulator interactions 

(Table 4).  

        Maximum seed weight for KNO3 treatment may be 

attributed to the KNO3-induced translocation of assimilates from 

vegetative to reproductive parts. Applying adequate potassium 

(100kg/ha KNO3) in split application to soybean increased seed 

weight by 26% and oil yield by 34% (Keen et al., 2000). Mukaila 

et al (2005) reported that single treatments of 10% and 15% of 

coconut milk resulted in significantly increased plant height, 

chlorophyll content and seed weight of Hibiscus sabdariffa, 

Abelmoschus esulentus and Solanum gilo L. field trials showed 

that by applying potassium nitrate, the grain yield as well as the 

protein content in the grains could be increased (Cakmak, 2003). 

Through this study it could be concluded that both the nodulation 

and the yield of cowpea seem to be differently affected by 

growth regulators application. Among types of growth regulators 

applied coconut milk at 15% was significantly more effective in 

nodulation and yield production than 2, 4-D, KNO3, AIF4 and the 

control. Potassium nitrate performed better than other growth 

regulators with respect to seed weight. 

 

 

 

Table 1. Effects of Variety and Growth Regulators on Nodulation of Cowpea in 2011 and 2012 (combined data). 

 

 Treatments  Number of nodules per plant Nodule weight per plant (g plant
-1

) 

Variety   

IT97K-499-35 26 1.20 

IT98K-573-1-1 28 1.26 

IT98KG-391 35 1.56 

IT98K-205-8 30 1.34 

IT03K-338-1 32 1.42 

IT89KG-288 31 1.40 

Borno brown 35 1.48 

LSD (0.05) 4.38 0.11 

 

Growth Regulators 

  

Control  27 1.21 

2, 4-D @ 200mg/L 28 1.34 

Coconut milk @ 15% 36 1.57 

KNO3 @ 15% 30 1.46 

AIF4 @ 200mg/L 28 1.36 

LSD (0.05) 2.02 0.12 
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Table 2.  Effects of Variety and Growth Regulators on yield components of  

Cowpea in 2011 and 2012 (combined data). 

 

Treatments No of 

branches 

per plant 

No of leaves  

per plant 

No of pods 

per plant 

Pod 

length 

(cm) 

Pod 

weight 

(g) 

Seed weight 

(kg/ha) 

 

Variety  

      

IT97K-499-35 3 89 29 16.94 0.93 1827.00 

IT98K-573-1-1 5 137 28 16.17 1.24 1399.00 

IT98KG-391 4 81 32 16.80 1.07 1868.00 

IT98K-205-8 4 65 21 15.81 1.09 2437.00 

IT03K-338-1 3 69 24 14.67 1.03 1137.00 

IT89KG-288 4 84 24 18.52 1.54 1862.00 

Borno brown 4 86 33 15.80 1.31 2561.00 

LSD (0.05) 0.55 12.00 3.15 1.35 0.35 127.12 

 

Growth Regulators 

      

Control  3.72 80 25 14.68 0.94 1700 

2, 4-D @ 200mg/L 3.78 82 26 15.00 1.00 1689 

Coconut milk @ 15% 3.92 97 29 17.01 1.42 1753 

KNO3 @ 15% 3.86 86 28 16.48 1.16 2156 

AIF4 @ 200mg/L 3.83 84 26 16.00 1.02 2098 

LSD (0.05) NS 6.66 1.11 0.64 0.16 79.02 

 

Table 3.  Variety x Growth regulator interaction on number of leaves per plant 

in 2011 and 2012 (combined data). 

 

 

 

Variety 

Coconut milk  

@ 15% 

Potassium nitrate @ 

15% 

2, 4-D @ 

200mg/L 

AIF4 @ 

200mg/L 

IT97K-499-35 93 88 80 86 

IT98K-573-1-1 152 131 121 127 

IT98KG-391 95 78 69 74 

IT98K-205-8 71 64 58 62 

IT03K-338-1 81 64 62 66 

IT89KG-288 101 79 70 76 

Borno brown 85 86 78 83 

LSD (0.05) 11.23 9.32 8.04 8.02 
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Table 4.  Variety x growth regulator interaction on seed weight (kg/ha) in 2011 

and 2012 (combined data). 

 

 

Variety 

Coconut milk @ 15% Potassium nitrate @ 

15% 

2, 4-D @ 

200mg/L 

AIF4 @ 

200mg/L 

IT97K-499-35 916 2441 998 1342 

IT98K-573-1-1 1241 1346 1120 1227 

IT98KG-391 1487 2813 1397 1634 

IT98K-205-8 2299 2448 2122 2421 

IT03K-338-1 968 1200 1100 1255 

IT89KG-288 1780 1774 1645 1766 

Borno brown 3211 3078 2915 3135 

LSD (0.05) 124.43 122.14 121.42 122.33 
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Abstract- Mortierella ramanniana is known as a gamma 

linolenic acid as an gamma linolenic acid producing oleaginous 

fungus. Enrichment of GLA from the fungal lipids by a urea 

inclusion method was studied. Most of the saturated and 

monosaturated, 93.0% and 84.6%, respectively were removed by 

forming urea inclusion compounds. GLA was concentrated after 

urea inclusion. Its content in total fatty acids increased 6.2 folds 

and recovery of reached 57.1% with a recovery of 90%. 

 

Index Terms- Gamma Linolenic acid; Enrichment; Fungal lipids; 

Mortierella ramanniana; urea inclusion 

 

I. INTRODUCTION 

mega 6 long chain fatty acids have in recent years, become 

increasingly popular in the nutritional supplement and 

nutraceutical arena, with the release of an increasing number of 

new nutritional supplements and functional foods. Over the past 

decade, consumers have begun to recognize the importance of 

these highly unsaturated fatty acids within their diets. Of the 

omega 6 oils, Gamma Linolenic acid (GLA; C18: 3n-6) and 

arachidonic acid (ARA; C20: 4n-6) constitute the largest number 

of beneficial health claims.[1] 

        Currently, the major source of these fatty acids is the 

consumption of plant oils such as evening primrose, black 

currant, Borage. These oils, accumulated by plants, are ultimately 

derived from microorganisms. One area receiving considerable 

interest at present is the cultivation of polyunsaturated fatty acids 

(PUFA)-producing fungi. The filamentous fungus Mortierella 

ramanniana belonging to the phycomycetes class has been 

identified as a promising producer of GLA.[2-3]
 

        This study dealt with extraction of lipids from 

M.ramanniana and enrichment of GLA from fungal lipids by a 

urea inclusion method. 

 

II. MATERIAL AND METHODS 

Mycelium biomass 

        The M.ramanniana was grown in ten 1 L Erlenmeyer flasks. 

The medium consisted of (g/l) glucose 100; peptone 10 and yeast 

extract 1.The pH of the medium was adjusted to 6.5 before 

autoclaving. The fungal cells were harvested by suction filtration, 

washed with water thrice. Then the wet biomass was used for 

direct extraction of lipids. 

 

Extraction of lipids 

        Extraction of lipids from the biomass was performed 

according to the procedure of Blight and Dyer (1959)[4] using 

chloroform/methanol (2:1). Chloroform phase was recovered 

.The same process was repeated thrice. The whole solvent was 

evaporated and dried under vacuum. 

 

Oil saponification and preparation of fatty acids 

        Fungal oil (10g) was saponified with stirring in 100ml 95% 

ethanol, 5g NaOH, 100ml water at 75C for 1 h. 1N HCl was 

then added to set pH in the range of 2.0-2.5.The lower layer was 

removed and discarded. The upper layer was fatty acid. 

 

Enrichment of GLA from fatty mixture by urea inclusion 

        Fatty acids (5g) were added to a hot (75C) solution of 20g 

urea in 50ml ethanol. The solution of 20 g urea in 50 ml ethanol. 

The solution was heated and stirred until clear urea and urea 

compounds were allowed to crystallize at room temperature 

overnight. The precipitate was removed with filtration and 

washed with urea-saturated ethanol. The filtrate was then mixed 

with 40 ml hexane and 40 ml 0.1 N HCl, and the hexane layer 

was separated and evaporated to obtain GLA concentrate. 

 

Assay  

        Fatty acids were methylated according to Christopher son 

and Glass [5] method and fatty acid methyl esters were 

determined by using gas chromatograph Agilent 6890 Series Gas 

Chromatograph equipped with a FID and the capillary column 

DB-23 (30 m X 0.25 mm i.d. X 0.5 m film thickness; J & W 

Scientific, USA). The injector and detector temperatures were 

maintained at 230 and 250C respectively. The oven was 

programmed for 2 min at 160C to 180 C at 6 C/min, 

maintained for 2 min at 180 C, increased further to 230 C at 4 

C/min and finally maintained for 10 min at 230 C. The carrier 

gas, Nitrogen was used at a flow rate of 1.5 mL/min. The 

injection volume was 1 μL, with a split ratio of 

50:1.Identification of fatty acid methyl esters were made using 

GC-MS was performed with Agilent 6890N Gas Chromatograph 

connected to Agilent 5973 Mass Spectrometer at 70 eV  (m/z 50-

550; source at 230C and quadruple at 150C) in the EI mode 

with a HP-5ms capillary column (30 m X 0.25 mm i.d. X 0.25 

M film thickness; J & W Scientific, USA). The carrier gas, 

Helium was used at a flow rate of 1.0 mL/min. The inlet temp 

was maintained at 300C and the oven was programmed for 2 

min at 150C to 300C at 4 C/min, and maintained for 20 min at 

300C. The injection volume was 1 μL, with a split ratio of 50:1. 

Structural assignments were based on interpretation of mass 

spectrometric fragmentation and confirmed by comparison of 

retention times as well as fragmentation pattern of authentic 

compounds and the spectral data obtained from the Wiley and 

NIST libraries. 

O 
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III. RESULTS AND DISCUSSION 

Enrichment of GLA by urea inclusion 

        The lipids in the fungal cells were obtained by wet 

extraction using the Bligh and Dyer (1959) method, the solvents 

were chloroform/methanol and lipids yield was 35.725%. 

        Urea inclusion is an enrichment technique for 

polyunsaturated fatty acids mainly based on the degree of 

unsaturation of the fatty acids. The reported optimal 

experimental conditions (4:1 urea/fatty acid ratio and 28C 

crystallization temperature) for enrichment of AA from micro 

algae (Gimenez et al., 1998) [6] were applied in this study. The 

results of enrichment of GLA were shown in the table1. 

Saturated and monounsaturated fatty acids easily formed urea 

compounds to be removed entirely (93.0%); most of the 

monounsaturated fatty acids (about 84.6%) was also removed. 

Unsaturated fatty acids formed their double bonds and so 

remained in the concentrate. Polyunsaturated fatty acids in urea 

concentrate increased significantly. The GLA content increased 

6.2 folds and reached 57.1% with a recovery of 90%. Therefore, 

the urea inclusion method is an appropriate way for GLA 

enrichment from fungal lipids, considering both concentration 

factor and recovery. Since it is difficult to separate GLA from 

other polyunsaturated fatty acids by urea inclusion, more 

effective purification techniques, e.g., chromatography should be 

applied to obtain high purity GLA.   
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Table 1 

Fatty acid composition of urea concentrates from fungal 

lipids of Mortierella ramanniana 

 

Fatty Acid Fungal Lipids  Urea Concentrate 

14:0 1.3 - 

16:0 36.8 0.3 

18:0 2.5 0.9 

18:1 41.5 7.6 

18:2 5.2 4.3 

18:3 9.1 57.1 

20:4 3.9 7.4 

Total saturates   

Recovery of GLA(%)   

 

 

 

 

 

 

 

 


