
Devendra K. Chaturvedi

Soft Computing



Studies in Computational Intelligence, Volume 103

Editor-in-chief
Prof. Janusz Kacprzyk
Systems Research Institute
Polish Academy of Sciences
ul. Newelska 6
01-447 Warsaw
Poland
E-mail: kacprzyk@ibspan.waw.pl

Further volumes of this series can be found on our
homepage: springer.com

Vol. 79. Xing Cai and T.-C. Jim Yeh (Eds.)
Quantitative Information Fusion for Hydrological
Sciences, 2008
ISBN 978-3-540-75383-4

Vol. 80. Joachim Diederich
Rule Extraction from Support Vector Machines, 2008
ISBN 978-3-540-75389-6

Vol. 81. K. Sridharan
Robotic Exploration and Landmark Determination, 2008
ISBN 978-3-540-75393-3

Vol. 82. Ajith Abraham, Crina Grosan and Witold
Pedrycz (Eds.)
Engineering Evolutionary Intelligent Systems, 2008
ISBN 978-3-540-75395-7

Vol. 83. Bhanu Prasad and S.R.M. Prasanna (Eds.)
Speech, Audio, Image and Biomedical Signal Processing
using Neural Networks, 2008
ISBN 978-3-540-75397-1

Vol. 84. Marek R. Ogiela and Ryszard Tadeusiewicz
Modern Computational Intelligence Methods
for the Interpretation of Medical Images, 2008
ISBN 978-3-540-75399-5

Vol. 85. Arpad Kelemen, Ajith Abraham and Yulan Liang
(Eds.)
Computational Intelligence in Medical Informatics, 2008
ISBN 978-3-540-75766-5

Vol. 86. Zbigniew Les and Mogdalena Les
Shape Understanding Systems, 2008
ISBN 978-3-540-75768-9

Vol. 87. Yuri Avramenko and Andrzej Kraslawski
Case Based Design, 2008
ISBN 978-3-540-75705-4

Vol. 88. Tina Yu, David Davis, Cem Baydar and Rajkumar
Roy (Eds.)
Evolutionary Computation in Practice, 2008
ISBN 978-3-540-75770-2

Vol. 89. Ito Takayuki, Hattori Hiromitsu, Zhang Minjie
and Matsuo Tokuro (Eds.)
Rational, Robust, Secure, 2008
ISBN 978-3-540-76281-2

Vol. 90. Simone Marinai and Hiromichi Fujisawa (Eds.)
Machine Learning in Document Analysis
and Recognition, 2008
ISBN 978-3-540-76279-9

Vol. 91. Horst Bunke, Kandel Abraham and Last Mark (Eds.)
Applied Pattern Recognition, 2008
ISBN 978-3-540-76830-2

Vol. 92. Ang Yang, Yin Shan and Lam Thu Bui (Eds.)
Success in Evolutionary Computation, 2008
ISBN 978-3-540-76285-0

Vol. 93. Manolis Wallace, Marios Angelides and Phivos
Mylonas (Eds.)
Advances in Semantic Media Adaptation and
Personalization, 2008
ISBN 978-3-540-76359-8

Vol. 94. Arpad Kelemen, Ajith Abraham and Yuehui Chen
(Eds.)
Computational Intelligence in Bioinformatics, 2008
ISBN 978-3-540-76802-9

Vol. 95. Radu Dogaru
Systematic Design for Emergence in Cellular Nonlinear
Networks, 2008
ISBN 978-3-540-76800-5

Vol. 96. Aboul-Ella Hassanien, Ajith Abraham and Janusz
Kacprzyk (Eds.)
Computational Intelligence in Multimedia Processing:
Recent Advances, 2008
ISBN 978-3-540-76826-5

Vol. 97. Gloria Phillips-Wren, Nikhil Ichalkaranje and
Lakhmi C. Jain (Eds.)
Intelligent Decision Making: An AI-Based Approach, 2008
ISBN 978-3-540-76829-9

Vol. 98. Ashish Ghosh, Satchidananda Dehuri and Susmita
Ghosh (Eds.)
Multi-Objective Evolutionary Algorithms for Knowledge
Discovery from Databases, 2008
ISBN 978-3-540-77466-2

Vol. 99. George Meghabghab and Abraham Kandel
Search Engines, Link Analysis, and User’s Web Behavior,
2008
ISBN 978-3-540-77468-6

Vol. 100. Anthony Brabazon and Michael O’Neill (Eds.)
Natural Computing in Computational Finance, 2008
ISBN 978-3-540-77476-1

Vol. 101. Michael Granitzer, Mathias Lux and Marc Spaniol
(Eds.)
Multimedia Semantics - The Role of Metadata, 2008
ISBN 978-3-540-77472-3

Vol. 102. Carlos Cotta, Simeon Reich, Robert Schaefer and
Antoni Ligeza (Eds.)
Knowledge-Driven Computing, 2008
ISBN 978-3-540-77474-7

Vol. 103. Devendra K. Chaturvedi
Soft Computing, 2008
ISBN 978-3-540-77480-8



Devendra K. Chaturvedi

Soft Computing

Techniques and its Applications in Electrical
Engineering

With 320 Figures and 132 Tables

ABC



Dr. D.K. Chaturvedi
Convener, Faculty Training & Placement Cell
Reader, Department of Electrical Engineering

& Faculty of Engineering
Dayalbagh Educational Institute
(Deemed University)
Dayalbagh
Agra, India
dkc.foe@gmail.com

ISBN 978-3-540-77480-8 e-ISBN 978-3-540-77481-5

Studies in Computational Intelligence ISSN 1860-949X

Library of Congress Control Number: 2008920252

c© 2008 Springer-Verlag Berlin Heidelberg

This work is subject to copyright. All rights are reserved, whether the whole or part of the material
is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broad-
casting, reproduction on microfilm or in any other way, and storage in data banks. Duplication of
this publication or parts thereof is permitted only under the provisions of the German Copyright Law
of September 9, 1965, in its current version, and permission for use must always be obtained from
Springer-Verlag. Violations are liable to prosecution under the German Copyright Law.

The use of general descriptive names, registered names, trademarks, etc. in this publication does not
imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

Cover design: Deblik, Berlin, Germany

Printed on acid-free paper

9 8 7 6 5 4 3 2 1

springer.com



Foreword

Soft computing, as explained by Prof. Lotfi Zadeh, is a consortium of method-
ologies (working synergistically, not competitively) that, in one form or
another, exploits the tolerance for imprecision, uncertainty, approximate rea-
soning and partial truth, to achieve tractability, robustness, low-cost solution,
and close resemblance with human-like decision making. It has flexible infor-
mation processing capability for representation and evaluation of various real
life ambiguous and uncertain situations. Therefore, soft computing provides
the foundation for the conception and design of high MIQ (Machine IQ) sys-
tems. Fuzzy logic having capability of handling uncertainty arising from, say,
vagueness, incompleteness, overlapping concepts; neural networks providing
machinery for adaptation and learning, genetic algorithms for optimization
and learning, and probabilistic reasoning for inference were considered to be
the basic ingredients of soft computing. Recently, the theory of rough sets of
Prof. Z. Pawlak, having capability of handling uncertainty arising from granu-
larity in the domain of discourse, is found to be another significant component.

Since the aforesaid characteristic features are important in designing in-
telligent systems and making any computer application successful, several re-
search centres related to soft computing have been established over the world,
dedicated to conduct research both for the development of its theory and
demonstrating real life applications. The Department of Science & Technol-
ogy (DST), Govt. of India, has established, in this line, the nation’s first Soft
Computing Research Center at Indian Statistical Institute, Kolkata, in 2004.

One of the challenges of soft computing research lies in judicious inte-
gration of the merits of its component technologies so that the resulting one
has application-specific advantages, which can not be achieved using the in-
dividual techniques alone, in decision making. Among all such integrations,
neuro-fuzzy hybridization is the most visible one realized so far. Recently,
rough-fuzzy computing has drawn the attention of researchers as a strong
paradigm for handling uncertainty in many real life problems, e.g., bioinfor-
matics, web intelligence, and data mining & knowledge discovery. Since it
has led to the concept of fuzzy-granulation, or f-granulation, it has a strong



VI Foreword

relevance to the Computational Theory of Perceptions (CTP), which provides
the capability to compute and reason not using any measurements, but with
perception-based information. The perception-based information is inherently
imprecise and fuzzy-granular, reflecting the finite ability of the sensory organs
(and finally the brain) to resolve details and store information. Typical daily
life examples based on CTP include car parking, driving in city, cooking meal,
and summarizing story. The next decade is expected to bear the testimony of
many stimulating issues and solutions in this domain.

The present volume titled “Soft Computing and its Applications” by
Dr. D.K. Chaturvedi, an experienced researcher from Faculty of Engineering,
Dayalbagh Educational Institute, Agra, India, deals with the introduction and
basic concepts of fuzzy logic, artificial neural networks and genetic algorithms,
and their role in certain combinations. It also describes some applications like
load forecasting problem and power system identification. I believe the chap-
ters would help in understanding not only the basic issues and characteristic
features of soft computing, but also the aforesaid problems of CTP and in
formulating possible solutions. Dr. Chaturvedi deserves congratulations for
bringing out the nice piece of work.

Kolkata, India Sankar K. Pal
November 3, 2007 Director

Indian Statistical Institute



Preface

The modern science is still striving to develop consciousness-based machine.
In the last century, enormous industrial and technological developments had
taken place. Technology had developed laterally well up to the biggest giant-
sized complexes and also to the smallest molecular nano mechanisms. Thus,
having explored to the maxima of the two extreme fields, technology is ex-
ploring now vertically to reach the dizzy heights of soft computing, subtle
soft computing, and the millennium wonder of reaching the almost unchar-
tered height of evolving consciousness in computers (machines). This book
makes its small and humble contribution to this new astounding scenario
and possibly the greatest of all mechanical wonders, to transfer conscious-
ness of man to machine. Prior to World War II, numerical calculations were
done with mechanical calculators. Simulated by military requirements dur-
ing World War II, the first version modern digital computers began to make
their appearance in late 1940s and early 1950s. During that pioneering pe-
riod, a number of different approaches to digital computer organization and
digital computing techniques were investigated. Primarily, as a result of the
constraints imposed by the available electronics technology, the designers of
digital computers soon focused their attention on the concept of computer
system architecture, which was championed by Dr. John Von Neumann, who
first implemented it in the computer constructed for the Institute of Advanced
Studies at Princeton. Because of the pervasiveness of the Von Neumann ar-
chitecture in digital computers, during the 1950s and 1960s, most numerical
analysts and other computer users concentrated their efforts on developing al-
gorithms and software packages suitable to these types of computers. In 1960s
and 1970s, there were numerous modifications and improvements to comput-
ers of the earlier generation. The “bottle neck” of Neumann computers was
the memory buffer sizes and speeds on it. In the 1990s, there was a quantum
leap in the size of computer memory and speeds. As a result of this, Super-
computers have been developed, which could do lacs of calculations within
a fraction of a second. Supercomputers can also do all routine task and it
could handle it better with multi-coordination than a human being, and thus
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reducing a series of simple logical operations. It could store vast information
and process the same in a flash. It does not also suffer from the human moods
and many vagaries of mind.

But, the super computers cannot infer or acquire any knowledge from its
information contents. It cannot think sensibly and talk intelligently. It could
not recognize a person or could not relate his family background.

On the Other hand, as human beings, we continuously evolve our value
judgment about the information we receive and instinctively process them.
Our judgment is based on our feelings, tastes, knowledge and experience. But
computers are incapable of such judgments. A computer can be programmed
(instructed), i.e. to generate poetry or music, but it cannot appraise or judge
its quality.

Hence, there is a genuine and compulsory need for some other logic, which
can handle such real life scenario. In 1965, Prof. Lofti A. Zadeh at the Uni-
versity of California, introduced an identification tool by which this degree of
truth can be handled by fuzzy set theoretic approach. With the invention of
fuzzy chips in 1980s fuzzy logic received a great boost in the industry.

Now in this twentyfirst century, along with fuzzy logic, Artificial Neural
Network (ANN), and Evolutionary Algorithms (EA) are receiving intensive
attention, in both academics and industry. All these techniques are kept under
one umbrella called “soft computing.” Enormous research had already been
done on soft computing techniques to identify a model and control of its
different systems.

This book is an introduction to some new fields in soft computing with
its principal components of fuzzy logic, ANN, and EA, and it is hoped that it
would be quite useful to study the fundamental concepts on these topics for
the pursuit of allied research.

Intuitive consciousness/wisdom is also one of the frontline areas in soft
computing, which has to be always cultivated by meditation. This is, indeed,
an extraordinary challenge and virtually a new wondrous phenomenon to in-
clude such phenomena into the computers.

The approach in this book is

• To provide an understanding of the soft computing field
• To work through soft computing (ANN, fuzzy systems, and genetic algo-

rithms) using examples
• To integrate pseudo-code operational summaries and Matlab codes
• To present computer simulation
• To include real world applications
• To highlight the distinctive work of human consciousness in machine.

Organization of the Book

This book begins with the introduction of soft computing and is divided into
four parts.
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The first part deals with the historical developments in the exciting field
of neural science to understand the brain and its functioning (Chap. 2). This
is followed by the working of ANN and their architectures (Chap. 3). The feed
forward back-propagation ANNs are widely used in operations and control of
the various industrial processes and plants, for modeling and simulation of
systems, and for forecasting purposes. The ANN needs many pairs of input–
output (X–Y ) as training and testing data. The relation between input and
output, the size of neural network, type of neuron and connectivity of neu-
rons among various layers generally contribute to training time of the neural
network. The study has been conducted to observe the effect of range of nor-
malization like 0–1, −1–1, 0–0.9, etc., the type of mapping of input–output
pairs like X–Y , X–∆Y , ∆X–Y , and ∆X–∆Y and their sequence of pre-
sentation, threshold, and aggregation functions used for different neurons (i.e.
neuron structure) on training time. In addition, influence of noise in the input–
output data on accuracy of learning and training time has been studied. The
noise in input–output data has major contribution in generalization of ANN.
The neural network model has been developed to study the above-mentioned
issues for DC machines modeling to predict armature current and speed, and
for short-term load forecasting problems (Chap. 4). Efforts have been taken
in the past to reduce the training time of ANN by selection of an optimal
network and modification in learning algorithms. A new (generalized) neuron
model using neuro-fuzzy approach to overcome the problems of ANN incor-
porating the features of fuzzy systems at a neuron level had been developed
and tested on various bench mark problems (Chap. 5). Taking benefit of the
characteristics of the GN, it is used for various applications such as machines
modeling, electrical load forecasting system, aircraft landing control system,
load frequency controller, and power system stabilization problem (Chap. 6).

In the second part, the book concentrates on the introduction of fuzzy
logic concepts and basics of fuzzy systems (Chap. 7). Fuzzy logic is applied to
a great extent in controlling the process, plants, and various complex systems
because of its inherent advantages like simplicity, ease in design, robustness,
and adaptivity. It is established that this approach works very well especially
when the systems are not transparent. Also, the effect of different connectives
(like intersection, union, and compensatory operators as well as averaging
operators), different implication methods, different compositional rules, dif-
ferent membership functions of fuzzy sets and their degrees of overlapping,
and different defuzzification methods have been studied in the context of fuzzy
system based modeling of electrical machines and load forecasting problems.

The third part lays the foundation for genetic algorithms (GA) and its
variant (Chap. 9). In Chap. 10, the application of GA for load forecasting
problems is discussed. The most difficult and crucial part of fuzzy system
development is the knowledge acquisition. System dynamics technique (causal
relationships) helps in the knowledge acquisition and representation of it. The
integrated approach of systems dynamics technique and fuzzy systems has
been used for socio-economic systems like HIV/AIDS population forecasting
problem.
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The last part of this book covers the synergism between different com-
ponents of soft computing technology such as GA, fuzzy systems, and ANN.
The GA-fuzzy system based approach is used for power system applications
such as optimal electrical power flow problem, transmission pricing in dereg-
ulated environment and congestion management problems (Chap. 11). The
GA-fuzzy (GAF) approach has also been used for load forecasting problems
on long-term basis.

Chapter – 1 
 Introduction to Soft Computing 

Chapter – 3 
ANN and 
supervised 
learning 

Chapter – 5 
Development of 
GN Models and 

its Variants 

Chapter – 7 
Introduction to 

fuzzy sets 
theoretic 
Approach 

Chapter – 9
Introduction to

Genetic
Algorithms

Chapter – 8  
Fuzzy systems 

and its 
Applications 

Chapter – 10 
GA and Its 

Applications 

Chapter – 4 
Factors
affecting 

performance of 
ANN models

Chapter – 12 
Synergism of 

ANN and Fuzzy 
Systems 

Chapter – 11 
Synergism of 
GA – Fuzzy 

Systems 

Chapter – 6 
Applications of 
ANN and GN  

Chapter – 13 
Synergism of 
ANN – GA -

Fuzzy Systems 

Chapter – 2 
Life History of 

Brain 

Fig. P1. Schematic outline of the book
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Chapter 12 deals with the Adaptive Neuro-Fuzzy Inference System (AN-
FIS). The back-propagation learning algorithm is generally used to train
ANN and GN. The back-propagation learning has various drawbacks such
as slowness in learning, stuck in local minima, and requires functional deriv-
ative of aggregation and threshold functions to minimize error function.
Various researchers have suggested a number of improvements in simple
back-propagation learning algorithm developed by Widrow and Holf (1956).
Chapter 13 deals with the synergism of feed forward ANN with GA as
the learning mechanism to overcome some of the disadvantages of back-
propagation learning mechanism to minimize the error function of ANN. GA
optimization is slow and depends on the number of variables. To improve the
convergence of GA, a modified GA is developed in which the GA parameters
like cross-over probability (Pc), mutation probability (Pm), and population
size (popsize) are modified using fuzzy system with concentration of genes.
The ANN-GA-fuzzy system integrated approach is applied to different bench-
mark problems to test this approach. The schematic outline of the book is
shown in Fig. P1.

Dayalbagh, Agra, India D.K. Chaturvedi
Faculty of Engineering

Dayalbagh Educational Institute
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