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Chapter-I

WORLD OF FUZZY LOGIC

1.0 INTRODUCTION

“So far as the laws of mathematics refer to reality, they are not certain. 

And so far as they are certain, they do not refer to reality.”

-Albert Einstein

“As complexity rises, precise statements lose meaning and 

meaningful statements lose precision. ”

-Dr. Lotfi Zadeh

“Everything is a matter of degrees”

said the Logicians of 1920’s.

“We human beings need a balanced life and this enforces 

to make technology itself more humane” 

says Thoshino Terano (Sugeno)

Indeed all this is the key base of brilliant theory of Fuzzy Sets and Fuzzy 

Logic. The very idea is to model all facets of human thinking and reasoning
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and allow imprecision while dealing with problems at hand. Zadeh [1973] put

forth the “Principle of Incompatibility** 

i.e. as the complexity of a system increases, our ability to make precise

and yet significant statements about its behavior diminishes until a threshold 

is reached beyond which precision and significance (or relevance) become 

almost mutually exclusive characteristics”

In other words as the complexity of a system exceeds certain limit, precise and 

meaningful description of the system’s behavior becomes impossible. This is 

the origin of Fuzzy Logic. This implies that, the precision associated with 

classical approach to model the concepts perceived by human is neither 

attainable nor necessary. In fact the deliberate or inherent imprecision 

permitted in the model makes it robust This allows to model complex 

situations which otherwise becomes either difficult or impossible. The Fuzzy 

Sets and Fuzzy Logic offer a framework to handle the ill-defined concepts, 

imprecise or uncertain pieces of information, rules pervaded with vagueness, 

ambiguity or exceptions that human can manipulate or process easily and 

adequately. This is mainly because die humans use intuition, past experience, 

guesses and hunches, and rules-of-thumb.

Basically, irrespective of its type the logic makes the valid arguments 

reflecting the human discourse. This signifies the utter most importance of 

semantic aspects covered by the logic. The men right from Aristotle to Zadeh 

have tried to bring in the greater amount of human reasoning in their logic.

2
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Susan Haack in her book “Philosophy of Logics” has classified the logic as

follows-

1. Two Valued Logic:

• Classical Aristotelian

• Sentence (Prepositional)

• Quantified (Predicate)

2. Extended Logic:

• Modal Logic

• Deontic Logic

• Tense Logic

• Epistemic Logic

3. Multi Valued Logic:

• Lukasiewicz Logic

• Kleen Logic

In addition to these the two more logics would be-

4. Probabilistic Logic

5. Fuzzy Logic

Amongst all these logics, the Fuzzy Logic seems to be more close to the 

human’s perception, imagination and orthodox reasoning ability with common 

sense. Since its inception thirty years ago, the Fuzzy Set Theory and Fuzzy

.3
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Logic have made their ways surmounting the initial hindrance raised by

contemporary suspicious Logicians. Fuzzy Set Theory and Fuzzy Logic 

however have patiently bided the time and as result today they have emerged as 

a wonderful and powerful technology that aims to represent the human 

knowledge and embed directly in the decision making systems in variety of 

disciplines.

At the beginning of twentieth century American Philosopher Charles 

Peirce was the first person to regret the negligence of vagueness by 

mathematicians. Later in 1923. Bertrad Russell up held the same view. In 1930, 

Jan Lukasiewicz developed the logic with intermediary truth-values. American 

Philosopher Max Black proposed “Consistency Profiles” - the ancestor of 

today’s fuzzy membership function in order to characterize the vague symbols. 

HLWeyl (1940), A. Kapaln and H.F. Schott (1951) suggested the calculi for 

vague predicates. The mathematician Karl Menger (1951) worked on 

probabilistic metric spaces and used the term “ensemble flou” means fuzzy set 

Latter in 1966 he called it as a “Hazy Set”. In 1965 Zadeh proposed the idea of 

Fuzzy Set and without being aware of this, in 1968 the French linguist Yves 

Gentilhomme worked with same idea and used the term “ensemble flou” for 

Fuzzy Set. D.Klanna between 1965 to 1972 developed a theory of multi valued 

sets.

The English economist (1961) G.L.S.Shackle’s theory of possibility 

remained unnoticed. However, almost independent theories on possibility 

parallel to Zadeh’s possibility measure, Safer (1976) proposed contour function

4
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that could be viewed as fuzzy set membership function. This analogy was

pointed out by Kamp'e de Ferit in 1980. He along with Forte and Benvenuti

went on to generalize the concepts of fuzzy-measures .

Prof. L.A.Zadeh ,however introduced independently the concept of 

Fuzzy Set aimed to provide a satisfactory tool to represent the human 

knowledge and ability to summarize the heterogeneous data. Unfortunately 

after a struggle of almost thirty years Zadeh’s radical ideas were up held, and 

today the Fuzzy Sets and Fuzzy Logic have become a true magnum opus, 

mainly due to their remarkable ability to represent the human knowledge 

qualitatively.

1.1. FUZZY SET AND FUZZY LOGIC

Fuzzy Sets are meant to deal with situations where boundaries are not 

well determined. In such cases humans prefer to use linguistic labeling, and to 

do it on generalized mathematical framework Fuzzy Sets are a good alternative. 

They help in expressing an uncertainty about tangible meaning of the labels 

used, and tolerate the soft constraints and/or flexible requirements. These 

distinct characteristics provide a gradual and smooth transition from one label 

to another and avoid abrupt discontinuities at the boundaries over a domain. In 

particular Fuzzy Sets help in interfacing numerical data with symbolic labels 

and make the representation of concept more robust and general.

5
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Fuzzy Sets have entirely different concern to the vagueness as compared

to other approaches. Fuzzy Sets use membership degrees that have ordinal 

meaning, influenced by

• Universe of discourse (Domain)

• Partition of domain

• Persons defining them

But it is important to correctly represent the knowledge and capture the 

meaning of linguistic words used for labeling. As pointed out by Fortet and 

Kambouzia (1976), Fuzzy Sets can also be related to the random sets and 

membership function can be called as “likelihood function”.

1.1.1 Definitions of Fuzzy Logic

Defining Fuzzy Logic is as fuzzy as fuzzy logic itself. Pioneer Workers 

and Researchers of Fuzzy Logic have manifested their views on Fuzzy Logic 

by putting forth the manifold definitions. Some of them short listed below-

1. Fuzzy Logic is an innovative technology that enhances conventional system 

design with engineering expertise.

2. Fuzzy Logic is a very efficient technology to put knowledge right in to a 

technical solution.

3. Fuzzy Logic is a method of easily representing analogue process on a 

digital computer.

----------------------------- •World of Fuzzy Logic
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4. Fuzzy Ldgic is a computer technique invented by Zadeh. which allows 

expressing and evaluating complex relations in a linguistic way.

5. Fuzzy Logic is a technique that imitates the human observation-action- 

decision process in a system.

6. Fuzzy Logic is a branch of machine intelligence that helps computer paint 

gray, commonsense pictures of an uncertain world.

7. Fuzzy Logic is a mathematical way of looking at vagueness that a computer 

could deal with.

8. Fuzzy Logic is a versatile tool to model subjective, indeterminate concepts 

with intermediate values.

9. Fuzzy Logic is not a product, but a technology and a value-added tool that 

is becoming important to industrial control.

10. Fuzzy Logic is the cocaine of science.

11. Fuzzy Logic is a powerful tool to model the knowledge.

Zadeh proposed a mathematical way of looking at the intrinsic vagueness of 

natural language, and extremely qualitative and ambiguous thinking of human. 

He called this approach as’Tuzzy Logic”. The prime objective of Fuzzy Logic
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is to stand as a golden rapprochement between humans thinking abilities and

computers computing capabilities. Fuzzy Logic is an extension of conventional 

binary logic basically founded on Fuzzy Set Theory.

Fuzzy Logic is of More-or-Less type in contrast to dichotomous and 

rigid Yes-or-No type conventional logic. Fuzzy Logic encodes the human 

knowledge and emulates deductive thinking to infer conclusions form diffused, 

overlapped space of ideas and concepts. Thus Fuzzy Logic can mathematically 

handle vagueness aimed to represent the human ability of knowledge 

processing on computers. This adds consistency and repeatability of such 

activities that missing in the humans. However this requires both man and 

machine more-or-less must have Language, Knowledge and Thinking process 

in common. In other words, commonsense, human thinking and judgments are 

the lures of Fuzzy Logic.

Fuzzy Logic has emerged as an innovative technology that helps 

changing disorganized complexity and non-linearity into well-organized 

simplicity and manageable linearity. It has been mainly employed as “Add-On- 

Technology” and recently as an “Enabling Technology ”. It enjoys the 

following benefits-

1. Fuzzy Logic allows implementing expert knowledge for a higher degree of 

automation for complex structured process and improves the consistency.

2. Fuzzy Logic offers simple yet robust solution to the non-linear process, 

covering maximum system parameters.

8
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3. There is always communication problem between Field-Expert (FE) 

knowing Jhe application problem and Electronics Engineer (EE) knowing 

hardware/software implementation. Fuzzy Logic Technology living at both 

symbolic (FE) and compiled (EE) helps minimizing communication 

problems and hence the development and maintenance time.

4. It has flexibility to content dependant modifications, permitting to fine tune 

with new data and knowledge.

5. Fuzzy Logic system allows adoption of design algorithms in input data and 

design goals.

6. Fuzzy Logic deals with observed rather than measured variables of the 

system.

7. Fuzzy Logic offers very simple, intuitive way for engineers to describe a 

complex problem using decision methodology of fuzzy set theory.

8. Fuzzy Logic provides a handy tool to make good use of human’s bank of 

data and experience in many fields.

9. By using different sets of control rules, the Fuzzy Controller can operate 

over large range of input variables.

10. With recent development of fuzzy hardware/software tools available make 

the fuzzy algorithms general and portable.

11. Fuzzy Logic helps in interfacing numerical data with symbolic labels.

9
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12. It provides a valuable technology in the design of embedded machine 

intelligence.

13. Fuzzy Logic can deploy advanced system using control engineering rather 

than control scientist

14. In designing fuzzy controller more choices and options exist than those in 

case of conventional controllers.

1.2 LITERATURE-SURVEY

The fast theoretical developments in the fuzzy set theory and fuzzy logic 

makes it little difficult for a new comer in the field and apply fuzzy logic to his 

problem. This keeps him psychologically out of present state-of-art. At present 

great number of publications exit scattered over diverse areas and pouring more 

and more, especially on technical and application issues in the verity of 

disciplines that include -

A I, Computer Science, Control Engineering, Decision 

Theory, Expert Systems, Management Science, Operation 

Research, Pattern Recognition, Robotics, Psychology,

Medicine, Sociology, Economics, Genetics, Meteorology, 

Architecture and so on.

In addition to this every year Seminars and Conferences are held around the 

world on specific areas from Fuzzy Set Theory and Fuzzy Logic.
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The iniemationai Fuzzy Systran Association (IFSA) was established in

1984 as die first academy for the fuzzy logic theorist and practitioners. In 1989. 

the society of Fuzzy Theory and Systran (SOFT) was formed and Laboratory of 

International Fuzzy Engineering (LIFE) was inaugurated in Japan. Latter 

conduct basic research on die fuzzy control and information processing in 

collaboration with Fuzzy Venture, partner of Santa Monica of US and also 

raise funds to support the organizations working on development and design of 

fuzzy systems.

The fuzzy logic tide has already reached the Internet, where most-up- 

date information about fuzzy set theory and fuzzy logic developments, new 

tools and products can be furnished in no time or join a discussion on die 

interested aspects of topic. There are worldwide organizations and 

collaborations that undertake the R & D activities in fuzzy set theory and fuzzy 

logic. Efforts of Siemen, US are coordinated by its Corporate Research Group 

in Princeton, NJ. Inform Software Corporation of Aachen, Germany has 

developed fuzzy software tool - Fuzzy TECH. Inform works in collaboration 

with Intel Corporation, Santa Clare, California in exploiting the fuzzy logic as 

an enabling technique in the embedded control applications. Numerous 

companies came forward and developed fuzzy hardware like PS4001-Fuzzy 

PLC.

Origin and development of fuzzy set theory and fuzzy logic took place 

in US, while Japanese exploited it practically.

11
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In India, however die developments of fuzzy set theory and fuzzy logic

are in their thfancy stage. Survey indicates that the reach of fuzzy set theory 

and fuzzy logic is limited only to Universities, and is waiting for break-through 

in the industrial sector .Few companies like Videocon and Godrej have stared 

employing fuzzy logic in their consumer products.

Majority of publications in India are on the mathematical developments 

of fuzzy set theory and its applications in the medical expert systems. AI 

laboratory at Hydrabad (AP) and Machine Intelligence Units at Kolkata and 

Delhi are currently engaged with research activities on fuzzy set theory and 

fuzzy logic. In Shivaji University at Kolhapur, the Department of Mathematics 

is also working on mathematical aspects of fuzzy set theory, approximate 

reasoning and automata theory.

More and more Universities and Engineering faculties are adding the 

fuzzy set theory and fuzzy logic in their curricula. This is a good opportunity of 

giving youngsters exposure to the fabulous technology in the view of 

psychological entrance barrier raised due to the highly mathematical beginning 

of fuzzy set theory.

13. TRANSITION FROM FUZZY SET THEORY TO FUZZY LOGIC

During 1970 to 1980, decision supporting fuzzy systems found 

their ways besides engineering in to management and business. This is marked 

by linguistic description of human judgments in the Expert Systems for 

medical diagnosis, access structural damage and strategic planning. These

------------------------------------------------------------------------------—‘World of fuzzy Logic
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Expert Systems exploited the uncertain knowledge acquired to help user in die

domain of interest.

Then Fuzzy Logic Control (FLC) appeared that was meant to control the 

complex technical processes ranging from camera and vacuum cleaner to 

cement kiln,model car and train.

Surprisingly it remained neglected by European and American until the 

end of 1980, but Japanese successfully exploited the power of FLC. Since then 

it began to establish itself as technology paradigm.

The transition from fuzzy set theory to fuzzy logic during first half of 

the 1990 was very fast. This is mainly because of creation of numerous 

software and hardware tools that considerably improve the design of fuzzy 

systems making them more applicable and portable.

Since 1994, Fuzzy Set Theory, AI, Neural Network and Genetic 

Algorithm began to come closer, and now they are together called as 

“ Computational Intelligence

1,4 APPLICATIONS

In two decades of time after its inception mathematicians and logicians 

laid the concrete mathematical foundation of Fuzzy Set Theory and Fuzzy 

Logic. However turning point for Fuzzy Logic came in 1974 and it gained the 

practical importance after Ebrahim Mamadani and Seto Assilian of University 

of London applied Fuzzy Logic for the first time to the control of steam engine 

In 1980, F.H. Smidth of Denmark used Fuzzy Logic in the control process of

---------------------- —————------------------------------------------------------------------------------------------------- —— ----------<t\?orCd of Fuzzy Logic
13



..... ............................... (Design of Choirs dL Inductor Coils-A fuzzy Approach

water purification process and later Hitachi developed an automatic fuzzy

controlled train system in die Sendai city of Japan, which has outperformed 

both the human operator and conventional automatic control system. By 1990, 

Fuzzy Logic reached the consumer products like Vacuum Cleaner, Camera, 

Microwave Oven, Washing Machine and several other home appliances.

1.4.1 TYPICAL APPLICATIONS:

* Control system, factory automation, medical 
and information technology

* Compiler built in conjunction with neural 
network, and pattern recognition, database 
searching algorithm

■ Bank tefler machine
■ Automatic container crane operation system
* Automatic transmission control
* Fuzzy control hardware systems
■ Fuzzy computers, Fuzzy car
■ Fuzzy traffic control
■ Electron beam welding machine
■ Constant force control of End Milling
■ Control of engine idling
* Automatic windshield wiper
* Fuel-flow regulation and engine ignition 

timing in automobile
■ Simulating shutdown of a nudear rector with 

a computer.
■ Medical expert systems-diagnostic 

algorithms for diabetes, cancer, blood 
pressure control during anesthesia

* Fuzzy Signal Processor
■ Fuzzy Sensor System used to monitor the 

exhaust gases from the vehicles and keep 
the toxic elements within safe limits

* Pen Band Portable PC developed by SONY 
uses fuzzy logic to recognize the handwriting 
and calligraphy

■ Fuzzy Sensors embedded with human like 
sensing capabilities

■ Fuzzy Logic Control Systems for Servo 
Motions

■ Heat Exchanger Process Control
■ Boiler and Steam Engine
■ Refuse Incineration Plant
■ Arc Welding Robot
■ Call Processing and Switching
■ Packet Radio Network Routing and 

Scheduling
■ Hydraulic Forging Machine
■ Container Crane
■ Fuzzy electrode positioning and power 

controller
■ Carbon testing equipment
■ Ore crushing mill
■ Image processing in color copying
■ Chemical Process Control
■ Fuzzy Controller in sewage treatment and 

polymerization plant
* Oil-fueled annealing furnace
■ Pilot project in the chemical industry
* Inferential controllers
■ Thermostat
■ Automatic components
■ Cell-phones
■ Fax machine
■ Copier
■ Synchronous control of two conveyor belts

-Worbfdf fuzzy Logic.
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IS FUZZY TOOLS :

Tools help system designer in die design and coding and achieve quick 

implementation of fuzzy based system. Good number of tools exits today. Modem 

sophisticated tools provide graphical animation and offer interactive on-line 

development capabilities, instead of pre-compiling using programming languages 

like prolog. C, C** etc. Interactive tools are efficient as they allow monitoring 

direct consequences of modifications of design parameters such as rules, fuzzy 

subsets, shape of membership functions, and display output in tabular form or plot 

them. With such tools tuning phase becomes far easy and quick. The 

“fuzzyTECIT’ tool developed by INFORM and a graphical tool “CubiCalc” can be 

used for on-line optimization of a fuzzy system. The TIL-shell the Computer 

Aided Software Engineering (CASE) form Togai Iffalogic helps building expert 

systems with C-language. Apart form accelerating design process; today’s 

graphical tools can be effectively used for training purpose on the laboratories. 

MATLAB - A Language of Technical Computing is one of the popular software 

used to simulate and develop the Fuzzy Systems all over the world.

A good software tool supports all development phases-design, simulation, 

optimization, verification and implementation. Another way is to use a fuzzy logic 

pre-compiler created using standard programming language like C, C++, Prolog, 

and LISP. The fuzzy logic description language FTL (Fuzzy Technology 

Language) helps creating a graphical model of the system and finally compiled in 

to software package.

IS
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The primary benefit of commercially available tools is their support in 

debugging as almost 80-90 % of system development time is spent on simulation, 

v optimization and validation.

Spectrum of applicability of Fuzzy is widening with time. This necessitates 

a universal tool that run on almost any hardware. In 1980 dedicated hardware for 

fuzzy logic came in to existence. In the same year Japan introduced the first 

generation fuzzy analog processor. The second-generation fuzzy digital processors 

of 1990 could execute the fuzzy logic instructions. The third generation fuzzy 

processors were integrated functionally within standard micro-controllers with 

instruction set enhanced.

1.6 METHODOLOGICAL SURVEY

In spite of initial hurdles, Fuzzy Set Theory and Fuzzy Logic witnessed the 

spectacular theoretical progress followed by potent applicability of fuzzy logic. 

This is marked by overwhelming successful applications of Fuzzy Set Theory and 

Fuzzy Logic over a last decade. These can be classified as follows-

___________________ Generalization of traditional mathematics such as
1 .Mathematics Topology, Graph Theory, Algebra, Logic etc

___________________^ flustering methods, Control Algorithms,
Design Algorithms etc.2.Algorithm

3. Standard Model

4. Real World Problem

Transportation Model, Inventory Control Model, 
Maintenance Model etc.

Applications in Science, Engineering, Commercial Sectors, 
Communication, industry, consumer products etc.

16
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Fuzzy Expert System (FES) and Fuzzy Logic Control (FLC) are the two 

real time application-sectors, where Fuzzy Sets and Fuzzy Logic has been 

exploited effectively and efficiently.

Due to declination from mathematical complexity and inclination towards 

modeling operational simplicity fuzzy logic has emerged as a novel technology 

that can be either

1. Add-On-Technology to improve die performance of existing systems, or

2. Enabling-Technology to model and design the system which otherwise 

would be difficult due to complexity.

Fuzzy Set theory and Fuzzy Logic have been successfully exploited in the 

science and engineering during late 1980 to early 1990. There exists good number 

of published works on fuzzy-based CAD-tools in the diverse problems in the 

Electrical and Electronics design. These include classification, generalization and 

experience of building fuzzy based systems in CAD for problems in analog circuit 

design and digital circuit design.

The design tasks from Electrical and Electronics can be formulated as 

combinational optimization problems with multiple objective constraints and 

heterogeneous date. This gives rise to a variety of design algorithms leading to no 

universally accepted optimal solution. In practice, however fuzzy logic approach is 

proven to be useful in finding compromised solutions in different applications.

Information about the target design problem exists in two the forms- 

1. Numerical information derived from mathematical model

17
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(Specifications of Choke and inductor coil in our case)

2. Design methodology represented in the linguistic form. This is 

normally given in the fuzzy terms that exist at several levels. Such 

fuzzy terms arise due to imprecise information or complexity of 

dependencies between different characters of a system. (Parameters 

or variables of a Choke and inductor coil in our design problem)

Though the linguistic information is generally imprecise in nature, in fact it is 

an important source of knowledge about the system. The difficulty is how to use 

such numerical and linguistic information in the design process. It is even critical 

in case of design process of a Choke and inductor coil. Because the Choke and 

inductor coil designing involves totally two different designing aspects- firstly the 

electrical computation and secondly the mechanical fit process. We intend to show 

the representational power of fuzzy logic in the design process of a Choke and 

inductor coil.

The Choke and inductor coil designing involves the human intertwining at 

every design phase; hence it makes the natural target for Fuzzy Logic. Choke and 

inductor coil designing is a combinational optimization problem with multistage 

process, which involves the application of variety of algorithms. Different 

designing methodologies differ in their organization of design flow, formulation of 

subsets and tactics of solving them.

‘"Choke and inductor coil Design-A Fuzzy Approach” is a fuzzy based CAD. 

Engene Shragowitz et al have demonstrated similar applications of fuzzy based 

CAD for VLSI design.

18
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Fuzzy Logic CAD (FLCADMechnique can be classified as shown in fig. 1.1.

• In addition to physical design FLCAD can be used in logic 

synthesis involving multiplicity of goals and domain knowledge in 

the linguistic form.

• The hierarchical decision making of FLCAD can be extended to 

existing non-fuzzy CAD-Tools to improve their flexibility in 

selecting and optimizing multiple criteria computed by numerical 

algorithms.

Choke and inductor coil design problem belongs to algorithm type 3(111) of 

hierarchy level (I) with design aspects 1,2 and 4(D). In our problem FLCAD is 

mostly used to make decisions over numerical data.
t

Fuzzy Logic CAD (FLCAD)-technique

Fig. 1.1: Classification of Fuzzy Logic CAD 
(FLCAD)-technique

19
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FLCAD can be viewed in to two parts -

1. Embedded Systems

2. Tool-Box Type Approaches

The latter include standard software/hardware development tools, configured and 

programmed by the user to suit specifically to his application of interest.

Our FLCAD falls under ‘Tool-Box’ type approach for specific application 

of Choke and inductor coil designing. This method is having slower acceptance, 

because people have just made beginning to understand how to apply the 

technology, while embedded systems are flourishing, since for people improved 

performance remains transparent with underlying technology hidden.

Real-time applications of Fuzzy Set Theory and Fuzzy Logic in Electrical 

and Electronics industry besides other fields fall to one of the following category-

1 .Fuzzy Expert System (FES)

, 'I ■ i ■ iik i-n n ■ n 111

2.Fuzzy Logic Control (FLC)

3.Fuzzy Sensor (FS)

4.Fuzzy Logic Design (FLD)

FES and FLC are the areas, where Fuzzy Set Theory and Fuzzy Logic have 

been practically exploited to a great extent. Probably this is due to success of 

Traditional Expert Systems and Conventional Control in the past that made the 

paradigm shift from conventional to fuzzy more convenient, easy and popular.

20
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1.6.1 Fuzzy LOGIC DESIGN (FLD)

All engineering disciplines since long back have been caught by promising 

and naive methodology opened by Fuzzy Set Theory and Fuzzy Logic. Electrical 

Engineering was the first engineering disciplines where Fuzzy Set Theory and 

Fuzzy Logic were recognized and applied successfully. The topics include - FLC, 

Fuzzy Image Processing, Robotics and Electronic circuits (Fuzzy Chips) for Fuzzy 

Logic. Since die mid of 1980s, Fuzzy Set Theory, Fuzzy Logic and Fuzzy Measure 

started appearing primarily in FLC in manufacturing, FES in various specific areas 

of industrial engineering and Fuzzy Decision Making (FDM) and Fuzzy 

Programming.

The important from the point of Electrical and Electronics design is the 

Fuzzy Logic hardware design and implementation of Fuzzy Logic flip-flops by 

Hirota and Ozawa - useful as 1-bit memory cell in the process of fuzzy inference.

There are other areas of electrical engineering where fuzzy based design 

techniques and/or optimization methodologies have proven useful. The realization 

of logic gates and digital circuits, use of fuzzy adaptive filters to non-linear 

channel equalization [Wang and Mendel, 1993], signal detection [Saade and 

Schwarzlander, 1994] and fuzzy cognitive maps to qualitative circuit analysis 

[Styblinski and Meyer, 1999] are the few examples proving the utility of Fuzzy Set 

Theory and Fuzzy Logic in the area of Electrical and Electronics fields.

The designing of Electrical and Electronics circuits begins with few 

specifications, which in most of the cases are imprecise and ill defined. Many 

design algorithms are cut-and-try procedures. They arrive at the desirable solutions 

--------------------------------------------------------------------------- World of fuzzy Logic
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or converge in to final results after going through iterations. During the design 

course designer has to take some skillful decisions. The design problems are thus 

knowledge based on oik; hand ami rule based on the other hand. The knowledge 

involved is largely uncertain and rules are of thumb. This provides a challenging 

opportunity to apply the concepts and ideas of Fuzzy Set Theory and Fuzzy Logic 

in the design process of Electrical and Electronics circuits. Moreover, human 

factors involved in the design selection and evaluation make the design problems 

die natural target for application of Fuzzy Logic.

Fuzzy based circuit designing is a new development that is taking grip 

rather suspiciously in the world of fuzzy. The possibility of fuzzy based circuit 

designing and analysis is currently on simulation level. Much investigation is 

essential to model fuzzy based circuit designing methodology as real-time design 

tool.

Utilization of Fuzzy Logic in Electrical and Electronics fields appears to be 

formidable task. The Fuzzy Logic is now finding its way in Electrical and 

Electronics system designs. In any case one should not wait until everything 

becomes crystal-clear, but investigate the practical applicability of Fuzzy Set 

Theory and Fuzzy Logic to various fields. This provoked many Scientists and 

Engineers, and as result of this today there exists enormous real-time applications 

of Fuzzy Set Theory and Fuzzy Logic all over the world.

22
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1.7 ORIENTATION OF RESEARCH WORK

The designing of Chokes and inductor coils - an indispensable member of
i

Electrical and Electronics circuits is largely a cut-and-try affair. Normally the 

design procedure is geared up by assumptions, approximations, estimates and 

guess-figures for specifications at the beginning, and adjustment in the parameters 

in iterations to yield the optimized design results. The Choke and inductor coil 

designing involves arithmetical equations on one hand and human decisions on the 

other hand. Choke and inductor coil is a tailor-made product and requires total 

effort in the design and drafting, even if a single parameter is changed. The process 

of Choke and inductor coil designing could thus be viewed as-

“Technique as well as Art...”

We have carried out at the survey of various methodological 

techniques of Chokes and inductor coils designing, and consulted directly the local 

Chokes and inductor coils builders. During this expedition we observed that the 

methods employed in designing a Chokes and inductor coils are legion, but there is 

no agreed upon standard approach. As a result the methods suffered from one or 

the other drawbacks as highlighted below-

1. The design process tends to be cut-and-try that passes through iterations.

2. The design problem has to refer scattered data of diverse ingredients. 

This makes difficult to keep database well organized.

3. The lack of proper communication and language between the customer, 

casual experimenter and Chokes and inductor coils designer end up with 

opposing views on many design specifications and other aspects.

————— --------------------------------------------------------------------------------------------------— ‘World of Fuzzy Logic
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4. The designing involves two entirely different aspects-the electrical data 

calculations and mechanical fitting followed by balanced compromise 

between them.

5. While optimizing parameters through iterations, it becomes quite 

difficult to keep track of consequential changes in the other parameters.

6. The lack of standardization of materials of Chokes and inductor coils 

ingredients.

To dilute and resolve these drawbacks, we developed a dedicated software- 

tool for designing Chokes and inductor coils based on conventional design 

algorithm. However, the methodology remained founded heavily on mathematical 

models, and failed to accommodate and transcribe the vital human knowledge, 

intuition and experience in the design process. It entangled in case of incorrect, 

imprecise specification or ambiguous situation.

Recent substantial developments and increasing applications of Fuzzy Set 

Theory and Fuzzy Logic tempted us to see and investigate the possible use of these 

in the design process of Chokes and inductor coils. With this aim we launched up 

the investigation on new methodology of Chokes and inductor coils designing to 

be founded on the promising concepts of Fuzzy Set Theory and Fuzzy Logic. In 

course of literature survey, we came across research papers including the paper 

[FLTDA] that describes the development of a new approach to design a 

transformer and optimize its parameters with the aid of experienced data of former 

design examples by means of Fuzzy Logic. This paper demonstrates the ability of
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Fuzzy Logic to simplify the process of transformer designing by describing die 

dependencies between the parameters in the linguistic way. This inspired us to 

apply fuzzy logic to design process of choke and obtain good design results from 

both the technical aspects and cost/economy point of view.

Engene Shragowitz et al. have rightly said that the application of 

Fuzzy Logic in CAD substantially improves the quality of design solutions by 

providing the designer with flexibility in formulating goals and selecting trade-off. 

The very idea of applying Fuzzy Logic in computer aided VLSI-design made 

impact on us and oriented to treat the Choke and inductor coil designing as a good 

target problem for Fuzzy Logic from the our following point of view.

There are various goals or objective for which Chokes and inductor coils 

can be designed following die astute design practices. Multiple objectives for 

“Good Design” is shown in fig. 1.2

Objective 0

Fig. 1.2: Multiple Objectives for MGood Design”
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In case of Chokes and inductor coils “Good Design” is itself a fuzzy. There 

are many variant designs involving different parameters. In each variant-design, 

emphasis is given on single parameter and other parameters are sacrificed for the 

desirable outcome. Some times design fails to achieve expected design results and 

it is to be terminated with “trade-off”.

!.7.1Why Fuzzy Logic for Chokes and inductor coils designing?

•»* Fuzzy logic allows the treatment of uncertainties in the Chokes and inductor 

coils design data.

<ar Information of Chokes and inductor coils designing exists in two forms-

1. Numerical data about input specification like Input-voltage, Power 

demand, Operating frequency etc.

2. Tips for good-design are generally expressed in the linguistic form, 

such as­

size reduction is best achieved by keeping the losses minimum”.

Fuzzy Logic allows integrating traditional technique with domain 

information available in the linguistic form, and as a result to improve quality of 

design.

^ Fuzzy Logic allows context dependent modifications, permitting to fine tune 

with new data and knowledge at different levels of Chokes and inductor coils 

designing.

^ Common source of fuzziness is the complexity of dependencies amongst 

various parameters. This is one of most important and critical parts of Chokes 

and inductor designing.
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Fuzzy Logic is a calculus complexity that helps easily model such 

dependencies amongst various parameters.

Incase of Chokes and inductor coils designing it is difficult to keep track of 

changes in the parameters reinforced by change in single parameter.

Fuzzy Logic allows mapping values of different criteria and inferring 

overall conclusion that helps to foresee the consequential changes in one parameter 

by another.

<r Fuzzy Logic dilutes the communication problem between the Chokes and 

inductor coils designer’ and ‘software creator’ by offering languages at both 

the levels of expertise.

Even in its simplest form Chokes and inductor coils designing goes 

through following three phases -

I. Furnishing the correct specifications-

[Voltage, Operating frequency, Current etc.]

II. Calculation of design-parameters-

/Core-area, Wire-size, Window-space, No. Of Turns, etc.]

In the first phase the expedition of Choke and coil designing starts with 

furnishing initial specifications. Mostly assumptions, estimates and 

approximations that go in to the specifications are used to get designing started 

are based on human experience. Some times guess figures are used, and in 

extreme situation wild-guess are also invited. Any number within the reason can 

be assigned to cross-sectional core-area, or window-area, and plugged in to the
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appropriate equations to keep the design get going. Under such circumstances 

human’s perception ability plays an important role.

In the conventional Choke and coil-designing scheme the second phase is 

heavily based on the mathematical model, involving intricate dependencies 

amongst specifications and parameters.

All design phases of Choke and inductor coil designing directly or 

indirectly involve the human factors that ultimately make the design problem of 

Chokes and inductor coils a natural target of Fuzzy Logic.

After gaining sufficient confidence, we proposed to develop an algorithm 

for Chokes and inductor coils designing using the illuminating concepts and 

underlying principles of Fuzzy Set Theory and Fuzzy Logic. The ‘MATLAB’ 

being a versatile software development tool, it was decided to employ in creation 

of fuzzy-based Chokes and inductor coils designing.

uAt heart all Chokes and inductor coils are same!”

With this view and the power line Chokes being most general form of other 

Chokes and inductor coils, we decided to practice the usage of Fuzzy Logic in the 

design problem of a power line Chokes in attempt to make the design process more 

humane, and generalize it for other types of Chokes and inductor coils.
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