
Fuzzy Systems and 
F C t lFuzzy Control:
An IntroductionAn Introduction

i h jDr. Amitava Chatterjee
Electrical Measurements and Instrumentation 

Laboratory
Electrical Engineering Department,g g p ,
Jadavpur University, Kolkata, India.

AMITAVA C
HATTERJE

E 

ELE
CTRIC

AL E
NGIN

EERIN
G D

EPARTMENT 

JA
DAVPUR U

NIV
ERSITY, K

OLK
ATA, IN

DIA



The theory of fuzzy logic is based on intuition and judgmentThe theory of fuzzy logic is based on intuition and judgment.

The requirement of a system model can be dispensed with.

id h i i b bFuzzy sets provide a smooth transition between members 
and non members.

R l ti l i l f t d d tiRelatively simple, fast and adaptive.

Fuzzy systems can implement those design objectives which 
are difficult to be expressed mathematically and hence can beare difficult to be expressed mathematically and hence can be 
more conveniently expressed by linguistic or qualitative rules.
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Fuzzy Theory

Fuzzy Decision 
Making

Fuzzy 
Systems

Fuzzy 
Mathematics

Uncertainty 
& Info.

Fuzzy 
Logic & AI

Fuzzy Sets
Fuzzy Measures
Fuzzy Analysis

i

Multicriteria Optimization
Fuzzy Mathematical 

Programming

Fuzzy Logic Principles
Approximate Reasoning 
Fuzzy Expert SystemsFuzzy Relations

Fuzzy Topology …
Programming … Fuzzy Expert Systems …

Fuzzy Control Fuzzy SP Communication Possibility Theory
Measures of 

Uncertainty…
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Controller Design
Stability Analysis …

Pattern Recognition
Image Processing … Chan. Assignment …

Equalization
Chan. Assignment …
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A Crisp Set C is a set with a crisp boundary. For 
example a crisp set C can be expressed as:example, a crisp set  C can be expressed as: 

C = {x| x > 6}

I i C b i h b l iIn a crisp set C a member x either belongs to it or 
does not belong to it. Hence the membership value 
of a member x in C is either 0 or 1.

A Fuzzy Set A is a set without a crisp boundary TheA Fuzzy Set A is a set without a crisp boundary. The 
transition from belonging to a set to not belonging 
to a set is gradual. Hence a fuzzy set A contains 
l t h i i d f b hi i

4

elements having varying degrees of membership in 
the set, ranging from 0 to 1.
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Fuzzy set A in X, can be defined as a set of ordered pairs:

A = {(x, µA(x))| x  X}

X = a collection of objects, denoted generically by x,

X is called the Universe of Discourse or Universe

µA(x) = Membership Function (MF) of x in A, µA(x)  [0, 1].

X is called the Universe of Discourse or Universe
and the MF maps each element of X to a 
continuous membership value between 0 and 1.

An alternative 
representation 




discrete. is  if ,/)( XxxA i
Xx

iA
i


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p
of Fuzzy set A:  continous. is  if ,/)( XxxA A
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Let X = {1, 2, 3, 4, 5, 6, 7, 8} be the set of numbers of 
courses a student may take in a semester. Let fuzzy set Acourses  a student may take in a semester. Let fuzzy set A
denote the appropriate number of courses taken. A can be 
given as:

A = {(1, 0.1), (2, 0.3), (3, 0.8), (4, 1), (5, 0.9), (6, 0.5), (7, 0.2), 
(8,0.1)}
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Let X = R+ be the set of possible ages for human beings. Let 
fuzzy set B = about 50 years old. B can be expressed as:fuzzy set B  about 50 years old. B can be expressed as:

B = {(x, µB(x))| x  X} where:   4

5
501

1







 




x
xμB

5 

7
AMITAVA C

HATTERJE
E 

ELE
CTRIC

AL E
NGIN

EERIN
G D

EPARTMENT 

JA
DAVPUR U

NIV
ERSITY, K

OLK
ATA, IN

DIA



Triangular MF Trapezoidal MF xcax Triangular MF Trapezoidal MF
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Gaussian MF Bell MF
Triangular MFs and 
Trapezoidal MFs are p
overwhelmingly popular for 
real-time implementations 
because of their simple 
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p
formulae and computational 
efficiency.
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Rule : If  x1 is A1 and x2 is B1, Then y is C1,
Rule : If x1 is A2 and x2 is B2, Then y is C2.

R l If i A d i B Th fRule : If x1 is A1 and x2 is B1, Then f1 = r1 ,
Rule : If x1 is A2 and x2 is B2, Then f2 = r2 .
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Center-of-gravity / Center-of-area methodCenter of gravity / Center of area method

Center-of-sums method

H i ht th dHeight method

Center-of-largest-area method

First-of-maxima method

Middle-of-maxima method
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Weighted average method
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From main 
water supply

Water inlet

Hot waterwater supply Hot water 
heater

Fuzzy Logic Controller

Input

Input Output Heat Knob

Water outlet
Level Sense

T S
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To users of    
hot water

Temp Sense
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Variable Minimum Maximum 
Value Value

LevelSense 0 10

TempSense 0 125

HeatKnob 0 10
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TempSense 
LevelSense 

Xsmall Small Medium Large Xlarge

Xsmall AGoodAmt ALittle VeryLittle

Small ALot AGoodAmt VeryLittle VeryLittle

Medium AWholeLot ALot AGoodAmt VeryLittle

Large AWholeLot ALot ALot ALittleLarge AWholeLot ALot ALot ALittle

Xlarge AWholeLot ALot ALot AGoodAmt
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Four rules are activated:

TempSense = Medium (0.75) AND LevelSense = Medium (0.4)

T S L (0 25) AND L lS M di (0 4)TempSense = Large (0.25) AND LevelSense = Medium (0.4)

TempSense = Medium (0.75) AND LevelSense = Large (0.6)

TempSense = Large (0 25) AND LevelSense = Large (0 6)TempSense = Large (0.25) AND LevelSense = Large (0.6)

Activated fuzzified consequence with firing strength:

HeatKnob = AGoodAmt with firing strength = (0 75)  (0 4) = (0 4)HeatKnob  AGoodAmt with firing strength  (0.75)  (0.4)  (0.4) 

HeatKnob = VeryLittle with firing strength = (0.25)  (0.4) = (0.25)

HeatKnob = ALot with firing strength = (0.75)  (0.6) = (0.6)
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g g ( ) ( ) ( )

HeatKnob = ALittle with firing strength = (0.25)  (0.6) = (0.25)
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Y
Y yyμyyμ

CLY (k)(y): membership value of y in the clipped kth fuzzy set CLY(k)
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CLY (k)(y): membership value of y in the clipped kth fuzzy set CLY(k)
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fk: height of the clipped kth output fuzzy set CLY(k)

c(k): crisp value of the output y corresponding to the peak value of the 
kth output fuzzy set LY(k)
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Rule 1 : If  x is A1 and y is B1,
Th fThen f1 = p1 x + q1 y + r1 ,

Rule 2 : If  x is A2 and y is B2,
Then f2 = p2 x + q2 y + r2 .
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Structure/architecture adaptationp

Parameter adaptation

Simultaneous structure and parameter adaptation

Online and offline adaptation 
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A practical alternative for a variety of challenging control 
applications

A i t th d f t ti li t lA convenient method for constructing nonlinear control 
methodologies by using heuristic control knowledge

Reduction of development and maintenance timeReduction of development and maintenance time

simultaneous achievement of system identification and 
controlcontrol

Better performance in controlling dynamic and/or ill-defined 
processes

27

p

Marketing and patents
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Fuzzy Controller

OutputsReference 
Inputs

Process

Outputs
y(t)input r(t) Inputs

u(t)
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Ke PIFLC Ku dt process

reference
signal
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e(k-1) e(k)
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F

-1.0 1.0-0.67 -0.33 0 0.33 0.67

Crisp Input/output
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eN 
eN 

NB NM NS ZE PS PM PB

NB NB NB NB NB NM NS ZENB NB NB NB NB NM NS ZE
NM NB NB NB NM NS ZE PS
NS NB NB NM NS ZE PS PM
ZE NB NM NS ZE PS PM PB
PS NM NS ZE PS PM PB PB
PM NS ZE PS PM PB PB PBPM NS ZE PS PM PB PB PB
PB ZE PS PM PB PB PB PB

I 1 (k) K ( (k) (k)) f ifi d i 7 t i l MFInput 1 : eN(k) = Ke(yd(k) - y(k)), fuzzified using 7 triangular MFs,                         
in the range [-1, 1]
Input 2 : eN(k) = Ke( e(k) - e(k-1)), fuzzified using 7 triangular MFs,                      
in the range [-1 1]

32

in the range [-1, 1]
Output : uN(k), fuzzified using 7 triangular MFs, in the range [-1, 1]
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eN 
eN 

NB NM NS ZE PS PM PB

NB NB NS PS PB PB PB PBNB NB NS PS PB PB PB PB
NM NB NM ZE PM PM PB PB
NS NB NM NS PS PM PB PB
ZE NB NM NS ZE PS PM PB
PS NB NB NM NS PS PM PB
PM NB NB NM NM ZE PM PBPM NB NB NM NM ZE PM PB
PB NB NB NB NB NS PS PB

I 1 (k) K ( (k) (k)) f ifi d i 7 t i l MFInput 1 : eN(k) = Ke(yd(k) - y(k)), fuzzified using 7 triangular MFs,                         
in the range [-1, 1]
Input 2 : eN(k) = Ke( e(k) - e(k-1)), fuzzified using 7 triangular MFs,                      
in the range [-1 1]
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in the range [-1, 1]
Output : uN(k), fuzzified using 7 triangular MFs, in the range [-1, 1]
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Choice of Membership Functions (MFs)

Choice of Scaling Factors (SFs)Choice of Scaling Factors (SFs)
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• Panasonic ®/ National ® Fuzzy Logic Rice Cookery g

Fuzzy logic controls the cooking process,             
self-adjusting for rice and water conditions

•National ® Deluxe Electric Fuzzy Logic Thermo Pot

Fuzzy logic controls the production of clean boiled 
t d d f ki twater on demand for making tea
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