Fuzzy Logic

Prem Kalra

Department of Computer Science
and Enginering IIT Delhi



Membership Function

LOW Medium High V.high

Temprature




Membership Function
Bell (Cauchy) MF
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Membership Function

Linguistic variables and values
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Fuzzy Operations

Caretsian Product (A x B):

naxB(X,y) = min{pa(x), ug(y)

Example 3:
A(x) = {(x1, 0.2), (X2, 0.3), (X3, 0.5), (X4, 0.6)}
B(Y) = {(y'la 08)= (y23 06)5 (y3a 03)}

Y1 Y2 y3
x [ 02 0.2 0.2

. X 03 03 0.3
A x B=min{pa(x), up(y)} = xz 0.5 05 0.3

xs | 0.6 0.6 0.3




Degree of membership
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Fuzzy Operations

MA(Z )~ » Lp(2)
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rr(Z\= max|ua(z), np(z)]
L/nion
~ 2 0

- wa(z) =1 — pa(z)

Complement

~ (Z) % min[u,(z). mp(z)]
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Fuzzy Relation

A fuzzy relation R isa mapping from the
Cartesian space X x Y to the interval [0,1], where the
strength of the mapping is expressed by the
membership function of the relation Mo (x,y)

The “strength” of the relation between ordered
pairs of the two universes is measured with a
membership function expressing various “degree”

of strength [0,1]



Fuzzy Relation
Fuzzy Composition: Example (max-min)

X = {xlaxz}a Y:{yl,yz},and L= {21722923}

Consider the following fuzzy relations:

i »n 21 2 =3
x1|_0.7 0.5] W |—0.9 0.6 0.5_|

x,| 0.8 04] *=. 101 07 05]

and

R=
Using max-min composition,

M (xy.21) = y\e/y(// (XA e (v.2,)) . r 0 ';1 6— 26 :(3) 5T
= max[min(0.7.0.9).min(0.5, 0.1)] } = “l L . . - J
— 07 x,|08 06 04



Fuzzy Relation

Problem: In computer engineering, different logic families are often
compared on the basis of their power-delay product. Consider the fuzzy
set F of logic families, the fuzzy set D of delay times(ns), and the fuzzy set
P of power dissipations (mw).

If Al; = {NMOS,CMOS,TTL,ECL,JJ},
D- {0.1,1,10,100},
F’ ={0.01,0.1,1,10,100}
Suppose §1 = 5 x F and R:_ “FxP

01 11 10 100

N CTE/J N[O 4 1 3 0]
01[0 0 0 6 1] cl2 1 0 o ol
kzllo 15 1 0l g4 R=Tlo 0 7 1 ol
*“10l4 1 1 0 ol glo o o 1 sl
1001 2 0 0 of 71110 0 o



Fuzzy Relation

We can use max-min composition to obtain a relation between delay times

and power dissipation: i.e., we can compute or
R =RR Hp =V (lip A lp)
01 1 1 10 100
01,1 .1 0 .6 .5
- 1.1 .1 5 1 5
510021 71 o
100/.2 4 1 3 O
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Fuzzy System
Fuzzification

To apply fuzzy inference, we need our input to be in linguistic values

These linguistic values are represented by the degree of Inembership

in the fuzzy sets

The process of translating the measured numerical values into fuzzy

linguistic values is called fuzzification

In other words, fuzzification is where membership functions are

applied, and the degree of membership is determined



Fuzzy System

Defuzzification

¢ Defuzzification is the process of producing a quantifiable result in

fuzzy 1ogic

* The fuzzy inference will output a fuzzy result, described in terms of

degrees of membership of the fuzzy sets

¢ Defuzzification interprets the membership degrees in the fuzzy sets

into a specific action or real-value



Fuzzy System

Methods of Defuzzification

Two other common methods

are:

Centre of gravity:

® (Calculates the centre of
gravity for the area under
the curve

Bisector method:

¢ Finds the value where the
area on one side of that
value is equal to the area

on the other side

bisector




Fuzzy System

Vs
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Fuzzy System

Inference Engine: Reasoning Scheme

Rules

- If x 1s Al and y is Bl
then z is C1

- If x1s A2 and y is B2
then zi1s C2

H

o

min
‘At A B,
‘(—\----------------------.-<ﬂ.--._.._.
B N
X Y
\ A, “A B,
A ==
X Y




Fuzzy System

Inference Engine: Reasoning Scheme

(crisp or
— fuzzy)

______________________________________________________
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Applications
Washing Machine (Control)

INPUT:
Load (Quantity)
small, medium, large

Fabric Softhess:
Hard, Not so Hard, Soft, Not so soft

OUTPUT: (Wash Cycle)
Light, Normal, Strong



Applications
Washing Machine (Control)
If
Laundry quantity is large (Fuzzy)
then

wash cycle Is strong (Fuzzy)



Applications

Washing Machine (Control)

Small Medium Large Light Normal Strong

Laundry Quantity Wash Cycle
If Laundry quantity is large (Fuzzy) then wash cycle is strong (Fuzzy)

Washing machine needs a NON-fuzzy information.



Applications

Washing Machine (Control)

Hard N.H N.S Soft Small Medium Large Light Normal Strong

/\

75 0.6
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Laundry Softness Laundry Quantity Wash Cycle

Rule 1: If Laundry quantity is LARGE and Laundry softness is HARD then
wash cycle is strong.

Rule 2: If Laundry quantity is MEDIUM and Laundry softness is NOT SO
HARD then wash cycle is normal.



Fuzzy Image Processing
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Fuzzy Image Processing

1 , crisp set 1 fuzzy set
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Fuzzy Image Processing
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Fuzzy Image Processing
Image Segmentation

Thresholding by minimizaion of fuzziness

1 —

a-functions

‘Il histogram

Vﬂn‘e shold
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Fuzzy Image Processing

Image Segmentation




Fuzzy Image Processing

Image Enhancement (INT operator)

1. Define membership function

-F,
Emax ~ Smn j|

Pon = Gl8n ) = {1+ 3

2. Modify membership values

v 2 [ £y ] 0<p, <05
T m2 i p]? 05 gy, <1



Fuzzy Image Processing

Image Enhancement (INT operator)

lP

3. Generate new values
-1
g'mn - G_l(ﬂr’nn) = Bmax _Fd[(}u;nn )F—e —1

05F




Fuzzy Image Processing




Fuzzy Image Processing

Image Enhancement (If Then Rules)

Step 1: Setting the parameter of inference system (input features, membership
functions,..)

Step 2: Fuzzification of the actual pixel (memberships to the dark, gray and
bright sets of pixels)

dark gray bright
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Fuzzy Image Processing

Image Enhancement (If Then Rules)

Step 3: Inference (e.g. if dark then darker, if gray then gray, if bright then
brighter)

Step 4: Defuzzification of the inference result by the use of three singletons

4




Fuzzy Image Processin
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