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Fuzzy Logic Fuzzy Logic

Centroid Method / Centre of Area / Centre of Gravity Max Membership Principle
Oefuzzified value z* is the centre of the area covered by the membership function As per this method, the defuzzified value or scalar value z* is chosen for a fuzzy set

7 A such that,
i ni(2) - zdz ; g —
T Tm@az , z'|pz(z") 2 pz(z) VvVzeA

z

paey , 2=X
— g,z ) | Guy)g:
B

0= Mx0 4 C B Cad

[+
femx2+Z m=Y,

A . | > BE

o 2 ’ topperly topperly

Fuzzy Logic Fuzzy Logic

Weighted Average Method Centroid Method / Centre of Area / Centre of Gravity
Fuzzy set A(which is the output of the fuzzy controller/fuzzy inference engine) is the union of M fuzzy sets. Defuzzified value z* is the centre of the area covered by the membership function
This method is restricted to symmetrical output membership functions

J?
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uzzy Logic
Mean-Max Membership Method

Applicable only to membership functions which has & plateau of maximum membership

entre of Sums
efuzzified value is given by
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A= —..?ﬁf.s (Area of C))
r

z —r 0T
-} x4 x! =2 unds , il i .T.Dﬁv zdz

-~ _,. ng (2)dz

(Centroid of C;)
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i
.N e ———
2

2.
A 1x (2+4)x 075 = 225 wnbs

Z, %
> ) Nu.. -
. rD + (2549) + (0 %8] 35
\\ —_
2+ 2254 0-3¢ o b topperly
Area of triangle = 2 x base x height} Area of trapezoid = - 3% (@a+b)xh

Fuzzy Logic
Best method for defuzzification?

First(or last) of maxima

Continuity: A small change in the output fuzzy set should not | ; Step 1: If the output of fuzzy controller is comprised of M fuzzy sets, :,ﬁ.,..;....."
defurzfied value 2* not producs o large chang# i the take the union of all of them to form a single fuzzy set 4; :
such that, M
Oisambiguity: Defuzzified value shouldn't be ambiguous A, =A;Vd,u..udy =| |4
X i :
Plausibility: z* should respresent ouput fuzzy set from an intuitive point om view Step 2- - Sapiah R 1 :
3 S ximately in the middie of the P s oot tep 2: The height of the union(4,) is determined. 09 S, W )
> z* should have high degree of membership in the output fuzzy set :Qnﬁmxvuaux??@i \ \ LR \.m m/
Computational Simplicity: The more time consuming o method is, the less value it should have in Step 3: Find the set Z, . such that \..\ Y /
— computational system " : 3 7 3
e Znge = {zlna, (2) = hgt(A))} 5% - 09
W eighting method Step 4: Find z* such that,
ZE M w M 1,9
sume First of maxima : z' = min(Z,q,) = mm §3 T J\_ w\\ N 30, \w .

Last of maxima: z' = max(Z,.. )= ma
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FUZZY LOGIC

FUZZY LOGIC

Consider a simple 2 rule system where each rule has 2 antecents and one consequent as follows:

Rule 1: IF x1is Aand x2 is ALTHEN Y is 8' [~ 75 5.3

Rule 2: IF x1is A} or x2 is A} .THEN yis &'
My u
1

Rule 1.
1
08 08 \ R

Ok

: o
02 02 \ oz,l.n%l«

01234567 %, 01234567 %, 0123456177y

2

Rule 2: *®
Mo M
1 ﬁ 1
08} 0% 08

086 06
04 04

02 . 02
01234567 *2

\

0123456718

FUZZY LOGIC

Max=Min Inference Method

Consider a simple 2 rule system where each rule has 2 antecents and one consequent as follows:
Rule 1: IF x1is Aand x2 is A, THEN Y is 8' X1=25 2 =3
Rule 2: IF x1is A} or x2 is A} THEN y is 8" L—— =
Rule 1:

13 ' M 13
1 w. 1 [
08 08 08
(3 06 06

04 Q4
02 " A PR O.NELID‘# e 0
012345617 %, 012345617 1y 012345677y
ok
1 a1
: 8
A, - AL 08 A8
06 o4 06

04 04

02 02 2=

A >
2w 01234567 *2 odmuﬁmmwﬁv topperly

~ Mg
A 1 1

odmmx.um.~&‘

012345

ov

1S A ﬂ(m FoNn

FUZZY LOGIC

Consider @ two input - single output Sugeno model with 4 rules as:
Rule 1: IF x1is small and x2 is small, THEN y! = (1) + 2 + 1

Rule 2 - IF x1is small and »2 is large, THEN y2 = (-x2) + 3 EM.
Rule 3 : IF x1is large and %2 is small, THEN y3 = (-x1) + 3
Rule 4 : IF x1is large and x2 is large, THEN y4 = (-x1) + x2 + 2

Find the output when x1 = 1.5 and x2 = 2.5.

The graphs for small and large fuzzy sets for x1 and x2 is given as:
J

»,
?P_ " P | _«\.mm M 1 small lar

1 08
/\O‘o V.3

06 06

,\mb V04 \J
u I
o2f /. oz o 2 A >

L0010 1Dk e 4 20 266 2
¥

(y. = 3.4
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3
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&/4 h\f/;&vrw ,,.u A
|

rl,y,r.\qs._:ﬁa.w 40.3) = 0.3
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EM UB.Z)ﬁO.@)O.:MJ s o.nlnw\

T,‘mv + 1S58

s 95
Ju\ —

d

\.f

8°

t= 2

¥ 2OV A Ot O it —(0303) (03209404 Bl 02

topperly e

r&.— = w.\“.P\.Mu CU&.* é.yﬂke.&w*tvﬂ)

(02)s Lo+ (0.4 (03)

SUGENO SYSTEMS
[ems

Mamdani Systems  IF x1is A and X2 is A THENyis @

Sugeno Systems : IF x1is b_o:a X2 is D...Emz yisy =f(xlx2) qcnob“_.“; -~ ?Nm .?J

CQu.\.EuP

where y = f (x1, x2) is a crisp function in the consequent. N_

The overall aggregated output will be obtained through weighted average defuzzification method

Rule 1: IF x,is w..oza X8 »_..._.zmz Y,18 Y,= pX+ QX+,
Rule 2: IF x is A*and x is A* THEN Y,is Y= pX + QX + 1,
~| 1 Ny 2

+
i ES
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Member ship e

FUZZY LOGIC FUZZY LOGIC

The inferred output of each rule is defined as a crisp value induced by the membership value coming from [ TSUKAMOTO MOOEL
the antecedent of the rule. Mamdani Systems : IF x1is A and x2is A, THEN y is 8

Rule 1: IF x,is A,and x,is &, THEN y is 8,

The overall output will be calculated by the weighted
Rule 2: IF x is Atand X is >w._.Imz yis8
Ly ~ N

:ES@L:mon.,_E_m.mc::vS_mEe_m.:maocmSmmi Eﬁn;mﬁ _mb o:axma D,r._.xmz c_mcu*oz.xmv
yland y2 as '

:fxlisAand x2is A, THEN yis 8
A - iM—.&—* CU“P e ~y br Y ~

fy where the fuzzy set 8 has a monotonic membership function

A monotonic function, also called as a shoulder function, is the one whose successive values are increasing, decreasing

or constant

_w V —
topperly topperly

\
)

FUZZY LOGIC FUZZY LOGIC

. al
Advontages Rule 1:IF x1is A and x2is @, THEN ylis C, 2 DS
Tsukamoto model avoids the time consuming process of defuzzification since each rule infers a crisp output and the Rule 2:IF x1is A or x2is 8. THEN Y2is <,
overall output can be calculated using weighted average method. Rude \:-

s i A
08 08 8 08
06 06 06

04 04 04
Since the output membership function should be monotonic in nature, its not as useful as a general approach and 02 e s.»éppv
|| '

hence can only be used in specific situations. 01234567, 01234567}
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Chapter 6 '
Development oF Membership Fonctions

*Membership Valve Assignment Methods
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