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L. A. Zadeh Fuzzy Sets [1]
[37]

Queen Mary E. H. Mamdani L. A.
Zadeh Linguistic Approach Fuzzy
Inference [2-3]

1980
Fuzzy Logic Controller, FLC
Adaptation
Robustness Fault Tolerance

Qa0  Mizumoto

FLC PD [9] Lewis Liu
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[10]
Fuzzy Neural Network Nie
Linkens [11]
[5] [6] [7]
[8] [39]
2.2
Crisp Set

Characteristic Function Membership Function

A Universe of Discourse X
o, xOA
x O X (DA(X):%)’ <O A ®,(x) A
®,(x) 1 O ®,(x) =1 X
A ®,(x)=0 X A
X A HA(X)
KA (X) [0,1] Membership Grade
X A Ha(¥) =1 X A
Ha(X) =0 X A

A Ha(X) =05
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n Ha(X)
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2 X
Ha(X)
A= [ (2-2)
22.1
a- a-Cut
A a- A X



A ={X|ué\(x)2a,xDX} (2-3)
Support
A X 0
SUIOD(A)={XI;15 >0,xDX} (2-4)

Core Kernd

A X 1
Core(A):{xmé\(x):LxDX} (2-5)
Height
A X
Height(@) =max (1, (x) (2-6)
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Linguistic Variables

Value [35] 2-3
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C= “f\“?(x) = D%J,j(x),u?(x)gz minglé(x),ug(x)g (2-7)

U
(2-7)
Triangular norm T-norm 2-1
2-1
Minimum T (a,b)=aOb= min(a,b)
Algebraic Product T, (ab)=ab=ab
Bounded Product | T, (a,b)=a©b=max(0,a+b-1)
(A, b=1
Drastic Product | Ty, (ab)=anb= Ho a=1
Eb, a,b<l
Fuzzy Union
Zadeh
A B C=ADB
C = Myop () = Dgta (%), 1 (0 5= MaK s (%) 1 () (2-9)
0
(2-8)
Triangular conorm T-conorm  S-norm 2-2
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2-2

Maximum Swx (8,0) =a0b= max (a,b)

Algebraic Sum S.(ab)=atb=a+b-ab

Bounded Sum S.(ab)=alb= min(La b)

(A, b=0
Drastic Sum | S, (a,b):an: HJ, & 0
EL a,b>0
Fuzzy Complement
A A A
o (X) =1=Ha(X) (2-9)
2.3
Fuzzy Inference Approximate Reasoning
Exact Reasoning
[35] Fuzzy Imlication
Inference Rules [4] Generalized Modus
Ponens, GMP Forward Reasoning

Generalized Modus Tollens, GMT
Backward Reasoning
M odus Ponens Modus

Tollens 2-3 2-4
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2-3

231

1( ) IFxis A THENyisIg;
2( ) Xis A
yis B
2-4
1( ) IFxis A THENyisI:%
20 ) yisB
Xis A’
y A N B B GMP
[34]
IF xisA THEN yisI:%

X IS A
yis B (2-10)
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Xis A yis B

R
R A B'
2-4
A B
R
A——> — &
2-4
Mamdani Takagi-Sugeno
Mamdani
Mamdani
(2-11) (2-12) 2-5
R IF X IS All and Xo is 19\12 THEN V1 IS ?l (2-11)

R IF X is A and Xo is A THEN Yo is B (2-12)
~21 ~2

~ 22
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> X >y
Xg B*
2-5 Mamdani
X3 W,
Wi:u,g\ll (Xf) m Ao (X(ZJ) (2'13)
B’
Hg (¥) =W Oig (y) (2-14)
B° y°
Koo (¥) = Mg () DR () (2-15)

. :J'uBo(y)ydy

(2-16)
JHgo(y)dy
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Takagi-Sugeno

Takagi-Sugeno Mamdani
(2-17) (2-18)
2-6
R, IF Xx;is '9‘11 and X, IS 512 THEN y;=a;x;+biX+¢; (2-17)
R, IF X is 521 and X, IS 522 THEN y,=ayx;+boX+C, (2-18)
R .
Mi n
A A A
\ oo\ e T,
: \ooooerei! Wil
R > X,
yO - lel + W2y2
R é W W
A ,_6\21 A A
/ \ /\ Vo = 8% +by%, +c,
: > % s -
X; X3
2-6 Takagi-Sugeno
1. x) X W,
Wi:u,gﬂ(xf) m Ao (Xg) (2'19)
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YimaiXo thiXot+c;

3.
n WY,
yO - 1=
Z W
2.4
IF—THEN
[4,33]
1.
2.
3.
4,
5.
Y y
—> —> —P
2-7
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2-7

FLC
FLC
FLC
NM
1.

FLC
FLC
FLC
Scaling Factor
Fuzzification
PB PM PS Z0
NB
A (xab,c)
K0 ,X<a
U-a
r - as<xs<b
A(xab,c)= P2
EEE—X
,b<x<c
Lc-b
H ,C<X

NS

(2-22)
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n(xab,cd)= (2-23)
% ,c<x<d
D ,d<x
a b cd a<b<c<d
G(x;mo)
_(x-w)
G(xmo)=e (2-24)
m o
B(x;a,b,c)
B(x;a,b,c)= = = (2-25)
1+E
a
a b c
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IF—THEN

231
Takagi-Sugeno
Defuzzification
Center of Gravity
(1)
. fims (y) Dydy
(M (y)dy
2
|
> Hs (%) Oy
y0 — 1= |
ZM‘B'(yi)
I y y’
Y y i me(vi) v
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Height [36]
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