31



3.2

(Identification)

20

(Fuzzy if-then rule)



& A o jiilin: 21

! vitn

If ) Then ( ) (3.1)
1
If x]is A, and X2is Aj Theny isB (32)

AL A2 B ( )

4x), R(i2) ()
(Membership function) (32)
(Antecedent variable)
X ox (Consequent
variable) y (Partition)
(Universe of discourse) (Membership function)
(Fuzzy region)
(32)
R=(,*A2)-»B (33)
* t-norm -

R

Me = e, 01)* Mal(f2) > Mo (y) (34)
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3.3
3
33.1 (Linguistic fuzzy model)
Zadeh (1965) Mamdani
(1974) f
Mamdani
If x is A Theny is B (35)
2
X isA (Antecedent) yish
(Consequent) Xy
le Rn Y ERm AU B
! a')
1

WAZ.. Al (Fuzzy partition)



35
36
RK:Ifx]isAyand..and xnisAnd, .. Theny is Bk

If X is small and x2is medium,.... Theny is Big

Min
Max
Max-Min
(Space dimension)
332 (Fuzzy relational model)
Mamdani
(R) Bi
X6X yiF
A={ 5% ,. An}
B={BxB2..., Bn}
A X

23
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R A
B,R-.AMB
X X (3.11)
(Linguistic terms)
X = {Ma, /A2 .~ Mau } ])
Y
Y= U2, N 1)
Y=XoR (3.13)
Y ! (3.14)
o= 1 UMBL(YO)Y (3.14)
Z > T
N (Discretization levels)
y0
b. (3.15)
TR 315
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(B)
Low, Medium, High
"R (3.16)
09 04 01
R= 03 10 01 (3.16)
00 06 10
R 3

R": If Xis Low Theny is Low (0.9), Medium (0.4), High (0.1)
R2: If Xis Medium Theny is Low (0.3), Medium (1.0), High (0.1)

R2: If Xis High Theny is Low (0.0), Medium (0.6), High (1.0)

332 Takagi-Sugeno
Takagi ~ Sugeno (1985)
(3.17)

Re:1f X is A\ and ..and xnis AnTheny =f "1.. x,) (3.17)



R ‘

Mamdani

B
R':If x, is A[ and ..and xnis AhTheny‘=£€0+cjx, + ..+ chxn

(Implication) [ Aj

Cj

(%, 9..,xn)
(Weighted average) v

Xy
y = _Al_\l_\l__)_/“
k
V! /
(3.20)
= f\A [{xK)

Takagi-Sugeno

If X, issmalland x2is big Then'y =0.001 +0.200x, +1.023x2

26

(3.18)

(319)

(320)

(321)



34

341

342

Ul

(Linguistic - description)

(Structure identification)

27

Zadeh

(Direct approach)

(Linguistic rule)

(Parameter identification)
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(Unsupervised - algorithms)

3.5

Tankagi-Sugeno

vk +1) =1 (y(k)y(k -1, ><& - +1), (K), (k- D,..(&- m+1)) (322)

$K) o ylk - +1) (k),u(k -m+1)

(ag) m

(322 Takagi-

Sugeno
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R1:1fy(k)is Alland y(k - J)isA2and,... y(k - +1)isAlnand
(k - 1)is Btland,..., (k- m+1)is B:mThen (3.23)
y(k+ =g, (y(k)y(k - Douk)u(k - 1))

(Overall model output)

(3.24)
y(k+1)= (3.24)
/3 (Degree of fulfillment)
i
K
Takagi-Sugeno g
(3.23)

Ri:lfy(k)isAlland y(k - Dis 2and,.. y(k- +1)isAtnand
(k - 1)is B, land,.., (k-m +2)is 5 mThen (3.25)

theny(k +1) = '>y1'a1y(k-i + 1)+’%5)-jU(k-i +1)+C

aj, bo, ci i

3.6

(Data analysis) (Pattern recognition)
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(Graded of membership)

(Feature vectors) (Prototypical object)
(Dissimilar)
(Fuzzy c-mean clustering) (Euclidean distance measure) (Bezdek,
1981) (Fuzzy GK clustering: Gustafson-Kessel clustering)

(Gustafson and Kessel, 1979)

Takagi-Sugeno

L={u(i)y()h i =52 ..\ - N
(Nonlinear regression model)
(Model order) L
(3.26)

Xj=\V(j%y - ¢+ . ~m+0)>Aj +D)]r (3.26)



3

d = n+m
= {Xjl3=1.2,.... N} 11 d:RJ
V= Wjlj= 12 ..k} (Cluster centers) K
d,RJ
v=lv o vijr T
={W i=52 Kj=12 N} (Fuzzy
partition matrix)
e [0 1] (x)
I(v.) (3.27)
(3.27)
(Objective function) (3.28)
(3.28)
DX, V.) ) F ()

(Positive definite matrix, M) (3.29)

XJ Vl) j - V])T Ml( -V, (3.29)
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AT (330)
['l (Covariance matrix) (3.31)
F (3.31)
) (K)
2) ()
3) (3.32)
X 332
- 33
4) (3.31)
5) (329)
6) () (333)
D\xj,vy? 333)
D2xpv) =0 =g jug =1 1 0 Vinrg
7) I (| ,

|- 1 (Norm)



X={] x5}, ¢
m 2 2x15

0.842 0.146 0.754 0854 - 0.255"
0.158 0.854 0.246 0.146 = 0.745

3.7

311

(Antecedent variable)

33



(Heuristic ~ search)

(Combinatorial approach)

Yasukawa (1993)

Takag

Sugeno (1985)

34

Sugeno

(GMDH: Group method of data handling)

Emami

(335)

(Regularity criterion, RC)
(1996)



S(e)=z x> y)mllfty - vI[ - [l - X 2)

, K>2

K= 120N

(Norm)

(326)

31

(Projecting)
32

35

(3.35)
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36



37

0.2 lll
0 y ieiMmeanai A y h =i ojrte |, eriHdirproea
6 8 10
X

32
312
(Antecedent variable) (Consequent parameter)

oo 1 Takagi-Sugeno
(Optimum consequence parameter) (Performance index)

(Root mean squared errors)
Takagi-Sugeno
Rx:1f XxisA\,...,and xkisAl, Then y =p\ +p\-X +..+p\ -xk

: 3.36
R™ 11f xxisA" ,..and xkisAklL Theny =p6+pL-X +..+pi1xk (339

(337)
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, - 337
E(A(*1)A- AA(*n))
P= (A(DA.AA () (339)
a(A(*1)A- A4(* )
y='Ep(Po +Prxit- +A %) (3.39)
g=i (po-Fepi--Ase v = -A) (340)
(340) pO,p\,..., I, | = 1,2,... /7
X]JXZJ vvvv ij '>A71 J:]-1 y 1M
(mxn(it) 3:4)
7 3)
All»-» Anl>*11 "All >=>  *11 1Anl»—
") 11" Anlb—»  **> - An
- 341
Aim >=> Anm’*Im "Am »—»  *Im 1Aim yee
9 FERLAM>->  *S A
(10&)A- AdK)) 5)

1(*5) A .. A Aik(xkj))



A Min

P =[Po,-, PO,pi,-, POpi,-Pkf

(P)

P=(XTX)-"XTY

3.3.

(345)

33

39

(349)
(3.44)

(345)
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39

Mamdani (1974)

(Knowledge-based - algorithm)

(Direct approach)

40



(Linguistic fuzzy controller)

1

(Neuro-fuzzy controller)

41



3.10

Au(k)

(Logical rules)

(Conventional control algorithms)

u(k - v))

Ae{k)

42

(346)
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Au(k) = F(e(k), Ae(k)) (347)
A (k) =u(k)- (k- J) (348)
Pe(k) = e(k) - e{k- 1) (349)
V= (k)
(k)= (k- )+ Au(k) (350)

If e(k)is negative and Ae{k)is positive Then Au{k) is zero

34

34

(Scaling) (Scaling factors)



E

He

(Au)

E=[e He, de]

“IF-THEN”

44

(Range)
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(Fuzzy model-based controller)

45



46

3.1

(Conventional internal model based controller: IMC) 35

35

(32)
(MISO NARX model)

y(k +1)=1 (x(k)) + glx(k))u(k) (3:51)

x(k)eX e R"

(k) = [y(K)y (k- D, coylon #Du(k- -, u(k-m + ) (352)
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Takagi-Sugeno

R' © If x(k) is Ai Theny(k + 1) =ajx(k) +b,u(k) +c

(3.53)
i ci=1,2 K
A (Multidimensional)
MAL(x):Rn-+[ 0] (3.54)
a, e R" bi,ci GR i
K
MNE+Y) (3.55)
y(k +1) =, (k)(a] x(k) + b'ii(k) + C) (3.95)
Afk) i
N (3.56)
(£)
(Desired (reference) output: r(k + 1))
(Inverse) (3.51)
u(k):y(k”)-f(x(k)) (357)

y(k +1) (357) r(k + 1)



Osf

Oer

312

(Measurement noise)

r(k) = [r(k - 1) XOst]+[r(k) x (L- Osf ]

error(k) =[error{k - 1) XOer]+ [error(k) x (1- 011 ]

48

(359)

3.5

(359)
(360)
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