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COMPLEX SYSTEMS MODELING VIA NEURO-FUZZY METHOD

LIBo ZHANG Shriying
(Management School, Tianjin University, Tianjin 300072)

Abstract: Com plex systems m odeling method based on the com bination of M TS fuzzy m odel w ith the ra-
dial basis function is presented in this paper. A direct correspondence is shown between MTS fuzzy m odel
w ith the determ ining consequence structures and the radial basis function netw orks,. The prem ise structures
of MTS model and consequence parameters can be separated in term of this direct correspondence, So we can
obtain the fuzzy m odel using the com bination of the radial basis function learning and the square recursive al-

gorithm. The proposed approach has the advantages of sim plicity, flexibility and high accuracy. Simulation

studies are presented to illustrate the effectiveness of the method.

Keywords: M TS fuzzy model, radial basis function, com plex systems, m odeling

1 %Ig( Introduction)

TS BRI B JE Takagi Al Sugeno'' ! & RE 1) X}
W FURAT S 0 R L van AR Ze R R PR 2R G835 23 R G
S5 H B L 51 5 vk B e Z ARV 2 WE UK
RS I 2 AR TS BOMIB AL LAl b, Do
DU, P TS BRI, R A MTS
(M odified TS) BRI H— B AN
R: IF X is A, THEN y'= f(X)
i=1,..,m (1)
Horpex St g, AR TR R B
PR, A" e RA RIS BE R AL pa (X)) 1) n 4ERSE
W74, AR SRR B oR B S BOR AT 4 R vh il
WIS, m AL, iox) &% AE 5 e
B, — M R IR R AN I PG R
eI X = [x1, X2, - Xu ] pugap ik

Yok H38: 2000- 03- 30
REEWH: HERARBFELSEIIH (No. 69874028)

GEREERSIWIRE RNy S SR 8E

y= 200 BY wi(x) = 1 (2)

UL AT, M T S AR i PR B AN I BT AR 3 (1 A
B4R L —ANE 5 225 (8] P AT S 15 R 48 i
S SR 8 BE R BOE NI 1), IXFE, fEH B TS L
RIS MR 0 A J3 5 (R RBERIT SR 8 155 o 4 i)
U AT AR T M T s B rh S (Y — A SR
g B v 0, R e K Kb T U R

H i 42 ) & o8 2 g%( the radial basis func-
tion, RBF) & VLM —Fh 5 B8, X&)
WFFEAAE SEBR N EEUR V2 Ry HAE S b
WA BIVFZ MM L5 — e, SEhrh A
ff)J2 RBF WM& HIRITEAIE S, RZ A NRBF W45,
HARA L AN



232 {5

B 5 & f 30 &

2 ¥ (X - )T (X - C)]
fu(X) = ", (3)
LW(X - C)ENX - Ol
SR, TR PR R B W ) R~ R HIZR RN
BOES, S5, &R wee ) Bk ST
NRBF M %% 1 RE AR B2, — Ml (i e AR 46 1k o
Bowe ) SEE R, WG AT R W= ¢ 7. Ik,
AR, TAIE =“ASEFHEM T P e
R", IBUE o AR EHTBE 2,00, A T 46 IR, H AR
T 2Cam, i 2= 1 3 2= o(n)’I H o(n)
OV, T G i Cs ) L ARE AR i N s B v ik
I AEIXFMR R, BUS N AREAR A X (1) FIAHRY
NS (), t= 1, N, JIAUE w B
NI vE A AT AL TR, IR, R NRBE R 4% 45
P () B 2 R A ¢ RTIEE 6 ) B
HBAME (1) XKIRH MTS BORIBIR A S
PREH 5N, BRI o 28 € 1, HLiR(2) UM
(3) 3, FHGREZ Rk

oYX c'E X - Gl
IJA’(X)_ m
Z}|%x- CH'T(X- C)]
i=1,...m (4)

U”J;l ual(X)=1
ok, T (1) XA M TS BB 55T (3) 1Y
NRBF M ZAARE AN 1), Bl NRBF W94 i — I
WW( )X T AN R IXAE, M TS R A
G5 K6 IR RSO 1~ SR 23 Il 780l ) % A6 A <34k NRBF
P 28 FFC £ ) S8

2 T RBF MR S HI%E(The learning
algorithm based on the RBF netw ork)

£ RBF PESHIHESL R, Ao M TS AR 7Y o
FIOU) (A A SR R B A e B Rl
[ ETE

e BIEREAE D= (X (), y(b), t=
1, oo, N3, BB M TS AR PR R A £ A g AN A A
AN, W 2) K AERETE AN

Y=U*F+ € (5)
Hf y=[y(1), y(2), . y(N) T E= [ £, £ -,
1 e=[e(l), e2), -, &N)T, U= [, uz, -,
un M0 = [aa(1), pi(2), -, (N ) T IEH () =
ua(X(P)o i j= 1, o, N
i (4) 2N, FR(5) T RR I M TS BT 1R 45

¥ 1) AT Ak R 5T RBF W 468 2 7 IR AR 2R s 150
(AR 2 1) L. RIRER 1 RBF HO i A H o B N T
FEASE AR RSO AS £ ), SR 2Pk ok £ vhots
R AFEA VB, 4 € AR sR E W - ),
AP(H=P(X(H)=WYX- C,)'Z"(X- C)1 W
(3) AR 8

Y=P*W+ € (6)
H:y MeR b w=[w,w, -, o

P = [pi,p2-,pn]
pi= [pi(1),,p(N)I" i=1,..,N

W&y AIRIR N Pi> P2 -5 PN ) 2 PR e PR A 4,
AFEERZIEN DA p, po, -, py G
S I 286 55 200 25 g 3 TR — ANV L, S B A A PR ASE 2
SR N NI N A ) P B — AR AR
(U m A, m< Ny, BIZEAUHTASE 20 45 34 fi] 540 R ks
FERUG SR PR 7 TS I —Fh e —. DRItk A S A
IR R, TATA BT 8 & N B AE n i
[ R 23 AR DL, 3 2% R AT e i N Hin e 2 )
FlrH y MZRVEAHOCIE. R b FRATT 91N LA 3 Tt v
j:

B AR 0 BN po, pa, o, pr (kS
N, WIXRIRIIY p, py TEH po, poy - p AR
B

u;= S«(SISy) 'Sip; (7)
b Si=[po, pas oo, pe PE N x K .
pi R pi, pay ooy po BRPETL RIS M E = p;
- u= Le(1),e(2), s e (N) T, W E; BIARTV p,
T e NS (1) ) 1 BT AR AR 1R & SR 2R IR G T R
() Hf FRATT 30 B 25 JE e LG v B,
H.

EiY - 2 3 2
Ii= 515 - (X e(hy(0)*/ L et (8)

BAR T RRT p ARG Y TR R TR
AR BRSO, A MEH T A1c Sl
HEND AR AT AT, WidE S k 2,
AICi= N InEf+ 2k/N (9)

Horpr = 2 [y(0- ye(n) Tk RARTEAR
hISRIASL N AR

SR L _E A, I A A v s A
FAI PR E 0L R T

()@ EREARMANG A D= (X (1), y(b), ¢
1 e, N AR R R B W ) (TR T B R
AR AR (6) AP A Tk Y, W, poy e HLE &



334 PR ST T VA I Rk R G 233

= 1.

() B HAE— pi(i= 1, ., N) X5t v 1
FHOGHE, B B RN L N p,, HE k= 2.

(3 TE k(k22) N, X THRIRPIN- k+ 1 AT
pis BT (7). (8) TR BRI ], Eﬂm?x(],)ij
MITEA pr. SETIEN p, -, pe IR/ IR
THERLA i R AR N, 250 B 9) I A 1c #ENE:
KR A p o AR B R

(4) [F] I N 2% FEAE k(k 2 2) I, X F(3) 2Dk
NBEAY ), AR50 TS AT B N T (4 5% e, 25 4 e —
W piyi= 1, oo, k= 1, EFTU SRR B RO AH
INVZHL, A TC HETIAS S0 A 2 1 NS BRI p i
=1, ., k- 1 BRAREEFEN(3) 2.

(5) TH(3).(4) 2, R4 A 1c G E N BEAT
50 H A8 BEJCIE N I0AR JE A SR 15 A b

BAIAESCHRL 6 1rh 4t — b 3 13 20 [ i 2
M HESE, BLE(3) L (4) 5 A AR n— S sl A o
— TG /N RS i R A B T S R A
I — D R 5EaE BRI 6 1FR4E vk A 21, B
R[] I TS BT N %) T, 5L B L PR IO R AT
IR R 22 - v DU A5 I AN A HE A 5 R
b AR R EA, i BRI TR, IRl
.

TE M TS A58 PR i A1 5 46 A WY SR Ja 52 R 2300
JE Ji, WLS &5 MM S U e IR R S 13 81, Wis
PRt Re) 7 A, W BL EARRH Y RBF 75 2k R £
TIAUE w(i= 1, 2, -, m) T AT LA 52 00U 1) )5
oy i, HU e LL— RN A £, 5 S0 1 454 e i

NIBIEALGTER, BT y'= F(X)= bh+ Z bix;, M
Hi(2) =, "5

y(h) = §w<X<t))f"(X<t)) =

2 (X (D) (b + 2 X (D) (10)

XF(10) AR /N “IRFIEARAL T 5 A S
TS H, X AR,

3 M iWU(Application exam ple)

h T B UEASSFVE A R, BATTHEAT T S AT
FE. FESCHRL 7 1R BATTE AL FeM FE RIS AL %
GG T 1995 4F v B 220 28 5 Hdls FAT Ik 28
GrBE o B B bR B AT BT SR N 1995, 2
- 1996, 2 MM, J 3 745 T ROM R, LU Bl ok
T AT 3 sl I, 3K 9 PR BEHR AR 230 A2

TP A P R R R B R AL O
P22 D03k 28, jy bl 265 VA, o RO i 48
B A O R HORN E AR R R LR, FRATT
HE G —A G5 Fabr It H e BUE 30, 185kt
XU T FE b 1 AL BE, ] 45 A OGP Fe K4
GrAa bR e fiti EAEak. T =8 A= i as 8 4, 1X —Fp
FEbR—AN T BIE R AE BT IF-THEN U %A
AT BRI T ks e sh VR it 76 SCHRE 7
o, M Fem FEAT R 2 AN 2ok il ol 3, 2 A
2, F 2 AN X EEATEE T M TS BRI RBF M
2R O LSBT AR, B RBF W28 v (1) A ek
YN X (- Clly=exp(- I X(- Cl 2/B)
v R A, b g2= 2. AR SCES I EEAR B
2 RBF M4 2
yA( f) = 3.574606¥( Il X (t) - X(5)
+ 3.897508Y( Il X(t) - X(2) Il
+2.079654¥( 1l x(t) - X(DHII + €
JEH X (1) X (2) BT X (5) 20 3k U R dls 1) 56
S R TR N . WA ) moT S A AR
MANECh 3, 2T (10) R, s HER /D —Ieikn 15 3
FLAT 2 45 0 R0 W) Ji5 A 1 2% 2 4, XY, 24
M TS BOHIEAL .
R':IF X is Ay, THENy'(X) = - 9.954810
7.862705x, - 11.481493x, + 12.287622x;
R*IF X is A, THEN y*(X) = 4.206620
+ 6.720594x, - 24.543156x, + 7.665077x;
R* IF X is As, THEN y’(X) = 66.532799
25.503090x, - 10.575146x, + 5.592962x;

Z % L F"Fjﬁ(References)

1 T Takagi, M Sugeno. Fuzzy Identification of a Fuzzy M odel and
its Application to M odeling and Control, IEEE Trans. On Sys-
tem, Man and Cybernetics, 1985, 15:116~ 132

2 H Bersini, G Bontempi Now Comes the Time to Defuzzify Neu-
ro-fuzzy M odels, Fuzzy Sets and Systems, 1997, 90: 161~ 169

3 L Wang, R Langari Complex Systems M odeling V ia Fuzzy L og-
ic, IEEE Trans. On Systems, Man and Cybernetics-part B Cy-
bernetics, 1996, 26(1)

4 JQ Chen, Y G Xi, ZJZhang. A Clustering A lgorithm for Fuzzy
M odel Identification, Fuzzy Sets and Systems, 1998, 98: 319~
329

5 L Xu, A Krzyzak, A L Yuille. On Radial Basis Function Nets
and Kernel Regression: Statistical Consistency, Convergence
Rates, and Receptive Field Size, Neural Netw orks, 1994, 7(4):
609~ 628

( FEEE 239 T1)



