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Abstract

This paper presents a GA-based fuzzy modelling scheme of nonlinear systems. The fuzzy
model is a type of the Sugeno-Tagaki’s fuzzy model whose consequence parts are
described by a linear continuous dynamic equation as subsystem of a nonlinear system.
The centers and widths of the membership functions of the fuzzy sets defined over the
input space and the orders and parameters of subsystems in the consequence parts are
adjusted by a genetic algorithm. The effectiveness of the proposed method is verified

LA 2 4e z¥st Ae dm A Lol ohunh

gt AREL 71E9] Alojol & HAY)
A2 A2dss FE7F AR SAAIA we Agae Yol BARE HA Ao
ueh B8dds) udPgdel EASA o °] g yAY 4 YEE HAERLL JdE YL
% 2489 9l e Brow 4¥EL mamnuos] ALF HAZLS Sugeno-
of 71zt AAE A7l e AFx Tagaki M X 2 2[2]e] & Wy Jdehss 32
A, EHF 2 FFo] BdiFE AdTol UM mi My dx SHLHoT FASHYL o
AA Ao ol & WA AT WRHOE HA  ay gozx My MBAAHA g Ay
v, ABH2Y, AAABAZY §2 Aol Fojs) MAZ AsHAD, o1& AFsA AA
% Agsd AT AneHH AFTHE  A2do uste Ao BHHE Bz Ao
238 AsAd 71YgEllle] AMgHAT A 718 AT 4 AQAH10]

HA=ge EZANE AdHer g F ey Ao WO ME A urH Ao
Qe HIAUEE ATHLEZHN olg °l&3}E x4 A2doznE Add @ 5 U= A
HAAlE 53 A& #AY AFHA Y oz sAxysyrt a8y e AL olg AA

of ojglg EA 7]& A7l BFAHFT H o ol Ho] ozgerz B dATFAME ¥A
€& B¢ UAEe HFHoE EUHI AW woo FEAMo] AlAHY IR ALEE A
[2-6]. HAIAE HEZF Aol BR BH  pxo mxpasm FAR WA 59 A
B ANE AT F UoE FHE VMR Y 22 5aq HFy z2AsE ZAE dEY 5
g kg oz P&y FRE A HAE rde mevy 2 EAE ohiads udy
g3, HAFHE A, AA A" A



HHg EAZE o] FHjdl 712& VI @
AYE ol JYAHE 27171 oldd. wet
M 2 AT e FEdngEe o) 8d A
e HHE HFE AMEHIAE FH 2 &
24E wdd

I Al =9 53

053 Zo] REs= dd d&Y HAYA

o
i=)
sde Y7eA,

(1a)
(1b)

X p=F(%p,)

yo=g(xp,u)
q71M xER'e A2d9 Ae¥E, ueREe
4, yoERE £¥ol9, f()ER"s vAY
FHH, g)eERE MY =& ¥y ol
HARDE A7l Astq Aoz Ry FY
FAAANA FHA 42H FAE el A
Frd g dL § Ao ¥4 Yay Ay
ArsE F33S gl 4F sz AR

=5
1. 5 243

1. B A 2¥e pdg

48 WFE FTIHE HAL Y R
FAAM A (2% ZE A2l FRAHQA ¢
29 ¥AE Uede Ay 9% 4TS
sAFHen Agd HAAREle vded 2
=3

L't If xp is F'l and - and Xp is F!,

then A'(p)y(t)= B(pult) (1<i<)) V4]

9, Alp)= Jga}pj (ai=1)
B'(p)= ng}pj

q71H L' ivA9 73, x5 (I<j<n)E Alx
Hel WS, Fi (I<i<l, 1<j<n)¥ HAF

(3a)

(3b)

#, (e AAFHY Folck @ idA FHe
FA% BAA p= d/dtE ulR AR, Alp)
g BpE Aza9 9¥d4, a) (<j<n)s
bj (O<j<m)e viA 9] setulgoln, n'st m'
(n>mh)e Zz Alp)et Bip)e H+2A AMA
ol & & 9lE Moz F e

2. BN =R ol 43

Azglel 423 HolHE olgsie MAR
49 seuHES F4%7) AL o 4B
9 oheh 2asl AR &) Adsolol @}
HAmdel 2de 7 AnAagy 2248 A
4g £ olg MAFESS AA Hed, A
@9 HuAsgezRy &g Adar ¥
ozt 9wHoz FAHRYH oiBsE
ol Atk FARREE WPwAY Yoz
Aeslie AuAzde] 929 A5 13
S84 EE Aduse) 27128 ¥eE s
0 oS¢ EF AZsHE o BUHoD )
$ olele B ol A% A Fee e
Bel A Mt EBAMel AUtk ey ol
stel AS8YE 92y A% 1 AL ALY
NEBoZ ANY 4 gomz FAHEY
9HE A 4 Atk BN B AToME
AEPRAL olustetel olg@Th A (e
FAR PYHS HAY WP G 2o

.
T

i 2 1—271 y
)gb,(’r 1+Z._1)u(k) (4

4714 TE 489 AR 't Fa3o|
Aztolth o] & ThA AW ohe e
& glo

to 2

C'z Hyk)= D'z Hulk) (5)

o 714

Clz = ;Z& ciz™

(chp=1 (6a)

- 369 -



ga;[ %" (1+z—1)] n‘_i(l_z—l)j

= TS (6b)
3ai(7)

Dz )= z‘bd}z—j (6c)

) g&b;[%(1i+Z'l)]'i'_i(l—z_l)j 60

S7)

A )M ¢l die al, bi2RE 44 78 £
Axn 2 BANLE O] {a))— {c]} O<j<n)7
zi: {al,bi}— {dj} ©0<j<n, 0<k<m)Z #
ol gt

2 (5)-(6)¢ ol &3t 4 (29 HAFHAE
thAl 29 o 2A At

LY If X is F'1 and -~ and Xp is Fi,,
then y'(k)= —jgic;z_jy(k)+ jg‘bdiz"ju(k)
(1<i<) (N
q7)A y'e b MBEAAY] FFo|t)

3. 94 #39 &

A (DAA Az ZEEST X, o, Xpn©l
e i Ao =A% HRE pe OER
Zol Axtdd

pi= il:IlF;(xp,-) 1<i<l) @)

A7 Filx,)E xuol @ #AxQge] 2%
Az o},

o|RL olgate] MA FHe FeAN H
Aede 23 y= ge3 A "o

10w (K)

O

y(k)= 9)

o E_:ppo_o,i FdSat-14=

Y 18 ANa"ogRE HAZAL A7)
J¥ BE2HEE Yehi T AT

u(t) yp(t)
Nonlinear System >

xp(t)
u(k) x,(k)

»

4 yp(k)
) &
Fuzzy Medel t——p
y (k)
Adaptation
Mechanism

29 1 HARYS 47) A% BYHE
Fig. 1 Block diagram for fuzzy modelling

4. FALRYFE o] 8¢ vy 3

A wldY AM2"E V)este HARD
Ao mdel FEA} Alade aR 7t
HAEE AR Ay HFEY IS HAS
HARG, FAF WA Ass AsE
HA zAstA Hed olv HxE HAd¥ 3
Hs FA7F H9 o] W Fujdl 72 71E
g4 d3elFE ol gstd MY HAHHNE A7)
7 olEA 8o 2y /T BAETE Rl
AHEHE FR2nYdF(T7IE ol &sd FHTL
o] Baodx AHAE HAYE & UV "HE
d B =gdAME ol& ol&sty HAZD9
GolHE FREF I8, 9]

HAE ] o]d “UHE" EE “94R" HXA
AEY 2&4¥F2E 742 T AR
= #FE o] &3A, 29 2€ ol & 9
€ el glo.

—(x~()H

Fix)= e 2 (10a)

Fi(x)= (10b)
1+

= ui(x —0j)
(S

- 370 -



-0.5 0
X

1.0

(a) W% (interior)

-0.5 0 0.5
X

-1.0 1.0

(b) YK (exterior)

a9 2 HAYY 254

Fig. 2 Membership functions of fuzzy sets
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NB: Negative Big
Z0: Zero
PB: Positive Big
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Fig. 3 Membership functions of the adjusted
fuzzy sets
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Fig. 5 Errors (a) between the system and
the linearlized model, and (b) between the
system and the fuzzy model
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