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Fuzzy Model Identification using a mGA Hybrid Schemes

Aok B -FEEBET-HEBE BT
(Young-Hoon Joo - Yeun-Woo Lee - Jin-Bae Park)

Abstract - This paper presents a systematic approach to the input-output data-based fuzzy modeling for the complex
and uncertain nonlinear systems, in which the conventional mathematical models may fail to give the satisfying results.
To do this, we propose a new method that can yield a successful fuzzy model using a mGA hybrid schemes with a
fine-tuning method. We also propose a new coding method of chromosome for applying the mGA to the structure and
parameter identifications of fuzzy model simultaneously. During mGA search, multi-purpose fitness function with a
penalty process is proposed and adapted to guarantee the accurate and valid fuzzy modes. This coding scheme can
effectively represent the zero-order Takagi-Sugeno fuzzy model. The proposed mGA hybrid schemes can coarsely
optimizes the structure and the parameters of the fuzzy inference system, and then fine tune the identified fuzzy model
by using the gradient descent method. In order to demonstrate the superiority and efficiency of the proposed scheme, we

finally show its application to two nonlinear systems.
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3.2 Mackey-Glass Chaos Time Series

= g A=A ALEE Al29e Mackey-Glass &
A2eel Hx mddoltk Mackey-Glass E€ Al2=9E
2 (15)9 & wE A ez HEo,

= 0.22(t—D)
x( t) 1+xl°(t— Z') 01X( t) (15)

mGAel E8E PEE ASE #HX 2d I

Trans. KIEE. Vol. 49D, No. 8, AUG. 2000

29 (16)2 Mackey-Glass A1A<E dlolg F4&
o B odae AY 23 g9 A kA AA
A e AbgsId o) F t+P €379 L dFEsE
th olg g o= UukHl WL a9 YT AL 7
AALE DIBRE ARE Adse Aeoh F
(t—(D-1)a), ..., x(t—2), (HIAA =Agk x(++P)
dZsE Aolth o7|M, D=4, 4 =P=622 Z7|%E
Ragey, w3, 2o A¥e & @A sHe 43
Runke-Kutta ¥8& o] 2% $£x &4z Eozreg 23
on, A AL 01 [seclolx, 7] 2 x(0O& 12, =
172 &9tk 4 (16)e 2 Alz"9 3958 vy A4EFS
235t AMEE g BAFED

)

i

14

12

1

Value of Data
o o
o @

o
-

a2
0 0 400 600 800 1000 1200
Number of Data

a3 18 Mackey-Glass A AHY Hjoje &™
Fig. 18 Output for mackey-glass serial data

[x(t—18), x(t—12), x(¢—6), =(H ; x(t+6)] (16)

A4 = AAQY Azde A 2dE A8 20074
gzd ol WYL F&31, 1RE mGAY E¥RE F
A orqaZe] ALY ©F, mGAS £ A" AL
el Mo FaAYT ) R Mgy, vEgrEE
ore] ol o] FF AF 23E A& mGAS
27) sebvE A Fe WA WM AdFe
0o MARAT, 27 AATY 27 A7), Bel7
38 ey EdMolg, 4, HEHE Ades 94 1%
EUsA AR

23 19= mGA9 FA wAlelM e MSES W3E, 1¢
20e WA X wACAMY MSEY ®3E, 19 21
mGASH 714 B2 7He AHEsd 54Y ARE A4 E
E 283 vad 2o, 19 2t A4 8% XL
29zre] o8 =AIF 2gelm, 19 238 FAHE HAA
FHAE] 2555 bl Zolth 2o Ay A, 74
TAole, FATAGNY MSEE 5.7x10 °, FIAE
GAelAe] MSEE5.5x10 *2 wj¢ B&% AHE <
2 glolth o ZAFE Jangel [18]4AM AAT WHGHH
1670, MSEX 7x107%3 wmstd 5% AFHE et

ey oo
i

£

429



BABE WL 490% 8% 2000% 88

MSE
o
o
%

001

4 100 200 300 400 500 600
G eneration

33 19 mGA S ctAoA MSESl 3t
Fig. 19 Changes of MSE in the mGA stage

57
5 565
=

56

0 100 200 300 400 500 600 700 800 900 1000
Rreration

J& 20 ofM =& ctAofjAM 2] MSESl i3}
Fig 20 Change of MSE in the fine tuning stage

Actual and Model Output
o o
@ -3

60 680 100 120 140 160 180 200
Number of Data

20 4

a8 21 53 ot
Fig. 21 The identification result

4. 2 E

E eRdAE Ban 284 u4Y Aide Q&
2 UolE g o8t HAo wx mdL Far Pys
Adshgieh, £, AA FA TN 2585 seug
o B4 54 A% WA 4 LueE H2e I
s Ee AdSAT ALy PEe T uAz 74",

430

A, vy Alxwe] g
mGA W o8 HA =
T F, AAYE Algeld
oAty Wye #Hzx =
sep E & %*Ml TAE 7 UFS BHon HAHE o
2314 mGAE T3 29 l 1 $3E st Wy u
th B =8elA Aty wEe meo HdHdA Bxa b
Ay *l-’h% Mackey-Glass E—E MAE A" = gs}
o 2 548 45

22 dolBg Agse] Aetw
2 Pz Aeny FHE 7
AHE A SzaE wol

MER e P2 9 oy

&‘i

& o o
8 8 o 8

Enmors between real and system Outputs

&
8

£0.08
60 80 100 120 140 160 180 200

Number of Data

o 20 40

a8 22 AMAH E7i0) 2%}
Fig. 22 Errors between real and system outputs

]

18 23 SYE Hx FHse asps

Fig. 23 Membership functions of the identified fuzzy
rules
darel 2

19998 @788 A stediddy B =28 &
TEELE FHA FU A4 2Aa=gyr)

i

2 & &

[1]1 M. Sugeno and T. Yasukawa, "A Fuzzy Logic Based
Approach to Qualitative Modeling”, IEEE Trans.
Fuzzy Sys., Vol. 1, pp. 7-31, 1993.

[2] S. Horikawa, T. Furuhashi and Y. Uchikawa, “On
Fuzzy Modeling Using Fuzzy Neural Networks with




the Back-Propagation Algorithm”, IEEE Trans. On
Neural Networks, Vol. 3, No. 5, pp. 801-806, 1992.

[3] J. S. Jang, “ANFIS: Adaptive-Network-Based Fuzzy
Inference Systems”, IEEE Trans. System, Man and
Cybernetics, Vol. 23, No. 3, pp. 665-684, 1993.

[4] Y. H. Joo, H. S. Hwang, K. B. Kim and K. B. Woo,
"Linguistic Model Identification for Fuzzy System”,
Electronics Letters, Vol. 31, No. 4. pp. 330-331, 1995.

[5]1 Y. H. Joo, H. S. Hwang, K. B. Kim and K. B. Woo,
"Fuzzy System Modeling and Its Application to
Mobile Robot Control”, Fuzzy Logic and Its
Applications to Engineering, Information Sciences,
and Intelligent Systems, Kluwer Academic Publisher,
pp. 147-156, 1995.

[6] Y. H. Joo, H. S. Hwang, K. B. Kim and K. B. Woo,
“Fuzzy System Modeling by Fuzzy Partition and GA
Hybrid Schemes”, Fuzzy Sets and Systems, Vol. 86,
No. 3, pp. 279-288, 1997.

[7]1 K. Shimojima, T. Fukuda and Y. Hasegawa,
“Self-Tuning Fuzzy Modeling with Adaptive
Membership Function, Rules, and Hierarchical
Structure Based on Genetic Algorithm”, Fuzzy Sets
and Systems, Vol. 71, pp. 295-309, 1995.

[8] F. Hoffmann and G. Pfister, “A New Learning
Method for the Design of Hierarchical Fuzzy
Controllers Using Messy Genetic Algorithms”, Proc.
IFSA’95, 1995.

{91 L. A. Zadeh, "Fuzzy Sets”, Int. Jour. of Information
control, vol. 8, pp. 338-353, 1965.

[10] R. M. Tong, "The Evaluation of Fuzzy models
Derived from Experimental Data”, Fuzzy Sets &
Systems, Vol 4, pp. 1-12, 1980.

f11] K. Deb and D.E. Goldberg, 'mGA in C: A Messy
Genetic Algorithm in C”, INIGAL Report No. 91008,
1991.

[12] D. E. Goldberg, Genetic Algorithms in Search,
Optimization & Machine Learning, Addison-Wesley,
1990.

[13] D. E. Goldberg, B. Korb, and K. Deb, "Messy
Genetic Algorithms: Motivation, Analysis, and First
Results”, Complex Systems, Vol. 3, No. 5, pp.
493-530, 1989.

[14] F. Hoffmann and G. Pfister, “A New Learning
Method for the Design of Hierarchical Fuzzy
Controllers Using Messy Genetic Algorithms”, Proc.
IFSA’95, 1995.

[15] M. Chowdhury and Y. Li, "Messy Genetic
Algorithm Based New Learning Method for
Structurally Optimized Neuro-fuzzy Controllers”,
Proc. IEEE Int. Conf. on Industrial Tech., 1996.

{16] H. Kargupta, "The Gene Expression Messy Genetic
Algorithm”, Proc. of IEEE Int. Conf. on Evolutionary
Computation, Nagoya, Japan, 1996.

mGASl EEE TXE MBE HX 29 §F

Trans. KIEE. Vol. 490, No. 8, AUG. 2000

[17] C. Karr, "Genetic Algorithms for Fuzzy Controllers”,
Al EXPERT, pp. 26-35, 1991.

[18] J. S. R. Jang and C. T. Sun, "Predicting Chaotic
Time Serie with Fuzzy lf-Then Rules”, IEEE Trans.
on Fuzzy Systems, pp 1079-1082, 1993

=g 2R x B
1958 6¥ 2694, 1982 M Fod
Ar1gskst &4 19843 F gy @r
g £ 19953 F sty HdrFst
7 A (FH. 1986~19959 8%1 A
AHFE) AFsA A LA TE). 19984
~1999d nx F2EUE A7) 2 HF Ei*?f‘ﬂr @Iﬂ%
1995»:1 9 ~dA T T FAARZEY zuF

: 063-469-4706
E‘mail © yhjoo@ks.kunsan.ac.kr

ol d = (¥ 7 &)

1975¢ 89 194, 19984 TAtdl
AojAEFsta £, 20008 T o3
A7V AAAAFTE R (AAAZAFT) £
2000 3¥E~dA & oy AsMzaA
o F a7t whab oA

el : 063-469-4706

E-mail : jaryong@hanmail.net

rLL}l 2 ol
e 2

gt X odf (4t 12 )

195413 8¥¢ 794, 1977d |AYd T
ArlFetd £, 1990 Kansas State
University 3o 7] 9 HFe F&3
£4(F). 1990~1991d Kansas State
University &t A7l 2 #HFe T3
2P, @A AN T AV - AFHESY Ras

Tel : 02-361-2773

E-mail : jbpark@control.yonsei.ac.kr

431



