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Optimization of Fuzzy Systems by Means of GA
and Weighting Factor

MR E R RERE 2 E X2 R &S
(Byoung-Jun Park + Sung-Kwun Oh + Tae-Chon Ahn - Hyun-Ki Kim)

Abstract —- In this paper, the optimization of fuzzy inference systems is proposed for fuzzy model of nonlinear systems.
A fuzzy model needs to be identified and optimized by means of the definite and systematic methods, because a fuzzy
model is primarily acquired by expert’s experience. The proposed rule-based fuzzy model implements system structure
and parameter identification using the HCM(Hard C-mean) clustering method, genetic algorithms and fuzzy inference
method. Two types of inference methods of a fuzzy model are the simplified inference and linear inference. In this
paper, nonlinear systems are expressed using the identification of structure such as input vanables and the division of
fuzzy input subspaces, and the identification of parameters of a fuzzy model. To identify premise parameters of fuzzy
model, the genetic algorithms is used and the standard least square method with the gaussian elimination method is
utilized for the identification of optimum consequence parameters of fuzzy model. Also, the performance index with
weighting factor is proposed to achieve a balance between the performance results of fuzzy model produced for the
training and testing data set, and it leads to enhance approximation and predictive performance of fuzzy system. Time
series data for gas furnace and sewage treatment process are used to evaluate the performance of the proposed model.

Key Words : Fuzzy inference system(¥X3& Alx#) Identification(¥ &), Genetic algorithms(FA2} <2 &),
Weighting factor(3}%3t), Clustering Method(&2] £~ 8 =)
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Table 1 The performance index of fuzzy model

\ FZ 1 7z 2
= Pl E_PI P E_Pl
Min-Max(rule4)[20] 0022 | 033 | 0024 | 038
Min-Max(rule6)[20] 0022 | 03%6 | 0020 | 0362
HCM(rule6) 0755 | 1439 | 0018 | 0286
HCM+GA (rule6) 0022 | 0333 | 0020 | o264

T 2 SIEZE I 22X e o} 3t MiEx|4
Table 2 The performance index with weighting factor

T2 Weight( 6) Pl E_Pl
0.0 0.1769 0.3050
0.25 0.0227 0.3332
04 0.0227 0.3333
TF&1 0.5 0.0227 0.3333
0.6 0.0227 0.3333
0.75 0.0227 0.3333
1.0 0.0225 0.3383
0.0 0.019 0.272
0.25 0.018 0.267
0.4 0.023 0.271
&2 05 0.020 0.264
0.6 0.019 0.272
0.75 0.018 0.268
1.0 0.016 0.271
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0331345

0 10 0 0 & W K T 0 W0
Generation

2

HIG 33.367
(A} 5 M\__I‘_u—_—“
§I6 fw
il + !‘5
12 by
1 i)!
HIGH
!!0! é 0§
i~ e s LOW. 24t
Tow 0341
o4 L3 10 20 30 0 W & W W %0 00 '3 10 20 M # W & 0 0 9% |00
Generation Generation
(a) ut-3) (b) y(t-1)

ad 13 F8X dne|Foll ot =29 njelole] B
(=10
Fig. 13 Search process of parameters of structure 2 by

HCM  -o-ee -= t HCM+GA

Low MIDDLE  HIGH Low HIGH

“:JO 56305“ 0.625 . T2eis 4”:: o 455}\.
0.600 55.567
(a) u(t-3) (b) y(t-1)

g 14 #x20 SME mielole{(8=1.0)
Fig. 14 Identified parameters of structure 2.

F& 20Nt §AA4 dnZel @ HY madm 0
-10¢ Ad9agon, ou & PEAFE 001602 B2

RUX ¢z & SEUF O|BE HX| Alaye X5

Trans. KIEE. Vol. 48A, No. 6, JUN. 1999

E A4SAFE 02710tk 29138 4 4 g U
el g goelny, 2o e {Hz dneFo) 9@ ¥
e Ferlele 29 14904 BAED. 29 155 el
B gA3A e mdo HHz HHo|ct 1Y 162 ¥
S0 HAE dojetd] disf Meld Fx 2 R &g
o 93 vustd RoEn

a0
so1a o)
Tomd )
om? 0))

vt 0016

o

0018 o.

W W 0 W W0 0 & T 10 % 100 IR ENE X
Generation

Generation
(a) PI (b)Y E_PI
a3 15 |RAUX LuelFol ot =2 2ol x5
B DM (8=1.0)
Fig. 15 Optimal search process of structure 2 by GA.

—: Original output --- - : Modet output = Originsl output - -..: Model cutput
62,
@ 0l
8
“ 8
=4 o%
g =
52 = M
0
£
“
0
) 50 100 150 “o 50 100 150
Data No. Data No.
(a) ¥F=9 (b) HEEZY

g 16 X292 £4(6=10)
Fig. 16 Output of structure 2.
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Table 3 Comparison of identification error with previous

fuzzy models
29 - E_PI Total No. of
rules
Neural Network 0.034 4997
Ch's Simplified | Triangular || 0024 | 0.328 4
model Linear | Triangular 0022 | 0326 4
(15, 16] 0021 | 0364 6
Min-Max | Simplified | Triangular || 0.023 0.344 4
~GA [20] Linear | Triangular } 0.018 | 0.264 4
Min-Max Simplified | Triangular gggg gg 2
f20] Linear | Triangular 0024 | 0358 4
0.020 0.362 6
HEM Simplified | Triangular || 0.7556 1.439 6
Linear | Triangular || 0.018 | 0.286 6
Our model Simplified | Triangular gg:;g gzig 2
(HCM+GA) Linear | Triangular 0026 | 0272 4
0.020 | 0.264 6
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Table 4 The performance index of fuzzy model

T&1 T2
2d uAL) A2 Pl E_PI PI E_PI
MLSS | WSR || 12487 | 32647 | 0.972 | 2480124.25
MLSS|[RRSP| 12081 | 17.825 | 0.863 | 526124.187
Min-Max |MLSS|DOSP| 12435 | 20614 | 2.155 | 131549.625
[20] WSR [RRSP|| 12884 | 28.922 | 0.041 | 1978133.25
WSR |DOSP| 13048 | 18484 | 1.024 1400.257
RRSP | DOSP| 13530 | 14.487 | 1.922 50.801
MLSS| WSR || 12352 | 11.179 | 0.001 126.912
MLSS|RRSPY 12259 | 13.174 | 0.507 246.725
HCM-GA |MLSS |DOSP| 14.453 | 14.801 | 52.682 276.072
(8=05) WSR | RRSP|| 12530 | 10983 { 5212 210.923
WSR | DOSP| 10600 | 11.231 | 0.003 284.192
RRSP | DOSP| 11.140 | 10480 | 2774 98.579
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Table 5 The performance index with weighting factor

&3 gt T TE2

(6) Pl E_PI Pl E_PI
0.0 14718 11.084 01834 94.616
0.25 12.852 10.917 0.045 87.053
04 12.367 11.444 0.094 146.484
MLSS | WSR 0.5 12.352 11.179 0.001 126,912
0.6 12.347 11.302 0.780 166.815
0.75 11.865 12.962 2,985 179.8%4
1.0 9.347 116.427 0.003 1637.820
0.0 12.649 12972 0.678 189.964
025 12.654 12.954 0.711 175.097
04 12544 13.019 0018 1207.820
MLSS | RRSP 0.5 12.259 13174 0.507 246.725
0.6 11.9556 13.608 0.538 302.129
0.75 11.885 13.966 0.256 319.538
1.0 9.899 35.287 0.002 32022.923
0.0 14.731 14.598 52.682 216.072
0.25 14.725 14.599 6.625 1241.469
0.4 14.767 14.901 11971 140.216
MLSS | DOSP 0.5 14.453 14.801 52.682 276.072
0.6 14.153 15.135 52.682 276.072
0.75 10.266 24711 6.025 117.097
1.0 10.058 26.547 0.023 26352.402
0.0 12.872 11.389 8.832 211311
0.25 12.679 11.039 5.605 208.121
04 12.585 11.088 5.871 176.693
WSR | RRSP 0.5 12530 10.983 5212 210.923
0.6 12.309 11221 0.194 106.363
0.75 10.592 14.254 1.918 113615
1.0 8.287 25.768 0.0009 2304.115
0.0 10.929 11.255 1.687 307.951
0.25 10.737 11.278 0.557 346.433
0.4 10.581 11.185 0.473 300.433
WSR | DOSP 05 10.600 11.231 0.003 284.192
0.6 10.597 11.196 0.557 346.433
0.75 9.363 14924 0.212 359.757
1.0 9.085 16.708 0.017 397.101
0.0 13971 9.143 8375 65.438
0.25 13.761 9.138 3.446 57.667
0.4 11.085 10.301 0.3% 71.897
RRSP | DOSP 0.5 11.140 10.480 2774 98579
0.6 11.140 10.480 2.804 104.844
0.75 10.534 12,321 0.100 51.206
1.0 8.568 18.140 0.007 1773415
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Fig. 20 Identified parameters of structure 1.
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Fig. 24 Optimal search process of structure 2 by GA.

«—— Original output ----- : Model output ——: Originsl output --- - : Model output
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Fig. 25 Output of structure 2.

E+ 6 7= mHX[zdn SH oz uI (Y -
MLSS, WSR)
Table 6 Comparison of identification etror with previous
fuzzy models
T .
e PI E_PI oral No
of rules
Neural Network 1.801 39.294
o . 13726 16.206 4
Oh's model | Simelified | Triangular =0 o oy 6
(15, 16] Li Triangular 183% 54.233 4
near | “rnangulal el | 80618742 6
o . 12.847 14.155 4
Min-Max | >'mPlified | Triangular =70 2717 6
SGA 0] | el 7.087 32.970 4
© aneuar Mo0002 | 187911 6
o . 15875 17.371 4
Min-Max | Simelified | Triangular =770 2500 3
(20} Linear Triangular 6.3% 54.529 4
ea TAnBYAr ITh 972 | 24801242 6
HCM Simplified | Triangular | 12,649 21.025 6
Linear Triangular || 0.001 4557.270 6
Our mode! | Simplified | Triangular || 12.352 11.179 6
(HCM+GA) | Linear | Triangular || 0.001 126.912 6
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