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Abstract - Many researchers have been considering genetic algorithms to system optimization problems. Especially,
real-coded genetic algorithms are very effective techniques because they are simpler in coding procedures than
binary-coded genetic algorithms and can reduce extra works that increase the length of chromosome for wide search
space. Thus, this paper presents a fuzzy system design technique to improve the performance of the fuzzy system. The
proposed system consists of two procedures. The primary tuning procedure coarsely tunes fuzzy sets of the system
using the k-means clustering algorithm of which the structure is very simple, and then the secondary tuning procedure
finely tunes the fuzzy sets using enhanced real-coded genetic algorithms based on the primary procedure. In addition,
this paper constructs multiple fuzzy systems using a data preprocessing procedure which is contrived for reflecting
various characteristics of nonlinear data. Finally, the proposed fuzzy system is applied to the field of time series
prediction and the effectiveness of the proposed techniques are verified by simulations of typical time series examples.
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Table 1 Parameters of the proposed system

& 28 (p) 1
Ho Ad HES (@ 300
27 A& & (Pop) 30
Sl FE (P) 0.9
EdWHo &F (P, 0.1
~ALH A5 (G) min(OF)
Ao A () 1.7
EvS AR (o) 5

A A WA delEzE 55y eAS dolHrE
8B F 2k HlolE F 2007 HelHE Fdl
dolee AHgstel Axwg 4AT F Uiz doHE o
$3h9d H%e AFdAth 19 4 14 2 AF ¥

qF ZA}E BoFErt

2400
2200 F
2000 b .
18000 5;3 160 156 EIEOD 250 300
(@) 17t = &9 s Z1l
{a) Prediction result after primary tuning
100 - - -
80+ -4
: %MWWWWWWWWMWLW
EOE .
-0 £ w0 Ten 200 S50

b) 12t 8= Fo o & 2%t
{b) Prediction error after primary tuning
J8 4 1% S=0H Fo| o B3

Fig. 4 Prediction results after primary tuning

a7 490X, A& AL dPdolE Folm wHFAL Ak
H AN2"e] 4= &9 ol 2¥ 4y ox 2¥e
HEW, AgdE Alado) 12 Tx344 oz 2L F2
EAE EUdS & 5 Ut ol 1Y 5= 2% Bx 74
£ 38 BHEFY #A HyEY FAE HAHE HE A
S B FH, I9 62 2% 5F 3 Fo Axde HE
d= A2 Ho Fr}
250
ML -
150 L 2 £ i

1) B 14D 150 200 250 0

() Bxael %53

(a) Optimization of obiective function

datE FULDEEES 01&F olF 5= 7|8 HA| o SAAH MA 2 88

Trans. KIEE. Vol. 59, No. 1, JAN, 2010

50

o S)G 11%!3 ‘L%B ZSU 250 300
(b) HXIEEe 2A35
{b) Optimization of fuzzy sets
a# 5 mejole & ™E 2o

Fig. 5 Results of parameter optimization

2200 4
2000 4
80y = 60 Te0 ) 0 300
(@) 2% 5= Fo| o & &1t
(a) Prediction result after secondary tuning
100

b) 2%t 5= F2| £ 2
(b) Prediction error after secondary tuning
O3 624 Sx=oE Fo ofF 20

Fig. 6 Prediction results after secondary tuning

*erl ‘y(l)!

E 212% &%= 7o ds Hln

Table 2 MRE comparison between primary and secondary
tuning

& 28 dold AAY AAAN Add AL HoEHE &
AEA 1o AEsE AFREEHE o] & HAA 2]
FRATLAAN 5ol 7HF Fhow, oA AduHE AL
ol 13 Bx F A% F¥F A 24 T2 F 4FE
T ARg HAFE Aot B, 1Y 58 AHuEY |
G B2 dg Fo HAKRY 4 HEL 24 T2 B
el FALTEF] g3 wrd HHF HoANE EES
£ 5 oglen, o B A2 Aol FHEE &
At

189



Hristal= 2% 598 13 20104 14

Fown AEdoA HolHRE 579 At Yol
HI7IE olgstath 79 ARANF dolHE & 1557
o Holez FYH, 049 volHE FAHeIHL o]
Axdg Rdgstn, deix delHEe Axde 4%
AZ87) Askedl A& ohde 1Y T2 1% Bx}
A€ ltes @ 2 B2 Agold, FHPR ANYY

o] HAXslEE AL BeFy, 19 8& AgtHE Aade F
T S FAE Ho g
420
380 .
300 L -4
250 ) oo 750 =0 20 300
(a) S8 ge] 558
{a) Optimization of objective function
1500 ——
1000
s00 ;f T
80 5.0 150 1%0 260 25‘6 300
(b} WXIEgel &g
(b) Optimization of fuzzy sets
a8 7 melofe A3 g3
Fig. 7 Resuilts of parameter optimization
6 X 10*
4+ 4
“: ﬁﬁﬁﬁﬁﬁﬁﬁ 3 WMMM .
% E 6 & &6 o6 v van 1o
{a) 24t = Fo| of|& A3
(a) Prediction result after secondary tuning
A0
2000 F 4
of A gy i
eis 14} mww 4
4008

ED pre & )
b) 2&4l 3= F9| o F 24}
(b) Prediction error after secondary tuning
O 8 2% XY o ofE H
Fig. 8 Prediction results after secondary tuning
ol gl F 3& 128 B3 %A e wladelw, A%
Bt A2 259 Zo] MREE AM&3tH )

x 312 X 5x o 45 H|1
Table 3 MRE comparison between primary and secondary
tuning

190

A WA ABol A AT 27 = Fo AR
Anuc 493 A4S & 5 AT oY
¥ 4& A%E HAN2He] 457 T HER5EE]

ki3 4 clE SHENS] M 4D
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Table 5 Comparison of performances between the proposed
method and other methods
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