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A Study on the Optimal Design Fuzzy Type Stabilizing Controller
using Genetic Algorithm

R OB K BETFHET M KR T Y
(Heung-Jae Lee - Chan-Ho Lim - Byong-Gyu Yoon * Hwa-Young Lim - Ja-Youn Song)

Abstract — This paper presents an optimal fuzzy power system stabilizer to damp out low frequency oscillation. So far
fuzzy controllers have been applied to power system stabilizing controllers due to its excellent properties on the
nonlinear systems. But the design process of fuzzy logic power system stabilizer requires empirical and heuristic
knowledge of human experts as well as many trial-and-errors in general. This paper presents an optimal design method
of the fuzzy logic stabilizer using the genetic algorithm. Non-symmetric membership functions are optimally tuned over
an evaluation function. The present inputs of fuzzy stabilizer are torque angle error and the change of torque angle error
without loss of generality. The coding method used in this paper is concatenated binary mapping. Each linguistic fuzzy
variable, defined as the peak of a membership function, is assigned by the mapping from a minimum value to a
maximum value using eight bits. The tournament selection and the elitism are used to keep the worthy individuals in
the next generation. The proposed system is applied to the one-machine infinite-bus model of a power system, and the
results showed a promising possibility.
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Fig. 1 A linearized one-machine infinite-bus model
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Table 3 Initial values and constants of the system

M=9.26 x4=0.973
ik D=0 xa'=0.19
Tao'=7.76  x4=0.55
o z7) Ka=30 Ta=0.05
Hz R=-0.034 X=0.997
G=0.249  B=0.262
Peo=10  Qe0=0.015
=7 Ab
17 Vir1.05

4.1 71 E ®X| oty st Mo{7|ef vjm

2 HelMe FZREEC] Y& & A AAFG Aojrig
Fd dneEe olfdtd T2 HA A3 Aojrie 4
g umdAch 1Y 8ol EE vt ol fd danYF
& ol g T2 HA AAHE Aojrle FRREO UL

Z 9A A3 ARt 43} FHE TEELE B

[«

Ai54 e Y A AT A AVl A5
4 HEE vegtn @ & ok a0 1 A G
Aol7e) A4 19 83 B $FEAL HEF 87 9
AHE B A AYH AN ol§sy, AHHL
PR Be NI B Tabstel AAsNe Bk £
79 HERHE EReY AANE MO BE AT
ol BAsiolor B AdE HA LA AcAlS 2T
57 YRYEFE ol 85k} ALE FRAVEE ol F A
3 x¥e HaHAD S 2dom nok $58 459 PHE
248 % g

0.12

MO Bx| 2lxet Hof7|

7\ ey oyx{ uL) Hof3|

Time{sec]

a7 8 7|& KX et st Moj2|etel 8l 12(Q=0.015)
Fig. 8 Comparison with a fuzzy stabilizer without GA

42 M3 H= orMst Moj7[9 HME SEMu@

g HolAE ALE A AAB Aojsle MAHY 54
Fal7) skl LHZAL AHATBA 4B AH @
Ao7\sh Wity & AddTIAE Balza v
s dew, FEAHEE 02, 025 03, 0352 WA
WA gl A SRR

1386

I¥ 9, 10914 E= wpsp go] FEAH] 02, 0.25% 7
e F A7 BF 4HE HME*J% Holx glont At
g HA s Aojrih o % AR L Holm glo
v, FEMH] 025 A ¥ A Aojvle okte o
€ Eolx Sk 39 11, 12414 B wpeh o] ¥ HA
Aoj7le FEAH 034 AFEH AFS AFE A7
A Fetn gadstan ley Agd A A Aovie A
Fa 2EE & SR ATk

0012

[ R I I I

0008 Hl- - - -~ - - - -

LR U2 T-E R T

oo A / T
85 002 F N\ - e

oo p MR S S R |

ST

Y

-0.008 )

Tirn(sec)

g 9 AMla" E24(Q=0.2)
Fig. 9 The system output{Q=0.2)

0.012

0.01

0008 fl---- - - - -

Q08 ry - - - - MFEWAFYH AP ™ T T T T T T T T T T s s s = oo

0.004 [,
SUELRETE LR

:k__g: _________________________

0

b R ;/ /2 " 6 8 P
7 T S A e
0004 f - A s i oo

0006 | - - - - s mmmtmeme— e oo oo

A8 0.002 -

~0.008
Time{sec]

™ 10 A2 £8(Q=0.25)
Fig. 10 The system output(Q=0.25)

0.012
00 g~~~ -~ """ T T - - m s mmmmmommm s

0008 fl- ===

0006 Ff - Ry T T T 1t

A HN U MO

-0.008

ad 11 A2y £8(Q=0.3)
Fig. 11 The system output(Q=0.3)



0.2

Ad

H2HE HX] by & Hop2!
005 f - - / ---------------------------------
A o3 1 Moty

%Jylﬁ&‘
a ; i i

3 6 8 12 16

Trans. KIEE. Vol. 48A, No. 11, NOV. 1999

61-66, 1993

[71 Y. M. Park, S. H. Hyun, J. H. Lee, “A Synchronous
Generator Stabilizer Design Using Neuro Inverse
Controller and Error Reduction Network”, IEEE
Trans. on Power System, Vol. 11, No. 4, pp.
1969-1975, 1996.

(81 David E. Goldberg, "Genetic Algorithm”,
Addison-Welsey, 1989.

[9] Zbigniew Michalewicz,
Structures = Evolution Programs”,
1-8, pp. 11-178

“Genetic Algorithms + Data
Springer, Chapter

~0.05
Time(sec]

a3 12 AMA" £3(Q=0.35)
Fig. 12 The system output(Q=0.35)

548 B
.‘
MEE HAANEE AL AAtd oM e

A2 Ael7le AN
4 5

01714
3o BgE FEEH
*§6P Azt mEel Aoy £E2E Hasagzn
HMei719 45 ddes RRa
A = **° 7HE dEAE G A5 e HEFE)
# 8o 0431 7hAl 2heM e d¥s RYs FHEga, )
T A HY A3 Aol fH dnYFes Fxd
H2 A Aojre] desg wasgd. AuATE 3
o kel 2 GH Aojrlof MY HE EAL FUAs
o, FALE HEshHoh

-

ey
e
4
=
2

o] =B 1999d % BLuistw wulsh

(1] K. Bollinger, et al, “Power Stabilizer Design using
Root-Locus Methods”, IEEE Trans. on PAS, Vol.
PAS-94, No. 5, pp. 1484-1488, 1975.

[2] H. J. Lee, T. W. Kwon. “Optimal Selection of the
parameters of power system stabilizers”, IFAC, Seoul,
pp. 387-392, 1989

[3] Yao-nan Yu, “Electric Power System Dynamics”,
Academic press, 1983.

{41 A. A. Ghandakly, et al, “An Adaptive Synchronous
Generator Stabilizer Design by Generalized
Multivariable Pole Shifting(GMPS) Technique”, IEEE
Trans. on PAS, Vol. 7, No. 3, pp. 1239-1244, 1992,

[5] J. Y. Fan, et al, “Power System Stability
Improvement with Multivariable Self-Tuning Control”,
IEEE Trans. on PD, Vol. 5, No. 1, pp. 227-234, 1990.

{6] H. J. Lee, Y. M. Park and C.H. Lim, “A Study on the
Nonlinear Characteristics of the Fuzzy Type
Stabilizing Controller”, KIEE, Vol. 42, No. 11, pp.

T YueEE 018 HAY W Moizlel X Ao B P

A A A2 A

of &8 M (X B &)
47188l =82 48AR 65 A=

SRR o &)

1968\ 849 11¢A4. 19919 #eo T
M7 FER £, 19938 F ey Ay
T8 EH(HAD. 19989 F oty A
71Fe EAQEFY). 4 B3y AFE
B F e A dA)

Tel : 873-3550

chlim@tour. kyongju.ac kr

E-mail :

EHAFFRHDB

98 1Y,

973 FEg Fu AT E.
999‘& T Y M7IEEE YA,
A FHANTYF) 71e% 25
Tel @ 957-6979

E-mail :

—

black@power kwangwoon.ac.kr

2 3 d (F 1 X&)
H7)188 =34 48AA 13 F=

& X B (KR F R
19424 79 294, 19749 o) Fu)
A71EE T £ 19799 AA o)
AT A7) FEE EQ(AAD,
1980 ~1988d IHAE A7)F w4
2'81}! AHAEY AjASY s

© 032)760-8770
Jysong@www icc.ackr

E-mail :

1387



