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Design of Auto-Tuning Fuzzy Logic Controllers
Using Hybrid Genetic Algoritms
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Abstract - This paper propose a new hybrid genetic
algorithm for auto-tunig auzzy controller improving the
performance. In general, fuzzy controller used pre-determine
d moderate membership functions, fuzzy rules, and scaling
factors, by trial and error. The presented algorithm
estimates automatically the optimal values of membership
functions, fuzzy rules, and scaling factors for fuzzy
controller, using hybrid genetic algorithms. The object of the
proposed algorithm is to promote search efficiency by
overcoming a premature convergence of genetic algoritms.
Hybrid genetic algorithm is based on genetic algorithm and
modified gradient method. Simulation results verify the
validity of the presented method.
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Fig. 1. Architecture of fuzzy logic control.

WEste] AAE IF, THENSE §4€ch i Aol F3ol
Mol dare WA zagoln, FARE Aol soAe Ax
Aol Aol 5ot

WA Aojrle) 28 FAL B 2o

R, : if e=PB and Ae=ZE then AU=PB

Ry: if e=ZF and Ae=NB then AU=NB

R,: if e=ZE and Ae=PB then AU=PB

2 Aolg HAZ ALY o, FAzt e AL M7
AA, & HA Ao7A L oJgA w=est e Ao &
o AojolE@ el HA AoldMe AolwAE FA}E
AAEel A=A g7 WEAM, 2719 AolFAE A
26 F%(system identification)® 4% % 7Heritic)oll wa}t A
% £33 Jrlopdin

3. #H 222058 ol &8 HX| Mo

A el (natural selection)e] FAHQ vl FZol 7128 &
A du2EL Mui(generation)® AF T uwel oy HA 3

- 126 —



e def £EsE, Bv 2R 9N PueEelt, @4
Tl AAY ENHoR HE XL F Us FA 9y &
F8 gas ol

4 duYEL oj&de HAHE T BYe dgw
2k

D ¥&3Coding) : EAe] ©e} o1& 5 AL, 2% 27
FE olgsto] AYsA dyGE B,

2} B7H(Evalution) @ Foid Sl Oy & HY AEx
(fitness)§ W 7}ect.

3) SAl(Reprodution) : AP wet GAAEL Ay &
Agck, (AddeA AA4T] Y2l ol  roulette
wheel selection®}y & AHg)

4) i #(Crossover) : ¥ RHE GANE z@3ld Y2 An
& b A AAAE AR e

AL A2 [A3 ]A4 A5 [A6 {a1]az]a3 B4 [B5 IB6 |

—Crossover
point >

Bl |B2 |B3 |B4 |BS |B6

5) ¢ ¥el(Mutation) : 4N YHEL BN AHNHA
dad dE 7 4 Ao

» [clcalFs

» *
A Ao Bd 4] gorw wue EAMolE o)
o) ANEE daAA doiy B4 4o agn EF4q
THYY AYEE Wise d4G Adg Ade Hgzel
ol @ W #4 HAE 2y
A Aolzle] BARSE £A28 AR s de way
A 54 shav B¢ SAgee RS Tk oy
o dutgel HAARYE Wedrs TaReE o
TAE A48y A fd gL Ased Fd gne
Bu BAROR PAsan A A AW e ARy
F gen, End s PAd dg ted A5E AN
HYHD ol HGY dnelFel WYo2 HYNg T
o 2d 28 WA Aelrlel §3 FnAEL Westd HAF
A JNYPEE FASE ZEES debdnh

iB1 [B2 [B3 |a4 [a5 ]A6 ]

Genetic
Algorithms

Fivaluate
contrd rules

1 Process L

¥ 2 HX-FH ¢nes
Fig. 2. Fuzzy-genetic algorithms,
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Fig. 3. Fuzzy variables of triangular type.
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Fig. 4. Block diagram of overall control system,
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String : 172345124---657724561 7345467173452
String :|172345124---65772456| 1734546 7173452
Membership | Membership
Fuzzy Rules

of error _ | of error_rate

dENE} NB INM{ NS | ZE { PS |PM | PB

NBj 1 71213141511

NMi 2 14415141316

Nel 5141513161312

ZE 11 616 |31 4 1 1

PS1 71612 13141614

PM] 2 | 5] 2 1 6 13186

PB1 6 |7 7121415} 6
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Fig. 5. Represenrtation of fuzzy controller string.
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Fig. 6. Hybid genetic algorithms.
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Tablel. Tuned value of fuzzy rules and membership

functions.
JE\E| NB |[NM|{ NS | ZE| PS ([PM | PB
NB 1 5 3 4 7 4 5
NM 5 7 5 6 5 1 7
NS 6 5 6 6 7 1 3
ZE 1 7 7 4 1 2 2
PS 7 7 3 4 5 7 5
PM 1 6 3 2 7 1 4
-PB 4 3 7 7 1 6 6
Membership] NB [NMINS | ZE | PS |PM | PB
E 7 (142814912813 |28
dE BiW|28] 7 [14[49]14
UI 80 |up

a9 7. ot Y §YE W94 @4
Fig. 7. Tuned membership function for error
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Fig. 8. Tuned membership function for error rate

E 2 olsgae] X7iUn S8 @
Table 2. Initial value and tuned value of scaling factors.

Afl‘;f AgA : 7.1571821
(Fitness) ( 0.1397198 )
e
un
(Fitness) ( 0.3770375 )
Scaling factor
Initial value ki k2 k3
1.000 1.000 1.000
Scaling factor :
Tuned value ki k2 k3
1.000129684 | 0.999901710 | 1.000269182
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Fig. 9. Fitness of hybid genetic algarithms for fuzzy cortrofler.
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Fig. 10. Output response of tuned Fuzzy logic controller
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