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Optimal Design for Rule—-Based Fuzzy Logic Controller Using GA
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Abstract - This paper presents an optimal design method for fuzzy logic controllers using genetic algorithms. In
general, the design of fuzzy logic controllers has difficulties in the acquisition of expert’'s knowledge and relies to a
great extent on empirical and heuristic knowledge which, in many cases, cannot be objectively justified. So, the
performance of the controller can be degraded in the case of plant parameter variations or unpredictable incident which
the designer may have ignored, and parameters of the fuzzy logic controller obtained by expert’s control action may not
be global. To solve these problems, the proposed method using genetic algorithms in this paper, can tune the parameters
of fuzzy logic controller including scaling factors and determine the appropriate number of fuzzy rules systematically and
automatically. we provide the second order dead time plant and inverted pendulum system to evaluate the feasibility and
generality of our proposed method. Comparison shows that the proposed controller can produce higher accuracy and a
smaller number of fuzzy rules than manually tuned fuzzy logic controller.
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Table 1 Initial parameters for simulation
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Parameters Values
Sampling number 1000
Population size 100
Number of generation 200
Crossover rate Pc 0.95
Mutation rate Pm 0.2
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Table 2 Identified membeship parameters in
the premise-consequence part

E(k)

a B Y
NB -1.3333 -1 -0.7243
NM -1.2645 -0.8737 0.0519
NS -0.7539 -(.0508 0.5105
ZE -0.3523 0 0.6771
PS -0.0024 0.1987 0.4993
PM 0.0362 0.0936 1.1923

PB 0.9428 1 1.3333
CE(k) U(k)
@ B Y w
NB -1.3333 -1 -0.5336 -0.3587
NM -1.3239 -0.3539 -0.1689 -0.2833
NS -0.4655 -0.1298 0 -0.1019
ZE -0.0921 0 0.611741 0
PS 0.1749 0.6778 0.8010 0.1665
PM 0.3285 0.7046 1.1625 0.3885
PB 0.9053 1 1.3333 0.8172
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Table. 3 Identified fuzzy rule base

E (error)
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Table 4 Identified scaling factors

GE GCE GU
0.91961 13.6723 10.9531
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Fig. 9 The output trajectory of the second order

dead time plant
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Table 5 Performance comparison between GA
fuzzy controller and manually tuned FLC

Manually tuned
FLC

MSE 0.007626

GA tuned FLC

0.003741
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Table 6 Identified membeship
parameters in the premise

E(k)
a B Y
NB -1.3333 -1 -1.0282

NM -1.2735 | -0.7024 | -05311
NS -0.9879 | -0.0155 0

ZE -0.7811 0 0.1581
PS -0.4675 | 0.2288 | 0.6405
rPM 0.2069 0.3746 0.9190

PB 0.8445 1 1.3333
CE(k) Uk)
a A Y w
NB -1.3333 -1 -0.2462 | -0.9230

NM -0.6549 | -05442 | -0.1775 | -0.6702
NS -0.3934 | -0.1989 | 0.04372 | -0.0451
ZE -0.1488 0 0.0726 0
PS -0.2404 | 06456 1.0965 0.5101
PM 0.8354 1.1052 11115 0.5394

PB 0.8445 1 1.3333 1
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Table 7 Identified fuzzy rule base

E
NB|[NM|NS|ZE | PS | PM | PB

NB | PS PM PB

NM ZE

NS | NS PB | NB | NM
CE | ZE PB | ZE | NS PS

PS PB NM PS

PM | NS ZE ZE | NM

PB [ NM | ZE PB | PM
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Table 8 Identified scaling factors
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1.21158 11.9755 49.2187
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