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ABSTRACT

The optimal identification algorithm of fuzzy systems is presented for rule-based fuzzy modeling of
nonlinear complex systems. Nonlinear systems are expressed using the identification of structure such as input
variables and fuzzy input subspaces, and parameters of a fuzzy model. In this paper, the rule-based fuzzy
modeling implements system structure and parameter identification using the fuzzy inference methods and
hybrid structure combined with two types of optimization theories for nonlinear systems. Two types of
inference methods of a fuzzy model are the simplified inference and linear inference. The proposed hybrid
optimal identification algorithm is carried out using both a genetic algorithm and the improved complex
method. Here, a genetic algorithm is utilized for determining initial parameters of membership function of
premise fuzzy rules, and the improved complex method which is a powerful auto-tuning algorithm is carried
out to obtain fine parameters of membership function. Accordingly, in order to optimize fuzzy model, we use
the optimal algorithm with a hybrid type for the identification of premise parameters and standard least square
method for the identification of consequence parameters of a fuzzy model. Also, an aggregate performance
index with weighting factor is proposed to achieve a balance between performance results of fuzzy model
produced for the training and testing data. Two numerical examples are used to evaluate the performance of
the proposed model.
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Model Method PI E_PI (Membership of each variable) Input variables
13.72 16.20 4(2*2)
14.10 16.56 6 (3*2) MLSS, WSR
Simplified 12.80 15.91 8 (4*2)
12.62 12.56 8 (2%2*2) MLSS, WSR, DOSP
Oh's model 7.51 20.94 16(2%2%2%2) MLSS, WSR, RRSP, DOSP
[17,19] 6.39 54.23 4(2%2)
1.46 8.06e+4 6(3*2) MLSS, WSR
Linear 0.001 923.32 8 (4*2)
222 1.05e+3 8 (2%2%2) MLSS, WSR, DOSP
3e-4 800.81 16(2*2%2*2) MLSS, WSR, RRSP, DOSP
12.84 14.15 4(2*2)
12.31 13.11 6(3*2) MLSS, WSR
Simplified 12.75 17.58 8 (4*2)
10.61 15.27 8 (2*2*2) MLSS, WSR, DOSP
Proposed model 6.48 15.90 16(2*2*2*2) MLSS, WSR, RRSP, DOSP
(GA) 7.08 32.97 4(2%2)
2e-4 187.91 6 (3*2) MLSS, WSR
Linear 1.3e-3 1.01e+3 8 (4*2)
2e-4 341.67 8 (2%2%2) MLSS, WSR, DOSP
0.0 219.68 16(2%2*2*2) MLSS, WSR, RRSP, DOSP
12.40 12.20 4(2*2)
11.36 10.73 6(3*2) MLSS, WSR
Simplified 12.35 16.44 8 (4*2)
12.04 12.61 8 (2*2*2) MLSS, WSR, DOSP
Proposed model 6.67 15.41 16(2*2*2*2) MLSS, WSR, RRSP, DOSP
(Hybrid) 715 24.65 4 (2*2)
5e-5 132.48 6 (3*2) MLSS, WSR
Linear 1.8e-3 638.85 8 (4*2)
9e-6 212.43 8 (2*2*2) MLSS, WSR, DOSP
le-6 120.10 16(2%2*2*2) MLSS, WSR, RRSP, DOSP
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