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Optimal Design of Fuzzy-Neural Networks Structure Using HCM and Hybrid
Identification Algorithm
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Abstract - This paper suggests an optimal identification method for complex and nonlinear system modeling that is
based on Fuzzy-Neural Networks(FNN). The proposed Hybrid Identification Algorithm is based on Yamakawa’s FNN
and uses the simplified inference as fuzzy inference method and Error Back Propagation Algorithm as learning rule. In
this paper, the FNN modeling implements parameter identification using HCM algorithm and hybrid structure combined
with two types of optimization theories for nonlinear systems. We use a HCM(Hard C-Means) clustering algorithm to
find initial apexes of membership function. The parameters such as apexes of membership functions, learning rates, and
momentum coefficients are adjusted using hybrid algorithm. The proposed hybrid identification algorithm is carried out
using both a genetic algorithm and the improved complex method. Also, an aggregate objective function(performance
index) with weighting factor is introduced to achieve a sound balance between approximation and generalization abilities
of the model. According to the selection and adjustment of a weighting factor of an aggregate objective function which
depends on the number of data and a certain degree of nonlinearity(distribution of 1/O data), we show that it is available
and effective to design an optimal FNN model structure with mutual balance and dependency between approximation and
generalization abilities. To evaluate the performance of the proposed model, we use the time series data for gas furnace,
the data of sewage treatment process and traffic route choice process.
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Improved Complex Method.
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Table 1 Performance index of gas furnace process according
to the number of membership functions
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Table 2 Comparison of performance with other modeling

methods( 8 =0.8)
No. of
MODEL Pl | P |EPL| e
Tong's Model[13] 0.469 19
Pedrycz’'s Model{14] 0.776 20
Xu's Model{15] 0.328 25
Sugeno’s Model(16] 0.355 6
Simplified 0.02410.328 4
Oh's 0.022 } 0.326 4
Model[11,18] Linear 0.021 { 0.364 6
0.02010.333] 8
Proposed. 0.027]0292] 4
, R T 0.027 1 0.303 5
(‘HCM + Hybrid ) 0027102891 6

E 2= TY% dolHE AR T AFE 4 (26)9
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Table 3 Performance index of sewage treatment process

according to the number of membership functions
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model by Hybrid Algorithm( 8 =0.6)
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Table 4 Comparison of performance with other modeling

methods( 8 =0.6)
- No. of
MODEL PL E Pl rules
13.72 16.20 4
Simplified | 14.10 16.56 6
, 12.80 1591 8
Oh's Model[11] 6.39 5493 4
Linear 1.46 | 8.06e+4 6
0.001 | 923.32 8
Simplified | 12.35 11.17 6
Fuzzy Modell19) =7 = = 15001 | 12691 | 6
13.759 | 9.244 4
FNN Model{20] 12.349] 10192 | 9
. 1233 | 831 | 5
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Table 5 Performance index of traffic route choice process
according to the number of membership functions
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Table 6 Comparison of performance with other modeling
methods(8 =0.8)
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