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ABSTRACT

In this paper, A new design method of fuzzy modeling is presented for the model identification of nonlinear com-
plex systems. The proposed FPNN(Fuzzy Polynomial Neural Network) modeling implements system structure and
parameter identification using GMDH(Group Method of Data Handling) method and linguistic fuzzy implication
rules from input and output data of processes. In order to identify premise structure and parameter of fuzzy impli-
cation rules, GMDH method and regression polynomial fuzzy reasoning method are used and the least square
method is utilized for the identification of optimum consequence parameters. Time series data for gas furnace and
those for wastewater treatment process are used for the purpose of evaluating the performance of the proposed
FPNN modeling. The results show that the proposed method can produce the fuzzy model with higher accuracy

than other works achieved previously.
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Table 2. Performance index in the each fuzzy reasoning
method & fuzzy variables No.

a) Simplified fuzzy reasoning method

X1 : Fuzzy variables No.

2 3 4 5
X2: 2 | 1.91419 | 0.33730 | 0.23073 | 0.20314
Fuzzy 3 | 0.27784 | 0.86346 | 0.20657 | 0.14307
variables | 4 | 0.17944 | 0.20459 | 0.53734 | 0.14626
No. 5 1 0.18438 | 0.17082 | 0.13111 | 0.36779

b) Linear fuzzy reasoning method

X1 :Fuzzy variables No.

2 3 4 5
X2: 2 | 0.05274 | 0.05311 | 0.05081 | 0.04867
Fuzzy 3| 0.05169 | 0.04280 | 0.04178 | 0.03855
variables | 4 | 0.04742 | 0.04215 | 0.03457 | 0.03063
No. 5| 0.04612 | 0.03703 | 0.02819 | 0.01857

¢) Biguadratic fuzzy reasoning method

X1 : Fuzzy variables No.

2 3 4 5
X2: 2 | 0.04585 | 0.04385 | 0.03905 | 0.03525
Fuzzy 3 | 0.03953 | 0.03456 | 0.02601 | 0.02468
variables | 4 | 0.03671 | 0.02846 | 0.02166 | 0.02408
No. 5| 0.03142 | 0.02626 | 0.01991 | 0.01379
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of linear polynomial)
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Table 3. Comparison of identification error with conven-
tional fuzzy modeling methods

A=) g g7t A
Tong’s model{11] 0.469
Pedrycz’'s model[12] 0.320
Xu’s modelf13] 0.328
Sugeno’s model[14] 0.355
Oh’s model(8] 0.098
Sugeno's model[15] 0.068
2] GMDHI10] 0.062
FPNN(Qur model) 0.039
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Table 4. Performance index in the each fuzzy reasoning
method & fuzzy variables No.

a) Simplified fuzzy reasoning method

X1 :Fuzzy variables No.

2 3 4 5
X2: 2 [ 10.67944 | 10.22787 | 7.94676 | 4.56235
Fuzzy 3| 9.70418 | 7.00801 | 5.86562 | 3.91797
variables | 4 | 9.74011 | 6.23855 | 4.71324 | 2.06910
No. 5 1 621643 | 4.09546 | 2.66428 | 0.95624

b) Linear fuzzy reasoning method

X1 : Fuzzy variables No.

2 3 4 5
X2: 2| 5.58350 | 2.72317 | 2.14125 | 0.17251
Fuzzy 3| 3.44119 | 0.57329 | 0.02768 | 0.00000
variables [ 4 | 1.52194 | 0.01681 | 0.00000 | 0.00000
No. 5| 0.28184 | 0.00017 { 0.00000 | 0.00000

¢) Biquadratic fuzzy reasoning method

X1 :Fuzzy variables No.

2 3 4 5
X2: 2 | 0.83563 | 0.01473 | 0.00000 | 0.00000
Fuzzy 3 1 0.01434 | 0.00000 | 0.00000 [ 0.00000
variables | 4 | 0.00001 | 0.00000 | 0.00000 | 0.00000
No. 51 0.00000 | 0.00000 | 0.00000 | 0.00000
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Fig. 6 Comparison of original data and output for FPNN model
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Table 5. Comparison of identification error with conven-
tional intelligent modeling methods

LA 9 Bt A5
Conventional model[8] 1.34
Fuzzy-Neural model{9] 0.56
2 GMDH]10] 0.35
FPNN(Our model) 0.016
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