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Self-Organizing Fuzzy Polynomial Neural Networks by Means of IG-based
Consecutive Optimization : Design and Analysis

ko oR R OB
(Ho-Sung Park - Sung~Kwun Oh)

Abstract - In this paper, we propose a new architecture of Self~Organizing Fuzzy Polynomial Neural Networks
(SOFPNN) by means of consecutive optimization and also discuss its comprehensive design methodology involving
mechanisms of genetic optimization. The network is based on a structurally as well as parametrically optimized fuzzy
polynomial neurons (FPNs) conducted with the aid of information granulation and genetic algorithms. In structurally
identification of FPN, the design procedure applied in the construction of each layer of a SOFPNN deals with its
structural optimization involving the selection of preferred nodes (or FPNs) with specific local characteristics and
addresses specific aspects of parametric optimization. In addition, the fuzzy rules used in the networks exploit the notion
of information granules defined over system’s variables and formed through the process of information granulation. That
is, we determine the initial location (apexes) of membership functions and initial values of polynomial function being used
in the premised and consequence part of the fuzzy rules respectively. This granulation is realized with the aid of the
hard c-menas clustering method (HCM). For the parametric identification, we obtained the effective model that the axes
of MF's are identified by GA to reflect characteristic of given data. Especially, the genetically dynamic search method is
introduced in the identification of parameter. It helps lead to rapidly optimal convergence over a limited region or a
boundary condition. To evaluate the performance of the proposed model, the model is experimented with using two time
series data(gas furnace process, nonlinear system data, and NOx process data).

Key Words : SOFPNN(Self-Organizing Fuzzy Polynomial Neural Networks), Information Granulation, Genetic Algorithm,
FPN(Fuzzy Polynomial Neuron), Hard C-Means Clustering Method, Design Procedure
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Table 3 Comparison of performance with other modeling
methods
Model PI Pl EPI,
Box and Jenkin’s model(12] 0.710
Pedrycz’s model[13] 0.320
Sugeno and Yasukawa's model[16] 0.190
Chen’s modell17} 0.268
Gomez-Skarmeta’s model[18] 0.157
Oh and Pedrycz’s model(19] 0.123 | 0.020 { 0.271
Kim, et al.’s model[20] 0034 | 0.244
Lin and Cunningham’s model[21] 0.071 | 0.261
. CASE 1 0.045 | 0.016 | 0.116
FPNNE) | Gaussian CASE II 0037 | 0.012 | 0125
Triangular 3rd layer 0.109
HFPNNI22] bth layer 0.096
Gaussian 3rd layer 0.127
Sth layer 0.120
. Tnang dar 3rdiayer(Max=2) : Ol*lﬁs
VY 3rd layer(Max=3). W $140:118%
Gaus;i;n; 3rd layer(Max=2)’ 0061 %-'Q'IZF?I
e 3rd: layer(Max=3) . 057101227
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ax- o 0,013 1 0:105-
. 0:006%1: 0124
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Table 4 Performance index of SOFPNN for the nonlinear

function(S.O : Structure Optimization, P.O : Parameter
Optimization)
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Table 5 Comparative analysis of the performance of network;
considered are models reported in the literature

ﬁ Model PI

3 Sugeno and Yasukawa’s model[16] 0.0790

1(3)h2(21 014} 5. Kim et al.s model[20] 0.0089

14e-21 | 1.6e-23 15(2)[22(2) 2| 2.2e-21 | 35e-21 Gomez-Skarmeta et al.s model[23] 0.0700

46e-26 | 6.1e-26 [s@lioe] 0 [ 2] 15e-25 | 4.0e-23 PNN(24] Basic__ |5th layer(Case 1)] 0.0212

Modified |5th layer(Case 1)} 0.0041
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Table 7 Comparison of identification errors for the proposed

model
Model Pls EPIs
Regression model 17.68 19.23
Hybrid Fuzzy Set-Based Simplified 2.806 5.164
FNNs[27] Linear 3725 5.201
Hybrid Fuzzy Simplified 0.070 1.649
Relation-Based FNNs[28] Linear 0.080 | 0.190
. Simplified 2.806 5.164
Multi-FNN{29] Linear 0.720 | 20%
Hybrid Rule-Based GAs 4.038 6.028
FNNs[30] Hybird 3.725 5.291
- Triangular 5th layer(Max=2)] 0.007 0.049
ZSOFPNNI31] 5th layer(Max=3)}{ 0.007 0.049
Gaussian 5th layer(Max=2)] 0.002 | 0.045
5th layer(Max=3)] 0.001 | 0.042
Tea ngular 3rd-layer(Max=2}| 0.002 0.045
SO 3rd layer{Max=3)] 0.001 0.048
T Gaussiah 3rd layer(Max=2)] 0.001 0.027
Our 3rd layer(Max=3)] 0.001 | 0.027
model Triangular 3rd layer(Max=2)] 0.003 1{:0.017
. PO G 3rd Iayer(Max=3) - 0.002 - 0.008
] Gé\js}s i 3rd layer(Max=2)}~0.002 “{ "0.024
‘ 3rd layer(Max=3)|" 0.001 | 0.023
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