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A New Nonlinear Recurrent Type-2 Fuzzy Model to
Identify the Behavior of Nonlinear Dynamic Systems

Jafar Tavoosit, Sajad Yousefi?
Department of Electrical Engineering, llam University, llam, Iran
Department of Electrical Engineering, Technical and Vocational University (TVU), Tehran, Iran.

Abstract

In this paper, a new recurrent type-2 fuzzy neural network for nonlinear dynamic systems identification
is presented. The structure of the new type-2 fuzzy neural network with the non-linear ""then' part has 8
layers. In layers 0, 1 and 2, the fuzzification operation is performed, and the upper and lower limits of
the membership degree are determined. Normalization and weighting operations are performed in
layers 3 and 4. In layer 5, there are non-linear trigonometric functions, which in fact, form the **then™
part of the fuzzy system, and return feedback from the output layer enters this layer. Finally, in the 6th
and 7th layers, the de-fuzzification operation and the output calculation are performed. The existence of
non-linear functions in the “then” part of the fuzzy rules helps to better approximate and identify the
dynamic system. The reason for this problem is probably the non-linear nature of the systems. The
main idea of this work is inspired by the Fourier series. Any function can be approximated by Fourier
series, and since Fourier series includes sentences of sine and cosine, therefore, ideas are taken from
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Fourier series and trigonometric functions are used in the ""then' part of the fuzzy rules. This type of
nonlinear function is taken from functional link models. The advantage of the non-linear then part is, in
addition to more accurate system identification, the number of fuzzy rules is less.

In order to check and evaluate the performance of the network in system identification, the input-output
information of two physical systems (a DC motor and a flexible robot arm) has been applied to the type-
2 recurrent fuzzy neural network. This research is completely experimental and practical, in other
words, it is the use of artificial intelligence techniques in operational work. In addition to presenting a
new neural network, generating a suitable signal to stimulate the system, extracting data from practical
systems, data pre-processing (removing outliers, estimating missing data, and normalizing data) is
among the innovations of this article. In the simulation, the root mean square error criterion shows that
the proposed method has a better performance than other methods. The RMSE criterion, which
indicates the accuracy of the model, was less than 0.001 for example 1 and less than 0.002 for example 2,
which are very suitable numbers.

Keywords: Recurrent Type-2 Fuzzy Neural Network, System Identification, Nonlinear ""Then" Part.
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(Table-2): The final parameters of the proposed recurrent type-2 fuzzy neural network in DC motor modelling

|

1777'1']' Zmi,- 0ij
u(k) Ymyy = —0.443 my; =—0212 | 01 =0.1
'm,, = —0.081 2my, = 0.113 021 = 0.522
';‘;::;f:gp; Yy, = 0.376 2y, = 0.461 031 = 0.284
y(k-1) Ym,, = —40.353 my, = —46.722 | 01, = 8.439
Ym,, = —11.269 2m,, = 9.739 032 = 10.266
Ly, = 29.552 2m,, = 48.119 | 032 =3.176
fourth layer | W7 = 1.01 wl = 0.94 w} = 0.88 wi =0.21
adaptive | w? = 1.25 w? = 1.06 wi =091 wi =0.26
weights | %3 = 0.95 w = 0.61 w = 0.54 w = 0.5
Rule 1 Rule 2 Rule 3 Rule 1 Rule 2 Rule 3
S10=1 Sp0=1 S30=1 C10 =12 C0=1 c30 = 1.09
S11 =.92 S1 =9 S31 =1 =1 =1 31 =1
consequent | s;, =1.1 Sy, =1 S32 =1 ¢, =14 =1 C3, =.76
parameters | s, ; =.9 Sy3 = .89 s33=.9 | c13=1 3 =091 c33 = 112
S14=11 Sp4=1 S34=1 c14a=1 cy4 = 0.89 34 =1
s15=1 Sp5 =7 25, |as=1 s =1 C35 =18

cilario 595 (@5lwgRl )0 Goldiluy (SUST5L V-9 51 (omae 4l 5l gl s (ol polie (Y - Jgu)

(Table-3): The final parameters of the proposed recurrent type-2 fuzzy neural
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