
����������	
����
���������������������������	�����  �!"�#��� �	$�������%&�'�(���)�*���+,�-���� �	.�
�& �/��0,12345�
 

12 

��

����������	
������	����	��������	��������������	�������	��� ��!

"#$����%&�'(�)�!��*��+�
�����,	
-� �
��

�.	�
�'/0�1234������5�/�163����/��$7��+�%�183��

61�7�(��8�0�(�,�93����:�;<$�7=���	�>������:���?@$����A���	�70B���7�@$�� 

64�(��@$���93����	�70B���7�@$��C�B�D���������E���	��0D���?@$����A��

6F�9�(����C��"��G�&��H�I��(�+�����A���8�0�(�,��
��

JK#�"(��L"(�&�12M14M1FN4��� �JO�"PQ�L"(�&�FMRM1FNF��
��

�9':;�)�*������8>,��"�'���������	
����
�����-S���	.�
�& ��E��0,��"�����E�.��!"��(��� �)�*����"�����������������	���� �'�S��

�'�(���G�T���$�	���� �!"�#����%&�)�*����"�����7���(���U>��7&��K����7����������	$����	���� ���S���'�(������%&��K����7���#�V��W$�(�

�,�	�E�=����*"�.��(��,���%&�	-$��#�V��W$�(���U>��7&�'�����"�+$�K��I���������C����E�.��!"��(���K����&�X���Y�����'�S�	�����"

	��K�����	.�
�&�!�$��I���������������������	
���� 
��	��)�W0&�Z��'�(�U(�D���[\����70":������*��.T=�)�*���'(�7"�Q��7$��

;$�Q��E� '(�7"�Q�]�T^&���� ��������3�	�� !�-_&���D�K-�� �� 	��"�(� '���� 	"��?-S��'(�7"�Q��� � ��>�� �K��� �7�� !�-_&�	�*����,���� ���

-S/�0?���G�-&�!�0`�	��(�7$��,��*��.T=�)�*���(���S�����0#�Z��&�,�8�����/�7$�Q����/��0,�(�W0�����7�� a�(��O�(���B�$��(���70���

�7��]�����?"7�"�	��'�����
�����7��/�-����7$��@$��(�E�.��!"��(���7����B0@�Q�O�(�	"�(�,���7��a�(��'�&��\��,�'�����
��b"��$������C�

	���7S���

��

9�.	<��=��<��	.�
�&�/��0,�������	
����
���!"�#��� �	���� �)�*�� �������������)�*�����
��

Decentralized Adaptive Control of Large-Scale Non-Affine 
Nonlinear Time-Delay Systems Using Wavelet Neural Networks�

 
 

Elahe Saeedi(1) - Bahram Karimi (2) - Mostafa Pourbehi(3)�

(1) Msc - Department of Electrical Engineering, Islamic Azad University, Najafabad Branch 
elahesaeedi63@gmail.com 

(2) Associated Professor - Malek-Ashtar University of Technology, Isfahan 
bahram-karimi@aut.ac.ir 

(3) Instrument Expert, IranKhodro Tam, Tehran 
m.purbehi@gmail.com�

 
In this paper, a decentralized adaptive controller with using wavelet neural network is used for a class of 
large-scale nonlinear systems with time- delay unknown nonlinear non- affine subsystems. The entered 
interruptions in subsystems are considered nonlinear with time delay, this is closer the reality, compared with 
the case in which the delay is not considered for interruptions. In this paper, the output weights of wavelet 
neural network and the other parameters of wavelet are adjusted online. The stability of close loop system is 
guaranteed with using the Lyapanov- Krasovskii method. Moreover the stability of close loop systems, 
guaranteed tracking error is converging to neighborhood zero and also all of the signals in the close loop 
system are bounded. Finally, the proposed method, simulated and applied for the control of two inverted 
pendulums that connected by a spring and the computer results, show that the efficiency of suggested method 
in this paper.  
 

Index Terms: Large- scale system, non-affine nonlinear system, wavelet neural network, adaptive control.  
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�� �9�)ĉ,ŵ,z(B̂ iiib
T
i i
j�C�@$��	
��� �
�� �70S�

����W$��(���)�*���'����/:��7"���E��0,�'�����7������ �(�,�������

U(�
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ŵw~D̂D
~
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exp))ĉz(ŵ1((.)ˆ

j

1k

2
kjk

2
kjj

1k

2
kjk

2
kjj

 

�A�#� ���(� (�� ,�Rz Î��� ����� '��(��ĉ���ŵ��t�&�&� �
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Fig. (2): Performance of the proposed controller for the first 
subsystem 
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Fig. (3): Performance of the proposed controller for the second 
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Fig. (7): Online estimation of the shift parameters of the wavelet 
neural network 
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Fig. (8): Online estimation of the extension parameters of the 
wavelet neural network 
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