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Abstract 
Due to the widespread use of dc motors, their position or speed control becomes very important. The aim in this paper 
is providing a new method for intelligent position control of separately excited dc motor using neural networks. For this 
purpose the NARMA-L2 neural network controller is used. In the  position control using neural network, based position 
for neural network intended as input position (ideal), and after adapting of output position of motor to base position, 
Armature voltage become zero and motor stops working. In this way, neural network learns the used model of dc 
motors to control the position, then the input optimized for matching of model output position to ideal position. 
Advantage of the proposed neural network method is, correction coefficients during the working engine and Replies 
robustness to changes inertia moment (J) and friction (B). Unlike the PID controllers that will lose their optimization 
Performance with changing one of the model parameters, such as J & B ,and need to reset the parameters of the 
controller, the proposed method needs not to redesign, and these parameters repair automatically. Proposed method is 
simulated using information from a separately excited dc motor in SIMULINK environment of MATLAB software. 
Results show that by using of proposed method, fluctuations in response and need times to reach the ideal situation 
decreases. 
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1. Separately Excited DC Motor 
2. Nonlinear Autoregressive Moving Average 
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1.� Perceptron 
2. Single-Layer Perceptron 
3. Multi-Layer Perceptron 
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4. Offline 
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u(k+1) = yr(k+d) - f�[y(k),�,y(k-n+1),u(k),�,u(k-n+1)] 
/ g [y(k), y(k-n+1), u(k) , �, u(k-n+1)] 

�����
��

�½M��{�Ä//¯d ≥2�d//�Y��¶°//�����//]�»�­Â//¸]���//·�fÀ¯�Ä//]��Â
NARMA-L2����¶°��Á������Ê^���Ä°^���ZfyZ��������{�Ã{Z¨f/�Y�{�Â»�

Ê»�½Z�¿�Y���·�fÀ¯�¾ËY�|Å{.� �
��

��
¶°�������·�fÀ¯NARMA-L2�������

��
��·�fÀ¯�®¼¯�Ä]�dÌ �Á�µ�fÀ¯���NARMA-L2 � �

����·�fÀ¯�ÊuY����Y�¥|Å,�������½|Ì���½Z»���ÅZ¯�Á�É�Y|ËZa��ËY�§Y�
�����{��Z�f£Y�µZ¼�Y��]Y�]��{�[Â¸�»�d·Zu�Ä]���Ä/�Á�a�®/Ë�d/�Y��

�Y�Ä·Z¬»�¾ËY��{ ��·�fÀ¯ PIDÉY�]�É{ZÆÀ�/Ìa��Á��lËZf¿�Ä�ËZ¬»��
d�Y�Ã|��Ã{Z¨f�Y���·�fÀ¯�µZ°�Y�Ã|¼� PID ���É�YÂ/�{��/]�ÃÁÔ�



��� ��Ä¸n»�Ê¼¸�±�Ê�ÅÁ�a��É�ÁZÀ§�Á�¹Â¸���|À§Y|a�ÉZÅ¶»Z��Ì£�� ��Ã�Z¼��,µÁY�µZ���,�½Zf�»�������

 

¾f�Y{�ÉY�]�ZÅ�f»Y�Za�ºÌ�Àe�,[Â¸�»�x�Za ½M�sÔ�Y�Ä]��ZÌ¿���Z/Å
Ä]�Ä��YÁ���������Â/eÂ»�{�¯�Z/¯��ËY����ÌÌ¤e��d/�Y�����Àe�0Ô/¼��Ä/¯���ºÌ/�

���u��{��f»Y�Za�{|n»���½Z°»Y��ÂeÂ»�½{�¯�Z¯�¾Ì���d�/Ì¿��Ë~a���ÉY�/]��
�������Á��¶°�»�¾ËY�½{�¯�¥���]���������Y�Ã{Z¨f/�Y�Z/]�|À¼/�ÂÅ�µ�fÀ¯

Ä°^��d�Y�Ã|��{ZÆÀ�Ìa�Ê^���ÉZÅ���
��

��
��

�¶°�����Ã{Z¨f�Y�{�Â»�Ê^���Ä°^���ZfyZ���
��·�fÀ¯��{NARMA-L2�������

��
��//·�fÀ¯NARMA-L2�|//Ì¨»��Á��®//Ë�Ê//uY���h//�Z] ÉY�//]�

����]��{�dÌ �Á�[Â¸�»�µ�fÀ¯Y���������¾Ì/�Z»�ÉZ/Å�f»Y�Za�cY�/ÌÌ¤e��/]
Ê»�{Â���¶°��������Ê´¿Â/´q����Y�Ã{Z¨f/�Y���/·�fÀ¯��NARMA-L2�

ÉY�]��ÂeÂ»�dÌ �Á�µ�fÀ¯�dc�Ê»�½Z�¿�Y��|Å{���
��������­Â/¸]��{�{Â/mÂ»�Ê^���Ä°^�NARMA-L2����Á�É{Á�Á�Ä/�]Y��

���Â//eÂ»�Ê//mÁ�ydc�����Y�Ã{Z¨f//�Y�Z//]��b//��Á�,ÊËZ//�ZÀ��Y��
ºfË�Â´·Y����Ä/ÀÌÆ]�ÉZ/Å��É�Z/�,������Â/eÂ»�É{Á�Á�dc�Y������©Z/^�¿Y�ÉY�/]�

�y�dÌ �ÁÊ»�ÄÀÌÆ]�,�m�»�dÌ �Á��]�ÊmÁ|À¯���
��

���lËZf¿� �
����cY�/ÌÌ¤e�µZ/¼�Y�Z/]����/m�»�Ä/ËÁY�SOURCE�¾Ì/Àr¼Å�Á�� JÁ�B,�

d·Zu�¦¸fz»�ÉZÅ�{�¯�Z/¯� ����Y�Ã{Z¨f/�Y�Z/]��Â/eÂ»��/·�fÀ¯��Ä°^/��
Ê^��� NARMA-L2�,Ê���]�¿�Áf�����/·�fÀ¯��Y�Ã|/»M�d/�|]�lËZ

����/·�fÀ¯��Y�Ã|/»M�d/�|]�lËZf¿�Z]�É{ZÆÀ�Ìa PID ���Ã|/��Ä�/ËZ¬»
d�Y���

��
��������{�dÌ �Á�µ�fÀ¯�������f»Y�Za�½{Â/]�d/]Zi�d·Zu���ÉZ/Å

�ÂeÂ»  

¶°������������ÂeÂ»�dÌ �Á�µ�fÀ¯�lËZf¿dc�������½{Â/]�d/]Zi�d·Zu��{�
�����������Á�É{ZÆÀ�/Ìa��/·�fÀ¯�Á{�ÉY�/]��ÂeÂ»�ÉZÅ�f»Y�ZaPID�Y����½Z�/¿�

Ê»�|Å{��lËZf¿��Ê»�½Z�¿��������/·�fÀ¯�Á{��/Å�d/·Zu�¾/ËY��{�Ä/¯�|Å{
���Â¿�½Á|]�lËZf¿�ÉY�Y{���Ê¿Z/��-|Àf�/Å�������/·�fÀ¯�Z/»Y�NARMA-L2�

����Ê»�ÊËZÆ¿�dÌ �Á�Ä]��f Ë���|����½Z¼Å�������{�Ä/¯��Â����¶°/�����
Ê»�����·�fÀ¯�ºÌÀÌ]NARMA-L2�������½Z/»��c|/»��{��
��Ä/Ì¿Zi���Ä/]�

��Ê»�ÊËZÆ¿�dÌ �Á������·�fÀ¯�Z»Y�|��PID�����½Z»��c|»��{��
����Ä/Ì¿Zi�
Ê»�Y|Ìa�d�{�dÌ �Á�¾ËY�Ä]�|À¯���

��
������Ì¤f»�d·Zu�{�dÌ �Á�µ�fÀ¯�½{Â/] ��f»Y�Z/a���ÉZ/Å

�ÂeÂ» 

¶°����ÉZÅ�����,�������Á������������Â/eÂ»�dÌ �Á�µ�fÀ¯�lËZf¿dc���{�
�Ì¤f»�d·Zu½{Â] ���Á�É{ZÆÀ�/Ìa��/·�fÀ¯�ÉY�/]��ÂeÂ»�ÉZÅ�f»Y�Za�

��//·�fÀ¯PIDÊ//»�½Z�//¿�Y���Å{//À|��¾//ËY�d//·Zu�Ä//���{�lËZ//f¿�� �
Ã|��Ä�ËZ¬»�|¿Y��¦·Y�Tm1 = 70% Tm  �[�Á�Tm2 = 50% Tm �Á�

k�� Tm3 = 30% Tm��{��½M���Z/ÅTm���Ê°Ì¿Z/°»�Ê¿Z/»��d/]Zi���{�
½{Â]�d]Zi��ËY���ºf�Ì��ÉZÅ�f»Y�Za�d�Y���

��

X(2Y)

 Graph

Transfer Fcn 1

den (s)

1

Transfer Fcn

den (s)

1Repeating

Sequence

Stair

NARMA -L2 Controller

Plant

Output

Reference

Control

Signal
f g

Gain 2

-K-

Gain 1

-K-

Gain

-K -

Constant

-C-

Clock

��
�¶°������·�fÀ¯��Y�Ã{Z¨f�Y�ÃÂv¿NARMA-L2��ÂeÂ»�dÌ �Á�µ�fÀ¯�ÉY�]�DC��



��ÂeÂ»�dÌ �Á�µ�fÀ¯ DC��®Ë�ve��Ä¿Z³Y|m®¼¯�Z]���·�fÀ¯°^��Ä�Ê^���NARMA-L2� �½Y�Z°¼Å�Á�É|Ì�¼m�½ZÆm �� 

  

��
��

� ��[����·�fÀ¯PID� ��¦·Y����·�fÀ¯NARMA-L2��
� �

¶°�������ÂeÂ»�ÉZÅ�f»Y�Za�½{Â]�d]Zi��ËY����{�dÌ �Á�µ�fÀ¯�lËZf¿� DC� �
��

��
��

� ��[��fÀ¯��·�PID� ��¦·Y����·�fÀ¯NARMA-L2��
� �

�¶°������ÂeÂ»�dÌ �Á�µ�fÀ¯�lËZf¿DCd·Zu��{� Tm1 = 70% Tm ���
��

��
��

� ��[����·�fÀ¯PID� ��¦·Y����·�fÀ¯NARMA-L2��
��

�¶°�������ÂeÂ»�dÌ �Á�µ�fÀ¯�lËZf¿DCd·Zu��{� Tm2 = 50% Tm ���



��� ��Ä¸n»�Ê¼¸�±�Ê�ÅÁ�a��É�ÁZÀ§�Á�¹Â¸���|À§Y|a�ÉZÅ¶»Z��Ì£�� ��Ã�Z¼��,µÁY�µZ���,�½Zf�»�������

 

��
��

� ��[����·�fÀ¯PID� ��¦·Y����·�fÀ¯NARMA-L2��
��

�¶°�����dÌ �Á�µ�fÀ¯�lËZf¿��ÂeÂ»�DCd·Zu��{� Tm3 = 30% Tm��
��
��
������ Tm1 = 70% Tm �� �

½Z¼Å������¶°���{�Ä¯��Â������Ê»�Ã|Ë{�����y�d·Zu�¾ËY��{�{Â���Ê/mÁ�
��pÌÅ�½Á|]��·�fÀ¯����¾ÌËZ/a�Ä¿Â³��Ê/³{������Z/Ë��ÓZ/]Ê³{����c|/»��{�Á�

½Z»����
���������Ê/»�{Â/y�ÊËZÆ¿��Y|¬»�Ä]�ÄÌ¿Zi���|/��,������Ä/¯�Ê·Z/u��{�
���·�fÀ¯PID���Z]���ÓZ]³{������{Á|/u��Y��/a�Á�Ê��
�����¾/ËY�Ä/]�Ä/Ì¿Zi

Ê»��Y|¬»�|�����
��
������� Tm2 = 50% Tm � �

���¶°��ª]Z�»������������·�fÀ¯�ÊmÁ�y�d·Zu�¾ËY��{�NARMA-L2�

���½Á|]�0Z^Ë�¬e¾ÌËZa���Ê³{���ÁÊ³{�ÓZ]�������½Z/»��c|»��{�Á��
����Ä/Ì¿Zi�
��Ê»�{Ây�ÊËZÆ¿��Y|¬»�Ä]���·�fÀ¯�Ä¯�Ê·Zu��{�|��PID��{Á|/u�Z/]��

���Ê³{�ÓZ] �{Á|u��Y��a�Á�
���Ä/]�Ä/Ì¿Zi�����{Â/y�ÊËZ/Æ¿��Y|/¬»�
Ê»�|�����
��
������� Tm3 = 30% Tm��

���¶°��ª^�������������·�fÀ¯�ÊmÁ�y�d·Zu�¾ËY��{�NARMA-L2��Z]
�{Á|u���Ê³{�ÓZ]Á� �{��½Z»��c|»��
.����ÊËZ/Æ¿��Y|/¬»�Ä]�ÄÌ¿Zi
{Ây Ê»���·�fÀ¯�Ä¯�Ê·Zu�{�|��PID�{Á|u�Z]������Ê³{�ÓZ/] �Á

�{Á|u��Y��a��
�Ê»�{Ây�ÊËZÆ¿��Y|¬»�Ä]�ÄÌ¿Zi��|������

��
1. Undershoot 
2. Overshoot 

���ÄnÌf¿�É�Ì³��
�·�fÀ¯��Y�Ä·Z¬»�¾ËY��{ NARMA-L2 ��Ä°^/���Y�½M��{�Ä/¯���ÉZ/Å

���d�Y�Ã|��Ã{Z¨f�Y�Ê^����µ�fÀ¯�ÉY�]�,��������Â/eÂ»�®/Ë�dÌ �Á�dc�
Ã{Z¨f�Y��·�fÀ¯�®Ë�Z]�lËZf¿�Á�PID|��Ä�ËZ¬»�� �Ê³�ËÁ��É�/e�]�Á

����Ä°^��\ËY���sÔ�Y�,É{ZÆÀ�Ìa��Á���������¾Ìu��{�Ê^��½{�¯�Z¯
����x�Za�½{Â]�¹ÁZ¬»�Á��ÂeÂ»������cY�ÌÌ¤e�Ä]�d^�¿�ZÅ���Ê¿Y�Á{�Êfz·(J)�

�­Z°��Y�Á�(B)�d�Y���]¥Ôy����·�fÀ¯PID������Ê°Ë��ÌÌ¤e��iY��{�Ä¯
�f»Y�Za��Y�Ì�¿�µ|»�ÉZÅ�JÁ�B ,����d/�{��Y�Y��{Â/y�Ä/ÀÌÆ]�ÊËY�Z¯�

Ê»�{��������f»Y�Za�{|/n»�ºÌ�Àe�Ä]��ZÌ¿�Á�|Å�������Á��,{�Y{��/·�fÀ¯�ÉZ/Å
���������{|/n»�Ê/uY���Ä/]��ZÌ¿�É{ZÆÀ�Ìa�{�Y|/¿������cY�/ÌÌ¤e��/]Y�]��{�Á�,�

ZÅ�f»Y�Za����·�fÀ¯�É����Ê»�sÔ�Y��Z¯{Ây��Â�]��{Â���½Z¼Å������Ä/¯��Â/��
�|//��Ã{Y{�½Z�//¿,Ä//]�����Y|//¬»��{�cY�//ÌÌ¤e�ÉY�YTm�//·�fÀ¯�,�

NARMA-L2���������Ê/»��/¨u�Y��{Â/y�ÄÀÌÆ]�ÊËY�Z¯����|/À¯��Ê·Z/u��{�
���·�fÀ¯PIDÊ»�d�{��Y�Y��{Ây�ÄÀÌÆ]�ÊËY�Z¯���Á�|Å{�ÓZ/]Ê³{��Á�
¾ÌËZa����x�Za��{�É|Ë|��Ê³{�����Ê»�Ã|ÅZ�»�½M�ÉZÅ�{Â������Á�d/Ë�»

����������������½Z/»��c|/»��{�Ä/¯�d/�Y�¾/ËY�É{ZÆÀ�/Ìa��·�fÀ¯��´Ë{�É�e�]
����Ê»��Y|ËZa�d·Zu�Ä]�É�f¼¯��|���Á������Ê/»�½Z�¿�lËZf¿�¾ËY�����Ä/¯�|/Å{

���·�fÀ¯NARMA-L2�Ê»��������¾Ë�´ËZ/m�ÉY�/]�Ê^/�ZÀ»�ÄÀË�³�|¿YÂe�
�����¶j»�®Ì�Ô¯�ÉZÅ�·�fÀ¯�½{�¯���·�fÀ¯PID��·�fÀ¯�ÉZÅ�Z¯�{��Ê

|�Z].� �
��



��ÂeÂ»�dÌ �Á�µ�fÀ¯ DC��®Ë�ve��Ä¿Z³Y|m®¼¯�Z]���·�fÀ¯°^��Ä�Ê^���NARMA-L2� �½Y�Z°¼Å�Á�É|Ì�¼m�½ZÆm �� 

  

����mY�»��
[1] Horng, J. H. �Neural Adaptive Tracking Control of a 

DC Motor��; International Journal of Information 

Science 1999, 118, 1-13. 
[2] Tang, K. L.; Mulholland, R. J. �Comparing Fuzzy 

Logic with Classical Controller Designs.�; IEEE�
Trans. SMC. 1987, 17(6), 1085-1087. 

[3] Rico, R. M.; Anderson, J. S.; Kebrekidis, I. G. 
�Continuous-Time Nonlinear Signal Processing: a 
Neural Network Based Approach for Gray Box 
Identification.�; IEEE Workshop on Neural 

Network for Signal Processing 1994, 596-605. 
[4] La, Y. F.; Lau, C. C. �Development of Fuzzy 

Algorithms for Servo Systems.�; IEEE 

International Conference on Robotics and 
Automation, Philadelphia 1988, 24-29, 65-71. 

[5] Nouri, K. H.; Dhaouadi, R.; Braiek N. B. �Adaptive 

Control of  a Nonlinier DC Motor Drive Using 
Recurrent Neural Networks.�; Applied Soft 

Computing 2008, 78, 371-382. 
[6] Dzung, P. Q.; Phuong,  L. M. �ANN Control System 

DC Motor."; International Symposium on 
Electrical- Electronics Engineering ISEE 2005. 

[7] George,�M. �Speed Control of Separately Excited 

DC Motor.�; American Journal of  Applied 
Sciences 2008, 5(3), 227-233. 

[8] Hagan, M. T.; Demuth, H. B.; Beale, M. H. � Neural 

Network Design.�; PWS Publishing, Boston,  1996. 
[9] Longo, G.; Brescia, M. �Multilayer Perceptron.�; 

http://Voneural.Na.Infn.It/Mlp.Html. 

]��[��Z//��Ì¸��,Ê¯�Z//¿Y�Ê¬Ë|//��Á�Z//��|Ì¼u�,É��//y�¦Ë�//��
���ÂeÂ»�dÌ �Á�|À¼�ÂÅ�µ�fÀ¯dc�, ��¿Y�¨À¯�¾Ì¼f�Å

���Ê�|ÀÆ»�ÊËÂn�¿Y{��������,½Z/»�¯��ÀÅZ/]�ÃZ´�/¿Y{�,½Y�/ËY�©�]� �
������, �ÂË�Æ���������

]��[�����������/¼v»�,Ê¿Z/Ë{�Ä/¼m�e�,Â/°ÌÅ�Â�eZ¯�,ZeZ³ÁY|����Ê/�|ÀÆ»
µ�fÀ¯��µZ��,¹�ZÆq�_Zq�,�¿�cY�Z�f¿Y�,�������

]��[��»��Á�,É|¼//��Ä//¼m�e�,¹�,É�Z//fz����{�]�Z//¯�matlab�Á�
simulink �Ê�|ÀÆ»��{����,µÁY�_Z/q�,½Z/�Y�y�cY�Z�f¿Y�,

�µZ��������
]��[�������«Z]�|¼v»�,kZÆÀ»��,ÊeZ^�Zv»��ÂÅ���Ä°^/��Ê¿Z/^»���ÉZ/Å

Ê^���, ,�Ì^¯�Ì»Y�Êf À��ÃZ´�¿Y{�cY�Z�f¿Y�,ºnÀa�_Zq�
�µZ��������

]��[�����Ê¨��»�,ZÌ¯�Ä°^���������{�Ê^�/��ÉZ/Åmatlab���,��cZ»|/y
��¿����,¹Á{�_Z/q�,�^/��Ä/¿ZËY��½ZÌ¯ �����������µZ/��,

�������

http://voneural.na.infn.it/project_members.html#longo
Brescia
http://Voneural.Na.Infn.It/Mlp.Html.


��� ��Ä¸n»�Ê¼¸�±�Ê�ÅÁ�a��É�ÁZÀ§�Á�¹Â¸���|À§Y|a�ÉZÅ¶»Z��Ì£�� ��Ã�Z¼��,µÁY�µZ���,�½Zf�»�������

 

��
��
��
��

 


	مجله پدافند غيرعامل-شماره 2=با دانشكده=1390.pdf

