
,*�!. �7-                                                                   ���3 ����� �1 ����� 1388 ��&" ��	-�
                                                    
 

Journal of Control� Iranian Society of Instrument & Control Engineers http://www.isice.ir �= �,��, E ���	
 4���	� -���, ����	
 ����4,��, C 

 

 ��� )*"+��9	������ <(* )*"+ C"D��"(OWA) )�/ ���� <".*( ��

�	� E�' C"  

*>?=�� �.� ���1)��< =,��� �2��,�0, ���� ;��� �3  

1 =e�� )��
= )*�<�,- =  ����	
�K�����9 E M*�0 �+,E �%�, =,Bc ��T<�,badello@myway.com 
2 � �=���,�4,��9 ��T<�,= �9*�s�
 E e�� ���	� ��_<�,= �	��*$ hB,=�! E ���	
 ���0 6'moshiri@ut.ac.ir  

3 = ����<�,�4,��9 ��T<�,= �9*�s�
 E e�� ���	� ��_<�,= �	��*$ hB,=�! E ���	
 ���0 6'�arabi@ut.ac.ir  
  

��"9J: �BE�, B,  �(O< E�� y*	� E �=���H C��= �,��, K,����9 B, �=�&��, E =*� � )�,=�� ���� )����� )�$=����
 �= �$ K���
 ����9��� -�	A )�$==�H � x*�� . ,�A G�, �,=�*[�� �"�[ G��$, B, K��� )�$ �=,= 6�
�9 �?*� K��� )��� ����� �= -�,���	�

 *�� -����� �� K��� N��O )�$�*�	� P�*9 ��/���= K�0%X, =��B Y�+ B, 4,*�� �
 =*� � -��|9 ��T	$ K��� �	��� =�_��0 �

 6��	 ��E� �� ,� ���c E �=*�� �=�&��,=�
 G/���= ,� ����� -����� E =*�� 6�
�9 �T��_� ��.  �?���, ����� ;� �� ,���, �?�� -�, �=

 K��� )E��� ,� �,��BE 69� )��H -�T��� hE� ����c �&�
 E ��
 ����� E �$ �=,= 6�
�9 N��O )���E� )E���x�� -�  �=��!
 4��� ,��c ��� )B�� ���� E ���0 J���� E �=*�� )B��Y�	
 � . �=�&��, )=�&� �(�	 hE� ;� B, �$�*�	� 4BE 6��. -��]9 G��

]�* �� ��*9 �� �
 ��/�H �L� �= �E�	� ,� ���BE 6��. K��� �	��� E ^��� =�_��0 G�� ��,��, ��+� �= E �=*��� K�0%X, E K��� G
0 )�$ =����
 �� G���� �= ��	_� ���59 ���BE 6��. �$�*�	� P�*9 ��� 6�
Y�B,=�! � hE� -�, ���.�

)�"7. 
�:7.:  �$ �=,= 6�
�9,  x�� -� K��� ,�,��BE 69� )��H -�T���.   

Abstract: Robots have different applications and using various precision tools is considered among features of 
such robots. Thus combination of robot data is of considerable importance in planning robots since optimal 
performance of robots ensures when a great volume of data received by different sensors of robot can be used 
best and can be combined by a suitable manner to achieve the best result. By a brief study of different methods 
of data combination and their quality and quantity comparison, this article deals with ordinary weighting 
averaging method on mine detector robot and describes the practical assimilated results. A unique method is 
used to determine weight coefficient of sensors and weight coefficients are considered floating in executive 
stage for the purpose of optimal performance. Weight coefficients change based on robot state and data 
obtained by sensors. Practical applications of this method are finally described. 
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 �I WI�0 . �I_� B,  Wo�I� 

 YI� �=  �I	�B  Y��I(9  )�I�H�  6I�
�9  �I$���] E  W�_I<9  ̂ ��I9  Y��I(9 

G�,.[16] ;� B, �*� �$�H �=�Ec�� 4��  M�I�9  �I$���]  YI�  �=*I�� E B, 

)*� �T�= �=  �I[��  =�,*I  �I_	�,   �I_� W�,�I+ B, 4c  �I$  �=�Ec�I�  =*I� 

G��$, ,��! � �	
. -�, E=  ��I�  �I�  �=�&�I�, B,   )�I$�T��0AND E OR 
��=�H � �� ����] ^�,*9 6�
�9 ),�� .=�T��0 OWA  � M���, ^���9 y*�

��� �
� G?�+ E= 4�� �= �
 �$=�   4c 4,*I9 � E� -�, B, E =��H � �,��
 G�"�[ �� )�T��0 ,�AND-OR ����. -���O�  ��I�  �H�I�  -I�,  �IT��0 ,� 

�/�] =�
 E 4*	
�9 B, )*� =*[ E, E -���� �����  �I$=����
�)�T�= E 
�O�� )�$ )���� ),�� 4c� �o,�, ��� G�, [6].  

�0*	( ��(0 )�$ �_��15 �� Y���� )�$ ��(0 �����'9 ��������� 

GO� )�,�/, �� M�� �	��$ )�,�/, �
 �]� �  �I		
  =�I_��0  )����I��� 

��(0  �_�d*I?*�� ,�  �I���9  �I		
. B,  �I��c  �I
  �_�I�  )�I$  ��I(0 ),�,= 

����,*9 4���� ���*9 �= )��H=��  ��?�I E  �I$���/�  ��	�I�$ �=  )���I�� B, 

=����
 h*$ )�$ �0*	( �� ��
 ��/�H ��� ��, .�_�� ��(0 ;� W���9 

�'[��\ )E� K�0%X, )=E�E M���,  �I  �I$=  �I
  �I�	  �I�  ;I�  �,=�I� 

� ��E�[ =*�. -�	A �����9 � ��,*9 ���< ;�	_9 )�$ ��*[  )�I	�16 
����T� B, K�0%X, �� N��O )�$ ���= G�*$ ����. -�,���	�  �_�I�  )�I$ 

��(0 � �	�,*9 ),�� W���9 K�0%X, �	A �T�+ ��   M%I0, ;I�  ���I< 

�= =�* G�*$ ��� �=�&��, ��*�.  �I�  -�I�$  K�*I" B, 4c  �I$ �=  ����I
 

)�$= ;�9��� � ��� 4,*9 ;�
  GI/�H.  �I�  *I	04,  ��Iu �= [8] B,  ;I� 

�_�� ��(0 ��<HB�� ),�� 6�
�9 )=E�E K�0%X,  �I�  �I	��O9 B,  GI?�+ 

)�]� �=�&��, � =*� �
 n�$ 4c 6��]9 ;� K��� ���� ����   )B�I�
��� G�,.  

��� ��/�H M��?, )���E� N��O M*�0 B,�

 B, G�, K���0 K�0%X, 6�
�9 �= ��� ��/�H ��_� M*�0 :  

1- � G��B  M*�0���	   GI�, y*� E= �� =*[ �
: )    YI�0 E �I��	<�,E� YI�0
 ���	� 6(0( 2- ��[�	� M*�0  

 

3- E�' C" 
�	�  
=*�* K���,�H i��, ���    -I/= )�I$ -� S��? B, ���= �*<
 -�*� 4,��,

G�, ��� .�=  �*X8         �I� �?�I� 4,�I�, �I��0 �I� e,�I0 �I����9 �	� ���16 
 �= -� 4*���}��� )B�  x*	� E x�\   �I|]� �I
 G�, ��� ����
 �*<


CX�	 4=*� �*�]?, 6]" E �=��/, �E= G�]� ,     �I�$ E ��I�� ���I� ��<� �u	[
������ 4���L� E )=�0 M=� -�� B, ,� )=��B =,�/, �?�� �	_�. �u	[ E N<


  
14 Ordered Weighted Averaging 
15 Artificial Neural Networks(ANN) 
16 Clustering 
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-� )B�� G�, �	��$�! E ����'[ ����� ���0 �$. =�,= =*�E ��, -�,   �I

	�,*�� x�� -� )��9���    -�I �I	��$ E ���I��, K�&�9E �=*�� ^/� ,� �'[ -�, �

���� �$= l$�
 ,�.  

*�����  n,�$, B, 4,*�� ,� N��O )�$ -� y,*�, 4=�
 �u	[ E -�/��
G��,= x�� -� K��� ;�.  �����9 ;�9��� B, �[�� -�, 4=*� -�*� �� ��*9 ��

 ��� C�� -� -�/�� E *���� �	]� �E, n�$ E= G&H 4,*9 �   �I, GI�,
 -�, M���, �� �=�� �.�+ ��+ )�$ K��� �-� 4=�
 �u	[ �	]� M*� =�* �=

���� ��� =*�* )�$ -� N��O y,*�, =�* �= Y$ 4c ��
.�
3-1- i&�� E�' C" 
�	�  

     ��I+ )�I$ K�I�� -��I9 W�
 B, �_� 4,*9 � ,� i*�E x�� -� K���
G��,= �.�+� ,=�! ;� B, )��H ���� �� K��� -�,  �I� �=�� G0�� �! ) ���B

   -�I b�OI<9 Y���� ;� B, K��� -�, �= G�, 4c N<
 E -� )*����
 )��/ B, �_���%! )�$ -� ;�_&9 E *���� C�0 �
 ��� �=�&��, ��/�<�!

G�, -� b�O<9 Y���� -�, )R�� )�$ G����� E�� . B, ^�,* b�O<9 ),��
        K*" e*/ � )�$ �Ed�)ultra sonic( 
  ) ��I		
 G�,�$ Y���� �� �

G�, ��� �=�&��, =�,= }��9�, )�
�.  
       �o�I+ ���I�� �,*I�$ �I� CX�I	 �= GI
�+ S��? �� K��� -�, �_���_ lO�
        �	I� �I�
�+ M����I_ �I� �_��I9 Y�I��� B, �*IL	 -�, ),�� ,r? =*� G��$,
       i*I�E x�I� -�I K�I�� �= M����I_ -I�, B, �=�&��, S��? �� �
 �� �=�&��,

�,G�, �=*� ^��� E ���� �,�.  
  
  
  

  
  
 

 W_�1- i*�E K��� ����� )��� )�
� G�,�$ Y����  
  

  GI�?�]/ E ��[,=�! *���� �� �	��*$ %�
 K�*" �� K��� -�, �
 ���c B,
 G0�� 4=�� �9R�� �A �$ G�� ,r? =*� =��B ����� lO� -�, G��$, �	
 �

 I[ )�$ ��		
 ���	
 ��� ���� W�� B, lO� -�, �=,*��atmel    E�I_� �I	]�
 )�$ �?��	
AVR       4,*I9 �I ��I(�[, �I� ,� lIO� -�, ) �&��E �� �=�&��,

=�II
 4�II�� -�II	A;� �II$�*9* �II��� B, ����II� )��II<O� ) �II��
 �II� }�II�9�,� 
�$�*�	�� E -� b�O<9 Y����...� �'�� )�$ �=,= G/���=�  �=,= hB,=�!

�$�        �I" E hB,=�I! J��I�� i�I�, �I� )�I�H Y��I(9    Y�I��� ),�I� 4�I�/ �E
�$ lO� ���� �� �,�<$ Y���� �� ���.  

 ����� W_9E�! C��X B, )�
� ���$ �� ����� )��<O� }��9�,usart   �,�I���
 G�, �X��9�, W_9E�! -�, ���� G�� ���
�,�/, GO� B, �=�&��, =*� �

 =E�I� )�|/ �� ��*9 �� �HF�E -�, �
�       B, �I ),�I� K�I�� �I��� WI[,= �=
$,G�, �,=�*[�� ), �=�]?, e*/ G��.  

  
  
  

  

  

 W_�2- K��� x�� ��/ �,���� i*�E K��� B, ����� -� b�O<9 Y����  

  
 G�, Y� G��� E= B, W_<� lO� -�,1-  �=,= G/���= ),�� x����/ �,�

 �$2-  �$ �=,= W���9 G�� ���B,=�!  
A – E�' 07� ���:  

 �
 �$ �
 =*�* )�$ x�� ��/ 4�� B,   WI�0 �I"�[ )d*?*	_9 i��, �� M,
�	
 ��    x�I���/ �,�IIB         =*I� )��I<�� )�I$ GI�� ),�,= �I ),�I� �I
 ,�

Y�=�
 �=�&��, 4c B, G[�� �= E �� x�O��,.  
  
  
  
  

  
  

 W_�3- K��� x�� ��/ �,���� i*�E K��� B, ����� 

  
B  - �/ ���� ����*8:  

! lO� P�*9 x����/ �,� B, ��c G��� M�[ )�$ �=,=   E GI/���= ��I�B,=�
=*� � hB,=�!.       �I� E 4c �B,�I�, E y*I� �-�I b�OI<9 W�� hB,=�! -�,

���� � 4c ^/= E ��*� b�O<9 K,B,*.  ���	
 ��� ;� B, �*L	 -�, ),��
   �I_� �I� ,� Y���� -�, G���� �= �
 ��� �=�&��, 4c ����� K,�,� E ��		


� -� b�O<9 =*�* )�$ Y���� -��9 W�
 B,G�, �=�
 ��.  
 V��& j"�B( � `!� �7k�� A��"�  

       4�I��, GI?�[= 4E�I� E ��I
=*[ %�I
 K�*I" �� K��� -�, �
 �����c B,
�	
 � G�?�]/�       E GI
�+ ),�I� ��I", ) �IBR 4*I,��! P�� B, �$�Hc

G�, *����.  ��"�/ )��H �B,��, -�	Z�$ E 4*,��! ^�,* b�O<9 ),�� ,r?
 =*�* ^�,* �9 K���   ��I
 �*I", ���� �=�&��, K*" e*/ � )�$ �*�	� B,

    GI<H�� E GI/� 4�IB )��H �B,��, E K*" x�9B�� i��, �� �$ �*�	� -�,
G�, ��"�/ )��H �B,��, ����� �= E K*"�   �$�*I�	� -�, =�� �u
,�+4   �I�

 4c W�,�+ E4       �I_���/ GI?�+ �I��59 �I� e*I/ ��=�� ���?, �
 G�, �� �����
�H E ��	���/G�, ���59 W��� ����.  

  �I��c B, �_� �
 =�� � ���� ;��*�,��?c �Ed� E= B, i*�E x�� -� K���
    �Ed�I E �I	
 �I W�0 ������= K�*" �� =�,= �,�� K��� -���! G��� �=
 �I	
 � W�0 �*?��c K�*" �� =�,= �,�� K��� )R�� G��� �= �
 )�]�. 
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 G�= �� ,� ^�� �9 ��"�/ �*?��c G���1 � �u
,�+ ��"�/ �9 E �� ����4  ��
    ��,*I�= �I� K�I�� =�*[�� B, )��H*�� G�� ������= G��� E �$= � � ��
    GI��� b�OI<9 WI��� �*?��c �*�	� �� �
 ;A*
 )�$ ^�� -�	Z�$ E �$

G�, ��� ���]9.  
  
  
  
  
  

  
  

W_�4- i*�E K��� ^�,* b�O<9 E J	� ��"�/ �,� B, ������

  
E= B, �=�&��, W
 �=    E K�I�� =�I_��0 =*��� �= K*" e*/ � �*�	� G&�

 ��t�9 P�� �= =*�* ^�,* �� =�*[�� G�� �� K��� G�	, 6��. 4=�� R��
=�,= ��,���.  

K��� ��
�+ M����_ E ��� Y����  

  GI�?�]/ P�� �� ��*9 �� �	� G
�+ M����_ �� ����, ��� %�� �
 �*'���$
E��� ),�� G�, ��� ���]9 K���    )�I$�*9* B, K�I�� �I
�� )DC   �=�&�I�,

 �$�*9* K��� 4=�� R�� ),�� �
 ��� ,  �= E ���I� ��/�H ��_� �$ #_���H
�$�*9* ��(9, W
�      WI��� WI�
 Y�I��� ;I� �$ �	� G���� �= E #_���H

G�, �=,= W�_<9 ,� n�']�, .  )�I$ �*�����,�9 B, �$ �*9* �*�,�=TIP   ��I��
 B, �=�&��, �
 =�� � ���	
 G����� �$ �	��$ 4=�Ec -���! �� �E%0 �*�����,�9
hE� P�*9 G0�� PWM�	_� ��r! 4�_, ���,�.[17] 

3-2- 
�	� )0'� ���*	 �&l�  
 �= -� )=��B =,�]9 N<
 G�, G��$, �o�+ K��� )��� ����� �= �
 �Z�c

 ���� � 4�B W�,�+ ,)^�,* �� K��� =�*[�� 4E�� ( �/�] Y���� �� �9 ���
    =�I_��0 �I9 =��rI! K�*" ���� �9,���59 �, Y�, ��� Wo�� n�$ -�, �� )�+

 ==�IH �%", .          ;I�	_9 B, �=�&�I�, =*I� �I ��$�I< �HB�I9 �I� �I
 �IZ�c
     ���I� �I� G�I�� ,� K�I�� =�_��0 �
 G�, ^�� b�O<9 �= ��*(9 hB,=�!

   �I<O� �I =*I��� ^�� b�O<9 )�$�*�	��     �,�I� �= �=�,E ��_I�, �I?E E
����� hB,=�! �L�? �$ �= ���� K��� �
 G�, �9�0%X, Y�+. 

         -I�, =�I]�, l�,�I/, �I
 GI�, -�I b�OI<9 �*I�	� �= ���59 �T�= y*.*
       4,�I	A �I
 =�,= �����I� ,� K�I�� =�I]�, l�,�I/, E W�0 G�= l$�
 �*�	�
  ^I�,* �� =�*[�� W_< K��� =�]�, l�,�/, �
 ,�A ���� ��� ��'	 E ���0

=���, ,� �	
 ��  ��_A*
 �*�	� -��	A �=�&��, )=��	<�! W+ �,� ����� �=
 ������ ,� ������� ��,*9 � �
 ���� � ���� �*�	� ;� B, �=�&��, )���

���� ���,= .���� 4c B,:  

-      P�I� �I� 6I��	� ,� �$�*I�	� G�]�* 4,*9 � K��� =�]�, �= ���59 4E��
=*�� Y�L	9 ��� )�,rH -�.  

- G�]�* =�
 -��]9 )��<�� G�= �� 4,*9 � ,� -�. 

-    �I K�*I" ��]��� K�0%X, hB,=�! ��*(9 hB,=�! hE� �� ����� �=
=��H. 

-   ��t�I9 G�9 K��� =�_��0 �
 =�
 )��� ����� ), ��*T� ,� K��� 4,*9 �
=��H �,�� ��� ,��! -� -��[c�  Y���� B, �o�� P�� �T�= K���]�) �����

 �I_��0 )��� K�I�� )= (  �I� �I$,*[.       h*I$ �%'I", P�I� �I� �I�	�, �=
 h*$ K��� =�_��0 �� E ;�9���,)�L/�+ (Y��*H ;��	�=.    �I���� ^I�,E �=

�� K��� =�_��0 )���  h*$ E �_��	�= h*$ -�� 4,*�� �
 G�, ), ��*H
G[�� �,���� ��'	 E ���B W�]9 ;� �_�9���,.  

 

4-   )��#!B"8 ����
 �� B, �=�&��,G/�H �,�� K,���59 ��", �*� ��! Y�� ;� )��� ��! Y��� 

      )�$�*I�	� B, WI"�+ K�I0%X, �I0*�� B, �=�&�I�, �*�� =*�* ���� �,
      n,�I$, �I9 GI�, K�I�� �I� MBR ��
�+ -�,�/ =���, �= �9*" E ���X�	5

   =*I� ��I��= ��*IO� �L� =�* .        B, �t�I� K�I�� GI
�+ -I�, B, l�I! �I9 �IH,
O<9 )�$�*�	�     �I� ,� K�I�� �I��� ��I+ =*� x�� -� �*�	� ;9 E ^�� b�

 b�O<9 )�$�*�	� �0*�� ��t�9 G�9 K��� �
 =�
 )��� ����� ), ��*H
     ==�I
 �I	��� K�I�� =�I_��0 �I9 �$= 4�<� l	
,E =*[ B, E ��/�H �,�� -�� 

    x�I� -�I �*I�	� �� K�0%X, �� ��*9 �� P�/ ,� K��� ,���, �*L	 -�, ),��
����� Y�	
 � =�,E ,� ^�,* b�O<9 K�0%X, #s� �=�
 )���.  

4-1-  A.�2 m	���  
   �I�B �I'�,� C�X ��! Y�� ;� n,�X, �= ��� =���, ���X�	5 4,�� �?�TA

 =*� � �����:  

R
IKB    )1(                                                                                 

   �I'�,� -�, �= K   GI��t 6��I. , I   E ��I! Y�I� 4�I���  R    ��I! Y�I� y�]I�
�����.  W���� ���?, ��t�9 E =�
 G�= ���� ��Z�! Y�� 4���� G�� x�O��, �=

       GI�*�9 6I�* ��I! Y�I� �I$ �= 4�I��� �9 G/�H �L� �= ���� ,� ��Z�! Y��
=*� h�E�� ��! Y�� ���X�	5 4,�*/.  

 ,� y*.* -�, ��B W_� �$= � 4�<� ���� , E d��?E �� Y
�+ P�,E� -�	Z�$
   ��I� �=�Ec WI���� )��?, 6��. E ����?, =*[ 6�+ �� ��! Y�� �$ 4����

G�,.  
  

  

  
W_�5- ��Z�! Y�� B, ;� �$ �= ��� x�O��, 4���� G��  
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dt
diM

dt
diLV

dt
diM

dt
diM

dt
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323112222

212111

�

��

�
             )2(     

    B, �I$ ��I! Y�I� ��"�/ �� W���� ���?, 6��.   =�,= #I_0 G�I�� �T��I_��  E
            4,�*I/ K�I� �I� h�E�I� ��I! Y�I� �I� ��I! Y�I� �I$ )�,rIH ��t�9 4,��

=�,= �T��� ��"�/ -�, E ��� =���, ���X�	5 . 6��	 x�O��, �� 4,*9 � �

   �I+,�X ,� -�I b�O<9 Y���� -����� =*�* W",*/ E ��! Y�� �$ 4����

=�
.  

  

  

  

  

  
W_�6-   �$�*�	� =,�]9 l�,�/,���c -�/�H �,�� �*�� E K��� )E� ��  

�
4-2-    ���F��� <F(* )*"+ C"D��" ��� �� �������

(OWA) �/�&�!� 
�fg3� <".*( ��  
 K��� =�_��0 Y��,= �(� Y�=,= l�,�/, ,� -� b�O<9 )�$�*�	� �
 ��+
 �_�� ����� ��� -��]9 l�! B, ����� ;� K�*" �� �9 Y�o��� ���	
 ), ��*T�

K��� G
�+  =��H W_� ��� N<H -� -��[c i��, ��  ��,�	��*$ �*'�
   hE� B, �*IL	 -I�, ),��OWA      �=�&�I�, �$�*I�	� K�I0%X, 6I�
�9 �=

 �$�*9* �� ���0, G�� MBR )�$d��?E �9 Y�	
 � N��]9 �T��0 �� E �=�

=*� =���, .  

    �I�BE 6��I. 4c GI��$, E G�]�* �� ��*9 ���*�	� �$ ),�� hE� -�, �=
��      �I��BE 6��I. y*I�� �I
 )*I�� �� =*� � ��/�H�L� �= ;� E �&" -

Y�	_� N��]9 ,� �T��0 ��T�c ==�H ;� ��,��.  

 hE� �= Y
�+ P�,E�OWA G�, -�	A:  

* +

j

n

j
jn

J
JJ

bwaaaOWA

WW

�

�





>�

1
21 ),....,,(

11,0                          )3(  

 �T��0 �� B, � ��+ OWA        �I �=�&�I�, K�I�� ;I�9�*9, ��I�	
 GI��
Y�	
. 1- ��0    d�I�?E =�I��, GI�� P�E �*�	� ),�� 6?�\ 4BE 6��. �� �T

 Y���� G
�+ �= �*9* E= �$ i����2-   ),�I� 6?�\ 4BE 6��. �� �T��0
    �IA G�I� �*I9* �� 4��/ =���, G�� G�,� G���*�	�3-    �I� �IT��0

 G�� �*9* �� 4��/ =���, G�� �A G���*�	� ),�� 6?�\ 4BE 6��.
G�,�  

�= Y���*T?, �T�*TA  M,�H��=
*��� G�, ��� bO< ��B.  

 
W_�7-  M,�H��=
*���  Y���*T?, ),��, �*��OWA 

 
 �T��0OM     ��I� �= K�I�� G�,�I$ �*9* E= �$ ),�� i���� d��?E =���, ��

=�,= ���0 �� ,� Y�����  �T��0OR    �*I�	� B, K�I0%X, G/���= ��SL   �I�
�A n�'� ,� K��� �9 �$= � 4��/ G�,� G�� �*9*  �T��0 E ���[�Z�

OL  #_0 ��OR     ��I� )�I$ -�I ���9 K��� 6�9�9 -��� E �	_� W�0
�	
 � ����= E �����	� ,� l�
�+.  

4-3-   <'*F^ C""G( �� ��&+ V'�&( V	�( �� �������
�/�&�!� >��  

        )�I$��5� 4�I� �= �I�]�B*9 -��I9 )=����I
 B, �I_� ��I�� �� ��*H ^�B*9
G�, �/=�(9 .  

^��9 �'�,�  GI�, -�	A ��*H ^�B*9:                                   
     )4(22 2/)(

2
1)( (?

�(
�� zezP �����������������        

- -�T��� : ?
 - =�,�����, n,���,  :(  

 ��I�� ^�B*9 ^��9B, �� U0�� �
 ���0 -�����     4BE 6��I. -�I�]9 GI��
  �I�B �'� �
 G�, -�, Y�	
 �=�&��, �$�*�	�     ;I���,�� ^I�B*9 ^��I9 �I	�	

G�,.  

  
W_�8- ��*H ^�B*9 ^��9 

  
    �I�B �'I� �I�,�� ,� �*�	� �$ 4BE 6��. E �=*�� �=�&��, W", -��$ B, ,r?
   ;I� K�*I" -��� E  Y���T� �L� �= h�E�� �*�	� �� ��� =���, �	�	
 4�<�BE 6��. �� �T��_� B, �$�*�	� ��"�/ E =,�]9 -�� ���B E  ��'	 �'�,�

,=*� � =���[18].  
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W_�9- ���BE 6��. ����� �= ���� ^�B*9 ^��9 �	�	 ��B �'� B, �=�&��,  

 
       -�I�]9 GI�� ,� �=B �*I��$ lIO� G+�I� =*I� � ��$�< �
 ��*T���$
  E= �I$ ),�� i���� d��?E =���, �	]� �E, �T��0 �= P�E �*�	� 4BE 6��.

Y��� � ��_� �*9*.  ��� �$�*�	� ���� ),��     Y�I	
 �I WI�0 *I�� -��$ ��, 
G�, -�	A W"�+ �����:  

OM=0.18SL+0.64SM+0.18SR                            )5(  

    =�I
 WI�0 W_I� E= �� 4,*�� M*� E ME= )�$�T��0 ),��,    ^��I9 B, 4,*I��
         �I� ��I�� ^I�B*9 ^��I9 WI�t �I
� �I��59 �I� �� E =�
 �=�&��, �=B h�� ^�B*9

�� ����	 4BE 6�,�.��. )���� ���0 J���� �� ME= hE� B, �=�&��, �� � �

Y�$= � ��.*9 ,� hE� -��$ ,r? Y�����.  

  
W_�10- ���BE 6��. ����� �= 4������ ^�B*9 ^��9 �	�	 ��B �'� B, �=�&��,  

  
   ��I��� GI�� 4������ ^�B*9 ^��9 B, =*� � ��$�< W_��= �
 ��*T���$

��0 ),�� �$�*�	� 4BE 6��.    ��I�	
 E GI
�+ 4�I�/ �
  M*� E  ME= �T
Y�	
 � �=�&��, �	
 � �=�" �A E G�,� G�� �*9* �� ,� K���.   J��I��

G�, -�	A ��"�+:  

OL= 0.58 SR+0.32 SM+0.1 SL                        
OR= 0.1 SR+0.32 SM+0.58 SL                               )6(  

�9 �� -�, B, � 6�9�9 -��� Y�	
 � �=�&��, �$�T��0 ����� G�� ^�B*9 ^�
          E =,�I]9 �I� �I�*9 �I� �$�*I�	� 4BE 6��I. �I� ��$�I< �I
 ��*H 4��$ E

=*� � ����� �$�*�	� G�]�*.  

4-4- ��� C'� �� �k�2 `'��� � �'�0  
=�
 Y���9 lO� E= �� 4,*9 � ,� hE� -�, B, W"�+ )��,�. 

 1- � B, �=�&��, B, ���� )��,� B, G�, K���0 �
 �*�	� � : �$ -� G�]�*
=*� ,��! )��<�� G�= ���      )��I<�� CI�0 E �'I� 4�I�_� �_���_?, 4���� ��

=*� � *�����      �I��59 ,� �$�*I�	� GI�]�* 4,*I9 � N��O P�,�� ),��
=,=.  

2- B, ���� )��,� hE� �� �$ �=,= 6�
�9OWA B, G�, K���0:   �H=�I�
   �I� �I���� �= hE� -�,       ��I(0 )�I$ �_�I� WIu �	�I�*$ )��I�E� ���I�� 

-� 4=�
 ,��! �= hE� -�, �	��� =�_��0�    -I�, WI�0 G0�� E �'[ l$�

G�, ���� 4c B, hE�.  

       -I�, ),�I� �I
 =*I� �I �Io,�, hE� -�, ��� )B�� ���� E ���0 J���� ��+
 P�II� B, �*IIL	matlab    PII�*9 ,� �$�*II�	� K�II0%X, E ��II� �=�&�II�,

9,��d ��	_��   ��I�0, )�I$ d��?E �'� K�*" �� ����� ����� E �=�
 =���, �*
  =*I� �I �$�� K��� G
�+ G�� �$�*9* ;� �$ �� ���.   J��I�� �I,=, �=

=*� � ��$�< )B�� ���� -�,.  

  
W_�11-  M,�H��=�
*��  �,�/, M�� P�*9 ��� )B�� ����Matlab  

 
  

  

 
W_�12- �= �$�*9* B, ;� �$ �� ����� )�$d��?E  G�]�* �= -� �� �� =�*[��

P�E N��O )�$,G�,� E �A  
  
  

  

  

  

  

  
W_�13- =*�* -� �= �� �	�B �= K��� =�_��0 J����  

  
    �= -�I ;I� �I� K��� 4���� �= ,� �$�*9* B, ;� �$ d��?E �'� �$ W_�
        GI���� �= E �IA G�I� �*I�	� PI�*9 -�I b�OI<9 #s� Y���� ���

�
�G�,� G�� �*�	� ;���9  �$ �� K��� 4���� B, #! =*� � ��$�<
     )��I�,� �= E �=,= GI
�+ ��I� �I��59 K��� G�,� E �A )�$ -� B, ;�
    )�$�*I�	� B, ;I� �I$ K�0%X, 4,*�� ��+ ��$= � ��� �,=, -� 4��$

Archive of SID

www.SID.ir

www.SID.ir


��                                                  hE� )��H��_��,��BE 69� )��H -�T���(OWA))�$ �=,= 6�
�9 �= K��� x�� -�                                                             
��,�0, ���� ;��� �)��< =,��� �*>?=�� �.� ��� 

 

Journal of Control,  Vol. 3, No. 1, Spring 2009  ��� ����	
 ���3 ����� �1 ���� �1388  

 

    �I��59 ^��I �I� K��� 4���� M�T	$ �= E �=�
 W�0 =�,E ��� ,� ^�� b�O<9
 �9 =��H K�*" G
�+ ���=*� )��H*�� ^�,* �� K��� =�*[�� B,.  

     P�,�I� -��I��� �= GI�, �=�I� K��� =*� � ��$�< W_� �= �
 ��*T���$
�$= b�O<9 ,� -� ���A P�,�� -��9�� �= E G<$.  

 �E��1- K��� l��Bc B, W"�+ ���0 J����  
 =,�]9

 )��	�
 ��� N<


G��! �=4

 =,�]9
 )��	�

 ��� N<

G��! �=3  

 =,�]9
�	� )�

 ��� N<

G��! �=2  

 =,�]9
 )��	�

 ��� N<

 G��! �=1  

 B, W"�+ ���0 J����
K��� l[�A �E= ;� 

 �� N��O )�$ G��! �=
-� �= =,�]9 

4 4 4 5 �*�	� ;� �� K��� 

5 5 6 5 �*�	� �� �� K��� 
�X�� hE� 

4 6 6 7 �*�	� �� �� K��� 
OWAhE�  

  

��� �= K��� -�/�H �,�� B, )��H*�� G�� )�,�_9)�*? (   4,*I9 �I
        �I� ��Iu 4,*I	]� �=,= M�I��, �I&��O )�,�I/, GOI� E )�,�/, M�� K�+%",
        )�$�*I�	� �I��]9 E K�I�� PI�*9 ��I� ���I��	� )�I$ -� )�,rH G%0
   )�,rIH GI%0 �
 �	� G�]�* �= -�/�H �,�� �� G�, �=�� K��� ��X*��

�� *���� ,� �$ -� ���� E �=,= ��� ���59 ������.  

�
5- )*"+ �-"��  

 hE� )��H ��_�OWA    �����I� ,� ���*I9 6?�� J���� x�� -� K��� �=
=�,=�     �II��BE 6��II. x�IIO��, �= �II�*H ^II�B*9 ^��II9 B, �=�&�II�, -�II	Z�$

    �I �I&�	 ,� �I��c G�]�* E �$�*�	� =,�]9 l�,�/, K%_< E G�=E��
=B�� .   ,�,= �	�I�*$ )��I�E� ���I� �� ����� �= hE� -�,   E �I��
 �I	��$ )

G�, )��<�� W�0 G0��.     �I�� )�IT�= )�I$=����
 ��,*9 � e*/ Y���*T?,
 l���� G�� �$�*�	� B, ), �0*�� B, Y�$,*O� ��H �$ ^�,E �= ���� ���,=
      �I��= �I�*H ^I�B*9 ^��I9 PI�*9 4,*�� �
 )*�� �� Y����� �=�&��, ���	
 ��

*/ hE� B, 4,*9 � =�
 4��� ,� �$�*�	� G��$,=�
 �=�&��, e. 
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