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1 Inverse Kinematics Problem 
2 Redundant Robots 
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3 Minimum Square Error 
4 Inverted BP Neural Networks 
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5 Pseudo-Inverse 
6 Degree Of Freedom 
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7 Learning Automata (LA) 

Learning Automata 

Environment Set of Inputs 

Set of actions {α} 

Set of Responses 

Set of Inputs {β} 
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End For 
RandomInit(Θ) 
Θbest = Θ 
tooltip = f(Θ) //Forward Kinematics Function. 
curDist = Distance(tooltip, destination) 
minDist = curDist 
n = 1 
While (n <= MaxIteration And curDist > τ1) 
  For Each LA Ai in the set of Learning  Automata do in 
Parallel 
      Choose Action θi(n) according to pi(n) 
  End For 
  tooltip = f(Θ) 
  curDist = Distance(tooltip, destination) 
  If curDist < minDist Then 
    Θbest = Θ 
  End If 
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End For 
RandomInit(∆Θ) 
∆Θbest = ∆Θ 
tooltip = f(Θbest+∆Θ) //Forward Kinematics Function. 
curDist = Distance(tooltip, destination) 
minDist = curDist 
n = 1 
While (n <= MaxIteration And curDist > τ2) 
  For Each LA Ai in OSCLA do in Parallel 
    Choose Action ∆θi(n) according to pi(n) 
  End For 
  tooltip = f(Θbest+∆Θ) 
  curDist = Distance(tooltip, destination) 
  If curDist < minDist Then 
    ∆Θbest = ∆Θ 
    End If 
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    End For 
  End For 
End While 
Output Θbest+∆Θbest as the final Result 

 ����: �����	
� �
� ����� �� ��� ��������  

� ����� ���	
  ���
  

       � �� ���� ���� 	
��
 ����� �� ��� �
� �� ��
����� ����  ���   ��
��
 ����� ��
 �!�  �"�� � [8]    ���� ���# $��%�& 

�� ����'
� .      ()# �� �" ���� �
�*       ����� ��� ��# ���� +�,
 - �� �,/�0 1�23�  �#�� . +�0   �� ��%��� 4��
 +��� ���5 ����

    �67 �� �8����� �9:
 �8 )     +� �<� ��7�& �=
 �� +!�� (  �� ?:7@ ��A
 �,/�0 1�23� �� �#��B      ��
!%7� ����� ��
 ����� ��
� 

���. �)A3��CA� ��8������' )�DE �AF ( ���� �
� ! %A
        1�2�3� ��AG�� ��8 ����� ��)�� �
���:� ��!��H�  ()�# ��*  I�,�� 

��# �
�.   

  



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

 �AJ# ��  
����<�    �3���3� �� B��7�& K�L
� �8   �A&��
 �S-LRI   ��A&��
 M�
 ��  NO/N   ��� ��# ���D��� .   B�
���� �!QR  ���:�
 �

  �
����  ����� K!� ! 1!� (S���
��  T�A3��� mm101 =τ ! mm32 =τ  ���7�& ��=
 ��   ���� ���# .     ����� B$��%�& ��
� ��

���� �� ��
����� �
���" �����  �,
���� ��81!�� O  ���D������ ��#[8].  

 *
�-. :/��� '����01 ��2  

.���� ����)mm(  ���� 	  ���� 
  

X 3/�35  &/657  

Y &/.56  �/855  

Z &/��9  9/�85  

  1!��U       ���� �!� �� �� ��
����� ����� �LA�
         �������' V�W��� �
���:� X��� ��� �,�
���� ���8 ��5�)precision(  +�,�
 

��  �8�.   �8
�  ��:� �� 
   � ��# $��%& � � �
   �9/ ?���� 1!�� �� UN    ����:� X��� ��� ��
����� �����Y� A �C���   �������'   ��5�

�� �#��.      �
� �� �" ��9
��8  1!��  ��� ��# ���� +�,
  �
��
 �9:
 !� �8 ���� �9/ �
���" X��� �� �5�-  ���� ���� ���� 

 CZ�8 !A  �   �9/ �A�
�A�     ���:� �A�8 X��� �� %A
 K!� �
��
 �����5�B �CA�" �� �#��.  ��8�����
 ��8�,� ��O ! U  ����AAG3 �" 

    G3 �� �J[
 �� �9/AA    � +�,
 �5� ������' ����  �� �8�    ��� B�D& +��3� ��\[� ��7�& �=
 ��  B��#  ���� ]��W9� ���:��  �������' 

�5� - ��   �#�� .     ��8�,� �� �" �Z
���

    1!�� �� 	U ��   +��3�
A�7�& �L� 
 ��� �B�5� ��
� �8�" �� �"   ����� ���<���� 

  �WS�� �� ���� 1!�        �!� �2:� �9:
 �� ��:
� ��   �
�#  K!� �WS�� �" ��
�����  ��
   �� �)�" �
��3 �
 �<����' ��7��   1��J5 (���5 

��C�
� !    ��9/ ^���
  �� ��L
�   ��# .     _�%� ��A[� ��L�[� ��67 B�5� �S �� �A� +��� ^�� �� ��
� ��� ���� ��# �WS�� ! 

 ����� 1!�
��   �� �CA�"  �� �A& �WH� ��8  �2:� �� �!� ��:
� ���� ���� `��' ! ��7���� �8��/ �"   K!� ��WS��  ��
������  ����5

�� 
  ��7�  ]���]�W9� �
� �#��.            ��WS�� �� ! ��A�� �2:� �)
�%
 �� 1!� �WS�� �� ��
����� B�5� ������' T��C� �A=C3 �� ���

�� �8�" �� ��
��A5�� �WE�7 ����� %A
 K!� �8�.  

 *
�-6 :;<� =��>� ����?� @�0� �� �!�"! �A?! 
� ���� ��"���� BC��� /��1 ;D�� ��A( E���"� 
 FD���  
�������� �	
  �  �  
  �  �  �  �  �  �  ��  

��� ������  ��/�  �/��  �/��  �/��  �/�  �/��  �/�  �/��  �/��  �/�   ������  

����! �  ��� "#��!  �/��  �/��  �/�	  �/��  �/��  �/��  �/��  �/��  �/��  �/��  

��� ������  �/�  �/�  �/�  �/
  �/�  �/��  �/�  �/��  �/��  �/�   ������  

����!�  ��� "#��!  �/��  �/�  	/��  
/��  �/�	  �/��  �/�	  	/��  �/��  �/�  

��� ������  �/��  �/�	  �/��  �/�  �/	  �/�  �/��  �/��  �/��  �/��   ������  

 ����!�  ��� "#��!  �/��  �/��  �/��  �/�  �/��  �/��  �/��  �/��  �/��  �/��  

��� ������  �/�  �/�  �/�  �/�  �/�  �/�  �/�  �/�  �/�  �/��   ������  

 ����!�  ��� "#��!  �/��  �/�  	/��  �/�  �/��  �/��  	/��  �/��  �/��  �/��  

 



0

2

4

6

8

10

12

1 2 3 4 5 6 7 8 9 10

���

��
�
 �
��
��
�

  

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10

���

��
�
 �
��
�
�
�

  

 
��
��� :�� �� ���� ����� ���� ��������� ��
�� ��!� ���� �"� �#$�
�% ���

�$&'()* �  

 
��
���  :�� �� ���� ����� ���� ��������� ��
�� ��!� ���� �"� �#$�
�% ���

�$&'()* �  

  

  ��  1!��@    �)A�
a ��
����� 	
��
 �� ���<C,A' ��
����� 	
��
  �� ��# $��%&[8] �[
�:� �# ���� �.    ��" ��9
���8 �� 

  1!�� ��� ����    ���<C,A' ��
�����   �
��:�  �CA�"��<� ��:� ��
�� �[�� ��A' �)A�
a ��
�����  �C".K!� �
��
 ���� ����  �
,� 

�����
 ' ��A��<C,� �
�9/ b�J
�:3   �)A�
a ��
����� ��9/ �� �
�%
 ��3A� �� "�C )  �!��Sc/N  ����AWA�  (   1!� ��
��
 ����� ���� 

����
,�  ��� �9/� ����� 
 ' ��A��<C,� ��A[� ���"    ��� �9/ ���:� �� � �  �)A�
a ��
���� �� �#�� )   �!��Sd/@  ����AWA� ( ��! �  ��

 Be�R��� �9/ ?����� ���" �)A�
a ��
����� ��� .  

 *
�-8 : '���!G �����	
� �� H���! �C��?�[8]  

  
 ��������

$%
�&'() 

 ��������

*+%��,  

��� ������)mm(  �/�  	/�  
 ������  

��� "#��!)mm(  �/��  �/	  

��� ������)mm(  	/�  �/�  
 ������  

��� "#��!)mm(  �/�  �/�  

� � ���� ����	  

   �
� �����:�     �3���3� �� �C�J� ��
����� �
 �8      (�S ���� �A&��
 � ��\[��  A3��CA��      ��# ��f��� ��
!%7� ���<3��� g��)Y� �. 

�����
 ' ��A��<C,� ���� �� �WS�� !� � �#�� .  �� ���D���� ��� 1!� �WS�� �� ��R��L�  �� ��8�3���3� �� �  �
&��A ��:3
 �J�  �
���:� �� 

   � ���� ���� �^�23�� �
         �� ���D��� �� K!� �WS�� �� ! � � 
  ���:�
 �:3 �
J� ��:� B
�5� A   �� �J���H� �^�2�3� h�  ���# .  	
���


�AJ#  
����<  �� +�,
      ������' iAHE ]���
� �� �" �8��5� �� ��
����� �
� B #�� ���/ �
���" �
��3 ��
�%
 ��<���� �� ! �� ���  

  ���& ����8 �CA<�. 
)� ,� �� )����� �Q
' ��A��<C,�' A ��"�j �� �5� ������' ]�W9� ���:� +��
���� h
� �9/ ! ��  ��#�� .

��)  +�=C3A� ��/ "��    �5� ������' �<#!� ?��3� �C�#�8 )  ��8�3���3� ��C
���  �
&��A�( �CZ�8 ! A�� � �)  ���D���� +��� ��<�5� � 

� �!�D����� �<��23������ ! �Y��9� �H3 �!�D�� �� � �#��.  


���
��   

[1] K. A. Buckley, S. H. Hopkins, B. C. H. Turton; "Solution of Inverse Kinematics Problems of a Highly 
Kinematically Redundant Manipulator using Genetic Algorithms"; Genetic Algorithms in Engineering Systems: 
Innovations and Applications, p.p. 264-269, 1997.  
[2] J. J. Craig; "Introduction to Robotics: Mechanics and Control"; 2nd Edition, Addison-Wesley, 1989. 
[3] J. Guo, V. Cherkassky; "A Solution to the Inverse Kinematic Problem in Robotics using Neural Network 
Processing"; Proceeding of IEEE International joint Conference on Neural Networks, vol 2, p.p. 299-304, 1989. 
[4] R. Koker, C. Oz, T. Cakar, H. Ekiz; "A Study of Neural Network based Inverse Kinematics Solution for a 
three-joint Robot "; Robotics and Autonomous Systems, vol 49, Issues 3-4, p.p. 227-234, 2004. 



[5] Y. Kuroe, Y. Nakai, T. Mori; " A New Neural Network Learning of Inverse Kinematics of Robot 
Manipulator";  International Conference on Neural Networks, vol V, p.p. 2715-2720, Orlando, Florida, 1994. 

[6] K. S. Narendra, M. A. L. Thathachar; "Learning automata: an introduction"; Prentice-Hall, Englewood Cliffs, 
1989. 
[7] A. C. Nearchou; "Solving the Inverse Kinematics Problem of Redundant Robots operating in Complex 
Environments Via a Modified Genetic Algorithm"; 1997. 

[8] J. Parker, A. Khoogar, D. Goldberg; "Inverse Kinematics of Redundant Robots using Genetic Algorithms"; 
Proceeding of IEEE International Conference on Robotics and Automation, p 271, 1989. 

[9] F. Pourboghrat; "Neural Networks for Learning Inverse-Kinematics of Redundant Manipulators"; 1990. 
[10] S. Tejomurtula, S. Kak; "Inverse Kinematics in Robotics using Neural Networks"; Information Sciences, 
116, p.p. 147-164, 1999. 


