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          \"L�	 ��b"9���L"P /!��LP �8L!B#3 ��j"	 ���"	
�!
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1. Adaptive Nero Fuzzy Inference System 
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QG    �8:T�	 ��"	
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 �b52 .-&6 F"�G ]W�5 8d���	 �� %��)", ����9G �)	���C 80 O�0�	 ���0 ��!BC  

  

 V��$1 .8�&6 A
�� � ���0  %��)", ���B�  

-&6 , "%��)  %��""#38�	��  
S"W� (6 70-27 

(6 110-70 

\��)	 175-110 


!�� 220-175 

W"S�
 !�� 270-220
               Kd�	 :Aller et al., 1987  
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     ��[, ���	 V�	 ��5  F"�G ^T�    
�M� ��!BC   ��P
  ��I! L ��"	
�!
 QG»   � ��L!
 �\L��)	 �(6 �(6 �S"W

 ��!
 �S"W «L           �,�L5 8L)��� �[, �� ����,�)�� ����� 80 
      ����� �0 F"3�3 80 865  �4  �3  �2  �1    �!��, 80 �,�	G��. 

  
��� 8����	 
�   
�� ��P      ���L$�	 ��P180    ���L	 )71 
���� (         � ��)�� ��6 80 V�	 A
�	G ���0 ��,G73   ���L	 

)39 ����  (        �,�L5 
��M)L�� �G �0�L!
�� ���L0 .  8L)M��,
  ("*L:3 86 �,��,  ��L�0 
���        � A
�L	G 
��L� �� 8L0 �LP

80 ��0�!
�� /�� 8)��� a��,� ����H3 %���.  
  P 8�"�0 ����I	     �"C 
� 
��M)�� �0 V�	 �  ���   ��P

8dI$   a�, ��j0�    ��j��»FST	«1       ��)W�� �� �TW � ��	
G � 
      /�� 
�!��� R""I3 ��HHJ)	 
���!� � V�	 .  ��	
G �0

         8$�3 �0 8�"�0 /9�h �V�	 ����I	 
� �MS)J	 %�d"6�3
      80 �TW �!��:	 � �4)*d�P F!�N 80   �	G /�� .  R!� ��

   8)**� A�� 
� _":�3   d5 �
��8b       /!��L� K0�3 
� ��
Gaussmf2   /!��LL� K0�LL3 � ����� �LL"#)	 /LLMP �LL0 

      �0 
���P �a��6 �P ���0 �MS)J	30 
�5 
��M)�� ����b3 
/�� .  �� 86 L �[, ���	 �$��W �"9�3 80 ���	 �	� R!�

F"�G ���!�   
�ML� ��!BLC      L /L�� �L�"	
�!
 QG ��LP
�	  ��5 .         �L0 QG ^TL� _�� ����� ��P�)	���C6   K0�L3 

���     �0 ]9�W 8!B#3 �/!5     ���J0G \"�	 �/!��� K0�3 
 �LL03 8LL:T�	 `�LLW �/!��LL� K0�LL3 5 �/!��LL� K0�LL3 

   �0 ������C�34        �0 c�d5��"e \"�	 �"fg3 �/!��� K0�3 3 
       �0 �b"9���"P /!��P � �/!��� K0�36     �/!��L� K0�L3 

            � R!�Lb3 �� ��,G c�, � K0��3 ���I3 
� �MS)J	 %�d"6�3
   �5 
��M)�� V�	 8I��3       Q�J),� 8�"�0 V�	 /!��, �� � 

�!��� .         /�� ��6 80 �!�d"P A�� j", V�	 A
�	G ���0
)Riahi-Madvar et al., 2008.(  

   8L��C a��,� ���0          �
��M)L�� ���L	 ��LP�"#)	 ��L�0
  A��IDW    �5 8)��� ��6 80  .   A�� ��IDW    
� z! �P
8,��,   

��,� ��P  ��"�       O�:, ���G�0 �� �Xj$ ��"fg3 
�5

 ��� �Y��
              �"fgL3 ��jL"	 
� �8SL��� �!�j�� �0 86 �,��� �P
  �L	 8)��6   ��L5 .           �
� �8L,��, �L�	 zL!�j, O�L:, 8L0

  �	 
��� ��)+"0            �L)�6 �
� �L3��� O�L:, 8L0 � ��5 . 
�
 A��IDW ���LL0 ���� 
��� �!��LL� �0�LL!  
��M)LL�� �LLP

 �LL	   ��LL5)Feng  �����LLb�P � Dorninger; 2006 � 
 �����b�PNegreiros; 2005��b�P �  ���2008 .(  ZLT0��

���� �LLS6  A�� _LL!�' 
� �0�LL!IDW �X�*LL	 ���LL0 
��I0��3  8LT0�� %��� 80 )1( � )2(  /L�� )Shekhar 

and Xiong, 2007.( 123  
  

 8T0��)1(  
P

i
i PN

k k

d

d�

� �
� �
� �	 �

� �
� �
� �
 1

1

1
  

  
 8T0��)2(  

N

i i
i

W(x, y) w
�

� 	

1

  

    ��G �� 86W(x, y)    �"LC �!��L:	    �L�"0    �� 
�L5 
  /"IY�	(x, y)  �N      ���L�	 a�LSI	 O�L:, ���I3 (x, y) �

i	           a�SI	 �!��:	 
� z! �P 80 
�5 
��� s�H)W� �
� 
iw   /"IY�	 ��i i(x , y )  �id  �L��"SY� ��I0�� ZS��� 

    /LL"IY�	 �� KLLY�� O�LL:, 
� zLL! �LLP R"LL0(x, y) � 
i i(x , y )   � �P    ���3 ���:	 )��, (     �
� 
� 86 �/��iw  �0 

w�	 �"fg3  ��!BC.  
ANFIS    �
�LL5 
��M)LL�� �LLN�h 8LLI9�T	 �� 8LL6 

8bd5   "dT3 ��_              8L0 8L6 /L�� �L5
�	G /L"S0�Y �0 �!BC
       /�� �
�� ��)�)�� ()*"� 80�+	 w&	�6 ��bS�� ���9 .

V�LL	 A��  �
�LL�ANFIS �
�LL� A�� �� 
� �LLd"6�3 
4TSK    /LL�� 8LL!l��� ���)uLL��C �dHLL� 8bdLL5 �   
)Aqil, 2007.(  

      �L	 ��L� ���6 ����� ���0        ()*L"� �� 8L6 ��L5  
    ����� �� �
��x   � y      �G �$��W � ���� z � /� .  V�Lh

��5�0 %��� R!�0 R",��Y ��� :  

                                                           
1. MATLAB 7.0.4 
2. Gaussian Membership Function 
3. 2D Problems 
4. Takagi-Sugeno-Kang 
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 8T0��)3(  
Rule :if x is A and yis B then f p x q y r
Rule :if x is A and yis B then f p x q y r

� � �

� � �
1 1 1 1 1 1

2 2 2 2 2 2

1

2
  

  
   �
���"e 
� 8�,��� �         
��M)L�� jL6��	 R"4,�L"	 
��

��0 �P��W %��� R!�0 �$��W ���5 :  
  

 8T0��)4(  
w f w f

f w f w f   st
w w

�
� � �

�
1 1 2 2 1 21 21 2

  

ww
w  , w

w w w w
� �

� �
211 2

1 1 2
  

  

  
 �b53 . ��)W��ANFIS  

  

 ��)W��TSK ANFIS/�� %��� R!�0 .  
  8!l1 :   ����� 8!l R!� ��     /!��� K0��3 
� �P1  ��d� 

�	 ���6 .  
 8T0��)5(  

,i i

,i i

O A (x), for  i ,
O B (x), for   i ,

� � �

� � �
1

1

1 2

3 4
  

  �	 /!��� K0��3           �dL���	 ��)	���LC K0�3 �P ��,��3
�	 Q�J),� R"���� K0�3 ����	 �)+"0 �� � ���5�0 �,�5 .  

  
 8T0��)6(  

ib
i

i

A(x)
x c

a

� �



�
2

1

1

  

  
    �G �� 86i i i{a ,b ,c }      ���)*LP �P�)	���C 8����	  

8"9�� ��P�)	���C �� ��,G 862�	  ��	�,.  
  8!l2 :    V��4"� Q�N 8!l R!� �$��W    ����� ��P

 |/�*Y V��I	 KY�� �� 86 /��»��� «��)*P R",��Y .  

 8T0��)7(12  
,i i i iO w A (x) B (y), i ,� � � � �2 1 2  

  
  8!l3 :  R!� �$��W    �LSdY 8L!l 
�L5 
j"9�	�, �8!l

/��:  
  

 8T0��)8(  
i

,i i
w

O w , i ,
w w

� � �
�3

1 2

1 2  
 8!l4 :  

  
 8T0��)9(  

,i i i i i i iO w f w (p x q y r )� � � �4  
  

  8!l5 :       /�� ()*"� �S6 �$��W 8!l R!� �$��W
)Jang, 1997 .(  

  

 8T0��)10(  
i ii

,i i i
i ii

w f
O w f

w
� � 

 
5  

  

    �L	 � �L0��3 \L0��� i!�L), �0�!
�� ���0   �
�L� VL 
        �4)*Ld�P F!�LN ��P��"I	 
� ��dH�R2   R"4,�L"	 �

   _ST	 ��TW)MAE(3        _LST	 ��LTW R"4,�L"	 8+!� �
)RMSE(4 �LLTW %�LLI0�	 R"4,�LL"	 � )MSE ( 
��M)LL��

�!��� . ]W�5 R!�    �PO/C        �� �LTW 
� �TL��)	 R"d	
   
��	G � V�	 ��bS��   �,��$ ��P5        � �� �3�L�&'� � ��L,� �

        �L�, /�� 80 i!�), �� �TW K!
�3 ���	       ���L0 � ��L�P�
V�LL	 ��LL��,��3 �0�LL!
��   
� �LL!�0 �LL���0 ���LL	 ��LLP

    ��L6 
��M)�� ��4!� ��P��"I	 .       �� 
� �L"9� R"L�P 8L0
     �d*LL, ��LLTW _ST	��LLY R"4,�LL"	 ]W�LL5 A��

)AARE(6  8,�)LL�G �LL"S�3 �)TS (  �LL5 
��M)LL�� jLL",
)Baylar et al., 2007.(  

                                                           
1. Membership functions 
2. Premise parameters 
3. Mean Absolute Error 
4. Root Means Square Error 
5. Global Statistics 
6. Average Absolute Relative Error 
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 80 ���0  �"���6   V�	 �ANFIS   
��� 8����	 
�    ��P
���  ���G             ���L0 ��L!�$ V�L	 8IL��3 � ���!� 80 �
�5

  F"L�G R"�J3     ��!BLCQG          �L0 �L�)d	 �L�"	
�!
 ��LP
/"S0�Y ()*"� ��P   �:0�T3 �dH� L �
�� ��)�)�� ��P

�5 a��Y� .     L �
�L� �L:"dT3 V�L	 �� ����� ��P�"#)	
  %��Ld� �dH�         QG ^TL� _L�� 
� �L,�      ��L�"	
�!
 ��LP

   �`�LLLW /LLL��0 ����LLLJ0G \"LLL�	 �]9�LLLW 8LLL!B#3  
       �b"9���"P /!��P � c�d5��"e 8:T�	 �"fg3 �������C�3

���J0G.  
           �L0 V�L	 �!�	
G Z�"), ��	
G ���0 �WG 8Sh�	 ��


���               ���L6 ���� �L0 ��0�L!��d)�� ZLSh�	 �� �LIY�� ��P
       F"L�G /*,��3 /":��	 �0 V�	 �IY�� %��&'�    ��!BLC


�M�   QG ��P   �"	
�!
 ��P        �L�6 R"L"I3 �� �L[, ���	 � .
�����     o!�3�	 V�	 R!� ��P   8"�3 ��P      \"L�	 �� 
�L5

a�,    �,��0 FST	 ��j�� .   ��y!� ��G 
� oC      �L[, ���	 ��P
               V�L	 � ��,�L5 ���� V�L	 80 � 8d���	 V�	 R!� ���0

�LLh��' 8LL0 
�LL5 �"LLC ��LL[�	 8LL��C � �LL�"0  ��LL�0
F"�G   
�M� ��!BC   QG ��P      �L!��� ��$� ��"	
�!
 ��P .

 8!l �	��3    8+:, � �P          \"L�	 �� ��L$�	 ��LPArcGIS 
R"	
   �,�5 K$�	 . 8��C 
� �I0 8Sh�	 ��   8L0 ��LP   /L��

  ���� 
� 
�	G            ���L0 ()*L"� �L6 ����� ����� 80 �0�!
8��C    F"L�G ���0    QG ��!BLC        
��M)L�� �L�"	
�!
 ��LP  
�5.  

  

3-A5� 3 B���,   
   �b5 ��3 F"�G    8d���	 ��!BC     A�� 80 
�5ANFIS 

  ��+,  /�� 
�5 
��� .�0          V��L$ � �bL5 RL!� -���4 
      F"L�G 8:d' �� ���J0G 
����	 �)+"0        �L0 (L6 ��!BLC

  /h�*	126960     86 /�� ��)bP 12/44  �L6 
� ���� 
  �� �� 8:T�	 �0 �	            ���L	 8LN�h 8L��C R!�L)�6 � ���"�

  F"�G 8:d' 8I9�T	    ��!BC     /h�*	 �0 (6 �S"W5/285 
   8LL6 /LL�� ��LL)bP27/1  � /LL5� 
���LL�	 �LL���  �

��  /�� 8)����0 .      8L!l �	�5 8!l R!� %�:d' �4!�    ��LP
F"LL�G  (LL6 \LL��)	 ��!BLLC)8/37 /h�*LL	 � �LL��� 

06/108905��LLL)bP ( \LLL��)	 �)37/10 � �LLL��� 
  /h�*	29836 ��)bP (�   ��!
 )74/2     /h�*L	 � ���� 

14/7890��LLL)bP ( ��LLL!
 \LLL��)	 �)57/1 � �LLL��� 
  /h�*	56/4507 ��)bP  (    ��!
 �S"W �)09/1 ����   � 
  /h�*	04/245 ��)bP  (�,��0 . F"�G 8:d'    (6 ��!BC

   /L�3 �� 
����	 /h�*	 R!�)+"0 86 L (6 \��)	 �
     �LJ0 �� �)+L"0 L �L,��� �L5�C   V��L5 ��LP   � Q�Le

/�*Y      �L	 
�P�+	 /5� j6�	 
� �!�P    -&L6 � ���L5
F"LL�G  �LLJ0 �� ��LL!
 �LLS"W � ��LL!
 \LL��)	 ��!BLLC

  �!��),�)Q��$  ��5 (  /�� ��!��, �)+"0 .    �bL5 R!� ��
 /�*Y ��     V��5 � V��5 ��P      -&L6 8LN�h Q�e    ��LP

F"�G               8L0 � ��L,��� ��)+L"0 �W��L3 �4!�Lb! �0 ��!BC
    -&6 8"h�, R!� �� �3��d�       z"bM3 (P 
� ��)+"0 ��P


�5 �,�.  

  
 �b54 .F"�G 8+:,  V�	 �0 ���,
 /5� ��!BCANFIS  
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 V��$2 .F"�G �3�d���	 ��	G  V�	 �0 8N�h ��!BCANFIS  

 ��j"	GF"�  ��!BC  
V�	 ��ANFIS

/h�*	 c���	  
)��)bP(

����R"4,�"	8�"�68�"+"0o,�!���
U���,�  
��"I	 

(6 �S"W939687/13668206/005/1655230448  
(6 \��)	10890585/374888906/05/413301818984/426

(612696019/446614206/01/350491538091/392
\��)	2983637/104625706/06/7999145827/120

��!
41/789074/221499706/03/1779138918/117
��!
 \��)	56/450757/138858306/09/1060156631/125
��!
 �S"W04/25439/111668706/02/735292

  
  V��$2 ��+,        8+:, ���	G %�HJ+	 �	��3 
��P�

F"�G    8L"�3 ��!BC  �L5     A�� 8L0 
ANFIS  /L��  .  RL!�

��LL	G  �R"4,�LL"	 �8LL�"�6 �8�"+LL"0 ��LLP��	G �	�LL5 �LLP

              
� zL! �LP �L��� � o,�L!��� ���L"I	 U���,� �c���	
-&6     F"�G ��P      8+L:, ��!BCANFIS       �L0 
�L5 8L"�3 

  
��� 
� 
��M)��  
�� ��P /��P . 8+:,ANFIS8d3�   ���0
  /MP ����� �
�5   F"�G -&6     /�� ��!BC)   �(L6 �S"W

	   �LS"W � ��!
 L \��)	 ���!
 �\��)	 �(6 �(6 \��)
��!
(     ���	G %�HJ+	 86 �)  �j6�	 � ����6��C (  ���L0

 -&6 R!�               �� �L�,G 8L0 O�L0�	 ��LP��	G � 
�5 8"�3 �P
 V��$2/�� 
�!��� ��� .  

  �b55    
��� R"0 �4)*d�P �����,      �3��P�+L	 ��P
    V�	 �3�d���	 �ANFIA        V�L	 A
�L	G 8Sh�	 �� �� 

 	 ��+,�  �P� .    �L	 �b5 R!� ��         ��jL"	 � O�Ld3�� ���L3
  
��� R"0 �4)*d�P              R"L0 A
��L0 \LW 
��L�P 8L0 �� �P


���     ��L6 
�P�+	 �P .
���          ��3��P�+L	 �L! �LIY�� ��LP
 
��� ���P     
�L� 8"9�� ��P     �LP)   �L:�� ��L�	 (   � ���)*LP


���     
��� �	�5 �3�d���	 ��P   �"9�3 ��P  80 
�5    8S"L��
      V�	 A
�	G 8Sh�	 �� V�	)   (X�LY ��L�	(   �L,� .   RL!� ��

              R"L0 R"L"d3 F!�LN � ��"L���� \LW 8L9��I	 �����,

��� /�� 
�5 
��� �!��, � 8d���	 �P.  

  �b56    
��� R"0 �4)*d�P �����,      �3��P�+L	 ��P
    V�	 �3�d���	 �ANFIA         �� V�L	 �0�L!
�� 8LSh�	 �� 

 �	 ��+,  �P� .        �4)*Ld�P ��j"	 � O�d3�� �b5 R!� ��
 
��� R"0    ��P 80 �P    
��� R"0 A
��0 \W 
�    �	 �� �P    ���L3

�!� .
���       
��� ���P ��3��P�+	 �! �IY�� ��P    8"9�� ��P

�LL�  �LLP)�LL:�� ��LL�	 (
��� �  �	�LL5 �3�dLL���	 ��LLP

���   �"9�3 ��P  80 
�5           �0�L!
�� 8LSh�	 �� V�L	 8S"L��

  V�	) (X�Y ���	 ( /�� 
��0 .      \LW 89��I	 �����, R!� ��
     R""d3 F!�N � ��"����  R"0
���     8d���	 �P  �!��, �

/�� 
�5 
���.  
 �b5 ��    ��P7   � 8       �3�dL���	 ��LTW �S6 ���5 

  V�	ANFIS     ]J+L	 �0�L!
�� � A
�L	G /9�h �� �� 
 /�� 
�!��� .        �bL5 RL!� �� 
�5 
��� ��+, �����,    �LP

            
��� R"L0 U&)LW� 8L6 /L�� c�LN�	 R!� �4,�"0    ��LP
         �0�L!
�� � A
�L	G 8LSh�	 �� �LP �� �$��W � �����

�     �b5 R!� �� � �
��0 ��:        �� V�	 ��TW K!
�3 �,�� �P
�	       80 /9�h �� �P �� ���3      ��L6 
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