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��� �� ��#�H ��L $�"�� 
�#= �� �" �� /+��: k�� 
 �� /+��: ��L � 
��&
 F����H �" ��

/- �i�"� �" �0�' ���)Nielsen, 1990; McCoord and Illingworth, 1990T�� Z�[V! "� .( �

 �� ��L ��J ��� b3�H �0�'�MLP ���' ,��� .�3� 
�' 
��� 3� /2!�- <'�H \�! �W"� ,��3

��L ��J ��� b3�H �o�'  � :�3 ��L �! ��� b3�H �o�' �� ��#�H ��L ��J �� �� ���?B� ��

/- ��',n�*�H�! P�� �  �" 
��j�H Ki��- K� /��
��! �"��-/�'��  $��"�0&� � /�3�&#>).8II(. 

) 
�
�" �1+ �0�' $��L ��J ��� b3�H �0�' /-�&= U�-�FF l[= �� "�� 
� %�12! U��" �� (-/�'��. 

)�BP�0�' 
�
�"�1+ �0�' .(,��"� �� �3� ,����
 U�� ��L ,�� �3� KY - ,�2� ��L �� �; ,��

/- ��W �-� P�� aR3 �� "� �� �� l[= �� "�� 
� .�3�� /+��: ��L �� �! ��� `H �� �3� /�2- P�

��� �� �� $�0�' /+��: �� ���3" ���� �2� � 
�' a�VY! �:; ��L ,����� l�!�!��L ,�� ,��

/- a�VY! /1�4 $��"�0&� � ,"��"�) �
��	.8(m /���"�� =� � /�Y= �0�' ���#� "� :�3 �i�"� ,��� .(


��� � 'G	 Q�2*�R- Z��R- $�; :�
�' %��[! � 3� �3 �� ��Ez 
��� �W"� $F��-; ,��� ��.z 

�VW �1��- ,��� �W"��� /S�3Cross Validation   ���� �5z  (��-�;) ��! �1��- ,��� �W"�

���' ,��� ,��2 - U�[ 
� 9���! $Z�[V! P�� "� .�
�' d�0�! /���"�� =� ���3� 
�' 
��� 3� ,��3. 

� 3� $(�R: � ��-�; F�") F��-; �1��- "� k�� 
 ����[-�� �" d�*������ �
�X
�! U�[ 
� 9��! �� 
�� -

 �� d� �� /��"�� /����"� � �R: � ��-�; F�" �� $P��j&� .��&
 P��2! ���#� U�[ 
� 9��! ����=

d��0!) ,��	��� ,��LM� $CG� $GDX�$ Momentum ,��	��� d��0! $(Momentum ��-

� �0�' F��-; .����	 N�@ 
� ���#� ,��	��� d��0! ����=��	 �� /0 �0�' �� ,���*�- "� %#- ,��

                                                           
4  Multi Layer Perceptron 

5 Feed Forward 

6 Back-Propagation 

7Levenberg Marquart. 

8Conjugate Gradient. 

9Gradient Descent 
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/- /�Y=����� ���;�B ��&� 94�� "� �� �'���L "� /
�� l���T /
�3" .�3� /+��: � /
��- (,��)

���
 .���� ���� �S� 
 ���#� �#+ "� � � B�	 �"� ��: Q���� '� �� ���� ���� �o�' F��-; �
�" -

�*� �� ��*� Q��� - �
�	 �� �� U�&2- "�>) ��*�� ) /���	 � (/*�� -�*�� � 3�/- ��S
� (,� .��'


��� ���
 ���S! /- ,� #� k�� 
 �� ��� F�" �p3") �Nielsen et al., 1990%�&Y! ,���- .( ,��	

) P���! l��T $�-�
�� ,��+� "�� �� "� �0�' P�� #� N�@ 
� ,���Rsqr �R: Z1R- "�4 g3� - � (

)MSE:�3� 
��� (  

 �R��".� �) �R: 9��- K4��MSE��(  

                                                                                       n

PiPi
MSE

∧
−∑= )(

 
 �R��"5� /+��: P�� P��2! l��T/24�� ����[- � ,�� )Rsqr��( 
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22

1 ]
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~
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iˆ).((
[

∑ ∑

∑
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−−

−−
=
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i

n

i
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i

PPPiPi

PPiPPi
Rsqr

      

             �; "� ��Pi 
���
� �� /24�� ����[- $��*�! 
�' ,��	iP
~

  $��*�! ,�"�;�� g3� - ����[-

iP 
���
� �� /24�� g3� - ����[- $��*�! 
�' ,��	iP̂ ���' �� ,�"�;�� ����[- � 
�' ,��3n 


��� ���2! ����� ��-�; �� �1��- �� "� ��-/�'�� � /23 F�" �� �0�' ���#� ,"�&2- P��2! ,��� .

��-�; ��S
� �� � �R:�0�' $v1 @- ,�� "� .����	 N�@ 
� $l3��- /��"�� � �R: ��?�- K4��� �� ,�

 P��2!"� :�3 �� � �	 /23 ���#� ,"�&2-,��"� ���2! �� 
��3 ,��- ,��e � ,"��"�) ��' 
��� 3� �f

 $��"�0&�.8(m�3� �0�' F��-; �� y�� .(�0�' �� /��� � ,��"� P�� g���" �
�� � �� �3� ,�

�� .��@� ���#� �" U�- /+��:P�� �1=�0�' /���> �#+ /W�: P�
��4 ��,��  /=��Y- /�Y=

"� :�3 $���
 ��+�-�^!) /�1 @- ,��,��"� � ���
 ���2! $,��	��� d��0! $U�[ 
� 9��! "� �� �� ��

- K-��=e.�B�	 "��4 /3"�� �"�- (9!��- <'�H ��2T� "� �f 

  

 

                                                           

10 Mean Squared Error   

11 Coefficient of correlation
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���'���'���'���',"�-; ,���*�- �� 
��� 3� �� 9!�- <'�H \�! �W"� ,��3,"�-; ,���*�- �� 
��� 3� �� 9!�- <'�H \�! �W"� ,��3,"�-; ,���*�- �� 
��� 3� �� 9!�- <'�H \�! �W"� ,��3,"�-; ,���*�- �� 
��� 3� �� 9!�- <'�H \�! �W"� ,��3        

 "� <'�H \�! �W"� ��?�- �"�;�� �� `H.5) �
�&
 ��0-- K-��= /&� ����[- P��2! � ,"����e �f

��0- P�� "� /2!�- <'�H "�^ - ��J ���3�	" F�" �� $����
 g�V- "� 
�� "�?B�SPSS �� "�h�-

U�-�
 �� `H $�1��- P�� "� .�' 
��� 3� ,"�-; ,���*�-
��� ���&
 /B��Y! � ,��3 $���;��  �� ��


��� � 3�) U�- ,��)m 
��� �W"�
��� � (��) ��! ,��8m 
��� �W"��! (�� \�! �W"� .�
�' d�0

�� 9!�- <'�H^ - ����= � 
�") /
��
� K-��= � M�: $/B��	�H�! $/&�14� K-��= � �3� � ���� ��

�� (/
�0�-- K-��= �� K[ �- ,����^ - ����=e/- /2!�- <'�H \�! ��?�- "� �f ���3�	" .��'��

^ - ��JF�" �� 
��  Stepwise�� ,�"�� � /1W� K-��= ��"� "�h�-/�2- �R��" $/2!�- <'�H �� "��

.�' ��+� $
��^ - ��J /R: U�- d� �i�"� �� `H /�2- /3"��) ���� "��Sig.) U�- /��"�� � (Rsqr( 

 �� ,�"�;�� ����[- ����[- Z��> �� U�- /S�3"�� =� �� U�- /��"�� /����"� $P��j&� .�B��GH ��S
�

-.�B�	 Q"�W �R: ����[- �"�;�� � /24�� ����[ $���#
 "�  �� ����[- �#+ ,"�-; ,���*�- k�� 


l3��- F�" N�@ 
� � /�Y= �0�' ,���*�- k�� 
� �!� �4� � /��"�� �� �*L� �� �' � B�	 "��

.�'�� /2!�- <'�H \�! ����[- ,���*�- "� /�Y= �0�' � ���  

  

��1��4 Z��1!��1��4 Z��1!��1��4 Z��1!��1��4 Z��1!) /�Y= �0�' ,��) /�Y= �0�' ,��) /�Y= �0�' ,��) /�Y= �0�' ,��ANN /���B��^+ Q�=6>� % ��3 � ( /���B��^+ Q�=6>� % ��3 � ( /���B��^+ Q�=6>� % ��3 � ( /���B��^+ Q�=6>� % ��3 � ())))GIS((((        

 "�� /�Y= �0�' �T�� Z�[V!��
�-�3 ����=���' ,��� ,� /���B��^+ Q�=6>� % ��3 � ,��3

��=�<�H �
�-�3 ���`H � 
�
����H
��� 
�
����H� ���
��� F��-; $�1��- P�� "� .�' � B�	 "�� � ��

���"�� =� ���#� /�Y= �0�' ���#
 "� � � B��GH ��S
� �0�' /���"�� =� �� ��! `b3 �i�"� 
�' /

� �	 <�H <[
 /���B��^+ Q�=6>� % ��3 $,�2� ��	 "� .�3� �� y�� .��&
 ����: ����� �" 
�
����H

���' ,��� /�Y= �0�' �� 
��� 3� $Z�[V!��0- ,��� <'�H \�! ��?�- ,��3 %� �; "�-; �4�B ,��

�� 9+�- P�-� /0�B��	 Q"�W-/�'���� .�' ���#� "� :�3 $k�� 
 ��3����' ,��� /�Y= �0 ,��3

 $l�' �#+ $�'" KYB g3� - F"�� $�
L�3 g3� - F"�� ,��"� ��� �� ���
 <'�H \�! ��?�-


��+ �� �1W�B � M�: Z&= $P' � �" ��?�-��L $�1��- P�� "� .�"�� /
�0�- Z>��- � �� ,��

%� ?�*�
; �� � �
�' ��#! "��G- K-�= ��� ,� 3"?��3 K�0�H �� /
�'�H d� �� � - �W "� �W ����

H \�! ��?�- .�
�' Z��1!�^ - "���� $��-�� d� aR3 "� <'� ���� ��#! �� ���4� $P������� .�3� �

 
���
� �S� 
 "� � ����	 <'�H \�! �W"� P��
��- P��2! � (�
�&
 ��0-) ��-�� d� aR3 "� �
�&
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 /*�13.mm  U�> "� � - 
� ���� �1W�B �� �
�&
 
�) � - �"�� k�� 
 �4� "� /11: (��-�� |�= �


��� �4� $/B�> �� .��&
 ����@
/&
 L�� /&�14� � M�: ,���3� ,��� � �'�� $N�1R- �S� 
 �� /���

��L /*�13 
���
�) ��*�� ,��5m×5m �� (� - � /�Y= �0�' g�V- "� Q��3�V- %S� <��� "�h�-

 �� $<'�H \�! �W"� g3� - ����[- �� Z��R! /*�13 
���
�.mm .�B�� ���^! � -  9!��- aR3 $P�������

 ���� �� /���B��^+ Q�=6>� % ��3 g�V- "� /!�2*�R-5m  "�?� ��4" ,�"�� 9+�- P�-� K�0�H


��� .�' d�0�! U�- ,��"� K-�= ���K�0�H P�� ,��,��"�) ��� �� Q�Y @- � (U�- ,��� "�>

� 
����	 \"� K�0�H �� ,��� "����: � �' � B�	 /+��: /���B��^+ Q�=6>� % ��3 g�V- �� w��

� �� /�Y= �0�' g�V- "� .��	 �"�� /�Y= �0�' g�V- ��� $
�' /���"�� =� ���#� �0�' ,��	"��

 /-�&! ,��� <'�H \�! �W"�5m  �� ,�"�;�� <'�H \�! ����[- $`b3 .��	 �"�;�� K�0�H "�?�

�� /�Y= �0�' g�V- �� Q�Y @- 
��&�  �1��- P�� "� .�' �"�� /���B��^+ Q�=6>� % ��3 g�V-

`H <[
 /���B��^+ Q�=6>� % ��3<'�H \�! ����[- .���&
 /- ���� �" 
�
����H �� Q�Y @- �R3��

��1��4 � �; �� 
��&� (/���B��^+ ��24�- ��@�! ,��� /0&� K-�=) /���B��^+ Q�=6>� % ��3 ,��

�� <'�H \�! ��?�- ����[- $`b3 .�' �i�"� /2!�- <'�H \�! ��?�- ,� 3" ��L Q"�W.5)  ��0-

�
�&
���' <'�H \�! ����[- ,� 3" ��L ,�" �� 
�' ,"����%� 
�' ,��3 � �VW �! ����	 /
�'�H

���' ����[- ���=� ����[- Z��> �� k�� 
 �4��! � /����"� /24�� ����[- � 
�' ,��3i ��.���	  

  

k�� 
k�� 
k�� 
k�� 
        

- K-��= /&� ����[-e
��� ��3� �� 9!��- <'�H ��2T� "� �f��[
 � �� .��	 �"�;�� /-�4" ,��

- K-��= � <'�H \�! ��?�- /&� �"�;�� �� `He ,��� �; "� �f.5) 
��� ��"� $/!�2*�R- ��0-� � ���-

 ,��	"���;�� g�V- "� SPSS  �"�- "� �� �� .�' ��S
� /�Y= �0�' � � �0�' F��-; $/�Y= �0�'

�VW ���^! $�0�' F��-; �1��- "� .�' ��S
� �0�' ��-�; �� ��! ���#
 "� � �B��GH ��S
� /S�3

,��*�
��� ,��� ��3��H /� ��&� l���T) ,"�-; ,��?�*�
; � ,��"� ,�� 
"�&' U��+ "5 ���
 (

 �� ���' � �" ��?�- $�
L�3 F"�� $�'" KYB F"�� ,��� -�"�H � l�' �#+ $M�: Z&= $M�: P


��+ � /
�0�- Z>��- �� �1W�B,��"� P�� #� ��! /1W� K-��= �� ��r <'�H \�! ��?�- "� "�G	��f

/-) ��'��;Jafari et al., 2004 /[! $"�� 3" � "�H.8I(w  $��"�0&� � /#1*���=.8(mw  � ��S
�

$��"�0&�.8(5w  $��"�0&� � ��[- ,�&V-.8({T ��3��� .(��3��H /� ��&� l���  "��0! k�� 
 �
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%#- �'" KYB F"�� $/�Y= �0�' "� �R: � ��-�; F�"P��2! K-�= P��! "� 9!��- ��2T� "� 
����

 /!�2*�R- �[R�--/�'�� ���� .�3� ,� &� ��&�� ,�"�� (�
L�3 F"��) U�3 ��3 KYB "� F"�� .

 ��+� U�3 ��3 U�YB /> �'" ,��� /�3��- /��-� g���'�� l�' �#+ .�"��
 d� ��S�� K�*�

 .�3� /�L�� �&��� ,�"�� ?�
 �&�1���0�-�6-�� ��-�� "� �� �3� aT���� N��+ �� �" ,�� K�*�

l3��- /��-� g���'l3��- /���" g���' $�!�"�� ��+� ,�!�-� w ,��"� �?+ �-� �0�' ���#� ,��


&/�'��
��� %� �4� $�-� P�� �1= .- /��-� ,�� 
��� 3� �"�-/�'�� <[
 ��&�� $���� %#- � 0
 .


��+ � ��� 3�" y��>� /2!�- /T�"� "� .�3� /2!�- <'�H l��@! �
�" "� ���
��� �� ��*�2B K�*�

��� ,��J ,��� /3� 3� � ���/- 
����- ,� &� <'�H \�! �W"� $��&= .���	 ?�
 M�: �B�� � Z

9!��- ��2T� "� P��2! K-�=
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�� �	 ��-�� $�T�� Z�[V! "� .�3� "� /R�V- K-��= �� ,�

� ,���*�- � ,"�-; K�1V! � ��?S!� 
"�&' U��+ "� �-� $�' � B�	 "��5 �W6: %#- ,��� -�"�H �� ,�

/�2- �R��" ,�"��%� ~�R: $P��j&� .�3� 
�' �i�"� $"��%� � �-� "� M�: /-�4" ��[
 � ��"��

 Q�=6>� % ��3 g�V- 
"�&' U�0'� "� �� �
�' ��#! /���B��^+8  �!z /- 
����- �1��- "� .���	

���' "� �0�' /��"�� /����"� k�� 
 $,���*�- "� F��-; �1��- "� /2!�- <'�H \�! ��?�- ,��3

 
"�&' U���+8  �{ 
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��� � /24�� ,�� ,��

���',��3 ) 
�'Rsqr"� ���#� ,��*� ,��� (�,� ����� ��(/m ) U��+ .�3� 
���8`02�- �� ( 
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/- F��-; �1��- "� �R: ��?�-�� �� ��'�� ��3��;�� 
�-; KW�� F��-; �1��- "� /�3��- k�� 
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 �
�X
�! U�[ 
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���' ����[- ����[- Z��> �� ��! �1��- /����"� k�� 
 � �' ��S
� ���#� �0�' ,��3 ����[- � 
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) U�0'� "� � /����"� /24��E) � () ,��� -�"�H ����[- .�3� 
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�/- U��4 K��4 � "�� �'��

(Rsqr>07, Sig <0.05) ,��� U�- $/S�3"�� =� �1��- "� $`b3 .t� 
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