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�5&�  

 +���, �-�./ ' 	��'� 0��"� 	� �1!"�,�� �-� ' +&"� �2�3� ��1!"�,�� ��� +��4�� 5��'! 	6��$ ��� ���� 7"8'

+�� ���9/  �� :;� <'= ' �>�$!�� �	���� 0��� ��� ���� +���, �-�./ 0��"� .�$�?���@� .����� �� �$��$� ��1

� 0��8+&�A�B�%�� ' ����	���& �'! ;� ����<C(�� ' A��D� <E FD� ' ��/ G�� �� ��1�� ��$ �1 7"8' �$�"/

�.D�� H�� �! ��� ���� )Cubito et al, 2005(.���� K�
�� 0��8 �� 	��'� 0��"� ��
-L"�"�!"�"ML ' �����

A';��N�� �>&� �-O�� ?�B1� �� ��$ �1��> F�"� ' N�� 7"$ ��1?�� !�&!"%;� )Zezere et al, 1999; 

Fernandes et al, 2004; Cubito et al, 2005; Moreiras et al, 2005 .(��� ���� 7"8' 	��'� 0P��� �1 �$�"/

 �� �@��' +&'�3� 0����1!"�,��  ' Q�% ?�"R! A���� ����;>"�"/ �	$�%&'! �/ 	PS�� ' A�-;� ?�;� 0��8 ��

A�-;� H�� T%�� )Gokceoglu et al, 2005��� ���� !"U) ��(�!� �;�!�, �(�$��$� ?���@� ' �B-�8 ��1 

)Zezere et al, 1999 !& �-O�� ?�B1� �� ��� ���� 7"8' !& ;V"� ��1!"�,�� ��� �
����-& 5��'! ��!;� .���� (

�1!"�,�� 7�"$� ��� 5��'! ���@/ ��;� .?�� !�&!"%;� ��� ���� ;2% ���-�!� ?�9�"� ���� 7"8' ' �2�3� �

?�� 	��;> H!"S �WP�D� H�9�93/ ��� )Anbalagan, 1992; Lee and Min, 2001; Iwahashi et al, 2003; 

Ayalew and Yamagishi, 2005 .(  ' ����� ���� ��1!"�,�� X-�"/ ��� �! �B6��� 5��'! H�9�93/ �-� �� �%;�

�� .�$&"B$ +�1�.� ��� ���� ' Y-L"�"�!"�"ML F�� ' H�9�93/ �-� Z-��$ 0�P3/ ��;� &"�' �-� 7"8' K�B�)� ����

��� ����F�� �?9�9) !& .�� +&�W��� K'���� �!��E H����3� ��1!���� �� �1 ��� ���� 7"8' K�B�)� ����

K�� ������$+&�& �� +&�W��� �� ' +&"� 	��[> ��1&��%! G�,;/ !& �B, ��1 �1�#.-���E �- �$���� ��1 	� \��8�

�� �������&&;> )Melchiorre et al, 2006 .( ��1!"�,�� ' ��� ���� 7"8' ��� �2%;�] 5��'! &"�' �-� ��

K�� �� +&�W��� ������$ ' +&"� +��4�� !���� AE !& +���, ?,!�.�F�� ?3S 	�!& �� �1�� O�� ���� .���� �� �
��

 ���� ���� 	���� !& �BP� H�9�93/ ��� +&��E �H!��% F1�, ���� ���� �@��� ^R��� ���� F�� ' ���-�!�

 �� �;�>"P� ' ��� ���� !���! ��� �-�;���� .?�� !�&!"%;� �-O�� ?�B1� �� ��� ���� &��%! _�WD/ ' ����

F��  �� �
- ��$E�� A�;-� <;] K�B� ' K�B� +&'�3� !& ��� ��1K�� !& .�����"/ G���/ 	� �;�%� ��1 	@

	$�-�! \"P�\;$ ' �� �� .?�� 	��;-[� H!"S ��� �@��� ^R��� �-����� !& ���"/ 0��8 F-���� ����D/ ��1!����

�-� K�� �	��;> H!"S H�@��2� !& ����/O�B�)� ��1)Akgun and Bulut, 2007; Dahal et al, 2008 �( 0�P3/

Y���6� A"��;>! )Wang and Sassa, 2005( K�� '
�� ��1���� ^2�� ' ��"��� ���� 	 )Bhattacharya et 

al, 2005; Kisi, 2005; Melchiorre et al, 2008(  .?�� +�� 	��;> !�, 	�`�;�%� 	
�� A�"�� 	� ��"��� ���� ��1

+&;��> +&'�3� !& �P�P3/ !����K�� �� +&�W��� ��-��� �� �
- .?�� +�� +&;� !�, 	� �@��R \"P� �� �� ��1ANN 

 !&+�-�� �W�, �������+&�& K;��, �-�$�"/ ��@��R ��1+���$� a��9� ;1 !& �1 ' �W�S"/ ��2% ?��$ 	� �;�>

+&�& X-�"/ �� 0
� ;1 ' �&���� �1���� )Wakg et al, 1995 .(�� b"� K�� ��-� ;� +'C� !& +&;��> !"R 	� �$�"/

+&�& \�]&���  X���� �� �$�
� ��1 F�� ' +;��������  ' 	��'� K"S� A�993� �� �%;� .&"� +&;� !�, 	� �1;����

K�� &;�!�, ��1ANN  c-;./ �@��R ��1"#�� �-����� !& �!+&"B$�$� )Rmelhart et al, 1986; Alexander and 

Morton, 1990; Sethi and Jain, 1991; Guyon and Wang, 1993; Nigrin, 1993; Haykin, 1994 .(K�� ��1
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ANN �
- '! �� ��10�P3/;> +&"� +&�& �� ?�@�/ �2%;�] X��"/ �� 'K�� �-� �-�;���� .���, �� ������� !���� �1

	��� ��;� ���B1��� !�B� 	� ��� �@��� ^R��� �����$'! )Lee et al, 2003; Lu and Rosenbaum, 2003; 

Ermini et al, 2005; Gomez and Kavzoglu, 2005 .(  

 	���� !& �WP�D� H�9�93/+&�W���  A��� ' A�;-� !& ���� ���� �������� ����� ' ��"��� ���� 	
�� K�� ��

�� ��� AE �� 	, +�� \�6$�:&;, +!��� ;-� &!�"� 	� A�"/  

a��-�$�� ' �/���'�,1 )2009+&�& �� +&�W��� �� (���� ��1 ;-'��/ ������ASTER 	��� 	� ��"��� ���� 	
�� '

 	�!& 	� ��� 7"8' K�B�)� ���@/ !& K�� �-� �	PS�) Z-��$ a��� ;� .���%�&;� ��� �@��� ^R��� ����

 &'�) ��3S90 ��BP-� .?�� 	���- ?�& �S!&2 )2009 	
�� ' Y���6� A"��;>! ��$�'�;� ?��$ �� +&�W��� �� (

	��� 	� ��"��� ����&;� 	�,;/ !& ��� ���� 	� �@��� ^R��� ���� 	
�� K�� ?�P��8 �� �,�) Z-��$ .���%�

�� 	���� �-� !& ��"��� ����.���� �� ' A�1&�;�3 )2010 j� 7"$ �� ��"��� ���� 	
�� K�� �� +&�W��� �� (

 Y���6� A"��;>! ' �$�'�;� ?��$ K�� �� �! AE Z-��$ ' 	�%�&;� ��� ���� �@��� ^R��� ���-�!� 	� !�.�$�

Z-��$ .�$&"B$ 	�-�9� ��� ���� 	, &�& A�.$F�� ��1 �@8�' ;-&�9� 	� ��"��� ���� 	
�� 5�"/ +�� ����

K�� ;-�� 	� ?��$ ' +&"� Y-&�$F�� 	� �1����A�!�
B1 ' �-"  .?�� 	���- ?�& �;��� ��14)2011 +&�W��� �� (

 ;-'��/ ��ASTER  !���� 'GIS 	.9$	��� ��1K�� �� +��E ?��� ����;� ?��$ ��1 ' Y���6� A"��;>! ��$�'�

K�� �O�� ?�P��8 +��1& A�.$ Z-��$ .�$&"B$ \�]&� ;#-�
- �� �! ��"��� ���� 	
�� !& ��"��� ���� 	
�� ��1

F���� ��� ���� ����A�!�
B1 ' !�� .����5)2011+;�� �� ( 	� ���� ���� �������� ����� K�� �� �;�>

	��� ����� !& ��� ���� ������ A�.$ Z-��$ .���%�&;� K�� 	, �1&ANFIS �� �@��� ^R��� ���-�!� !& �$�"/

��$ .���� ����!�, !���� ���A�!�
B1 ' +&�� )1390 ���� m������ 	$���� ' ���� m������ 	$���� �� +&�W��� �� (

F�� 	� �9��2/ �������� ����� 	, &�& A�.$ Z-��$ .���%�&;� 	$�%&'! A�-;� ����	��� !& ���� ���� m��

��& ������ 0B� �;��� ?8& �� Y�� ��1���"� .�-�B$) �W6$ ' +&��1390F�� !& ( +��-�� 	$�%&'! A�-;� ����

K�� �&'! A�.$ ^�93/ �-� Z-��$ .�$&;, 	�-�9� ;#-�
- �� �! ���� �������� ����� ' ��"��� ���� 	
�� ��1

������� ����� �O�� ?�P��8 +��1&�� ��"��� ���� 	
�� K�� 	� ?��$ ���� � +�"%��' ' �!�W] .����

)1392	��� 	� \��8� �9��2/ ���� ���� ����� ' ��"��� ���� 	
�� �� +&�W��� �� ( <�$�'! !�� ��-�;� ����

 ���) ��D�E +�") !&A��"8 �� K�� 	� ?��$ �9��2/ ���� ���� ����� K�� �;/;� �� �,�) Z-��$ .�$&"B$ 	


) A�!�
B1 ' �B��! .?�� +&"� ��"��� ����1394+;�� �� ( ����� ' ��"��� ���� 	
�� K�� �� �;�>

F�� 	� �9��2/ ���� ��������	���- .���%�&;� a!�� A���� ��� +�") !& ����
.% ���� ��!;� �-� �� 0S�) ��1

                                                      
1- Kawabata& bandibas 
2- Yilmaz 
3- Pradhan & lee 
4- Choi et al  
5- Sezer et al 
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�� A�.$+&�& �>��,�;� 	  ;1 	, �1&� ���� ;�.�� K�� �&'!' ��1 ��!�& �9��2/ ���� ���� m������ K�

+&�& �� 7"$ �-� ���� 	��� !& �;�.�� �-�$�"/�� �1A�!�
B1 ' �$�91& .���� )1395 ���� 	
�� �� +&�W��� �� (

 	� �9��2/ ���� ���� 	
�� ' ��"����������  &�& A�.$ Z-��$ .���%�&;� A��P��, ��D�E +�") !& <�$�'! !��

���� ���� 	
�� 	,  A��P��, ��D�E +�") !& <�$�'! !�� ������� ��;� �;��� �-�$�"/ A"��E +!'& !& �9��2/

&!�&. 	��� ��;� ���� ���� �������� ����� �� ^�93/ �-� !& �� 	�W> 	, �&!�"� 	� 	�"/ �� ��� ���� ����

.�-&;> +&�W��� ��  !"#�� 	$�%&'! 	(") !&  

  

���� �� .�� ���    

 �� '! �-� !&����� 	��� ��;� ���� ���� �������� +&�W��� �� !"#�� 	$�%&'! 	(") !& ��� ���� ����

 .��	��� ��;� \�8 ���'���� ���� ���@/ ���� �@��� ^R��� ���� �� .���� �� 	92�� !& +&���� b�W/� ��1

 �	��;> H!"S H�@��2�124  +&�& T�D./ ����� 	��� ' ��� ���� !& ^R��� �-� 	� n"�;� H��CR� �� 	, ��

�� +&�W��� 	
�� F-���E ' �"�E .&&;>	��� 	���� !&	-O �;� Y- �� 	, ?�� \�O ��� ���� ���� +&�W��� �1

 �� !"o�� �-� 	� �[� .&&;>8  	-O�L"�"���� Q�% +';> � 	-ONDVI� 	1�;�E 	-O	-O ��1 �G�� ?�� ' A���� ��1

DEM & '��� ���� 	� n"�;� 	-O ?-��$ !.�� +&�W��� 	92�� !& +&�& q! ��1 +;�� ��	-O �-� �� �;�> !& �1

 5�3� !���� \;$ArcGIS +;�� '!& ��$E �� �;�>  ��"��� ���� 	
�� �"�E	��� �-��$ 	.9$ ��� ���� ����

�� ���;/ ' 	��/%�� ;-� !& .G�� ���� �������� ����� K�� !��(ANFIS)  �� +&�& r;� .&"�  

  

j%� -  :�A�<� .��  

N$� 1)1993;>� ��$�"8 ' ��"��� ���� 	
�� ��-!"#�� �� ��B�P@/ K�� Y- 	M�!� �� ( -  X��"/ G��8 !& ���� +�#$E

+�-�� 0�P3/ !& ���,;/ H!"�� ?-"U� 	��;> +;�� ��"��� ���� 	
�� !��%�� �� K�� �-� .?�� +&;, +&�W��� �1

 ?3/ '�� 	�%��� ���� ���� �������� ����� A�"�� K�� .&"�ANFIS  X��"/ ��1;���!�� A&;, �'! 	� ��;�

�� +&�W��� '! '& �� ?-"U�:��,  

1- �1;���!�� \�B/ ��;� F�,�;� j� ?�@(' �!�;8;�  

2-  �� +&�W���K�� "U� X��"/ 	��/ !"o�� 	� �&'!' ?-"U� 	�"B6� ��1;���!�� AE !& 	, ���,;/ ��';% ?-

�� 0�P3/ F�,�;� j� H!"�� .�$"�  

 �;�>&�- ��2% �;�� �-� 	6��$ !&K"R!& �� F1�, ��;�>&�- ��-�;�	���� 	��'� ?-"U� X��"/ ;t,� �-�;���� .���-

 K�� !��%�� !& ' +�� ����ANFIS �� &!�' K�� !��%�� .�$"�ANFIS  0
� !&2 `O"B@� .?�� +�� +&�& A�.$ 

                                                      
1- Jang 
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 K�� !&ANFIS  �&'!' '&x , y  ��';% Y- 'z  ;-� H!"�� +�#$E;>� ��$�"8 ����� K�� !& .&"� �� 	��;> ;o$ !&

&&;> �� A��� )Jang, 1993 .(   

)1 (  Rule1: if x is A1 and y is B1, THEN f1=P1x+q1y+r1,     

)2 (  Rule2: if x is A2 and y is B2, THEN f2=P2x+q2y+r2,     

 �	�&�@� �-� !&A1,A2,B1,B2  ���-&'!' ?-"U� X��"/x,y  ' +&"�p1,q1,r1  'p2,q2,r2  ��';% X��"/ ��1;���!��

 K�� X��"/ .����1ANFIS &"� �� ����/ ;-� 0
� 	� !",[� K�� .���� �� ;-� H!"�� )Jang, 1993(:  

  

  
Q6�2: ��JK ;>�( �I��<�A� G5� ���C�A(ANFIS) )Jang, 1993(  

 

 	-O1 +;> ;1 :(node) �� �&'!' ��1;���!�� ?-"U� 	�!& +��1& A�.$ �	-O �-� !& ����)Jang, 1993(  

)3 (  ��,� � µ��	
�, � � 1,2, …  

)4 (  ��,� � �����	��, � � 3,4, …  

 	�&�@� �-� !&x , y  +;> �&'!'I  ' +&"�A i,(Bi-2) �� +;> �-� �� 5�/;� ���� 	�"B6� ���4B1 .����Ol,I  	�!&

 	�"B6� ?-"U��� ������ ?-"U� X��"/ .����	�"#$� 0
� 	� ��$�"/	9$�'= ' �tPt� ��� .�$"� +&�& F-�B$ ��

	�"#$� X��"/	�"B6� 	� 	�"/ �� 0
� ���� &!'E;� ;-� H!"�� ?-"U� ��1�$&;> )Jang, 1993(:  

)5 (  μ��	x� � �
�������

�� �
� �  

 �	�&�@� �-� !&a �b  'c � K�� !& +&�W��� &!"� ��1;���!�� ;-&�9� ;t,��) AE !& ' +&"1  ;o$ !& ;WS AE 08��) '

.?�� +�� 	��;>  

	-O2 :;1  G� ;� �� 	-O �-� +;>Π +&�& ' +�� +&�& A�.$�� ��&;� ;-� H!"�� AE !& �&'!' ��1�$"� )Jang, 

1993(:  

)6 (  �!,� � w� � µ��	x�µ#�	y�, i � 1,2, …  
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	-O3 : i�� 	-O �-� +;> ���� G� ;�N �� &!'E;� ;-� K"�;� ^-;R �� ' +�� +&�& A�.$&&;> )Jang, 1993(:  

)7 (  �&,� � w' � � (�
()�(�

, i � 1,2, …  

 	-O4+&�& �	-O �-� !& :�� ��&;� ;-� 	�&�@� ^-;R �� �1�$"� )Jang, 1993(:  

)8 (  �*,� � w' �f� � w' �	p�x - q�y - r��  

 	�&�@� �-� !&iw 	-O ��';% �3  ' +&"�ryqxp ii ++ +;> ��1;���!���� �1.�����  

 	-O5+;> :G� ;� �� 	-O �-� !& �1∑ +&�& \�B/ XB� �� AE !& ' +�� +&�& A�.$ &!'E;� �-��$ ��';% ��&'!' ��1

��&&;> )Jang, 1993 :(  

)9 (  �0,� � ∑ w' �f� � ∑ (�2�
∑ (�

  

�;�� �� j��� b"� 0)�;� �	��� ;�� !& AE �� ' 	���- ?�& ��';% Z-��$ 	� A�"/ ' ���!) &"B$ +&�W��� ����

 �A�!�
B11394�� A�>�$!�#$ ��.�� H�9�93/ �� �����8� b"� K�� ��;@� 	, ?�� ;,= 	� \�O .( .����  

  

 �(���
�%�d� ��?� 
&d<�  

 ?)��� 7"B6� �� ��  !"#�� 	$�%&'! 	(")853 	(");-� �� �
- X�;� ;��"P�,�� &'!��W� �-;�E ��1 	, ����

 !&H���D� 48°, 04/, 20" �/ 48°, 33/, 24"  ' �8;� K"R37°, 34/, 32"  �/37°, 56/, 17"  +�� X8�' ���B� w;�

+", 	��! 	� b;� �� ' "9$;8 	$�%&'! �-;�E 	(") 	� <;] �� �"� +;8 �-;�E 	(") 	� K�B� �� 	(") �-� .?��1 ��

�� &'�3� A�'� K�8 	$�%&'! �-;�E 	(") 	� <"�� �� ' F��/ .&"� 	(") �-� !& �>�$!�� ��#$���427 �P�� ;��

 ' +&"�83  �/92 +�� !& �>�$!�� 7"B6� �� �S!& ' �-&!';� ��1  �� F�� .�1& �� q! ?.��-&!�46  c2� �S!&

 .?�� +�� ;V��� Q�% F-��;� �� 	92��  

  
Q6�1: Q:��� R��A� �� ;�7�?@<A 
B�C��� 
D?E � �(��FI '�`?�  
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�(� ;��  9&�*  

 �� FD� ���'� !&^�93/  �� Y- ;18 	��� ��-�;� !& +&�W��� !"o�� 	� +�� +&�W��� 	-O�� c-;./ ����.&&;>  

  

;Z?%?�%  

 c2� !&	(")  &'�) �� !"#��8 +!��%! �.�� �� �$��� +�� �-����� ��"�! ��1 &'�) 	,7/32  �� �S!&

+&�& y���%� &"% 	� �! 	(")�$��� �-� .�$� 	� 	�"/ �� .�$!�&!"%;� ��� ���� 	� ?��$ �;�.�� ?����) �� �1

��� �����;��,�% N�� 	��� �� ��;8 ' �;��,�% A!�� �$��� ����D�$� ��1(Ngms)  &'�) �� �72  ��� ����

 K&�@� �32� ' +&"� !�&!"%;�4/235 , �- X�;� ;��"P�6/27  �� ;�] 	� .?�� +&�& y���%� &"% 	� �! 	(") �S!&

�b"� ��1�$���  7 +!��%! +';> !& ��$ ;#-& �$����� !�;8 ��"�! ��1 ����)��� �1�$��� �-� �
�� .�$;�>

+!��%! !��, !& .?�� +�� +�1�.� ��$E !& �B, ��� ���� &��%! ' +&�& y���%� &"% 	� �! �&'�3�1 ��

 &'�) �� !"#�� 	(") !& X8�' �!�'E !=E &�"� ' �$�.W./E ���#�� ���"�!06/574  �- X�;� ;��"P�,3/67  �S!&

+&�& y���%� &"% 	� �! 	(") c2� ���>z-' {�3� 	� ���4B1 ' 	(") !& HC�
./ �-� &�-� ?@�' .�$� 	, �-�1

+���, K;��, F9$ �$!�& Y����-& ' 	(") �L"�"�!"� !& ��	���& ;� �,�) �-� ��1�$��� ��� !& .���, �� �W-� �1

�;��;� ?-��$E �$��� ���/ FD�(Ev)  &'�) 	��$�"/1/196  �- X�;� ;��"P�,23  �-� .&;�> ;� !& �! 	(") 0, �S!&

��� ���� 7"8' �1�� ' +�� +&��"1 H�� 	� H���W/!� !& �1�$���+&"� �-�1"/ ��$�.W./E ���#�� !��, !& .�$� ���

 &'�) 	, �!"R 	� .�$!�&!"%;� �;�#B.  ;��> �� ��$5/153  �- X�;� ;��"P�,18 �! 	(") 0, �� �S!&

+��$��"�FD� !& .�$�:"/ �� �U@� !& ' 	92�� �� �-�1�� 	(") �,�;�� ' �-! 	$�& ��1��� 7"8' A�"/ �! �1

 ��� �� ^�93/ �-� !& .&;, +�1�.�124  ���D�$� ��� ����52 :"/ ' �$�.W./E ���#�� !& ��� +&�& q! �1

�$��� �� ;�] 	� .?�� b"� ��112  	, &!�& &"�' 	(") !& �$�.W./E ���1�� �� ��$ ;#-& �$���3/224  ;��"P�,

 �- X�;�3/26 ��� ���� �8�� ' +��$��"� �! 	(") c2� �S!& .����1 �;�#B.  ��1  
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Q6�3: ;�7�?@<A 
B�C��� 
D?E ;Z?%?�% '�D�  

  

 � Y� '=I �Y�DEM 

	.9$ �-� 	��/ ' A&!'E ?��� ��;� a��9� !& 	92�� ���;>"�"/ +�� ��"8! 	.9$ �� �11:50000  ��@- .�� +&�W���

 ���;>"�"/ 	.9$ �������"8!  !���� \;$ !& j|� ' +��ArcGIS � �-� !& .�-&;> +&�W��� 	.9$ 	��/ ��;� ��;� 	@��2

	��� :C�%� �� G�� H�;���/ ���� ���� �������� ����� 	P��"� ����8/2  F-���� �� .�� 	��;> ;o$ !& 	�!&

�� F-���� ��� K�B�)� �G�� &'�) 	� �/ ���-2/52  ���� !& ��-�� F1�, �@� 	� G�� �-� �� ��;� 	�!&

����� +�-& �1 .&"�  
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 Q6�4 : 
D?E �� Y� 
X&B;�7 �?@<A 
B�C���  

  
 Q6�5  :;�7 �?@<A 
B�C��� 
D?E �� Y� '=I  
X&B  
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 Q6�6 : 
X&BDEM ;�7�?@<A 
B�C��� 
D?E ;��:  

  


B�C����(��[��5� 
6�� � ��2� ;��  

�� 	$�%&'! �- �"8 <E A�-;� 	� 0-��/ ����"�� �1 	� �32� H�$�-;� 	, ���#�1 &�"� 	
�-� �B( 	$�%&'! .�$"�

�� �! �� 0B) &"%+!�"-& ' ;��� ;W) 	� ��,�� &"% ��1	$�%&'! .&��&;� A��&"% ;��� !& �� !"#�� 	(") ��1

�� !"�� ?D� &�"� �'! �� �1�> ' \;$ &�"� �'! �� �1�> N�� ?�'�9� A�-;� K"R !& ;#-& H!��� 	� .��-�B$

 !& �/'�W�� K�
�� A��E &"�"� G�"� 0��� �-� ' +&"�$ A��
- ;���	$�%&'! ;����� �1 0
� !& .&"�7	
�� � -

.?�� +�� +&�& A�.$ �� !"#�� 	$�%&'! 	(") ���;>'!��1 ��1  
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 Q6�7: ;�7�?@<A 
B�C��� 
D?E �(��[��5� 
X&B  

  

\�C k?B;�7�?@<A 
B�C��� 
D?E ;��  

Q�% 7"$ ���@/ !&	9�R �� �� !"#�� 	$�%&'! 	(") ��1& .�� +&�W��� ��"$"�,�/ ����	9�R �-� !Q�% ����-

 	� A��� _P�D� ��112 +�� ���9/ +&!+&! �� Y- ;1 .�$� ' 0���� �+';> ;-� �}!�� +';> �+&! ;-� �-��  	� �1

�� ���� ���9/ �;� ��� �� .�$"�12 Q�% +&! &��@/ ���/ ��"$"�,�/ '! 	� n"�;� ��12  +&'�3� !& ��$E �� +&!

+&! .?�� +�-&;> TD.� �/�@��2�Q�% +&! 0��� 	92�� !& &"�"� Q�% ��10��
/ K�) !& ��11 Q�% +&! '-

0��
/ A'�� ' A�"� ��12 ��.���� Q�%0��
/ K�) !& +&! ��13`��"B� � Q�% 0��� ;-&�9� �� +�;B1 �$�@� ��1

	o)C� 0��8 ;-&�9� !�"� !& ��E &�"� �B,�� ���P, ��Q�% 7"$ �-� 0��
/ .����� ?�� !& �1 &�"� �".���

 �- Y- 0��� +�� +�-& ��,�% 	$"#�-� !& 	, �$��3/ ���9�� �P, !"R 	� .?�� �$��3/ H�9�R !& ��$E <"�! ' �
1E

^�� '& ;1 Y��B,4 ' Y��P,5 Q�% +';> ;-� .?����1 Y�|�/ ?�!�"P��16 ^�� �$��3/ Q�% !& 	4$��  Y��P, 

                                                      
1-Inceptisols 
2-Entisols 
3-Inceptisols 
4 -Cambic 
5- Calcic 
6- Typic haploxerepts 
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�$;�> !�;8 Q�% +';> '����1 ?�!���P,1  ��1�"% ���
1E XB6/ H!"S 	� Y1E XB6/ ^�� 	4$��  �
�� .&"�

`����$ +�� ?W� Q�% +';> '�� ������1 ?�!���P, Y��P,';��2  �� !�B� 	�.�$'!  ���@� +&! !&Q�% A�"� ��1

�� !�;8 0��
/ �8�� 'Q�% .�$;�>0��
/ �8�� ' A�"� ��1 +&! ;-� !& ���/!'�3  Q�% ' ;-� !& A�"� ��"�! ��1+&! 

?$'"P�4 �-L! 	� 	�"/ �� 	, ?��& �1�"% !�;8 Y-!�5 Q�% }!�� +';> '�� 	92�� ;� �,�)��1 ?�/'!�6  T�D./

Q�% +';> ;-� .?�� +�� +&�&Q�% !& �1^�B� ��1 Y�|�/ ?�/'!�7  ��Q�% !& .���� +&'�3� 	-O ��!�& 	, �-�1

Q�% +';> ;-� ����1 Q�% q! ��$ �$�8"� ?B�8 !& +���,�1 ?�/'!� Y����8 ?�� +�� TD.� ' ���@/ +",) ' �1

	|/.(�1 �� A�.$ 	@��2� &!"� 	92�� Q�% ��!;� 	, �1&74 Q�% +&'�3� !& 	(") �S!&��1 Y�|�/ ?�!�"P��1 

 'Y�|�/ ?�!���P,9 �� !�;8 ?�@8"� ;-� !& .&;�>Q�%��1  .?�� +�� +&�& A�.$ �� !"#�� 	$�%&'! 	(")  

  

  
 Q6�8 :
B�C��� 
D?E �� f`�� ;�=T�C '�`?�  

                                                      
1- calcixerepts 
2- Petrocalcic Calcixerepts 
3- Orthents 
4- Fluvents 
5- xeric 
6- Xerothents 
7- Typic Xerothents 
8- Lithic Xerothents 
9- calcixereptsTypic 
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 lC�� � ��&� ���S�:NDVI ;�7�?@<A 
D?E ��  

+&�� ��-;��';@� �� T%�� �-��&;�!�, ' �-;/T%�� �-;/ 	�%��� �1��> F�"� H�@��2� 	���� !& 	, ?�� �-�1

 �-� !& �/����3� ��-�;� .?�� +��'! T%�� ;#-& �� 	�-�9� !& ' +&"� +&�� ��!�& �1�� Y����-& A�"/ �-;���

 	� Q�% 	���� ' �"� H�;V� 0��9� !& ' 	���& �1��> F�"� H�;���/ 	� �! ?����) �-;�.�� T%�� �-� .����

 T%�� .&!�& �;�B, ?����) ���� �, �1��> F�"� 	, �&!�"� ��NDVI �� 	���3� ;-� 	2��! ��.&"�  

)10 (  NDVI � ?@A�ABC
?@A�ABC  

 	�&�@� �-� !&NIR ' Y-&�$ q;�';� �$�� !& <�/��� �RED �-� !��9� �;o$ +�>�-& �� .?�� q;� �$�� !& a�
@$� �

 +&'�3� !& T%��1-  '1�� +�� 0�� Y- &�� �"� 	� �,�;�� �1��> F�"� ��;� T%�� �-� ;-&�9� .���� ��,

�� TD.� �W�� ;-&�9� �� <E ' :;� ��1;�� ��'N�� .�$"��,�' 	, ;-�� Q�% ' �1 &!"� �$�� '& !& 	��.� �W�R F

�� +�-& ;WS 	� Y-&�$ ;-&�9� �� �$!�& +&�W����� !"o�� Y- K&�@� ���"B@� Q�% T%�� �-� !& .�$"� ;1 .&"�

��!;� .?�� �1��> F�"� �,�;/ +��1& A�.$ ���� Q�% +���$� �� ;/O�� 0�
�� Y- T%�� 	PS�� !�8�� A�.$ �1

 F�"� �,�;/ �-;�.�� 	, �1& !& .?�� +�� X8�' b;� K�B� !& �� bE ' <;] !& &��E \C�� +&'�3� !& �1��>

 	.9$ ;-�NDVI .?�� +�� +&�& A�.$ �� !"#�� 	(") +&'�3� ��;�  ' ?���� +!�"1�� �� T%�� �-� 	��/ !&

 +��6��ETM+  �$��� +!'& !&2012  .?�� +�� +&�W���  

  

  
Q6�9 lC�� ���S�: :NDVI ;�7�?@<A 
B�C��� 
D?E ;��:  
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.�F% 8�> � �A�<�;�7�?@<A 
B�C��� 
D?E �� ���� m� ;��  

��!;��� A�.$ �1	���& ;t,� 	92�� �-� !& 	, �1& A�.$ &"% �� _P�D� &�@�� ' 7�"$� !& �! ��� ���� 	� 0-�B/ �1

����� ���� �� �%;� .��1&+!'& H!"S 	� ;#-& �%;� ' +&"� K�@� �1�� 0B� �� ���;/ !& !"o�� �-� 	� .���,

��� ���� 0��, 	.9$+���$� ��;� .?�� +�� +&�W��� �WP�D� X���� �� 	@��2� &!"� 	92�� !& &"�"� ��1 �;�>

��� ����j
� �� �B-�8 ��1�-�"1 ��1 !& ��$E ?�@8"� ' +�� +&�W��� �"
�"-;��� +�#��& 'google earth 

.�-&;> ���@/ 	���� ��� ���� �� �%;� ?�@8"� �!'E&;> !& "��!E H��CR� �� �1 0��&!� �@��R X���� A�����!& 

 �$��� +!'&1985  �/2012 +&�W���  ���� 	.9$ ���;/ ' ^�8& �-����� A�
�� ;-'��/ �-� 	2��' 	� .?�� +��

������ ���� 	.9$ .�-&;> ;��� &"�"� ��1;V"� ��1!"�,�� ��� !& &"�"� ��1 +&"/ H�,;) 7�"$� !& F9$ ��

�� �W-� �! �B�� 0
� !& .��,10��� ���� �.?�� +�� +&�& A�.$ �� !"#�� 	$�%&'! 	(") !& +&�& q! ��1  

  
 Q6�10.�F% 8�> '�`?� :;�7�?@<A 
B�C��� 
D?E �� ���� m� ;��  

��B e  g�: � 

Y��
/ �� �%;� 	 ;>� ' ���� K�� 0��8 �� �;/"�|��, ��1	��� 	.9$ 	��/ ��;� ��"��� ���� 	
�� ���� ����

 +�� +&�W��� ���?�� Y��
/ �� �
- ���� ���� K�� �
�� A�;-� !& H!�$ 	� !"o�� �-� 	� 	, ?�� �-�1

 0B� ���� �������� K�� �� ���"� 	, ?�� ���� !��%�� Y- ?9�9) !& ���� ���� ����� .?�� +�� +&�W���

�� !��%�� �-� .��,	�"B6� X��"/ ' +�� +&�& ��P@/ �+�#$E ;>� ���� ��$�"8 	@�"/ �� ���@/ ��;� �! ���� ��1

+&�& 	@�"/ ��';% ' �&'!' ��1;��������� �� �
- .�$��� ���� ���� �������� ����� ����� ���� ��1

 H��CR� ' H�;o$ a��� ;� ������� ����� +�#$E ;>� ��$�"8 :�1 �P, !"R 	� .���� 	, �/!"S !& ?�� �����!�,
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��	���� 	� \��8� K�� ��';% !& �2% A���� F1�, !"o�� 	� ���� ��1�� ?-"U� X��"/ ���� K�� !& .�-�B$

ANFIS "�>"� ' �,�>�/ 7"$ �� ���� ��$�"81)1983+�� 	��;> !�, 	� �$;�> �� +;�� �(�-! X��"/ �� 	, ( ;>� .�$�

K�� ����� ?��V �(�-! X��"/ �� 	�%��� ;WS 	�/! �� "�>"� ���� K�� A�"�� �� ��  Y- 	�/! ��!�& ;>� ' &"�

	PB��� Y- 	�/! �� "�>"� ���� K�� 7"$ �� K�� ����� �� ' �,�>�/ 5�"/ +�� &���.�� K�� ^�93/ �-� !& .����
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Abstract 
In this study, Neural Fuzzy Inference System (ANFIS) was used in landslide zoning in the Songhur Chai River 
Basin. In order to assess the neural network, 124 occurred landslide data identified from aerial photographs, 
satellite imagery, and field observations and was presented to the system. In addition, for processing landslides 
in MATLAB software, 8-layers were prepared; slope layers, aspect, DEM, lithology, hydrographic network 
layer, NDVI, soil and landslide groups and landslide distribution were drawn from field studies, topographic and 
geologic maps and satellite images in Arc GIS software. These layers were normalized based on the largest value 
for each layer in the range between 1 and zero.  During the modeling process, 80% of the data were selected for 
training and 20% for were tested and were processed in the neural fuzzy inference system. In several studies, the 
value is considered as acceptable. Then, the values in order to map the landslide in the structure of ANFIS were 
processed and analyzed. Finally, with respect to the output weights, landslide zonation maps were drawn in five 
categories: very high, high, medium, low and very few. The results indicated that the geological structure formed 
of gray man and red sandstone, volcanic ash and tuff and high humidity, makes Ganjgah Mountains and 
Islamabad a high potential area for landslide occurrence. 
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