
)����� �	�
��:�/�/����
��� ���� :��/�/��(

��������	
 ������ ��������� ��� ���� ������ ���� �������� ��� � � !

 "����#�$�� ��
�� ����%�	�	 �� �	�&'%� �� �'%� ��� 

���'�(� ��)�� ��*�*���+, ��-./� 

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

����0 :'�$�- .�)%� �/ 0%1�2 .��� 3�4�1�5 �678 �-��3*�(
$*&
�4"��1 �*!�  �5 3*�/ .�9%:- ':%�!2 ;!�:<� �:� �!:+ . 

-��/��73�>?-��� �+�� @1�?
A7*3��B�!C�
�/ �1 �-* ��'D� E/�?� �#�- �� F�G H�4�� �-* .H$*��B3�7 �"�:(%B�
$ 
�4�%�8 �'+ @%I?2 ��%JK2 L
M�B��)�� �"�(%B  �92 �
�*$ �*��/3N�O% ��*� 3�7 �� 3'��/ P�4-* �'?>?- 3'��/ ����!9� H�/ 
.!9?5� $* �)�/ � .�)%� '�$�- ��+!/ .�4-* �� �"%9C 3�4-�� �� .8 �<K- 3�7 Q� �:�*�*�	 &%%D2 R'7 �/)�:%"
*(�S�:?/�1

)�%�!��� � �%�"1(.��� �4	�� �*�T ���O4-* ��!�'�* .H�� $* ���O4-* �/3�7O%N @4
�!,�* �
�*$ &
�4)%/ ;'<� U���� �3��*!:4� 
��3�*�(2 �O%N �,4�%�8�� �
��4�* 3�7!V# �
!W2� X*��4-* �/ ���8 $* ���O4-* '�':+ 3$�:-��(+8 .��:� S�?/�1 � Q� ��*�*�	 .�:7

 �C��5 '?Y �?�B @4
�!,�* �� �7 3�7 ���1 3*�/ *� ����(
 �J
��2 3�7 .��:� �"Z* 3�7 ���:1 ��(:+8 �:7 ��5 �':�* ��� �:C �:
$ 3':?/
 ��4�� �"�(%B ��*� .�)� �%"
* �/ �J�� S�?/�1 3M�/ ��*�*�	 �/ *� 3�4)%/ 3�7'�*.H$*��B $* [Z�G \
�4� �"�:(%B�
$ ��*� �4:-� -

3�7 P3'��/ ]%N \
�4� ���*'%� S*'7�)� �/ � �>?-XRD ��!9� �'+ '%^�2 �7 �*��1 �4	�%7� .*!?# �/ *� H�� &
* �����/ 3*�/ :73�
B�!C�
�� �	�D�'?1.

�2�� ����� ���:�'+ @%I?2 ��%JK2 L
M�B _.�)%� '�$�-3�)�� _�4�%�8 3�
�*$ �*��/ 3_�O%N ;':<� U��:�� �:O%N @4
�!,�*
��*!4� �
�*$ &
�4)%/ _�,4�%�8���O%N 3�*�(2 .

����� 

�-�4-� '?�$�%� F�*  �� �� �^�4-�� � 3��+ �G*!� H�4��
 5�- �*!� �/ �%��* ���94 �-* �C8 � �-�� �&+ �.�9%- '?��� 3*
 B �%97* �1�!C�
�� .*'?Y �� *� �*!� ��!,?
* �$�- .�/[:%��

�7�`*3�:/ X*��4:-* $* �:+�� �:K%<� ��
$ Q� �:
�� 3�:7
 �$�2 H�,� ��4	�/8*33�7�!):1 ab- � �4D?Z 3�7�!)1 �� 

Q� $* ���O4-* 3!- �/ �D-!2 F�G �� �:/ 3'�$�:- 3�7��!:C
�-* ����8 .'�$�- .�)%� �/ 0%1�2 .��:� 3�4�:1�5 �6:78 

�-��3*�(
$*[��1&
�2 �*!�  �5 3*�/ .�9%- '%�!2 ;!�<� 

�'+ ��7�� 6783�7 c��5�2.83*�/ ':%�!2 6:78 0:-�?�
 �-*]�[.R�N $* �,
� :-��/��:73* L>?:-$��� �:(
 $* 

H��3�7 @1 �?
A7 ��/�#�- �� F�G :-* �D-!2�.�
��W:2 

∗&O"2 �F!f�� �'?�
!� :ghijkijglgg ��/�9� :llmnojl)gjii(�(%���4(�* ��B �:tangestani@susc.ac.ir 

F�-@(
 � ��%/ p��9+ ���.�4�/�2��q<OZ $* ��rr �2 ���

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

08
 ]

 

                             1 / 12

http://ijcm.ir/article-1-317-en.html


��st ����4�,?2 �9+�7 .*�
* �-�?+ ���1 � �-�?+�!"/ �">� �r�

��*!7��3*3��G S�#sN* �+$�* �/ 3*�:/ �:-��/ � �^�:-�?+ 

.����7����13�7 [%()2 �'?7� .8�-* .�:/ S�:#sN* �:-�
 :�� �J` ET*� �� ��>?-��� �
��W2 $* �'�8 �<K:- ;�:2$�/ �*'

 �I<� '
� .*'%� �� ���� �7 $* S�':� �:/ �1 �-* �'?>?- 3*
 �:� [:Z�G &,97 ���� 6
 L?(97�/ �!:+]�[.���E:T*� �:/

[%�� �?,97�� L+!B3�7 uK- �&%�$ '?Y L+!B c��:5 �:/
@7 �� v
 �7�w [�x%B ��� '�!+ �5�/ $* L+!B �A:%� �7 �:/

�2*y �!N �D%JN �4�%�8 '��*� ]k[.*[�(%B &
* �� &
* $*� �:7 
)[�(%B Rs5�/ '�'G*� �O%N .�)� 3*�*� �1 c��5 3�7 (�/-

�� �4�%�8 [�(%B .*!?# '?:-�?+ .H�� �� 3�:7 F!:9D� ��� 

3'?/ ��
��W2 �973[�x%B�7*�c��5 z�	 �:� ':??{ ���
�>%4� �7 �[�x%B |*�W:<?� �:/ v:
 ��� }:"D2 &:
* � ��*� �� 

��%��G �{ �� ���'?/3[�x%B3�7 ��4�%�8 [�x%B 6
 ��-
'�*!2 �� L%/ $* v
 ��� �*�T ��%�.[�:(%B [():� [:G 3�:7

 �/ �4�%�8 ��� �'�# �'??1 3'?/ �
$ 3�7 �:-* �"�:(%B .H��-
�"�(%B�
$ 3�7��O�!� X*��4-* 3*�/ �J:-�<� �[�:(%B 3�:7

 c%�):2 .�:
�B �� � �
!W:2 $* [�(%B �7 �� R'7 �*!� �91
 B ~!� 6
 $* L%/ �
!W:2 $* [�(%B �7 �� �!C!� �?%�$ L+!
 �:� �4	�� ��1 �/ �!:+ ]�[.�:"9C $* �:O%N �:,4�%�8 F':�

H�� �� �:?%�$ L:+!B �^�:-�?+ � &%%D2 3*�/ �1 �-* �^�7
 �
$ uK- �� ���O4-* [�(%B�!+ .H�� �:O%N �,4�%�8�� 3�7

�K52�'+ @%I?2 ��%JK2 L
M�B �3�:4�%�8 3$* �:�!9� �� �
4�7 F'� &
* -��/ &
* �� �1 '?�'�'+ ���O4-* .LSU ��:1

*AC*3�� &%%D2 *� �4�%�8 �� �!C!� � ':?1 MTMF �:�*�*�	 
��!::� �)::�/ �,4�%�8�::� $* ���O4::-* �::/ *� �
�::�4�* 3�7!V::#

�� �*�T �/�
$�*'7� ]o[.H$*��B �� �"�(%B  �92 3�7���*�*�	 
���� '?Y �
 6
33�V:#* ]:%N &%:/ �7�J:+ Q�-*�/ R'7 

�* [�(%B ]%N � �
��4 ��*!7�� �
!W2 3�7 �� &%%D2 3*�!+ .��
H$*��B ~!� &
* ��� 6:
 .*!:?# �:/ [�(%B 6
 ��73�:?%�$ 
�� ��K� 'G*��!+ .�:
�*$ �*��:/ �):�� @4
�!,�*3�:O%N �$* 

H$*��:B &
* �"9C �:-�7 .):7��B ��:1 &:
* R':7��:-��/ �

1- Sub-Pixel Methods 
2- Linear Spectral Unmixing(LSU) 
3- Mixture Tuned Matched Filtering(MTMF) 
4- Per-Pixel Methods 
5- Spectral Angle Mapper(SAM) 
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6- Short Wave Infrared(SWIR) 
7- Visible Near Infrared + Short Wave Infrared (VNIR + 
SWIR) 
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9- Endmember 
10 - Sequential Maximum Angle Convex Cone (SMACC) 
11- Positivity 
12- Sum-to-Unity or Less 
13-  Iterative Spectral Unmixing(ISU) 
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