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F��=��H�_G���F.�4�5F����$��"��-�4�,�G

�>�,��,��  ��"� ����,� �� 0�,� �� �*5��:�>O�B�
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F*G������,��N,�7���
 o� �,�FO

-��:$�"�w*Za�F�G;�� ��s�Z���k�B� �"

-����4!��G@���:$�"_=���ST�>���,��N,�
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Fh���;���4�h�0���S��-�4��"0����!,���

7a=�;��„�$7	\b��Fl>�@�����$ _G���

-��";H��7����>Z�F\��-��n2�� 0��ZN��

-���0�����";=�Y�4���_4-�4�*�=�-���

-�4����7�����-��"F	�-�N�����n1]y[.��

k,B� � �.�4�5 C��N k�� x���-���	�
_+���

F.�4�5��,�qU�M��"AB��	U�AB��=h��

��B��7��������� ���=���� T�4 �>O�B� ;��

C��N k�� x��� ��  �"�� �� ��B�� AB�

M��" �V��,
��.�4�5����=�;O������P��Q��

F�=�,�����,� �� ��B�� x�=�� �� ���$��.�

��=1 �� ���? �>O�B� ��,�.!���� ��>O�B� x��� ��

 �"-�4��=>��R,���AB�-���	�
���B��M��"

-�4��=>�F	E��4��=>���@��7���+k�" ����@

M��?k��F����F��"��]y[)M�"‚(:
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�������


9�;<!�!*��= ��&>6

�#��3��

��-�4 �4���=$��N,�;=��U�]=�:� -���

-����=1 �=Y=2��7��-��O���=1 ]=�:�

 ��=>���ST,B>� ����17��.��;��]=�:�

����=1��-�N ��\*��@�X���=>�m���

�F.�=��@�;���S�m�����=>�;H��7��

 ��\*�����1.;��-��O��-�=1 ]=�:����

%Multi criteria Decision Making(MCDM)�

�*�� ��
]=a������.=�.�=1 ]=�:� -��O��

��S�5�4�]=�:� -��O���=1

:$�"��S���H��,B��-��O����S�5�4���,W��
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-�=1�,N,� ��\*��F�����1]•. [�N,� ����
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�4 ���_1@�`�UOFH��_�7��4 DI  ��� ����

A����-��O���:$�" ��SF�]�@���2.��,.���4

�G0�=������1-��O��]=�:�-�=1��:$�"��S

#Multiple Object Decision Making(MODM)�

&Multi Attribute Decision Making(MADM)�

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



4

���
��

��

���

��4
]*

a=
�@

� 
��\

*�
��

��
.�4

�5
_+

���
���

=
���

��.��K*��F���"�����,W��c�K*��;��*Z����

���_1@�;=�m���_1�,N,�����G���=�.]=�:�
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�O,��5���.=�:

��-�,��G� �0���…��4����_1�� !�� �0���
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J$�" J$�"j!����_1 ����i�"�� �� !�.��

�B�������:$�"��-��O��MADM�����G€�,��

�G��:$�"9	b���;����O��@�x�=��-�4

p	*K� �,�ZO�bw���ˆ��>�����.��H��w*�=*�

���_1-��G���,*���=�� �,��Df4�����9	b�

�C?�,�;H���=b�4�,$�,�.;��*�����_1��X�

D��MADMX����_1F�4€� ��4�,$

;��*UN��[@��)7=�,	B�(@��4�:K���,N,���

;=�‰������]%#[)�B���%(.

?@A@���/�#
$��#��9�;<!�

��*�� ��
@�-��"�p	*K����O‰a�MADM

���� �,N:X��*��@���"�9>���@�FO��

�,�����D��F���ZN�=b% �,��*���.��

9>���@�D��-�.��T�>���D��F���ZN#F�

�"��]%&[.

?@A@A@7!���
�BC��D

M��"Fu��"��," F��G�����I�O��Z���;=�

��:$�"@����7a=�F�>��B��p>V�,N,���

X�J$�"i�,�7�_��,N,�@�J$�"�.��

0��ZNF���,"]%&[.

%Non – Compensatory model 

# Compensatory�

?@A@E@7!���
�BC

M�*����F���"�7���G…@�N��O��Z���;=�

��:$�"�����I@����7��-�==Š� F�>�XS,G��

X�J$�"���,� F�i�,�-�==Š�pO�K���

-��:$�"0��ZN�.���,".���N,���7=4��

-��:$�"�R‹���F��=��H�_+����F.�4�5@����I

�G;����:$�"-�������=R‰�-� F	���*��.��H�

��"�� F��;�������@�-��O��F���ZN ��\*����

�,"]�@���2 �� ����ZN D�� A���� �� .D��

����ZN ��4��7�a?��@]=a������.=�:
F<
�7!�9#
G= ��&�$��������
H

��;��D��F>�����I��X�C���7=�,	B���

-�@��4���_1F��"����G��0I���_1��;��*�=�

7=�,	B� ��_1���4�,$�".;�������MH����;��

D��F.�,.S��I��C���7=�,	B��:$�"��S

7���F$��@���"���;��D�������Z
@�:

%.[�ƒ,��� ����;�@#.[�ƒ,���;�@

 ��-���  �"&.[�ƒ,��� ���;�@��

M��>�M���*�.���=	+;��[��4�M��,


-�4�,*G�5��@�R,���X�]=�:�-�=1��F�0�,�

����,E ��-���k,B�p	*K�0������
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I@7!��0���J
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�"��.-��"�;�� �1��@�����Z
@�:

%.[�LinmapŒ:��;��[�m���_1n

J$�"@�X��O‰a�ˆ�\�����,Em�B����

X�-�l5)-�>��N,� ��,����?�*5�13•�

dB��Df4���J=K�� ��� �";�_1�4�F�G

&Weighting method 

•Compromising 

ŒLinear programming for multidimensional analysis 

of preferences
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#.[�Topsis%:��;��[� �
����

;*5�1�W��	E�5X����_1@��B��)���_1(I�Df4��

�	E�50I@��B��Df4���F\��]4���*5�1�W�F�

�,".0���F�>��G���_1F��K*������-����
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D�h

-����;������	E�5@� ��MhDf4���F\��

�"��.}.[�MRS#:-��"��,N,�@�-��O��

F���ZN-���F���@��Mu�a�s,�����MADMD��Z�

;=���:$�"�� ]Gm=�����,EF��V��F�=


�������=.=�.[�MRSFH�@�F���"�7���G

D��Z���;=�-��:$�"�,N,�@�X��O‰a�

MADM�����,�F�=
7��
�F���G.

K@7!�L��&�&

FN�$���I����,EX��
,���@��4 �Z�� �,�

��-,U��GF.�4��4!@Q����9����;���

��,E;=�‰��4�,$�,���� [� � M��" �+

�"��:‚.[�•ELECTRE :��;��[���-�N�Z��

-������_1�4@�!,�\�-���N��!,�\��Z�� �=b

��)Out Ranking( ��\*��F���,";�����,E

�G� � � � ��.��=�0I7���G�S�1����_1-�4

k‚š=4F*=UN��@��W�FV������.��H�������

0�,� �*�� [� ;�� ��� �� �@� ��� ����n2 ��.��

;��[��=	G���_1�4�� ��\*��@������a�

�Z���=b-���,�F���@�����?�*5�10���^���

���_1-�4�R‹��=bTnhF���,".y.J=:K� [�

FB$M:��;��[����_1-�4ˆ�\�@�X��O‰a�

9ah����@�=*�����I@��4J$�"�,N,��Z��

-��� �"3•��Z��-���������_1�4@�^���

X����20��ZNFB$��-�@��Q��Z�;H����

;=���:$�"JK���4�,$�".���2Mh��,.�

%Technique for order- preference by similarity to 

ideal solution 
# Marginal rate of substitution of attributes 

&Concordance  Model 

• Elimination echoic translating reality 

ŒLinear assignment

-�7���G-@�=���x�=��0��I��-��:$�"

F\=GF�G�4�,K��,�]%(%&[.

H@N@I�8��
O��� P$#9
�����/�#
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C��*�2%RPC ��-2�� ���@� *��-@� ��@+D� *�E� �  FGH ��@+D� *�E� �� *�I3JK� L�>���.� ���M�� �� .N$ ����O �� *���P��.J��

C��� 5�>R�S T�-� �U ��+G2 .��@+D� *�I3 � JK� .V�WK3 �N��� *���M�� *��� X���  YKM� .��2��W�� �2F+GK ��-2�� *�2*�������-@� *�

.� �Z��� *��-@� �[-@\� P� 5�/���U  ��7+�� ���Z��� XM� ��  ��-"C�� J�� �5�/��2���  ����� .V�WK3 C�� *��� .��W4��H 5�-�
 �� �� �2

�+3�/ �]�J�� P�  ����� .V�WK3 *�2�+����1 ^��D+�� 5-_  ���`)�  8�� ��-"� .�-�
 �+����1��
��� ^��D+�� �*P��P�� 8K	��M C�R JK
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 ����� ��
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.� �+"�� �4� �����\��-".���  .�K�P C�+�U L��� P�  ��7+�� !�
 aKc� �� �-H J�� ��C�+�U �8M� �?���d J�� �>��\� �� *��-@� *�2

 ��-2�� ��-@� ^P P� .�K�P  �" *P��P�� ��@+D� ��7+�� *�2P�K� �XM�-� *��KG� �� e� J�� �� *�.��  ��O�� �� 5�/���U�P��. .����

 ��K1e� *P�� ����/ .���� ���@+D� �>��\� 8�H �2�+����1 J�� fK\@� *��� .�� 2U ���e� J�� P� .V� �c��� J�� �� ��� ���@� *� �� �2

 ��-2�� � .N$ ����OIKONOS-2IRS-P5*�I3 *�E� �� ��@+D� *P��P��  �" fK\@� ?���d �� 5O P� 01  8��  ����/ *P��  ��K1

8��  ����/ !���� ^P ���@� *��-@� ��@+D� P�  ��7+�� �� FGH.C��
� P�  ��O 8�� �� g��+���-� e� *[�� .����-� �4������ ���\K\@� J��

 �" �Z��� ?���d fK\@� ��  ��7+��RPC.� *�E� �� *P��P�� 8�H�"��.

�������� ���:��������� 	�
�� �������� �����RPC��	��� �� �!� �"��"�#IRS-P5�IKONOS

%Rational Polynomial Camera
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�K�� ����@� FK��� �FGH *�E� �� *�I3 *P��P��

�� ��-S �� ��
��� ^��D+�� �JK�P .�-M� C��

 8KEM-� JKKE� �*�E�....� ���M  ��7+�� ��-����K/.

C�� J��.� FKG�� �+�� � �� .	U �-� �� �2��-":

C��.V�WK3 *�2C�� � ����� ����� .�-�
 *�2

]:[.�� �P�K� ��-� 8M� �� .4+G� C�� j-� k�D+��

���E� ./��U��1  ���E�  .V�WK3 C�� 5�-� h�+��

.� �-H-� C�+�U L����"��.� ����� .V�WK3 C�� ��

���-@� l$� �]\c ��  ����� .+KEM-�  .��V� 8KEM�

�C�� J�� *�2�+����1  �-" .� *P��P��5��� �2

5��� *�������-@� �]\c �� ��  ����� 8KEM-�

.��2�.C�� J��C�� �.V�WK3 *�2FV\+G� *�2%

�� aGVK1 ��P �R �� �� .�[�� .��@+D� 8M�  ��+G2

.� 8�����O]:[.C�� J�� ���4��V� P� �2�+����1 ��2

.� .V�WK3 �KH-� *���� �+����1 �2   �-� a�+G��"��.

C�� ����� *-V�  j-� P� a�+G� .�-�
 *�2

��+G2.*�E� �� L�>��� � ����� .�-�
 C�� m� ��

m�WK3 P�  ��7+�� 5�� �FGH  ��-@� *�2�I3 JK�

.� ���M�� *�������-@��-".C�� J��.� �2�+G� ����-�

aV" �cnG� j-� ���C�K�-� .	1 �	�H P� .��7+� *�2

.>G�#...��"��.�� 8M�C ���E� �� .�-�
 *�2

 ���� .4+G� ��-@� �� �-H-� C�+�U L��� ./��U��1

C�� J�� ?���d*�2�+����1 �� T>��� FK�+G� �-� �� �2

�� .S�$ ���  8GK� JK��� .H��$  .	$�� �KH-�

./o� ��-� ���Z���  �" JV"�� C�� .���2 *�2

.���2�.

 ��-2�� ���@� 5�/��2� �Z����� *�mKV7� ���M

��K+$� �� �� �-$  ����� .V�WK3 C�� �[��

 ��7+��.�� ���M 5�/���U��  ���2 a���� ��  ��2�

%Rigorous

#Rational

a��"  ����� .�-�
 C�� ��]� ��-� ���@�p<

�Z��� �� JK�P  ��-@� JK� .>G� �[��E� ?��d

.�.� �U ���U ��
��� ^��D+�� 5O P�  ��7+�� �� 5�-�

� ���@� FK������� !����.�-H 5�V�� J�� C�R J�� ��

 ��7+�� �U ������5O P�  ��7+�� �� ����-+� 5�/���U

 ��� J��  ��2� !���� q-	� .�V"��*��KG� �� �2

.�� JK�n� �� �]� ��-� 8M� Y�������U]:[.J�������

C�� ��e�� �K$� *�2J�� fK\@� 8�H *���P *�2

P�  ��7+�� �� �2�+����18�H *��-@�  .c�+�U *�2�KM

8M� �� 5�K���� �U 8�� �+3��l1 !���� �]� ��-� *�2

e� J�� P� .V� ��c��� J�� ��� *��� �2*��-@� *�2

*[�� mKV7� ���M ��  ��-2�� � P� 5���� P� .�����

IKONOSIRS-P5 (CartoSAT 1)*P��  ��K1

8��  ����/.\@� ?���d J�� P� ������ ����  �" fK

^P P� *�K/��U �� �� FGH *�E� �� *�I3 *P��P��

 ��-2�� J�� P� m� �2 ��-@� 8��  ����/  ��7+�� �2

 ����KM�� �G����L��� P� *���E� *� �� ��@+D� *�2

C��
� P� �E�  a>M m_ .�K�Pe� 8K	��M ���\K\@�
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�7��� ���P P�  �" l$� ��-@� m�*�2
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&Image Model Geometry 

r Ortho-Kit 
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 ��-2�� � ^P ���@�IKONOS-2IRS-P5 

(CartoSat 1)8��  ����/  ��7+�� 5���� P� .����� ��.
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%Multi Spectral 
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83�/ ���M ���� ��.JK��� � *����  ��-2�� J��

.� �U 8�� mK����V��1���@� �-��+�� ��� 8�H ���-�
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� i����.���>+;� A9.�_> ����*� �- ��- ƒ7?��� �

���,�{�:�7��- ��_� �� ?.

692.���".�2,���E E� O�69�  !+���.�� �-

� 5S C>�N7� 5�.����� ��6$��  ��+".82��������� �4.

�K<�,��692 ?.���". ��3  b�- O��" pL+�:� �2

�/Q.��_�  �l���  ������ �� �- ��+� O;�  ��
�N  A

T+�7�=6m� h,���,5S� ���� �2.�+"]%q[:

•23�)Class(:� !+�*� 5��2 •N� ��.�"��.�\

���3� A�� ?��� b�-�E ���b�-�2�-�� �7I.E�

���6�� �� � ?���,��-.

•��&)Individual(:�0 �=�
���,�692 \.-

���".�.�"��.��+�� •N� �� „m"�,xb�- E�

�.�"��.�692 \.���".� !EL7�� ���3� �- A9

4�����7� �� ����+< ?	- j�2. 82��3E��,

9�� 5����78���,5S �- �J�/�  ��+� •�m"�

�;  •�m"���m� p�_.� E��692 ?.���".

��"�I�.

•.�67�)Attribute(:"�7�� �� t��692 \.-

���".�."� �� 5����I��� b����� 5�+�7t�…�� �4

�:����- R.��"� ?7 t��J�/�  ��"�� O�69��/Q.

���7� ��.��+". �2�/Q.�.���+��b�- \��

��"�� ��3 \. ]+�  †" ]+��/Q.�� �l��� ]+�  

� „m��.��-.�692 \.���".���E.A���

� �- A��72�*� ?7�"�� ���N�� �l���  8.Z ��7�

��? O;�F �
+��� ��+;�Ay> \�+� �2�+$ ����

���692 \.���"..

•0���!)Relation(:4�+4J."� d�I���7�� �� t�

����� �47� 5�.��-.�7692 ���N �6�.���". 

"��.���+� E�.��:��� a��� R.�"��.�
+����,E�

�� a�����:�  �E+F \.� �� �E+F 5S7� 5�.-

���-.�
+����,b�- E��2,�	9	�  a���-

��� C�������,5S� ���N  �27���E 5�.�- ��

692.���".� 5S C>�N ��75�5���  A�� ��"

�.��2�.

%Instance  

#Thing  

•�.�#���)Restriction(:T+�7��_.O�" ��

�+;,��+�:� �-77� ?.�I$ �- ���-‡5�+�
 ��

��,k0 �� �"�� ��+4J��+" �63�.

•����9)Rule(:���K/�,���< C>�N ��

"�/�...��4�S"...N �- ��+�7b��2,�l��.�� ���\

� •+=m� !�37� 5�.��-.

•:;�)Axioms(:��I$�,�� �-��l�� C>�N \. 

�+r�,	-.� 5��� �� �:>�l� ��+� �E+F.�2�.

� �� O;� !+�*��?[l�� �� 5S ����� 5�+�
 �� �<

�+;,ˆ� ‰�3.��-.� �� O;� E� �+`���a�3 ���

���K/�2.��.>� W��� �- �"��7� �� ��� ���.���-.

•.!����)Event(:y�77 ��/Q.��� �l���.�"��.

����� ���2�7692 A.���".� � E����/��0���4

��:� e  W���.�Š����.�.�+".

�*�<=�� ��>:�0���4�2,��
�N‹|
�� ��6��

07A3���2.��E ��7� ��7869�2,��I$Œ��/����.���

���+� ��,����4� �����,�0���  W��� ��4

i��6"���k/,O��� ��  5S E� ���� ���*6��  W���

���" �<�+�.� ������ ?7�0 !��� �- C���4�2,W���

�.���F��� ��6�� E� A9.0 7� ���.���".�� �I	Z A�<

�������  ����� ?.W���•�0 E���� ��
�N ��4

E�9>��,0 O���� W���7��- ��.	
.� 8Z��� ����?

�2� �2E�7����� A.���  A�� ��" �6$��" W���

E+�2V����".I����.���,5S����� �+<.��

L��E O��� E+�2 �� �.��+�7� 87869�2,�� ���"+2

/����7�,{+>+���,�0�E�9� W��� ��4�8:

%.	;� ��T�*�.�� \7�; ��I� W��� 869�h

�7A9.

#.27�0 ‚�>��6� W��� ��4.��+6� �- ����� �+<78

��I���,S�0 5�� W��� ��4��4,E�9��8.

&.272�� ‚.���,����� �+< W��� A"�I��.

&Assertion  

qFormal logic 

s Semantic Web 

uRule Base 

wExpert Knowledge 

) Knowledge Engineering



���

���
��

��	



�
���

��
���

��
��


���
�

���
��

���
��

���
��

��
� 

�!
���

�"
 

#
���

�$
 

%
&

'(

� ��`6��.���:� O9� �-,?3�S,VE���0

 W�������� •3� �� ����� ?��.����� E� �k/.W���

����� ��.692.���".	F ���.��+�� �-.�� 5�+�

 5S��- •*��� �� �+-k� �����.�����.692.

���".�\V����".�_�7� �- A�� [�5�+�
�\

6��7F��� 5���� ���"+2 ��.�0 C���6���� W��� ��4

� 82��3.��-.���� �/� Ž�3����`� �� �� W��� A

4�7�� 8����_� \7�+6_� [� ��/7A�� E�.��?V�

� p��r�l�7�6���E�����.��
���� 86$.�+".�\

692.���".� �-  7�69.2�*� E�7�0 8���, A��

!+�*�E��,��7�,� ?"� �� j�2. �E����0 \��

��I� �� �- 8�_�,�0 5�+6� 5S���4�2,�� O��N W���

i��6"���k/,E�9� ���� 82��3  8.��-.�����. W���

����� ��.692.���".O�����A�� �63�.

��?� @.��:��:� e.�"��.���,��	��N ���7A

i��  8�3���< ���69/ e.�+�-.X��- a�+�7��+

�.�"��.X��- �T�F U�F ��7��+•���� �2WWW��

�6"� ��+=��,� E�7A� VE���0 �2�6-���-  �2.���-.

�2 ��7>� ?7���- O.�^�07�.0 ��7��_*; 5��- ��

WWW6� ��  d+���73�T� ��
��� ��.�� d+����� 

� ����.�+".��:� e.���� ��+/��4,� O�
.��-.

��� +�69< �+�+� \��+6_� �,��
��� E� A�9N �2

WWWaI��� ��
��� �+� �2�+$ ���N �k>  ���*� ��-

��,� ��7���.� E��� �6"k/ ?.� ]�+�� 5�+�7869�2,

��I� �� �� ���"+2,��:� e.��E+F ���2,�����

��6�>�7��6�>� VE+�S  \7Z  \7��� ��,���������,

� �J�27E� �6�WWW����- ���]%s[.

��:� e ��.��:� O9� �-  ,� e+9_� e.-

��� ������3 E�  �+",�2�+�+� �� \�-,A�< +�69<

�6� �^����aI��� •� ���*6��  ��.�+".� ���e E� O9� ?

���,�7692 E� ������3 5�.���".� ���*6��.�� �+"

�+�,� �-�������3 ?���,X��-7�"�� 8�3 O��N �2��+.

��.� �� 8�� O^�9� E���E ?7� �����+4J �- A9�

O��:� �� ������3k0���� �7�8.��O��:� ?k0��,`�� ��78

692.���".� ?���  .�+"]%([.

3-� ����	
�

9� ]+T+� A-�F7��� ��.��J ����E+F ?

�_�7�.3  �*9	3 �	�< E�7K�
+�=� V+2  \.

�7869�2,���� ��
���.�.�"��.A-�F E� �+`��

-7*.��E�9>�� �- A9�,���� ����+=� A-�F W

-7*.�"��.��:.���� E��2,-7*.�- �� .���,

E�9>��,� UL�6��  A-�F,�+" ���*6�� 5S.��

	- �+�.- A-�F7*.- Y�6�6�� !+�*� E� ���*6��  7*.

E�9>�� ��,!+�*� Y�6�6�� � A-�F.�"��.Wm� ��

�:�,3�:� ��.- Y�6�6��7*.�" �2�+$ �6$���0.

- Y�6�6��7*.����W�2.����,�I�<�2,07�6�+

>+�  �����  5��E  �o3 On� c5��<7� �.��-.��?

����9� ��
��� E� Y�6�6��  W76�0 �� 8- ��7��I.�.-

��-.� p�
+�,�E+F�2,�	
.����� .���- K-���

A��.����/ ?�
+�=� V+2 �E+F �� W.?3  �S,

���+��S�4"E���0  �2,����.�E+F �2,����+��4

� ���N ���*6��./7��.E ��2��� ��4�� �7��� �K.��

� �� !��62��A�� ]+T+� ?:

•� U��� �L��:� OF 5�� ���3�  ����9���*7	.��

�0�N� ���2��� �7�6� [�*� •7����*6�� O��N �,

�� ������7�,37K��.� A���.���S./��E �� ��.

9� ����� ��  5���+$ ���E�7����   ���� 8- ���2,

8-� 5��  AN�7V� �� E��2,6��.�- p���- .

� „m��.�-7N�*�� �J �- 8.���63� 5��3���� ��

� ��+4J  A��.��+�7� 8,•‘� 5S7��k4� ��8.

��!�� ������ ��K3�,���+��S_� �� �- �27a�2,�.-

N7� O�
 �.E�9>��  ���-,��� i��,�  7�� E�

� 8�3�� �- A9��� !���� ��+4J ��- ?.�+".

•� !��>� 8�3 !�4�2 5������  5��������  ���7�

���4�2  �	r9� \.� ���:� �-7�6�,V��2,

���.���,� •�$ �	r9� OF�� ���.�+"  

9*� !�4�27�6� ��I" •7�E��,�2,�-.��I��_�  

��E���� �/7�,- Y�6�6�� E�  �27*.� ���*6��.���-.

�������0 ?7A3���2,37K�- \7*.����� ���� �

>+�7� ���:� �7�6�,!��� �- j�l:�� O��N ��K3�.-

�� 5������  5�������� ���+����,�+��  ��-.

- Y�6�6��7*.<�6�6��.�� d+��� �- A��

;+�7Z ��*7���
,�� \7� ��+� 869��+�,!��� �-

�/Q.6��  �27��63� ��E�,��- ’*F �� 5S 8��.j�2

U���2,-7*.���� C��+< ?63�/.�� \7869��

����7K< �� �� E� e��6<� �� !K7��- ��.��
 ,�.-

�"��.
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>
�� �" ���"� �- �+l���2Weghe QTC��� ��,

E�9>��,-7*.�:� A-�F�A�� ���- R.��QTC

I9� A-�F."�7�l�� t��,A�� �`��� 82 E� ��< .

���,E�9>��,-7*.I9� A-�F." �.�l�� t�,8-  

E ���A�� ��" ���*6�� �	;�3 5�".� ����� b��� ?

- �����7*.� +(�:��A�� ��" R:�������:� ��,

" �	;�3 5�" 8-.tU�" �� AI9�.����  !� t+��

��:�,E�" �	;�3 5�" ��.tU�" �� AI9�. !� t

����(��:� ��,� 5�+� ?-��.�"��.

" �.� �l�� t,KL� ��,��69� a$ \78

4� �`� ��7���.���,����- A-�F W7*.��QTC��

��������o3 �� ?��� A>�F ?,�\�:�,E��YE \

��� 5S U� �*>M� �- C���,����" A-�F W.U� t

)".tK(��� 5S !� �*>M� ,����" A-�F W.!� t

)".tL(� ���*6��.�+".� E� !��- �2��*>M� ?�� �2

- �����7*.� �� ?���.��"�� �6"�� ����+�.�������?

A>�F !����2,?���&×&='�l���E��+� �2�+$ �) :�

�( )(�( +)�( )�(( )((( +)(( )�(+ )((++)

(+)O�"%(.U�< ��%��k4���  a���,07�����,

5�/����4�;+� ��7��+��� R5�"� �`F��.�+".

�������	
� ���QTCB11]�[

�
����� ���	�������	�� � 
�!�"

����	
��������

	 ������ ��  � !"� #���$	NearNear=NN
--

	�	  � %�� !���� &�� !"� #�� �$	

	�� &�� !���� �
��NearStationary=NS
0-

	�	  � %�� !���� &�� !"	 � #�!

	 �� &���� '�� %�� !��$	NearFar=NF
+-

	�� %�� !�	 � �
���	  � &�� !�!

��� %��"� #��$	StationaryNear=SN
-0

	 ���� !����
��StationaryStationary=SS
00

	�� %�� !�	 � �
���	 �� &�� !�!

� '�� %����$	StationaryFar=SF
+0

	�	 �� %�� !�� '�� &�� !�� �$	

	�	  � &�� !���� %�� !"� #��$	FarNear=FN
-+

	�	 �� %�� !�� '�� &�� !�� �$	

	�� &�� !���� �
��FarStationary=FS
0+

	 ���� '�� �� �� !���$	FarFar=FF++

4-�������� ����	
��� ���
�� ��

��������

��	- �+�.692.���".9� ��K��7I���� ��.

���,E�9>��,� 82��3 Y�6�6�� .��-.���*6�� �����

	��N E�7A�2,��I� �� Y�6�6��,692.���".E�9>��  ,

��I� ��,A�� 5S.E�9>�� ��,692 E� ���*6�� ��.-

���".�.����K<� ��6�� A9,692.���".A$��" ��.

���,��692 ���.���".5��E�2,*	6m�.���� �+<.
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� ����_� ?7692 5��E E� [.���".e��:.OWL

���,��692 ���.���".�" �2�+$ ���*6��.

8�������� �K<� ?,E�9>��,E� �����I
: b�-

��3  �l���.���,- A-�F7*.E�9>��  ,E ��+; ����

A�� �63�/ ��+;:

23�:��.�K<� E�,����.E�9>�� ��,�\

692.���".2�*�78�b�- ��2,A�� 5S.�E+F ��

- A-�F7*.�  ."� �
+��� 5�+�7�l�� i�_6� t��,��

5�+�
 ���	;� !+�*� \.���,692.���".�`� ��

A3�/:

b�-:

"�7i�_6� t�)MovingObjects(

b�-�� �2OWL5��>� E� ���*6���owl:Class

�:��� R.��+":
</owl:Class> 
<owl:Class rdf:ID="MovingObjects"> 
</owl:Class> 

A��.!:� 8�� tK<�� �� �4�692 ���.���".

a���� ��/Q.� �2.�"��.��OWL ]+� ��/Q.

���� �+<:

•�/Q."�7�t:�-�� †" �� �� †" \�a�� �4

�.�2�

•�/Q.���� ]+�:"� �-7���� �� �� ��a�� ���� ]+� �

�.�2�

^���S E�7a��� ��NearNear NearStationary 

...FarFar4�2.� �l���7" � ?.� 5��� �� t. �2�

�.5S 5�+� ��+=� �� �2�/Q.�"� �l��� �7�`� �� t�

A3�/:

�/Q.:

NN_NearNear NS_NearStationary 

NF_NearFar SN_StationaryNear 

SS_StationaryStationary 

SF_StationaryFar FN_FarNear 

FS_FarStationary FF_FarFar

�� a���OWL���5��>� E� ���*6�

owl:ObjectProperty�:��� R.��+".�l��� p�n�

NN_NearNearE ��+=���:� ��� R.�+":
<owl:ObjectProperty rdf:ID=" NN_NearNear">
<rdfs:domain rdf:resource="# MovingObjects "/>
<rdfs:range rdf:resource="# MovingObjects "/>
</owl:ObjectProperty>

.�67�:�2�\E� L�� a����/Q.�2.������

E U�< �� �-�5S �� �� ���"� �2.�+":

•�/Q.b+�:�x:

oNearFar=�)FarNear( 

oNearStationary=�)StationaryNear( 

oStationaryFar=�)FarStationary(

�/Q.�� b+�:�OWL��owl:inverseOf

�:��� R.�+".E U�n���- ��2��� �� �7�.
<owl:ObjectProperty rdf:ID="FN_FarNear"> 
<owl:inverseOf rdf:resource="NF_NearFar"/> 
</owl:ObjectProperty> 

•�/Q.5����…:

oNearNear StationaryStationaryFarFar

�/Q.� 5����7�� Kowl:SymmetricProperty

�:��� R.�+":
<owl:ObjectProperty rdf:ID="FF_FarFar"> 
<owl:SymmetricProperty
rdf:resource="NN_NearNear"/> 
</owl:ObjectProperty> 

��&:Object_k Object_L)".tK"  .tl(

" �2.� t��4.��+�� •N� �� ���3��2.�b�- E�

�.��"��.�2 ��7>� ?7� O.�
+��� �� b�- 5�+��,E�

���3����+�� ��:� �2���- R.��OWL��+���� �2����*6�

5��>� E�rdf:ID�:��� R.��+":
<rdf:Description rdf:ID=" Object_k "> 
<rdf:type rdf:resource="# MovingObjects "/> 
</rdf:Description>

%Inverse 

#Symmetric 

���#�$��%�� �� �&'Protégé
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����E�9>�� ?,692 5��E E� ���*6�� ��.���".

e)OWL (A�� ��" !����.07���E��,��" ���� U��

!�� ����K3�Protégé OWLO�" ��#��" ���� 5���

A��.

BC�CD�= �����D�)E�	���F !� �� :
9� ��+��7��� ��./��E �� �-.5S �� ���E�

692 �<�+�7 8I9� A-�F.I�+�� �7�� O����< \

A��.I�+�� � A-�F7���6�� �� O��_�� \.�`� �� ��

4�7���)O�"&(.

���(�) *+	 ,�-.��/0/ �	�1 	�� $�� �� ��

I9� A-�F.I�+�� �7?63�/ �`� �� 5�� �� O

N� �	;�375S [� �2.�� 5�+�QTC��+=�)�(+�-

�l��� 5��2FarNear A��)O�"q(������� W.�l���

FarNear����,;�$7A�����.��l��� b+�:�  ��+�

NearFar�.�"��.

���2���3� ,�-. 4���) *+	�$�� �� � �

��?E�9>�� ��+/,����� A-�F�,���,

���� E� ���*6���2,Z7�- �.��� 8�I� ,Y�6��6��

"� ]�+�� A-�F7� t�.�"��.9� ��7��,� •N�+� E�7E�,��

���� ?6"���2,N�7:T E� [7"� A-�F A7� ��+� t�7E�

�7A9.��� E� ���*6���W�2,-7*.�0������ �2,
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	� ���F�$�����^����2	� Gg�Y 	���+L��9$.=-�j
2	������-c� P-ck ����
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	1��.909� ��-$�9& 	��+��� ����F ��������+R
�� ���U��

[. �-T�� G��9� ���� ����n ��	O���O-..GO��9� =O���O���

	� �O�!"� �	���F ��q ����B� �� 3�R�� p��9� �� ����.
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�������^�� ���2�N�O�W-9OB� �O�q V���c� �O����-O-=

�-K� 3�VO--�  ��O�N�O�W �-��OB� 3�O�V
2 V�F�ORN�� �� ��

�0���	��2���.]%[.

��Y�� �I��L�9����  �H-HB�h��Le� ����[0���

�� JOOO����-.��OOO������OOOB����92�OOO�F� ���-OOOR� �� ��

� ��OOO2�����7OOO����� =POOO�LQ� #9OOO�� �� �OOO2OOO�����	

�	�$��],,>[.

�� I��L�9����  �H-HB�	�3�9��`� �U�� F�

2��-.���� ;-�����W�J-R�� 	CR� � a�U� �L�� �� ��

�9
� ����],,u,>[.

39-���C-N�7 ��2�L����0 F� ���+L�� �� ]�� �L��

��LR7�& �e�� vU� F� �� ��9B� �������')DN(��

\��� vU�%]�� I
7 �� � ������2]��L��\���(\���F�� �

vU���C��H� ��	�� ���7G��9� �G��C� =�� =-Y ��

�-T��[.������ �� ��$ ;1���� 	�-�F \���F�� �� ��oZ[Y

	�����..v-HB� =�� #���� ����39-���C-N�7 ��2�L����0

v-HB� JL��94N� � ��+R
�� v-HB� ��2�L����0 �������

�7 ;�� F�-� ��U�� �� A���L����� �w�9� ����9� F� ���-R�

 ��!"� =�� ���W m
e �9-$�W �� �9e9� ����B� v-HB�

;�� G���]'[,]([,]o[,]x[.

����B� 	CR� I��L�9���� v-HB� ���c� �L��

��F ��q#���� ��LR7�& �e�� vU� �� �7 ;�� 	�

	�\���F�� �� � \��� vU� �� ��9B� ]��L�� �� F�-� � ��-.

' Gray Value 

%Radiance level 

( Radiative Transfer Models 

� Surface reflectance 

oAt sensor radiance 

	
��$��.�� 	CR� I��L�9���� v-HB�]�����F������B�

3�9C� 3�R�� F� 	$�� Z!L&� ��4���� �� ;CR� 	���F ��q

\2�7 �� � Z[Y �� 	2��9� � ��+R
�� S���$	��2�.

��W G-N��^�� �� ���2y-2 	CR� I��L�9���� v-HB�

���+L�� ��9B� [&� �� 3��F J2 ��+R
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�^�� =�� ��9$�2��]�����F��	CR� I��L�9����x

	������]z[.

�F ��-]���� ��F���CR�	��B�����92�� ����

T��-�2�����7 �� 3W ��P�LQ
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���LR.��[0 #������L1�;��]([,]o[,]*
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��9
� ���+L�� A���k �C��H����=��L��N9� �� h�9e-�

����7]''[.Pudale�Bhosle ��$ 	���� ^�� ;+2

S�9�Yuan�Elvidge� ����� �����9B� ;+e 3��7 ]�

������Resourcesat1 LISS IIIGg�Y d��L� �7 ����� ����

^�� �� I��V� � h9& ����
� �4��-�DB�NC�

SR	��$��]o[.Yong�Teillet�CihlarV-N��W F� ���+L�� ��

�+N9���2	�g�z;��� �� 39-��.� A���k
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	� ]���� ���.��e  �9B����
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^���2�]����CR� 	���L�9���� �F��	� �� a"��� ��-3�V

K�--�$  ���" �-+	���� �	;�� ����.�� �[Na-�H� =��

^�� �	+-" m-��  ��--K� 3�V-� �-T�� 	���� Z�2 ��
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xRelative Radiometric Normalization 

zPrinciple Component Analyses 

*Haze Correction 

� Minimum-Maximum 
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]�����F��	� �� ����B� 	CR����. �� �� 3�9�

��7 ���� J-R�� 	�7:^����2����W)�����Z��H�� ^��

��-c�(^�� |#��.9LR-2 a��U� ^�� |��2]�����F��	CR�

	U&)�����^��MM�MS�(...]')[.�������^��

^�� \$ � #��.9LR-2 a��U�]�����F��	CR�	U&

	� ���� v-k9���9$.

;878������<= ���� ��


^����2]�����F��	U& 	CR��p�1 }��� ��

BL�-� 	U& �U��� �9e��me�� ���Z�2 �#����

�	��9$.Z�2]������ ��9B� I� v-HB� �	U& �F��

Z�2 ��9B� 3�9��)x(me�� ��9B� I� �� ;CR� �)y(�

�U��� �� 	U& 39-����9+R���� F� �9`�� =�� �� �7 ;��

	� ���+L�� ��F ]9
c��9$]o[.

)'(kkkk bxay +=�

�U��� ��~91�kx���� �� ��LR7�& �e�� �k��9OB� F�x�

ky���� �� ��LR7�& �e�� �kme�� ��9B� F��	� ��O$��

ka�kbA���k]�����F����LR2.

^��]���� ��2�O� 	O�7 �9U� 	U& 	CR� �F��

	� J-R�� ��Y�� ����9$.;O.��� ��OL��]�O��� ��O2�F�O�

h�QL��]�O��� A���Ok /•O� �	O� =--cL�F�O��O���..��

€9B&��`� ��9� A���k =--c� ;�e ���+L�� ��9� ;.���

	� ��[. �-T�� ��•R� ���$��.;.��� ����� 	��h�QL�� ��2

��O$�� ���7 �--K� ����B� �� ���C� ��$)�OY �O� 	��O-� �O�

��$�� ;��T �C$ 3����(F� 	O.�V� ����OH� �O���� ��4�� �

��2� \$90 �� ����B� 	+-" ����H�]o[,]')[,]''[.

OOOR� GOOO��9�-�����OOO$ 39OOOj
2��OOO�U�� S

9B������������F ��g�1 �-‚�V9B��O���� ��9� �	� �O-3�V

K�--�� ^�� ����
� �� ���U�� ���2�]����F���COR�	

T��-�����1 �		����[..

��c� �9`��--�� ^�� =-]���� ��F�O��� �� �O�=

�H�-�� ;CR� aF�����	� �� _�OU� ^�� \O$O��F =-�O�

��. #��n���.]�� ^�� ���q)HC�MM�SR�MS(\$90

GOR�-0 #�
� F� � �L1�. �`� �� �� 	+-" ����H��O2JO2 �

39-O��.� A���Ok =-O-c� ;O�e �	��-1��Ke �`� F� �3���

���+L���	����
�.N�	#�O� �O� �4�� ^�� ����O2p��9O�

;��T �C$'0 �-GR���2K� 3���--�%GR�-0 F�AQL�� ��2

AQL��	� ���+L�� A���k =--c� ;�e��7�.

28+8+8>�� ���"� ?"&��(HC)

=�� ��^��p�1�	��9$GR�-0�2�	�7=��L
7

�LR7�& �e���������� �� Z�2 ��9B� � me�� ��9B��	LOR���

��������L$�� 3�R���O$��.mOn�� ��^��HC]�O
�� �O�IO�

�Z�2 ��9B� �� ;+-$
7-������OB� ��LR7�& �e�����O����

�	�7�.=��^���
� F��	GR�-0�2�Z�O2 � mOe�� ��9OB�

���+L�� 39-��.� A���k �C��H� �����	��k � ��7�AaOC"

�U���%� ;���	���W]o[.

)%(
minmin kkkk xyb,1a �==

���U���~9+
minky�

minkx������Gn��Y��LR7�& �e��

�� Z�2 ��9B� � me�� ��9B�����k�	��$��.

N�OO�-9OO� �9OOe� G�& �V�OO2�U����OO��L�9��	�...

c�--����� =�n��Y��B� ����O� ��O��� \N�q ��	�9O$.�[ON

����c�--=������Gn��Y� mOe�� ��9B� ��LR7�& �e��

Z�2 ��9B��'/)%�����L��0 =-GR���23�9O�� �O�Gn��OY

h�QL��	�$9�.

28+828� ���"�"@(8%	���@((MM)

=��^�������� �� Z�2 ��9B� ���� �2�	�O� ��7

������Gn��Y�…7��Y ��9OB� �†�O�L� ��2�O���mOe�� ���

�L$���$��.��=��^���O
� F� V-��	GOR�-0�O2���9OB�

���+LO�� 39-O��.� A���Ok �CO��H� ���O� Z�O2 � me��

�	9$��A���k�U��� aC"(� ;���	���W]o[,]''[.

' Pseudo Invariant Feature

%No-Change Regression
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xx
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a

�=
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�
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���OU��� =��
minky�

minkx�
maxky�

maxkx�

������Gn��Y��…7��YR7�&  �e��� Z�O2 ����OB� ��L

	� me����$��.c� ;O�e-O-=Gn��OY��…7��OY�F�'/)%

�����L��=$�� � =���0 =-GR����+L�� �2	��9$.���F	�7

�� ��U�� �����B� ��-� �O�� �O� ��9NW mO�K� �O--O��  ��-m

2��O-�F ;-OO�	)�� hW 3�O$ IOO�& 39Oj
2OO��(�9OOe�

������=^���C��H�Gn��Y��…7��YO$ G��� ��q�� ��

���7-�]�����F���L��7  ���	��9$.

28+8A8����"B��",8C� D��>��"��(MS)

��=��^��	O� p�19O$����� ��9OB� �� �O7 �

�†�O�L� ��2���� �� 	��R�� ��-c� Z��H�� � =-4��-���LOR2.

=��^���
� F� V-��	GR�-0�2����O� Z�2 � me�� ��9B�

���+L�� 39-��.� A���k �C��H��	��7)�U����(]''[.

)�(kkkk
x

y
k xayb,

S

S
a

k

k �==

���U��� =��ky�kx� �Z�O2 � mOe�� ��9OB� =-4��-�

kyS�
kxS��-c� Z��H���2���� ����B� ���k�	��$��.

28+8E8���
�&�"���
 $�(SR)

IOO� GOOY F� 39-OO��.� A���OOk �^�� =OO�� ��

;���  �c��� =��L
7 39-��.��	��W]�[,]''[.

)o(.min)bxay(Q
scene

2
kkkk =��= �

���U���~91;�� ���W ;��� ��F  �9g �� 39-��.� A���k.

)x(kkkk
xx

yx
k xayb,

S

S
a

kk

kk �==

�����U��� =NGR�-0 ���c��2��9B� ��	�$��.ky�kx

� �Z�2 � me�� ��9B� =-4��-�
kk yxS/�����97���� ��k�

kk xxS� /���������kB� F���9Z�2	���$��.

28+8F8G��H 9�I J���K ���(PIF)

����=^��� �O� p�1O��O7 ;O�� =���9O
2��

9B��k��9� �	�� �7 ����� �9e���O�F m"���	�O`� ��9O�

K� ��q�--��4�  ��������.������9
�� �� ��^�� =vUO� F�

W& ;N�+�-3�����2#�O� ;�0��O2��O$ a"�O�����O� a"���

. \$90-2�	� J7g��Q��2‡�V�3��� p��9� 3�9�� ��

K�--���+L�� �	��9$.\N�q F���2��=^��h�QL�� �9H�

0-GR��2��� ˆ9���PIF�	�$��.����‚��QL��PIFF� ��2

�2���� ;CR��Red�IR')Q�� ;�e-0 f-GR��2	��O7

. \$90-2�	
7	�����(���� �NIR%����OY I���LO�W�

����0 Z[Y-GR��2�hW �� ˆ9����U��� aC"z���+L��

�	�9$]'([,]x[,]''[.

)z(PI set = { (Band5/ Band3) < T1 
& Band5| >T2 }

c�-OO-=T1�T2OO����	��9OO���OO�	\N�OOq F���OO2�OO�=

$��	
�$��.

c� �c� ��Y��--��k =�O��.� A-F� �O7 ;O�� 39

GR�-0�2�h�QL��L�� ��$���+�	�9$�aC"�U���?�a

�bF  �9B����C��H�	���9$.

���U���~91)pi(y�k
)pi(x�-4��-=�LOR7�&  �e���

�� ˆ9���;��T �C$ p��9�����k9B��� �Z�O2 � mOe�� �

ky
)pi(S�

kx
)pi(Sc� Z��H��-�2�����BL�Z�O2 � me�� �

���� ��k��LR2.

' Infra-Red 

%Near Infra-Red 
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28+8L8
�&� ���"1 $�"M�3��#� $�'�""�)NC(

��=^����9
����F�GR�-0�2	�\��O�F�� �7

K� ���W--��
� ����L$����������+L��	��O�7.=-O-c� ���O�

GR�-0�O� ˆ9��� ��2NC���O�=O$��
	3�9O�F����9O
�

.��7��0-���+L��7��� p�1 � ����=�7 ;��GOR�-0�O2�

N�L�7 ��9� �� �L1�. ���n	�T�� ;H� ����-��$ �������O� S

9B� ���������K�--��9
� ����]([,]o[,]''[.

� ����h�QL�� �4GR�-0�--K� 3��� ��2���+LO��

F��-3�VRC
2L4	F  �9B��� �	�$��]')[:

#�.,.R��-��� J�i9�� �� �2����	��2�F��O�� ��

fQ��)!…�,‰*,‰(.

#�.5.�C��H��-3�V4LRC
2-C-i9�� =��2J2

���� �� 3�����29B� �†��L��me�� � Z�2 �.

#�.>.i9�� h�QL��	��2���-4LOR��� 3�V-F� �L.�VC

D.@3�9�� �� �2���� #�
� ��GR�-0�2�NC.

� Gg�Y�i9�� �#�. �� =	��2	��9Oe� ]�O
LY� �O7 �$��

0-GR���2K�--F ���W �� ���7 ����	��$��.�[N	�3�9O�F�

�Y I� �� ���� �� Gk�+����L�W�Z[OY ���O�0-GOR���O2

i9���2��+L�����)�U���@(GR�-0 �� ���O$ h�OQL�� ��O2

��$�� �L$�� ���X�� 3��-
"� ;-���n.

)�(PI set = { |Band5Master – Band5Slave| <T }

�c� ��Y���c�--��k =�O��.� A-F� �O7 ;O�� 39

GR�-0�2�h�OQL����O$�O� �LO�����+F��OU���,D�a�b

F  �9B���C��H� �	���9$.

)')()nc(
kk

)nc(
kk)nc(

xx

)nc(
yx

k xayb,
S

S
a

kk

kk �==

���OOU��� =OO��)nc(
kx�)nc(

ky�-4��-�GOOR�-•�OO2�NC��

� �Z�2 � me�� ��9B�)nc(
yx kk

S����� �� /�����97k�)nc(
xx kk

S

���� /������k���9B� F	� Z�2��$��.

2828� ���<� ���"�P��&��)HM(

��9OB� IO� G��C� ���� 	$�� #��.9LR-2 a��U�

�`� ��9� #��.9LR-2 �� ���9B� ��	��$��.��]�����F�O�

mOe�� ��9B� #��.9LR-2 ��`� ��9� #��.9LR-2 ^�� =�� ��

#��.9LOR-2 �� ���9B� �� Z�2 ��9B� G��C� �Z�2 � ;��

mOe�� ��9OB� #��.9LR-2 �����	O��O$��.a��OU� GOY���

2-F  �9B� #��.9LR��	��$��]'%[:

#�.,.�C��H�2-��B� #��.9LR�Z�2 � me�� �.

#�.5.2 �C��H�-c
�� #��.9LR	2 F�-#��.9LR��2

��$ �C��H�.

#�.>.N9�-�]��e3������	)LUT'(.

#�.u.����-��-�e ���O�
O����O��0 �O2-F� GOR�
LUT.

A8������� ����"C�

^��	� �� ����B� ;-+-7 =--c� ��2G��O$ 3�9�

;OOR��� ���OO. ��:^��^�� � 	OO+-7 ��OO2	OO
7 ��OO2.

^��^F�� ��O�C� �O� ����OB� 	��O�F�� 	O+-7 ��2���[O.

S�9� ����B�	��R�� G���	O� ��O��7 ��2�O���O$��]'(

'x[.�OR���� �O� ��O��7 ��2��� �^�� =�� �� ;-�-�Y ��

‹�� ��B�� me�� �-N�� ����B� � ��$ v-HB� ��9B� �� �2

	� 	���� �� Gg�Y ��9B� ;-+-7 �Z�2���
�]'�[,]'z[.

^��	���F�� 	+-7 ��2��9O� 	��R�� G��� �� �LR��� ;-+-7

	O� �O��V2 �O0 � �C��O�F ���C& G��� �� ���F�-� ��-L� ��-

��$��]'x[.

;����H� G-N� ���	O+-7 	��O�F�� ���O$�� ��2

^�� Z9Uc� ��L�-� �e9� �F����	O
7 	���F�� ��2��O$

;��.^��f&�O$ G��O$ 	
7 	���F�� ��2\-O0 F� ��O2

	� ;-+-7 ��$ =--c���$��.f&�$ =�� 	Y��" F� Z�2�2

�F����;2�C$ ��-.��$ ^F���0 ��9B� 	���� � 	+-" ��2

� ����B� ��	� �-N��$��.d��OL� 	O���� ���O� a-�H� =�� ��

' Look Up Table 

)''(
})x(f{gyor)x(fz

),z(gy
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 �OOc��� =��OOL
7 =-4��OO-� ��[OO�� f&�OO$ �� F� GOOg�Y

)RMSE (;O-+-7 	��O�e f&�$ �)UQI (���+LO����O$

;��.

A8+8!�C��� ,���(	 ,"B��"� ��QR�

	OO
7 	OO���� ��OO2��-c� =��������OO7�0 F� 	OO��

� ��[O�� ��O-c� �4���� F� ��9B� �� 	+-"  ��+�O-4��-=

�L
7� �c��� =	��$��.�U��� F� ���+L�� ��,5�O�c� =O-��

;�� �C��H� G��n]o[,]')[,]''[.

)'%(

n

)yŷ(

RMSE

n

1k

2
kk�

=

�

=

�U��� ��~91kŷ9B��9B� ��$ ]���� ��Z�2 �)x(�ky

9B������ �� me�� �k	���$��.

����	��2� �� ��$ #������H� =-� a-Pck �4��

��c� =-� �� ��-7 3�-+-9B� ;���$ ]���� �	��� �7 ��$��

� �����-�$ �2�9& 3�.c� �[N-
7 ��	���4��-��O�� V���O�

�$1�c� �c� ;
Rn �� �7;�� ���-.

A828S=�IG"T"	 ���UV+)UQI (

SO�9� ��O� =-ON�� ;O-+-7 	���e f&�$Wang

�F���� ����;COR� ��O$ ^F���0 ��9B� Z��H�� 3�V-� ��-.

�O$ _�OU� �-N�� ��9B� ��]'*[.��O2�L����0 �Oj���qix�

iy�( )N,...,3,2,1i =� �O-N�� ��9OB� 3�9�� �� A-��� �� ��

	��O�e f&�O$ ���O�� �J��-4� �`� �� ��$ ^F���0 ��9B�

�U��� }��� �� ;-+-7'(�9� �2�9& �C��H� G��n:

)'((
)yx).((

y.x..4
Q

222
y

2
x

xy

++
=

��

�

�U��� =�� ��x�y� =-4��O-� �4��-�x��y��4��O-�

/��OO����	OO� ��9OOB� �� ����OO���OO$��.�� ;OO-+-7 f&�OO$

	�;R��� ŒVe �� �� G
L�� 3�9�)�U���'�.(ŒVe �� =��

' Universal Quality Index

;O���L�7 � 	���$��  �e�e9�� �	4LR��� \2�7 A-��� ��

	� ]�� �� ��9B����7.

)'�(2
y

2
x

yx
22

yx

xy .2
.

yx

yx.2
.

.
Q

��

��

��

�

++
=

f&�$ ���� ��$ �C��H� 	���� �����Q�F�� ��

]'�' [	�c� �9& ����� =��L�-� �� �7 �L$�� ���n'+�O�

	� ��9B� ���2 3�9� 3�R�� 	�c��$��.f&�O$QAO�Ž�

���On ���+LO�� ��9O� ��9OB� 	O�H�  ��O--K� \��O
� ����

	���-..����0 =L1�. �`� �� �� �9`�� =�� ����	�H� ��2

f&�$ ����� ��9B� �� ����[.Q��9OB� P�LQ� 	Y�9� ��

�C��H��	���..��9OB� G7 ���� f&�$ =�� 	���� �����

a��" F�=-4��-���-.�CO��H� ��O�W ;��� 	�H� ������

	��9$.

E8���"1������� � ��


� ����H� =-]���� ^�� ;+2 aF���CR�	�O7•

�� �� ���$�9B� ��9
�� ���;���N ����-0�F���$.��

������ ;
Rn =�2��O2�L����0 ����+LO�� ��9���OL1� ��O��

����0-���F���^������ � �2���� ���W ;��� ��c�-��2��

����	�$ �2�9&.

W878������

J��O0 �O��� � #9O� �O� ]�� ���� �]�� ��9B� ��9
��

����B� F� 	�Q�ETM+]�O� �� ��O$ [O&� �;O���N5DDD

)G�$,PN�(�5DD‰�-�!�)G�$,h(Y�9O� �O7 ;O�� �	

�� 3���� 3�L�� 	n�$	�����$90.� ��9� ��� F� ���� ����B� =��

i��� �=-�F \$90  ��--K�	��$��.	�q97 \Q� ��9B� ��

;O�� �q���� hW 3�$ I�& �� ˆ9��� ����$ 	+-"  ��--K�

�� ��9B� F� 	7��� �g�� �7	����$90.
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)�X�) (Y(

�������	(���� ����� �����ETM+��� �� �� ��	
����� �(���� ����� �����ETM+��� �� �� ��	��� .

�O��� � #9O� �O� ]�� ��2�O��� ���c� ��9B� ��9
��

��9B� F� 	�Q� J��0TM�ETM+;
ORn F� ;O���N��O2

�-���� �q���� 	�9�e	�]�O� �� A-��L� �7 �$����O2,@?@

)G�$5PN�(�5DDD)G�$5h(�����. [&��O��.=O�� ��

hW 3�O$ IO�& F� 	O$�� ���O$ 	O+-"  ��--K� ��9B� ‚�F

�q��������� ����F ;c��.

)�X�) (Y(

�������	(���� ����� �����TM��� �� �� ��	�"#"�
�(���� ����� �����ETM+��� �� �� ��	����.

E828�����������Z

��OOOO�q ��9OOOO� ��^��HC�MM�SR�MS�

3�-� GCn \Q� �� �7 �9U��
2��O���.��^�� =O���O2F�

GOOR�-0 	��OO
���OO2��9OOB�c� ��-OO-=A���OOk���+LOO��

	���.�.^�� ��PIFGR�-0 h�QL�� ���� ���2PI�OY F�

���L�W��2T1=3�T2=100�O���. ���+L��.^�� ��9O� ��

NC���� �i9�� h�QL����O2,•×,•�OY F����LO�W;O��T

4LORC
2	D.@�OOY F� 	N�OO
LY�  �2�CLO$� Z[OOY ���OO� �

���L�W+� =-4��-
����. ���+L�� ���� ��  ��.;��� A���k

F� ���W‰]���� ^��F�O��COR�		OU&�Oe ���]�,�5

����W;�� ��$:

�$%&�'�	�(��)�*+,��+	�- �). ��-��)�*+,����� /$,��
�- �$	01$���)�*,��+23*4567

'���['���;'���7

BaBaba
13 1151191HC 
8.060.6088.480.5953.070.626MM
10.34 1.418 4.13 1.446 3.191.444SR
4.48 0.621 6.09 0.611 7.160.608MS
1.5 1.447 2.08 1.417 -0.781.463NC
-13.77 1.654 -12.6 1.649 -9.71.605PIF

�$%��'�	�(��)�*+,��+	�- �). ��-��)�*+,����� /$,��
�- 8$� 1$���)�*,��+23*4567

'���['���;'���7

baBaba
81101-381HC
8.780.9576.881.125-26.050.851MM
68.340.30858.000.30456.760.140SR
18.590.82412.370.9894.690.505MS
8.770.973.031.1623.740.518NC
44.390.58334.280.66628.200.332PIF

�O� ��O$ ]���� ����B�;O+2��O$ �O7• ^����

G�$z����W;�� ��$.� �� �7 ��94��
2�G�$ =fQO��

m-�� ��9B� �� 	+-"  ��--K� 3�V-� �7 	���F�;�����$�C

^�� 	��
� �� ��$ ]���� ����B� ��B� ;-+-7��O2VOe �O�

^��HC=O�� ��� ^�� =��OL�� f-QO�� � ��9O� h9& �

=�
� ��9
��	
��$��. ��O--K� =O�� 3�V-� ��-���F 	N�

^�� ����
� ;-+-7  ��+� �$�� ���F�2VO-� ��B�  �9B�

;OO�� ��2�OO�� GOO��n.^�� ����OOB� ‚�F =OO�� ��HC�SR

^�� =�����	���$��.

aO-n� 	O���� �������O�� ���O$ ]�O��� ����OB� �O�

RMSE�UQI����B� =��3�O$�†��L� Z�2 ����B� �� ;CR��

]��e ����25��•;O�� ��$ ����W.O�j
2-=� ���9O
�O�=

������=-4��-� ���
2 ��3�$G�$ ��(��‰;�� �����. �‘���.
�$%9�����:)RMSE�$	 ����� ;<�=�) ,	 �� �>4��)�* �����

�-?��)�* 1$�+,��

����,����5����>
15.9013515.9268115.95185Row
15.7168215.0725114.19569HC
8.4757446.6720635.722368MM
8.5997366.6568565.672711SR
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8.4272486.5848435.609395MS
9.4380567.6456396.194820NC
8.6973636.8473155.688761PIF
8.4416196.5983195.641362HM

�$%@�����:)UQI�- �$	 ����� ;<�=�) ,	 �� �>4��)�* �����
A��)�* 1$�+,��

����>����5����,
0.6139860.6117440.578673Row
0.6419690.6460030.615224HC
0.8091810.8116920.767294MM
0.783270.7823930.740482SR
0.8109710.8075340.767288MS
0.7322370.6957130.653358NC
0.8155360.8089960.762743PIF
0.8117590.8073950.769377HM

���9�����:) B4C*�4) �	��=*RMSE�� �>4��)�* ����� *�- ;�
�- �$	 ����� ;<�=�) ,	?��)�* 1$�+,��

���@�����:) B4C*�4) �	��=*UQI,	 �� �>4��)�* ����� *�- ;�
�- �$	 ����� ;<�=�)?��)�* 1$�+,��

����2���9
� �� �e9�G�$>�G�O$u����O�� �

]���e �� ��$ �‘���>�u	� ��2��� ��O�9
�� �� �7 ���.

�]�� ����B�RMSE�UQI^�� 	��O
� ���OL1�� �9OC�� �O2

	� ��2��� =-�j
2 � �;��=O�� ��2���� 	��
� �� �7 ���.

^�� �����B� ��9
��HC=���X��RMSE=��OL
7 �UQI

���� ���P-ck ^�� =�� /0h�9Oe =���;O�� �LO$�� �� �O2.

^�� ������LO$�� �4��O�� �O� I��V� � h9& ����
� �2.�O�

^�� ��OO��
� 	�9OO& ��OO-c� �� =OO�� �OO� �OOe9��OO2

AOO-��L�MS<HM<MM<PIF<SR<NC<HC	OO��OO$��.

P-ck ����
�NCGOR�-0 A������ h�QL�� ����O2�O`� F�

	+-" m�F9�,;�� ˆ�C��� ��.mn�� ��^�� �� ����
�NC

�PIF;.��� ��  �$ ����2��LR2 �LR��� ��$ h�QL��.

]���eo�x������RMSE�UQI]�O��� ��9B��O� ��O$z

��$ �7• ^��F�#�� ����B� ��9
����	� 3�����2�.

�$%D�����:)RMSE�- 8$� ����� ;<�=�) ,	 �� �>4��)�* �����
?��)�* 1$�+,��

����>����5����,
12.2148910.7562215.75187Row
13.572439.98875215.19619HC
12.8747611.7283614.77213MM
12.2470210.733299.624162SR
11.8856410.142829.778871MS
13.0826711.300219.980791NC
12.012519.8852898.562571PIF
11.6804510.756229.232170HM

�$% �����:)UQI�- �$	 ����� ;<�=�) ,	 �� �>4��)�* �����
A��)�* 1$�+,��

����>����5����,
0.3411580.3405550.232008Row
0.3387490.3419460.267926HC
0.3389540.3436410.295120MM
0.1990940.1801080.178897SR
0.3329360.3415680.333585MS
0.3389350.3447860.333781NC
0.2961650.3012060.305316PIF
0.3411580.3406690.232008HM

V-� ���W =-4��-� ���
2 �� ������� =�� ���9
�G�$ ����2o

�x;�� ��$ �‘���.
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���D�����:) B4C*�4) �	��=*RMSE,	 �� �>4��)�* ����� *�- ;�
�- 8$� ����� ;<�=�)?��)�* 1$�+,��

��� �����:) B4C*�4) �	��=*RMSE,	 �� �>4��)�* ����� *�- ;�
����� ;<�=�)�- 8$�?��)�* 1$�+,��

� X�OO� ]��OOe �� �� ��2�OO�� GOO��n �OOL�� =-OON��

G�$ �� ��$ �‘��� ��2���9
���2o�x^�� P-cOk ����
� �

HC	��$��.��O-c� � ��B� 	���� aC"UQI^�� ��O��
� �

MM^�� F� �L��HC��-c� 	N� ;�� ��9�RMSE�3W ���O�

���OO�� =���X�OO�	OO��OO$��.���9OO
� aOOC"G�OO$o�^��PIF

S�9L� =��L
7RMSE3�V-� � ���� ��-L� ��UQI3W �� V-�

��$ �L��;��.�L�� =��L
��;O��� ����O�� �R���� F� �7 ��

]��e �� �� ���Wo�x�‚�L�LO�� GO��n ��B� 	���� ��-L� �

��O-c� �O7 ;O�� =�� �;��RMSE	O���� ���O� 	��O��� �O�

� ����
�^�]���� ��2	O
� AO���� �F���O$��.]�O…� ���O�

^�� �� Gg�Y ��9B�SR��9O
� �-N9� �� ��B� ;-+-7 =�����

�7 	N�Y �� ;��RMSE;O�� 	N�OY �� =O�� � ���� 	C����

=����� �7UQI;�� ���W ;��� ^�� =�� ��.�� �O4�� ]�O…�

^�� F� Gg�Y d��L� �R������2HC�MM;O��.�O�q �O2

;-+-7��-c� � ��B�UQI^�� F� Gg�Y ��9B�MM;COR�

^�� ��-L� ��HC	� �L��	N� ��$���-4��-=RMSE�C�Og�Y

^��MMF� Gg�Y ��-L� F� ����HC	LY �RMSE��9OB�

	� #�&�$��.��-c� F� 	
7 	���� �9C�� ���� �[NUQI���+LO��

�$.���O$ �O‘��� ]���e � �2���9
� �� �e9� ��~9O1 G�O���O�

OO����	c� ��OO-��RMSE�UQILOO�. Z�OO"��� ��OOL��3W d

;N�Y �� ;�� �LR��9��2��9O& �O� PO�LQ�	�O-7 �4��-+O-;

��B��]���� ��$�� ���$.
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���A�$�����- �� ��)�* ���� �A1$�.��(�������� ����� �ETM+��� �� �� ��	��� ���(�������� ����� �ETM+�� �� ��	
���������9(��� �� ��)�*����1$� �-HC��@(��� �� ��)�*����1$� �-MM��D(��� �� ��)�*����1$� �-SR�� (��� �� ��)�*����

1$� �-MS��A(��� �� ��)�*����1$� �-NC��#(��� �� ��)�*����1$� �-PIF��"(��� �� ��)�*����1$� �-HM���(��������� �
����ETM+��� �� �� ��	�������(�������� ����� �TM��� �� �� ��	�"#"��9(��� �� ��)�*�����-1$�HC��@(�� ��)�*

�������1$� �-MM��D(��� �� ��)�*����1$� �-SR�� (��� �� ��)�*����1$� �-MS��A(��)�*��� ������1$� �-NC��#(��)�*
��� ������1$� �-PIF��"(��� �� ��)�*����1$� �-HM.
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� ��OOO��H� =OOO-a;OOO+2^��]�OOO����F�OOO�

�����L�9�CR� I	�� �O��9OB� ‚�F �O�9
�� ����O�q �

���F	���-0�F������ �	���$.�Og� Z�2	�O��H� =O-a

����	� ����
�O�^�� =�O2��O$ ���U	�9O��� �O7O-3�V

K�--"  ��-+	��-�� m�����9e9�;��.�[N���O�9
��

9B������ ��9� �	K� ��--"  ��-O+	O�� � i�O��-��O�� m

�OO$ ���OO�.OO� ��-^�� =��OO2^�� ���OO$ ���OO� ��OO��

HCP-ck���h�9e =�2c� }��� �� ��O-����O2���O� ��O��

L� ��$-��� ��.^��MS9OB� ��9
�� �� �2 ����OL� ��d

�9&	�9
� J2��1�7�-�0 �4��O������O���O$ �� ^�� =�S

�F P�LQ�-�		��$��.�j
2-���F =	K� �7O--�O$  ����

�O$�� ����� ”� ��U�� ����O��OL� ^�� =��9O& d	�O2�9&

;$��.���7	�^����2NC�PIF���W F��-����L���� ���W d

�e9� G��n �9"	;O.��� h�QL�� ����O2�� ���+LO�� ��9O�

��k �C��H��A]����F���4LR�	�O������O��O-GO��n 3�V

�e9�	�cN�U� ��9� ��U�� b9� ��� �LR���	��$��.� �[N�=

��$����B� ����+�  ��n �� �O-��O�� I	3�O��� �O7 �X�O�

J2��1 �� A���� p��9� h�QL��	��
��A���� ��	��O$��.

^��HMLN�Y ��	� �7-K� 3�V--"  ��-O+	�O$�JO7 �

�L� �$����9& d	N� �9
� J2��1	K� �� a"��� ��--" �-O+	

�$��� � �-9B� ��9
�� 39j
2 �m�#�� ����O$ ���� ����

�OO-K� 3�VOO--�� �]�OO����F�OO�0-GOOR�	��OO2�OOe�� �OO7

�LOOR7�&�Ž ��LOOR2 ���� �� �…7��OOY � Gn��OOYOO-OOcn�� �	

	����..W�&�� �� �L�� =�c� tH� �^��V. =-
7 ��	��9�

���+L��	��$��.OR� ��-���c� F�  �OcN�U� F�O-��RMSE

��������	7-+O-;]�O����F�O����+LO��;O�� ��O$��

N�Y-� ����H� =-� �7 ��� 3��� a�c� =-���� �� ��	�A����

	
��$��.��� �[N����� �9C��	
7	c� F�-��UQI���+L��

�$.�L� �� �e9� ������O�W ;��� dO$��	���O7	���X�O��

c� �� �2 �7 ����-��RMSE�UQI�����$�� �L�� 3W.�[N

�H� ��-W  ������Z�2 ��=L1�c�-��������F����	9B���

]������$�� �7 �9� �2�9&�O��L	�F�� 3�O���O���	HOg-v

]�����F��CR�	�
� J2��1 ����.
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� !�	

���� �� "� #���$!��%

&'( )�*���+$�,(

�+$,�- .����+"�GIS�/0����� ���� 1����� ���2���3�������0�41�5�6���� ��7����
abaspour@ut.ac.ir

)����95���� :;���%&)'<�,=� :����  ;����5%&'((

-.�!�

�?@�+��AB C��,D 9����� �� E�F� GH�I� J� 1��1KA?�J�� J� .A3 6�����" 0��� 0���FL� 6���� ;M��� ��A�� NA=O�  1�����P  

1� �Q��D J�� J� 23 ��  �P�,� �� 6- 0�A/���� 9�P �R����"��. G��,
 9T�$� GAT� ��;M��� ��,/ ;�� NA=O�  �T�I� ;�� �� ��K+� 0�4�+����3

9�� �,$ U�$ 1/�AVA3 0����.;�� �� �T���0���-�5����+���� ;M��� NA=O� �T�I� U�$ 0�����T� �� �AM�� �� �L���  �L�
 W�� X��� ��

�" ���� �K�,�  Y��K� �?@�+��AB Z��,�. 0�����A3 [� 1���J�� 9�P���� J�#(((:%0��"6����,��
��� 0��?� 6�,�
 ��1����G��"

��^0�41�,�I� 0�����+$��)�L��� _���(`?� 0�4�a5  )�L�
 `M���(���" ���K� )1��b�,� ��?"(�����/ ���*+������ 1*Ab,� 0�4�Ac�

`?� ��4�a5 �� ���*+�� G��@ �A*� ZF�  �����+$�� �� ;M�� 0�4��,��$ 9AK�P�" G=+�  <I+�� ��
��� ;�� ��.�� ����/ 1K�W�� X��� ��

�� ����/ <I+�� ��F�� �� �,P,� `?� 0�a5 ;��+���`� �� 1�,�I� WJ� �� �� ;M�� 0�4��,��$  0�����A30���FL� 6���� 9�PJ� 23;A�J�� �J�T

������ �KP��� ;M��� ;��.���A3 J� Gb�D d��+�5 eA4�*� 0�A/��f�  0J��g,e+IA� <T�@ ��1��f� ��
���1	���� 0���+��,7T� 0�A/���� ,1����,�

��" ����� ���� 0^��1� 6��� ���4�.

!/��0��'1���:NA=O� �T`TJ  1KA?� Z��,� 9�����  GIS �L���  �L�
 0J�IT��  ��?" `AT��-

34
��5�

J� 6���� �,�h�Q��D i���� �	�P`A$0� ��

��M;A�JJ� 0��AI� �h 9��Z��,�1KA?��46,V

;A�J 1T�If�$  6�5,�  GA�  ;A�J .���  �J�T

6���A�  1���*��- 0��+AT�K51��J�c5�D ��O����1 ��

j��`�9�� ��A�� 9?Q �� 6-.;�� ����� �� 1/���- 6���5

����31*�� 14�7� ���,�4 �� �����/ <P,� 1KA?� 0�4

��  �+"�� �,P���� !�� ���- J� 1KA?� 0���� 6�,�
�,".

�T`TJ0� e��3W�� ���%&)#��"e���,��0�6�`A� J�

<A�-1��+��  0��" i���� �� 6���� 6�,� ��k39��

J� .A� 6- ��A+� �hl((((J� .A�  �+�h&((((

J� .A� <��O�  1�$J)(� ��" J� �b���J� !��a��

���J !��� ;+5� ;A�9$�0�46-�,�]%[.



���

;A
A

K
�.

A
3

J�
0�

���
f�

��
6�

��
��"

��A
��

N
A

=
O

�
�,c

��
��

��"
...

1KA?� Z��,� �+�� �m �4 9����� �,c�� ��

����3 ;�� ��
 �$�m �� 9I���L���@ �P,� ��,� �4

��A/)G�"%.(e�m �� �$�m ;�� �� 1	b� J�5 d�3

1���,$.�R��� J�� J� J�B- ��n�" �F�� 6�,�
 ��

 �$�m�	���� �T�I�  9IO� J�5 ����.�M� o�Q��D ��

�+5�/ ��,b9�� E�F� 6- �AT� 9����� . !� J�5

;A�I�p9AT�K5 �
,���  !^- .4�M �� �M 9�� 1��4

1� _,��� 1T�� ��*	�  1��I���,".1���J��q J�5 6�,�
 ��

 !,�9T�D J� �� r���" �M 9�� 1���+AT�K5 �
,���

1� �� �R��� n,@ J� .A3 9AKL �� 1���R������/.;��

AT�K5GR� ;+$�� e4��5 �Ac� �4��M J� 1KA� ����� ��+

0J��J��   1T�� 0����
�I�  ����M  1�H�� 6����

1��� �� �� ��+$����J���A/.9����� ��A���� �� ���+�� ��

 �R��� J�� J� 0�A7�A3 �,c�� ��  �R����� s5�

����3 ;�� ��Q- J� t��+P�J�5 ��  6���� ��,b �� �4

!���m I�0�A7�A3 �T�u1� ���@ �P,� ��,���A/.1/���-

����A/�� ��  �$- J�5 6�,�
 ���
,���9�� 1���+AT�K5

����3 ���Q� ;+$�� ��R� �,c�� �� �MJ� 1KA?� 0�4

 ec��  s��� .�M� 0��� 1��4��MJ�� 0�A/���� i���

1� �+5�/ ���� ��-��M��,".

�������	
� � ��� ����

A� J�6�,�
 �� 1/���-  0�A7�A3  �4J�5 ;�� 6�

1� ��A��� `A� �R��� J� .A3 0�4J�5�� �M ��m v��,"

1D��� 1�- Z��,� �� ��P�,� �,R� J�5 � ;�� W,�

�
oresponse 

pmitigation 

qrecovery 

uprevention

1����/.GAT� ;A�4 �� �1���+AT�K5 �
,���  J�5 � ;�

1� !���� ���- �� �M ��A/����,$�� 1��`I� 9A�4� J�

9��.��� J� 1��9AT�K5 ;��+;�� �� �4GD��� 1��A����  
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Algorithm 1:  Evolutionary Algorithm

1:   Initialize population  
2:   Evaluate population 
3:   While (Termination Criteria is not Satisfied) Do
4:        Select parents for reproduction 
5:        Perform recombination and mutation 
6:        Evaluate  
7:   End while
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 �� D��I����/ -�1 ����) -���
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,���*"]#[.-�M0 2�" V�C� 5	
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��*�� ���P� 5���Q�  �Fo�0p��I>�  ,"?*�A -�1

2�*�� [��j� @F�q���� �� p���*L ,"?*�A -�1

����]&[.� ����� l0� �*U�� ��a�� D��I����/ -�1

p����N� �F$� -�1����) -���D��I����/ �FG -�1

��N� �*U�� �� ,E	I^��X��� ,EF���0 ���9� -���
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:�� ����F�?2�NFI�/ ����� -�1 :F"��v��
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�*" ,� x��P� �M0 2A ��]%([.
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�
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qOver-fitting 

vSupport Vector Machines 
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-�1�I����/��N�����) -����
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2A �� ��F�� �QEd���,� :FFP� �M0�*".
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,+R�n -�P�},{iy 11���"�� ,� 2A 8=]��.
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����,�� ���B �F"�> �� -���F+.-�F+*	L -��� ��]�1
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���� H)��� k��� ��  �1�) 2*��0 !�� �� ,��F�F" -�

�]�*�,� �L�� 2�"�F=� �� �*$ ?� �1 ����e+��M
�

��+,� 5)�>���).

�]�*� ,�*	) HI��*3\� -�F+���� �*U�� ���1

��F�� YX�=� Y> ��,� -?��Y�" �� �\�=� 5=���

���� �\�=�  �I�*F/ YX�=� ��  �*" ���� @���� z��+

*" Y�I�� �I==+ -�M0 ���.-����� 5F1�� �� �L*� ��
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Abstract 

Recently hyperspectral imagery due to high 
spectral resolution has become a promising 
and powerful tool in remote sensing. By 
increasing spectral bands, similar land 
covers can be distinguished, however high 
dimension space imposes two important 
challenges: Hughes phenomena and 
existence relevant and redundant features.  
In order to extracting information from 
hyperspectral imagery, classification is an 
important step.  Referring to robustness of 
Support Vector Machines (SVMs) as a 
kernel based method in high dimensional 
space, they are efficient tool for 
classification of hyperspectral imagery. 
However, there are two issues which 
strongly effect on the SVMs performance: 
SVMs parameters values and input feature 
subset. By increasing search space, 
traditional optimization algorithms usually 
trap in local optimum. Therefore it is 

inevitable to apply powerful optimization 
algorithm to obtain global optimum 
solution. Due to performing exploration and 
exploitation of meta-heuristic optimization 
techniques such as Ant Colony 
Optimization (ACO), they can find near 
global optimum solution. This paper 
evaluates the potential of different proposed 
optimization scenarios in determining of 
SVMs parameters and feature subset 
selection based on Ant Colony 
Optimization. Obtained results on AVIRIS 
hyperspectral imagery demonstrate superior 
performance of SVMs achieved by 
simultaneously optimization of SVMs 
parameters and input feature subset. 
Genetic Algorithm (GA) are applied to 
comparison, which demonstrate better 
performance of ACO based algorithm in 
improving classification accuracy and 
decreasing size of selected features subset.  
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Abstract 

One of the main tasks in the pre-disaster 
phase of integrated natural disaster 
management is settlement of people in the 
safe places. To improve the efficiency of 
this task, it is necessary to prepare a plan in 
advance. Determination of the safe areas and 
planning to allocate these places between 
people plays the main role during a disaster 
management. In this research, an allocation 
procedure, which is based on supply and 
demand model, is proposed to allocate 
temporary places for residents after a natural 
disaster such as earthquake. To solve the 
optimization problem, the well-known 
evolutionary algorithms are utilized. 
Combination of the high capabilities of these 
algorithms along with the vast spatial 
analysis tools prepared by GIS leads to 

develop a tool in ESRI ArcGIS. An 
evaluation of residents’ allocation in pre-
determined temporary places for a moderate 
complicated map of the city of Tehran is 
conducted. The results show the efficiency 
of the algorithm and support the proposed 
modelling. 
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Abstract 

Multi-temporal satellite optical images of 
the same terrain make possible monitoring 
of land cover change over time. These 
images are confounded in terms of 
radiometric consistency due to differences in 
sensor calibration parameters, illumination, 
geometric condition and variation in 
atmospheric effects. For simultaneous 
analysis of these images in variety 
applications, it is necessary to omit or 
reduce mentioned differences. Relative 
radiometric normalization is one of the most 
well-known methods to prepare stated 
observations. It reduces radiometric 
differences of one image with respect to one 
master image. In this study, efficiency of 

relative radiometric normalization by 
histogram matching and six methods based 
on linear regression on Landsat TM and 
ETM+ images with different land cover is 
investigated. In order to evaluate of 
result, we use both visual inspection and 
statistical analysis i.e. Root Mean Square 
Error (RMSE) and Universal Quality 
Indicator (UQI). Obtained results show 
intensity value of spectral changes affects 
quality of normalization; so the best answer 
in images which intensive changes of 
spectral are either low or high is obtained 
with different methods. So, obtained results 
show RMSE criterion has a low 
performance, for this reason eliminating of 
UQI criterion is used besides RMSE. 
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satellite imagery. This paper focuses on such 
studies and, using different image fusion 
quality metrics, experiments conducted to 
evaluate the sensitivity of them on high 
resolution satellite imagery in an urban area. 
The obtained results clearly reveal that these 
metrics sometimes do not behave robust in 

the whole area and also their obtained 
results are inconsistence in different patch 
areas in comparison with the whole image.  
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Abstract 

Ontology first originated from philosophy. 
In this field, ontology deals with “nature of 
existence” and answers questions such as 
“what is existence?” and “which attributes 
can define existence”. In this decade, so 
much attention is paid to ontologies and 
ontological engineering. Nowadays 
ontologies are used widely in knowledge 
engineering, artificial intelligence and 
computer science. Qualitative reasoning as 
a branch of artificial intelligence supports 
reasoning on imprecise and qualitative data 
and is more similar to human thoughts. In 
this paper, motion is modeled qualitatively 
by regarding the role of ontology. A sample 
of qualitative motion is modeled 

ontologically. The implemented sample 
confirms the theory of paper. 
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drift, the achieved RPCs are biased and 
needed to get corrected. Variety of RPCs 
bias removal methods have been proposed 
and applied by now each of which has its 
own advantages and disadvantages. In this 
paper, some of the most common methods 
are reviewed and implemented for RPCs 
bias removal of high resolution IRS-P5 and 
IKONOS-2 satellite imagery. Achieved 
results present the capability and superiority 

of implemented method in bias 
compensation of RPCs.  
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Abstract 

Referring to the high potential of 
topographic satellite in collecting high 
resolution panchromatic imagery and high 
spectral, multi spectral imagery, the purpose 
of image fusion is to produce a new image 
data with high spatial and spectral 
characteristics. It is necessary to evaluate the 

quality of fused image by some quality 
metrics before using this product in later 
applications. Up to now, several metrics 
have been proposed for assessment of image 
quality; which can also be applied to 
evaluate the quality of a fused image.  
However, it seems more investigations are 
needed to inspect potential evaluation of 
image fusion quality metrics to registration 
accuracy, especially in high resolution 
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multi criteria decision making models were 
chosen to measure the most appropriate 
options distance to the best ideal options. 
MCDM model divides in compensatory and 
non-compensatory models. This research 
shows that there are interactions between 
driven factors so that compensatory models 
employed for site selection. During 
compensatory models ,that model was 
applied that not only be able measure the 
distance of  alternatives to positive ideal 
points but also measure this distance to 
negative ideal points. Consequently, 
TOPSIS as site selection model was selected 
to find the best location of cultural centers. 

The implementation of these models was 
applied in district 6 of Tehran city. After 
spatial site selection, those sites which have 
proper characterize as a view of the area of 
land, land use, proximity to mail roads and 
good adjustment with comprehensive plans 
were selected. 
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Abstract 

Rational Polynomial Coefficients map the 
3D object coordinates of a point to its 2D 
image coordinates for high resolution 
satellite imagery. These models are known 
to be a precise replacement model for sensor 
rigorous models which are directly provided 
by image vendors. Applying RPCs as a 

sensor model supplies image vendors the 
capability to keep the parameters of their 
sensors while providing their customers with 
reliable polynomial model for different 
applications such as DEM generation. All 78 
coefficients of rational models are calculated 
based on satellite rigorous parameters which 
are extracted utilizing direct geo referencing 
observations. Considering the bias in these 
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Abstract 

Establishing the elements of cities in a 
spatial location follows specific rules. 
Considering that rules increases the 
performance of elements in a specific 
location. In this research, for finding the best 
location of cultural centers including 
cinema, theatre, music hall and journalist 
hall, effective driven factors were identified 

and divided in two principle factors and sub 
principle factors. In order to calculating the 
importance of every driven factor, a 
knowledge based model was employed. 
Indeed, all experts and manager‘s comments 
modeled by AHP method for future analysis. 
To achieve the main objective of this 
research, multi criteria decision making, 
multi objective decision making and multi 
attitude decision making models (MCDM) 
were investigated. After this consideration, 
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