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1. Electronic Location Technology 
2. Mobile Computing 
3. Location-aware 
4. Assisted GPS 
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1. Web Mapping Services 
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   K�� �� %�5 �^��!�   �� �I       ��R$ `�a!R" ��R< .  (R5

  �� F	+� �	�I      (T)� ��/< �"��5 �5 ��<      �^�R�!� %�RI
     # �J	� (5 K�� 6� �	5:I�G       ��R5 �E ��# . L�R7    %�RI

 �!���4+ %�,SIFT�� ��� f�# (�� ��  ���#.  
  

2-2-1-5�) <�#  .>��+� ��?7 ��@/)2  
           (R5 :G
R� ($ %����E %�	�$ c�)� `�a!" ��\�� (5

  F)!
� y�	)� ��		d<   C���E ���    y�	)� %6� �I   %�I
  �R� ���R0 K�� � �b�!a�   ���DRE)Witkin, 1983 .(

 �� %�5   �R� ��\��           ���R�l %�6�6 KR�� � :
R��5
   ��# (!-�" �4�� K�� .        KR�� %�R5 y�R	)� %�zR9

 %�6�6I(x,y) (T5� ���0 (5 )1 (�� q��/< ��#.  
 (T5�)1(  L(x, y, ) G(x, y, ) I(x, y)� � � �  
 (T5�)2(  (x y ) /G(x, y, ) e� � �� �

��
2 2 22

2
1

2  
   (T5� ��)1 (��<�E*     :R" �#�+���$ ��<�E ���I  .
 &� ��/+�T�L�    ��� ��'� ��#    x"��� ($ ��      j5�R< ���R<

 %�RR5G  :RR" �	RR"�7 j5�RR< �)Lindeberg, 1994; 

Koendderink, 1984 .( %�RR5 ��RR	��� �RR� L�RR&� �RR5
   q�!a� ����)�� ��        VK�� y�	)� %�z9 ��<I   (R5 �   

��6O :RR"� .  %6� �RR5 �%�RR	�$ c�RR)� �	RR	/< ��RR	���
K��     F0�� %�I    FRY�b< �L       �R� L�R&� �RI      (R5 ���R#

         KR�� L�R7 �R� �� FR	+� �	�I         JR	� � ��RY�b< %�RI
�� (G"��� �	�$.12  

 (T5�)3(  
D(x, y, ) (G(x, y, k ) G(x, y, )) I(x, y)� � � � � �  

L(x, y, k ) L(x, y, ).� � � �  
  ��)  F�#3 (  (5 %�6�6 K��      �� �	"�7 j5�< (�	"6

   �� �+���$ L�7 ��l  ��# .        (R5 y�R	)� %�z9 L�7 �� ��
(!"�  �I  �� �	
)< ��  ��# .    L�R7 �� (��� x
��5    %�RI

          ��/< (l %6� � %�	�$ c�)� `�a!" (5 ��J7�� %�/5
   K�� ��/< ��	#�5 K��          �R� � (!R"� �RI %�RI    ��R<

��$ (G"���.  
 �RR#�+���$ WRR&	!� �RR�� (!RR"� � KRR�� �	!
RRa�

            (R	+6 %��4	R" �R5 �	"�7 j5�< �5 %�6�6 K��( )�� 
  K��          %�6�6 KR�� �#�+���$ � J	� ��� (!"� � L6�

       �5�5 ����4	" �5 ��	"�7 j5�< �5K�� (5   �� :"�  ��O .
   :5�M ��)�k     (T5� � J	� / sk � 12 (5    �� :"�   �R�O . ��

    J	� (T5� ��s   K�� ��/< ���I        L�7 �� ��	� ���� %�I
  �$ c�)� `�a!" :" %�	 . j�, �5       FR��� �R� %��5

��        K�� ($ :9�7 (&	!� ��<i     W&	!� ���� (!"� � L
         ����4	" �5 �	"�7 j5�< X� �5 %�6�6 K�� �#�+���$

 �RR5 �RR5�5(i )k .� �1
� �)i � 1 �RR< s (:RR" . (!RR"� �RR� ��

         ����4	" �5 �	"�7 j5�< �5 �#�+���$ F0�� ($ �
��
   �5 �5�5�2 �   �� p�a!� �#�5           q�R� (R5 �O ��/5 6 ���7

  �� ��� 8I�$  ��# .   %�6�6 KR�� ���� (5 K�� ��
    �� ���b!" L6� (!"� %�5  ��# .   F�# ��3   K�� �� 

��� W!

7 ��� �5 :" ��# ��� 8���� ~��.  
    �� Za'� :H� ��$ �5          �RI �� ('R	�I (R$ ��#

    {�5 � K�� �	��" (!"� ���� %�/5 (!"� ��&� %�5
  �� ��H ���b!"  ��	7 .       q�� (5 K�� �� ��/5 8I�$ �5

    (5 �O ���$ �+���$ 6           ����4	R" �R5 �	R"�7 j5�R< W�	"6
 �RR5 �RR5�5�� ��RR&� JRR	� L6� W!RR"� KRR�� �	!
RRa� �

��  ��# .K��   (!"� %�I        C6� �	�I (5 �I %�/5 %�I

                                                           
1. SIFT Key Points 
2. Scale Space Construction 
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 �� ��&�    z9 6 ���#      �R� FR	��< y�R	)� %�   ���R7 . ��
     K�� FY�b< �(!"� �I %�5 ����E      (GR"��� �6�&� %�I

��               KR�� 6� �O %�R5 ��RY�b< K�� ���� (5 6 ��#
�� ��	-| �6�&�  ���7) F�#4.(  

  

  
 F�#3 . (!"� �	+�< %�5 :
a� K�� � ���b!" ����)ST" (K�� y�	)� %�z9 ���  

  

  
 F�#4 . y�	)� %�z9 F	�'< �����
��  
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2-2-2- <�� <�# .8���0') A)�B��) �&C� ���  
  K�� %�5 L�7 �� ��   (!R"� �I ��Y�b< %�I) STR"( �

F
�	E         �R5 KR�� X� %�I8        �� ��R- �6�R&� F
R�	E 
    6 K�� ���I9    K�� �� �6�&� F
�	E        6 %�R/5 %�RI

  �� (
��)� ��GH    ��#)  F�#5 (       �R� (R$ :" �*��5 R
  ��� � ��	���     KR�� %�5 ��<    � %�RI       �RI �R-O 6 �R�
  �� L�&� (!"� .   F�# ��4 K�� �    ��	��� �� ($ ���I

   �� L�&� �*�O %6�   8���� ~��J��H W!

7 ��� �5 ���#
  :" ��# ��� .���I     �� ��I�'� ($ ���      ��R/< ���R#

K�� ��  ��� �5�5 �Is:" �.  
  

  
 F�#5 .F
�	E :$�# %�I ���!
$ (T)� �		/< ����9 �� ����$  

   �<��0 ��     F
�	E � %J$�� F
�	E ��)� ($    %�RI
    �R$ �R� �!'R	5 �R4��       ��R�� (R5 F
R�	E �O ��R#�5 �R<

 -��# ���!
$(! ��           �	R	/< (5 %�/5 W���� �� 6 ��#
   e	H� y�	)� 6 :	/H��       ���!
R$ �R� �R<      (R!-��E �RI

��  ��# .   [�" ��2002     (R,�� j5�R< C��5 %�5 �#6� 
    ���!
$ (5 %�/5 (" L6�      R# n�5 ���� %�I   :R" ��

)Brown, et al., 2002 .(    %�R" Q
R5 � C6� �R� ��
 �y�RR	)� %�zRR9 j5�RR< ��RR�	<D(x,y,�) L6� (RR��, �RR< �

 �� ���b!"  ��# .          [�R)!� ���R# (R5 j5�R< �� �	�i�I
���� (T)� ���I �O VJ$�� ($ �# ��� �#�5 %�	7.  

 (T5�)4(  
TD DD(x) D x x x

x x

�	 	� � �
	 	

2
2

1
2  

  
   (T5� ��)4 (   ��R)�D   'R� 6       (RT)� %�R5 �O ��)!

 ���� ����      6 ���5 %�	7Tx (x, y, )� �  [�)!� ���5 1  �<

  :" (T)� �O .     �5 J	� ���!
$ :	/H��x̂   ��� 8��R�� 
��               (RT5� e!'R� ��� ��RH �b0 �5�5 � ($ ���#)4 (

   (5 :G
�x (5    �� :"�   �R�O .        ��R)� ��R�I ��R)� �R�
 (5 ���5 ($ :" �+�)!�x��# (9�Y ��GH .  

 (T5�)5(  
D Dx̂

xx

�	 	� �
		

2 1
2  

         %�R5 (R	+6 e!'R� 6 �	
RI ����)�D   (�	R"6 (R5 
FY�b<      (��
R�I � %�R	7      �R� ��� �	R�a< �RI  ��R# . ��

              [�R)!� ����R)� � XR� �RI e�T� ��H ($ �<��0x̂  � 
5/0     (5 ��#�5 �!'	5       (5 ���� ���!
$ ($ :"��/� ��

(T)�    X��J� �4�� %   :" �< .      ���R� (T)� �:+�� �� ��
����      �R� ��� �		d< %�	7    �6�� 6 ��R#    �O [�R� �5�R�

  �� L�&� (T)�  ���DE .    ��)� :��*� ��(5  :"�  ���O  %�5 
x̂     ���� ����� (T)� (5 �!
��5       ��R# (9�RY %�	7 . (R5 

    �6�� :R	/H�� x	<�< ��  �5�R�        �R��� ���!
R$ g�R#
�� ��� �	�a<  ��#)Lowe, 2004.( 1  

  
2-2-3-  <�� <�#  . 8���0') EF2     ��)��
' �� ��

8���0') � ��/� *�: ��� �)  
    j5�< ��)� �D    (T)� �� x̂   ���!
$ PD� %�5 �    ���RI

 RR� ���b!RR" �RR��� ��	��RRE :RR"�!�$ (RR$� ��RR# . �RR5
   (RT5� ���J4��R,)5 ( (RRT5� ��)4 (   :RR"� (R5 �	R�l

�� ��O:  
 (T5�)6(  

TDˆ ˆD(x) D x
x

	� �
	

1
2  

      ���!
R$ L�R�< �5�&< ���0 (5        ��R)� (R$ ���RI
ˆD(x)      � �!�$ �*�O %�5 �03/0   �� PD� �:"   ���# .

(RRG+ c�RR)� PDRR� %�RR5  (RRT5� � JRR	� %)7 (���b!RR" 
�� ��#.  

 (T5�)7(  

 �Tr(H) (r )
Det(H) r

�
�

2 21  

                                                           
1. Offset  
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   (T5� ��)7 (xx xy

xy yy

D D
H

D D
 �

� � �
� �

)  �	
I K��<��( �

xx yyTr(H) D D� �    6 xx yy xyDet(H) D .D (D )� � 2 
:" .      (RT5� �<��R0 ��)7 (   �!
R$ %�R5�   ��RH�5 ��

    �� (!9��DE ���!
$O �O ��#�5      �#�G� ��H�5 �7 6 ��# �
    �# �I�- PD� ���!
$ �O .  ��)�r   �5�&< %�!���E 

    ���	E �� 6�+ 6 :"  %��"            ��R� � �� L�R&� (R$ %10 
 ��$ ���b!" ��)� �� %�5)Lowe, 2004.(  

  
2-2-4-<��	% <�#  .���)� H�6B�  

     ���!
$ �/5 (5 L�7 �� �   �H�5 %�I      L�R7 � ��R���    %�RI
    �� ����- %�	�$ c�)� ��	'	E  ���# .   � ��\�� jH6 ��

        KR�� �� c�R)� ���R!a� �%�	�$ c�)�     qR�!a� %�RI
  :" y�	)� %�z9 .          %�R	�$ WRT)� �RI �(R���� �� �<

           :R" ���R5 y�R	)� X� 6 �
�� ���!a� X� %�� .
  �� �		/< y�	)�          L�R$ (5 e�/!� %�	�$ (T)� ($ ��$

    :" y�	)� %�z9 �� K�� .        �RI %�R5 L�7 �� �� ��
    �$ c�)� �� � X�          %�R/56� ���R5 XR� �!
R��5 %�R	
  ��# ��� ���!- .        (R5 ��R��E %�!"� X� Z	�a< �5

L�RR7 �� �%�RR	�$ (RRT)� �RRI �RR� �RR/5 %�RRI  ���RR5 ��RR<
q	0�<                 6 ��R$ qR��/< ���R5 �R� (R5 :G
R� � ����$
q	0�<         (R5 KR�� ��6� � F)!
� ���I�7    ��6O :R"� .

          KR�� � F
R�	E �I %�5 ���5 :*, 6 ��)�     %�RIL 
�RR,�� (RRT5� � y�RR	)� %�zRR9 �� �  %�RRI)8 ( 6)9 (

�� (G"��� ��#.  
  

 (T5�)8(  
m(x, y) (L(x , y) L(x , y)) (L(x, y ) L(x, y ))� � � � � � � �2 21 1 1 1
  
(x, y) tan {(L()x, y ) L(x, y ) /(L(x , y) L(x , y))}�� � � � � � � �1 1 1 1 1

  
       K�� �%�	�$ (T)� �I %�5 K]"L    �R5 x"��!� �

  p�RRa!� y�RR	)� %�zRR9 � %�RR	�$ (RRT)� �O y�RR	)�
��  ��# .       XR��J� %�� K�� �� �4�� ���G� (5    ���R<

  ��)��   (5 ��    :R" %�	�$ WT)�  .    %�RI���5 K]R"

         �R� (!9�7 �\� �� %�	�$ (T)� � �4��
�I X�   ��R# .
(5            �R!*, L�7�!
R	I XR� ����)� �� W�	"636  ���R<

�RR�   ��RR# F	�'RR< :
RR��5 .   �	RR�l F	�'RR< %�RR5
    X� � ���7�!
	I      �!���RE �5 �	"�7 j5�<�   �R5�5 %

  �5keypoint/ ��1 5   �� ���b!" J	�    ��R# .     JR$�� �R&�� ��
          (RT)� ���R!a� �5 eGT�� ����b!" ���� �	"�7 j5�<

 :" %�	�$ .     (��
�I V��# �6� �5 (&	!� ��      (RT)� � �I
�RR� �RR!�$ JRR	� j5�RR< �RR� ��RR)� �%�RR	�$  ��6 6 ��RR#

  � `��- %�I���5           (R!9�7 �R\� �� �bR0 JR	� ��6��� �
��  ��# .   %��� ��)�keypo int�        �R5 �R5�5 �RI �   (RT)� 

 :" %�	�$) F�#6.(  
  

  
 F�#6 �	"�7 j5�< 6 %�	�$ (T)� (��
�I %�I���5 :	/Y6 

���b!" ����  

  
     f�T� ���� �!#� �\� �� �5        �RI ���R5 �	MoR< ���# 

      �� �"��5 �!*, L�7�!
	I %6� �5 (��
�I  ��# .  �RI
  (RR5 � %��RR� �O ���RR5 :RR*, (RR5 (RR,�< �RR5 (��
RR�I

XRR��J�  (9�RRY �L�7�!
RR	I %6� ��RR,�� :RR*, ���RR<
��  ��$ .            j5�R< ��R)� p�RY FR0�� J	� (��
�I �I �M

            (��
R�I �O ���R5 �R7�J5 �� (��
�I �O %�5 �	"�7
:RR" .     �RR	�$ (RRT)� �RRI %�RR5 F�RR# �RR� (RR5 �%  

 �RR!*, L�7�!
RR	I XRR�36(RR�	�  �RR� (RR	*< %  ��RR#  
) F�#7.(  
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 F�#7 . �!*, L�7�!
	I336(�	�  %  

  

    �	RR	/< �O W�	'RR	5 �L�7�!
RR	I ��RR&� � KRRE
��     (�	'	5 L��< 6 ���7   ���� %�I        �R< ��R#��)� ($ %
80         p�Ra!� �:" L�7�!
	I �� ��0 W�	'	5 �0�� 
��             �R*�O � XR� �RI �5 6 ���#      �R�J&� %�R	�$ WRT)�

 �� (!-�"  ��# .      � KE ��4�� ���G� (5    �R��� L�7 ��
  %�	�$ c�)� :"    �!���E (" ($ ��O :"� (5 %� �y �

x           ���R!- V%�!R"� (R�6� �� QR)9 6 �R5�5 ��*�O %�5 
���         ��R#�5 �6�Rb!� �R*�O (5 ��# .     ��� ��'R� 8��R��O

     ��RG��)< ($ :"15          �R�l %�� %�R	�$ c�R)� �R0��
�RR# �RR�I�- :RR*, . � XRR� �RRI %�RR5 JRR	� ��RR��E ��

(�	'	5     p�Ra!� %�RI           j5�R< XR� L�7�!
R	I %6� ��R#
  (��
RR�I 6 (�	'RR	5 �O � L6� (RR,��  �O %�RRI) %6�

L�7�!
	I (  �� ��� C��5        eR	H� :R	/H�� 6 ��R#    �R<
�� �		/< (�	'	5  ���7) F�#7) (Lowe, 2004.(  

  
2-2-5-   <�# 8@
 . J�K�� *�	�      �L&C� "$L

'

���1  

    %�	�$ c�)� � X� �I %�5 L�7 �� ��(5 :"�  ��R�O � 
    q	0�< ���5 X� �8	E L�7    g���$128   ���!- ���< 

��  �5�� .        %�	�$ c�)� (���� �� � 8	E �<(5  :"�  ���O 
             y�R	)� 6 ��6� ��
R�� ���R!a� (R5 :G
R� ��G��)<

 ��!
RRI F)!
RR� �KRR�� .�RR� ��   RR5 L�RR7 �RR9�/� �
q	0�<  ����$     ���� %�I)    %�I���5 ���I ($128 ���<

��!
I(              ����R#6� (R5 :G
R� %�R	�$ c�R)� %�R� �< �
����<2      �# ��I�- F)!
� ���� (�6� 6  .     JR	� �R&�� ��

            %�R5 %�R	�$ (T)� � �4��
�I X� � FGH L�7 (5�'�
    �� ���b!" �!*, L�7�!
	I ��&�       �6�Rb< �� �5 ���#

   �7 �� �� ($         (RT)� %�!"� (5 (,�< �5 �4��
�I �� �L
�� �		/< %�	�$  ��#) F�#8.(12  

 %�RR5 �RR!*, L�7�!
RR	I �RR�l K]RR"16 (RR	��� 
  �� (G"��� q�!a�  ���# .      L�7�!
R	I L�R7 �R� ��    �RI

  %��8    ��!
I :*, )  F�#9 ( (5 6     ��$ ���4 *4*8 
��    q	0�< ��)� ��#            %�R	�$ (RT)� �RI %�R5 ��R��$
(5   �� :"�  ��O .     %��6� ��� �5 �6J9(5  :"�  ���O   %�R5 

(��
�I        �� �$ %�	�$ (T)� %�!"� � �I      ��R)� 6 ��#
M (��
�I             L�7�!
R	I ����R)� �5 ��# j�, � FGH �I

        �R5 �	R"�7 j5�< ��)� ���           _�R� q�R� �R5 �R5�5 %
(��
�I ��&�E �� p�Y �I ��#.  

 q	0�< ���5     %�5 ����$     F�# �� %�	�$ (T)�9  � 
       :"� (5 �l :�" F�# �� ��,�� ����)�  ��    �R�O . ��

           ���R5 XR� %�	�$ (T)� �I %�5 (���� ��128  ���R<
q	0�< (5 ����$ �� :"�  ��O)Lowe, 2004.(  

                                                           
1. Local Image Descriptor  
2. IIIumination 
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 F�#8 .q	0�< ���5 �	+�< %�5 (��
�I �		/< ����$  

  
 F�#9 .L�7�!
	I  %�I8(�	�  (T)� P�� ���� %%�	�$   

  
2-3-����' �)�� *+M
� ��+� 5���)   

   (	G# �!9�� � KE            KR�� (R5 ���!-�R" KR�� ���R<
  (5 �+�"� ���!-�"          P�R� (R)T�� ('R)� ��5��$ (�	"6

�� [�"� �5��$ %�5 ���!-�" �O ��#.  
  

3-"���  )�!) � �N��  
     ��R5� (R5 %�6�R��6 :�< (����5 �!
	" �� :
< %�5

C#    :" ��# (	*< ) F�#10 .(  �!���R4+ (����5 �� ��
   ��5 �!�siftlib      (5 �	G��$ 8	!��5 ��4'�� (5 e�/!� �   ��$

  :" ��# (!9�7 .        %��R�� ��R/< �!���R4+ �� �,6�-
  q'$ �^��!� (T)�  :" K�� 6� �	5 ��# .   (R/+�T� �R5

    �!���4+ q�!a� F���SIIFT      ��5 �!� (����5 �"��5 6 
           �R5 �RUJ, �R<�		d< [�R�� 6 ��,��    :R	�5�H ��O %6�
      KR�� 6� �	R5 :I�G# �J	� �		/<  y�R" �R5  ��R/< 

  q'$ �^��!� %�I���5        :R" ���O �I�9 �*�O �	5 ��# .
    �!���4+ �����E ��(5  :"�   ��R�O        [6 (a
R� ��R�� (R5 

  �!���4+SIFT     �� (!-��# �!
	" �� ��   ��# .  (a
R�
           �!���R4+ F��� � �-�5 PD� �5 J	� �!���4+ �� L6�
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"  �����!) :
a� (a
�(  �(5  :"�   ��R�O      ���R!� 6 :R" 
            6 :��R" ��R		d< �� �!���R4+ Wa
� 6� �� ������

 (5 :H�       �R# �RI�- (!9�7 ��$ .       (R����5 � :�
RH �R�
  8a5» (	G# �		/<   K�� ���< «  �� F	�'< �  �I� . ��

    (5 ��	� ���0���	E     S��'R< �!
	" %��"       L�R7 �� ��R#
 �� �FGH     � (����5 �� ��<      �R<�		d< [��� �5 )   FR	GH �

    �6�" :�< (����5 ���$ (9�Y (      :�R" WR����5 ���� (5
�� ��H ���b!" ���� ��6�".  

 ��� ��4��E       F��R# �RI26     ���!-�R" � KR��     %�RI
    ��*< �*# q�!a�)      ��R���	� �R< X�6 ��	� ��6��� (

:" .     �!���R4+ [��� �5SIFT       KR�� �R� %6� �R5     �RI
 q	0�< %�I���5  $   �*�O g���(5  :"�  ���O    �� ����� 6 

              ��� ��R4��E �� KR�� �RI ���R!a� ��R�I (5 �I���5
  :" ��# ��	-| .          �RG��)< ��R� (R5 ��� ��4��E �� ��

            ��� ��R,6 KR�� (R�6� 6� � ���!-�R" �I %�5 . ��
)  [6�,1 (    ���!-�" �� � �-�5 K��      ��R# ���6O �I

:" .  ���" ��\�� (5    � ��4��E �%��"    FR��9 F�R# (R5 ��
     :" ��# (!9�7 �\� �� ��G� .     C�!
7 6 �)<� ��\�� (5

  �� �!
	" ��    L�� � ��<      ��� ��4��E :����� %�I�J9
  ��$ ���b!" J	� .   8a5 %�5» (	G# �		/<   K�� ���< «

      ��� (a
� � (G<�� X�) �����!R" (   �!���R4+SIFT  6 
        L6� (a
R� � %�/5 (G<�� ��) f�R0   ��R# ( R4+ �!���

SIFT    :R" ��# ���b!"  .        L6� (a
R� �6�Rb< jRH6 ��

    � ���RR$ ���b!RR" �� ��O �RR�� (a
RR� �RR5 �!���RR4+
K��   ST" %�I      :" y�	)� %�z9 %�/5 %�I .(5   �R�

            L�RI � �R�� ST" �*�< �!���4+ �� L6� (a
� x	<�<
   �� ��&� � �
��              �R� %�R5 �R*�< JR	� �RI���5 6 ��$

  �� �	+�< ST"  ���# .   �� x,�� �� ��     :��" ($ ��#
        ��� (a
� (5 :G
� �!���4+ L6� (a
�)�����!"(   �O 

           ��# (!"�$ �O :H� � J	� %�� �< (!G+ 6 �5�� 8�J9 .
    ;"�E :��" ($ %���� ��         �R*� ��	
R5 �!
R	" ���7

  �R� �#�5                L6� (a
R� � �:RH� 8I�R$ [�RGH �R5 ��R<
            �:R" ��R# f�RT� (+�)� �� �� ($ �!���4+  ���b!R"

��$ . (	G# ��          ���!-�R" KR�� J	� F��5�� 8a5 %��"
       �� ����- (���� �G��, (\9�� %6� � �\� ����   6 ��R#

        �� �9�/� �6���6 :�< (����5 (5 %�6�6 ���� (5  ��# .
  XRR� KRR�� :RR9���� �RR5 (RR����5 �RR� �RRY�� ��RR�� ��
             g�� ��R4��E 6 KR�� �O (
R��)� 6 Z-�R# ���!-�"

(	*<    T�� (')� ���#         ��RH ��R	!- �� � ���!-�" �O ()
��  �I�) F�#10.(  

  K�� %�I���5 (
��)� (&	!� � �'a5    ���R� %�RI
       [6�, �� �!���4+ Wa
� 6� %�5 ���b!"2 [6�, 6 3 

   :" ��# ��� ��'� .  [6�, �� ��        P�R/� ��R� �I �I
 (T)� ��/<       q'R$ �^�R�!� %�RI         KR�� 6� %�R5 ��R#

:" �O (5 c�5�� .  

  

  
 F�#10 .(	*< �6���6 :�< (����5 ��&�E � %����< ��#  
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 [6�,1 .���!-�" � �-�5 ��6��<  �!���4+ :
< �� ���b!" ���� %�ISIFT  
a3 a2  a1 

      
b2  b1  a4  

      
c2  c1  b3  

      
e1  d2  d1  

      
f2 f1 e2 
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 [6�,2 .(T)� ��/< q'$ ��!'� %�I  j��" :+�� �� ��#)+f�0 �!���4 ��#(  

a1a4b1b2c1c2d1d2

a1*  3338  31  27  23  17  17  

a440*  16  11  20  25  15  14  

b147  21  *  5632  24  17  10  

b250  27  35  *  27  33  15  12  

c127  17  22  28  *  4717  11  

c233  20  25  27  60*  10  11  

d133  25  19  30  26  26  *  38

d225  31  14  12  33  24  26  *  

  
 [6�,3 .(T)� ��/< q'$ ��!'� %�I  �+��/� :+�� �� ��#)�����!" �!���4+(  

a1a4b1b2c1c2d1d2

a1*  5235  31  36  31  25  24  

a458*  26  19  28  33  19  28  

b164  31  *  6840  31  26  17  

b255  25  50  *  33  38  26  24  

c138  18  34  32  *  8818  15  

c242  31  38  38  94*  22  28  

d140  34  33  39  30  40  *  65

d239  38  22  23  43  36  54*  

  
  

            [6�R, �R� (R$ :R" �R� (,�< x+�, (!��    %�RI
�
��<��    ��!
	� ���)!� �F�# .       :R" �O �R� �� F	+�

  C6� �� ($    (5 �5���^��< %�I      (R!9� ��$)    (
R��)� %�R5
 K�� %�I���5  �I(  K�� x	<�< �    ���M�� %�6�6 %�I . �

  �� K�� �6�            (R$ ���!R" K�� �5 �T" �I �� ��,�� 
  (RR!9�7 �^�RR�!� ���� �TRR" �O �� � ��RR)� ���!'RR	5

��  ��# .          KR�� q'R$ x,�� F�� �� ($ %���� ��
             �R� (R$ ����� 6 �JG" ~�� �5 :" ��# �/H6 �^��!�
            ~R�� �R5 :R" ��'� �^��!� K�� q'$ x,�� F��

   :" ��# Za'� J��H .    � W&	!� ($ :" �*��5 W
��)
             %��R�� ��R/< ���R"��# (R5 �&�� C��- �5 K�� �I

 ��!� (T)�^ �� �           �R7�J5 ����R)� �QG<�R� ����)� 6 ��#
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 ��5 ��I�- .             �R"��5 �� ����R)� �R� FR	+� �	R�I (R5
          �R*�< 6 ��!9�4� ��H (,�< ���� �!
	" ������ :�0

         KR�� ���R" �5 K�� �I (
��)� (&	!� �      ���b!R" �RI
:" ��#.  

   [6�, ��2 5 �         �5�R��^��< � FR0�� ���R!� � �'a
         L6� (a
� � ���b!" �5 %�	�$ c�)� �	5)f�0   ��R# (

  �!���4+SIFT       :R" ��R# ��� 8��R��  .    [6�R, ��3 
       �R5 %�	�$ c�)� �	5 �5���^��< � F0�� ���!� � �'a5

     ��� (a
� � ���b!")�����!" (    ��� 8��R�� �!���4+
:" ��#.  

    %�5 ��G"��� W&	!�26          �R5 (R$ �� ��'R� KR�� 
(5         �� �!
	" �e	)�< �� %��*�'	E �!���4+ %�	7��$

84   �� ���� �0��          (R5 � �5��R$ :R	/H�� ���<   �!R"��
 �I� Z	a'< .           �R5 �!���R4+ �R� W
R��)� �� �	R�i�I

   �����!" �!���4+SIFT    �� %�5 �26   �!���4+ �K�� 
    eR	)�< %��*�'	E185    j��R" �R0��       �!���R4+ � �R< 

   :" ���$ F�� ��0 .�J	�    ;R"�E :H� 8I�$    ���R7
 �� J	�                �R*�< ��R0 :R+�� �R5 (
R��)� �� :R+�� ��8 

    :R" ���R5 �0�� .           :��R" (R$ %���R� �� 6� �R� �
      �R� ��#�5 :��+6 �� �!
	" ������       �!���R4+ � ��R<

f�0    ��#) L6� (a
� (        �!���R4+ ��J4��R, ��R�� (R5
" �����!)��� (a
� (�b!"��$ ��.  

  
4-*@��� � OC�  ���#  

���I         (R5 �5 ��# ��� ��'� ($ ���    ��� %�	7��R$    %�RI
 ST" L��<         F�R# (5 �!
	" ��
�� y�	)� %�z9 %�I

e	H�    �� F�� %�<  ��$ .     �R� ���� �-�5 �� ��     � ��R<
       f�RT� C6� 6� � F0�� ���!� �6�b<        (R5 :G
R� ��R#

   �'l �!
	" V:��" V��G*5   ��$ �#�E .(5    �v�6  ($ �����
             �	R�l � ���b!R" [�R� �� ���J�I ��� (5 �5��$ ��l

  ���� ���!
I �
�6�"      �!���4+ ���5 �5SIFT ��    ���<
F�'�   �#�5 ��" .      �� ��� �� � F	+� �	�I (5     �� ��R<

            �!
R	" ��R�� ��R�l (R� V:	b	$ 8I�$ [��!� %�
 ��5 ��*5 .      C6� 6 C6� �� x	$�< �5 (!G+      �	R	/< %�RI
:	/H��  �� �G��)<           �	R	/< � �5��R$ �G��)< ���� ��<

:
RR, ��RR	��� 6 ��RR$ KRR�� ��RR	� �� � �RR,6  %�RRI
���!-�"  %�I   Xl�$ ()T�� Z-�#       �� ���R0 %�R< .

     8	5 ���	�� �5 ���� �� ��   �� %�<      (+�)� g�� � ��<
  ��$ ���b!" �Y�� .      �R� ��I�'R� [�� �I ��      (R$ ��R#

��# :9 :+�� �� �� �!
	" ����$��� %� �5��.  
   8	5 %�I��$ L�&� %�5   �� (�	�� �� �� �<   � ��R<

 (a
� �4��       �!���4+ g�# (U� %�ISIFT     ���b!R" JR	� 
��$ . �-�5 ��  C�< �   (a
� �I      �!���4+ �� �4�� %�I

  ��R# �9�/�)Abdel Hakim et al., 2006 (  � �R-�5 6
   F��G< e	b�<PCA    �!���4+ 6 SIFT   ���R$ ���b!"     �R�

)Ke et al., 2004 .(     8�JR9 [�RG�� (R5 JR	� �4�� �-�5
  ���R5 �!���R4+ �� :��"   �R�)Bay et al., 2008 .( ��

���<   :	+�/9 ���<      �!���4+ J	� �I1ASIFT     ��R# �R9�/� 
  :R")Morel et al., 2009 .(    �!���R4+ �R� ��R����

              :R" F)!
R� ��	
R5 �R�� (R�6� �R		d< (R5 :G
� .  �R5
(5     �I %�	7��$   �!���4+ �� � X�    �R� �I      ����R$ ��R<

K�6�" �	�l (U� �� J	� � �*�O ��$ �"��5 ���I.  
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