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c&.�(x; y) = 4!f(x; y)� ff(x; y � 1) + f(x; y + 1) + f(x� 1; y) + f(x+ 1; y)g (2.5)
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()*"$��2��i]()������$���I����
c&!
2��()"��$	2�������c&!

�L@ 2�2�C�?` S��@$ SC�2���"��D'ab.
�<0� ���N3@�2��.�P��$�����?`(
�8:��

$&�

p2 G����&.

�17E �@,�0[�Q$,`���;S�B&()*.�`$�&����1$6R).
�?�E c&N���
c&"���$,��N��G0� 2����@��

����N�F�D&. '�,G0�N�$��,��N���X	>�
�N���J�"8�.G0�N�$��, ���J�$
+�N��:
��)"��N�����8�S�&4"$�&. 4������N�
��M�`�BE"�&.

�%�	
� :I.i; j/$�
&2�#.i; j/�.p+ q/���!���$mpq =Xi Xj ipjqf(i; j) (2.6)

D'S�&.2�2��ef,0���!��� m00 $�@�I#4"$�&.'
�,m10=m00���m01=m00 $��:IG(iG; jG)�I#.�������!
���Mpq$,($���!���"8$�,Mpq =Xi Xj (i� iG)p(j � jG)2f(i; j) (2.7)

M�
�&.
'�,2��!���$4"�!���"�8$�,2� f(i; j)� 2���
�!���$� (2,7)
 p = 2,q = 0�
�$ p = 0,q = 2
M�
�,Mf =Xi Xj f(i� iG)2 + (j � jG)2gf(i; j) =M02 +M20 (2.8)
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"�&.
� (2,8)
���8�"��
�x<,y<$]��� 2��!�����
��� �02,�20"#&", 8����� 2��!���$�2 = �02 + �20 =Xi Xj j2f(i; j) +Xi X ji2f(i; j) (2.9)
S
$,8��D&7�&�D@j = itan� (2.10)
���� 2��!����	P,4��	>"�&3�4"�<&
,�
�
IS�&. � = 12tan�1f 2�11�20�02g (2.11)
4�&$?`�?���&���I#()*"�&.

�%���5=; c&N��63@�)@���)"0]�J6@�F
�
&.4�J6@��G0��$�
&�@�J3�,c&Q��.�H�/
$
��� d�
�"���(d)"I#4"$#&. �0�Q��
�J3
"#�$,4� �(d)$ �0 + 2�'
��#& d�
�"�&. #��$,J
6@�0��[S�D"#�$,�(D) = �0 + 2�"�&. 44
,J6@
$�4"�i]4"$
�N(d) = �(d)� 2� dD (2.12)
"#&",�N(d)$�4D��4
�"��,
!����$E3
�&
4"$�&. �N(d)�
!����E3��N (d) = !Xk=1fAk
os(2�k dD ) +Bksin(2�k dD )g (2.13)
"c
�#",7�Ak,Bk$J6@�`��I#()*"�&. 4�7�
�
!����;"8�.
�$�,!-
�&�$J6@(

c�,36@$$!1
���"�
����i].
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2��>f$-�
�&()*$��)��()* (global features)"6+
()* (lo
al features) $�N
�&.��()*$2�,�$
C�S�&(
)*
, ��5
-�&6+()*$,2��6+N�$
C�S�&()*

c&. 	��L�6+()*"�� SIFT�c$
�&.
6+()*�C�#&$$,��N�$
()*����#$�7D�,�

�N�$
()*�C�#&"�� 2C���M��M"�&. �&�9��
�%��� dete
tor,8&�9���%��� des
riptor"8�.
��,6+��$
�()*$	��� (()	���)"��I�S�, 4

��>f#&4"
2��8:�#&4"�ab"�&.
6+()*� dete
tor$�1#&�M���()*�C�
$IM"�&

�
, ��()*�C�$7;�$
M
c�,()*�2� 1K$�� 1]"
�&�P, 2��:�I
$-�&�!�*"����I$d�)�:X"�
�M��c&.
�$�,2��0��1�&����ef,��()*
$F$��F&4

"�Iab$����'�. 6+()*�-�&",1��4"$���F

���()*�c���,1�������$
F$()*�F&4"�
�
&"��M��c&. 4�("�,�	!
2����$2��N3@(
�
-�&���������8�#&:$�M
c&"9�
�&.
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$���37S��6+()*
, ��G<$-
�&()��	P&2��M���%���
c&. C�S�&�!�"�
�,()��0�,()��5E8G���,
�!�,64�+�()�I#	
����C�S�&N��N�$,'�? 2.11���$ Integral image$�&@
��!-�,7;*��
���). 4��()�8�
���
$ 2�+$
3D#&N�$,Hessian1E det(H)�6�$�<��Fast-Hessian Dete
tor�
�!���!�

�����	S�J
��$,det(Happrox) = DxxDyy � (0:9)2 (2.14)
���oC

�,���	P�4��F���8���. Dxx; Dyy; Dxy�2
A� 1px����5�C����������� 2 JH"���#��	
&�'��(!? 2.12�)*�Haar wavelet+������$,F�-�7	dx; dy�.&�' dx = dy = 2(E � F )� C +D � A+B (2.15)
�$/,? 2.13�)*�F�-0147�9:���F�-�7	dx; dy

�>@�BG�IKLN��#��OPQR$,STU"01V
�WXR

��YZ$/[	,\]^_`a�b�WXR��cd��	���'�$

/,.&��	�ef� 4g 4�hPQX�"i$,jhPQX�kl�m��dx;�dy;�jdxj;�jdyj �C�.&�'#��&,64<n�C�F�op.q�'
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28 B 2> 4AC<2.9.2 HOG!Histograms of Oriented Gradients�HOG[15℄�Dalas;1�)a/D0$��,2A�6=N�015�8G�5
����m���F�o�,JB���q0`7>�I8��#�p2G��

�'���&,4H��9<�8��?�J`��JB�8���[1��'

q	,6=N�� 3*3�hPQX�"i$��hPQX�5*5�%��"i
��'"i$�%����<
��[/5�L018G��m�8G��&
�? 2.14�)*�%��:� (x,y)01�Z��'m(x; y) = qfx(x; y)2 + fy(x; y)2 (2.16)

& (x; y) = tan�1 fy(x; y)fx(x; y) (2.17)8><>: fx(x; y) = L(x + 1; y)� L(x� 1; y)fy(x; y) = L(x; y + 1)� L(x; y � 1) (2.18)
�$/,0�01 180�q�� 20�	
 9���"i$5�8G���R�

�����,hPQX���@5��9*'\�E���/���R����

��$/F�o���'

#*$/F1��F�o�,AhPQX�WXR�01��$���<nW

XR��,�[�I`��a�hPQX01C�$�/[�����	���

���7 p"[�#
1��'#�F �,R'!�2A�()	�)�*

�+���1$,-�8��9*.�IM` /����#
1��'q�,HOGF�o�,()	34KL��[1�/[�6=����R���F�
�OPQR]�����&,R'!�2A�8��]ST pUV�	�'
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3.1 ��<K3.1.1 =M$N�

D0(���? 3.1�)*�,#
���01`����,-�8��9*'
q	,%!�W!�	�����C�8J
����`��
���2A

01*2U"�H	�$,*2A016=F�o�C�$,%!�W!��
EO��'6=F�o�C����
���$/,SURF� HOG��[�'
q�,X�
	�����C�8�?3��2G p��2A�X�
�$
/%!�W!�	����Q��6=F�o�C�$/,X�
�F�o�
%!�W!�	�F�o���$,C�8J
���2A�4���F�o
��G"�I�9*'
X�
�%!�W!��EO$��2A01�,6=F�o����)�

pG�01G��F�opC�$�,��G�N�I���p9���'
�I�����(,FIGp�[2A0147Gq��C�8?3�2G
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R'!�2A��1���&�,�
���2A01*2�C���'
�
���2A�oC��7$,%�R��R�J�p��U"�N3*

�$/,*2�C��9*'#�.,oC�47�����
���2A�
:T��<B�N3U"p*q_C��	`[>�p����,�!�!p
�.�oC��5J�$�,\]N3p@��C�$��2A�;���'

K�8���!W�+�����[/N3*C��9*!3.1.3 �	$
7

K(��ST �8���&�,pixiv��9$�/[�2A01,;��
�2p
��]� 100��%!�W!��J���C�8J
����2A
���'X�
�$/�[���,%!�W!��EO$�/[�2A��
�qq�����%�!�$��
����D�M�,�
���2A��
�!��J�$��]�� E�Y
�]�,U"E�2A�����`�

$��JpY
1��2A,()	�)��
���2A�R'!�2A�3
����0$�'3.2 ����

��
����D�M��8�
q	,�J�Y
1�/[`[�
����D�M��8�����S
T �8��9*.SURF�HOG�����F�o��8�9a����? 3.2���.
��1�F�o]6�F�o�4��� 90�� 
," ��8��,
FIGp#��2A�X�
p,-����$�&[p���
��
�2A�A/4�$/��, 2�'(�4��� 1�'(,10�)��SURF,HOG���1�F�o]D�M��8��B$/�*"`ST
 p��#�p�0a�.
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F�o$4��p�4(pa/[�$�,LSH!Lo
al Sensitive Hashing�
�����\6KC:�M[/[�#��, KE$\6KpF1�/[
`[�&�A�4�$`0a��&��#�1��.
$0$,FIGp�[=� 5�q�I���)*�$/[��&,>G$
2A$8�`1������I	p001`[�#�1��$�, 
�
1$
%X)�8�b�$"B�$�
QR$O*p
�[�H�$,
#$(��M[�.

��J�Y��,-$8�

<��
���2A��J�Y��>�$8��
[/$ST $8�
�9*.
�8�M[�X�
�,�
���2A�n�����1/2G,2G�$�
]$, 2A� 30�,60�,90�$ E�Y��]$,2A$4U�H��$
�]$�M[�.
q	,�
���2A��$���$J��Y��>�$F�o$4�
��? 3.3���.SURF$>��cd$/ 95�)�,�$/HOG$>�
��cd$/ 90�)�$4���`a�. 2�'($4���
[/�
#�1]Q�� 1�'(,10�)��`a�.
<�,�
���2A� E�Y��>�$F�o$4���?3.4��
�. #�1]�7$/��1$F�o] 90�)�$4��pF1��#
�p�0a�. �$/,\(��
���2A$4U"�H��$�>�
$F�o$4���? 3.5���. SURF$>�pcd 92�,HOG$>�
pcd 88�, 2�'(�
[/���� 1�'(,10�)�� 1�$4�
���4(p�p, \�E�����p8��9*#��#���*"
`@�pF1�/[��#�1��.
'�$�801,SURF,HOG�]����J�� E,2A$4U"$H
��$��a��J����)��1p2G���#�p�0�.

�R'�%2A$8�

\(�R'�%2A����ST $8��9*.
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q	,SURF�
[/F�o$4��$8��9a��#$,\]�_4�
$�2A�] 30�)�, cd��� 20�)��`�,2�'(� 1�LK
���, $1�F�op4�$�2A],-n$�
���2A��0
`a/[�]$p�_, R'�%2A$8���A_ST��`[#�
p�0a�.
#$#�01 SURF�R'�%2A$)*�,;`JF��$/��7
 pD_, R'�%2A�8����[*" $�E���0`[��
��.
<�,HOG�
[/F�o$4��$8��9a�. #�1�,? 2.10$
N��$�2A��4��p 76��`�,cd$/ 70�)�$4���
`a�, 2�'($2A�
[/��?p�/[�2A$>� 30�)�
�A��p, cd$/ 10�)����,�E$2Ap 5�'���a/[
��&, R'�%2A$8���$/��)�$SM ����#�1
��.? 3.6�cd$4����$�]$���.
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" $�801,'($#�p"0a�'SURF,HOG��1$F�o]6
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F$*$+�����I�7$�,WXR�$Z���p@$��	���
1��/[`[�&�#�1��'

�$/HOG�M[�>��,��`�$@�����p,,-$8�p2
G����p�0�'" $�8�@�p(pa�8��$/�,1�$2A
�hPQX�%��"i$�.,F1��6=N��4q��*"p*"�
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