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Abstract

Recently, in the development of ITS(intelligent transport system),

the research on Stereo Image Processing System to support safe driving

by recognizing the road conditions is very active. The homography is

used for measuring headway distances because of its high accuracy and

easiness. But it needs discontinuous memory accesses, so it’s difficult to

speed up by parallel arithmetic like SIMD. Therefore, the objective of

this research is to find out the car image transformation which adapts to

the parallel access that takes the place of homography. And to verify the

validity of the system.

We compared the headway distance accuracy calculated by two ways,

oblique axis transformation, which we propose, and homography. In this

experiment, homography had error margin of 4% on the average, on the

other hand, oblique axis had 6% on the average. Though we tried it on

only four images, there are margin of 2% between two ways. As a result,

we could not verify that homography of image transformation part can

be replaced with oblique axis transformation.
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,ITS( �"�$�����= ¢¡`£$¤
¥$¦�~=§
¨/~/©`ª , «�¬®$¯±°®²(³�´

µ ª"¶(·�~��=�=¸�¹Fº®»"¼
½�¾ , ¿�À
Á"Â�Ã�Ä"�[Å�«
¯[Æ`Ç"�"��¡È£"¤=¥
Å�É�Ê
Ë�Ì(Í(¬ÏÎ
Ð
Ñ
Ò
Ó/¾ . Ô�Õ�Ö[Õ�×ÙØ�ÚÜÛÝÔ�Õ"Þ"Õ�ß$Å�à�á�â$Õ/¬
ã ¾®ä[å"æ�ç¢¡`£$¤
¥Fè5é=�/ê�ëÈÑ[Ò�Ó�¾ìË , ��í5£ïîðª�ñÙò , ó[ô$õ�ö
ºì÷øë"ù
¾ìÅ=Ë�úÝ°�Ó . û/ü�ª�ý"þ�ÿF¬®�����È�"�����Nà	� â/º®��Ó=Ò ã

òÜ¿�
�¬®é� ëìÑ�¾�ü���Ë���� ëìÑ�¾ , Æ`Ç�º®��Ó�²������=æ"ç�¡È£"¤=¥
Å����$Ë�Î
Ð
Ñ
Ò
Ó/¾ . üNÅ/³=´ µ�� Õ�£�Å�ä
å������=æ��F¡È£"¤=¥(¬��
Ó�Òøè , �! [Å�³�´ µ º5�/Óø¾ìå$Ë/£�¤,Ô#"�Æ�Ç$�
��¬ ã ò , $&%���')(
ª$Å*&+&,�-�Ë�.�/�¬0��¾`²&1 , ³=´ µ32  
Å&4[º®�"�
½�¾�¡È£"¤=¥(¬#5
6

, ��7�/���¡`£$¤
¥
Å�8�9(Ë&.�/:�;�(¾ . ��<�*�+=,&-(Å�²�1=Å�«[¯F£
¤�Ô>"$Æ�Ç��$�$ª�è0?�@���A�@`Æ�Ç(Å��$��¬CB�D��$�[Ë�E��/Å
��ë5×"�
�/Å�F�Gøë��ìÓ:HJI[ê	K!L���ë5Ñ�Ò[ÓF¾ . °�ê¢° , M�N�OP�(´�Q ÚSR�TÈà
£�ËU�VW����¾`²&1 , SIMD X$ÅY&Z�[&\�¬ ã ¾®���&]�Ë�^5ú
ª/ñ[¾=�ÏÓ
H`_�a[Ë(ñ�¾ .
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1.2 bdcfehgji
k É[Ê�ª,è�üìÅ�B=D�l$��¬#m(Ð ¾�Y�ZnR=Tìà/£F¬>o�°®²�?�@���A�@`Æ
Ç�l�p=qøº&rWK�ê�¬�° , û"Å�s$��7�º;t[½�üu�`ºnvxw$½ . y�'(ÿø¬$èCY�Z
R=Tìà�£/¬ ã�z Ò
����]�Å�{�|�Ë�}(Ò�¾5Æ�Ç�l�p�q	��°�Ò�~=���&l�p(Å
o���7 º&r)K�êø¬ì½,¾ . ~�����l�p�è������=���=� , �����=��Å µ £u���
� ¬ ã�z Ò=é��.�/"ª/ñ,ò , ���(Æ�$Å����±°�²$´SQ ÚCR&TNà(£�Ë�.�/"ª
ñÙò ,

2 Æ��øñ
²¢ò ÅF´0Q±Ú!��4��Ù° , �j����4$�$�"Å�����¬0�u��Ë ¾5ê
K ªFñ�¾ .
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2 � � ��� � � �   � ¡ ¢ £ ¤ ¥ ¦
2.1 §©¨ ª�«¬	®

£"¤ ÔJ""Æ`Ç"�"�:��è0�0��Å�$�%&�FºS¯���¾P�°�"Å0±&a[ê:K³²&- ° , ´
µ D�I���¬�ñ[¾#$�%&�$Å�¶&·�Å¸$Ñ�¬ ã�z Ò , û�Å�$�%&�$Å�¶&·/ºS-�¾Nå
q$ª�ñ/¾ . *�+=,&-(Å=ä&¹3��°�Ò , ä[åu���&�øº5æ�ç[½,¾#UuV[ËFñ�ò , û
Ñ è®�����=I��,¬#º�<[½�¾È��ë"º;} z ²��'�Å$Æ�Ç�l�p±°®²�»F¬�¼&¸�¾
¸(ÑFº5»�¼$½�¾[üu��¬ ã ò Î[Ð$Ñø¾ . *�+=,&-�è�û=Å[Æ�Ç º;½�¬ìÎ©H . (
²S¾P¿�L�À
½�¾ìÅFè>��I�Á�D/£"¤ ÔJ"qW�#Â�Ã`Ñ�¾ÈÆ`Ç�l�p
ª/ñ[¾ . üÏÑ
è>Ä�Æ`ÇF©[¬Jº&<�½�¾Ï½ 6 Ò"Åa$Ë��=��I)���jÅ �Fë�º�}=�j�`Æ�ÇÝ° , Ä
Æ`Ç�º�È�Æ`Ç�É�Ê&Á�D
½�¾ . üNÅ0Ê&Á�D�Æ`Ç:��é�»�ÅÈ�Æ`Ç:��Å���Å0Ëøº
Ì 1 , û�Å�Ë�Í�Î[Ë�ÏÐ�`Ó0Ñ�Òøº������
ªFñ(¾u�xÓuÔ�½,¾#Õ�q
ªFñ(¾ .

2.2 §©¨ ª�«¬	®fÖ× ØÚÙ©Û©ÜfÝßÞßà

£
¤,Ôá"�Æ�Ç&â&ã,¬ ã ¾Nä�å=�����[Å�*�+
æ��=Å�Õ�ä�è
Æ�Ç&å$ô → Æ�Ç&l�p → ±&Ë�\�� → *�+�\��
æ�çjè

, é#ê�ë æ�ìÐí â�ãuî�ï�ð#ñ�ò)ó`ôPõ�ê�öJË&Í÷�ø�Î�ù ú SAD;Sum

of Absolute Differences û0ðCü�À	ýáþ�±�Ë�ÿ�� æ�ç õ . ��������é#ê0â�ã�ê
	�
� ð�����ônõ0þ�������â�ã:ó�ý������������=ê� �!�â�ã�ð#"%$ . �
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�&�'�����Ðö)(�* , +�,.-0/21�345�6Úó'�7�ôjõ;ê3�ã8 æ�ç õ93 , :
; �)<>=�ê�?0@>-�ðBA�êDC�$9��E�F�ônõSê�ö�G>:BH�IJ0K æ�ç õ . éCê��
��L>MWöCå�N2����ê�+�,O-/P1ð0QB�BR�S�6�H��)T)õ�C�$U �!&ô)õ í ê
æ

, ���������=ê�S�"VWó�W�X�Y�Z�[\0]^�ð)_�ôÐé�ó���C�`��0:�a�b
Ynõ .

2.3 cedgfih jlknmgo%pifih qsrutevlwyx
z�{ ]^:óö|Z�[\0]^=êB�>= æ�çÐè , }>~2���0����Z�[\����96�

]�^	ó'S�"����uêB�P�������&��C�õ0���������êB��� , ]>^��>� æPç õ .

Z�[>\2�B����30�PþBYnõ0ê æ��B�>� ����� 
 �03J>K�����õ . �&� , S��
 ¡ ó¢A�Y�ð¢£¤�¥�¦�F>§©¨«ª { ý>þB���:ó|¥�ø0¬��� ý���®�õ . ��¨U§
¯ �#]^°:óU]^±�¥�ø0¬²�3D³���3���Y�X , ´�¥�"µ��.C2¶�A�¥�·0¸�¹
§%¨º�0¤�¥�]>^�».-0@�~�¼�ð 
 �ôÐõ�½�ó|3���¾)õ .
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x1 y1 1 0 0 0 −X1x1 −X1y1

x2 y2 1 0 0 0 −X2x2 −X2y2

x3 y3 1 0 0 0 −X3x3 −X3y3

x4 y4 1 0 0 0 −X4x4 −X4y4

0 0 0 x1 y1 1 −Y1x1 −Y1y1

0 0 0 x2 y2 1 −Y2x2 −Y2y2

0 0 0 x3 y3 1 −Y3x3 −Y3y3

0 0 0 x4 y4 1 −Y4x4 −Y4y4
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¿
(Xi,Yi) ö�]�^>°�¥�·¸ ,(xi,yi) ö�]�^>±�¥�·¸

½9¥0"�µ����2C0`#�À��&¨�Y�þ a1,. . .,a8 ¥0»&-�@�~�¼�ð�Á�Â�¥� (1)(2)
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��Ã>Ä�ôjõ�½=ó���C�¶)Ån�#����Æ 
 ð9"s$ .

u =
ia1 + ja2 + a3

ia7 + ja8 + 1
(1)

v =
ia4 + ja5 + a6

ia7 + ja8 + 1
(2)

¿
(i,j) ö�]�^>��¥PÅs�#��� ,(u,v) ö�]>^�±�¥�Ås�9���

Ç�È ���������LM�¥�É� , ?0@>-#¥�Ê�ËP�'Ì���~�Í�Î�1�§©¨Ï]^»�-
@B~�¼�ð��&¨'§ ¯ ��À��0��ÐuÑ�½=ó)3�.Ò�õ93 , ½¢Ys¨'¥��¥�Ó=ô>Ô&� ,

ÕDÖ ¥�Ån�9�¢��Æ 
 ��C�õ#I>×Ø��2@9Ùn�¢Å��¢ÚP�B3�ñ�ò	ó9��õ�þ>��L
MH>¥�ÛiÜÞÝ2ßP�'�=ó)�>`'�®�õ . ýº§)ý , ���D�>ø:ý#->1�àá94B5�ð¢"P`
�	ý�â�$'¥0� ,SIMD ú Simple Introduction Multiple Data) ã�¥Bä�µDÅ��
ÚP��å�¥��Ô)ö�æ©ý�Ñ �0ç V�3�è�æ��P�uõuó�b�Y>�>®�õ .
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3 é ê ë ì í î ï ð ñ ò ì í ó ô õ ö
3.1 ÷ùønúgfih

Z>[�\]>^�L�MÚó=ý'� SIMD ä>µL�M.�| ý#þ�û�ü0ý�]�^ÿþ�����ô
õ . û�üý>]>^3ó�ö , ��ý , �'ýDþ�À���þ�»&-�@�~P¼�þ9°O���B�Dþ��	��õ
]^�
xônõ . ]^±�¥�����¥��ÿÒ&ö|]^°�
U]^±�¥� �.��C�`���À���¨
Y�õ . Á�Â�]^°�¥�·0¸ÿþ (xi,yi), ]^±�¥�·0¸ (Xi,Yi) 
xônõ .X ·0¸�¥��
Ò A, �'·>¸�¥��.Ò B 
áô)õ�
 A,B ö#Á�Â�¥� � (3)(4) ��C`#�0Àÿ�&¨
Ynõ .

A =
(x1 − x2) − (X1 − X2)

Y1 − Y2
(3)

B =
(y1 − y2) − (Y1 − Y2)

X1 − X2
(4)

]>^©ý#þ�Ä�N�����
����2����¥�ø¬>²�¥���Y2þ# �!���������32����þ>� ,

��� � ¥0Æ 
 þ ��� . !�"�¥���Y�þ δx, H�Â�¥���Y�þ δy 
#�$� . U=�¥�»
-@�~2¼&%�´2¥'º=�¥0� (5)(6) ��C`#� 
�( b�Y)� .

δx = A(height − yi) − (Xi − xi) (5)

δy = (Yi − yi) − BXi (6)

H�*�¥�»�-B@�~�¼ + A,B,δx,δy) þ�>Ô', , ��������� +-!����/.�¥�]^
þ�0��&1 2Dþ�� 3.13.2 3�Ó&� .
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@
3.2: A$B�C&D E�F�G�H?I
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3.1.1 x J�K�L?M�NPO�Q

½½'�R%)� (3) ¥?SUT�þ��R� .A 
?% , !�����¥�£¤�¥� ²�þWVYX�Z�6�[

\"��B�2¥�]>¬&�	��Ï²�þ�VUX�ZB6�^)¥�Q ¯ � b#��¥��'·>¸�¥���� � þ
_ � . : ; %�� (3.6) ¥DC�$ 3#`�a�3)bZ�6�3�ä�Xÿ½�
?%��B®B3 , bZ�6�3
c ¥0¦�F�3�d�ef,�g�®�g	h ij��ý��)k�å�¥�l&m&n�oR
�A0¥;pq%#Æ�r�s>J
K>�P�Y��½&
�þ�t�Ôu,#g�®U� .

Y1

Y2

y

xx1 x2 X1 X2

m
n

� 3.3: R>S��vk�å�¥;�DÒ

Z�w�[�x/3#���� ²�þ (x1,Y1)(x2,Y2), Z�wR^yx/3#���� ²�þ (X1,Y1)(X2,Y2)

þv
�� . �$�Y
/zZ;w	%
m { x =

(X1 − X2)

(Y2 − Y1)
y n { x =

(x1 − x2)

(Y2 − Y1)
y (7)
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 _ �$� . ½)Y$|P¶ n x�¥�² (Xi, yj) 
 m x�¥B² (xi, yj) ¥&}�~�%
n − m { Xi − xi =

(X1 − X2) − (x1 − x2)

(Y2 − Y1)
yj (8)

� (3) þ¢Ã>Ä�����

Xi = Ayj + xi (9)

� + 9) % , Z�wq^�¥)�)¥?l�m�nR%�Z�w�[�¥v�)¥�l�m�nR3 A þ�m)���>½�
��
_ ����½&
�þ#Ó&� .

3.1.2 y J�K�L?M�NPO�Q

� (4) h����$3/,�g�À/���>½�
\sB�ÿÒ�� .B 
?% Y ·0¸�¥?����nPþ _ � .

� + 3) ¥���%&���?l�m�nPþ��W�',�1?s , �)�&%��W�?l�m�nPþ��W���R����

3�|���g��v��� . Z�w&[&x$3�����b�Dþ (X1,y1)(X2,y2), Z�w�^�x	3;���
��ÿþ (X1,Y1)(X2,Y2) þU
�� . ���Y
/zZ�w$%

m { x =
(y1 − y2)

(X2 − X1)
y n { x =

(Y1 − Y2)

(X2 − X1)
y (10)


 _&� � . �W�$|U� n x���� (Xi, Yj) 
 m x���� (Xi, Yj) ��}�~$%

n − m { Yj − yj =
(Y1 − Y2) − (y1 − y2)

(X2 − X1)
xi (11)

�
(4) þ���������


Yi = Bxj + yi (12)
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� + 20) % , Z;w�^W� y ��l�m�n$%�Z;w�[�� y ��l�m�n�3 B þ mR�&�&�&

� _&� �&�&
�þ��&� .

3.1.3 y ��K�L?M�N?�������
�

(6) ��SvT>þ �$� .δy 
�%�!�"��� ?¡Y�;]�¢��Y� y £�¤/�?p � �Y� .

(x’, y’)

(X, Y)
¥/¦

y

x § B

¨

©

Y

ª
3.4: «YZ�¬Uk?��Y��r (

ª
(3.4) 3��&®�|Y¯�3 , !� ?¡Y�;°�±Y���)² (x,y),  ?¡$3 B � � ²W³�¢u,

1P´Y��µ� ?¡����)² (x’, y’), ¶� ?¡����)² (X,Y) ·#®�¸Y·

y′ = y + Bx (13)

Y = δy + y′ (14)

10



· ¹q� ,
�

(13)(14) |/� δy s�r�º�»��)¸ .

3.1.4 x ¼�½�¾?¿�À?�������
�

(5) ��ÁvÂ�² ®$¸ .δx ·�Ã�µ�¶��� ?¡Y�;Ä�¢��Y� x £�¤/�?p � �Y¸ .

(x’, Y) (X, Y)

¥
x

¨

©

xY Å A

X

ª
3.5: Æ&Ç&¬Uk?��Y��r�º

È&É �
Y Ê&Ë���Ì&Í)² ÎYÏ �UÐ . ÑqÃ X Ê�ËY��Ì�Ív²�Î�Ï � ¸WÒ&ÓR²�®

¸ .
ª

(3.5) Ô\��®	|�¯ Ô . µY P¡��?°�±��?�v² (x,y),  P¡�Ô B � � ²�³�¢
Õ Ð ´Y��µ� �¡Y���)² (x’, Y), ¶� ?¡����)² (X,Y) ·#®�¸Y·

x′ = x + yA (15)

X = δx + x′ (16)

11



· ¹q� ,
�

(15)(16) |/� δx Ö�×�º�»��)¸ .

3.2 ØÚÙuÛÝÜßÞ à�áuâäã'åßæ
È�ç �;èÝ� , é&ê&ë�ì � ÃWí�î�ï ,  ;ð�ñ�Ì ��ò�óuô ² õUö&º Õ ®$¸

÷Yø ÖU��� Ð . ù�ú/��ûYü�ý�ë�ì � Ã , þ;ÿ��������	�U¹�
����ûYü�ý�ë
ìR²��/ö?Î&Ï � ¸&�&· �  ?¡�ë�ì)²��'¯ .

������� �������

p = y / tan �

x

yy

x

�

�
3.6: ��� �"!	#%$'&)(+*',�-

.�/�0�1 2�/�0�1

q = x tan 3
xx 3

�
3.7: 45�6�7!	#%$'&8(�*',�-

�
3.6,3.7 *)9:� , �7��;�!<#=$8&8(?>A@<!�BDC+� p E)F	G<H<I J",<-
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²A��¯ . KAL$Ô<M�ý�· Ç���¹ON'Pv²W«	N�¬+Q&Ô q  ?ð8R�S�®R¸�ë�ìv²A��¯ .

Õ Ð Öv�"T , �	U& P¡:V�ë�ìY P¡:V Æ�Ç�¬%QXW��?ë�ì�ÔA��Y8TUÃ�Z�[��� 
ðU²X\'] Õ T ò�ó�ô"^�_"` ÿ�®R¸���·\Ö8�8�q·�¹Y¸ . «<N�¬%Q&ÔXa Õ TbV
ò�ó�ô"^�_"` ÿ?Ö'c<dvÔP¹Y¸ . �W�be�¯ ÔXfhg���²X\']�Ò�Ó�®R¸���·\Ö8�
�v¹v�Y·"i�j , k<l�Ò�ÓR²nm�i�®q��· � ,  �¡&ë�ìqÔXo�Y	T�phq<r�Ö	���
� �Y¸ .

13



4 s t u v
4.1 wyx�z|{~}�x

ÿh�?�5�� P¡�Ò�Ó��'��ñ/¹���Ó�ÃA�8�)�h� � ��¸ . Ä8����Ö=� ò þ��)�
��� P�ï)Ô��&¸&· ®)¸ . Ä)�8�	·�
��h��� ò þ?²"P �'��� ·��'�O��Ö�ºA� ,

��� ²A��� Õ T8�h�v² ®$¸ . �	��×/º'�<�8�YºY²��	 )Ô¢¡�® .

C

x

f

d

£¥¤b¦<§

¨ ¤b¦<§
B©=ª=«

¬
4.8: h®h¯�°

x ±³²'´Aµ8¶�·¹¸hº	» ¼"½�¾'¿	À f ±ÂÁ�Ã�¿	À d ±ÅÄ	Æ
C ±ÈÇhÉ<ÊnË8¾)¿	À B ±³²'´Aµh¶Ì·¹ÍhÎ<Ï ¼7½�¾'¿	À

¬
4.8 Ð%Ñ C : x = d : B, Ò"Ó Ð%Ñ d =

CB

x
(17)

Á�Ã�¾8Ô�Õ6Ð=Ñ 1

x
+

1

B
=

1

f
, Ò"Ó Ð%Ñ B =

fx

x − f
(18)
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� (17)(18) e%Ö d =
fC

x − f
,
�"� e%Ö x − f =

fC

d
(19)

4.2 ×|ØÚÙÛx
Ü ¶���ÝnÞDßAàháhâR¸ Ð�ã Ô�Ä8ähå8æ�çDßA��è . Ç��hr)» � Ð ÿh�?�

�hÝnÞ�éRÃ , Ä8ähå&Ö�Kn\�Æ�ÇhP�ïRÔ5ê�ë Õ T�Y/¸ Ð�ã ÝnÞ�â�ì	Th��Ý?ð
Ô�Ä Õ æ<çbßn�íè ÷�ø Ã;¹hY . î%Ý)Þ+�8ï	ð+�8å�ñ�KO���<P	ÔAò Õ , ò�ä
åDß"æ�ç�âbó .SAD Ô<e'ó�ôhõ�ö+÷<ßA��èùø)ú�é%û	üAý?Ö)Shþ�Ö8ÿ��8ú�é
û Ö , û�����é+Ý)Þ�ë�ì%���	�<à	á�ñ�Y:è � ñ5é�
������T	Y��8Y . ���
�7ô�õ+�'ö%÷���ÝOÞ���������e)ó��ô<é�� "!�ñ#�%üný .

x = (x, y)x’ = (x + d, y)

$&%(' )*%+'
,

4.9:
Ü î+ÝOÞ+�)òhä�åhæ<ç

î%Ý)Þbß.-	/Ìñ�� ,
Ü Ý'Þ<é<ò�ä�â ó"å?ßAæ�ç<â ó . î%Ý'Þ	0��8å x =

(x, y) �1-"/'å2�¢ò3� Ü Ý�Þ<�54�6�78�9"0%ß¢æhç�� , :��;�<�=�>@?2AAü
ñ�ACBEDF�¢ýXåDß#G ã ó . G ã ýXåDß x’, ôhõ ßIH'ñ âbó�ñ ,x′ = (x + d, y)

é"J<â � ñK?�÷��6ó .
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5 L M
5.1 N�OQPQRTSVUTWVXQYTZ

�I���.[1\^]`_a�7ò��cb"dfe"gEh%û�ónýEi , [1\"j"k5lm��#n"n=óKe
g�o"pd�q�r�?�s2t�u2vCw	x�� , [1\"j"k	d�y"z�dE{fh�dfe"g�o"p�|#}"~
��� . [f\�]���_������a]����fdeEg�oEp�d�5��|.G�iE� .

5.1.1 �E�E�	�
�	�� j5k5h��K�5�5jEk�d������ % d�eEg�oEpfh�[f\5jEk	?"�"�5h

���
, ��5��?"�E�Eh ����  vK?�¡�¢�� .SIMD £5¤I|�¥�¦5§�¨�© , ª � e

g�oEp�«�¬5E§ � vc®�¯2°C¨ � .

J 5.1: eEg�oEp���EjEk �	�� jEk ���5�"±E²
eEg�oEp 0.0450 sec 0.0325 sec 1.38 ±

³ l5´5dfµ�¶5hE·E¸�|�¹aº1�
• Host: HP ProLiant ML150 G6

• CPU: Intel(R) Xeon(R) E5520 2.27GHz x 2

• Memory: 12GB

• OS: CentOS release 4.7 (64bit)

• Compiler: gcc 3.4.6

16



5.2 »Q¼¾½À¿�ÁTXQYTZ
Â�Ã5Ä nÅ°���ÆEÇ�ÈKh�d�É�ÊEË�|�ÌE/2ÍÎ�E�"j"k ,

����� j"kEh"G�i
��Ï�Ð�ÊEË�vKdÑ�ÒI|#G�i�� . É�ÊEË"h"Ï�Ð�ÊEË�vKd1ÒI|#q2º.�.Ó"Ô�|.Ñ
Ò�²3v@§ � .

5.2.1 �E�E�	�
Õ	Ö v�×Îb5É�Ê�Ë�Í��¾×Îb��	�5j�k�ha«����5� 4.3%,

����� j5k	ha«
� 6.2% d�ÑÒ�?"Ø�°C¨�� .

J 5.2: Ñ�ÒÉ�Ê5Ë (m) Ï�Ð1Ê�Ë ÙÚÑÒ5²�Û
�5�EjEk ���� jEk

23.745 24.356(+2.57%) 24.356(+2.57%)

23.874 22.482(-5.83%) 22.482(-5.83%)

23.562 21.920(-6.97%) 21.266(-9.77%)

22.893 22.482(-1.80%) 21.385(-6.59%)
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6 Ü Ý Þ ß
6.1 àâáQãQäâåQæ

Ò5z�ç���Ôè Ù SAD;Sum of Absolute Differences) vf«1é�ê�s2t"ë.dì
_�dE[1\�|#}"~"§ � v1t , ��íE§ ��î [fï2Í#ðEu�bì�_�dE[1\�pd1Ò5z�|
ñ¾�

, ò�d�ç���Ô�|�r5ó3×K��A�d .
  dfÓ"Ô�?�ô2ë�u�õ	ö , ì5ð"dE[1\�«Î÷

ø ×@b5u ��  v�|�¡�§ .

ì�_�d5[f\�p"d m×n [�ï"ù5ú�û�ü1ý�þCû�d SAD «�l5´5d"ÿ (20) Í	ª�º
b���ia°C¨ � .

SAD =
m/2
∑

i=−m/2

n/2
∑

j=−n/2

(|A(xi, yj) − B(xi, yj)|) (20)

6.2 SIMD ���

SIMD(Single Instruction Mlutiple Data) v«���ðEdf£�¤5h��5Ó�d	��

� Í���×cbfe"g�|#¹� £E¤������ h �	� . �"¦�£E¤Eh2«��"Ï���d1£E¤�|�É
¹5§ ��� , 6.3 ÍK¡�§�ª�1Í	��
	����ª! ��	��"�ü�#�
%$�&.ý�d(' ðEd	)
*�Ä ýaþ�| ñ¾� , £E¤�|�É¹�×Kò�d Õ5Ö |+�,��"2ü�#+
-$.&�ý/) *�Ä ýaþ
Í/0�15§ � . ' ðEd,) *2Ä ý�þ |�243Åv@§ ��5 , 6a«�] ðÅ×@n+7â°c¨�8�u .

ò¨IÍ��F× ,SIMD £5¤5h�«4��
	��9� :�	��"aü�#;
%$�&#ýÍ��5Ó�d,��

� |�<�¯ , ò¨�|=��ðEd�£5¤5haÈ	v�i�b"É�¹E§ � .6.4 d�>Er	�	ðEdf£5¤5h

18



?A@CBEDGFIH�J
Destination)

D
+?A@CBEDKFAH�J

Source)
S
↓?A@CBEDGFIH�J

Destination)
D + S

L
6.3: �E¦E£5¤

M ð5d�N�ÏI|�É"¹¾× , �4�	"aü�#�
�$�&#ýO0,1â×Îb�u � . P	Qâ×�����Ó�d
��
 � nÅ°R��i��SNEÏ�d+6Eh �a� , �5ð"d1£E¤Eh M ð"d+6 5 ��i�° ¨	�  

vÍ+8 � .SIMD «/T,U�oEp � � � d,��
 � eEg,V�|SW,�2ë�¢ � v�uX�Y
Z4[ 
�\�h�]	^E��|1É�_â×@b5u � .

SIMD
BEDKFIH�J

Destination)
D7 D6 D5 D4 D3 D2 D1 D0

+
SIMD

BEDKFIH�J
Source)

S7 S6 S5 S4 S3 S2 S1 S0
↓

SIMD
BEDKFIH�J

Destination)
D7+S7 D6+S6 D5+S5 D4+S4 D3+S3 D2+S2 D1+S1 D0+S0

L
6.4: SIMD £5¤
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7 ` a b adc e f g h
7.1 ikjXl

[1\"j"k"��m�ÍSn�×cb�« SIMD NEÏ���d�¥5¦�Í�ª � , ]�^-Y�o/�:�5|
p n§   v@h	��5��|�q ��  v 5�r	s d;t�u3vS8 � .

ÊEË"Ï�ÐSv�mEh2« ,
r%w « Â�Ã5Ä d4x�y	nÅ°Cd%z|{�}�d+~�¨Edf����|��

� ×K�"�Ei � ÒaÍÎ�E�"j"kÅv ����� j"k	d����IÍ �	�!� m5Ñ�Ò 5 ÐE� . È
� ����� j"k�Í��5u�b�« , [1\	d+�"s , �"ô�ÍSn�×cbf®���×cb��3°�~ , ¥	�
8�����|���¯#b"u�8�u"�"i ,

r�s ¥E¦�×Cb�uX��2�3 5���� . $,������
�$:&
ý@h2« ,

����� j"kEh�E�"j"k�|ò�d�È"È��kEhIt � vKd Õ,� «�¯�° ¨48
n2º1� . �!�.�	���â×!�"·5¸�×�8��Iºf��Í��Sn��¾°R~ , ���,�k'��5õ�ö��
Òa|�ð��I°c¨4��u � ��° � ��� .

r4s « , ¡,¢4V��E�8"uf¥4£%8��	��Í�ª
�

, �E��¤�¥§¦O�,¨;� � Ò�©�Ð�ªÒ%«�É�¦4¬�Í�� � �% �!� m�ÍO®2¯�° ¨
� ��ö�|�:«�¯a°���Í�×!�,°±�²2	3 5���� .

ò���³:��t,u�¦�×!�:´,µ�°@¨�¶S� 5 ,
� Ò	Ï�Ð;·,¸	�-´:¶ . ¹���º	» 5

¼�½�¾ �.´�¿=À�À	Á , Â|º,�4� � Ò,©�Ð�¦È��,Ã�Ä,Å�¶	¹,¦ 5	Æ=Ç 8;�.¿
À . È [ ��oSÉX� \Iý�Ê���Ë�Ì;Í�Î4�+¤�Ï��.«�Ð��¹,¦��;v�m4��Ñ�Ò�Ó�Ô
8 5 ¶S�;�ÖÕ�8�°��×¦�Ø×Ù,¶ .
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7.2 ÚÜÛÞÝ(ßkà
7.3 á�â�ã ä-åçækè±éëêíìkî�ï
ð%ñ �+ò,ó�� , ô	õ�ö�¤�¥§¦ø÷�ù�¤�¥4ú+û,ü�ÑSý,ú+þ�ÿÖÓ���¶������	�

�� À . ¹ � Ó	����������	¶������!ú������! -Ó!"$# � ��%�&$'�°:¶,¹
��(�)+*;ÅÖ¶ . ¹ � (�,�-	ÅÖ¶+À,Á�Ó , .!/�ú�0+���×Ó�132 ô�õ;ö!4!56(
7 �98+:���(�;!<�Å=8 . 0>���?(�1	@BA%Ó�C�&ED6FHG=F	8�:���Ó��I , û
ü-Ñ+ú�# � ��J	K?L � 8=ú�MÖÕN��O!P=��ØÖÙ	8 .

QSR	T�U9V (	W �+X	��Y+Z Ó62 , /9���§Ó	Õ�[�ú QSR!T�U9V (�\ Ù�'	]
8+:��EMIC�&$4	5^(=Ð`_ . :Sú�4�5?(�ab2 , .�/?(�c+d�e+f!gIh!���^(!i
(7.10) ÓEj4Å .

i (??) �OË�k�'��98>� , �!���� ×Óml�O	';ûBn	ú	o � n���K=p�'�O98+:
�q��r	'�s � 8 . :�ú6��_�Óq.����	ú���Ó!ô,õ+ö�4�5I(ta32uhN�����+m" ,

ûBn	ú!���^(�v�K=L�g=8+:����!w�x�MIyB8 . z	��{I| , }�~������XÓ��I8
:	�Oú+ù!���	ú	���ÖÕNy�8�"�ú�ú , �!��~+|m�!�4ú�Ñ�Ò!] SIMD }!~�Ó��
���������r	�6�>8B�HO�_�����"�yB8�h�� ð�� ò�ó?�+��pm'�W�úN���	�
(!� 
 P9�I2u'	O��������By+8+���=�	8 .
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i 7.10: 0+����ú�ô4õ;ö	4!5
7.4 �¡ £¢¥¤ ÝS¦¨§ª©¨«
¬� ú�z���®�~�M?¯ , °!k	'�ú�1�±!²	��/?³ T	R ú�´�µ!¶?�Ny�8��$·�¸
2E'�®	~6(�¹�p�'�O68 . 2uP¥2 , º+»I��W�ú	´�µ�¶��H1	±�²���¼  °�8�:
�N¯�½+��� , W>:uM�û,ü>¾Sý,ú�z��!¿!ÀI(H�?�m'�Á�Â�Ã�Ä�°?8u�	�	��M�'
�m8 .

���=¯Ni (7.11) �uj	°�ÅÆÇM>y�8 . º�µ!È Z y�8t1�±!²��$���!°?8�É�Ê�Ë
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T

T’

T

T’

ÌÎÍÐÏÒÑÓÎÍÔÏÕÑ ÌÎÍÐÏÒÑÓÎÍÔÏÕÑ
i 7.11: û	üI¾+ú�z!�	¿	À

�HW�ú�z�� . ��µ!È Z ¯E�!�I(�W�ú9Ö�Ö��E�!���^�E×!Ø¥2Eh�1�±!²��$���
°=8�Ê�Ë���W�úNz!��MIyB8 . z!�?(�ÙI�+8HÚ (19) P 
 f�P98t�=� , z!�+�
Û?Ü �ÇÝB�+8	:	�u��f	PI8 . :/úNÞ+O>¯E/4ú>³ T	R ��%�&�'!O>8uz�����ù
��2$'�OB8uß!�Nà>á�M+y�8����6� 
�� 8 . W+:qM�.6³ T�R �t%S&�8�z��S� ,

/?³ T	R ��%�&m8uz���ú�0�ü>(H��â	°?8u�	�	�+y�8��$�?�!8 . º�»;ú�z��
(^ã , .^³ T�R �Hä?8tz!�?(?ã ’ �u°^8+�

d′ å d = T + T ′ å T : � �> d =
T × d′

T ′
(21)

23



�EÙ9�>8Hß��B|�æS8 . 2uP¥2 ,
ð×ñ ú�ò4ó!M�¯�:Sú�Ú9(!W�ú^Ö!Öt���`2u'

2�ÖB_��$ç�è���%�&�'�2�ÖB_��tO�_Çé	ê?���+pmh .
ð!� :/úNàIá!(HëI�?2

'�O��������>y+8+���^��8 .

ì í

î ò,ó>(�¹¥_m�Ny�h� , ï�ð	ñ , ï�ò�ó�ô Ü ÖB2Ehmõ!ö��!÷�ø�ù , ú!û
�Nü¥�|ú�ò+óI(�ô Ü ÖI2Hh Û�ý�þ�ÿ���� , �����
	���ò	ø!ù , ��b�����
O�h=2�Öt° . ÖNh , �������� ?�m'�l����^�N���Ö>2th=ò	ó��,ú������+"
� �>����� Æ2�Öt° .
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A ¨ © ª « ¬s ® ¯ °
A.1 siftDemoV4

siftDemoV4 ± PGM b d ��²�³µ´�¶ sift ·�¸�¹/�Oº�»�¼�¶�²�³�½�¾�¿
ÀFÁ�Â�Ã3Ä�Å�Æ>Ç�È�É a . Ê�Ë>ÌFV�Í�Î À�Á�ÏFÐÒÑ ´(Óf± sift→match

Ñ
Ô�Õ Ó�¼�a .

A.1.1 sift

Ö Á�×�Ø&Ã�Ù1Ú�Û ± PGM b dZÃ�Ù7Ú�Û�Á ·�¸�¹�£�Ü�Ý ,key
Ã�Ù1Ú�ÛÒÑ

´1Ó�Þ>ß�¦Ba .

Î À�à�á � sift <filename.pgm >filename.key

(filename) ��± sift ·�¸
¹§£�ÜfÝ�¶�¼�b dFÁ�â �§£Eã
ß ,
×�Ø�ä�å�æ ¦/a

Ñ
key
Ã�Ù�Ú�Û�ä�ç�å�è�Ð a . éB� ç�å�è�Ð a key

Ã�ÙOÚ�Û�Á
ê�ë ±�ì�í
��î�¦ .

·�¸�½ Á>ï keypoint
Á î�ð�j�ñfò ÄóÛ�Á�ô�è

·�¸�½ (1)
Á�õ1ö�÷ ø(ö�÷

-pi ù pi ú È
Á�ûZü5ý/þcÿ�������þ

î�ð���ñfò Ä Û�ä	��
���

·�¸�½ (2)
Á�õ1ö�÷ ø(ö�÷

-pi ù pi ú È
Á�ûZü5ý/þcÿ�������þ

î�ð���ñfò Ä Û�ä	��
���
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·�¸�½ (3)
Á�õ1ö�÷ ø(ö�÷ �����

Á�À ��î�ð èEÐ Ó�¼�� . ��� Ô���� ä�É �����/±��� /��¦�� Ñ! ¼ . ì�í
" £cî�¦ .

---------------------filename.key-------------------------------

3492 128

435.87 1088.03 105.17 1.768

13 1 0 0 0 0 0 17 143 0 0 0 0 0 0 115 147 16 5 0

0 1 43 147 55 14 3 0 0 5 53 55 44 28 3 0 0 0 0 8

147 38 1 0 0 0 0 147 147 7 0 0 0 0 41 147 11 0 0 0

0 0 27 55 18 32 15 8 1 0 0 0 147 147 5 0 0 0 0 15

147 79 0 0 0 0 0 17 9 9 0 0 0 0 0 2 0 0 0 0

0 0 0 0 32 8 0 0 0 0 0 0 30 8 0 0 0 0 0 0

1 2 0 0 0 0 0 0

362.77 375.09 93.23 1.239

9 3 0 0 0 0 0 0 36 2 0 0 0 3 12 29 2 0 0 0

�����

---------------------------------------------------------------
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A.1.2 match


$#�Á
PGM %'& Ñ ,sift

È�ç�å ´7¶ 
)(�Á key
Ã�Ù7Ú�Û £+* À ´5Ó>²�³

½�£-,/.10 þ Ì è+2 , ²�³�½�3'4f£65 È�798;:�È�<>=�? ¦@� Â�Ã3Ä .

Î À�à�á � match -im1 a.pgm -k1 a.key -im2 b.pgm -k2 b.key > out.pgm

a,b ±Oã�ß�%-& , ã�ß key
Ã
Ù�ÚEÛ�Á>â � .out.pgm ��± a

Ñ�A £6B�í§��C
D

, ²�³�½�£ 7�EF %;& äHG>I§èEÐ � . Þ>ß�%;&/±�ì�í Á�À � Ô � .

J
1.12: match

Á Î À "
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A.2 octave

K�LM�Á
(moule) � ÚFþ6N ÄO��Û§ècÐ Ó�¼���P>~ Â�ÃZÄ Å�Æ�Ç . QSR+T

UVW
Á-X�YHZ'�\[ P�ÞF�]��� Ô �_^�`�à;a>b £ octave � ! Õ Ó-c�¼�¶ .

moule1.arch.info.mie-u.ac.jp ��Ë�Ì Úfþ ´7Ó�Î À . Î ÀFà�á>d ±�é Á
Á

HP £6�� /��´O¶ .

http://www.mlb.co.jp/linux/science/octave/

A.3 e�f	gih j/kmlon@prq
Q�Rtsvu{´7¶�Ê�Ë�Ì Y Í ä�w ¼�¶�Ý , x Ð�y�Ð�Á Î�¼ à £�z�{B�}|�~c¦
� . Ê�Ë�Ì Y Í��H� Ñ Q9R1Î À ´5¶��-� Á %�&�± /home/mizuno/programs

�1����¦S� . ���H��ò Ä7ü7êcÈ Makefile � !9����þvX§Ú�Û ¦ Ð\��×�Ø�:�b
Ã�Ù�ÚcÛ�ä�ç�åBècÐ � .

A.3.1 compare

siftDemoV4
Á

match ���§£�ã Ð ÓHu Õ ¶�²�³�½���Þ
Ê
Ë>Ì Y Í .

�(

Á
key
Ã�Ù�ÚcÛ £�ã�ß�¦�� Ñ , x Ð>y�Ð ²�³�¦�� õ1ö�÷3Ñ�ø(ö�÷FÁ�� £��

Þ/´5Ó key
Ã�ÙOÚ�ÛÒÑ ´5Ó�Þ�ß�¦S� .a.key

Ñ
b.key £�ã�ß Ñ ´5Ó-�S��¶6�

� ,match.key
Ñ ´(Ó�²�³�½ Á � �t[ £Eì�í Á@!\� ��Þ>ß�¦�� .
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-----------------match.key-------------------------------------

(a
Á

x1
ö�÷

) (a
Á

y1
ö�÷

) (b
Á

X1
ö�÷

) (b
Á

Y1
ö�÷

)

(a
Á

x2
ö�÷

) (a
Á

y2
ö�÷

) (b
Á

X2
ö�÷

) (b
Á

Y2
ö�÷

)

�����

---------------------------------------------------------------

A.3.2 axes

�\���>V�W Ê
Ë�Ì Y Í . ²�³t%H& :�b ± PGM
ÈfÉ � . ã
ßB�+�t%H& Ñ

compare
È ÞEß&´5¶�²�³�½ key

Ã�Ù Ú�Û £��§� �����HVHW £ Ø�� . ÞEß Ã�Ù
ÚEÛ&Ñ ´(Ó>ã
ß Ã�Ù�ÚcÛ � �\�H��V�W £�� ´7¶�%-& re_axes.pgm

ä�ç�å
èEÐ � .

A.3.3 projection

T U�V�W�À Ê�Ë>Ì Y Í .. ²�³9%;& :>b ± PGM
È�É � . ã�ß����9%;& Ñ

compare
È Þ>ß ´O¶�²�³�½ key

Ã
Ù�ÚEÛ £��/�}T U�V�W £ Ø�� . Þ>ß Ã
Ù
ÚEÛ&Ñ ´(Ó>ã
ß Ã�Ù�ÚcÛ � �\�H��V�W £�� ´O¶H%-& re_projection.pgm

ä�ç�åBècÐ � .
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A.3.4 sad

<�� P�Þ À Ê
Ë�Ì Y Í . ��� Á %H& Ñ ��%;& Á º>� Ñ Ô ��½�£Eã
ßµ´ ,

�t%-& È x Ð ��²�³�¦���½§£�¾�¦ . º�� Ñ Ô �O½ Á>ö�÷ (x,y)
Á-� ½\���

3H�� �¡�5>BÒ��� à£¢ ��¾�¿ ´ ,SAD
ä¤/¥]¦ ¼>½�£�²�³�½ Ñ]§ ��¦¨� .

§ �µ´O¶�© , ����PFÞ b � <�� £+ª�ãµ´ , ����PFÞ
£ Ø ¼�Þ>ß�¦�� .

B « ¬ ®  ® ¯
°�± À � ��[�Á\N�ÿ � û %;&&±�²�³ !t��´ ãµ´�¶ ¥�Á�È ,CD µ�¶�� è
Ð Ó�¼�� . � ��[ µ�±��£%H& Ñ �£%�&�x Ð�y�Ð JPG

:9b�È·�-¸¹#\ºt(
,

�>� Á %;&�£�C D Ó�²�³�½ Á»>¼ £½&´�¶ JPG %H& , ²�¾>¿&ú ÈFÁ P�Þ
À>Á�ä î ècÐ � xls

Ã
Ù�ÚcÛ�ä�É � . %-&9� �9[�Á�� Ê�Ë>Ì Y Í Ñ 36Â Á

home/mizuno/programs
Á ������ò Ä1ü Á>Ã�Á	Ä�ÑÆÅ µ�x Ð�y>Ð ��%6& ,

�t%-&�Ç ¼ ¼�Ó É � .
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