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1.1 ǟǪqȐƎ 

ɋŐʀ¡²Â¤§��¶Æ§±�Äonqº­�ÁǬƗqǕŅp��ʀɭķƒǳʀɭ

ķ�·¤�Vƍĉ^kQ�[1]ʁƆƘl~ʄʂʂʄŐ\�U�ŐMŋĪrŮĲ^ʀʄʂʃ

ʊŐprʀʄʂʃʅŐœqǶʅʁʅæqʅʅʆʂëðǧœqŋĪȦƦpo�mÎƼ]�

kQ�ʁzeʄʂʄʂŐprɭķƒǳqĮÈZVǸqƒǳ�ɂS�mÎŤ]�kQ�[2]ʁ!

^U^ƷİpƯx�mƆƘlqɭķƒǳqƍĉǉrzfzfÚXʀ�¹À�lr

2011 Őʀ��À�lrʄʂʃʄŐpɍȾ��§ Amazon lqɭķƒǳÀÆ¢ÆKindle

ĖYqɭķƒǳqȾĮɖſVʀǸqƘqȾĮɖſ�`lpÈĞhkQ�[3]ʁc�rƆƘ

pTY�ɭķƒǳq�Ä¦Ä¥qńo][4]�ʀȾĮâƞVÍĎƒǳpƯxkɹQ[mV

ĆğqÇilP�mȋS���ʁcqÍl~ʄʂʃʆŐʋƔʄʄƆprɩȚǣVĢïƓ

Ĳq¶Ä�ɪȲNɑöńŐ�»Ä³O�ɭķĂ[5]ʀzeÑŐʄʂʃʇŐ 1ƔprȺȸǣ

Vî�·¤�Ȳ�ɭķƚlɘå`�Ƅɜ�Ʋ}[6]ʀÑřɭķ�·¤�qƍĉrz`z`

ɒ�lQX~qmȋS���ʁ!

¶Ä�qɭķƒǳĂrʀĄo�ǸĶÛ�ɭķĂ`�fYlroXʀƤMoÓþâç�

ËS�[mVlW�ʁßSsÇ�¶aiɲpȟǡ`�[mlʀǇQȟǡɳħl~Šɕp

ȥ�[mVlW��Rp`�ʀ�»¿�¡Æ�Ɓĸon�āU`[mlʀǸproQĀ



!
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Ɯ�ËS�onʀȶ{Ū�ơ^zb�Č�Ǿ{VĬSkQ�ʁ̂ U^ÝŨprȒĲo�

�§mƌɡVUU�ʀőXƍĉ^kQoQqVǊǆlP�ʁ!

!

!

1.2 ƘǟǪqǚǘ 

¶Ä�pTQk�»¿�¡ÆqȼùVȓāǘpďȑpo�sʀɭķ�·¤�lqʀ¡

¤³p���»¿�¡Æqĕüonqţĩȟǡ�ʀɓćqǖĪĪɯqƠǺonʀ½Æ�

qɭķ�·¤�qúãŢ�ĲQpĖÈ]b�ʁ̂ U^ʀ¶Ä�q�»¿�¡Ærļɧq

ÐǄǑêmrǔo�ǅŜ�ŰhkT�ʀÑƆUo�ɹǵœpohkQ�ļɧqÐǄqȼ

ù�cqzzÞǎ`�[mrɬ^Qʁzeʀ�¿�§pTY��»¡�¡Æqȼùpɢ

`�ǟǪ~Pz�ɒ�lT�aʀſńoQǟǪ[7][8][9]~ȗţĩ�ìp^kQ�~qVı

XʀǗɼlŷU�kQ�¶Ä�pTQkrcqzzqşǎrÊďȑlP�ʁ!

c[lƘȹƁlr¶Ä�pTY��»¿�¡Æqɺpƶǚ^eʁɺrİȩ�ǅŜjY

�əȤoȤǹlP�ʀ�»¿�¡Æ\mpǅŜVP�ʁzeʀ�»¿�¡ÆVŃ]Xŷ

ñ]��ĪĒʀɶqđ®Æ¥rǲǒĂ]�kŷU��[mVıQVʀɺrǅŜǘpŷñ

]��éĖVP�ɾß�ġ! 1pǡ`ɿʁzeʀƧɶ�ř�ĵpɢ^k~ʀɺrĹĤ^k

T�ʀƫɯU�qŷñÔİl~ȼùVlW�ďȑŢVP�ʁÔÈU�ɺr�»¿�¡Æ

ȼùpĀƜǘoǅŜlP�mȋSʀƘǟǪlrɺţĩ�ǎQeȓāǘlɹǵœo�»¿

�¡Æȼù�ǚű`ʁ!

! !
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ġ����ɺVǅŜǘpŷǑ]��ßɾǑêr,�
-��ɿ�

!
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1.3 ƘȹƁqƣŨ 

ƘȹƁqƣŨmƢȤ�ÔÉpǡ`ʁ!

ǭʃǫrƘǫlP�ʀƘȹƁqǟǪȐƎmǚǘʀƣŨpiQkɌxkQ�ʁ!

ǭʄǫlrʀƘȹƁlÞǎ^eʄiqŪƴ Average! Hashm PŘ±ÆÀ�ȭɌķmQ

RŪƴpiQkɌx�ʁ!

ǭʅǫlrʀAverage!Hash�ǎQkȞheļɸŪƴmǿƜʀcqȋŀpiQkǡ`ʁ!

ǭʆǫrʀƘȹƁqƘȹlP�ʀPŘ±ÆÀ�ȭɌķ�ǎQkȞheļɸŪƴmǿƜʀ

cqȋŀpiQkǡ`ʁ!

ǭʇǫlrƘȹƁqzm}mʀÑřqȷɵ�Ɍx�ʁ!

! !
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!

!

ǭʄǫ 
!

!

!

�B2>.42��.?5 m!
ʏŘ±ÆÀ�ȭɌķ!
!

!

!

!

2.1 zSVW 

ƘǫlrʀƘȹƁlÞǎ^eŪƴpiQkqȵƈ�ǡ`ʁ�»¿�¡ÆȼùpAverage!

Hashm PŘ±ÆÀ�ȭɌķ�Þǎ^ǜɔœqȬǰ�Ȟheʁ!

!

!

2.2 �B2>.42��.?5,��- 

Average!HashɾÔř aHashɿmr Neal!Krawetzp�hkŸƟ]�eǑêȼùqŪƴl

P�ʁǑêU�¬¤�¼ç�ǍŨ^ƯɆ`�~qlʀ¬¤�¼çrÔÉq�RpǍŨ]

��ʁ!

1. Ǒê����ȈŃ!

ŸƟŪƴ[11]lr 8*8ǑǹlPheVʀƘȹƁlrǵœĖÈqe} 16*16Ǒǹp

ģȈ!

2. �ÂÆ��ÆÁpįŹ!

3. Ǒêqđ°��ÁU�ȗqŏĦç�Ȭǰ!
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4. đ°��Áqƿœ�ìpʀȬǰ^eŏĦç��ƿQĪĒrʂʀțQĪĒrʃp

ȮĻ!

5. 16*16Ǒǹ���q²Ã¤�ĄÙq¯¤§÷�ǍŨ!

[q¯¤§÷qǍŨɓǧ�ġʄpǡ`ʁ!

ʄiqǑêq¬¤�¼çq¬·Ä�Ƀɫ�ǜɔœm^ʀØkQ�ǑêrɋQ¬¤�¼

çVǍŨ]�ǜɔœVŃ]Xo�ʁ!

!

!

ġ����.�.?5 p��¬¤�¼çǍŨß�

!

!

2.3 ʏŘ±ÆÀ�ȭɌķ[12] 

2.3.1 ƢȤ 
ŏɯÈqƐȄ�ęƵſɳħlȭɌ`�ƄƴqÇim^k±ÆÀ�ȭɌķVP�ʁÇȕ

pr Zahn!and!Roskiesp�� ZŘ±ÆÀ�ȭɌķ[13]mʀGranlundp�� GŘ±ÆÀ�

ȭɌķ[14]V�Xǝ��kT�ʀüȌrɟƐȄqÇǁU�qɞ]pŁ`�ȪœįĂqǻ

ǩʀ̀ o�gîƐǉɢſ�ʃƪɢſlɐȁĂ^e~q�ʀřȌrɟƐȄ�cqÇǁU�

qɞ]qȢǹſçɢſm^kȥe~q�ʀc�d�±ÆÀ�Ņɠ^kŚ���äſ�ȭ

Ɍķm`�~qlP�ʁ̂ U^ʀ¶Ä�pTY�ɺqɈɗlrʀɺq`xkVŷǑ]�ʀ

ɟƐȄm^kŲS���VńoXʀɺqÇɖq{VƒU��[mVƬnPheʁcqe

}ÔÉqƤoǅŜ�ŰiʀPŘ±ÆÀ�ȭɌķ�Þǎ^eʁ!

1. ɠƐȄpɕǎlW�!



!
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2. ĆƐȄqŏȞǦāĉtŮĲÅȈŃpÊįlʀĞɄǦā�ĿƉpȟǊďȑ!

[�p��ʀüɺq{qɈɗ�ɠƐȄm^kŲSʀɕǎ`�[mVďȑlP�ʁ!

!

2.3.2 ƐȄqʏȟǊmîƐǉɢſ 
F�ăôŃ]Qƫqļſʀʐ�ăôĲWQƫqƀſm^eƌʀP�ƐȄ C�ʀɞ]F

lP�ʐƘqȄô�ɐŵ^klW�ūȄġŘ CpɋØ`�ʁ]�pđȄôqǬǁqŔƥ

�!

! (!(!), !(!))(! = 0,1,… , !)! (ʃ) !

lȟ`ʁŏɯ�ʀʒɅ�ļɅʀʓɅ�ȝɅm`�ȢǹŏɯmȋSʀȢǹſ!

! !(!) = !(!) + !"(!)! (ʄ) !

�ƐȄ C mĔÇȧ`�(j rȝſĄÙ)ʁC VɠƐȄqƌ!(0), !(!)rǬǁlP�ʀɟƐȄ

qƌ!(0) = !(!)mo�ʁ[qƌđȄôqɞ]Fr!

! ! = |!(! + 1) − !(!)|! (ʅ) !

lȟb�ʁ!

ġ 3pǡ`�RpʀūȄġŘʎÈqʄiq´�§Áʀ!(!) − !(! − 1)mʀ!(! + 1) − !(!)
qo`Ȫ�!(!)m`�ʁef^!(0)rġ 4qɍ�ʀ´�§Á!(1) − !(0)m xɅqo`Ȫ

m`�ʁ!(!)�!(!)pTY�èȪmQRʁ!

èȪɢſ a�ǎQkʀūȄġŘʎqîƐǉɢſ�!

! !! 0 = !(0)
! ! = ! ! − 1 + ! ! !(! = 1,… ! − 1)! (ʆ) !

mĻ}�mʀH�ǎQkȢǹſȉŹſʑ�!

! ! ! = !!" ! !(! = 0,1,… , ! − 1)! (ʇ) !

lĻ}ʀ[��ƐȄʎqʏȟǊmĚvʁ!

èȪmîƐǉɢſU�ʀ́ �§Á!(! + 1) − !(!)mʀxɅqo`Ȫ!(!)(ġ 5)rʀ!(!)m
2Iqƀſæ�ɥQkǮ^Q[mVôU�ʁ�hkʀ!

! !!" ! != !!" !

= (!(! + 1) − !(!))/!!
(ʈ) !

mo�ʀŖɾ5ɿ��ʀ!

! !(!) = (!(! + 1) − !(!))/!! (ʉ) !

mo�ʀzU�Ǜŵ[qŖlĻȊ`�[mVďȑmo�ʁ!
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!

ġ�
��èȪ .�6��qĻ}Ƅ�

!

!

ġ����èȪ .�
��qĻ}Ƅ�

!

!

ġ����J�6��qĻ}Ƅ�

!

!

!

!
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2.3.3 ŘǆǅŜɛ[15] 

ƐȄʎqʏȟǊ wU�ʀȢǹɢſ c�ƪq�RpƱ}�ʁ!

!
! ! = 1

! ! ! !!
!!!!"
!

!!!

!!!
!

(k=Qn/2+1,…,n/2)!

(ʊ) !

[�� w qɫž±ÆÀ�įŹmQQʀ[q C �ūȄġŘʎqʏŘ±ÆÀ�ȭɌķmQ

Rʁ[[lʀ!(!)qRgʀäſ! = −!,… ,!�ɠƐȄq NƪqʏŘ±ÆÀ�ȭɌķmĚ

tʀ[�� CqŘǆǅŜɛ!!(!)m^eʁP�üɺqɈɗȄ�ġ! 6pʀ! = 5,25,50,100m
^eƌqɋØ^eǮɊıȪŘ�ÔÉqġ! 7U�ġ! 11pǡ`ʁNVĲWXo�pi�kʀ

ǮɊıȪŘVìqɈɗȄ��Xȟ`[mVôU�ʁ!

!

ġ! 6! !ɋØüqüɺqɈɗȄ!

! !
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!

ġ! 7! !ɈɗȄ�ɋØ^eǮɊıȪŘɾNʍʇɿ!

!

ġ! 8! !ɈɗȄ�ɋØ^eǮɊıȪŘɾNʍʃʂɿ!

!
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!

ġ! 9! !ɈɗȄ�ɋØ^eǮɊıȪŘɾNʍʄʇɿ!

!

ġ! 10! !ɈɗȄ�ɋØ^eǮɊıȪŘɾNʍʇʂɿ!
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!

ġ! 11! !ɈɗȄ�ɋØ^eǮɊıȪŘɾNʍʃʂʂɿ!

!

!

2.3.4 ɷØœȱâç[15] 

ɠƐȄ!, !qǜɔœGa,brʀc�d�qŘǆǅŜɛ!!(!),!!(!)��ʀÔÉqŖ�Ȭǰ

`�[mlƱ}���ʁ!

!
!!,! ! = !! ! − !!"!!(!)

!
!

!!!!
!

(J=0,…,2I)!

(ʋ) !

üɌqɍ�ʀʏŘ±ÆÀ�ȭɌķrĆƐȄqŏȞǦāĉtŮĲÅȈŃpÊįlʀze

äſ!!"�UY�[mlĞɄǦā]�eĆƐȄqŘǆǅŜɛ�ȟ`ʁǜɔœ!!,!rʀƐȄ

!, !VÇȔ`�ĪĒʂpo�ʀƐȄqŘǆVØkQoQynʀĲWQç�ǡ`ʁÑĞr

[��cqzzʀʄƐȄqǜɔœm^ʀȼùqĨƽm^eʁ!

!

! !
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!

!

!

!

ǭʅǫ 
!

!

!

�B2>.42��.?5 �ǎQe�»¿�¡

Æȼù�
!

!

!

!

3.1 zSVW 

ƘǫlrʏŘ±ÆÀ�ȭɌķ�ǎQeȼùqüpȞheʀAverage!Hash�ǎQe�»

¿�¡ÆȼùqļɸƄƴmcqļɸǿƜʀȋŀ�ǡ`ʁ!

!

!

3.2 ļɸƄƴ 

ƘļɸlrÔÉqƙÕlǑê�ǎť^eʁß�ġ! 12pǡ`ɾef^[qǑêrļɸ

pÞǎ^e~qmrǔo�ɿʁ!

1. 1iq¶Ä�U�ʀÐǄʃU�ÐǄʇzlc�d�ʇƛaiqʄʇƛ!

2. ɺqÈmňĐ�șŎqÜǗ�Ʈ^ǑêqȆpP�b�!

3. ȇƧƯVʄʌʃpo��RŪālõ�ó^!

zeʀƘļɸlrcqzzqǑêmʀCanny±�Á¡p�hk�¤�Ơó�ȞheǑ

êlʀ¬¤�¼ç�ǍŨ^ǜɔœȬǰ�Ȟheʁ�¤�Ơóp�hk�¤�rǗlȟǊ

]��e}ʀǑê�ȈŃ^eɧp�¤�VıQɖôV��ǗXo�e}ʀüɺqW}Ǽ
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U]�ʀɺqɈɗqÙȉp�hkʀǅŜVó�`QmȋSee}lP�ʁ[[l�¤�

Ơóp Canny ƴ�ǎQeqrʀ«��pŗXʀɈɗVȂɻpó�e}lP�ʁ�¤�

Ơópr�Æ³Ä Æ�q�Ä°¼Æ¡Æ¯�¾ÄĖY¿�²¿ÀlP� OpenCV �

úǎ^eʁzeʄiqɣçr(100,200)m^eʁìǑêmìǑêU�ÝŨ^e¬¤�¼

ç�ġ! 13pʀCanny±�Á¡p�hk�¤�Ơó^eǑêmcqřÝŨ^e¬¤�¼

ç�ġ! 14pǡ`ʁ!

õ�ó^e`xkqǑêĔĭmʀ±�Á¡ɕǎřq`xkqǑêĔĭ¬¤�¼çq¬

·Ä�Ƀɫ�Ȭǰ^ʀcqç�c�d�qǜɔœm^eʁ!

ǜɔœV256 ∗ 0.35 = 89.6ÔÉlP�~q�ĔÇ�»¿�¡ÆlP�møƂ^cqǾ

{Ē�bqſ� NʀĔÇ�»¿�¡Æ�ƯɆ^kQ�Ǿ{Ē�bqſ� CʀNm CqÌ

Ƅpėz�kQ�ſ� Rm^[qŪƴVȼùpƕĀlP�UnRU�øƂ^eʁ!

!

!

ġ! 12! ! aHashqļɸqǑêõ�ó^ßɾǑêr[10]��ɿ!

!
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! !

ġ��
��ìǑêm¬¤�¼çqÝŨǿƜɾǑêr,�
-��ɿ�

!

! !

ġ! 14! ! Canny±�Á¡řq¬¤�¼çqÝŨǿƜɾǑêr[10]��ɿ!

!

!

3.3 ļɸǿƜ 

ìǑêqÐǄʃU�ÐǄʇc�d�mʀc��qĒȬq CʀNʀR �ȟ! 1 pʀCanny

±�Á¡ɕǎřqÐǄʃU�ÐǄʇc�d�mʀc��qĒȬq CʀNʀR�ȟ! 2pǡ

`ʁ!

!
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!

ȟ�ʃ��ìǑêq .�.?5 p��ȼùǿƜ�

! ÐǄʃ! ÐǄʄ! ÐǄʅ! ÐǄʆ! ÐǄʇ!

N! 85! 65! 64! 70! 15!

C! 25! 25! 25! 25! 25!

R! 25! 15! 15! 19! 15!

!

!

ȟ!ʄ! !±�Á¡řqǑêq aHashp��ȼùǿƜ!

! ÐǄʃ! ÐǄʄ! ÐǄʅ! ÐǄʆ! ÐǄʇ!

N! 18! 5! 6! 36! 30!

C! 25! 25! 25! 25! 25!

R! 7! 5! 5! 25! 15!

!

!

3.4 ȋŀ 

�¤�ƠóüʀƠóř~ɹQȼùǿƜrŚ��oUheʁ̂ U^�¤�Ơóp��ș

ŎqŢȑĖÈrǠȳlWʀȴƠórĲōpƺń^eʁ[�rʀ�¤�Ơóp��ʀę�

�®Æ¥q«��pňĐ]�oQȼùmohee}mȋS���ʁ!

^U^ʀÐǄʇqĪĒrʀ�¤�ƠóřqƄVȴƠóıXohk^zhkQ�ʁ[�

rÐǄʇqɺqȗVǗlP�e}ʀ¬¤�¼çpÒqÐǄmĲWoŉVlkQ�e}m

ȋS���ʁ[qǅŜ�ùpėzb�sȼùǉrƑpĖÈ`�mš���ʁ!

zeʀɺp��ÀÆÄ§ÆÄVɀhkPheĪĒʀ�¤�ƠóřqǑêrġ! 15ʀġ!

16 q�Rp«��VıXohk^zQʀǚǘlP�ɺqưqɈɗqſ�¬¤�¼çp

ċƊ]b�[mVlWoQe}ʀƫ^QǿƜVŚ��oXohk^zRʁ!

aHash r�Á�À�¸VɮŌp�Ä³ÁlʀļȠ~ĿƉlPheVʀÔÉqġ 17 p

ǡ`�RpʀØkQ�Ǒêl~ʃ¯¤§q�Âp�hkɮŌpĲWoŉVǍz�k^z

Rʁ[�rǑêqõ�ó^ƄpáĹ`�e}ʀÑřȓāǘpɺ�õ�ó`ĪĒpTQk

rəȤoĜɵmohk^zRďȑŢVP�ʁzeʀĞɄÅéWpɢ^k~ĔƤlʀĔ_

Ǒêl~éYeǑêlrîXǔo�¬¤�¼ç�ǡ^k^zRʁ!

zeʀÑĞrɴɰɖmƧ�Ĩƽp^eVʀɴɰɖzl`xkŷǑ]�kQ�ſrńo
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XʀɤĻǘoȼùmohk^zRʁ[qɤĻǘoƙÕÉl~ȖQȼùǿƜrŚ��aʀ

[qŪƴrĀƜǘmrQSoQf�Rʁ[qǿƜ�čYkʀʏŘ±ÆÀ�ȭɌķ�ǎQ

eȼù�Ȟheʁ!

!

!

ġ! 15! !��ÀÆÄ§ÆÄ�ė|ɺǑêɾǑêr[10]��ɿ!

!

!

ġ! 16! !��ÀÆÄ§ÆÄƕ�qĪĒq�¤�ƠóǿƜɾǑêr[10]��ɿ!

!

!

ġ! 17! ! aHashpTY�Ǒêqa�p��ŉqß!
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!

!

!

!

!

ǭʆǫ 
!

!

!

ʏŘ±ÆÀ�ȭɌķ�ǎQe�»

¿�¡Æȼù!
!

!

!

!

4.1 zSVW 

ƘǫlrʏŘ±ÆÀ�ȭɌķ�ǎQe�»¿�¡ÆȼùqļɸƄƴmcqļɸǿƜʀ

ȋŀ�ǡ`ʁ!

!

!

4.2 ļɸƄƴ 

Ƙļɸlrʀ1iq¶Ä�U�øĻǎǑê�ÐǄʃU�ÐǄʇzlc�d�ʃʂƛa

iqʇʂƛʀļɸǎǑê�ÐǄʃU�ÐǄʇzlc�d�ʆƛaiqʄʂƛǎť^eʁ

õ�ó^ƄrÔÉqmT�lP�ʁ!

1. üɺV`xkǑêïpí��Rpõ�ó^!

2. üɺÔİqɖôrÞǎ^oQqlʀȋŧ^oQ!

3. őǱĠpŁş`�e}ʀƧɶon~ė|�Rp`�!

øĻǎǑêmļɸǎǑê`xkU�ÔÉq�RpŘǆǅŜɛ�ǰó^eʁ!
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1. ÑĞrȎqÍĳ��ÈqɖôpP�ɺ�üɺm`�!

2. üɺqɈɗ�ŪālČŚ!

3. ɈɗqƣŨǁ�ǮɃɫpôý`�[mlʀƐȄ�ǮɊoıȪŘpɋØ!

4. cqɋØ^eƐȄU�Ŗɾ8ɿqŘǆǅŜɛ�Ȭǰ!

ŪālČ�ó^eüɺqɈɗqß�ġ 18pǡ ɾ̀ɁȄɖôVüɺm^eɖôɿʁ[�r

ļɸlÞǎ^eǑêmrǔo�ʁġ 7U�ġ 11��ʀNʍ50lăôɺqƢŘ�ȟǊl

WkQ�mȋSʀÑĞqļɸlrcqç�Þǎ^eʁzeʀĞɄǦāqĲW]�ǡ`J

rI/36\mp^eʁ!

Ʊ}eŘǆǅŜɛU�ʀÔÉqmT�ȼù�Ȟhe!

1. P�ļɸǑêm`xkqƫȫǑêmqǜɔœ�Ŗɾ9ɿp��Ȭǰ!

2. cqÍlÇǓŃ]QçpoheǑêqÐǄlP�møĻ!

3. c[U�ƫȫÅÊƫȫ�Ǡȳ`�!

!

ġ�����ČŚ^eüɺqßɾǑêr,�
-��ɿ�

!

4.3 ļɸǿƜ 

ÐǄʃU�ÐǄʇqȼùǿƜ�ÔÉqȟʆʁʃpʀze`xkqǑêpTY�ȼùǿ

Ɯ�ȟʆʁʄpǡ`ʁ!

!

!
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ȟ!ʅ! !ʏŘ±ÆÀ�ȭɌķp��ȼùǿƜɾÐǄ\mɿ!

! ÐǄʃ! ÐǄʄ! ÐǄʅ! ÐǄʆ! ÐǄʇ!

Ǒêſ! 10! 11! 10! 10! 9!

ƫȫſ! 8! 9! 10! 6! 8!

ȼùǉ! 0.80! 0.82! 1.00! 0.6! 0.78!

!

ȟ!ʆ! !ʏŘ±ÆÀ�ȭɌķp��ȼùǿƜ!

! `xkqǑê!

Ǒêſ! 50!

ƫȫſ! 41!

ȼùǉ! 0.82!

!

!

4.4 ȋŀ 

¶Ä��»¿�¡ÆqüɺqɈɗU�ʏŘ±ÆÀ�ȭɌķ�ǎQkȼù�Ȟheǿ

Ɯʀȟ 3qɍ�ʀÐǄʅqȼùǉV 1.00lPheqpŁ^ʀÐǄʆV 0.60mʀ�»¿

�¡Æp�hkŉrPheVʀȟʆqɍ�îÛlr 0.82 mʀƯɆǘɹQȼùVŚ��

eʁ�hküɺqŘǆr�»¿�¡Æ\mpŉVP�ʀc��rʏŘ±ÆÀ�ȭɌķ�

ǎQ�[mlȼùďȑlP�[mV�Uheʁ!

ƤMoɠƐȄlļɸ^k{eǿƜʀƐȄVȢɪpo�so�ynŃ]oŘǆqŉlǜ

ɔœVĲWXo��`QV�Uheʁđɰǁqa�p��đ´�§ÁqŉVȢɪoƐȄ

lP�ynĲWXo�ʀØeƐȄ�ƯɆ^kQ�ĪĒl~îÛm^kǜɔœVĲWXo

�e}mȋS���ʁ[��ġ 19pǡ`ʁ[qɰǁqa�r~m~mqüɺqŘǆq

ŉfYlroXʀŪālČŚ^eüɺqĴǁ�ǽǁp~áĹ`�e}ʀȀÇ^kČ�[

mVlW�sʀa�Vƺ�ǵœVĖÈ`�ďȑŢVP�ʁzeʀČŚ^eüɺqɈɗU

�ʀc�d�ɖôǘpƐȄqǜɔœ�Ȭǰ^ʀƓŃç�îÛqǜɔœm`�[mlʀǅ

ƭoŘǆqįĂ�ʀĴǁÅǽǁqa�pŁşlW�mȋS���ʁ!

zeüɺqɈɗrŪālČŚ^kQ�e}ʀǑêp�hkÇƤlroXʀcqȴŉp

�hkƫ^QǿƜVókQoQĪĒ~P�ʁ!

!
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!

ġ! 19! !ƐȄqȢɪ]p��ǜɔœqɔQqß!

! !
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!

!

!

!

ǭʇǫ 
!

!

!

ǿȹ!
!

!

!

!

5.1 ȃů 

ƘȹƁlrƾǑ�»¿�¡ÆqɺqɈɗU� PŘ±ÆÀ�ȭɌķ�ǎQ�[mlʀ�

»¿�¡ÆȼùVʊʄ%qȼùǉlȞS�[m�ǡ^eʁ[qǿƜU�ʀPŘ±ÆÀ�

ȭɌķrʀ¶Ä��»¿�¡ÆqüɺqŘǆqŉ�ȼùďȑlP�ʀc�p���»¿

�¡ÆqȼùVP�ǧœďȑlP�[mVǠȳlWeʁ!

!

!

5.2 ȷɵ 

ƘȹƁlqȷɵ�ÔÉpǡ`ʁ!

(1) üɺɈɗqȓāƠó!

(2) Ŗɾ9ɿpTQkʀN�įĂ]b�[mlȼùǉVįĂ`�UnRUqƠȰ!

(3) Ò¶Ä�lqƠȰ!

(4) üɺqÇɖôlqȼù!

(5) ȱâƄƴqŻĝ!

(1)piQkrʀ�»¿�¡Æ�`xkȓālȼù`�qpÊďƩlP�ʁ^U^ʀ

ɶq®Æ¥mqƹĔ�ʀÝȌp�hk¡¤£VîXǔo�onʀǊǆlrɈɗ�Ȃɻp
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ČŚ`�qrɬ^Qf�Rʁ(2)(3)rƯɆļɸp�hkǿƜ�Ś�ŞȤVP�ʁ(4)!�

ŻȖ^ʀɖôÇȔ�Ŵ`ŞȤVP�ʁ(5)piQkrʀƘļɸlqȱâƄƴrĲįǨŭ

o~qlʀŻĝp�hkʀȼùǉ~ĖÈ`�ďȑŢVP�ʁ!

!

!

! !
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!

!

!

Ȼɉ 
!

!

!

!

ƘǟǪqƨ×ĉtǹƏ�^QǟǪǌī�ËSkÉ]�ʀȿəoƌɡ�ýQk\űłɰ

Wz^eƻɊȡŽųpƸȻQe^z`ʁ!

ƘǟǪpTQkȿəo\ťȥ�\űź�ɰWʀƤMǌī�ƀSkQefQeǞÏĲǤ

ÿŪpŝU�ŦȻȔ^z`ʁ!

ƆɱU�ȿəo\ťȥɰWʀƤMo\ŸƟ�ɰWz^eǟǪĽqǙƤpśǢǐ^ÈZ

z`ʁ!

ƘǟǪ�ȞoRpPehkʀ�·¤�ǑêqŸàT�tȹƁwqŶɇ�ȯďɰQeƖ

ɚɦƤpŝU�ŦȻQe^z`ʁ!

Ɠřpʀǥ�[[zlȏkkXf]heľƅpŝU�ŦȻȔ^z`ʁ!

! !
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!

!

!

!

ĈȋƁǈ 
!

!

!

!

,�- �Ä³Â�ȃĒǟǪũ���Kɭķƒǳ¯�ª�ĩĘƒ �
��L��ƝŖ×ǣ�Ä³Â��

��
��	�	����

,�- %;�208��KƒǳîÛpȅ}�ɭķƒǳqýĒrǶ �ɽp�ǴĢŋĪāĖmƯɆ^o

V�Ñř�ȥ�L��5@@=�		<;�1208�7=	.>056B2?	�
���Ĉǂ  .;�����
����

,
- ��¦¸ȹ±�Æ¿¸ʌ�KnR`�sɭķƒǳrƍĉ`�qUL�5@@=�		CCC�?D

?@2:60?3<>A:�0<:	7.	B62C@<=60�=5=�3�

�@������Ĉǂ  .;�����
����

,�- )���&���ʌKƆƘlɭķƒǳrƍĉ^oQqUL�5@@=�		@52=.42�7=	12@.69	�
�


�

��






��C<>192.3��Ĉǂ  .;�����
����

,�- ɩȚǣʌ�KńŐ�»Ä³³¿�L��5@@=�		=9A?�?5<;2;7A:=�0<:	��Ĉǂ  .;����

�
����

,�- ȺȸǣʌKȺȸǣU�qTǝ�bL��5@@=�		CCC�8<1.;?5.�0<�7=	A=9<.1	=>�8<1.

;?5.�0<�7=	3692?	=13	�
��
�
�0<:60�=13��

,�- ÍŇɨȿ��ĥƘąŕʌLȗƣɏ�¿±�ǎQe�©¹�»¿�¡ÆqǑêɡqɷ

ØœƼĻL��ţĩòǋĺ×�ǀqĢţĩ�Äµ��¸��
�
�����
��==��
���
�
��

,�- ɹņȍŏ����������ȣǏĊƋ���KǅŜŬóp���©¹�»¿�¡Æq

ɶȳȼL����*��
�����
�������

,�- ƳȽĲě���K�©¹�»¿�¡ÆqǅŜŬópĨjX�©¹œqȱâL��ţĩò

ǋĺ×ǟǪĩĘ��B<9�

���;<��
��==
��
����

��
���

,�
- ƖɚɦʌL´ÀÆ´ÀÆ�ÀÆ¸�¾�¿�ueiq´ÀÆLʀȓŊóǃ���
�
ʁ�

,��- �>��$2.9�!>.C2@E���K)52��.082��.0@<>��9<4L��5@@=�		CCC�5.082>3.0@<>�0<:

	/9<4	�	.>056B2?	�
��"<<8?�"682��@�5@:9��Ĉǂ  .;�����
����

,��- Èĥēûʌ��ɠƐȄp~ɕǎlW�ƃ^Q±ÆÀ�ȭɌķ���ɭķɍåĺ×ȹƁȲ�

�B<9�� ������$<��
��==�������
��������



!

26!

,�
- ���)��+.5;�.;1�'��(��'<?862?ʌ���<A>62>�12?0>6=@<>?�3<>�=9.;2�09<?21�0A>B

2?��������)>.;?��<:=A@���*<9��������==�����������#.>05�������

,��- �������>.;9A;1ʌ��<A>62>�=>2=><02??6;4�3<>�5.;1�=>6;@�05.>.0@2>�>20<4;6@6

<;��������)>.;?���<:=A@���B<9��������==������
���������

,��- þǷżȘ��þȜƇŏ��ÖȜȚûʌ�øùqɬƉœpĨjXɷØǯũƠóqɹɎĂ��

�ţĩòǋĺ×ȹƁȲ��*<9�����$<�����==�������������

���

!

! !



!

! 27!

!

!

!

!

Óɝ Þǎ^e Æ��Æ¨ 
!

!

!

!

#!/usr/local/bin/python 

#coding: UTF-8 

 

import sys 

import cmath 

import cv2 

import numpy 

import matplotlib.pyplot as plt 

 

MIN_DESCRIPTOR = 100    #N*2 

ANGLE = 72              #回転の分割数 

 

 

def mousePaint(event,x,y,flags,param): 

    global ix,iy,count,tmp,drawing,fin 

    if event == cv2.EVENT_LBUTTONDOWN: 

        drawing = True 

        ix,iy = x,y 

    elif event == cv2.EVENT_MOUSEMOVE: 

        if drawing == True: 

            tmp[count] = x,y 

            cv2.line(img,(ix,iy),(x,y),(0,0,255,0),1) 

            ix,iy = x,y 
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            count += 1 

    elif event == cv2.EVENT_LBUTTONUP: 

        drawing = False 

        fin = True 

 

# 輪郭を等辺多角形に近似 

def equalIntaval(tmp): 

    bangs = numpy.memmap('bangs.dat',dtype='complex',mode='w+',shape=(100000)) 

    l = tmp.shape[0] 

    num = 0 

    for n in range(0,l-1): 

        mx = tmp[n+1][0]-tmp[n][0] 

        my = tmp[n+1][1]-tmp[n][1] 

        length = numpy.linalg.norm(tmp[n+1]-tmp[n]) 

        div = round(length*10) 

        for m in range(0,int(div)): 

            bangs.real[num] = tmp[n][0] + m*(mx/div) 

            bangs.imag[num] = tmp[n][1] + m*(my/div) 

            num += 1 

        bangs.real[num] = tmp[n+1][0] 

        bangs.imag[num] = tmp[n+1][1] 

    bangs = numpy.delete(bangs,numpy.where(bangs==0)[0],0) 

    return bangs 

 

# P表現を求める 

def makePRepresentation(contour): 

    prep = numpy.memmap('prep.dat', 

                        dtype='complex', 

                        mode='w+', 

                        shape=(len(contour)-1)) 

    length = 0.1 

    for n in range(0,len(contour)-1): 

        prep[n] = (contour[n+1]-contour[n])/length 
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    return length, prep 

 

 

# 形状特徴量計算 

def shapeFeature(prep,degree): 

    l = len(prep) 

    fourier_descriptors = numpy.fft.fft(prep) / l 

    fourier_descriptors = numpy.fft.fftshift(fourier_descriptors) 

    center_index = len(fourier_descriptors) / 2 

    fourier_descriptors = fourier_descriptors[center_index - degree / 

2:center_index + degree / 2] 

    shape_feature = numpy.fft.ifftshift(fourier_descriptors) 

    return shape_feature 

 

# 回転に不変な相違度計算 

def dissimilarity(shape_feature1,shape_feature2): 

    tmp_diff = numpy.zeros((ANGLE,MIN_DESCRIPTOR), dtype=float) 

    difference = numpy.zeros(ANGLE, dtype=float) 

    shape_feature = numpy.zeros(MIN_DESCRIPTOR, dtype=complex) 

    for n in range(0,ANGLE): 

        coefficient = 1j*n*(2*cmath.pi/ANGLE) 

        coefficient = cmath.exp(coefficient) 

        shape_feature[:] = shape_feature1[:] * coefficient 

        for m in range(0,MIN_DESCRIPTOR): 

            tmp_diff[n][m] = numpy.abs(shape_feature2[m] - shape_feature[m]) 

            tmp_diff[n][m] **= 2 

        difference[n] = numpy.sum(tmp_diff[n]) 

        index = numpy.argmin(difference) 

    return index,min(difference) 

 

#輪郭を手動で取得する部分 

def getBangs(name): 

    global img,ix,iy,count,tmp,drawing,fin 



!

30!

    tmp = numpy.memmap('tmp.dat',dtype='int',mode='w+',shape=(10000,2)) 

    drawing = False 

    fin = False 

    ix,iy = -1,-1 

    count = 0 

    img = cv2.imread(name) 

    cv2.namedWindow('image') 

    cv2.setMouseCallback('image',mousePaint) 

    while(1): 

        cv2.imshow('image',img) 

        k = cv2.waitKey(1) & 0xFF 

        if fin == True: 

            break 

        elif k == 27: 

            break 

    cv2.destroyAllWindows() 

    tmp = numpy.delete(tmp,numpy.where(tmp==0)[0],0) 

    return equalIntaval(tmp) 

 

def getShapeFeature(sample): 

    contour = getBangs(sample) 

    length, prep = makePRepresentation(contour) 

    shape_feature = shapeFeature(prep,MIN_DESCRIPTOR) 

    return shape_feature 

 

def compare(sample1,sample2): 

    shape_feature1 =  getShapeFeature(sample1) 

    shape_feature2 =  getShapeFeature(sample2) 

    index, difference = dissimilarity(shape_feature1,shape_feature2) 

    return index, difference 

 

argv = sys.argv 

if (len(argv) == 1): 
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 test = "test.bmp" 

 index, answer = compare(test,test) 

 print 360/ANGLE*index, answer 

 exit() 

elif (len(argv) == 2): 

    sample = argv[1] 

    test = "test.bmp" 

    index, answer = compare(sample,test) 

    print 360/ANGLE*index, answer 

    exit() 

 

sample1 = argv[1] 

sample2 = argv[2] 

index, answer = compare(sample1,sample2) 

print 360/ANGLE*index, answer 
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