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䇶࡛ᢰᵟᡀѪᶱާᡈᙗⲴ䈮仈ѻаǄᴥ ᮷൘⹄ウởᓖᯩੁⴤᯩമ˄ Histogram of Orientation 

Gradient̍ HOG˅⢩ᖱᨀਆ㇇⌅઼᭟ᤱੁ䟿ᵪ˄Support Vector Machine̍ SVM˅ᆖҐ࠶㊫㇇

⌅Ⲵสкˈُࣙ OpenCV2.0㿶㿹ᓃ઼ Visual Studio C++ᇎ⧠ҶสҾ HOGⲴ⢩ᖱᨀਆ઼ཊ

ቪᓖлỰ⍻⁑ඇ˗ُࣙ LibSVM ઼ Matlab ᇎ⧠ҶสҾ SVM ⲴᆖҐ࠶㊫⁑ඇǄ൘Ự⍻ࡠ

ⲴᶑԦлˈᵜ᮷ُࣙ YCrCb 㛔㢢⁑රሩн਼࣯䘋㹼䇶࡛Ǆᇎ傼㔏䇑ˈᡰᔰਁ㇇⌅ሩᕐᔰ

⣦ᘱⲴⲴỰ⍻ 䗮̍ࡠҶ 90%Ⲵભѝ⦷઼ 18%Ⲵ䈟䇶⦷ ൘̠㛼Ჟо㛔㢢儈ᐞ࡛ᛵߥл 㜭̍ᇎ

⧠ሩн਼࣯Ⲵ䇶࡛Ǆ 

̠ 䭞䇽䇽䇽䇽˖ởᓖᯩੁⴤᯩമ˗᭟ᤱੁ䟿ᵪ ˗YCrCb㛔㢢⁑ර˗ OpenCV2.0ޣ䭞ޣ䭞ޣ䭞ޣ LibSVM 

 

Abstract 

Gesture Recognition, which is efficient, direct and nature, has become one of the key 

techniques of human-compute interaction. Meanwhile, the high degree of freedom of hand results 

in the complexity of gesture, diversity of variation and rapidity of movement, which makes gesture 

recognition full of challenges. The author mainly focuses on the Histogram of Orientation 

Gradient(HOG) Algorithm for extracting the features and the Support Vector Machine(SVM) 

Algorithm for learning and classifying. Depending on the OpenCV2.0 visual library and Visual 

Studio, the author implements the module of extracting features and muti-sclaes detection with 

C++ language. Also, with the help of LibSVM software package and Matlab, the author constructs 

the block of learning and classifying. Then, under the condition of accurate detection, the author 

uses the YCrCb Skin Model to recognizing different gestures. At last, the result of study shows the 

90% high hit rate and 18% relatively low false recognition rate for the open-state hand gesture. 

And the study achieves the goal of recognizing different gestures with the restriction of 

background. 

Keywords: Histogram of Orientation Gradient (HOG); Support Vector Machine (SVM); YCrCb 

Skin Model; OpenCV2.0; LibSVM 
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廉富廉 㛼Ჟӻ㓽 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉 

廉富必 ⹄ウ⧠⣦ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必 

廉富必富廉 ⢩ᖱ᧿䘠оᨀਆ㇇⌅ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必 

廉富必富必 ᆖҐ३䝽㇇⌅ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 旋 

廉富必富情 ᆈ൘䰞仈

被廉操言

 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉0 

廉富情 ᵜ᮷⹄ウᇩ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉廉 

廉富懂 ᵜ᮷㔃ᶴ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉廉 

ҼҼҼҼǃǃǃǃHOG ⢩ᖱо⢩ᖱо⢩ᖱо⢩ᖱо SVM ᆖҐ㇇⌅ᆖҐ㇇⌅ᆖҐ㇇⌅ᆖҐ㇇⌅ ................................................................................................ 12 

必富廉 疏糊琐 ⢩ᖱ

被廉旋始廉暾言

 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉必 

必富必 背获立 ᆖҐ

被廉懂始必0言

 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉懂 

必富必富廉 㓯ᙗ࠶㊫ಘ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉懂 

必富必富必 㔃ᶴ仾䲙৺⌋ॆ䈟ᐞ⭼ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉懂 

必富必富情  օ䰤䳄 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉拍ࠐ

必富必富懂 Ṩ࠭ᮠ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉描 

必富必富拍  Ոॆ৺Ṭᵇᰕ⌅ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉旋ࠨ

必富必富描 ᶮᕋਈ䟿 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 廉暾 
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情富廉 ᔰਁᒣਠ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必廉 

情富必 ᮠᦞᓃࡦ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必廉 

情富必富廉 മۿ䟷䳶 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必必 

情富必富必 ṧᵜѝࠪࢢ࠶ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必情 

情富必富情  ↓ṧᵜ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必情ࡦ

情富必富懂 ṧᵜ࠶㊫ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必懂 

情富情疏糊琐 ⢩ᖱ䇑㇇оᨀਆ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必拍 

情富情富廉琐身骤骤身烈鲁鼻鼻金邻t集鲁高 ઼ 背骤鲁鲁t长集高针 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必拍 

情富情富必 ởᓖ䇑㇇ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必描 
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情富情富情 ⴤᯩമ㔏䇑 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必操 

情富情富懂 ᖂаॆ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必暾 

情富情富拍 疏糊琐 ⢩ᖱੁ䟿䇑㇇⍱〻 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 必暾 

情富情富描 疏糊琐 ⢩ᖱᖒ䊑ᱮ⽪ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 情0 

情富懂 种益激背获立 ᆖҐ࠶㊫ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 情0 

情富拍 ཊቪᓖỰ⍻৺ 熵状腕状烈腕背源立索种状䶉ᘱമۿỰ⍻㔃᷌ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 情必 

情富描 ࣘᘱമۿỰ⍻㔃᷌ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 情拍 

情富操 สҾỰ⍻ࡽᨀлн਼࣯Ⲵ䇶࡛ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 情拍 

ഋഋഋഋǃǃǃǃᙫ㔃оኅᵋᙫ㔃оኅᵋᙫ㔃оኅᵋᙫ㔃оኅᵋ .............................................................................................................................. 40 
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懂富必 ኅᵋ 富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富富 懂廉 
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1 

ааааǃǃǃǃᕅ䀰ᕅ䀰ᕅ䀰ᕅ䀰    

廉富廉廉富廉廉富廉廉富廉 㛼Ჟӻ㓽㛼Ჟӻ㓽㛼Ჟӻ㓽㛼Ჟӻ㓽    

䲿⵰ᮠᆇؑᢰᵟⲴ儈䙏ਁኅˈӪԜሩҼ㔤ؑⲴ༴⨶ˈণᮠᆇമۿ༴⨶Ⲵᢰᵟਁᡀ

⟏ǄሩҾ䇑㇇ᵪˈമۿⲴᮠᆖᵜ䍘ቡᱟањ⸙䱥ˈަ㔤ᮠਟԕᱟ 20*20̍ 640*480⭊㠣ᴤ儈Ǆ

ሩᮠᆇമۿ༴⨶Ⲵࡽᨀᱟᔪ・൘䇑㇇ᵪнᯝਁኅⲴสкⲴˈྲ ᷌⋑ᴹ䇑㇇ᵪ儈᭸Ⲵ䘀㇇㜭

Ⲵ࣯䇶ۿਚᱟ≤ѝᴸǄᙫ㘼䀰ѻˈ䇑㇇ᵪᢰᵟ઼ؑᢰᵟⲴᰕᯠᴸᔲѪสҾമ࠷䘉аˈ࣋

࡛ᨀҶඊᇎਟ䶐ⲴᢰᵟสǄ 

䇑㇇ᵪᐢ㓿ᡀѪӪԜ⭏⍫ᐕѝнਟᴯԓⲴᐕާˈҾᱟӪо䇑㇇ᵪⲴӔӂᡀѪӪԜҀҾ

⹄ウⲴањ䈍仈Ǆਚᴹ㠚❦ⲴˈᯩׯⲴӪᵪӔӂᱟӪԜᡰ䘭≲ⲴǄӾᴰⲴ DOS⭼䶒

❦ӺⲴԕ啐ḷѪჂӻⲴമᖒ⭼䶒ˈӪᵪӔӂ↓ᱟ൘нᯝⲴ৻ྭॆˈӪᙗॆˈㆰঅॆ઼㠚ྲࡠ

ॆǄ㘼ᴰ䘁䘉ӋᒤⲴ䈝丣䇶࡛ Ӫ̍㝨䇶࡛ ࣯̍䇶࡛ Ӫ̍փࣘ䇶࡛⭊㠣㝁ᵪӔӂ㌫㔏˄ Brain 

and Computer Interface˅ަⴞⲴҏ䜭ᱟ֯ӪᵪӔӂ䎠ੁᴤѪ㠚❦ㆰঅⲴ䚃䐟ǄӪᵪӔӂⲴਁ

ኅশਢˈᓄ䈕ᱟӾӪ㊫䘲ᓄ䇑㇇ᵪࡠ䇑㇇ᵪнᯝൠ䘲ᓄӪ㊫ⲴਁኅਢǄส·ẵ䲶བྷᆖⲴ 

Dan R.Olsenᮉᦸ䈤:ĀӪᵪӔӂᱟᵚᶕⲴ䇑㇇ᵪ、ᆖǄᡁԜᐡ㓿㣡䍩Ҷ㠣ቁ 50 ᒤⲴᰦ䰤ᶕ

ᆖҐྲօࡦ䙐䇑㇇ᵪԕ৺ྲօ㕆߉䇑㇇ᵪ〻ᒿ л̍ањᯠ亶ฏ㠚❦ᱟ䇙䇑㇇ᵪᴽ࣑ᒦ䘲ᓄҾ

Ӫ㊫Ⲵ䴰㾱 㘼̍нᱟᕪ䘛Ӫ㊫৫䘲ᓄ䇑㇇ᵪǄā䘭≲㠚❦઼䉀Ⲵ⭏ᆈᱟӪ㊫ਁኅⲴ⨶ᜣ⁑ᔿˈ

ަѝ㠚❦઼䉀ⲴӪᵪӔӂ⁑ᔿᱟԕⴤ᧕㓥ѪѫⲴǃоભԔ䈝䀰⢩࡛ᱟ㠚❦䈝䀰ޡᆈⲴӪᵪ

ӔӂᖒᔿǄ⨶ᜣⲴӪᵪӔӂ⁑ᔿቡᱟ⭘ᡧ㠚⭡ˈⴤ᧕㓥 (Direct Manipulation)Ⲵ⭘ᡧ⭼䶒ˈ

ᆳᐡᡀѪᵚᶕⲴਁኅ䎻࣯ˈ㘼Ѫަѝ䟽㾱ᇩⲴ࣯䇶࡛ᢰᵟሶਈᡀ⹄ウ✝⛩ 

ᴤ䘋а↕кॷࡠଢᆖቲ䶒ˈሩ࣯䇶࡛ᢰᵟⲴ⹄ウˈ৸օቍнᱟⓀҾӪ㊫ሩӪоᵪಘⲴ

᧒㍒ޕ␡Ⲵ⭏ޡ Ӫ̔൘㠚❦⭼ѝަ⭏⨶ᵪ㜭㔍ሩнҾᕪ㘵 㘼̍ᵪಘਟԕᖸྭᕕ㺕Ӫ㊫⭏

⨶ᵪ㜭кⲴн䏣 Ҿ̍ᱟӪоᵪಘⲴᆼ㖾㔃ਸ৸օቍнᱟӪ㊫ᡰੁᖰⲴ ҏ̔䇨ࡠ䛓ᰦӪⲴᇊ

ѹн䲀Ҿ⭏⢙ቲ䶒ˈᵪಘᐢ㓿ᡀѪĀӪā䘉аᇊѹⲴᰐ䲀ᔦըǄ 

 ⭡Ҿ䇑㇇ᵪ⺜ԦⲴ伎䙏ਁኅˈӪᵪ⭼䶒Ⲵᰕ㠫ᆼழ઼ӪԜ⭏⍫䍘䟿Ⲵᨀ儈ˈ㔉สҾ㿶㿹

઼മۿⲴ࣯䇶࡛ਁኅᑖᶕҶᵪ䙷ǄIBM о MicrosoftㅹޜਨҏሶสҾ㿶㿹Ⲵ࣯䇶࡛᧕ਓ 

ᓄ⭘Ҿ୶ъ亶ฏѝǄ 

1ǃ൘㲊ᤏ⧠ᇎ⧟ຳѝⲴᓄ⭘ˈਟԕሩ⧟ຳ઼㲊ᤏ⢙փ䘋㹼᧗ࡦǄ൘ⴞḷ⭼䶒к֯
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2 

⭘ᶕᆼᡀ㲊ᤏ⧟ຳлⲴ⍿㿸ˈ䘹ᤙ઼㓥Ǆ࡙⭘н਼ᇊѹⲴ࣯ˈᶕ᧗ࡦ㲊ᤏ⢙փⲴࡽ䘋

઼䖜ᕟˈᡆ㘵䙊䗷ⵏᇎⲴ䜘䘀ࣘᶕ᧗ࡦᕪ⧠ᇎ⧟ຳѝⲴ䮌ۿ䜘䘀ࣘǄ 

2ǃᲪ㜭ᇦ⭥ǃ᧗ࡦ亶ฏⲴᓄ⭘Ǆ㖾⍢㱾ޜਨ᧘ࠪҶสҾ࣯䇶࡛Ⲵ䖖䖭⊭䖖᧗ࡦ㌫㔏Ǆ

ਖཆᴹ䙊䗷࣯䘌〻᧗ࡦ⭥㿶Ⲵ㌫㔏 ҏ̍ᴹ㿶仁⑨ᠿⲴ⭘ᡧ⭼䶒 ҏ̍ਟԕ䙊䗷࣯ભԔ Āྲ᭮

བྷǃޘᲟ઼ٮᯌā᧗ࡦ㿶仁ᩴۿᵪǄ൘䇑㇇ᵪ᧗ࡦⲴ䇮༷ѝˈ䜘㻛㿶Ѫ⚥⍫儈᭸Ⲵ᧗ࡦ

⧟㢲ˈ൘ᵪಘӪ᧗઼ࡦ䘌〻ᵪಘӪѝᗇࡠҶᓄ⭘Ǆ൘ড䲙ൠ⛩ǃཚオᡆ㘵⢩↺൪ਸˈн

 ⴤ᧕᧗ˈ䴰㾱ᴤ㠚❦ⲴӪᵪ⭼䶒Ǆׯ

3ǃݯㄕǃ㘱Ӫᡆ㙻ଁӪⲴᮉ㛢઼⭏⍫Ǆ䙊䗷Ӫᵪ᧕ਓˈਟԕᆼᡀ㙻ଁӪ઼䇑㇇ᵪⲴ㠚

❦Ӕ⍱ˈᨀ儈ަਇᮉ㛢Ⲵ㜭࣋Ǆ਼ᰦਟԕᔪ・䎧↓ᑨӪ઼㙻ଁӪ⋏䙊Ⲵ㇑䚃ˈ䇙↓ᑨӪ㜭ཏ

Āੜā៲㙻ଁӪⲴĀ䈍āǄ൘㙻ଁӪᮉ㛢ᯩ䶒ҏᴹа㌫ࡇⲴ䈝䇶࡛㌫㔏䰞цǄ 

1.2 ⹊ガ⧦⣬ 

1.2.1⢩ᖱ᧿䘠оᨀਆ㇇⌅ 

� สҾ㛔㢢⁑රสҾ㛔㢢⁑රสҾ㛔㢢⁑රสҾ㛔㢢⁑ර

[1] 

㛔㢢Ự⍻ѫ㾱ᱟṩᦞ㛔㢢൘仌㢢オ䰤кⲴ࠶ᐳ⢩ᖱᶕỰ⍻മۿѝⲴ㚼㛔४ฏǄRossotti

о Angelopoulou࡛࠶൘ 1983ᒤо 1999ᒤⲴ⹄ウᡀ᷌䇱᰾Ҷ൘⭏⢙઼⢙⨶к㛔㢢࠶ᐳⲴа

㠤ᙗˈᤷࠪቭ㇑ӪⲴ㛔㢢ഐӪⲴн਼㘼н਼ˈ⧠ࠪн਼Ⲵ仌㢢ˈնᱟ൘ᧂ䲔ҶӞᓖǃ㿶

⧟ຳㅹሩ㛔㢢Ⲵᖡ૽ਾ Ⳟ̍㛔Ⲵ㢢䈳สᵜа㠤Ǆ䘉Ѫ࡙⭘仌㢢ؑ䘋㹼Ⳟ㛔Ự⍻Ⲵਟ㜭ᙗᨀ

   Ҷᴹ࡙Ⲵ䇱ᦞǄ

YCbCr㢢ᖙ⁑රѝ Y ᱟӞᓖ 㘼̍ Cb઼ Crᱟ㢢ᓖؑǄYCbCrਟ⭡ RGB㓯ᙗਈॆᗇࡠǄ

㲭❦ YCrCb⁑ර㜭൘аᇊ〻ᓖкࡺᕡ Y Ӟᓖሩ仌㢢Ⲵᖡ૽ˈնㆰঅⲴᧂ䲔 Y Ⲵᖡ૽ሶՊࡺ

ᕡ⁑ර励ἂᙗǄഐ㘼䴰㾱ሩ⁑ර䘋㹼䶎㓯ᙗ࠶⇥㢢ᖙਈᦒǄ㓿䗷䘉ṧⲴ䶎㓯ᙗ࠶⇥㢢ᖙਈᦒˈ

ᡁԜᗇࡠ㛔㢢൘ YCrCb オ䰤ѝⲴ࠶ᐳ䳶ѝ൘ањὝശѝǄ᤹➗Ր㔏Ⲵᯩ⌅ˈᡁԜሶ⭘ањ

Ὕശᶕ䘁լ㺘⽪䘉њ㛔㢢४ฏǄ䘉ṧᡁԜਟԕሶ㛔㢢⛩о䶎㛔㢢⛩䘋㹼࠶ ሩ̍മۿ䘋㹼Ҽ

٬ॆǄ൘ὝശⲴ⛩䇮㖞Ѫ 255̍ н൘ὝശⲴ⛩䇮㖞Ѫ 0Ǆ 

㛔㢢⁑ර൘㛼Ჟо㛔㢢н䘁ⲴᛵߥлᴹᖃྭⲴỰ⍻⦷Ǆަ㕪䲧൘Ҿሩ⧟ຳоݹ㓯ㅹ

Ⲵ䎆ᙗǄᒦфᰐ⌅ӵṩᦞ㛔㢢⁑රᶕࡔᯝ࣯ˈഐѪ㛔㢢нᱟᡰާᴹⲴ⤜⢩⢩ᖱǄ 
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� สҾสҾสҾสҾ Haar_Like ⢩ᖱ⢩ᖱ⢩ᖱ⢩ᖱ

[2,3] 

䘉ӋㆰঅⲴ⢩ᖱⓀ㠚 PapageorgiouㅹӪᨀࠪⲴ Haarส࠭ᮠǄᴤާփ⛩ ᡁ̍Ԝ⭘Ⲵᱟй

⢩ᖱǄєњ⸙ᖒ४ฏⲴۿ㍐ᙫ઼˄eg:Ӟᓖ٬ᙫ઼˅ѻᐞ〠ѪĀҼ⸙ᖒ⢩ᖱ٬āǄ਼ṧབྷሿⲴ

єњ⸙ᖒ४ฏᴹ≤ᒣ઼ⴤєᯩᔿ˄മ 1 Ǆ˅ 

Haar⢩ᖱᱟㆰঅⲴˈնᱟሩҾа࢟ 20*20Ⲵമަۿ⢩ᖱ٬ᱟᐘབྷⲴˈ⭡Ҿа࢟മۿⲴ⢩

ᖱ٬ᙫᮠਆߣҾ⢩ᖱ⸙ᖒරˈ⢩ᖱ⸙ᖒⲴབྷሿˈ⢩ᖱ⸙ᖒ൘മۿѝⲴս㖞ǄҾᱟᕅޕҶ〟

മ䘋㹼Ոॆ䇑㇇Ǆ࠶

[2,3] 

 

മമമമ 1.1 ሱ䰝ⴁ⍻४ฏѝⲴ⸙ᖒ⢩ᖱ⽪ֻሱ䰝ⴁ⍻४ฏѝⲴ⸙ᖒ⢩ᖱ⽪ֻሱ䰝ⴁ⍻४ฏѝⲴ⸙ᖒ⢩ᖱ⽪ֻሱ䰝ⴁ⍻४ฏѝⲴ⸙ᖒ⢩ᖱ⽪ֻǄǄǄǄ⚠㢢४ฏۿ㍐઼оⲭ㢢४ฏۿ㍐઼ѻᐞ㺘⽪⸙⚠㢢४ฏۿ㍐઼оⲭ㢢४ฏۿ㍐઼ѻᐞ㺘⽪⸙⚠㢢४ฏۿ㍐઼оⲭ㢢४ฏۿ㍐઼ѻᐞ㺘⽪⸙⚠㢢४ฏۿ㍐઼оⲭ㢢४ฏۿ㍐઼ѻᐞ㺘⽪⸙ 

ᖒᖱ٬ᖒᖱ٬ᖒᖱ٬ᖒᖱ٬ǄǄǄǄA ઼઼઼઼ B 㺘⽪Ҽ⸙ᖒ⢩ᖱ㺘⽪Ҽ⸙ᖒ⢩ᖱ㺘⽪Ҽ⸙ᖒ⢩ᖱ㺘⽪Ҽ⸙ᖒ⢩ᖱˈ̍̍̍C 㺘⽪й⸙ᖒ⢩ᖱ㺘⽪й⸙ᖒ⢩ᖱ㺘⽪й⸙ᖒ⢩ᖱ㺘⽪й⸙ᖒ⢩ᖱˈ̍̍̍D 㺘⽪ഋ⸙ᖒ⢩ᖱ㺘⽪ഋ⸙ᖒ⢩ᖱ㺘⽪ഋ⸙ᖒ⢩ᖱ㺘⽪ഋ⸙ᖒ⢩ᖱǄ 

 

മѪ䗷㺘⽪ˈ⸙ᖒ⢩ᖱਟԕᖸᘛⲴ䇑㇇ǄսҾ࠶〟⭘࡙ yx, ༴Ⲵ〟࠶മवਜ਼ x ᐖ䗩

઼ y к䗩Ⲵۿ㍐٬ѻ઼Ǆ࡙ ٬⛩മѝഋњ৲㘳࠶〟⭘㍐ѻ઼ਟ࡙ۿമԫօ⸙ᖒ४ฏѝ࠶〟⭘

ᶕ䇑㇇ǄPaul Viola઼ Micheal J.JonesᨀࠪⲴㆰঅ Haar⢩ᖱሩҾ䖜ᖸᝏˈѪҶ䗮ࡠ䖜

нਈᙗ R̍ainer Lienhart઼ Jochen MaydtᨀࠪҶᢙኅⲴ Haar⢩ᖱ

[4]
ᕅ̍ޕҶާᴹ 45°䖜Ⲵ

Haar⢩ᖱ઼ѝᗳ⸙ᖒ⢩ᖱˈᒦࢄ䲔Ҷഋ⸙ᖒ⢩ᖱǄ 

 

മമമമ 1.2 ᢙኅᢙኅᢙኅᢙኅ Haar ⢩ᖱ⢩ᖱ⢩ᖱ⢩ᖱˈ̍̍̍ᕅޕҶ䖜ᕅޕҶ䖜ᕅޕҶ䖜ᕅޕҶ䖜 45°°°°઼ѝᗳ⸙ᖒ⢩ᖱ䘋㹼Ոॆ઼ѝᗳ⸙ᖒ⢩ᖱ䘋㹼Ոॆ઼ѝᗳ⸙ᖒ⢩ᖱ䘋㹼Ոॆ઼ѝᗳ⸙ᖒ⢩ᖱ䘋㹼Ոॆ 
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 䪸ሩᐘབྷⲴ⢩ᖱ٬ᮠⴞ઼ㆰঅⲴ⢩ᖱ᧿䘠ˈᴹᗵ㾱䟷⭘∄䖳ᕪབྷⲴᆖҐ㇇⌅䘋㹼ᕕ㺕ˈ

Ӿ⎧䟿Ⲵ⢩ᖱѝ䘹ਆᴰާԓ㺘ᙗⲴ⢩ᖱᶕ᧿䘠ሩ䊑ǄᓄⲴˈViola ᨀࠪҶ AdaBoost㇇⌅Ǆ 

ᴰ㠤ભⲴ㕪⛩ᱟ H̍aar⢩ᖱሩҾḄᙗⲴˈਈॆᙗབྷⲴሩ䊑ˈ䆜ྲⲴ㺘ᖱ᭸᷌ᒦнྭǄHaar

⢩ᖱ䘲⭘Ҿሩ䊑ѝተ䜘ս㖞പᇊⲴᛵߥˈֻ ྲӪ㝨ѝⶋǃ啫ᆀǃᐤⲴս㖞ᱟሩപᇊⲴǄ 

� สҾቪᓖнਈสҾቪᓖнਈสҾቪᓖнਈสҾቪᓖнਈ˄˄˄˄SIFT˅˅˅˅⢩ᖱ⢩ᖱ⢩ᖱ⢩ᖱ

[5~8] 

SIFT㇇⌅⭡D.G.Lowe 1999ᒤᨀࠪ

[5] 2̍004ᒤᆼழᙫ㔃

[6]
ǄਾᶕY.Keሶަ᧿䘠ᆀ䜘࠶⭘PCA

ԓᴯⴤᯩമⲴᯩᔿˈሩަ䘋㹼᭩䘋Ǆަѫ㾱ᙍᜣᱟаᨀਆተ䜘⢩ᖱⲴ㇇⌅ˈ൘ቪᓖオ䰤ራ

ᶱ٬⛩ˈᨀਆս㖞ˈቪᓖˈ䖜нਈ䟿Ǆ 

俆ݸ䴰㾱䈤᰾օ䉃ቪᓖオ䰤Ǆቪᓖオ䰤ᇎ䱵ᱟ䪸ሩമۿⲴ⁑㋺〻ᓖ㘼䀰Ⲵˈᒦнᱟമۿ

Ⲵۿ㍐བྷሿǄѪҶ⭏ᡀн਼ቪᓖⲴമۿˈ䴰㾱⭘ࡠҼ㔤Ⲵ儈ᯟ࠭ᮠ䘋㹼ধ〟⁑㋺Ǆ᧕лᶕ䴰

㾱⭏ᡀ儈ᯟ䠁ᆀຄ ᡰ̍䉃Ⲵ䠁ᆇຄᱟ䪸ሩ䱽䟷ṧ㘼䀰ⲴǄ൘⇿њ㔤ᓖ octaveкሩമۿ䘋㹼ቪ

ᓖਈᦒˈণ⭘ާᴹн਼
σ
儈ᯟ࠭ᮠሩമۿ⁑㋺˗ሩ⇿њ㔤ᓖᴰਾⲴമۿ䘋㹼䱽䟷ṧˈഐ㘼

ᖒᡀ儈ᯟ䠁ᆇຄ˖ 

 

 

മ 廉富情 儈ᯟ䠁ᆇຄ 

 

 ࡙⭘儈ᯟ䠁ᆇຄ⭏ᡀ儈ᯟᐞ࠶മۿ ণ਼̍а octave䛫єᑵമۿ߿ᗇࡠᐞ࠶儈ᯟമۿ 

DoG˄ᖃҾሩቪᓖ㔤ᓖ䘋㹼ᗞ࠶˅̍ ൘ DoGѝራ⢩ᖱ⛩ˈަާᴹቪᓖнਈᙗǄ

[8] 
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 ᧕лᶕׯᱟ൘儈ᯟᐞ࠶䠁ᆇຄѝራᶱ٬⛩ˈ⇿ањ䟷ṧ⛩㾱઼ᆳᡰᴹⲴ䛫⛩∄䖳ˈ

ⴻަᱟ∄ᆳⲴമۿฏ઼ቪᓖฏⲴ䛫⛩བྷᡆ㘵ሿǄྲ മᡰ⽪ ѝ̍䰤ⲴỰ⍻⛩઼ᆳ਼ቪᓖⲴ

8њ䛫⛩઼кл䛫ቪᓖሩᓄⲴ 9×2њ⛩ޡ 26њ⛩∄䖳ˈԕ⺞؍൘ቪᓖオ䰤઼Ҽ㔤മۿ

オ䰤䜭Ự⍻ࡠᶱ٬⛩Ǆ  

 

 

 

 

 

 

 

 

 

 

 

മമമമ 1.4 儈ᯟᐞ࠶മۿ儈ᯟᐞ࠶മۿ儈ᯟᐞ࠶മۿ儈ᯟᐞ࠶മۿ                        മമമമ 1.5 ቪᓖオ䰤ራᶱ٬⛩ቪᓖオ䰤ራᶱ٬⛩ቪᓖオ䰤ራᶱ٬⛩ቪᓖオ䰤ራᶱ٬⛩ 

  

ࡠᶱ٬⛩ਾˈ䴰㾱㋮⺞ࡠӊۿ㍐㓗࡛ˈᒦᧂ䲔аӋվሩ∄ᓖ઼儈ᯟ⁑㋺ᰦ䗩㕈ᖡ૽Ⲵ

⛩Ǆ䶒䱥ᩴۿᵪⲴᡀۿ䶒ԕۿ㍐ѪᴰሿঅսǄ 

 䙊䗷ቪᓖнਈᙗ≲ᶱ٬⛩ˈਟԕ֯ަާᴹ㕙᭮нਈⲴᙗ䍘ˈ࡙⭘⢩ᖱ⛩䛫ฏۿ㍐Ⲵởᓖ

ᐳ⢩ᙗ࠶ੁᯩ ᡁ̍ԜਟԕѪ⇿њ⢩ᖱ⛩ᤷᇊᯩੁ৲ᮠᯩੁ Ӿ̍㘼֯᧿䘠ᆀሩമۿ䖜ާᴹн

ਈᙗǄ㠣↔ᡁԜ⺞ᇊҶ⇿њ⢩ᖱ⛩ˈަؑवᤜ˖ቪᓖオ䰤ḷˈѫᯩੁˈởᓖ٬Ǆ 

 ᧕лᶕᱟሩ⇿њ⢩ᖱ⛩ˈ࡙⭘ަઘത⛩Ⲵởᓖ઼ᯩੁؑሩ䈕⛩䘋㹼ᴤ䈖㓶Ⲵ᧿䘠〠Ѫ

⢩ᖱ⛩ᆀ᧿䘠Ǆ᧿䘠ⲴⴞⲴᱟ൘ޣ䭞⛩䇑㇇ਾˈ⭘а㓴ੁ䟿ሶ䘉њޣ䭞⛩᧿䘠ࠪᶕˈ䘉њ᧿

䘠ᆀнնवᤜޣ䭞⛩ˈҏवᤜޣ䭞⛩ઘതሩަᴹ䍑⥞Ⲵۿ㍐⛩Ǆ⭘ᶕѪⴞḷ३䝽Ⲵᦞˈ

ҏਟ֯ޣ䭞⛩ާᴹᴤཊⲴнਈ⢩ᙗˈྲݹ➗ਈॆǃ3D㿶⛩ਈॆㅹǄ 

 ਟ㿱 SIFTо Haar⢩ᖱ∄༽ᵲᖸཊˈҏާᴹᴤཊሩ䊑ؑǄа㡜о∄䖳ㆰঅⲴᆖҐ࠶㊫

ᯩ⌅㔃ਸˈྲ᭟ᤱੁ䟿ᵪˈㆰঅ⾎㓿㖁㔌ˈᡆ㘵ᱟߣㆆṁ䘋㹼⁑ᶯ३䝽ǄSIFT ㇇⌅ާᴹ

ԕлՈ⛩˖ቪᓖнਈᖒˈ䖜нਈᖒˈݹ➗৺ 3D 㿶⛩励ἂᙗǄն SIFT Ⲵ㕪⛩ᱟ䘲⭘Ҿ㓩

⨶∄䖳ѠᇼⲴሩ䊑ˈᒦфՊሩᣁࡦ䗩㕈⢩ᖱˈ䘉ሩҾ㘼䀰ᱟн࡙ⲴǄ 

� สҾڵ䟼ਦ᧿䘠สҾڵ䟼ਦ᧿䘠สҾڵ䟼ਦ᧿䘠สҾڵ䟼ਦ᧿䘠˄˄˄˄FD˅˅˅˅

[9] 

⭡ˈ䟼ਦ᧿䘠ᱟสҾ⢙փ䖞ᔃⲴ᧿䘠ڵ Charles Zahn઼ Ralph RoskiesD ᨀࠪˈ⭡Ҿݸ

FD ሩᴢ㓯Ⲵ᧿䘠ާᴹቪᓖˈ䖜оս㖞ⲴнਈᙗˈӾ㘼ѻਾ㻛ᓄ⭘Ҿሩ⢙փⲴ䖞ᔃ᧿䘠Ǆ

ቔަᱟሩҾ䘉䖞ᔃᱟᖸ䟽㾱⢩ᖱⲴሩ䊑Ǆ 
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˖䇮ᴢ㓯Ⲵ৲ᮠ㺘䗮ᔿѪٷ  ))(),(()( lylxlz = ˈަѝ lѪᕗᓖ Ll ≤≤0 Ǆ 

 ⭘ )(lθ 㺘⽪ᴢ㓯൘䐍䎧⛩ l ༴䈕⛩Ⲵ࠷㓯ᯩੁˈަѝ )0(0 θδ = 㺘⽪䎧⛩༴࠷㓯ᯩੁ˗⭘

)(lϕ 㺘⽪ᴢ㓯൘䐍䎧⛩ l ༴о䎧⛩༴࠷㓯ᯩੁⲴཀྵ䀂˗⭘ t
Lt

t += )
2

()(*

π
ϕϕ 㺘⽪ᖂаॆⲴ

)(lϕ ࡉˈ l
Lt =
π2

Ǆާփ㿱മ 

 
മമമമ  䟼ਦ᧿䘠ᴢ㓯৲ᮠᯩ〻ڵ䟼ਦ᧿䘠ᴢ㓯৲ᮠᯩ〻ڵ䟼ਦ᧿䘠ᴢ㓯৲ᮠᯩ〻ڵ䟼ਦ᧿䘠ᴢ㓯৲ᮠᯩ〻ڵ 1.6

  

⭡ )(* tϕ ᴢ㓯Ⲵᑵ仁⢩ᙗࡠ䟼ਦ㓗ᮠ⸕䚃˖ਟԕᗇڵ kA ~K ઼仁⢩ᙗ kα ~KǄ 

 ਟԕⴻࡠ 0z ˈᇊ⵰ᴢ㓯ս㖞ߣ 0δ ᇊ⵰ᴢ㓯ቪᓖǄӾᑵ仁⢩ᙗߣᇊ⵰ᴢ㓯䖜ᯩੁˈLߣ

઼仁⢩ᙗⲴ㺘䗮ᔿⴻࠪަоᴢ㓯ս㖞 ̍䖜ᯩੁнޣǄ䊼լᴢ㓯Ⲵབྷሿቪᓖሩަᴹᖡ૽ˈ

ն⌘ࡠ

L

l
ਟ⸕ᴢ㓯ቪᓖҏᰐᖡ૽Ǆࡍ⛩䘹ᤙⲴн਼ਚՊᖡ૽µ ሩ̍ᑵ仁⢩ᙗ઼仁⢩ᙗ

਼ṧнՊӗ⭏ᖡ૽Ǆ䘉䗩ᱟڵ䟼ਦ᧿䘠ⲴᕪབྷᙗǄ 

 նڵ䟼ਦ᧿䘠Ⲵ㠤ભ㕪⛩ᱟᗵ享ᗇࡠሩ䊑Ⲵ䖳ྭⲴ䖞ᔃˈ䘉൘༽ᵲ㛼ᲟѝнᱟаԦㆰঅ

ⲴһᛵǄ 

� สҾᕩᙗ३䝽മสҾᕩᙗ३䝽മสҾᕩᙗ३䝽മสҾᕩᙗ३䝽മ˄˄˄˄EGM˅˅˅˅

[10,11] 

ᕩᙗമ३䝽൘Ӫ㝨䇶࡛ѝᴹᖸྭⲴᓄ⭘Ǆ⹄ウᇎ䐥㺘᰾:൘㕪ཡӪ㝨Ҽ㔤ᖒ⣦ؑᰦ Ӿ̍

മۿᮠᦞѝᨀਆཊᯩੁǃཊቪᓖ(仁⦷)Ⲵ Gabor⢩ᖱᱟаਸ䘲Ⲵ䘹ᤙǄLadesㅹӪ俆ݸᨀ

ࠪҶสҾ Gaborሿ⌒ਈᦒⲴ३䝽㇇⌅䘋㹼Ӫ㝨䇶࡛ˈ൘↔สкˈW iskottㅹӪ৸ᨀࠪҶᕩ

ᙗമ३䝽⌅(EGM)̍ ֯ᗇ䇑㇇ᵪ㜭㠚ࣘᇊսޣ䭞⢩ᖱ⛩Ⲵս㖞Ǆ൘䈕㇇⌅ѝˈ俆ݸ൘Ӫ㝨ѝ
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䘹ਆаӋս㖞⢩↺Ⲵ⛩Ѫ⢩ᖱ⛩ˈ∄ྲ啫ቆˈⶋˈ仍ཤˈлᐤㅹ;❦ਾ䙊䗷 Gabor└⌒

ಘ൘⢩ᖱ⛩༴└⌒ᨀਆ Gabor㌫ᮠ ̍Ѫ⢩ᖱ٬ ሶ̠⇿њӪ㝨⭘а㓴⢩ᖱ⛩৺ަሩᓄⲴ⢩ᖱ

٬ᶕ㺘⽪ˈᒦᢺ⢩ᖱ٬ᆈۘ൘〠ѪӪ㝨മⲴᮠᦞ㔃ᶴѝ˗൘䇶࡛䗷〻ᰦˈݸᇊսᯠⲴӪ㝨മ

ѝ⢩ᖱ⛩ս㖞ˈ❦ਾᨀਆ⢩ᖱ٬ˈ⭏ᡀӪ㝨മˈሶަоᮠᦞᓃѝᐢᆈⲴӪ㝨മ䘋㹼∄䖳ˈԕ

ራ≲ᴰ֣३䝽Ǆն EGM ㇇⌅ҏᱟ䪸ሩࡊᙗⲴˈਈॆቁⲴሩ䊑ަ᭸᷌Պ∄䖳ྭǄ 
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1.2.2ᆖҐ३䝽㇇⌅  

� AdaBoost ⌅㇇ᕪᆖҐ࣐⌅㇇ᕪᆖҐ࣐⌅㇇ᕪᆖҐ࣐⌅㇇ᕪᆖҐ࣐

[12,13]
 

AdaBoost࣐ᕪᆖҐ㇇⌅ᙍᜣᱟݸ䙊䗷ㆰঅⲴ࠶㊫㇇⌅䆜ྲߣㆆṁˈ࡙ ⭘ቁᮠ⢩ᖱሩṧᵜ

㊫࠶ ᗇ̍ࡠᕡ࠶㊫ಘ ṩ̍ᦞ࠶㊫↓⺞Ⲵ↓ṧᵜ⦷⺞ᇊ䈕ᕡ࠶㊫ಘ൘ѻਾᶴᡀᕪ࠶㊫ಘⲴᵳ䟽ˈ

ᒦሩ䭉䈟࠶㊫Ⲵṧᵜᨀ儈ަᵳ䟽ᶴᡀᯠⲴ䇝㓳ṧᵜՐ㔉лањᕡ࠶㊫ಘ䘋㹼䇝㓳ˈྲ ↔৽༽

ⴤࡠ䗮ࡠ亴ᇊ㾱≲Ǆ❦ਾሶᗇࡠⲴᕡ࠶㊫ಘ৺ᓄⲴᵳ䟽䘋㹼㓯ᙗ㓴ਸᗇࡠᕪ࠶㊫ಘ 䘉̍ׯ

〠࣐ᕪරᆖҐǄ 

൘ Viola Ⲵ䇪᮷ѝ䘈ᨀࡠ䇝㓳ཊњᕪ࠶㊫ಘ䘋㹼㓗㚄ˈަѝ䶐ࡽⲴᕪ࠶㊫ಘަ䘹ᤙ⢩ᖱ

∄䖳㋇᭮ 䶐̍ਾⲴ⢩ᖱަ䘹ᤙᴤ㋮㓶Ǆ൘ᇎ䱵ⲴỰ⍻ѝⵏ↓वਜ਼Ӫ㝨ⲴᆀデਓаᇊՊ䙊䗷ᡰ

ᴹቲⲴ࠶㊫ಘˈഐ↔൘䇝㓳Ⲵᰦى P 䳶ᱟн䴰㾱ᴤᯠⲴǄ㘼䶎Ӫ㝨ⲴᆀデਓՊ䙀⑀㻛ㆋ

䘹ᦹˈᒦнՊ䙊䗷ᡰᴹቲˈᡰԕ N  䳶ᱟ䴰㾱ᴤᯠⲴǄഐ㘼⭘Ҿ䇝㓳ਾ㔝䱦⇥Ⲵ䍏ֻ䳶˄ণ 

N 䳶 ᱟ˅ӾᖃࡽỰ⍻ಘሩ䶎Ӫ㝨മۿ䳶䘋㹼Ự⍻ਾࡔᯝѪ↓ֻⲴնһᇎк⋑ᴹⴞḷሩ䊑˄ ণ

Ӫ㝨˅Ⲵ䛓Ӌമۿѝ㧧ᗇⲴǄ 

AdaBoost㇇⌅䘲ਸҾㆰঅᇶ䳶ර⢩ᖱ ሩ̍Ҿᵜ䓛ާᴹབྷ䟿ؑᒦሩሩ䊑ؑ䘋㹼аᇊㆋ

䘹Ⲵ⢩ᖱˈަᒦнᱟᴰਸ䘲ⲴǄ 

� SVM ᭟ᤱੁ䟿ᵪ᭟ᤱੁ䟿ᵪ᭟ᤱੁ䟿ᵪ᭟ᤱੁ䟿ᵪ

[14] 

SVM ᯩ⌅Ⲵสᵜᙍᜣᱟ ᇊ̟ѹᴰՈ㓯ᙗ䎵ᒣ䶒 ᒦ̍ᢺራᴰՈ㓯ᙗ䎵ᒣ䶒Ⲵ㇇⌅ᖂ㔃Ѫ

≲䀓ањࠨ㿴ࡂ䰞仈Ǆ䘋㘼สҾ MercerṨኅᔰᇊ⨶ˈ䙊䗷䶎㓯ᙗ᱐ሴφˈᢺṧᵜオ䰤᱐ሴ

ањ儈㔤ѳ㠣Ҿᰐェ㔤Ⲵ⢩ᖱオ䰤˄Hilbertࡠ オ䰤˅̍ ֯൘⢩ᖱオ䰤ѝਟԕᓄ⭘㓯ᙗᆖҐᵪ 

Ⲵᯩ⌅䀓ߣṧᵜオ䰤ѝⲴ儈ᓖ䶎㓯ᙗ࠶㊫઼എᖂㅹ䰞仈Ǆ 

 
മമമമ 1.7 SVM 䙊䗷ॷ㔤䗮ࡠ㓯ᙗਟ࠶䙊䗷ॷ㔤䗮ࡠ㓯ᙗਟ࠶䙊䗷ॷ㔤䗮ࡠ㓯ᙗਟ࠶䙊䗷ॷ㔤䗮ࡠ㓯ᙗਟ࠶ 
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� NNW Ӫᐕ⾎㓿㖁㔌Ӫᐕ⾎㓿㖁㔌Ӫᐕ⾎㓿㖁㔌Ӫᐕ⾎㓿㖁㔌

[15]
 

⾎㓿㖁㔌ᱟа∄䖳᳤࣋ⲴᆖҐ㇇⌅ˈሩҾ࠶㊫䰞仈ˈަᵜ䍘ׯᱟሩҾᡰ㔉Ⲵ⢩ᖱˈн

ᯝ䈳ᮤަᵳ䟽ˈ֯䈟ᐞ䗮ࡠᴰሿǄ⾎㓿㖁㔌Ⲵสᵜঅྲݳл˖ 

 

മമമമ 1.8 ⾎㓿㖁㔌สᵜঅݳ⾎㓿㖁㔌สᵜঅݳ⾎㓿㖁㔌สᵜঅݳ⾎㓿㖁㔌สᵜঅݳ 

 䗃ޕቲᖃҾᡁԜⲴ⢩ᖱੁ䟿ˈ⢩ᖱੁ䟿ѝ⇿њ⢩ᖱ٬ާᴹн਼Ⲵᵳ٬ WˈሩҾ◰⍫࠭

ᮠа㡜䘹ᤙ䱦䏳࠭ᮠˈণᖃҾањ䰸٬ˈᡆ㘵ᱟ sigmoid࠭ᮠ˖ )1/(1 xe−+ ˈ䗃ࠪਟ䘹ᤙѪ

1ᡆ 0ˈ৺ᱟѪሩ䊑ˈ❦ਾṩᦞ㔃઼᷌ᆖҐ㇇⌅؞᭩ᵳ䟽Ǆᑨ⭘Ⲵᱟởᓖл䱽ᆖҐ⌅Ǆ 

ᖃ❦䘉ᱟᴰㆰঅสᵜⲴ⾎㓿ݳ㔃ᶴˈ༽ᵲⲴ⾎㓿㖁㔌ਟԕवਜ਼䇨ཊњ⾎㓿ݳˈ⭊㠣वᤜ

ཊቲ㔃ᶴˈ㘼нӵӵᱟ䗃ޕ䗃ࠪቲˈਟԕवਜ਼䳀ቲˈ㘼ሩҾ⾎㓿㖁㔌Ⲵާփ㔃ᶴᱟ䪸ሩн਼

䰞仈㘼ᔲⲴˈᑨ⭘Ⲵᴹ BP⾎㓿㖁㔌˄Back Propagation˅Ǆ 

⾎㓿㖁㔌ᱟа∄䖳᳤࣋ˈㆰঅⲴᯩ⌅ˈ൘ Matlabѝᴹу䰘Ⲵ⾎㓿㖁㔌ᐕާवǄն

ަ᭦ᮋᙗᖸ䳮؍䇱ˈԕ৺ሩ䳀ቲ䘹ᤙˈ٬ࡍ䘹ᤙˈᆖҐ↕䮯䘹ᤙㅹ䜭ᱟสҾ㓿傼ޜᔿⲴˈ⋑

ᴹѕṬⲴ⨶䇪ᤷሬˈഐ㘼൘ᆖҐᰦᑖᴹаᇊⲴⴢⴞᙗǄ 

㊫३䝽࠶ㆆṁߣ㊫३䝽࠶ㆆṁߣ㊫३䝽࠶ㆆṁߣ㊫३䝽࠶ㆆṁߣ �

[16] 

ᰙᵏߣㆆṁ㇇⌅ᱟ 1986ᒤ⭡ QuiIanᨀࠪⲴ ID3 ㇇⌅ˈᆳᱟањӾкࡠлǃ࠶㘼⋫ѻⲴ

ᖂ㓣䗷〻ǄID3 ㇇⌅䘹ᤙާᴹᴰ儈ؑ⳺ⲴᙗѪ⍻䈅ᙗǄ 

    ᇊѹ: 䇮ṧᵜ䳶 T ᤹ᮓᙗ A Ⲵ sњн਼Ⲵਆ࠶ࡂˈ٬Ѫ T1ˈ…ˈTsޡ sњᆀ䳶ˈ

ࡉ T ⭘ A 䘋㹼࠶ࡂⲴؑ⳺Ѫ˖ )inf()inf(),( i
i T

T

T
TTAgain ×−= ∑ ަѝ )inf(T 㺘⽪ T Ⲵؑ

⟥Ǆ䇮 T ᴹ m њ㊫ˈࡉ ∑ ×−= )(log)inf( 2 jj ppT ˈަѝ jp 㺘⽪ T ѝवਜ਼㊫ j Ⲵᾲ⦷Ǆ 

ަ։Ⲵ㇇⌅䜭ᱟสҾ ID3 ㇇⌅䘋㹼Ոॆ╄ਈ㘼ᶕⲴǄ䆜ྲ CART ㇇⌅˄Classification and 

Regression Tree˅ਟԕ༴⨶儈ᓖٮᯌᡆཊᘱⲴᮠ٬රᮠᦞˈҏਟ༴⨶亪ᒿᡆᰐᒿⲴ㊫රᮠ

ᦞǄCART 䘹ᤙާᴹᴰሿ gini ㌫ᮠ٬ⲴᙗѪ⍻䈅ᙗǄ 
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1.2.3ᆈ൘䰞仈

[17] 

� 儈㔤ᓖⲴ䰞仈儈㔤ᓖⲴ䰞仈儈㔤ᓖⲴ䰞仈儈㔤ᓖⲴ䰞仈 

    䜘ᱟ⭡ 20 њ㠚⭡ᓖԕкⲴޣ㢲փ㓴ᡀⲴˈণ֯ᤷѻ䰤ᆈ൘㓖ᶏ㘼֯ӪⲴᇎ䱵䘀

ࣘн䴰㾱 20њ㠚⭡ᓖˈ⹄ウᱮ⽪৲ᮠⲴᴰቁҏ㾱ᴹ 6 㔤Ǆ㘳㲁ࡠӪᇊսⲴᯩੁᙗˈ䇑㇇

䟿䘈ᱟᖸབྷⲴǄ 

� 䚞ⴆ⧠䊑䚞ⴆ⧠䊑䚞ⴆ⧠䊑䚞ⴆ⧠䊑 

    ⭡Ҿ䜘Ѫޣ㢲փˈᆳⲴᣅᖡѪབྷ䟿Ⲵާᴹ䚞ⴆ⢩⛩Ⲵᖒ⣦ˈ֯ᗇࢢ࠶䜘н਼४ฏ઼

ᨀਆᴹ⭘⢩ᖱⲴ䗷〻䶎ᑨഠ䳮Ǆⴞࡽ൘ုᘱⲴ㓖ᶏѝˈሩҾ䚞ⴆⲴ䰞仈ˈⴞࡽ䟷ਆⲴᯩ⌅ᱟ

Ԕᦼоᩴۿཤᒣ䶒ᒣ㹼 䘉̍ṧਟԕ䚯ݽ伏ᤷሩަԆᤷⲴ䚞ᥑǄ਼ ṧҏਟԕ⭘Ҿ߿վ㔤ᮠˈ

ᯩ⌅ᱟ⭘䖳վ㠚⭡ᓖⲴ㋇㌉⁑ර ሩ̍Ҿ㠚⭡ᓖཊⲴ⁑රਟԕ䙊䗷㕙߿㠚⭡ᓖ䗮ࡠᘛ䙏༴⨶

ⲴⴞⲴǄ 

� ༴⨶䙏ᓖ䰞仈༴⨶䙏ᓖ䰞仈༴⨶䙏ᓖ䰞仈༴⨶䙏ᓖ䰞仈 

     䶒ሩањമۿᒿࡇˈ㌫㔏Ⲵҏ䴰㾱༴⨶བྷ䟿ᮠᦞǄԕⴞࡽⲴᢰᵟ䇮༷㘼䀰ˈ䇨ཊ㇇⌅

䜭䴰㾱བྷ䟿⺜Ԧ┑䏣ᒦ㹼༴⨶Ⲵ䴰㾱ˈ༴⨶ᯩ⌅༽ᵲˈ䳮ԕᇎᰦൠ䇶࡛࣯Ǆ 

� ᰐ㓖ᶏ䰞仈ᰐ㓖ᶏ䰞仈ᰐ㓖ᶏ䰞仈ᰐ㓖ᶏ䰞仈 

    㘳㲁ࡠᓄ⭘Ⲵᇎ䱵㾱≲ˈབྷ䜘࠶Ⲵ㌫㔏䜭㾱≲䘲ᓄᰐᤈᶏⲴ㛼Ჟ઼ᇭ㤳തݹ➗Ⲵ⧟ຳ

лǄ㿶㿹䗃ᯩޕᔿⲴՈ⛩ᱟሩ⭘ᡧⲴ䘀ࣘ䲀ࡦ䖳ቁˈն⭡аҾ䇑㇇ᵪ㿶㿹ᢰᵟӽ❦нᡀ⟏ˈ

䘉䗃ᯩޕᔿᆈ൘ᖸཊн䏣ǄᢺമۿѝⲴӪ४ฏоަᆳ४ฏ(㛼Ჟ४ฏ)࠶ࡂᔰᶕ㓸ᱟа

њ䳮⛩ ⢩࡛̍ᱟঅⴞ㿶㿹ᛵߥл༽ᵲ㛼ᲟлⲴ࣯ࢢ࠶䶎ᑨഠ䳮 н̍ӵ⋑ᴹᡀ⟏Ⲵ⨶䇪Ѫ

ᤷሬˈ㘼ф⧠ᴹⲴᯩ⌅ᇎ⧠ഠ䳮ˈ䇑㇇༽ᵲᓖᖸ儈ˈ᭸᷌ҏнᱟᖸ⨶ᜣǄ 

� ᘛ䙏䜘䘀ࣘᘛ䙏䜘䘀ࣘᘛ䙏䜘䘀ࣘᘛ䙏䜘䘀ࣘ 

    Ⲵ䘀ࣘа㡜䜭䎵䗷Ҷ 5m/S̍ 㞅Ⲵ䖜ࣘ䙏ᓖҏ᧕䘁 360 ᓖ/sǄ⧠ᴹⲴᩴۿᵪ㜭᭟ᤱ

30-60HZ/ᑗⲴ䙏⦷ˈնᱟ⧠ᴹⲴ㇇⌅᭟ᤱⲴᑗ⦷а㡜䜭ᱟ 20 ᐖਣˈ儈䙏Ⲵ䜘䘀઼ࣘվ䙏

Ⲵ䟷ṧ⦷䙐ᡀҶᴤབྷⲴ䳌⺽Ǆ 
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1.3 ᵢᮽ⹊ガᇯ    

 ⹄ウᇩ࠶Ѫྲлࠐབྷ䜘࠶˖ 

 1ǃሩҾⲴ⢩ᖱ᧿䘠઼ᨀਆǄ䴰㾱Ӿ⧠ᴹⲴሩӪ㝨઼⢙փỰ⍻㇇⌅ѝࡠаሩ䖳

ྭⲴ⢩ᖱ᧿䘠ˈᒦ⭘ᶕ䇝㓳઼ᆖҐǄ䆜ྲ YCrCb㛔㢢⁑ර

[1] H̍aar_like⢩ᖱ

[2~4] S̍IFT⢩ᖱ

[5~8]
ˈFDڵ䟼ਦ᧿䘠

[9]
ㅹǄ㘼ᵜ᮷⵰䟽Ҿ⹄ウ HOG(Histogram of Orientation and Gradient )ở

ᓖᯩੁⴤᯩമ൘࣯䇶࡛৺Ự⍻ѝⲴᓄ⭘Ǆ 

 2ǃሩᨀਆࡠⲴ HOG⢩ᖱੁ䟿䘋㹼ᆖҐ࠶㊫ˈ䗮ࡠ൘༽ᵲ㛼ᲟлỰ⍻䇶࡛ⲴⴞⲴǄ䈕䜘

ᇩ䴰㾱ሩᆖҐ㇇⌅䘋㹼ㆋ䘹Ǆᑨ⭘Ⲵᴹ࠶ AdaBoost࣐ᕪᆖҐ㇇⌅

[12,13]
ǃSVM ᭟ᤱੁ䟿ᵪ

[14]
ǃANN Ӫᐕ⾎㓿㖁䐟

[15]
ǃCART ㆆṁߣ㊫എᖂ࠶

[16]
ㅹǄᵜ᮷⵰䟽Ҿ⹄ウ SVM ᭟ᤱੁ䟿

ᵪ൘࣯䇶࡛ѝⲴᓄ⭘Ǆ 

 3ǃᓄ⭘˖ᇊѹн਼࣯ሩᓄⲴˈᇎ⧠൘ᴽ࣑ᵪಘӪѝⲴᓄ⭘Ǆ 

 

1.4 ᵢᮽ㔉ᶺ 

ᵜ᮷࠶Ѫഋњㄐ㢲˖ 

ㅜаㄐѫ㾱ӻ㓽⹄ウ㛼Ჟǃѹǃ⹄ウ⧠⣦઼ᆈ൘Ⲵ䳮仈Ǆަѝ൘⹄ウ⧠⣦ѝㆰ㾱Ⲵӻ

㓽Ҷᑨ⭘Ҿ⹄ウⲴ⢩ᖱỰ⍻઼ᆖҐ࠶㊫ᯩ⌅Ǆ 

ㅜҼㄐ䈖㓶ӻ㓽Ҷ SVM˄Support Vector Machine˅᭟ᤱੁ䟿ᵪᆖҐ㇇⌅Ⲵสᵜ⨶Ǆᒦ

ㆰঅӻ㓽Ҷ HOG˄Histogram of Orientation Gradient˅ởᓖᯩੁⴤᯩമ㇇⌅Ǆ 

ㅜйㄐѫ㾱ӻ㓽ྲօާփᇎ⧠ HOG㇇⌅ˈवᤜᒣਠⲴӻ㓽ǃṧᵜⲴࡦǃ৲ᮠ䘹

ᤙㅹ ԕ̠৺ྲօ࡙⭘ LibSVM Matlabᔰਁव䘋㹼䇝㓳ᆖҐ˗D ਾӻ㓽Ҷྲօ㔃ਸ㛔㢢⁑ර䇶

࡛н਼Ⲵ࣯Ǆ 

ㅜഋㄐᙫ㔃Ҷ⹄ウᡀ᷌৺ᇎ傼㓿傼ˈ᧒䇘Ҷᆈ൘Ⲵ䰞仈઼н䏣৺Ӻਾᆼழ⹄ウⲴᯩੁǄ 
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ҼǃHOG⢩ᖱо SVM ᆖҐ㇇⌅ 

2.1 HOG ⢯ᖷ

[18,19] 

 ൘ӻ㓽 HOG⢩ᖱࡽˈ䴰㾱ᦼᨑєњᾲᘥ˖ᇶ䳶ර⢩ᖱ઼〰⮿ර⢩ᖱǄ〰⮿⢩ᖱⲴ⢩⛩

वᤜє⛩˖1वਜ਼⧠ⴞḷሩ䊑Ⲵᴤཊؑ˗2⢩ᖱᮠⴞ∄䖳ቁǄഐ㘼ሩҾ〰⮿⢩ᖱˈоަ

䝽ਸⲴᱟ३䝽㇇⌅Ǆ䆜ྲ SIFT⢩ᖱˈ䇑㇇ࠪⲴ⢩ᖱ⛩वਜ਼Ҷⴞḷሩ䊑䇨ཊተ䜘ؑˈྲተ

䜘ᯩੁ࠶ᐳǃѫᯩੁǃቪᓖǃӞᓖㅹˈ㜭᭮࠶ݵ᱐ⴞḷሩ䊑Ⲵ⢩ᖱˈަᮠ䟿ሩ㘼䀰䖳ቁǄ

৽ሩҾᇶ䳶ර⢩ᖱˈަᵜ䓛ᰐ⌅փ⧠ⴞḷሩ䊑Ⲵؑˈণ֯㜭փ⧠ҏᱟ䳀ᙗⲴˈն⭡Ҿަ

ᮠ䟿ᐘབྷ 䙽̍ᐳⴞḷሩ䊑њս㖞 ൘̍䘉⎧䟿Ⲵؑѝ㛟ᇊᆈ൘㜭৽᱐ⴞḷሩ䊑ᙗⲴ⢩ᖱǄ

㘼㧧ᗇ䘉Ӌ⢩ᖱⲴᯩ⌅ቡ䴰㾱⭘ࡠᆖҐⲴᯩ⌅Ǆ䆜ྲӪ㝨䇶࡛ѝⲴ Haar_Like⢩ᖱԕ৺〽ᗞ

༽ᵲ⛩Ⲵ HOG⢩ᖱǄ 

 HOG᧿䘠ಘᱟ൘ањ㖁Ṭᇶ䳶Ⲵབྷሿ㔏аⲴ㓶㜎অݳ˄dense grid of uniformly spaced 

cells˅ к䇑㇇ˈ㘼фѪҶᨀ儈ᙗ㜭ˈ䘈䟷⭘Ҷ䟽ਐⲴተ䜘ሩ∄ᓖᖂаॆ˄overlapping local 

contrast normalization˅ᢰᵟǄ 

 

മമമമ 2.1 HOG ⴤᯩമⴤᯩമⴤᯩമⴤᯩമ 
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HOG᧿䘠ಘᴰ䟽㾱Ⲵᙍᜣᱟ˖൘а࢟മۿѝˈተ䜘ⴞḷⲴ㺘䊑઼ᖒ⣦˄appearance and 

shape˅ 㜭ཏ㻛ởᓖᡆ䗩㕈Ⲵᯩੁ࠶ᐳᖸྭൠ᧿䘠ǄާփⲴᇎ⧠ᯩ⌅ᱟ˖俆ݸሶമ࠶ۿᡀሿ

Ⲵ䘎䙊४ฏ ᡁ̍Ԝᢺᆳਛ㓶㜎অݳǄ❦ਾ䟷䳶㓶㜎অݳѝۿ㍐⛩ⲴởᓖⲴᡆ䗩㕈Ⲵᯩੁⴤ

ᯩമǄᴰਾᢺ䘉Ӌⴤᯩമ㓴ਸ䎧ᶕቡਟԕᶴᡀ⢩ᖱ᧿䘠ಘǄѪҶᨀ儈ᙗ㜭ˈᡁԜ䘈ਟԕᢺ䘉

Ӌተ䜘ⴤᯩമ൘മۿⲴᴤབྷⲴ㤳ത˄ᡁԜᢺᆳਛ block˅ 䘋㹼ሩ∄ᓖᖂаॆǄ䙊䗷䘉њᖂ

аॆਾˈ㜭ሩݹ➗ਈॆ઼䱤ᖡ㧧ᗇᴤྭⲴ᭸᷌Ǆާփਟԕ৲㘳മ 必富廉Ǆ 

㇇⌅Ⲵᇎ⧠˖ 

� മۿ亴༴⨶˖वᤜᱟ Gammaṑ↓ˈᱟᒣ━└⌒Ǆ 

� ởᓖⲴ䇑㇇˄Gradient computation˅  

ᴰᑨ⭘Ⲵᯩ⌅ᱟ˖ㆰঅൠ֯⭘ања㔤Ⲵᮓᗞ࠶⁑ᶯ˄1-D centered point discrete 

derivative mask˅ ൘ањᯩੁкᡆ㘵਼ᰦ൘≤ᒣ઼ⴤєњᯩੁкሩമۿ䘋㹼༴⨶Ǆ㘵ҏ

ቍ䈅ҶަԆаӋᴤ༽ᵲⲴ⁑ᶯˈྲ 3×3 Sobel ⁑ᶯˈᡆሩ䀂㓯⁑ᶯ˄diagonal masks˅̍ նᱟ

൘䘉њ㹼ӪỰ⍻Ⲵᇎ傼ѝˈ䘉Ӌ༽ᵲ⁑ᶯⲴ㺘⧠䜭䖳ᐞˈᡰԕ㘵Ⲵ㔃䇪ᱟ˖⁑ᶯ䎺ㆰঅˈ

᭸᷌৽㘼䎺ྭǄ㘵ҏቍ䈅Ҷ൘֯⭘ᗞ࠶⁑ᶯޕ࣐ࡽањ儈ᯟᒣ━└⌒ ն̍ᱟ䘉њ儈ᯟᒣ━

└⌒Ⲵ֯ޕ࣐ᗇỰ⍻᭸᷌ᴤᐞˈഐᱟ˖䇨ཊᴹ⭘Ⲵമؑۿᱟᶕ㠚ਈॆ⛸Ⲵ䗩㕈ˈ㘼൘

䇑㇇ởᓖѻޕ࣐ࡽ儈ᯟ└⌒Պᢺ䘉 Ӌ䗩㕈└䲔ᦹǄ 

� ᶴᔪᯩੁⲴⴤᯩമ˄creating the orientation histograms˅ 

ㅜй↕ቡᱟѪമۿⲴ⇿њ㓶㜎অݳᶴᔪởᓖᯩੁⴤᯩമǄ㓶㜎অݳѝⲴ⇿ањۿ㍐⛩䜭

ѪḀњสҾᯩੁⲴⴤᯩമ䙊䚃˄orientation-based histogram channel˅ᣅ⾘Ǆᣅ⾘ᱟ䟷ਆ࣐ᵳ

ᣅ⾘˄weighted voting˅ Ⲵᯩᔿˈণ⇿а⾘䜭ᱟᑖᵳ٬Ⲵˈ䘉њᵳ٬ᱟṩᦞ䈕ۿ㍐⛩Ⲵởᓖ

ᑵᓖ䇑㇇ࠪᶕǄਟԕ䟷⭘ᑵ٬ᵜ䓛ᡆ㘵ᆳⲴ࠭ᮠᶕ㺘⽪䘉њᵳ٬ˈᇎ䱵⍻䈅㺘᰾˖ ֯⭘ᑵ

٬ᶕ㺘⽪ᵳ٬㜭㧧ᗇᴰ֣Ⲵ᭸᷌Ǆ 

� ᖂаॆ 

ᢺ㓶㜎অݳ㓴ਸᡀབྷⲴ४䰤˄ grouping the cells together into larger blocks˅̍ ⭡Ҿተ䜘ݹ➗

Ⲵਈॆ ˄variations of illumination˅ ԕ৺ࡽᲟ-㛼Ჟሩ∄ᓖ˄foreground-background contrast˅

Ⲵਈॆˈ֯ᗇởᓖᕪᓖ˄gradient strengths˅Ⲵਈॆ㤳ത䶎ᑨབྷǄ䘉ቡ䴰㾱ሩởᓖᕪᓖڊᖂа

ॆˈ㘵䟷ਆⲴ࣎⌅ᱟ˖ᢺњ㓶㜎অݳ㓴ਸᡀབྷⲴǃオ䰤к䘎䙊Ⲵ४䰤˄blocks˅ Ǆ 䘉ṧ

ԕᶕˈHOG᧿䘠ಘቡਈᡀҶ⭡४䰤ᡰᴹ㓶㜎অݳⲴⴤᯩമᡀ࠶ᡰ㓴ᡀⲴањੁ䟿Ǆ䘉Ӌ

४䰤ᱟӂᴹ䟽ਐⲴˈ䘉ቡણ⵰˖⇿ањ㓶㜎অݳⲴ䗃ࠪ䜭ཊ⅑⭘Ҿᴰ㓸Ⲵ᧿䘠ಘǄ㘵

䘈ਁ⧠ ൘̍ሩⴤᯩമڊ༴⨶ѻࡽ 㔉̍⇿њ४䰤˄ block˅ ˄ањ儈ᯟオฏデਓ࣐ Gaussian spatial 
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window˅ ᱟ䶎ᑨᗵ㾱ⲴˈഐѪ䘉ṧਟԕ䱽վ䗩㕈Ⲵઘതۿ㍐⛩˄pixels around the edge˅Ⲵ

ᵳ䟽Ǆ㘵䟷⭘ L2-Hysᖂаॆᯩᔿ ᆳ̍ਟԕ䙊䗷ݸ䘋㹼 L2-norm̍ ሩ㔃᷌䘋㹼ᡚ⸝˄ clipping˅ ˈ

❦ਾ䟽ᯠᖂаॆᗇࡠǄ 

� SVM ࠶㊫ಘ˄SVM classifier˅  

ᴰਾа↕ቡᱟᢺᨀਆⲴ HOG⢩ᖱ䗃ࡠޕ SVM ㊫ಘѝ࠶ ራ̍ањᴰՈ䎵ᒣ䶒Ѫߣㆆ 

࠭ᮠǄਟԕሶ⇿њ Cell Ⲵⴤᯩമѝ 9њᮠᦞᧂᡀањੁࡇ䟿ˈѪ SVM ᆖҐⲴ⢩ᖱੁ䟿Ǆ

ަ㔤ᓖᑨᑨкзˈնᱟ⭡Ҿ SVM ᆖҐ㇇⌅ޣᗳⲴнᱟ⢩ᖱੁ䟿Ⲵ㔤ᓖˈ㘼ӵӵᱟṧᵜⲴᮠ

䟿ˈഐ㘼䘉ᒦнᖡ૽ SVM Ⲵ↓ᑨᆖҐǄ 

2.2 SVM ᆜҖ

[14,20] 

2.2.1㓯ᙗ࠶㊫ಘ 

 ൘ӻ㓽 SVM ᭟ᤱੁ䟿ᆖҐѻࡽ䴰㾱ݸҶ䀓㓯ᙗ࠶㊫ಘˈSVM ᇎ䱵ᱟᝏ⸕ᵪᢙኅǄ 

 ᡁԜԕҼ࠶٬㊫ಘѪ䇘䇪ሩ䊑ˈሩҾ䇝㓳ṧᵜ˖ 

li

yyY

xxxX

iii

iniii

...1

}1,1{,

)...,( 21

=
−∈=

=
                              ˄ 2.1˅                                    

ަѝ iX 〠Ѫ࠶㊫ሩ䊑Ⲵ⢩ᖱੁ䟿ˈྲ 䇑㇇Ⲵ HOG⢩ᖱੁ䟿˗ iY Ѫ⨶ᜣ䗃ࠪ 㺘̍ᖱᡰ㊫࡛Ǆ

⧠൘ᡁԜ䴰㾱ᶴ䙐ањ࠶㊫ಘ ))(sgn()( ii XfXg = ֯ i
g

i YX → ˈ㤕 )( iXf ᴹԕлᖒᔿ˖ 

bXwXf ii +>=< ,)(                            ˄ 2.2˅  

㊫ಘˈަѝ࠶Ѫ㓯ᙗ〠ࡉ w Ѫᵳ٬ੁ䟿ˈbѪٿ㖞Ǆ 

 㤕䗃ޕѪҼ㔤ˈ㓯ᙗ࠶㊫ಘᖃҾаᶑⴤ㓯ᢺᒣ䶒кⲴ⛩࠶Ѫє䜘࠶˗㤕䗃ޕѪй㔤ˈ

㓯ᙗ࠶㊫ಘᖃҾᒣ䶒ᢺオ䰤кⲴ⛩࠶Ѫє䜘࠶ ᧘̠ᒯࡠ n㔤 ᖃҾањ䎵ᒣ䶒ᢺࡉ̍ n㔤

ѝⲴ⛩࠶Ѫє䜘࠶Ǆ 

 ❦㘼㓯ᙗ࠶㊫ಘᴹᖸབྷⲴተ䲀ᙗˈቔަ൘ᇎ䱵ᓄ⭘ѝⴤ᧕㓯ᙗਟ࠶Ⲵᛵߥ䶎ᑨቁ S̍VM

൘ᕅޕṨ࠭ᮠਾབྷབྷᕪҶ㓯ᙗ࠶㊫ಘⲴ㜭࣋ˈ䘉ሶ൘ਾ᮷ⴻࡠǄ 

2.2.2㔃ᶴ仾䲙৺⌋ॆ䈟ᐞ⭼ 

 ሩҾањ࠶㊫ಘⲴᙗ㜭䇴ԧ࠶Ѫє䜘࠶˖ 
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� 㓿傼仾䲙˖㺘ᖱ࠶㊫ಘ൘㔉ᇊ䇝㓳ṧᵜкⲴ䈟ᐞ 

� 㔃ᶴ仾䲙˖㺘ᖱ൘ཊབྷ〻ᓖкਟԕؑԫ࠶㊫ಘ൘ᵚ⸕ሩ䊑к࠶㊫Ⲵ㔃᷌ˈᱟ࠶㊫ಘ 

⌋ॆ㜭࣋Ⲵփ⧠ 

 䘉Ҽ㘵ᱟӂࡦ㓖Ⲵˈᖃ㓿傼仾䲙ᖸሿᰦˈਟ㜭ሬ㠤䗷ᆖҐ⣦ᘱˈᖵ࠶㊫↓ṧᵜо䇝㓳

↓ṧᵜᗞሿᐞᔲ䜭ਟ㜭ሬ㠤࠶㊫ཡ䍕ˈަ⌋ॆ㜭࣋ՊᖸᐞǄ৽㔃ᶴ仾䲙ᖸሿᰦˈਟ㜭ሬ㠤

 ㊫䍏ṧᵜ䈟䇔Ѫᱟ↓ṧᵜǄ࠶㊫ಘሶᖵ࠶

 㘼⌋ॆ䈟ᐞ⭼㺘ᖱⵏᇎ仾䲙ˈѪ㓿傼仾䲙о㔃ᶴ仾䲙ѻ઼ǄѪҶᗇࡠᙗ㜭㢟ྭⲴ࠶㊫ಘ

ᒦ享൘㓿傼仾䲙઼㔃ᶴ仾䲙ѻ䰤䘋㹼ᵳ㺑ˈ֯ⵏᇎ仾䲙䗮ࡠᴰሿǄ㘼൘ SVM ѝˈ䙊ᑨ㜭ڊ

㓿傼仾䲙᧕䘁ࡠ 0ˈަⴞⲴ൘Ҿᴰሿॆ㔃ᶴ仾䲙Ǆ 

 օ䰤䳄ࠐ2.2.3

 ˖ᴰሿॆ㔃ᶴ仾䲙ǄަᇊѹྲлߣᱟѪҶ䀓↓ޕօ䰤䳄Ⲵᕅࠐ 

),(
22 w

b
X

w

w
y iii +><=δ        ˄2.3˅  

⭡Ҿ 1=iy ˈ㤕ਆࠐօ䰤䳄㔍ሩ٬ਟԕਁ⧠ˈ䘉ᱟ⛩ࡠⴤ㓯䐍ޜᔿⲴ᧘ᒯǄਖཆˈ㤕ࠐօ

䰤䳄བྷҾ䴦㺘⽪↓⺞࠶㊫ˈࡉ㺘⽪࠶㊫䭉䈟Ǆ 

 䘉䟼ᕅޕ Novikoff ᨀࠪⲴᇊ⨶˖䇝㓳ṧᵜ S ┑䏣 iy нޘㅹˈфᆈ൘ 1
2

=ew ˈ┑䏣 

222

),(),(
w

r

w

b
X

w

w
YbXwY ee =≥+><=+>< δ ˈަѝ ),(|,|max bXwyrrr iiii +><== ˈ

Ԕ 2max XR = ࡉˈ Sкᴰབྷ䈟࠶⅑ᮠ˖

222 )
2

()
2

(
r

RwR =
δ

Ǆ 

 Ҿᱟᴰሿॆ㔃ᶴ仾䲙ᖃҾᴰሿॆᴰབྷ䈟࠶⅑ᮠ ণ̍ㅹԧҾᴰབྷॆδ Ǆа㡜ᡁԜ㿴ᇊ r=1ˈ

Ҿᱟ䰞仈ㅹԧҾᴰሿॆ 2w ǄҾᱟᴰሿॆ㔃ᶴ仾䲙Ⲵ࠶㊫䰞仈ㅹԧҾ˖ 

01),(
2

1
min

2

2

≥−+><=

=

bXwygtosubject

wf

iii

   ˄2.4˅  
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2.2.4Ṩ࠭ᮠ 

 2.2.3 㢲ᴰ㓸ሶ㓯ᙗ࠶㊫䰞仈ᖂ㔃ѪањՈॆ䰞仈ˈն䈕Ոॆ䰞仈ᱟᴹᴰՈ䀓ᰐ⌅⺞

ᇊǄᖸᱮ❦ሩҾ㓯ᙗнਟ࠶Ⲵ䰞仈к䘠Ոॆ䰞仈нᆈ൘ᴰՈ䀓ˈަՈॆ∛ᰐѹǄ䘉ҏ↓ᱟ

㓯ᙗ࠶㊫ಘᡰ䙷ࡠⲴ⬦亸ǄѪҶ䀓࠶ߣ㊫ಘⲴᙗ㜭ˈᕅޕҶṨ࠭ᮠǄ 

 ѪҶҶ䀓Ṩ࠭ᮠˈᡁԜݸⴻањ࠶㊫ᇎֻ˖ 

 

മമമമ 2.2 㓯ᙗнਟ࠶ᇎֻ㓯ᙗнਟ࠶ᇎֻ㓯ᙗнਟ࠶ᇎֻ㓯ᙗнਟ࠶ᇎֻ 

 ᡁԜᢺ⁚䖤кㄟ⛩ a઼ bѻ䰤㓒㢢䜘࠶䟼Ⲵᡰᴹ⛩ᇊѪ↓㊫ˈє䗩Ⲵ唁㢢䜘࠶䟼Ⲵ⛩ᇊ

Ѫ䍏㊫Ǆ䈅䰞㜭ࡠањ㓯ᙗ࠭ᮠᢺє㊫↓⺞࠶ᔰѸ˛н㜭 ഐ̍ѪҼ㔤オ䰤䟼Ⲵ㓯ᙗ࠭ᮠቡ

ᱟᤷⴤ㓯ˈᱮ❦нࡠㅖਸᶑԦⲴⴤ㓯Ǆ 

նᡁԜਟԕࡠаᶑᴢ㓯ˈֻྲл䶒䘉аᶑ˖ 

 

മമമമ 2.3 儈㔤ਾ㓯ᙗਟ࠶ᇎֻ儈㔤ਾ㓯ᙗਟ࠶ᇎֻ儈㔤ਾ㓯ᙗਟ࠶ᇎֻ儈㔤ਾ㓯ᙗਟ࠶ᇎֻ 

ᱮ❦䙊䗷⛩൘䘉ᶑᴢ㓯Ⲵкᯩ䘈ᱟлᯩቡਟԕࡔᯝ⛩ᡰⲴ㊫࡛Ǆަ㺘䗮ᔿਟԕ߉Ѫ  ̟

2
210)( xcxccxg ++=         ˄2.5˅  

䰞仈ਚᱟᆳнᱟањ㓯ᙗ࠭ᮠˈնᱟˈᯠᔪањੁ䟿 y ઼ a̟  
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y       ˄2.6˅  
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  䘉ṧ ayyfxg == )()( ,൘ԫ㔤ᓖⲴオ䰤ѝˈ㲭❦ަѝⲴ a઼ y 䜭ᱟཊ㔤ੁ䟿ˈնഐѪ

㠚ਈ䟿 y Ⲵ⅑ᮠнབྷҾ 1ˈ䘉ᖒᔿⲴ࠭ᮠᰗᱟањ㓯ᙗ࠭ᮠǄ 

  ᶕ൘Ҽ㔤オ䰤ѝањ㓯ᙗнਟ࠶Ⲵ䰞仈ˈ᱐ሴࡠഋ㔤オ䰤ਾˈਈᡀҶ㓯ᙗਟ࠶Ⲵʽഐ

↔䘉ҏᖒᡀҶᡁԜᴰࡍᜣ䀓ߣ㓯ᙗнਟ࠶䰞仈Ⲵสᵜᙍ䐟——ੁ儈㔤オ䰤䖜ॆˈ֯ ަਈᗇ㓯

ᙗਟ࠶Ǆնᱟ㾱ࡠ䘉᱐ሴᒦ⋑ᴹ㌫㔏Ⲵ⨶䇪оᯩ⌅ᶕራ઼ᶴ䙐Ǆ 

նᱟ䘉ᒦн㺘⽪ェ䙄ᵛ䐟 Ѫ̍Ҷ䀓ߣ䘉а䳮仈享ᕅޕᵳ䟽ⲴሩڦᖒᔿǄᇊѹᵳ䟽ሩڦᖒ

ᔿ˖ ∑=
l

i
iii Xyw α ˈަѝ L 㺘⽪ṧᵜᮠⴞǄ䘉ᇊѹᱟਸ⨶Ⲵˈᖡ૽ᵳ䟽Ⲵഐ㍐ቡᱟ䗃ޕṧ

ᵜ৺ަሩᓄⲴ䗃ࠪǄҾᱟ࠶㊫ಘ㺘䗮ᔿѪ˖ 

),sgn(),sgn(),sgn()( bXXybXXybXwXg j

l

i
iiij

l

i
iiijj +><=+><=+><= ∑∑ αα ˄2.7˅  

儈սⲴ࠭ᮠࡠ䇮ᆈ൘᱐ሴٷ )(XΦ ˈҾᱟ࠶㊫ಘ㺘䗮ᔿਈѪ˖ 

))(),(sgn(),sgn()( bXXybXXyXg j

l

i
iiij

l

i
iiij +>ΦΦ<=+><= ∑∑ αα  ˄2.8˅  

⭡кᔿਟ⸕ᡁԜⵏ↓ޣ⌘Ⲵнᱟվ㔤Ⲵੁ䟿᱐ሴࡠ儈㔤オ䰤ਾੁ䟿Ⲵާփᖒᔿ ᡁ̍Ԝᴤޣᗳ

єњվ㔤ੁ䟿᱐ሴࡠ儈㔤オ䰤ਾሩᓄੁ䟿Ⲵ〟 >ΦΦ< )(),( ji XX ǄҾᱟᡁԜᴹҶṨ࠭ᮠⲴ

ᇊѹ˖Ṩ࠭ᮠᱟањ࠭ᮠ Kˈሩᡰᴹ Ω∈ZX , ˈᴹ >ΦΦ=< )(),(),( ZXZXK ˈަѝ )(XΦ ᱟ

ሶվ㔤オ䰤Ⲵੁ䟿᱐ሴࡠ儈㔤オ䰤Ⲵ࠭ᮠǄ 

 ҾᱟᡁԜ䙊䗷ሶվ㔤㓯ᙗнਟ࠶Ⲵṧᵜ᱐ሴࡠ儈㔤ਾˈ䖜ਈѪ㓯ᙗਟ࠶Ⲵ䰞仈ˈަᮠᆖ

㺘䗮ᔿ㿱ᔿ 2.Ǆ㘼൘ᇎ䱵ѝᡁԜᒦн䴰㾱⸕䚃䘉њ᱐ሴⲴާփ㺘䗮ᔿ 㘼̍ਚ䴰㾱⸕䚃᱐
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≥−+>Φ<=

=

bXwygtosubject

wf
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    ˄2.9˅  

Ṩ࠭ᮠⲴᶴ䙐о䇱᰾∄䖳༽ᵲˈ䴰㾱⭘ࡠ Mercerᇊ⨶ˈ䘉䟼нڊ㓶䘠ˈӵࡇѮᑨ⭘ⲴṨ࠭

ᮠ⁑ර˖ 

㓯ᙗṨ࠭ᮠ˖      >=< jiji XXXXK ,),(        ˄2.10˅  

ཊ亩ᔿṨ࠭ᮠ˖     d
jiji XXXXK )1,(),( +><=      ˄2.11˅  
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ᖴੁสṨ࠭ᮠ˖     
)(

2

2

2

),( σ
ji XX

ji eXXK

−
−

=       (2.12) 

SරṨ࠭ᮠ˖      ),tanh(),( rXXXXK jiji +><= β     (2.13) 

ᵜ䇪᮷ѝ⭘ᶕᆖҐⲴᱟ㓯ᙗṨ࠭ᮠǄ 

 ⌅Ոॆ৺Ṭᵇᰕࠨ2.2.5

 ᕅࠨޕՈॆⲴⴞⲴᱟѪҶ൘⨶䇪к䇱᰾к䘠 2.2.4㢲ѝᨀࠪⲴՈॆᱟ㛟ᇊᆈ൘ᴰՈ䀓ⲴǄ

 ˖њᇊѹࠐҶ䀓алݸ

 Ҽ⅑㿴ࡂ ⴞ̟ḷ࠭ᮠ f ᱟҼ⅑Ⲵ 㘼̍㓖ᶏ g൷Ѫ㓯ᙗ㓖ᶏ˄ ާᴹ g=axᖒᔿ Ⲵ˅Ոॆ䰞仈Ǆ 

 ԯሴ࠭ᮠ˖ਟ⭘ḀњѮ䇱 A ઼૽Ӟ㺘⽪Ѫ bAxxf +=)(  

˖䳶ਸΩࠨ  Ω∈−+⇒∈Ω∈∀ ))1(()1,0(,, uwuw θθθ  

ᮠ࠭ࠨ  f ˖ )()1()())1(()1,0(,, ufwfuwfuw θθθθθ −+≤−+⇒∈Ω∈∀  

 ተᴰሿ٬Ǆޘᮠާᴹ㢟ྭⲴᙗ䍘˖ަተ䜘ᴰሿ٬ҏᱟ࠭ࠨ 

 ᮠⲴՈॆ䰞仈Ǆ࠭ࠨ䳶ਸˈⴞḷ࠭ᮠ઼ᡰᴹ㓖ᶏ൷ѪࠨՈॆ˖Ոॆ䰞仈Ⲵ䳶ਸѪࠨ 

 ՈॆᗵᴹᴰՈ䀓ǄࠨᱟׯˈՈॆᴹњ䟽㾱Ⲵᙗ䍘ࠨ 

㘼 SVM Ոॆ䰞仈ѝ䳶ਸѪࠨ䳶ਸˈⴞḷ࠭ᮠѪࠨҼ⅑࠭ᮠˈᡰᴹ㓖ᶏѪࠨа⅑࠭ᮠˈ

᭵ SVM Ոॆ䰞仈ҾࠨՈॆ䰞仈ˈަᗵᴹᴰՈ䀓Ǆ 

 ሩҾ≲ᔿ 2.D Ո䀓ˈਟԕ࡙⭘ᒯѹṬᵇᰕ⌅≲䀓Ǆ 

 ᶴ䙐Ṭᵇᰕᔿ˖ 

∑ −+>Φ<−><=
l

j
jjj bXwywwbwL ]1))(,([,

2

1
),,( ββ     (2.14) 

ަѝ β ѪṬᵇᰕഐᆀǄ 

ሩwо࡛࠶ b  ˖ሬㅹҾ䴦ᴹٿ≳

∑∑ Φ=⇒=Φ−=
∂

∂ l

j
jjj

l

j
jjj XywXyw

w

bwL
)(0)(

),,( βββ
   (2.15) 

0
),,( ==

∂
∂

∑
l

j
jj yb

bwL ββ
        (2.16) 

ሶᔿ 2.ᑖഎᔿ 2.̍ ਟᗇࡠ˖ 
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∑∑ >ΦΦ<−=
l

j
ijiijj

l

j
j XXyybwL )(),(

2

1
),,( ββββ    (2.17) 

Ԕ˖ 

>ΦΦ<= )(),( ijijij XXyyQ        (2.18) 

ҾᱟᗇࡠԕлㅹԧՈॆᖒᔿ˖ 

0
2

1
min

=

−

β

βββ

T

TT

ytosubject

eQ
      (2.19) 

ሩҾкᔿⲴ䀓⌅ާփਟ৲㿱᷇ᲪӱⲴ a library for support vector machinesˈ䘉ݯн൘㓶䘠Ǆ 

2.2.6ᶮᕋਈ䟿 

ᴰਾӻ㓽лᶮᕋਈ䟿Ǆ㲭❦ᡁԜ䙊䗷᱐ሴሶվ㔤Ⲵ㓯ᙗнਟ࠶䰞仈ਈѪ儈㔤Ⲵ㓯ᙗਟ

↓儈㔤ਾˈӽ❦ਟ㜭ᆈ൘ࡠᱟ䪸ሩṧᵜᙫփᶕ䈤ⲴǄሩҾ᱐ሴ࠶䰞仈ˈն䘉ᡰ䈤Ⲵ㓯ᙗਟ࠶

ṧᵜᆈ൘Ҿ⨶ᓄᱟ䍏ṧᵜⲴ४ฏѝǄ䘉ᱟᰐਟ䚯ݽⲴˈቔަ൘㘳㲁ᡀॳкзⲴᮠᦞᰦˈᮠᦞ

ṧᵜᵜ䓛ቡᆈ൘ٿᐞˈᆈ൘䲿ᵪᙗˈᆈ൘⢩↺ᙗǄሩҾ䘉ᛵߥᡁԜн㜭ഐѪаєњֻቡ

㓸→ᡁԜⲴᆖҐ࠶㊫ˈ䘉ᰦᡁԜਟԕᕅޕᶮᕋਈ䟿ˈሩҾ࠶㊫н㾱≲⇿њṧᵜ䜭࠶㊫↓⺞ˈ

 ˖䇨ᆈ൘䈟ᐞǄփ⧠൘ᮠᆖ㺘䗮ᔿѝѪݱ

iii bXwy ξ−≥+>Φ< 1))(,(         (2.20) 

ᕅޕᶮᕋਈ䟿ਾⲴՈॆᮠᆖ⁑රѪ˖ 

iii

i
i

bXwytosubject

Cw

ξ

ξ

−≥+>Φ<

+ ∑

1))(,(

2

1
min

2

2      (2.21) 

ަ䀓⌅਼Ѫޕ࣐ᶮᕋਈ䟿ᰦⲴ⁑රǄަѝ C 〠Ѫ㖊ഐᆀˈ㺘ᖱᴹཊѸ䟽㿶㗔⛩ C̍ 䎺

བྷ䎺䟽㿶ˈ䎺нᜣђᦹᆳԜǄ 



สҾമۿⲴ䶉ᘱ࣯䇶࡛৺൘ᴽ࣑ᵪಘӪѝᓄ⭘สҾമۿⲴ䶉ᘱ࣯䇶࡛৺൘ᴽ࣑ᵪಘӪѝᓄ⭘สҾമۿⲴ䶉ᘱ࣯䇶࡛৺൘ᴽ࣑ᵪಘӪѝᓄ⭘สҾമۿⲴ䶉ᘱ࣯䇶࡛৺൘ᴽ࣑ᵪಘӪѝᓄ⭘                                                                                                                                                         

20 

йǃާփᇎ⧠৺᭸᷌ 

 ᯩṸⲴᇎ⧠Ⲵสᵜᙍ䐟वਜ਼єњ䜘࠶˖Ự⍻+Ự⍻ࡽᨀлⲴ䇶࡛ǄѪҶㆰॆሩҾỰ⍻

Ⲵ䳮ᓖˈᡁԜ㿴ᇊỰ⍻ಘਚỰ⍻Ⲵࡍ⣦ᘱ˄Open⣦ᘱ˅ণᕐᔰⲴ⣦ᘱǄሩҾࡍ⣦

ᘱⲴⲴỰ⍻ᱟањՐ㔏࠶㊫ѝⲴҼ࠶٬㊫䰞仈Ǆ 

 Ự⍻ࡠᕐᔰ⣦ᘱ˄Open⣦ᘱ˅лⲴਾ䇶࡛н਼࣯ˈ∄ⴤ᧕䇶࡛࣯ㆰঅ䇨ཊǄѮ

њާփⲴֻᆀˈ䆜ྲᡁԜਟԕᗇࡠн਼࣯ሩҾ A ⢩ᖱާᴹн਼⢩ᖱ٬ˈնᡁԜᰐ⌅ӵӵ

ṩᦞ A ⢩ᖱⲴн਼٬ᶕ᧘ᯝᖃࡽሩ䊑ᱟн਼Ⲵ࣯ˈഐѪާᴹ਼⢩ᖱ٬Ⲵሩ䊑ਟԕᆼޘ

нᱟǄ亴ᵏᇎ⧠Ⲵ࣯䇶࡛㿱മ 3.1Ǆ 

ᯩṸⲴᙫ⍱〻˖ 

 ॆˈᇊѹỰ⍻仁⦷ˈỰ⍻デਓㅹ৲ᮠǄࡍ �

� Ự⍻ Open⣦ᘱⲴˈ⺞ᇊⲴ⸙ᖒ४ฏ Rect 

� ⭡ᇊѹⲴỰ⍻仁⦷ˈ൘Ự⍻Ⲵᰦ䰤䰤䳄⭡㛔㢢⁑ර઼⭫ശ⌅䇶࡛н਼࣯Ǆ 

� ᖃᰦ䰤ㅹҾ㿴ᇊⲴỰ⍻䰤䳄ᰦ䰤 䘄̍എㅜҼ↕䟽ᯠỰ⍻ Open⣦ᘱⲴ ᴤ̍ᯠⲴ⸙

ᖒ४ฏ RectǄ 

  
one two three 

·  

four 

 

open 

മമമമ 3.1 亴ᵏ䇶࡛Ⲵ࣯亴ᵏ䇶࡛Ⲵ࣯亴ᵏ䇶࡛Ⲵ࣯亴ᵏ䇶࡛Ⲵ࣯ 
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3.1 ᔶਇᒩਦ 

 OpenCV2.0̟ ᗞ䖟ᔰⓀ䇑㇇ᵪ㿶㿹ᓃˈOpenCV儈᭸Ⲵ⸙䱥䘀㇇㜭࣋ԕ৺ሩ䙊⭘㿶㿹㇇

⌅Ⲵᆼ㖾ᇎ⧠ˈ䜭ᴹࣙҾᡁԜ亩ⴞⲴᔰਁ˄Ҷ䀓ᴤཊޣҾ OpenCV̍ ਟⲫ䱶 OpenCVѝ᮷䇪

උ http://www.opencv.org.cn˅Ǆ 

 LibSVM˖ᱟਠ⒮བྷᆖ᷇Ცӱ(Lin Chih-Jen)࢟ᮉᦸㅹᔰਁ䇮䇑Ⲵањㆰঅǃ᱃Ҿ֯⭘઼

ᘛ䙏ᴹ᭸Ⲵ SVM ⁑ᔿ䇶࡛оഎᖂⲴ䖟ԦवǄᵜ᮷࡙⭘ LibSVM Ⲵ MATLAB ⡸ᵜˈׯҾ㧧

ᗇᆖҐ⁑රⲴޣ৲ᮠ˄Ҷ䀓ᴤཊ LibSVM MATLAB ⡸ᵜˈਟⲫ䱶 MATLAB ѝ᮷䇪උ

http://www.ilovematlab.cn/index.php˅Ǆ 

 Directshow̟ ⍱Ⴢփ༴⨶ᔰਁवˈ䘋㹼儈᭸ᇎᰦⲴ㿶仁䟷䳶Ǆਖаᯩ䶒⭡Ҿ OpenCVⲴ

HighGUIᓃਚᨀҶ VFW ᧕ਓⲴᩴۿཤ᭟ᤱˈ㘼䇨ཊᩴۿཤতᱟ Directshow傡ࣘⲴˈѪҶ

䀓ߣ OpenCVሩ Directshow傡ࣘⲴᩴۿཤⲴެᇩᙗ䰞仈ˈᡰԕ䘹ᤙҶ DirectshowᔰਁवǄ 

 Visual Studio 2008̟ Ѫԓ⸱㕆߉о㕆䈁Ⲵᒣਠˈަᔰਁ䈝䀰Ѫ C++Ǆ 

 Matlab 2010̟ Ѫ LibSVM ᢗ㹼৺ޣᆖҐԓ⸱㕆߉о㕆䈁Ⲵᔰਁᒣਠˈ䘹ᤙ LibSVM 

MATLAB ⡸ˈ䘈㘳㲁ࡠ MATLAB ሩҾᮠᦞ৻ྭⲴമᖒ㺘⽪Ǆ 

 Photoshop CS5̟ Photoshopѫ㾱⭘Ҿ࣯ᮠᦞᓃⲴࡦǄ 

 

3.2 ᮦᦤᓉ֒ 

 ሩҾสҾᆖҐᯩ⌅Ⲵ䇶࡛Ự⍻䰞仈ˈᤕᴹབྷ䟿ਟᆖҐⲴṧᵜᱟ㠣ޣ䟽㾱ⲴǄ䘉䟼ᨀࠐ

њਟ⭘ⲴӪփᮠᦞᓃ˖ 

 CVonline Databases: http://homepages.inf.ed.ac.uk/cgi/rbf/CVONLINE/entries.pl?TAG363  

 Korean Intelligent Media Lab Database: http://imlab.postech.ac.kr/  

 University of Dublin Face Database: http://dsp.ucd.ie/~prag/  

 Video sequences of American Sign Language (ASL) : http://csr.bu.edu/asl/html/sequences.html  

 MIT Computer Science and Artificial Intelligence Lab Database: http://db.csail.mit.edu/  

 㲭❦ᴹнቁӪփᮠᦞᓃˈնབྷ䜘࠶ᱟޣҾӪ㝨৺㹼ӪⲴˈਚᴹቁ䟿࣯ᮠᦞᓃˈަ䙊⭘

ᙗҏнᕪˈഐ㘼䴰㾱ࡦҾ㠚ᐡⲴᮠᦞᓃǄл䶒ާփӻ㓽лྲօࡦ㠚ᐡⲴ࣯ᮠᦞᓃˈ

৺ࡦ䗷〻ѝ䴰㾱⌘Ⲵһ亩Ǆ 
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3.2.1 മۿ䟷䳶 

 ਟ࡙⭘Პ䙊Ⲵᮠ⸱ᵪ൘н਼⧟ຳ઼㛼Ჟл䟷䳶ቭ䟿ཊṧⲴṧᵜ˄㿱മ 3.2˅ ˈᵜ᮷᧗ࡦ

൘ 70~100ᕐǄᵜ᮷ԕᕐᔰⲴѪ䇶࡛ሩ䊑ˈ䟷䳶ṧᵜᰦ享⌘˖ 

ᐖਣ䖜䀂ᓖǃⲴᔰਸ〻ᓖˈਖࡦ䇱࣯Ⲵ㔏аˈަオ䰤ਈॆᙗн㾱䗷བྷˈ䲀؍ �

ཆн㾱ᴹ䚞ᥑǄሩҾṧᵜⲴབྷሿнڊ㾱≲ˈѻਾՊڊḷ߶ॆ༴⨶Ǆ 

� ൘؍䇱࣯Ⲵቭ䟿а㠤ᙗਾˈ㾱⌘㛼Ჟǃݹ➗Ⲵཊṧᙗˈቭਟ㜭ཊⲴਈᦒ൪Ჟˈ

֯สҾ䈕ṧᵜ䳶ᆖҐਾⲴ⁑රާᴹаᇊⲴ励ἂᙗǄ㛼Ჟਟቍ䈅⭘н਼Ⲵᖙ㢢മ⡷˄ ྲ

ᵲᘇሱ䶒˅̍ ㆰঅ㘼ᇎ⭘Ǆ 

� ᔪ䇞൘䟷䳶↓ṧᵜᰦˈ⋑ᗵ㾱䟷䳶н਼ӪⲴǄ⭡Ҿн਼ⲴӪަⲴᐞᔲᙗҏᥪབྷ

Ⲵˈ൘ᕪ⁑රⲴ励ἂᙗ਼ᰦՊ࣐ᆖҐⲴ䳮ᓖ઼ᆖҐṧᵜḷ߶ॆⲴ䳮ᓖǄӵѪ

ᔪ䇞ˈᱟഐѪ䘉ӵᱟᇎ䱵㓿傼ѻ䈸ˈ⋑ᴹާփⲴ⨶䇪᭟ᤱǄ 

  
(a) 

 

(b) 

 

(c) 

 

(d) 

മമമമ 3.2 (a)ѪкѪкѪкѪкˈ̍̍̍(b)ѪⲭཙᇔཆѪⲭཙᇔཆѪⲭཙᇔཆѪⲭཙᇔཆˈ̍̍̍(c)ѪⲭཙᇔѪⲭཙᇔѪⲭཙᇔѪⲭཙᇔˈ̍̍̍(d)Ѫ⭘ᖙ㢢മ⡷Ѫ⭘ᖙ㢢മ⡷Ѫ⭘ᖙ㢢മ⡷Ѫ⭘ᖙ㢢മ⡷Ѫ㛼ᲟѪ㛼ᲟѪ㛼ᲟѪ㛼Ჟ 
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3.2.2ṧᵜѝࠪࢢ࠶ 

 ᵜ᮷࡙⭘ OpenCVⲴᓃ࠭ᮠ㕆߉Ҷєњ〻ᒿ˖ObjectMaker઼ GetPositive̍ ަ⭘ᱟ䗮

 ⲴⴞⲴǄۿ䟿༴⨶മᢩࡠ

 ObjectMakerਟԕ䇠ᖅ啐ḷᡰṶ䘹Ⲵ⸙ᖒ४ฏˈᒦ؍ᆈо info.txt ᮷ᵜѝˈinfo ⲴṬᔿྲ

л˖rawdata/034.bmp 1 211 145 319 314ˈ࡛࠶㺘⽪ṧᵜൠ൰ˈṧᵜѝᴹⲴᮠ䟿ˈṧᵜѝ䇠

ᖅⲴ⸙ᖒṶⲴᐖк䀂ḷ઼⸙ᖒṶᇭᓖ઼儈ᓖǄ 

 GetPositiveਟԕ䈫ਆ info.txt ѝⲴؑˈ࡙ ⭘ cvSetImageROIሶ info ѝ䇠ᖅⲴޣҾⲴᝏ

ⲴབྷሿѪࠪࢢ࠶ⲴⲴབྷሿǄᵜ䇪᮷䲀ᇊࠪࢢ࠶ᆈˈᒦਟԕḷ߶ॆᡰᴹ؍ࢢ࠶䏓४ฏޤ

 ㍐Ǆۿ128*128

 ˖Ⲵṧᵜྲлࡠਾᗇࢢ࠶ 

 
(a) 

 

(b) 

 

(c) 

 

(d) 

മമമമ  ਾⲴṧᵜࢢਾⲴṧᵜࢢਾⲴṧᵜࢢਾⲴṧᵜࢢ࠶࠶࠶࠶ 3.3

 ↓ṧᵜࡦ3.2.3

࡙⭘ PhotoshopѝⲴ⻱࣏྇㜭ਟԕᗇࡠṧᵜѝⲴ䖞ᔃˈ࡙⭘⻱࣏྇㜭ᰦ㋮⺞ᓖ㾱≲н

儈Ǆ㧧ᗇⲴ䖞ᔃⲴⴞⲴᱟѪҶ⭘䖟Ԧӗ⭏ᴤཊⲴ↓ṧᵜˈ㘼ݽ৫Ҷࡠ༴ᩴ↓ṧᵜǄ 

࡙⭘ Photoshopѝ䇠ᖅ઼ᢩࣘ༴⨶࣏㜭ˈᴥ ᮷ሶ 1000ᕐ䶎Ⲵമ⡷㔏аѪ ۿ144*144

㍐Ⲵ.jpgṬᔿമ⡷ˈަѝ 400ᕐѪ䇝㓳Ⲵ䍏ṧᵜˈ100ᕐѪ⍻䈅Ⲵ䍏ṧᵜˈ500ᕐѪ

ӗ⭏↓ṧᵜⲴ㛼Ჟമ⡷˄400ᕐ⭘ᶕ䇝㓳ˈ100ᕐ⭘ᶕ⍻䈅 Ǆ˅ 

ሶ⇿њṧᵜѝᗇࡠⲴⲴ䖞ᔃо㛼Ჟമ⡷ѝⲴ 10ᕐ㓴ਸˈࡦࠪᴤཊⲴ↓ṧᵜˈ

࡙⭘䘉ᯩ⌅ᆼޘн䴰㾱ᣵᗳṧᵜᮠ䟿ⲴнཏǄ 

䴰㾱ᨀࡠⲴᱟ൘࡙⭘⻱྇㧧ᗇ䖞ᔃᰦ⌘؍ᆈѪ photoshopമ⡷Ṭᔿ psd̍ ࡉᰐ⌅؍⮉

മ⡷Ⲵമቲؑ ሶ̍Պ֯䖞ᔃоⲭ㢢Ⲵ㛼ᲟਸѪаփ ഐ̍㘼ᰐ⌅䗮ࡠ䖞ᔃон਼㛼Ჟമ⡷㶽

ਸⲴⴞⲴǄ䘉ṧࠪڊⲴ↓ṧᵜਟԕ؍䇱䜭൘ṧᵜⲴ↓ѝ䰤Ǆ 
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3.2.4ṧᵜ࠶㊫ 

TrainPositive̟ ⭘Ҿ䇝㓳ࡦⲴ 400ᕐ↓ṧᵜ 

TrainNegative̟ ⭘Ҿ䇝㓳ࡦⲴ 400ᕐ䍏ṧᵜ 

TestPositive̟ ⭘Ҿ⁑ර⍻䈅ࡦⲴ 100ᕐ↓ṧᵜ 

TestNegative̟ ⭘Ҿ⁑ර⍻䈅ࡦⲴ 100ᕐ䍏ṧᵜ 

DetectSample̟⭘ҾỰ⍻Ⲵ 300ᕐṧᵜˈަѝ 100ᕐѪᩴⲴ䖳৻ྭⲴ↓ṧᵜ 1̍00ᕐѪ

ᩴⲴ䖳ᚦ࣓Ⲵ↓ṧᵜˈ100ᕐ䍏ṧᵜǄᡰ䉃Ⲵ䖳৻ྭⲴ↓ṧᵜˈᤷⲴᱟ࣯Ⲵਈॆнབྷ˗

䖳ᚦ࣓Ⲵ↓ṧᵜˈᤷⲴᱟਈॆ䖳བྷⲴṧᵜˈަਈॆवᤜⲴᔰਸ〻ᓖˈᒣ䶒ᐖਣ䖜ˈオ䰤

ᐖਣחˈオ䰤ࡽਾԠݹˈ؟㓯ਈॆㅹǄỰ⍻ṧᵜѝⲴമ⡷བྷሿ⋑ᴹ䲀ࡦˈਾ᮷ሶᨀࡠ൘н

਼ቪᓖкỰ⍻Ǆ 

  

 

(a) 

 

(b) 

 

(c) 

മമമമ 3.4 (a)Ⲵ䖞ᔃⲴ䖞ᔃⲴ䖞ᔃⲴ䖞ᔃˈ̍̍̍(b)㛼Ჟമ⡷ᡆ䍏ṧᵜ㛼Ჟമ⡷ᡆ䍏ṧᵜ㛼Ჟമ⡷ᡆ䍏ṧᵜ㛼Ჟമ⡷ᡆ䍏ṧᵜˈ̍̍̍(c)ࡦⲴ↓ṧᵜࡦⲴ↓ṧᵜࡦⲴ↓ṧᵜࡦⲴ↓ṧᵜ 

 

 

(a) 

 

(b) 

 

© 

 

(d) 

മമമമ 3.5 (a)৻ྭⲴỰ⍻↓ṧᵜ৻ྭⲴỰ⍻↓ṧᵜ৻ྭⲴỰ⍻↓ṧᵜ৻ྭⲴỰ⍻↓ṧᵜˈ̍̍̍(b)(c)ᚦ࣓ⲴỰ⍻↓ṧᵜᚦ࣓ⲴỰ⍻↓ṧᵜᚦ࣓ⲴỰ⍻↓ṧᵜᚦ࣓ⲴỰ⍻↓ṧᵜˈ̍̍̍(d)Ự⍻䍏ṧᵜỰ⍻䍏ṧᵜỰ⍻䍏ṧᵜỰ⍻䍏ṧᵜ 
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3.3HOG ⢯ᖷ䇗㇍фᨆ 

 䇑㇇ HOG৺Ự⍻ⴞḷᱟᆈ൘Ⲵ৲ᮠྲл˖ 

㺘㺘㺘㺘 3.1 HOG ⢩ᖱ䇑㇇৲ᮠࡇ㺘⢩ᖱ䇑㇇৲ᮠࡇ㺘⢩ᖱ䇑㇇৲ᮠࡇ㺘⢩ᖱ䇑㇇৲ᮠࡇ㺘 

InputImage 3䙊䚃 RGBമ144*144ˈۿ⭘Ҿ䇝㓳઼⍻䈅ˈ>144*144⭘ҾỰ⍻ 

GammaCorrection False̍ ᵜᇎ傼ѝн䴰㾱 Gammaṑ↓䱽վമۿ᰾᳇ሩ∄ᓖ 

SmoothingFilter False̍ ᵜᇎ傼ѝн䴰㾱ᒣ━└⌒ˈ৽㾱ᴰབྷ䲀ᓖ؍⮉䗩㕈ؑ 

WindowSize 144*144̍ Ự⍻デਓབྷሿণѪ䇝㓳ṧᵜབྷሿ 

BlockSize 16*16̍ ⇿њỰ⍻デਓवਜ਼ 289њ Block 

BlockStride 8ˈBlockԕ 8њۿ㍐Ѫঅսˈ≤ᒣᡆ㘵ⴤ〫ࣘ 

CellSize 8*8ˈ⇿њ Blockवਜ਼ 4њ Cell 

Histogram Bins 9, ণሶ Ѫ࠶180°~0 9њ binˈԕ Cell Ѫঅս䘋㹼㔏䇑 

Gaussion Spatial 

Window 

8ˈҼ㔤儈ᯟ࠭ᮠѝḷ߶ᐞˈѪ BlockབྷሿⲴ 1/2̍ ԕ BlockѪঅս

⭘Ҿ࠶䝽 Blockѝн਼ۿ㍐Ⲵᵳ䟽 

Normalization L2Hys̍ ԕ BlockѪঅս䘋㹼ᖂаॆˈާփ㿱ਾ᮷ 

Gradient Filter [-1,0,1]̍ 䇑㇇ۿ㍐ởᓖ㇇ᆀˈᐖਣ䛫ۿ㍐ѻᐞ 

WindowStride 8ˈDetectWindowԕ 8њۿ㍐Ѫঅսˈ≤ᒣᡆ㘵ⴤ〫ࣘ 

PaddingSize 0ˈᵜ᮷ѝнሩമۿ䘋㹼䗩㕈ᢙݵ 

3.3.1GammaCorrection઼ Smoothing 

⧠ᇎц⭼ѝࠐѾᡰᴹⲴ CRTᱮ⽪䇮༷ǃᩴ ᖡ㜦⡷઼䇨ཊ⭥ᆀ➗ᵪⲴݹ⭥䖜ᦒ⢩ᙗ䜭ᱟ

䶎㓯ᙗⲴ 䇑̍㇇ᵪ㔈മ亶ฏᜟԕ↔ቿᒅ䗃ࠪ⭥оሩᓄӞᓖⲴ䖜ᦒޣ㌫ᴢ㓯 〠̍Ѫխ⧋ᴢ㓯Ǆ

ᡰ䉃խ⧋ṑ↓ቡᱟሩമۿⲴխ⧋ᴢ㓯䘋㹼䶎㓯ᙗॆ㺕گ ᇎ̍⧠ᱮ⽪മۿоᇎ䱵മۿ४ฏሩ∄

ᓖ਼ⲴⴞⲴǄᵜ᮷ѝሩҾሩ䊑Ⲵ᰾᳇ሩ∄ᓖ㾱≲н儈ˈਟԕ䘹ᤙн䘋㹼 Gammaṑ↓Ǆ㘳

㲁ࡠ Gammaᴢ㓯ᱟᤷᮠᖒᔿⲴˈ㤕䘋㹼 Gammaṑ↓ᵜ᮷ሶ䟷⭘ᔰᯩⲴᯩ⌅Ǆ 

മۿᒣ━ᱟᤷ⭘ҾケࠪമۿⲴᇭབྷ४ฏǃվ仁ᡀ࠶ǃѫᒢ䜘࠶ᡆᣁࡦമۿಚ༠઼ᒢᢠ儈

仁ᡀ࠶ˈ֯മۿӞᓖᒣ㕃⑀ਈˈ߿ሿケਈởᓖˈ᭩ழമۿ䍘䟿Ⲵമۿ༴⨶ᯩ⌅Ǆമۿᒣ━Պ

їཡޣҾ䗩㕈Ⲵؑˈ֯ 䗩㕈⁑㋺ॆǄሩҾⲴỰ⍻䇶࡛㘼䀰 䗩̍㕈䖞ᔃؑᱟ㠣ޣ䟽㾱Ⲵˈ

HOGᵜ䓛ቡᱟสҾởᓖⲴਈॆˈഐ㘼ᗵ享⾱→ᒣ━└⌒Ǆ 
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3.3.2ởᓖ䇑㇇ 

ởᓖᯩੁⴤᯩമˈ亮ᙍѹˈỰ⍻᭸᷌ᗵ❦ሩҾởᓖⲴ䇑㇇䶎ᑨᝏǄởᓖ䇑㇇ᯩᔿ  ̟

)arctan(

22

dy

dx
Oriention

dydxGradient

=

+=
        (3.1) 

䭞൘Ҿަѝޣ dx о dyྲօ䘹ᤙˈᑨ⭘Ⲵ㇇ᆀवᤜ˖ 

� а㔤㇇ᆀ˖[-1,1]ᡆ[-1,0,1]ᡆ[-1,-8,0,8,1]Ǆަѝ dx о dyᱟ਼Ⲵ㇇ᆀˈਚᱟањ≤ 

ᒣˈањⴤ䇑㇇Ǆ 

� Ҽ㔤㇇ᆀ˖ 








−
=







−
=
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01
dydx ᡆ㘵

















−−

−−
=

















−
−
−

=
121

000

121

,

101

202

101

dydx ˈҼ㔤 

㇇ᆀሩᓄⲴ⸙䱥ᡆ㘵䈤 Mask⭊㠣ਟԕᴤབྷ 

 㘳㲁ࡠ HOG㇇⌅Ⲵח䟽⛩ᱟተ䜘ؑ ഐ̍㘼ሩҾ MaskᖸབྷⲴҼ㔤㇇ᆀ৽㘼н䘲ਸˈᴥ

᮷ѝ⭘ᴰㆰঅⲴаս㇇ᆀ[-1,0,1] 

 ާփ䇑㇇ởᓖᰦ䘈㾱㘳㲁алєњ䰞仈˖ 

� ཊ䙊䚃˖ሩҾ RGBⲴ 3䙊䚃ᖙ㢢മۿˈަởᓖ䇑㇇ᱟ 3њ䙊䚃⤜・䘋㹼ˈ൘й㘵 

ѝਆᴰབྷ٬Ѫ䈕⛩Ⲵởᓖ٬ 

� 儈ᯟᵳ䟽˖ⴤᯩമ㔏䇑ᰦˈṩᦞ⇿њۿ㍐Ⲵ Orientationབྷሿ⺞ᇊަᡰⲴ binˈ㘼 

bin ѝ䇠ᖅ㺘⽪䈕⛩ᯩੁ〻ᓖⲴ䟿ণѪ Gradient̍ ਟԕ䈤 GradientⲴབྷሿቡᱟߣᇊ⵰ Cell ѝ

ⲴѫᯩੁǄ㘼儈ᯟᵳ䟽ᱟ䈤൘⇿њ Cell ѝˈᒦнᱟᡰᴹۿ㍐ሩ Cell ѫᯩੁᡆ㘵ⴤᯩമⲴ䍑

⥞Ⲵᵳ䟽䜭ᱟㅹ٬ⲴǄ儈ᯟᵳ䟽㿴ᇊ Cell ѝ䶐䘁 Block ѝᗳⲴۿ㍐ሩ Cell ⴤᯩമⲴ䍑⥞ᴤ

བྷˈ㘼 Cell ѝ䘌 Block ѝᗳⲴۿ㍐⛩ሩҾ Cell ⴤᯩമⲴ䍑⥞ᴤᓹԧǄ儈ᯟᵳ䟽㺘⧠Ҷሩ

䛓Ӌ㚊䳶Ҿ⌘ޣᙗˈᡁԜᴤੁٿ㍐ս㖞Ⲵۿ BlockѝᗳⲴۿ㍐ˈഐѪԆԜᴤ㜭㺘⧠ BlockⲴ

ተ䜘ؑо⢩ᖱ ᡰ̍ԕ൘㔏䇑 Cell ѝⲴⴤᯩമᰦަᵳ䟽ҏᴤབྷǄᡁԜ䘹ᤙҼ㔤儈ᯟ࠶ᐳѪ

ởᓖⲴᵳ䟽࠶ᐳ˖ 

2

22

2),( σ
dydx

edydxG
+−

=        (3.2) 

ᔿѝ dx о dy㺘⽪൘ԕ BlockѪঅսⲴተ䜘ḷѝˈԕ Blockѝᗳ(8,8)Ѫ⛩ˈۿ㍐о

⛩Ⲵ䐍ˈ⌘оởᓖ䇑㇇ᰦⲴ dx ४࠶ˈ䘉䟼нᱟӞᓖ٬ѻᐞǄ 
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3.3.3ⴤᯩമ㔏䇑 

䘉ᱟ HOG㇇⌅ᴰޣ䭞Ⲵа↕ ൘̍䇑㇇ࠪ⇿њۿ㍐Ⲵ Orientation̍ ᡁԜ䴰㾱ሩ Orientation

䘀⭘ᡰ䉃Ⲵйᨂ٬㇇⌅˄Trilinear Interpolation˅Ǆ俆ݸᡁԜݸӻ㓽а㔤㓯ᙗᨂ٬㇇⌅˖㿴ᇊ 

)9~1( =ixi 㺘⽪ⴤᯩമѝ 9њ binⲴѝᗳ˄ྲ 1x =10˅ ˈ )( ixh 㺘⽪ㅜ i њ binѝ㔏䇑Ⲵ٬˄ྲ

᮷ᡰ䈤ਟԕᱟ儈ᯟᵳ䟽࠭ᮠоởᓖ٬ѻ҈〟wࡽ ˅̍ binⲴᇭᓖѪ bǄ⧠൘ᡁԜ䇑㇇Ḁњۿ㍐

Ⲵ OrientationѪ x ˈф 1+<< ii xxx ˈᖃᡁԜ㾱ᴤᯠ )( ixh ᰦˈਟԕ䟷⭘ྲлޜᔿ˖ 

)1()()(
b

xx
wxhxh i

ii

−
−+←        (3.3) 

)()()(
b

xx
wxhxh i

ii

−
+←        (3.4) 

ᖸᱮ❦ᡁԜਟԕ᧘ᒯࡠ 3DⲴᛵޜަˈߥᔿྲл˖ 
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  (3.5) 

㲭❦ޜᔿྲк ն̍ᇎ䱵䘀⭘ᰦতᴹᡰн਼Ǆ俆ݸᡁԜ䴰㾱᰾⺞ሩҾ⇿њۿ㍐䘀⭘ Trilinear 

InterpolationᰦަሩᓄⲴ 3њ㔤ᓖѪˈ൘ާփᰦ⇿њ㔤ᓖަᇎਟԕঅ⤜㘳㲁ⲴǄ 

� ਼ањ Cell ѝⴤᯩമ䛫єњ binˈྲа㔤㓯ᙗᨂ٬⌅ᡰѮᇎֻ 

� ≤ᒣᯩੁ䛫 Cell ѝн਼ Histogramѝ਼ањ bin 
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� ⴤᯩੁ䛫 Cell ѝн਼ Histogramѝ਼ањ bin 

ަѝㅜањ㔤ᓖˈ൘䇑㇇⇿⛩ởᓖ઼ᯩੁᰦሶՊ਼ᰦ䘋㹼ᨂ٬ǄޣҾަѝㅜҼ㔤ǃй㔤 

䖳ѪѪᲖ⏙Ǆ㕆〻ᇎ⧠Ⲵᙍ䐟ާփ৲㘳лമ䈤᰾৺᷀࠶˖ 

 

മമമമ 3.6 Trilinear ᨂ٬ਾє㔤ᨂ٬⽪മᨂ٬ਾє㔤ᨂ٬⽪മᨂ٬ਾє㔤ᨂ٬⽪മᨂ٬ਾє㔤ᨂ٬⽪മ 

 ᇩ᱃ⴻࠪ 1,2,3,4অݳҾ Cell1̍ 3,4,7,8অݳҾ Cell2̍ 9,10,13,14অݳҾ Cell3̍

11,12,15,16অݳҾ Cell4Ǆާփ㕆〻ᰦˈሶ Block˄16*16˅ Ѫഋњ४ฏˈྲമ࠶ 3.6ഋ

н਼仌㢢ᡰ⽪ ⇿̍њ४ฏवਜ਼ 4њ 4*4 ݳ㍐བྷሿⲴ⸙ᖒঅۿ ᒦ̍㿴ᇊ Blockѝѝᗳۿ㍐˄ 8,8˅

Ѫ⛩ˈަ։ۿ㍐ਆሩḷ˄x,y Ǆ˅ሩ४ฏ䘋㹼ⴤᯩമ㔏䇑ᰦ˖ 

� 㓒㢢४ฏ 䇔̟Ѫ䈕४ฏⲴۿ㍐⛩ਚሩަᡰ Cell Ⲵⴤᯩമ㔏䇑ᴹ䍑⥞ н̍䘋㹼ᨂ٬Ǆ 

� 㔯㢢४ฏ˖䇔Ѫ䈕४ฏⲴۿ㍐⛩ሩ≤ᒣ䛫Ⲵєњ Cell Ⲵⴤᯩമ㔏䇑൷ᴹ䍑⥞ˈণ 

䘋㹼≤ᒣᯩੁ㔤ᓖᨂ٬Ǆྲ 2অݳѝۿ㍐˄x,y˅ሩ Cell1઼ Cell2ѝⴤᯩമ㔏䇑䜭ᴹ䍑⥞ˈ

նሩ Cell3઼ Cell4ᰐᖡ૽ˈሩ Cell1о Cell2ᵳ䟽ਟ⭡а㔤㓯ᙗᨂޜ٬ᔿᗇ࡛࠶ࡠѪ˖ 

)
16

)8(
1(

−−− x
઼ )

16

)8(
(

−−x
 

� 㬍㢢४ฏ˖䇔Ѫ䈕४ฏⲴۿ㍐⛩ሩⴤ䛫Ⲵєњ Cell Ⲵⴤᯩമ㔏䇑൷ᴹ䍑⥞ˈণ 

䘋㹼ⴤᯩੁ㔤ᓖᨂ਼᷀࠶ަˈ٬㔯㢢४ฏⲴ᷀࠶Ǆ 

� 哴㢢४ฏ˖䇔Ѫ䈕४ฏⲴۿ㍐⛩ሩ≤ᒣ઼ⴤ䛫Ⲵ Cell Ⲵⴤᯩമ㔏䇑൷ᴹ䍑⥞ˈ 

ণ䘋㹼≤ᒣ઼ⴤ㔤ᓖᨂ٬Ǆྲ 6 অݳѝۿ㍐˄x,y˅ሩ Cell1ǃCell2ǃCell3ǃCell4Ⲵⴤᯩ

മ㔏䇑൷ᴹ䍑⥞ˈަᵳ䟽ਟᴹҼ㔤㓯ᙗᨂޜ٬ᔿᗇ࡛࠶ࡠѪ˖ 

)
16

8
1)(

16

)8(
1(

yx −−−−− ǃ )
16

8
1)(

16

)8(
(

yx −−−−
ǃ )

16

8
)(

16

)8(
1(

yx −−−− ઼ )
16

8
)(

16

)8(
(

yx −−−
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3.3.4ᖂаॆ 

 ൘䇑㇇ᆼ⇿њۿ㍐Ⲵởᓖ઼ᯩੁˈфᆼᡀⴤᯩമ㔏䇑ਾˈ䴰㾱ԕ BlockѪঅս䘋㹼ᖂа

ॆǄᖂаॆ㜭ᕪተ䜘ؑሩݹ➗ǃ㛼ᲟⲴ励ἂᙗǄሶ⇿њ Cell Ⲵⴤᯩമѝ 9њ binⲴ٬ᶴ

ᡀањ 36㔤Ⲵੁ䟿 vˈ䘉ׯᱟᡁԜᖂаॆⲴሩ䊑Ǆᑨ⭘Ⲵᖂаॆᴹ˖ 

� L2-Norm:       2

2
/ ε+→ vvv          (3.6) 

� L2-Hys:      ),/max( 2

2
αε+→ vvv         (3.7) 

� L1-Norm:       )/(
1

ε+→ vvv           (3.8) 

� L1-Sqrt:       2

1
/ ε+→ vvv          (3.9) 

ᔿѝ˖ 

1
v

——㺘⽪ੁ䟿Ⲵа䱦㤳ᔿˈ

∑= ||
1 ivv

 

 2
v

——㺘⽪ੁ䟿ⲴҼ䱦㤳ᔿˈ

∑= 2

2 ivv
 

 ε   ——ѪаപᇊⲴਟ䈳৲ᮠ ਟ̍⭘ᶕ䲀ੁࡦ䟿ᴰབྷ٬ ൘̍ᵜ᮷ѝਆ 0.1*16*16=25.6 

 α   ——ѪаപᇊⲴਟ䈳৲ᮠˈ⭘ᶕ䲀ᑵˈ൘ᵜ᮷ѝਆ 0.2 

ᵜ᮷ѝ䟷⭘ L2-HysᖂаॆˈᒦሶᖂаॆⲴ vˈ䘋㹼а⅑অսॆণ˖

2
/ vvv →  

3.3.5 HOG⢩ᖱੁ䟿䇑㇇⍱〻 

㺘㺘㺘㺘 3.2 HOG ㇇⌅⍱〻㇇⌅⍱〻㇇⌅⍱〻㇇⌅⍱〻 

Input̟ 144*144̍ RGB̍ 3䙊䚃മۿ img 

Compute Gradient̟䇑㇇ imgѝ⇿њۿ㍐Ⲵ Gradient઼ Orientation˄ ަѝ Gradien઼  

Orienation؍ᆈѪ 144*144,2䙊䚃 cv::Mat⸙䱥ᖒᔿ˅̍ ᒦ䘋㹼

䛫 bin䰤Ⲵᨂ؍࡛࠶٬ᆈ൘ 2њ䙊䚃ѝǄ 

    Initialization̟ ॆ⇿њࡍ Blockሩ img ⛩ٿ㖞 䇑̍㇇ Block ѝ⇿њۿ㍐Ҽ㔤ᨂ

٬ሩҾн਼ Cell ⴤᯩമⲴᵳ䟽 

    For ᗚ⧟˖⭡䇠ᖅⲴٿ㖞ؑᨀਆ Block Ⲵս㖞 

         For ᗚ⧟˖⺞ᇊ Blockս㖞ਾˈ䇑㇇⇿њ Blockѝ 36њ binⲴؑ 

Output:289*36=10404㔤Ⲵ⢩ᖱੁ䟿ˈ䇠ᖅ൘.txt ᮷Ԧѝ 
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3.3.6 HOG⢩ᖱᖒ䊑ᱮ⽪ 

 ൘〻ᒿ㕆߉ᰦˈ仍ཆ㕆߉Ҷ䜘࠶ԓ⸱ˈԕ Cell Ѫঅսˈ⇿њ Cell ѝ⭫аᶑⴤ㓯ˈⴤ㓯ٮ

ᯌⲴ䀂ᓖ↓ᱟⴤᯩമᴰབྷ٬ᡰሩᓄⲴ䀂ᓖˈᖒ䊑Ⲵ㺘⽪ࠪ HOG⢩ᖱˈ㿱മ˖ 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

മമമമ 3.7 a~d Ѫ↓䍏ṧᵜˈ̍̍̍e~h࡛࠶Ѫ↓䍏ṧᵜ࡛࠶Ѫ↓䍏ṧᵜ࡛࠶Ѫ↓䍏ṧᵜ࡛࠶ ѪަሩᓄѪަሩᓄѪަሩᓄѪަሩᓄ HOG മമമമ 

 Ӿ HOG മѝཊቁਟԕᝏᙗⲴ䇔䇶ࡠ↓ṧᵜ䘈ᱟާᴹаᇊޡᙗⲴˈ㘼䍏ṧᵜࡉᐞ∄䖳

བྷǄާփާᴹӰѸṧⲴޡᙗ⢩ᖱࡉ䴰㾱 SVM ᆖҐᵪᆖҐǄ  

3.4 LibSVM ᆜҖ࠼㊱ 

 ࡙⭘ Matlabѝ textread࠭ ᮠ䈫ਆ.txt ѝᮠᦞ˄䘉䟼㾱ᨀа⛩ˈᮠᦞᆈۘᰦ⇿њ٬⭘オṬ

䳄ᔰˈ⇿ᑵമ⡷ሩᓄⲴ⢩ᖱੁ䟿⭘ᦒ㹼ㅖ䳄ᔰˈ䘉ṧ࡙⭘ Matlab䈫ਆᮠᦞᰦˈ⇿㹼ᮠᦞሩ

ᓄањ㹼ੁ䟿 Ǆ˅❦ਾᶴ䙐䇝㓳ᮠᦞ TrianData઼ ⨶ᜣ䗃ࠪ TrainLabelǄᴰਾ䈳⭘ LibSVM ѝ

Ⲵ svmTrain̍ ަѝ‘-S 0’㺘⽪䘹ᤙ C-SVM Ҽ࠶٬㊫ ‘̍-t 0’㺘⽪䘹ᤙ LinearṨ࠭ᮠ ‘̍-C 

1’㺘⽪㖊ഐᆀབྷሿˈ㖊ഐᆀ䎺བྷ㺘⽪䎺н㜭᧕ਇ䭉䈟࠶㊫Ǆާփԓ⸱㿱㺘 3.3 

 modelޣ৲ᮠਟ㿱മ 3.8̍ ަѝ rhoᖃҾߣㆆ࠭ᮠѝ )sgn()( bwxxh += Ⲵ-b˗sv_coef

ᖃҾᵳ䟽 ∑=
i

iii xyw α ѝⲴ ii yα ˗SVs㺘⽪᭟ᤱੁ䟿 n̠SV㺘⽪↓ṧᵜо䍏ṧᵜ᭟ᤱੁ䟿Ⲵ

ᮠⴞǄ൘ᗇࡠ modelѻਾਟԕ䇑㇇Ự⍻㌫㔏ѝⲴ DetectorǄަ䇑㇇ޜᔿྲл˖ 

],'*_[ rhoSVscoefsvDetector −=        (3.10) 
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 ᗇࡠ䇝㓳⁑රਾਟԕ䈫ਆ⍻䈅ᮠᦞ䘋㹼亴⍻ ⍻̍䈅㔃᷌৲㿱മ 3.9Ǆަ ↓⺞⦷儈䗮 100%̍

㲭❦ྲ↔䘉ᒦн㺘⽪Ự⍻ᰐ䈟ˈ൘ᇎ䱵Ự⍻ᰦ䴰㾱൘н਼ቪᓖкỰ⍻ˈਟ㜭ࠪ⧠䈟ỰǄާփ

Ự⍻᭸᷌ሶ൘ਾ᮷䈖䘠Ǆ 

㺘㺘㺘㺘 3.3 Matlab ⲴⲴⲴⲴ SVM 䇝㓳ԓ⸱䇝㓳ԓ⸱䇝㓳ԓ⸱䇝㓳ԓ⸱ 

TrainPosFile= 'D:\VS2008\HogCV\HogCV\HogTrainP.txt' ;  
TrainNegFile= 'D:\VS2008\HogCV\HogCV\HogTrainN.txt' ;  
TrainP=textread(TrainPosFile);  
TrainN=textread(TrainNegFile);  

%ʃ 䙐䇝㓳ᮠᦞTrainData ԕ৺ṧᵜሩᓄⲴ䗃ࠪTrainLabel  
TrainLabel=ones(800,1);  
TrainLabel(401:800,:)=-TrainLabel(401:800,:);  
TrainData=ones(800,10404);  
TrainData(1:400,:)=TrainP(1:400,1:10404);  
TrainData(401:800,:)=TrainN(1:400,1:10404);  
model=svmtrain(TrainLabel,TrainData, '-s 0 -t 0 –c 1’ );  

 

 

മമമമ 3.8 SVM Model ণޣ৲ᮠণޣ৲ᮠণޣ৲ᮠণޣ৲ᮠ 

 

 
മമമമ 3.9 SVM ⍻䈅㔃᷌⍻䈅㔃᷌⍻䈅㔃᷌⍻䈅㔃᷌ 

൘ᗇࡠ DetectorѻਾᡁԜਟԕⴻⴻ㓿䗷 Detector࣐ᵳਾⲴ HOGമ ᡁ̍Ԝԕമ 3.7ѝⲴ↓

ṧᵜѪֻˈ䘋㹼∄䖳ˈާփ㿱മ 3.10Ǆ 

Ӿമѝਟԕⴻࠪ㓿䗷 Detector࣐ᵳਾˈަ ࠶ᙗⲴ䜘ޡ ণ̍മѝ㓒㢢䜘࠶ᴤ࣐ケࠪᱮ⽪Ǆ

ਖཆ䴰㾱㺕ݵⲴᱟ 䘉̍㺘⽪ᯩ⌅ਟ㜭нཏ߶⺞ ն̍൘аᇊ〻ᓖк䘈ᱟ䈤᰾Ҷ SVM Ⲵ⭘Ǆ 
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3.5 ཐተᓜỶ⎁ DetectSample 䶏ᘷഴ܅Ỷ⎁㔉᷒  

ሩҾᇎ䱵Ự⍻Ⲵབྷሿ㛟ᇊнᱟ 144*144བྷሿˈഐ㘼䴰㾱ሶሩ䊑䘋㹼㕙᭮ˈ䗮ࡠ൘н਼

ቪᓖкỰ⍻ˈӾ㘼亪࡙Ự⍻ࡠˈ䘉ݯ享⌘є⛩˖ 

� ቪᓖᮠ 

� Ự⍻ࡠཊњⴞḷ४ฏᱟѪҾ਼аⴞḷ 

ሩҾቪᓖᮠⴞˈ䟷⭘㺘 3.4ᡰ䘠ㆆ⮕˖ 

㺘㺘㺘㺘 3.4 ⺞ᇊቪᓖ㔤ᮠ㇇⌅⺞ᇊቪᓖ㔤ᮠ㇇⌅⺞ᇊቪᓖ㔤ᮠ㇇⌅⺞ᇊቪᓖ㔤ᮠ㇇⌅ 

Define̟ MaxLevels, Scale_Init 

   Scale=Scale_Init 

   For (Levels=0;Levels<MaxLevels;Levels++) 

       If  Ự⍻デਓ.width*Sclae>Ự⍻മۿ.width  or 

Ự⍻デਓ.height*Sclae>Ự⍻മۿ.height 

        Break; 

       Else 

          Scale�Scale*Scale_Step; 

   Levels=Max(Levels,1); 

 

ަѝ MaxLevels〻ᒿѝਆ 24̍ Scale_InitѪ 1ˈScale_StepѪ 1.05̍ ⇿њቪᓖሩᓄⲴቪᓖ

བྷሿਟ䇠ᖅ൘ Scale[Levels]ᮠ㓴ѝǄ 

ሩҾㅜҼњ䰞仈ˈOpenCV2.0ᐢ㓿ѪᡁԜᩝᔪྭᒣਠˈਟԕⴤ᧕䈳⭘࠭ᮠ˖ 

void groupRectangles(vector<Rect>& rectList, int groupThreshold, double eps=0.2) 

ަѝ recListণѪн਼ቪᓖкỰ⍻ࡠⲴ⸙ᖒ४ฏ৲ᮠˈgroupThreshold㺘⽪н਼⸙ᖒ४

ฏҾ਼ањ㊫࡛Ⲵլᓖ䰸٬ˈ〻ᒿѝਆ 2ǄỰ⍻᭸᷌ਟԕ㿱മ 3.11~മ 3.12Ǆ 

 ሩҾ 300њỰ⍻ṧᵜ˖ 

 100њ৻ྭ↓ṧᵜѝˈᴹ 20њṧᵜࠪ⧠Ҷമ 3.12ѝ aǃbമᡰ⽪䈟Ự⍻ᛵߥˈᵚࠪ⧠⋑

ᴹỰ⍻ࡠⲴᛵߥǄ 

 100њ䍏ṧᵜѝˈӵᴹ 2њṧᵜࠪ⧠Ҷമ 3.12ѝ cമᡰ⽪䈟Ự⍻ᛵߥǄ 

 100њᚦ࣓↓ṧᵜѝˈᴹ 35њṧᵜࠪ⧠Ҷമ 3.12ѝ aǃb മᡰ⽪䈟Ự⍻ᛵߥˈᴹ 21њ

ṧᵜࠪ⧠മ 3.12ѝ e~fᡰ⽪ⲴᵚỰ⍻ࡠⲴᛵߥˈ⭡ҾⲴ䖜ǃᕐਸਈॆ䗷བྷǄ 
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(a) 

    
(b) 

മമമമ 3.10 Ӿᐖࡠਣ࡛࠶ѪമۿӾᐖࡠਣ࡛࠶ѪമۿӾᐖࡠਣ࡛࠶ѪമۿӾᐖࡠਣ࡛࠶Ѫമۿˈ̍̍̍HOG മമമമˈ̍̍̍㓿㓿㓿㓿 Detector ᵳਾ࣐ᵳਾ࣐ᵳਾ࣐ᵳਾ࣐ HOG മമമമˈ̍̍̍⭘㓒㢢ケ਼ࠪޡ䜘࠶Ⲵ⭘㓒㢢ケ਼ࠪޡ䜘࠶Ⲵ⭘㓒㢢ケ਼ࠪޡ䜘࠶Ⲵ⭘㓒㢢ケ਼ࠪޡ䜘࠶Ⲵ

㓿㓿㓿㓿 Detector ᵳਾ࣐ᵳਾ࣐ᵳਾ࣐ᵳਾ࣐ HOG മമമമ 

 

  

  

മമമമ 3.11 кቲѪᵚ֯⭘кቲѪᵚ֯⭘кቲѪᵚ֯⭘кቲѪᵚ֯⭘ groupRectangles Ự⍻᭸᷌Ự⍻᭸᷌Ự⍻᭸᷌Ự⍻᭸᷌ˈ̍̍̍лቲѪ֯⭘лቲѪ֯⭘лቲѪ֯⭘лቲѪ֯⭘ groupRectangles Ự⍻᭸᷌Ự⍻᭸᷌Ự⍻᭸᷌Ự⍻᭸᷌ 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

മമമമ 3.12 䶉ᘱമۿỰ䶉ᘱമۿỰ䶉ᘱമۿỰ䶉ᘱമۿỰ⍻ѝ⍻ѝ⍻ѝ⍻ѝ aǃǃǃǃb Ѫ൘䖳ྭ↓ṧᵜѝࠪ⧠䈟ỰѪ൘䖳ྭ↓ṧᵜѝࠪ⧠䈟ỰѪ൘䖳ྭ↓ṧᵜѝࠪ⧠䈟ỰѪ൘䖳ྭ↓ṧᵜѝࠪ⧠䈟Ự˗̠̠̠c Ѫ൘䍏ṧᵜѝࠪ⧠䈟ỰѪ൘䍏ṧᵜѝࠪ⧠䈟ỰѪ൘䍏ṧᵜѝࠪ⧠䈟ỰѪ൘䍏ṧᵜѝࠪ⧠䈟Ự˗̠̠̠d~f Ѫ൘䖳ᚦѪ൘䖳ᚦѪ൘䖳ᚦѪ൘䖳ᚦ

࣓↓ṧᵜѝᰐ⌅Ự⍻ࡠ࣓↓ṧᵜѝᰐ⌅Ự⍻ࡠ࣓↓ṧᵜѝᰐ⌅Ự⍻ࡠ࣓↓ṧᵜѝᰐ⌅Ự⍻ࡠ 
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3.6 ࣞᘷഴ܅Ỷ⎁㔉᷒ 

 ࣘᘱമۿⲴỰ⍻о䶉ᘱമۿⲴỰ⍻४࡛൘Ҿ㜭䗮ࡠᇎᰦᙗǄ㓿䈅傼ᗇࡠ˖ 

 ሩҾ 640*480Ⲵമۿˈ⭘ 1.73GHzⲴ༴⨶ಘˈ㙇ᰦ 12~13。˗᭩⭘ 2.53GHzⲴ༴⨶ಘˈ

㙇ᰦ 5~6。Ǆᰐ⌅䗮ࡠᇎᰦⲴ᭸᷌Ǆ 

 ྲ᷌㕙ሿᩴۿཤ㧧ਆⲴമۿབྷሿˈ᭩Ѫ 320*240̍ ⭘ 2.53GHzⲴ༴⨶ಘˈਟԕሶᰦ䰤䲀

൘ࡦ 1。ѝԕлˈާᴹаᇊⲴᇎᰦᙗǄ 

 㘳㲁ࡠᇎ傼ᇔᴽ࣑ᵪಘӪⲴ༴⨶ಘᴤ࣐ᘛ䙏ᕪབྷˈሩҾ 320*240Ⲵᩴۿཤ䗃ޕമۿᱟਟ

㜭䗮ࡠᇎᰦỰ⍻Ⲵˈഐ㘼ᖃҾᆼᡀҶᇎᰦ䐏䑚ⲴⴞⲴǄ 

 ࣘᘱമۿⲴỰ⍻᭸᷌㿱മ 3.13 

 
മമമമ  ⍻ཤᇎ䱵Ựۿᩴ⍻ཤᇎ䱵Ựۿᩴ⍻ཤᇎ䱵Ựۿᩴ⍻ཤᇎ䱵Ựۿᩴ 3.13

 

3.7 ะӄỶ⎁ࢃᨆсуੂᢁࣵⲺ䇼ࡡ 

 สҾỰ⍻ࡠᕐᔰ⣦ᘱлⲴਾ䇶࡛н਼࣯∄ⴤ᧕䇶࡛࣯ㆰঅ䇨ཊǄѮњާփⲴֻ

ᆀˈ䆜ྲᡁԜਟԕᗇࡠн਼࣯ሩҾ A ⢩ᖱާᴹн਼⢩ᖱ٬ˈնᡁԜᰐ⌅ӵӵṩᦞ A ⢩ᖱ

Ⲵн਼٬ᶕ᧘ᯝᖃࡽሩ䊑ᱟн਼Ⲵ࣯ ഐ̍Ѫާᴹ਼⢩ᖱ٬Ⲵሩ䊑ਟԕᆼޘнᱟǄާ փ

㇇⌅⍱〻৲㿱㺘 3.5Ǆ 

� YCrCb⁑ර 

ަѝ Y ᱟӞᓖˈ㘼 Cb઼ Cr ᱟ㢢ᓖؑǄYCbCr オ䰤ާᴹሶ㢢ᓖоӞᓖ࠶Ⲵ⢩⛩ˈ
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൘ YCbCr 㢢ᖙオ䰤ѝ㛔㢢Ⲵ㚊㊫⢩ᙗ∄䖳ྭˈ㘼фᱟє㔤⤜・࠶ᐳˈ㜭䖳ྭൠ䲀ࡦ㛔㢢࠶

ᐳ४ฏǄ 

㺘㺘㺘㺘 3.5 ࣯䇶࡛㇇⌅࣯䇶࡛㇇⌅࣯䇶࡛㇇⌅࣯䇶࡛㇇⌅ 

Define: Detection_FrequencyỰ⍻仁⦷ 

Detection̟ ᗇࡠⲴ RectArea̍ ᔰ䇑ᰦ Time 

     For: ᖃ Time<1/Detection_Frequency̍Time++ 

     Skin Model: ⭡ YCrCbᗇࡠമۿⲴҼ٬മۿˈ㿴ᇊⲭ㢢㺘⽪㛔㢢 

     Draw Circle: ⭡ RectArea⺞ᇊശᗳ৺ॺᖴ 

          Classify̟ ṩᦞॺᖴク䗷Ⲵ㛔㢢४ฏᮠ䇶࡛࣯ 

If Time==1/Detection_Frequency̍䟽ᯠ Detection 

 

YCbCrਟ⭡ RGB㓯ᙗਈॆᗇࡠ˖ 
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Cr

Y

0183.04187.05.0

5.03313.01687.0

114.0587.0299.0

     (3.11) 

㲭❦ YCrCb⁑ර㜭൘аᇊ〻ᓖкࡺᕡ Y Ӟᓖሩ仌㢢Ⲵᖡ૽ˈնㆰঅⲴᧂ䲔 Y Ⲵᖡ૽ሶ

Պࡺᕡ⁑ර励ἂᙗǄഐ㘼䴰㾱ሩ⁑ර䘋㹼䶎㓯ᙗ࠶⇥㢢ᖙਈᦒǄ⭡ ''' CbCrYYCrCb → ˈަ䖜

ᦒޜᔿྲл˖ 
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ަѝ˖ 










>
−

−•−
+

<
−

−•−
+

=
h

h

CbCb
Cb

l
l

CbCb
Cb

KYif
KK

WHWYY
WH

KYif
KK

WLWYY
WL

YWcb
,

)()(

,
)()(

)(

max

max

min

min

   (3.14) 



สҾമۿⲴ䶉ᘱ࣯䇶࡛৺൘ᴽ࣑ᵪಘӪѝᓄ⭘สҾമۿⲴ䶉ᘱ࣯䇶࡛৺൘ᴽ࣑ᵪಘӪѝᓄ⭘สҾമۿⲴ䶉ᘱ࣯䇶࡛৺൘ᴽ࣑ᵪಘӪѝᓄ⭘สҾമۿⲴ䶉ᘱ࣯䇶࡛৺൘ᴽ࣑ᵪಘӪѝᓄ⭘                                                                                                                                                         

37 










>
−

−•−
+

<
−

−•−
+

=
h

h

CrCr
Cr

l
l

CrCr

KYif
KK

WHWYY
WH

KYif
KK

WLWYY
WLcr

YWcr
,

)()(

,
)()(

)(

max

max

min

min

   (3.15) 
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min     (3.17) 

фᴹ˖ 128,125 == hl KK ˄䶎㓯ᙗ࠶⇥㢢ᖙਈᦒⲴ٬⇥࠶˅ 

235,16Y maxmin == Y ˄㛔㢢㚊㊫४ฏѝ Y  ˅䟿Ⲵᴰሿᴰབྷ٬࠶

10,20,76.38

14,23,79.46

===
===

CrCrCr

CbCbCb

WHWLW

WHWLW
 ˄ᇎ傼ᗇࡠⲴᑨᮠ˅ 

 㓿䗷䘉ṧⲴ䶎㓯ᙗ࠶⇥㢢ᖙਈᦒ ᡁ̍Ԝᗇࡠ㛔㢢㚊㊫൘ YCrCbオ䰤ѝⲴ࠶ᐳ䳶ѝ൘ањ

ὝശѝǄ᤹ ➗Ր㔏Ⲵᯩ⌅ ᡁ̍Ԝሶа⭘ањὝശᶕ䘁լ㺘⽪䘉њ㛔㢢४ฏ ਟ̍ᗇྲࡠлޜᔿ  ̟
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)()(

2

2

2

2

=−+−
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eCyy
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       (3.18) 
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CyCr
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x
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'
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θθ

       (3.19) 

03.14,39.25

)(56.2,41.2,6.1

,02.152,38.109
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===

==
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eCyeCx

CyCx

ᕗᓖθ  

 䘉ṧᡁԜਟԕሶ㛔㢢⛩о䶎㛔㢢⛩䘋㹼࠶ˈሩമۿ䘋㹼Ҽ٬ॆǄ൘ὝശⲴ⛩䇮㖞Ѫ

255̍ н൘ὝശⲴ⛩䇮㖞Ѫ 0Ǆ൘ᇎ䱵༴⨶ѝԔ 

2

2

2

2 )()(

b

eCyy

a

eCxx
t

−+−= ˈ

tes −=       (3.20) 

 㤕

1−< es
  нᱟǄࡉ䇔Ѫᱟ㛔㢢⛩ˈࡉˈ
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� ⭫ശ⌅䇶࡛ 

ᡰ䉃⭫ശ⌅ᱟа∄䖳ਆᐗˈ䇶࡛⦷н儈ˈሩ㛼Ჟ઼ݹ➗䜭ᴹᖸ儈Ⲵ㾱≲Ǆަᇎਟሶᖵ 

䇶࡛Ⲵ࣯൷䙊䗷 HOG+SVM㇇⌅ᆖҐᗇࡠᓄⲴ Detector̍ ሩҾཊ࠶٬㊫ਟԕ䘹ᤙҼ৹ṁ

㔃ᶴˈሶཊњҼ٬䰞仈㚄ਸǄն⭡Ҿᰦ䰤䲀ࡦ⋑ᴹ࠶ݵᰦ䰤ሶ⇿њ࣯䜭䘋㹼ᆖҐˈഐ㘼䟷

⭘аਆᐗⲴᯩ⌅Ǆާփਟ৲㿱മ 3.14Ǆ 

   

മമമമ 3.14 ⭫ശ⌅⨶⭫ശ⌅⨶⭫ശ⌅⨶⭫ശ⌅⨶ 

 ᡰ⭫Ⲵശ䙊䗷Ⲵ㛔㢢४ฏᮠⴞਟо 1~5Ⲵ࣯ሩᓄǄަѝശᗳ઼ॺᖴ⭡Ự⍻⧟㢲ѝⲴ

⸙ᖒ⺞ᇊǄާփԓ⸱ѝˈᡰਆശᗳሩҾ⸙ᖒѝᗳٿьইᯩੁˈॺᖴѪ˖ 

).Re,.max(Re* heightctwidthctα        (3.21) 

ᔿѝα ਟ䈳ᮤˈ൘ 0.45~0.55ѻ䰤Ǆ 

ᱟ䙊䗷㛔㢢४ฏⲴࡔᯝˈᱟᦞശᕗሩᓄḷⲴۿ㍐Ӟᓖ٬Ѫ 255˄ ⲭ㢢˅ⲴᮠⴞǄ

ᖃ䘉њᮠⴞབྷҾањ Thresholdᰦࡉ䇔Ѫ䙊䗷Ҷ㛔㢢४ฏˈԓ⸱ѝྲлਆ٬˖ 

).Re,.max(Re* heightctwidthctβ        (3.22) 

ᔿѝ β ਟ䈳ᮤˈ൘ 0.03~0.07ѻ䰤Ǆ 

 䴰㾱㺕ݵⲴᱟѪҶ䚯ݽᤷѻ䰤Ⲵ䐍䗷Ҿ䘁ˈ㘼ሶєн਼㛔㢢४ฏ䈟䇔Ѫ਼а㛔㢢४

ฏˈ൘ᇎ䱵Ự⍻ѝሩҼ٬മۿ䘋㹼Ҷ㞀㲰ˈ֯㛔㢢४ฏਈᗇᴤ㓶ˈׯҾ⭫ശ⌅䇶࡛Ǆ 

� Ự⍻仁⦷ 

ѻᡰԕᕅ䘋Ự⍻仁⦷ˈᱟഐѪ࣯䇶࡛䗷〻ᇎ䱵к࠶Ѫєњ↕僔˖1ǃỰ⍻ Open⣦ᘱⲴ 

˗2ǃ൘Ự⍻ࡠ Open⣦ᘱⲴਾˈ䇶࡛↔ਾਈॆⲴަԆ࣯Ǆ⭡Ҿᩴۿཤᇎᰦ䇶࡛ᰦˈ

ᱟՊ〫ࣘⲴˈᡰԕ䴰㾱䙊䗷Ự⍻ Open⣦ᘱⲴᶕнᯝᴤᯠᡰ൘Ⲵ⸙ᖒ४ฏǄ㘼ਖаᯩ

䶒Ự⍻઼䇶࡛ᴹݸਾ亪ᒿޣ㌫ˈᰐ⌅਼ᰦ䘋㹼Ǆ 

 ൘ԓ⸱ѝᡁԜ㿴ᇊ⇿ 200ᑗമ⡷ਾỰ⍻Ⲵᴰᯠս㖞Ǆ 

 䇶࡛᭸᷌৲㿱മ 3.15Ǆ 
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മമമമ 3.15 䇶࡛᭸᷌മ䇶࡛᭸᷌മ䇶࡛᭸᷌മ䇶࡛᭸᷌മ 
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ഋഋഋഋǃǃǃǃᙫ㔃ᙫ㔃ᙫ㔃ᙫ㔃оኅᵋоኅᵋоኅᵋоኅᵋ 

4.1 ᙱ㔉 

 俆ݸˈᵜ᮷ُࣙ PhotoshopࡦҶ⭘ҾᆖҐ䇝㓳Ⲵ࣯ᮠᦞᓃˈަࡦᯩ⌅ㆰঅ䙊⭘ˈ

ਟ⭘ҾަᆳỰ⍻ሩ䊑ⲴᮠᦞᓃࡦǄަ⅑ˈᵜ⅑⹄ウُࣙ OpenCV2.0㿶㿹ᓃ઼ Visual Studio 

C++ᇎ⧠ҶสҾ HOGⲴ⢩ᖱᨀਆ઼ཊቪᓖлỰ⍻⁑ඇ˗ُࣙ LibSVM ઼ Matlab ᇎ⧠Ҷส

Ҿ SVM ⲴᆖҐ࠶㊫⁑ඇǄᇎ⧠Ҷ൘༽ᵲ㛼Ჟлˈሩᕐᔰ⣦ᘱ䘋㹼ཊቪᓖⲴ䇶࡛Ự⍻ˈᇎ

傼ᮠᦞ㔏䇑ᱮ⽪ભѝ⦷䗮 90%Ǆᴰਾˈ൘Ự⍻ࡠⲴᶑԦлˈᵜ᮷ُࣙ YCrCb㛔㢢⁑රሩ

н਼࣯䘋㹼䇶࡛Ǆ൘㛼Ჟо㛔㢢儈ᐞ࡛ࡽᨀлˈ㜭สᵜᇎ⧠ሩަԆ࣯Ⲵ䇶࡛Ǆ 

 ൘ާփᇎ⧠䗷〻ѝྲлࠐ⛩䶎ᑨ䟽㾱˖ 

 ᮠᦞᓃⲴࡦ˖↓ᡰ䉃ˈᐕⅢழަһˈᗵަ࡙ݸಘǄ㲭❦ṧᵜⲴ䟷䳶оࡦ䶎ᑨ㙇䍩ᰦ

䰤ˈն㢟ྭⲴ䇝㓳ᮠᦞˈሩสҾᆖҐⲴỰ⍻䇶࡛ᱟ㠣ޣ䟽㾱ⲴǄਖཆˈ൘ࡦᮠᦞᓃᰦˈ䴰

㾱ሩṧᵜⲴཊṧᙗо਼аᙗࠪڊᵳ㺑Ǆ 

 HOG㇇⌅ᇎ⧠˖HOG㇇⌅ѝᴰṨᗳⲴ䜘࠶ᱟⴤᯩമ㔏䇑ѝⲴй⅑ᨂ٬৺儈ᯟᵳ䟽Ⲵᓄ

⭘ˈ䘉䜘࠶ᇩ䊼լ⩀⺾߇։ˈᇎ䱵кᱟሩተ䜘ؑⲴᴤޘ࣐䶒Ⲵ᭮᱐Ǆԫօһ⢙䜭ᱟӂ

㚄Ⲵޣ й̍ᨂ٬⌅ᱟӾањᮤփⲴ䀂ᓖ৫㺑䟿ተ䜘ⲴؑǄ㘼儈ᯟᵳ䟽ࡉփ⧠Ҷሩһ⢙Ⲵ䇴

ՠˈн਼㓴ᡀᡀ࠶ሩһ⢙Ⲵ䍑⥞〻ᓖᱟнаṧⲴǄ 

 SVM ⁑ඇᓄ⭘˖൘䘀⭘ SVM ᆖҐ࠶㊫ᰦˈᑨ䘹ᤙⲴṨ࠭ᮠᱟᖴੁสṨˈն൘ᵜ᮷ѝᡁ

ԜՈݸ㓯ᙗṨǄަഐᱟ⭡㓯ᙗṨᆖҐᗇࡠⲴ࠶㊫ಘˈਟԕ䙊䗷ޜᔿ䇑㇇ࠪ HOGỰ⍻⁑ඇ

ѝⲴ Detector㇇ᆀ ሶ̍ަѪᑨ䟿؍ᆈ䈳⭘Ǆ㤕⭘ᖴੁสṨ ࡠሩҾ⇿њṧᵜ䇑㇇ᗇࡉ̍ HOG

⢩ᖱੁ䟿ਾˈ䘈䴰㾱䈳⭘ SVM Ⲵ亴⍻࠭ᮠˈᴤѪ༽ᵲ㙇ᰦǄ 

 䇶࡛⁑ඇ˖൘ᗇࡠሩ䊑Ⲵ YCrCbമۿਾˈሩമл䘋㹼㞀㲰ˈਟԕ߿ቁ䶎Ⲵ㊫㛔㢢

४ฏˈᴤᴹ࡙Ҿ䇶࡛Ǆ 
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4.2 ኋᵑ 

ᵜ⅑⹄ウˈн䏣ѻ༴ᴹԕлࠐ⛩ˈᴹᖵᰕਾ᭩䘋ᆼழ˖ 

� ൘༽ᵲ㛼Ჟлˈሩᕐᔰ⣦ᘱⲴỰ⍻㲭❦ᴹ儈䗮 90%Ⲵભѝ⦷ˈնᱟҏᆈ൘䘁 20% 

䈟䇶⦷ˈ䴰㾱ሩ㇇⌅䘋а↕᭩ழ 

� ሩҾⲴỰ⍻㇇⌅䗷༽ᵲ㙇ᰦˈаᕐ 640*480Ⲵമ⡷ˈสҾ 1.73GHzⲴ༴⨶ಘ䴰㾱

䘁 13。Ⲵᰦ䰤㜭Ự⍻ࡠ 䘉̍ሩҾᇎᰦⴁ⍻ᱟ㠤ભⲴǄഐ㘼㇇⌅䘈䴰㾱䘋а↕ՈॆǄ 

� ሩҾަԆ࣯Ⲵ䇶࡛ᱟㆰঅⲴสҾ㛔㢢⁑රǄ㘼㛔㢢⁑රሩҾ㛼Ჟǃݹ➗ᴹ䖳儈Ⲵ 

㾱≲Ǆቔަᖃ㛼Ჟѝࠪ⧠Ҷо㛔㢢㊫լⲴ⢙փᰦˈަ䇶࡛䭉䈟⦷僔ॷǄ䴰㾱㘳㲁ᴤ

励ἂᙗⲴ㇇⌅Ǆ 
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