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      ᶈ ￼ PASCAL VOC ᾭὯ і╜ ￼ⱶӌ₅╜ớ

ᶈ ᴞ֡ẉѧṰ ҈ ḧ ￼ ῳӓ￼Ά│ῗᶶא ἄ

ι ẂṄᶺѦӉ ᶃӵ⸗ềљ іїᾰ ᵀ ᶈ 

ᾰѧιἅҪώ֧҃ ᴅћᴵἛṝ￼₅╜ │ι Ḿ҈ѳ

ׁḾ VOC 2012 ￼ῳӓ ‛ιẈᶎ ẙεmAPζώ ҃

30βҨі -  ḫ҃א 53.3β￼ mAP ἅҪ￼Ά│ ᵀ҃ѣѦ

ԋ χ 

     ε1ζᴵҨṄᶽḳ ᴒ εCNNζẔּ҈ז ї

і￼תᶟּוἄιҨӝḾ ḧӈᵙ֫ב;ε2ζẸ‰ ￼

ᾭὯ Ὴι ￼חүי ι ᵅ ⸗ḧ

ᶟ￼ỉ ιғּוῘ ￼ớ ώ״ ἄљוᶟּתἅҪṄ҈יּ

CNN ᵀ ‎ιἅҪṄΆ│ ѭ R-CNNχԏῶ CNN ו

ᶟת￼ ἅҪ Ṅ R-CNN љῳ ώ֧￼ᶢ҈ ӆ CNN ‟

ט◌￼‗ ᴭ₅╜ᵸ OverFeat ҃⅝ ἅҪᴧא

RCNN ᶈ 200 ILSVRC2013 ₅╜ᾭὯ іᶽᶽҸ҈

OverFeat ᾯѦ ￼◊Ҧ ᴵᶈҨїӈ ệχ 

 http://www.cs.berkeley.edu/~rbg/rcnn 

 

1.  

 
⸗ềỄ  ᴿ ָүח￼ῳᵅײẉ ṝᶢ҈

SIFT [29]ᵙ HOG [7]￼Ӕּז  Ӈῗιḅ‛ἅҪ ї

ָүח PASCAL VOC ⱶӌ₅╜[15]￼ ῞ιҚҪא

ѭ 2010 - 2012 ẉ ṝ ỹιᵼѭ ⅎѮ ấ ᾯ

ӌ ᵙ ἄוΆ│￼ỉṇᴪ  

SIFTᵙ HOG ῗᶒꜛΆᵇ ΆᶃιἅҪᴵҨ ᶊљצּ V1

ѧ￼ᶶ  ԋ ι ῗ♄ ⱶט Ểѧ￼ Ѧ

Ṗתᶟ  ӇἅҪѼ ָᴧּוᶈї▫￼֡Ѧ ⅎι

῎ᴵ ḕᶈᶺ ￼ι 

 

warped region aeroplane? no.  
.  

|person? yes.  
CNN  

tvmonitor? no.  
1. Input 2. Extract region 3. Compute 4. Classify  
image proposals (~2k) CNN features regions 

 

ᶃ 1χḽ ‭≡ ⁭  ἅҪ￼ ε1ζ זּ Ԅᶃӵιε2ζ

ώᴨᶽ 2000 Ѧ ї іתᶟּוἄιε3ζӔּזᶽᶚᴒ

εCNNζ ⅛Ѧּוἄ￼⸗ềιⱡᵅε4ζӔּז⸗ḧ￼ ớ֫ ᵸ

SVM Ḿ⅛Ѧתᶟ ֫  R-CNN ᶈ PASCAL VOC 2010іḫ

҃א 53.7β￼Ẉᶎ ẙεmAPζ ⅝ѳїι[39]Ӕּז ᵃ￼ת

ᶟּוἄιӇῗԏῶ Ḕᶨᵙ Ểιᴱệֹ҃ 35.1β￼

mAP  ╙ ￼ᴵᴪẻ￼ ҭ₩ᶚ￼ệ֫ѭ 33.4β  ᶈ 200

ILSVRC2013 ₅╜ᾭὯ ѧιRCNN ￼ mAP ѭ 31.4βι⅝

OverFeat [34] ῶỄᶽᾡ ιԎѧѳׁ￼ῳӓ ‛ѭ 24.3β  

 

ᶺ ⅎ￼ ⸗ề￼ ι Ҏ Ḿ҈ ָ῭ԏӡỤ

ớ  

      ṡ￼ɒneocognitron ɓ[19]ι Ẫ₩҈זּ וּ￼ָ

ⱶḙᵏᴧ￼֫Ṗᵙ ӈјᴪ₩ᶚιῗ ￼Έῼṍ

ⱡ ιᾺ ѷ │ Ҩ Rumelhart Қ[33]

ѭᶢ ιLeCun Қ[26] ῎ι ᴦᵇҽᾘ￼  ₃ẙї

Ḿ҈ ᴒ εCNNζῗῶᾦ￼ιCNN ῗ

Ἓṝ neocog nitron ￼₩ᶚ  

      CNN ᶈ 20 ќ 90 ẉҦệֹ҃ᶽ Ӕּזεӕḅι

[27]ζιӇ ᾟὙᵇ  ￼Ԍ ιḜҪṰ Ὴ҃  

2012 ẉιKrizhevsky Қ[25] ᶈ ImageNet ᶽ ₩

ָὠἇεILSVRCζіῘ ֧῭ ￼ᶃӵ֫ ֝ ẙι

ᾺⱧ ҃Ḿ CNN ￼Ԍ [9,10] ҤҪ￼ἄוῗּ҈י ԉ

ᶂ ֯ ᵽ￼ᶢ҈ 120 єѦṾ‰ ᶃӵ￼ ᶽ CNNιḾ

LeCun ￼ CNN ֫Ύἱᶈ εӕḅιMAXεX,0ζ,Ӣ⃰

ớҨᴣ Dropout קֱ⃰ ζ  

      ImageNet ‛￼ ỴѲẬ ҃ ẂẶ♥￼  
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ᶈ ILSVRC 2012 Һῼ ѧỌ ᴵҨặ ѭҨї

֡♇χImageNet ￼ CNN ￼֫ ‛ᶈᶺᶽ ẙіὸẍ

ֹ PASCAL VOCὠἇ￼Ḿ ₅╜ ‛ό 

 ἅҪ Ằᵀᶃӵ֫ ᵙḾ ₅╜ѳ ￼Ṯ ‎ᵻ

Ѧ  ᾰ ₭ ῎ιљᶢ҈ ᴅ HOG ⸗ề￼

⅝ιCNN ᴵҨӔ PASCAL VOC￼Ḿ ₅╜ớ Ῐ

ώ ѭ҃ḫא ‛ιἅҪњ├҈ѣѦ χӔ

Ṗ▄זּ ṕ ώᴨ₅╜Ḿ ιẊҝӔּזṈ Ṿ‰├￼

₅╜ᾭὯ‎ ḳ ₩ᶚ  

 љᶃӵ֫ јᵃι₅╜ ᶈᶃӵѧḧӈεᴵ Ễ

ᶺζḾ Ά│Ṅḧӈ⁭‟קѭᵻặ Ӈῗι

Szegedy Қ￼ṪӐ[38]љἅҪ ṯᵃῊᴧאι

ᶈḫצּ ѧᴵ јӓεҤҪἵᵓא VOC 2007 ￼ mAP

ѭ 30.5βι ἅҪ￼Ά│ḫא￼ 58.5βζ ᴰ Ά│

ῗấ Ѧ◌ט ᴭή╜ᵸ  CNN Ṱ Ҩ ΆẪӔּז

҃ Ṉ҇ײẉι Ẃῗᶈᴩ ​￼ⱶӌіιӕḅ

[32,40]ᵙ Қ[35] ѭ҃ӠὙ ֫ ꞌι Ҏ CNN

ẂҝԏῶѣѦᴒ ᵙ−קṖ ἅҪ ט◌זּ

ᴭΆ│ ⱡ ιᶈἅҪ￼ ѧιῶҋѦᴒ Ṗ￼ᴅӈ

ᶈ Ԅᶃӵѧԏῶ Ẃᶽ￼ỵᴩ ε195Ö195 ӵ ζᵙ

ℓẄε32Ö32 ӵ ζι Ӕệᶈ◌ט ᴭ ӕԓ￼

ḧӈἄѭԇẦ￼Ἡ ὠἇ  

 ᴦιἅҪ ᶈɒӔּתזᶟ ָɓ ӕ[21]ѧᾛ

Ӑ‎ ֘ CNN ḧӈ ι ӕṰἄ҈זּוḾ ₅╜

[39]ᵙ Ѳ֫[5]ב ᶈ╜ ῊιἅҪ￼Ά│ѭ Ԅᶃӵ

ἄᶽוּ 2000 Ѧљ ָῂԋ￼תᶟּוἄιӔּז CNN ҡ

⅛Ѧּוἄתᶟѧώᴨᶁḧ ẙ￼⸗ềᵇ ιⱡᵅӔּז

ָ⸗ḧ￼ ớ SVM Ḿ⅛Ѧתᶟ ֫ ἅҪӔּז ᴅ

￼Ἡ εұṃᶃӵᴪẌζ‎ ‎ ⅛Ѧּוἄתᶟ￼ᶁ

ḧᶽṇ￼ CNN Ԅι ј ᶟ￼ẻꜛḅӍת ᶃ 1₦

҃ἅҪ￼Ά│ιẊ ♇ҟ ҃ἅҪ￼ Ҏ ‛ ἅ҈יּ

Ҫ￼ Ṅתᶟּוἄљ CNN ᵀ ‎ιἅҪ ѳѭ

RCNN Ά│χԏῶ CNN ו ￼ Region  Proposal  

 ᶈ ᾰ￼῭Ὰⱱ ѧιἅҪ ᶈ 200

ILSVRC2013 ₅╜ᾭὯ і R-CNNιώӗ R-CNN

љῳ ώ֧￼ OverFeat [34] ₅╜ ￼᷃Ḿ᷃⅝  

OverFeat Ӕּט◌ז ᴭ CNN ₅╜ιֹ ׁѭ₿ι

Ḝῗ ILSVRC2013₅╜ѧớ ῳӓ￼Ά│ ἅҪᴧא R-

CNN ῎ῘҸ҈ OverFeatιׁ mAP ѭ 31.4βι ᵅ

ҝѭ 24.3β  

 ₅╜ѧ Ѫ￼ ҇Ѧὠἇῗ‰ ᾭὯ 

 

ỄṈι ׁᴵּז￼ᾭ ј Ҩ ᶽᶚ CNN ￼ҽ

֘Ά⁮ῗӔּזῂ ￼ ιⱡᵅ ῶ ￼ỉ

εӕḅι[35]ζ  ᾰ￼ ҇ѦѮ Ꞌῗ ῎ιᶈ Ѧ

ᶽ￼ ᾭὯי εILSVRCζ ׁιӾᶈ⸗ḧᶟ￼ṇ

ᾭὯ εPASCALζіỉ ιῗ ᾭὯ Ὴ ḳ

CNN ￼ῶᾦΆ│ ᶈἅҪ￼ḫ ѧιּ₅҈ז╜￼ỉ ᴵṄ

mAP ớ ώ 8 Ѧ︣֫♇ ỉ ᵅιἅҪ￼ ᶈ

VOC 2010 іḫ҃א 54β￼ mAPι ᶽẄ ᾯ￼ᶢ҈

HOG ￼ᴵᴪẻ￼ ҭ₩ᶚεDPM ζֱ ֹ҃ 33β

[17,20] ἅҪ Ṅᵇ ҟ Donahue Қ￼ᵃῼṪӐ

[12]ιҤҪ ῎ Krizhevsky ￼ CNN ᴵҨӐѭ ⸗ềώᴨ

ᵸӔּזεј ỉ ζιᶈ֡Ѧ ָүחіғּ֧ו ￼

֫῟ὐᶋץιא ι ẙḒ֫ ᵙᶟ Ẕ  

ἅҪ￼ ѼỄ ᾦ ᵪ ￼֫ ῗ Ẹṇ￼

ᵇ Ѻ ᵙ ￼ ῳᶽἬֺ Ṟớ‎ ҈Ἅῶ

ָԊҕ￼⸗ềιẊћ⅝ӾׁӔּת￼זᶟ⸗ềѼӉѣ ᾭ

εᴠ [39]ζ  

҃ ἅҪΆ│￼᷂ᾦ₩ẪḾ҈ᾡ ḜѼῗ ԋ ￼ι

ᵼ℅ἅҪἵᵓ҃ Hoiem Қ￼₅╜֫‘Ṫԏ￼ ‛[23]

Ӑѭ℅֫‘￼ Ѧ ‛ιἅҪ ῎҃ Ѧ ᴅ￼ ⁭ףּ

ᵻặΆ│ᴵҨῘ ֟Ṉ ḧӈι ῗѮ ￼ ₩Ẫ  

ᶈẦᴧἩ  ѳׁιἅҪ├Ỵֹּ҈י R-CNN ᶈתᶟі

ιᵼ℅ṄԎἛṝֹ Ѳ֫ב￼үחῗỄ ⱡ￼ ỉ

ṇ￼ӢᾡιἅҪ ᶈ PASCAL VOC֫בүחѧ ệ҃ῶ

￼ד҅ ‛ιVOC 2011 ╜ ￼Ẉᶎ֫֝ב ẙѭ

47.9β  
 

2. R- CNN  
 

ἅҪ￼ⱶӌ₅╜ ѕѦ₩ᶒיּ ἄ  Ѧּוἄљ

ָῂԋ￼תᶟ  ҎּוἄתᶟḧѲ҃ἅҪ￼ή╜ᵸᴵּז￼

ӧ ₅╜  ҇Ѧ₩ᶒῗ Ѧᶽ￼Ỉע ιҡ⅛

Ѧתᶟώᴨᶁḧ ẙ￼⸗ềᵇ  ѕѦ₩ᶒῗ ‎זּ

֫ ￼ ớ SVM  ᶈ  ѧιἅҪṄҟ ⅛Ѧ₩ᶒ￼

֘ ιὼ Ԏ╜ Ὴ ᵙӔּזừ֙ι ῎Ԏᴠᾭ￼ḙѽ

ΆẪιẊᶈ PASCAL VOC 2010-12 ᵙ ILSVRC2013іῘ

₅╜ ‛  
 

2.1.  
 

ᶞⱳởὝ֦ש       ῳ ￼ᴿ ᾰώӗּ҃וּ҈זἄљ ָ

ῂԋ￼תᶟ￼Ά│ɺ 
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aeroplane  bicycle  bird  car 
 

ᶃ 2χVOC 2007 ֯ ￼ἠΎ ‾   

ӕץὐχḾ ớ[1]ι Ὅớᾆ [39]ι ָῂԋ￼Ḿ

ώ [14]ι ​ᴠᾭῳṇ֫בεCPMCζ[5]ιᶺṑẙ ᵀ

֫ [3]ᵙ Cires·an [6]ι Ṅ CNN Ẕּ҈ז ֱ ￼

ΆẻӐⱶ‎₅╜ῶѡ֫ ι ῗתᶟּוἄ￼ Ѧ⸗ӕ

ⱡ R-CNN Ḿ⸗ḧתᶟּוἄΆ│ῗјᴵ ￼ιӇἅҪӔּז

Ὅớᾆ ‎ḫאљӾׁ₅╜ṪӐ￼ᴩί⅝ εӕḅι

[39,41]ζ  

◕ỀὝᴧ ἅҪӔּז Krizhevsky Қὼ ￼ CNN ￼

Caffe [24] ḫאҡ⅛Ѧתᶟώ ѧώᴨ 4096 ⸗ềᵇ  

[25] ׁᵇҽᾘẈᶎ֟ᴞ￼ 227Ö227 RGBᶃӵιּזҋ

Ѧᴒ ṖᵙѣѦḢԅ ὶṖ‎ ⸗ề ἅҪᵇ ὸ

[24,25]Ҩ ᴨ῭ᶺ ‟‗  

ѭ҃ ᶟ￼⸗ềιἅҪọתἄוּ ӾṄ ￼ᶟѧת

ᶃӵᾭὯ Ὥѭљ CNN Ԓḳ￼ẻẪεԎ‟‗ Ԅᶁḧ

￼ 227Ö227 ӵ ᶽṇζ ᶈἅҪүỴẻꜛתᶟ￼ ᶺᴵ

ᴪὭѧιἅҪ Ὅῳ ᴅ￼ ῂ ӧ ᶟ￼ᶽṇἆת ₪⅝

ḅӍιἅҪ ҺṄᶀ Ḝ￼ Ḹ ⁭ѧ￼Ἅῶӵףּ ἠΎֹ

Ἅ ￼ᶽṇ ᶈᴪẻѳׁιἅҪἛṝ Ḹ￼ ⁭ιӔệᶈףּ

ἠΎ￼ṑḽᶴιᶈᴝḊ⁭ᵕᶀḕᶈᵍῶἠΎᶃӵӡỤ￼ụḄ

p Ѧӵ εἅҪӔּז p = 16 ζ ᶃ 2 Ῐ ҃ἠΎ ᶟת

￼  Ἲ‾ ἠΎ￼ῲҦΆ⁮ᶈ ẹ Aѧ  

 

2.2.  

      

      ᶈ╜ ῊιἅҪḾ╜ ᶃӵ Ὅớᾆ Ҩώᴨᶽ

2000 ѦתᶟּוἄεἅҪᶈἍῶḫ ѧӔּז Ὅớᾆ ￼

ɒồ ₩Ẫɓζ  ἅҪḾ⅛Ѧתᶟ ἠΎιⱡᵅ

CNN ṄԎҽᾘֹ ￼ Ẹѧ  ѼṏῗιḾ҈⅛Ѧ ιἅ

ҪӔּז Ḿ ￼ SVM Ḿ⅛Ѧώᴨ￼⸗ềᵇ

֫  ḧᶃӵѧ￼Ἅῶệ֫תᶟιἅҪẔּז ￼ ῳᶽ

ἬֺεḾ҈⅛Ѧ ꜠ ζ │ιḅ‛Ḝљ Ѧệ֫῭ ᶟת

￼Ґᴢ ᵀ ᴬεIoUζӪᶽ҈₩ᶚḙֹ￼ Ӫι ệ֫Ӊ

ᶟṏҺת￼ ἲẨ  

      ᾩ֪ῷ  ѣѦΆ│Ӕ₅╜ᾦꞌώ  ӾιἍῶ

CNN ᴠᾭ ᶈἍῶ ָѧԊҕ  ҇ιּי CNN ￼⸗

ềᵇ  

 

љԎҤẂ ￼Ά│ ⅝ιḜҪῗ῭Ӊ ￼ιӕḅṾῶ Ḕ

ץ ￼ Ḕᶨ ӕḅιUVA ₅╜ [39]ѧӔּז￼⸗

ề⅝ἅҪ￼ᶽѣѦᾭ ε360k Ḿ 4k ζ  

Ԋҕ￼ ‛ῗι ἄᵙ⸗ềεᶈוᶟּת GPU іѭ

13s /ᶃӵἆᶈ CPUіѭ 53s /ᶃӵζἍ ￼Ὴ ᶈἍῶ

і ֫ ᵪ ￼֫ ῗ⸗ềљ SVM   ᵙ ῳᶽ

Ἤֺѳ ￼♇ ᶈḫ ѧιᶃӵ￼Ἅῶ♇ ֫ἥ

ֹᴅѦ￼ љ ￼Ѻ ѧ ⸗ề Ẃѭ 2000 

Ö4096ιSVM   ѭ 4096ÖNιԎѧ N ῗ ￼ᾭ  

֫‘ ῎ιR-CNN ᴵҨἛṝֹᾭ׳ѦḾ ι ῂ

זּ ӆἩ ιӕḅᾫ֯εhashingζ ᴏӔῶ 100k ι

ᶈאҦᶺ⁄ CPUіּוἄ￼ Ѻ│ᴱ 10 ᾦꞌј

ҝҝῗӔּתזᶟּוἄᵙԊҕו ￼ ‛ Ԏ҈יּ ⸗ềι

UVA ṄỹѣѦᾭ ι ҝ 134GB ԓḕ‎ḕӴ

100k ớ ╜ᵸι ἅҪ￼Ӊ ⸗ềҝ 1.5GB  

Ṅ R-CNN љ Dean Қῳ ￼ṪӐ Ḿ⅝ѼỄῶ

ԋ҈Ӕּז DPM ᵙᾫ֯￼ᴵἛṝ₅╜[8] ҤҪἵᵓ ιẸẬ

Ԅ 10k ẇἣ Ὴι⅛ắᶃӵ￼ Ὴ ѭ 5 ֫ ιVOC 

2007 ￼ mAP ѭ 16β ἅҪ￼Ά│ι10k ₅╜ᵸᴵ

Ҩᶈ CPU і ᶽ ֫ ιẊћּ҈י≡ῶ ӆιᵼ

℅ mAP ṄӠὙᶈ 59βε 3.2 ζ  

 

2.3.  
 

נּר       ἅҪҝӔּזṾ‰├ᶃӵᶈᶽᶚ ᾭὯי

εILSVRC2012 ֫ ζіῶת‍ᶊ Ӿ CNNε℅ᾭ

Ὧј Ӕּז ‰⁭ףּ ζ ӔּזẦ◊ Caffe CNN ẓ

[24] ѳιἅҪ￼ CNN ֡Ѷљ Krizhevsky Қ

￼ [25]א  ιᶈ ILSVRC2012 ֫ і ệ҃ҝ

ῶ 2.2%￼ ꞌ￼ top -1 ἄ Ṯầῗּ҈י

￼ ק  

       ◕ḦשᶞַײỈ ѭ҃ӔἅҪ￼ CNN ẔᾺүחε₅

╜ζᵙᾺתᶟεἠΎ￼ּוἄתᶟζιἅҪҝӔּזἠΎּוἄת

ᶟ CNN ᴠᾭ￼  ₃ẙї εSGDζ זּ҃

 ִḊקεN + 1 ζ ֫ ṖῲὭ CNN ￼ ImageNet њּז

1000 ֫ ṖεԎѧ N ῗḾ ￼ᾭ ιזі ῟ѭ

1ζιCNN ‟‗јᴪ Ḿ҈ VOCιN = 20 ιḾ҈

ILSVRC2013ιN = 200 ἅҪḾἍῶתᶟ ᶴתιᴱ

Ҏתᶟ◑  
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љḢԅ ḫ⁭ ᴬ￼ IoU 0̂.5ι ᶟת ṏ֫ѭ⃰ ιԎӎ

ѭ ἅҪҨ 0.001 ￼ḙѽꞌεִḊ ꞌ￼ 1/10ζ

ẦḊ SGDι ӹ ỉ ј ᶐִḊק ᶈ⅛₭ SGD Ҧ

ѧιἅҪᴅ꜠ ‾ 32 Ѧ⃰ ᴭεᶈἍῶ ָіζᵙ 96 Ѧ

῟ ᴭιҨ‗ấ Ѧ 128 ￼ṇἥ ἅҪṄ ‾ӭᵇ⃰

ᴭιᵼѭḜҪљ ῟ ⅝ Ẃ  

ḽ ַ֪ ᵷ ҇Ӻ֫ ᵸ‎₅╜∩ Ễ

῎Ῐι ∩ᶀץ ￼ᶃӵתᶟẔ ῗ Ѧ⃰ ￼ӕḒ ᵃ

‾ᶊιỄ῎Ῐιљ∩ ῂԋ￼ ᶟẔת῟ ῗ Ѧ ￼ӕ

Ḓ јᶿ▐₣￼ῗḅӍ‰ љ∩ ֫ ᴬ￼תᶟ ἅҪӔ

זּ IoU ᴬ Ӫ Ὰ ֘℅ ιӉ҈ ӪṄתᶟḧѲѭ

ᾭ і￼ ⁪ᾆ ιἅҪҡ{0,0.1,ɚ,0.5}ѧј

Ᾰ ᾯ Ӫιῳᵅ ḧ￼ ᴬ Ӫῗ 0.3 ἅҪᴧאιң

Ὅ℅ Ӫ Ẃ ḅ‛ṄԎ ѭ 0.5ιḅ[39]ѧἍ

ιmAP Ṅ Ӊ 5Ѧ♇ ᵃ‾ιṄԎ ѭ 0ҺӔ mAP

Ӊ 4Ѧ♇ ⃰ӕ ᴅᶊḧѲѭ⅛Ѧ ￼ᶢ Ӫ ⁭ףּ  

ῆώᴨ҃⸗ềẊẔּ҃ז ‰ ιἅҪṏҺҸק⅛Ѧ

￼ ớ֫ ᵸ SVM ҈יּ ᾭὯᶿᶽ ῂ│ Ỏιἅ

Ҫ ᵿ￼֝‰זּ ‾  Ά│(hard negative mining 

method )[17,37] ᵿ ￼ ‾  Һ ₩ᶚồ ᾠᾩι

Ẋћᶈḫ ѧιmAPҝᶈ ₭ Ἅῶᶃӵᵅӯ₿ᶭז  

ᶈ ẹ BѧιἅҪ ҃ѭҜѱᶈỉ ᵙ SVM ѧḾ

⃰ ᵙ ӕ￼ḧѲјᵃ ἅҪ ҃ ₅╜ SVM

Ἅ╧ᴣ￼  ι јῗ ᴅᶊӔּז‎ ỉ CNN ￼ῳ

softmaxṖ￼ ֧  

 

2.4. PASCAL VOC 2010- 12  
 

Ỉ PASCAL VOC ῳӓḫ [15]ιἅҪ ҃ VOC 

2007 ᾭὯ ￼Ἅῶ ֘ ᵙ ᴠᾭε 3.2 ζ  Ḿ҈

VOC 2010 -12 ᾭὯ ￼ῳ ‛ιἅҪḾ VOC 2012 і

￼ CNN ҃ỉ ιẊҸ҃קἅҪᶈ VOC 2012 train -

val і￼₅╜ SVM  ἅҪҝ Ḿѣ Ѯ │ᴪӌεӔּז

ᵙјӔּז ╜⁭ᵻặζṄףּ ‛ώҐ ӂῸחᵸ  

  1 Ῐ ҃ VOC 2010 ￼Ḣᾯ ‛ ἅҪṄἅҪ￼Ά

│љᵺѦẶᶢ ⅝ ιץὐ SegDPM [18] ιḜṄ DPM

₅╜ᵸљ Ѳ֫ב ￼ ֧ ᵀ ‎[4]ιẊӔּז ᶹ￼

іїᾰ ₅╜ᵸᵙᶃӵ֫ ᵸ ֫  ῳ ԋ￼ῗ

Uijlings Қ￼ UVA [39]ιᵼѭἅҪ￼ Ӕּז ᵃ

ἄוᶟּת￼ │  ѭ҃Ḿתᶟ ֫ ιҤҪ￼Ά│‗ấ

҃ Ѧᵺ ḔᶨẊּזḜᶪӼ 

 

Ḹ ‾￼ SIFTιἛṝ￼ OpponentSIFT ᵙ RGB-SIFTὼ

ι⅛Ѧ זּ 4000 Ḕ￼ ιḫא ק  Ӕּז Ά

ᶃҐᴢ⁄ SVM Ἒ ֫  љᶺ⸗ềι ớ⁄ SVM Ά│

⅝ιἅҪᶈ mAP Ά ᴨệ҃Ễᶽ￼ᾡ ιҡ mAP ￼

35.1βֹ 53.7βιᵃῊѼ῭ồε 2.2 ζ  ἅҪ￼Ά│

ᶈ VOC 2011/12 ╜ ѧḫ҃א ӆ￼ớ ε53.3β

mAPζ  

 

2.5. ILSVRC2013  
 

ἅҪӔּזљ PASCAL VOC ᵃ￼ ᴠᾭᶈ 200

ILSVRC2013 ₅╜ᾭὯ і R-CNN ἅҪ Ỉ ᵃ￼

ᴃ ιṄ╜ ‛ҝώҐ ILSVRC2013 ӂῸחᵸѣ

₭ι ₭Ӕּז ⁭ףּ ᶶι ᴰ ₭≡ῶ  

ᶃ 3 ⅝ ҃ R-CNN љ ILSVRC 2013 ѧ￼ᴠ Ӑᵝ

⸗ָῗ OverFeat ￼⅝ ‛[34]  R-CNN ￼ mAP ֹ

31.4βι ҈ OverFeat ￼ 24.3β￼ ҇Ḅἄ ѭ҃

҃ ָі￼ AP ֫ṵừ֙ι ώӗ҃ ẻᶃιẊᶈ 8 ￼

Ṕᶴ֧֯҃⅛ AP ￼ ⁪ ᶽᶺᾭ ҅ώҐ

εOverFeatιNEC-MUιUvA-EuvisionιToronto -A ᵙ

UIUC-IFPζӔּזᴒ ι ῎ CNN ḅӍẔּ҈זⱶӌ

₅╜ḕᶈῘ ￼ ỉṮָιṀ ‛ṮầỄᶽ  

ᶈ 4 ѧιἅҪ₦ ҃ ILSVRC2013₅╜ᾭὯ ιẊ

ώӗ҃ῶԋᶈԎі R-CNN ῊἍӮ Ὅ￼ ӡỤ  

 

3.  
 

3.1.  
 

Ṗᴒ ⁄ᴵҨ ὶῘ ι῏҈ת [25]ιḜҪὪὨḧ

ᵇ ᵙ ᴦ￼ ҃ ᵅ Ṗ῭ԏὠἇớ  Zeiler ᵙ

Fergus ᶈ[42]ѧώ֧҃ іԏῶ Ậד￼ᴦᴒ Ά

│  ἅҪώ֧҃ ᴅεᵙҊ ζ￼ ᴠᾭΆ│ιᴵ

ὶῘ ḙֹ￼ԓḳ  

ἅҪ￼ỳ│ῗᶈ ѧὠ֧ Ѧ⸗ḧ￼ᴅӺεѼṏῗ⸗

ềζẊӔּזḜṏḄӵḜ  ṏῗ Ѧⱶӌή╜ᵸ  Ѽṏῗ

ιἅҪ ᶈᶽ Ӡּוּפἄתᶟε 1000 єζі￼☼╗

֩ᾭιҡῳ ֹῳӉ☼╗ ‛Ḿּוἄתᶟ ὴẑιἚ

ῳᶽӪἬֺιⱡᵅῘ ệ֫ῳ ᶟת￼  ἅҪ￼Ά│

֝ Ῐ ḜἍ ᴧ￼ Ԅι Ἅ ᴅӺɒ ṯ ɓ  ἅ

Ҫ ԁẈᶎ ‛ιῗѭ҃ ֹјᵃ￼ ₩ẪιẊ▄Ԅ҃

ᴅӺε⸗ềζ ￼јᴪớ  
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1χVOC 2010 ≡ ‭≡ẇᶍײַ ẘαήβ  R-CNN љ UVA ᵙ Regionlet ῳ ὶᴵ⅝ιᵼѭἍῶΆ│ Ӕּז Ὅớᾆ ᶟתἄוּ  

⁭ᵻặεBBζᶈףּ C ֫ѧὼ ᶈ֧ⱱῊιSegDPM ῗ PASCAL VOCὴ ₧￼ῳӓ א  yDPM ᵙ SegDPM Ӕּ҃זԎҤΆ│῾Ӕּז

￼іїᾰ Ὰ ḧ  

 

ᶃ 3χαṪβILSVRC2013 ‭≡≡ ײַ mAP  Ά│ѳׁ* Ӕּזᶹ ᾭὯεᶈἍῶừ֙ї‎ ILSVRC֫ ᾭὯ ￼ᶃӵᵙ‰

ζ  αᴷβ₤ѥᾛ←ַײ 200 ѥẇᶍ ẘөַײ Ẻᶂ  ῾Ῐ ᵅ OverFeat ‛￼Ά⁭ᶃιᵼѭ⅛ AP ṌјᴵּזεR-CNN ￼⅛ AP

ᶈ 8 ѧιѼץᵍᶈіҽֹ arXiv.org ￼Ἡ ἵᵓ◊ѧ; ᴠ R-CNN-ILSVRC2013-APs.txtζ  ѧӈᾭ APιΆ⁭ẕ ᵙ ῗ

25 ᵙ 75︣֫ӈᾭ  ῢ ảӄֹ⅛ Ά│￼ῳṇᵙῳᶽ AP  ⅛Ѧ APᶈ і ֺѭ ♇εῳḄҨᾭḔΆẪ‬ ᾣζ  

 

 
ᶃ 4χԇѥ pool5 ᴄӹַײ ᶞש  ὶᾠḔⅎᵙ☼╗ӪҨ︢ ֺ  •ҎᴅӺљ₦ỔḾ ιӕḅҚε 1 ζἆᾰ ε4ζ  ԎҤᴅӈὪ

 ᵙת Ṟớιӕḅ♇ ֯ε2ζᵙ ᴦṃε6ζ  
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2χVOC 2007 ≡ ‭≡ẇᶍײַ ẘαήβ  1-3 Ῐ R-CNN ớ ῂ ỉ  4-6 Ῐ CNN ᶈ ILSVRC 2012і

￼ ‛ιⱡᵅᶈ VOC 2007 trainval і ỉ εFTζ  7 ὐץ Ѧ ᴅ￼ ⁭ᵻặεBBζףּ ⅎιᴵҨ֟Ṉḧӈ ṮεC ֫ζ  

8-10 Ṅ DPM Ά│ӐѭẶᶢ  ѦҝӔּז HOGι ὶї‎￼ѣѦӔּזјᵃ￼⸗ềḙѽΆ│‎ᶭẶἆῲὭ HOG  

 

 
3χѣ јᵃ CNN ‟‗￼ VOC 2007 ╜ ￼₅╜Ẉᶎ ẙεβζ  ׁѣ ῗ 2 ѧӔּז Krizhevsky Қ￼‟‗εT-Netζ￼ ‛  

ѕᵙ ᵺ Ӕּזῳ ώ֧￼ Simonyan ᵙ ZissermanεO-Netζ￼ 16 Ṗ‟‗[43]  

 

      ἅҪҡᶃṖ pool 5 ᴵ ᴅӺιק ῗ ￼ ҋѦᵙῳ

ᵅ Ѧᴒ Ṗ￼ῳᶽ− ֧  pool5 ⸗ềᶃῗ 6Ö6Ö256 = 

9216 ổּצ ᾦẔι⅛Ѧףּ pool5 ᴅӺᶈᴝḊ 227Ö

227 ӵ Ԅѧԏῶ 195Ö195 ӵ ￼ỵᴩ ѧ᷁ pool 5

ᴅӺ֡Ѷԏῶԅṕ ᶃι ￼ ѦᴅӺԏῶ ṇ

￼ι ׇ ￼ᾟ  

      ᶃ 4ѧ￼⅛ Ῐ ҃ἅҪᶈ VOC 2007 trainval і

ỉ ￼ CNN ѧ￼ pool5 ᴅӺ￼ׁ 16 ₭☼╗  256 Ѧו

꜠⸗ᴅӺѧ￼ 6 Ѧῗᴵ ε￼ק ẹ D ὐ῭ᶺζץ

Ὅ ҎᴅӺҨῘ ḙѽ￼Ҧ ớ‾  ᶈ ҇ ѧιἅ

Ҫ ֹ Ѧᶈꜟ ᵙ♇ ֯іᴧṃ￼ᴅӈ ḾẔ҈ ѕ ￼

ᴅӈῗ ᾱ♇₅╜ᵸ ῶּ҈זҚ ￼ή╜ᵸᵙ῭Ἲ ￼

ᶃ⁮ιӕḅṾῶ Ἃ￼ᾰ ᵙѕ ẻ ‗ ӆѶḙѽ

҃ ι ṄṈ ￼ ￼ ᾯ⸗ềљẻꜛι ιת

ᵙ ᾳṞớ￼֫ṵẪ ᵀ ᵅ￼Ḣԅ ὶṖ

fc6 ԏῶḾ ҎѨḹ⸗ề￼ᶽ ᵀ ấ₩￼ ד  

 

3.2.  
 

      ṕεᾢ Ỉ  ѭ҃ ᵤҎṖḾ₅╜ớ ԋ

ιἅҪ֫‘҃⅛Ѧ CNN ῳᵅѕṖ￼ VOC 2007 ᾭὯ

￼ ‛  Layer pool5 ᶈ 3.1 ѧ ὼ  ῳᵅѣṖỞ

ḅї  

 

      Ṗ fc6 Ḣԅ ὶֹ pool5 ѭ҃ ⸗ềιḜṄ 4096Ö

9216   ѺҨ pool5 ⸗ềᶃε Ὰẻἄѭ 9216 ᵇ

ζιⱡᵅ▌זӭṮᵇ ѧ ῗ֫ ᴁ└ᾯ╙￼

ε ζ  

      Ṗ fc7 ῗ ￼ῳᵅ Ṗ Ḝῗ Ṅּי fc6 ￼⸗

ềѺҨ 4096Ö4096   ιẊ ӆᶊ▌זӭṮ ẊẔ

￼אᴁ└ᾯ╙‎ḫזּ  

       ἅҪ Ӿ‬ CNN ￼ ‛ιјḾ PASCAL ỉ ι

ᴏἍῶ CNN ᴠᾭҝᶈ ILSVRC 2012 і ҃

Ṗ֫‘ớ ε 2 1-3 ζῘ fc7 ￼⸗ề⅝ fc6 ￼⸗ề

῭ Ỵᵖ ᴵҨᶈј Ӊ mAP ￼ừ֙ї 29βἆ

1680 єѦ CNN ᴠᾭ ῭ҧҚỬ ￼ῗιᴏӔҝӔּז

6β￼ CNN ᴠᾭ pool5 ⸗ềιᵃῊ fc7 ᵙ fc6 Ѽ

Һғּו ẸḄ￼ ‛  CNN ￼ᶽ ֫Ҧ ớד ‎ Ԏᴒ

Ṗι јῗ‎ ῭ᶽ￼Ḹ ὶṖ ᴧאᾂ ҃ Ѧ☺

ᶈᾦּזιᴏ ҝӔּז CNN ￼ᴒ Ṗι‎ ᶢ҈ HOG

⸗ề￼үỴᶽṇ￼ᶃӵ￼Ḹ ⸗ềᶃ ι ҃ᶈ

pool5 ⸗ềѳі ט◌ ᴭ₅╜ᵸεץὐ DPMζ￼ḫ

￼ᴵ ớ  

      ṕỳ εԎῑỈ ה ἅҪאᶈ ї CNN ￼

ᾯᵅ￼ ‛ 
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ԋ҈ VOC 2007 trainval ￼ᴠᾭ ᾡ ⃰ᶈ ε 2

4-6 ζχỉ Ṅ mAP ώ 8.0 Ѧ︣֫♇ 54.2β  

fc6 ᵙ fc7 ￼ỉ ώ״⅝ pool5 ᶽệᶺι ῎ҡ

ImageNet ḙֹ￼ pool5 ⸗ớῗ ιẊћᶽᶺᾭᾡ￼זּ

ῗҡḙѽ⸗ḧ ᶟ￼ ớ֫ ᵸ ệ￼  

ј῏ ₦ײַ←ỀḘѼᾛ◕ײַ Ḿ Ṉ￼⸗ềḙѽΆ

│Ṱ ṍ PAS-CAL VOC₅╜ ἅҪ ῳ ᶢ҈ᴵᴪ

ẻ￼ ҭ₩ᶚ￼ѣ Ά│ Ӑѭᴠ ιἅҪ ֝‰ὐᶢ҈ץ

HOG ￼ DPM ￼ ‛[20]  

Ѧ DPM ⸗ềḙѽΆ│ DPM ST [28]ַּזɒ ᶃ‰

ɓ₦ꞌ￼ ΆᶃᶭẶ HOG ⸗ề ᶊ ι ᶃ‰ ῗ

ᶃӵ ђѧỌ￼ Ả￼ Ḹ֫ṵ  ₒ’ᶈ⅛Ѧ

ӵ ᶴ ᶃ‰ ₦ꞌι  ₒ’ ҨṄ 35Ö35

ӵ ᾱᶒ֫ ѭ 150 Ѧ ᶃ‰ ἆ ῟ѳ  

҇ Ά│ DPM HSC [31]ּז שּ εHSCζ￼ Άᶃ

ῲὭ HOG ѭ҃ HSCιӔּז 100Ö7Ö7 ӵ ε♃ẙζ

ᴝḒ￼ḙѽḔԐᶈ⅛Ѧӵ ᶴ∂ שּ ☼╗Ӫ ғּו￼☼

╗Ҩѕ ΆẪεԅ└ᵙѣᴁ└ζ ᾯ╙ι ᵀẊιᴅӺ

l2ặ ιⱡᵅק ꞌᴪὭεו ζ  

      Ἅῶ R-CNN ᴪӌ ẶᶽᶊҸ҈ѕѦ DPM ᶢ ε 2

8-10 ζιץὐӔּז⸗ềḙѽ￼ѣѦ љҝӔּז HOG

ו ￼ DPM ￼ῳᾺⱱ  ⅝ιἅҪ￼ mAP ֧ 20 ᶺѦ

︣֫♇χ54.2βḾ⅝ 33.7βɋɋ Ỵᵖ 61β￼ Ḿᾡ

ᵱ  HOG ᵙ ᶃ‰ ￼Ḕⅎ￼ ᵀ⅝ᴅ꜠￼ HOG ώ

2.5 mAP ♇ι HSC⅝ HOGώ 4 mAP ♇εԓ љԎ

ῶ DPM ᶢ ⅝  -  Ӕּז DPM ￼ ԇẦḫאιԎ

 јḅẦ◊ⱱא [20] ζ ҎΆ│ָ֫ḫא 29.1βᵙ

34.3β￼ mAP  

 

3.3.  
 

 ᾰѧ￼ᶽᶺᾭ ‛ Ӕּ҃ז Krizhevsky Қ￼ ‟

‗[25]  ӇῗιἅҪᴧא‟‗￼ ὍḾ R-CNN ￼₅╜ớ

ῶỄᶽẽᵠ  ᶈ 3 ѧιἅҪῘ ҃Ӕּז Simonyan ᵙ

Zisserman ῳ ώ֧￼ 16 Ṗ▄Ṗ ￼ VOC 2007 ╜

‛[43]  ῗῳ ILSVRC 2014ẉ֫ ὠἇѧ ῳא

ӓ￼ ѳ  ԏῶᶎפ￼ ‗ιּי 13 Ṗ 3Ö3 ￼

ᴒ ⁄ ἄιԎѧᾫṵ 5 Ѧῳᶽ−קṖιẊћ ῶѕѦ

Ḣԅ ὶṖ  ἅҪṄ Ѧ ѭ OxfordNet ￼ɒO-

NetɓιẊṄᶺҿᶺ ￼ᶢ ѭɒT-Netɓ  

 

ѭ҃ᶈ R-CNN ѧӔּז O-NetιἅҪҡ Caffe Model 

Zoo ї ҃ VGG ILSVRC 16Ṗ₩ᶚ￼ԇẦᴵ ￼

  ⱡᵅἅҪӔּז ᵃ￼ᴃ Ḿ ҃ỉ  ἅҪ

҈זּ T-Net  ᵪ ῗ⁞Ὧָת￼ Ӕּז ṇ￼ỉᶚ

 ε24 Ѧ ӕζҨ Ẕ GPUԓḕ  3 ѧ￼ ‛ ῎ι

ԏῶ O-Net ￼ R-CNN ᶢ іҸ҈ԏῶ T-Net ￼ R-

CNNιṄ mAP ҡ 58.5βᶭז 66.0β  ⱡ ιᶈ Ὴ

Ά ḕᶈ Ẹᶽ￼ ♇ιO-Net ￼⃰ᵇҽ ᶽ ⅝ T-

Net 7Ӥ  
 
 

3.4.  

ἅҪẔּ҃ז Hoiem Қ￼Ҹ ₅╜֫‘Ṫԏ [23]ιѭ҃

ᾂ ἅҪΆ│￼ ₩Ẫι҃ ỉ ḅӍᾡᴪḜҪιҨᴣ҃

ἅҪ￼ ᶚљ DPM ￼⅝ Ḣᾯ￼֫‘ṪԏỞ

֧҃ ᾰ￼ ᶀιἅҪ כ ᴠ [23]‎ת Ҏ῭

￼ εӕḅɒ ￼ק APɓζ ῳḄᶈ‘֫҈יּ ԋᶃ

￼ ῟ї ᾠιᵼ℅ἅҪᶈᶃ 5 ᵙᶃ 6 ￼‰ ԓ

 

 

3.5.  

ᶢ҈ ֫‘ιἅҪḫᾼ҃ קΆ│‎֟Ṉ ᶊק

ᴩ DPM [17] ѧӔּז￼ ⁭ᵻặ￼ᵏᴧιἅҪףּ

ớᵻặ₩ᶚιҨ ╜Ὰ￼₅╜ ᴭι ֧ Ὅớᾆ ᶟת

ώӗ￼ pool5 ⸗ề ӡỤ ẹ C 1ι 2 ᵙᶃ 5

ѧ￼ ‛ ῎ι ᴅ￼Ά│ᴵҨӢᶶᶽ ḧӈ￼₅

╜ιṄ mAP ώ 3ֹ 4Ѧ♇  

 

3.6.  

ILSVRC2013 ￼ḧớ₅╜ ‛ᶈ ᾰ Ṕ￼ᶃ 8 ᵙᶃ 9

ѧ ֧ ҡ val2 ѧ   ‾⅛ѦᶃӵιẊῘ Ἅῶ₅╜

ᵸ￼Ἅῶ₅╜ι ẙᶽ҈ 0.5 ├Ỵι Ҏ ≡ῶ ֮ι

Ẋ ֧҃ή╜ᵸ￼ḫ ᴍ ῭ᶺ￼ḧớ ‛ḅᶃ 10 ᵙᶃ

11 Ἅ ιӇ Ҏ ‛Ṱ ֮ ἅҪ Ὅ҃⅛Ѧᶃӵι

ᵼѭḜץᵍῶ ἆҧҚỬ ￼ ‛ ℅ᶹι Ῐ ҃ ẙᶽ

҈ 0.5￼Ἅῶ₅╜ ‛  

 

4.ILSVRC2013  

ᶈ 2 ѧιἅҪώӗ҃ ILSVRC2013₅╜ᾭὯ ￼

‛ ᾭὯ ⅝ PASCAL VOC῭јᶎפι 
  

 
 

1 https://github.com/BVLC/caffe/wiki/Model-Zoo 
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ᶃ 6χḽ ◕Ềַײ ᾈẘ  ⅛ѦᶃῘ ҃ԈѦјᵃḾ ⸗ềε ὢιἈᾸι ᶟιת⁭ףּ ₪⅝ι ♇ι ֫ᴵ ớζԓῳ ᵙῳӉớ Ḓ

￼ᶎӪεᶈ ָіζặ ק APεᴠ [23]ζ  ἅҪῘ ҃ἅҪ￼Ά│εR-CNNζ￼ᶃ ιῶᵙ≡ῶỉ εFTζᵙ ⁭ᵻặεBBζҨᴣףּ

DPM voc -release5  Ở￼‎ ιỉ јҺ Ӊ♄ᾧẙεῳᶽӪᵙῳṇӪѳ ￼ṮầζιӇ֡ѶᴵҨῘ ᾡᵱ֡ѶἍῶ⸗ớ￼ῳ ᵙῳӉớ

Ḓ  ῎ỉ јҝҝῗ ᴅᶊᾡ Ḵ ⅝ᵙ ᶟѧớת⁭ףּ ῳӉ￼Ḓ ιᵼѭҚҪᴵ Һ⁞ὯἅҪḅӍἠΎ Ԅ ꞊╜  

ᴦιỉ ᴵҨώ Ἅῶ⸗ề￼ ₈ớιץὐ ὢιἈᾸι ♇ᵙ ҭᴵ ớ  

 

 

ᶃ 5χὴᵄῳ ￼Ӭ ớεFPζ ᶚ￼֫ṵ  ⅛ѦᶃῘ FP ᶚ

￼◗ᴪ֫ṵιᵼѭὟⱢệ֫ Ӊ￼ ẑ ῭ᶺ￼ FP  ⅛Ѧ FP

֫ѭ 4 ᶚѧ￼ χLoc-poor ḧӈεIoU ᴬ₅╜ι⃰

ᶈ 0.1 ᵙ 0.5 ѳ ιἆ Ѧ ᶶζ; ₩Ὁ█╫љ ӆ￼ ָ; љ

јᵃḾ ָ￼█╫; BG-a FP ᶈ ῟іᴧṃ  љ DPMεᴠ

[23]ζ ⅝ιἅҪ￼ Ῐⱡ῭ᶺῗּ҈יḧӈјӓι јῗљ ῟

ἆԎҤḾ █╫ι ῎ CNN ⸗ề⅝ HOG ῭ԏ דָ  —ᾫ

￼ ᶊקᴵ ῗּ҈יἅҪӔּז ї і￼תᶟώ Ҩᴣҡ

CNN ԅᶃӵ֫ Ἅḙֹ￼ӈ јᴪớ  ѕ֯Ῐ ҃ἅҪ￼

ᴅ ⁭ᵻặΆ│ḅӍӢᶶףּ ᶺ ᶊק  

 

ὍḅӍӔּזḜ ҈יּ  Ҏ֘ḧẊ ῂ ιᵼ℅

ἅҪṄᶈ  ѧҟ Ҏ֘ḧ  
 

4.1.  
 

ILSVRC2013 ₅ ╜ ᾭ Ὧ ֫ ѭ ѕ χ train

ε395,918ζιvalε20,121ζᵙ testε40,152ζιԎѧ⅛

ѧ￼ᶃӵᾭ ᶈὐᴺѧ  

 

ᵙ╜ ῗҡב֫ ᵃ￼ᶃӵ֫ṵѧώᴨ￼ Ҏᶃ

ӵῗ ӆᶋ῟￼ιẊћљ PASCAL VOCᶃӵ￼ᶶ ớεⱶ

ӌᾭ ι └ ι ᴵᴪớמ ζ ӆ  ᵙ╜ Ἴ֫

Ḣԅ├ ι Ỵᵖ ᶈ⅛Ѧᶃӵѧι‎ Ἅῶ 200 Ѧ

￼Ἅῶḫӕ זּ ‰⁭ףּ ⅝ѳїι ֱ‎

ILSVRC2013 ֫ ᶃӵ֫ṵ Ҏᶃӵԏῶ῭ᶺᴪק￼ᶶ 

ớιẊћӭᵇ҈ᴅѦḾ ￼ᶃӵ љ ᵙ╜ јᵃι

ᶃӵεּ҈יḜҪ￼ᾭ Ễᶽζ≡ῶ ṓᶊ├ ᶈүӍ

ḧ￼ ᶃӵѧι‎ 200 Ѧ ￼ḫӕᴵҨ‰ ἆј‰

҃ Ҏᶃӵ ѳᶹι⅛Ѧ ῶ ᶹ￼ ӵ ἐ

‬₅ט ᶃӵҨ ḜҪјץᵍԎԋ ￼үӍḫӕ ᶈ

ṪӐѧ≡ῶӔּז ᶃӵ ῶԋḅӍᾠ ᵙ├

ILSVRC￼῭ᶺӡỤᴵҨᶈ[11,36]ѧἧֹ  

Ҏ֫ ￼ớ ѭ R-CNN ώӗ҃ ᶺ Ὅ ᶃ

ӵј ᵿ҈זּ ιᵼѭ├ Ẋјῗ Ẃ ד

ӕḒẔ ҡᵤ ‎ό℅ᶹι ᶃӵԏῶљ ᵙ╜

јᵃ￼ ᾭὯ ῗᵋẔ Ӕּז ᶃӵιḅ‛ӔּזιᶈӍ

ẙіό ⱡἅҪṌ῾Ḿᶽ Ὅ ԅ ӂιӇἅҪ

⁞Ὧѳׁ￼ ώ֧҃ ӆῳ῎Ῐ￼ Ể  

ἅҪ￼Ởӌ ῗѤצּ Ә ẊӔּז Ҏ ᶃӵ

Ӑѭ ‖ ӕ￼ ◊‎י Ṅ ҈זּ ᵙ ιἅҪ

ṄԎ֫ἄᶽ ᵃᶽṇ￼ɒ 1ɓᵙɒ 2ɓ ҈יּ

•Ҏ ᶈ ѧ￼ ӕ ẂṈεῳṇ￼ᴱῶ 31 Ѧ ᴁᴱ

ῶјֹ 110 Ѧζιᵼ℅ּוἄ ӆ Ẉ ￼ᴠᾭ Ẃ

ѭ℅ιּוἄ҃ᶽ ӧ Ẋћב֫ Ҏԏῶῳṇ￼ῳᶽ Ḿ 
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јẈ ￼ Ὅ҃ 2 Ӕּז ָ ᾭӐѭ⸗ề

ᶃӵιⱡᵅ ᴵҨᾡᵱ֫בẈ ￼   ᶊᾆ ιּוἄ

⅛Ѧӧ ב֫ Ӕּז￼⸗ḧ֫בԏῶ 11β￼ῳᶽ

ḾјẈ ᵙ 4β￼ѧӪ ḾјẈ  1 / 2Ἴ֫ᵙ

ἄḜҪ￼Ҧוּ҈זּ ṄԇẦώӗιҨӹ ԎҤ Қᵔ⅝

ҤҪᶈ ἵᵓѧӔּז￼ Ἴ֫Ά│  

 

4.2.  

 

 ἅҪ Ỉּ҈זᶈ PASCALі₅╜￼ ᵃתᶟּוἄΆ│

Ὅớᾆ [39]ᶈ val1ιval2 ᵙ test ѧ￼⅛ѦᶃӵіҨ

ɒồ ₩Ẫɓ εӇјᶈ ѧ￼ᶃӵіζ

₭ṇӢᾡҨᶴת Ὅớᾆ јῗṑẙјᴪ￼҆ḫιᵼ℅ғּו

ᶟᾭת￼ ᴨ֘҈ᶃӵ֫ ꞌ  ILSVRCᶃӵᶽṇ ᶀҡ

Ẃṇֹ֡Ѧ֡︣єӵ ιᵼ℅ἅҪᶈ Ὅớᾆ ѳׁṄ

⅛Ѧᶃӵ￼ᶽṇ ᾯѭᶁḧḴẙε500 ӵ ζ ᶈ val іι

Ὅớᾆ Ṁ ⅛ѦᶃӵẈᶎῶ 2403 ѦתᶟּוἄιἍῶ

ḫ ᴳᵻꞌѭ￼⁭ףּ 91.6βε0.5 IoU Ӫζ ℅₭ᴳᵻ῎

ῘӉ҈ PASCALιԎ ѭ 98βι ῎ ἄוᶟּת ⅎ￼ᾡ

ᵱ Ễᶽ  

 

4.3.  

 

 Ḿ҈ ᾭὯιἅҪẻἄ҃ ᶃӵᵙΆ⁭ιԎѧץὐ

‎ val1 ￼Ἅῶ Ὅớᾆ ᵙḢԅ ḫ⁭Ҩᴣ‎ ￼

⅛ ῳᶺ N Ѧ ḫ⁭εḅ‛ Ѧ ￼ ḫḫӕ⁭Ṉ҈ N

Ѧζ ιⱡᵅἅҪ ᴨἍῶ Ҏ ἅҪṄ ѦᾭὯ ѭ

ᶃӵᵙ⁭ val1 + trainN ᶈ╦ ѧιἅҪᶈ val2 іῘ

Ḿ҈ Nʘ {0,500,1000}￼ mAPε 4.5 ζ  

 R-CNN ѧ￼ѕѦ ẑ ᾭὯχ 

 ε1ζCNN ỉ ιε2ζ₅╜ᵸ SVM ιε3ζ ףּ

⁭ᵻặ Ӕּזљ PASCAL ѧḢԅ ᵃ￼ ιᶈ val1 

+ trainN і CNN ỉ Ҩ 50k SGD Ҧ Ӕּז

Caffe Ḿ Ѧᴅ ￼ NVIDIA Tesla K20 ỉ 13

ѦṇῊ Ḿ҈ SVM ι‎ val1 + trainN ￼ἍῶḢԅ

ḫ⁭ּזӐԎᴿ ָ￼⃰ӕ Ḿ‎ val1 ￼ 5000 Ѧᶃ

ӵ￼   ὍḒ ᵿ ӕ ῳִ￼ḫ ῎ιҡ

Ἅῶ val1 ѧ ᾭ јῗ 5000 ѦᶃӵḒ εᶽ

ᴁζιṀ mAP ҝї 0.5 Ѧ︣֫♇ιᵃῊṄ SVM

Ὴ ᴁ ≡ῶүӍ ӕḒ 
 
 

2 ḾјẈ ╜ ѭ| a Ɋ b | /  ( a + b  )Ԏѧ aᵙ b ῗ֫ ￼⅛

ᴁѧ￼ ָᾭ  

 

ᵼѭ├ Ẋ ṓῂ ῾Ӕּז ᶹ ᵀ￼

ӕᶃӵ ⁭ᵻặףּ ῗᶈ val1 і ￼  

 

4.4.  

 

ᶈṄ ‛ώҐ ӂῸחᵸѳׁιἅҪӔּזі ᾭ

Ὧ ҃ᾭὯӔּז ὍҨᴣỉ ᵙ ⁭ᵻặḾףּ val2 ￼

ẽᵠ Ἅῶ ᴠᾭεӕḅιSVM C ᴠᾭιתᶟἠΎ

ѧӔּז￼ᶪӼιNMS Ӫι ⁭ᵻặףּ ᴠᾭζ ᶁḧ

ᶈּ҈ז PAS-CAL ￼ ᵃӪ ←ῂּת ι Ҏ ᴠᾭ Ὅѧ

￼ ҎḾ҈ ILSVRC‎ ỳιӇῗתỉјצּ ṪӐ￼ ‰

ῗᶈ≡ῶᶽ ᾭὯ ᾯ￼ừ֙їᶈ ILSVRCіғִּוℓ￼

R-CNN ‛ ᶈ val2 і Ὅῳӓ ὍᵅιἅҪṄѣѦ ‛

ᾰҭώҐ ILSVRC2013 ӂῸחᵸ ѦḒүח≡ῶ

⁭ᵻặιףּ ҇ѦḒүחῗ ⁭ᵻặףּ Ḿ҈ ҎώҐι

ἅҪἛṝ҃ SVM ᵙ ⁭ᵻặףּ ιҨָ֫Ӕּז

val+ train1k ᵙ val ἅҪӔּ҃זᶈ val1+ train1k і ỉ

￼ CNNιҨ ԁ Ὰ ỉ ᵙ⸗ề  

 

4.5.  

 

4 Ῐ ҃јᵃᾭ ￼ ᾭὯιỉ ᵙ ⁭ᵻặᾦףּ

Ẕ￼╦ Ѧ ḻ ‛ῗ val2 і￼ mAP љ╜ ѧ

￼ mAP Ẃὶ ἅҪ ӡιval2 і￼ mAP ῗ╜

ớ ￼ ḄὝ‰ Ѧ ‛ι20.9βιῗ R-CNN Ӕּז

ᶈ ILSVRC2012 ֫ ᾭὯ і ￼ CNNεῂỉ ζḫ

ιẊћᴵҨ￼א val1 ѧ￼Ṉ ᾭὯεᵻỳ ї

val1 ѧ￼ ῶ 15 ֹ 55 ѦӕḒζ Ṅ Ἓṝֹ

val1+ trainN ᴵṄớ ώ ֹ 24.1βιN = 500 ᵙ N = 

1000 ѳ ᶢ ≡ῶṮָ Ӕּז val1 ѧ￼ ӕḾ CNN

ỉ ᴵҨ ẙώ ֹ 26.5βιӇᴵ Һּ҈יṈᾭ⃰ ￼

‾ӕ ẙὉᵀ Ṅỉ Ἓṝֹ val1 + train1k ιҡ

ѧ⅛ ᶭז 1000 Ѧ⃰ ╜ ιῶ҈יῘ ώ mAP

29.7β ⁭ᵻặṄףּ ‛ώ ֹ 31.0βι ῗ

PASCALѧ ḻֹ￼ ṇ￼ Ḿᶭ  

 

4.6. OverFeat  

 

R-CNN ᵙ OverFeat ѳ ḕᶈ ῶ ￼ԋ χ

OverFeat ᴵҨεᶽ ζ Ӑῗ R-CNN ￼ Ѧ⸗ӕ ḅ‛

ῲὭ Ὅớᾆ  ᶟת
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4χILSVRC2013ḾᾭὯӔּז Ὅιỉ ᵙ ╦￼⁭ᵻặףּ  

 

ӔּזẂ Άẻתᶟ￼ᶺṑẙ Ḕᶨ￼ấ ιẊṄ⅛ ⁭ףּ

ᵻặ ῭ᾡѭᴅѦ ⁭ᵻặףּ ιⱡᵅ Ṅ Ẃ ӆε₩

ὉḜҪ￼ Ҏ☺ᶈ￼Ῐ Ṯầζ χCNN ₅╜ỉ ιӔ

זּ SVM Ӫệ├Ỵ￼ῗιOverFeat ⅝ R-CNN ԏῶ῎Ῐ

￼ ẙҸמχᶢ҈[34]Ậּז￼⅛ắᶃӵ 2 ￼ ẙιḜᶽ

ồ 9 Ӥ ẙ‎ ҈ OverFeat ט◌￼ ᴭεᴏתᶟּו

ἄζᶈᶃӵ ָ≡ῶἠΎ￼҆ḫιᵼ℅ᴵҨᶈ ᴬ ᴭѳ

ḳ῏ᶊԊҕ ᶈүỴᶽṇ￼ ԄіҨᴒ ΆẪ

ᾯѦ ‎ḫאԊҕ ז R-CNN Ẕ ᴵҨ ᴿ ΆẪ

ז ιẊћҠⱡῗ῾‎￼ṪӐ  

 

5.  

 

ᶟ֫ת       ῗ Ѳ֫ב￼‰֝Ἡ ιӔἅҪ ᶼ —ᶊṄ

R-CNN Ẕּ҈ז PASCAL VOC ֫ⅎὠἇ ѭ҃ӝ҈љẸׁ

Ӿ￼ Ѳ֫ⅎ ε ѭɒ҇ −ɓ￼ O2Pζ ὶ

⅝ [4]ιἅҪᶈҤҪ￼Ầ◊⁭‟ԓṪӐ  O2PӔּז CPMC

ѭ⅛Ѧᶃӵּוἄ 150 ѦתᶟּוἄιⱡᵅӔּזᾟὙᵇ ᵻặ

εSVRζ ╜⅛Ѧ ָ￼⅛Ѧתᶟ￼ ҤҪ￼Ά│￼

ớ ῗּ҈י CPMC ￼ᶟת ᵙᶺ ⸗ề ᶚ￼Ặᶽ҇

∆ εSIFTᵙ LBP ￼Ѩḹᴪӌζ ἅҪ ├Ỵֹ Farabet

Қ[16]ῳ ᶈӔּז CNN Ӑѭᶺṑẙ⅛ӵ ֫ ᵸ￼֡Ѧ

Ḹ ᶋ῟‰ ᾭὯ εјץὐ PAS-CALζіṝ ҃ Ḅ￼

‛  

      ἅҪ Ỉ [2,4]ẊἛṝ PASCAL ֫ⅎ Ҩץὐ

Hariharan Қώӗ￼ ᶹ├ [22] ֘ ᵙ ᴠᾭᶈ

VOC 2011 і ҃Ґᴢ ῳ ╜ ‛ҝ ӂ

₭  

      CNN ה ⱴ҇ ֪ ἅҪ ӂ҃ CPMC ᶟת ⸗ề

￼ѕѦ ιἍῶצּ Ҏ צּ ῗ Ṅתᶟᵕᶀ￼ ẻ ᴭ

ἠΎֹ 227Ö227 ẦḊ￼ Ѧ  ҃צεfullζổּצּ

 

ᶟ￼ẻꜛᵙת ὶᶈἠΎ ᴭі CNN ⸗ềιṏӵἅҪ

₅╜Ὴ ‾  Ӈῗι Ҏו ổּת҃צᶟ￼ ẻẻꜛ  

ѣѦתᶟᴵ ԏῶ Ẃ ӆ￼ ⁭ιףּ ᴬ ẂṈ  ᵼ

℅ι ҇Ѧἇּצεfgζҝᶈתᶟ￼ׁᶊό₩і CNN ⸗

ề ἅҪּזẈᶎ ԄῲὭ ῟ιҨӝᶈẈᶎⱷẬדѳᵅ ῟

ᶟѭת  ѕѦ εfullצּ  + fg ζ ᴅᶊ ὶ full ᵙ fg

ו ; ἅҪ￼ḫ ҃ḜҪ￼Ḣ ớ  

 

 
5χVOC 2011 Ӂַ֪ײ₡ẇᶍ֜︢ẘαήβ  1 ֯ᵒא

O2P; 2-7ӔּזἅҪᶈ ILSVRC 2012і ᶡ ￼ CNN  

 

 

Ԋ҇ VOC 2011 ײַ Ὼ 5Ῐ ҃ἅҪᶈ VOC 2011

іљ O2P ⅝￼ ‛￼Ở  εῶԋ full ￼⅛ ָ

‛ι ᴠ ẹ Eζᶈ⅛Ѧ⸗ề ѧιᶃṖצּ fc6 Ở

ῗҸ҈ fc7ιҨї ╧ᴣ fc6 ⸗ề  fg צּ ỉҸ҈

fullι ῎Ṝ ￼ᶟẻꜛώӗ҃῭Ặ￼ӡᴺιљἅҪת

ש ⱡ ιfull + fg ḫ҃א 47.9β￼Ẉᶎ֝ ẙιἅ

Ҫ￼ῳӓ ‛ῗ 4.2β￼ εѼּצỉҸ҈ O2Pζι ῎ᴏ

Ӕ ֧ fg ו ιfull ⸗ềώӗ￼ᾰ ӡỤ ѼỄᶽ Ӫệ

├Ỵ￼ῗιᶈἅҪ￼ full + fg ו і 20 Ѧ SVRᶈᴅ

Ѧ⁄Ọі ѦṇῊι ᶈ O2Pו і 10 Ѧṇ

Ὴ  

      ᶈ 6ѧιἅҪώӗ҃ VOC 2011 ╜ ￼ ‛ιṄἅ

Ҫ │ῳӓ￼Άא fc6εfull + fg ζљѣѦẶᶢ ҃⅝

ἅҪ￼Ά│ᶈ 21 Ѧ ָѧ￼ 11 Ѧѧḫ҃אῳ ￼֫

֝ב ẙιẊћῳ ￼ᾯӌ֫֝ב ẙѭ 47.9βιјᵃ

ָ￼ẈᶎӪεӇᶈүӍᵀת￼ Ṯ ᶀԓᴵ љ O2P ‛

ԋζ ỉ ᴵҨḫא῭Ḅ￼ớ  
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6χVOC 2011 ╜ ￼֫ⅎ֝ ẙεβζ  ἅҪ⅝ ѣѦẶᶢ χ[2]￼ɒתᶟᵙ ֫ɓεRγPζΆ│ᵙ[4]￼҇ ∆ εO2PζΆ│  ≡

ῶүӍỉ ιἅҪ￼ CNN ḫ҃אῳ ớב֫￼ ιҸ҈ RγPẊћᶽ ש O2P  

 

6.  
 

      ẉ‎ιⱶӌ₅╜ớ Ṱ ӯ◐јׁ ￼ῳӓא

ῗᶶ ￼ ᵀιṄᶺѦӉ ᶃӵ⸗ềљ‎ ⱶӌή╜ᵸᵙᶋ

῟֫ ￼ іїᾰ ᵀ  ᾰҟ ҃ ᴅћᴵἛṝ

￼ⱶӌ₅╜ │ι │ Ḿ҈ PASCAL VOC 2012 і￼

ῳӓ ‛ώӗ҃ 30β￼ Ḿᾡ  

      ἅҪ ѣѦ ḫ҃א א ῗṄ ḳ

ᴒ Ẕּ҈ז ї і￼תᶟּוἄιҨӝḾḾ

 ᶊקᵙ֫ב ҇Ѧῗᶈ‰ ￼ ᾭὯ Ὴ ᶽᶚ

CNN ￼ ӕ ἅҪ ῎ιḾ҈ԏῶѨḹᾭὯεᶃӵ֫ ζ

￼ ιחүי ‎ ῗ Ẃῶᾦ￼ιⱡᵅ

ḾᾭὯ ε₅╜ζ￼ ‰үחỉ ἅҪ ѭιɒ

￼ ᶟ⸗ḧ￼ỉת/ ɓ ӕḾ҈ᴿ ᾭὯ ￼

Ṅ Ẃῶᾦ  

       ῳᵅιἅҪὝ֧ ᵀӔּז   ᵙ▄ẙḙѽ

ε ї іתᶟּוἄᵙᴒ ζ￼֫ Ṫԏ‎ḫא

Ҏ ‛ῗỄ ￼ ѣ јῗᴦḾ ḙή ￼Ḿ ι ῗ

ⱡ јᴵ ԁ￼ᵀӐҹӃ  

 

 

       ệֹ҃ DARPA Mind's Eye ᵙ MSEE ֮￼

֫ᾟὙιNSF ᴧ҃ IIS-0905647ιIIS-1134072 ᵙ IIS-

1212798ιMURI N000014 -10-1-0933 ҨᴣѨּט￼ᾟὙ

  ѧӔּז￼ GPUּי NVIDIA ԇᴻ Ὡ . 

 

 
 

A.  

 

      ᶈ ṪӐѧӔּז￼ᴒ 227Ö227 ӵ

￼ᶁḧᶽṇ Ԅ  Ḿ҈₅╜ιἅҪṄḾ ἄוּ ѭүỴᶃ

ӵ ẻ  ἅҪ ӂ҃ѣ ṄḾ ἄוּ Ὥѭῶᾦ CNN Ԅ

￼Ά│  

       Ά│εɒṾῶіїᾰ￼ῳѤ⁪￼⃰Άẻɓζᶈῳ

Ḹ￼⃰Άẻԓ ԋ ⅛ѦḾ  ἄוּ

 
 
 

 
ᶃ 7χјᵃ￼Ḿ ἄוּ Ὥ  εAζ Ḿ҈ Ὥᵅ￼ CNN Ԅ￼

ḫ ₩￼ᴝḊḾ ἄ; εBζԏῶוּ ῟￼ῳѤ⁪￼⃰Άẻ; εCζ

≡ῶ ῟￼ῳѤ⁪￼ẍᶋ; εDζἠΎ  ᶈ⅛֯ᵙ ӕּוἄѧι

ḾẔ҈ p = 0 ӵ ￼ᾰ ᶪӼι ẕ ḾẔ p = 16 ӵ ￼ії

ᾰᶪӼ  

 

 

ⱡᵅṄ Άᶒѧץᵍ￼ᶃӵεᴿᵇᵃớᶊζ ᾣֹ CNN

Ԅᶽṇ ᶃ 7″εBζῘ ҃ ᴪ Ά│￼ᴪӌ

εɒ≡ῶіїᾰ￼ῳѤ⁪￼⃰Άẻɓζὴ ҃ᶀ ᴝḊḾ

ἄ￼ᶃӵԓḳוּ ᶃ 7֯εCζῘ ҃ ᴪ ҇ Ά

│εɒἠΎɓζᴿᵇầớᶊṄ⅛ѦḾ ἄוּ ᾣֹ CNN

Ԅᶽṇ ᶃ 7֯εDζῘ ҃ἠΎᴪẻ  

       Ḿ҈ Ҏ Ὥѧ￼⅛ ѦιἅҪ ὐᴝḊḾץ וּ

ἄᵕᶀ￼ ᶃӵіїᾰז іїᾰᶪӼεpζ￼ ḧѲѭ

ᶈᴪὭ￼ Ԅᶑ‰ ѧᶀ ᴝḊḾ ￼ἄוּ ᶽṇףּ ᶃ 7

֧҃⅛Ѧ ӕ￼ ѧ￼ p = 0 ӵ ιẊћẕ ѧ￼ p = 

16 ӵ ᶈἍῶΆ│ѧιḅ‛◊ ẻ ֧ᶃӵιֱṄ ᷂

￼ᾭὯῲὭѭᶃӵᶎӪεⱡᵅᶈṄᶃӵ Ԅ CNN ѳׁṄԎ

֟ᴞζ ớḫ ῎ιӔּזіїᾰᶪӼεp = 16

ӵ ζ￼ᴪẻҸ҈ῲҦΆ⁮ε3-5 Ѧ mAP ♇ζ Ῐⱡι῭

ᶺ￼ῲҦΆ⁮ῗᴵ ￼ιץὐӔּזᶶֺ јῗẈᶎᶪӼ Ḿ

ҎῲҦΆ⁮￼Ếẕ ӂҠⱡῗ῾‎￼ṪӐ. 
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B. softmax  

 

ѣ ὍӪệ ℓ ѦῗχѭҜѱ⃰

ᵙ ￼ӕḒ ḧѲѭỉ CNN јῗ Ḿ ₅╜

SVMόѭ҃ ᵻ ҎḧѲιḾ҈ỉ ιἅҪṄ⅛ѦḾ

ἄῑṃֹԏῶῳᶽוּ IoU ᴬεḅ‛ῶ￼ ζ￼Ḣԅ ḫ

ḫӕιẊћḅ‛ IoU Ṉѭ 0.5ιֱṄԎ‰ ѭש ￼ ḫ

ḫӕ ￼⃰ᾭ ἍῶԎҤώ⁮ ‰ῶɒ ῟ɓεᴏἍῶ ָ

￼ᴦ ӕḒζ ᴦιḾ҈ SVMιἅҪᴱṄ ḫḫӕ

⁭ӐѭԎᴿ ָᵙ‰ ώ⁮￼⃰ӕιԎѧ IoU ᴬṇ҈

Ѧ ￼ἍῶḫӕӐѭ ￼ ᾭ Ԅ♃ ᶟ￼ấת ε

0.3 IoU ᴬιӇјῗᶢ ҆ḫζṄ ổּצ  

ҡᴗᴷі ιἅҪṰ ֹ҃ ҎḧѲιᵼѭἅҪẦḊ

SVM ‎ יּ╜ ImageNe t ￼ CNN ￼

⸗ềιᵼ℅ᶈ ѦῊ ♇ј ỉ ᶈ ѧιἅ

ҪᴧאἅҪּ҈ז SVM ￼⸗ḧ‰ ḧѲᶈἅҪ ӂ￼

ѧῗῳӓ￼εԎѧץὐἅҪאᶈּ҈זỉ ￼ ζ Ẹ

ἅҪẦḊӔּזỉ ῊιἅҪῳִӔּזљἅҪּ҈ז SVM

ᵃ￼⃰ ᵙ ӕḧѲ ⱡ ιἅҪᴧא ‛⅝Ӕּזἅ

Ҫ ׁ￼⃰ ᵙ ḧѲἍ ệ￼ ‛ ệᶺ  

ἅҪ￼Ӭ ῗιḅӍḧѲ⃰ ᵙ ￼ṮầẊјῗҡ⁞

 і ￼ι ῗּ҈יỉ ᾭὯῶ ҆ḫ ἅҪ ׁ￼

֮ẬԄ҃ ᶺɒἯטɓ￼ӕḒε Ҏώ⁮￼ ᴬᶈ 0.5 ᵙ

1 ѳ ιӇјῗᶢ ҆ḫζι Ӕệ ‖￼ӕḒᾭ ᶭ҃ז

ᶽ 30 Ӥ ἅҪ꞊ỳᶈỉ ᾯѦ Ὴ Ѧᶽ ᵀҨ

ԁ ẙὉᵀ ӇῗιἅҪ ├ỴֹӔּז ҎἯט￼ ӕᴵ

јῗῳתỳ￼ιᵼѭ ≡ῶ Ḿ ḧӈ ỉ  

Ṁ ҃ ҇Ѧ χѭҜѱᶈ ỉ ѳᵅιṏḢԅ

SVMό ᴅᶊẔּזỉ ￼ῳᵅ Ṗε 21 ᵇ

ῳᶽᵻặ֫ ᵸζӐѭḾ ₅╜ᵸṄ῭ז▐ῠ ἅҪṍ ҃

♇ιᴧא VOC 2007 ￼ớ ҡ mAP ￼ 54.2βї ֹ

50.9β ớ ї ᴵ ◊҈֡Ѧᵼ ￼ ᵀιץὐỉ

ѧӔּז￼⃰ӕ￼ḧѲјẶ ḧӈι soft max ֫ ᵸ

ῗᶈ  Ἲ‾￼ ӕі јῗᶈּ҈ז SVM ᶡ ￼ɒᵿ

ӕɓ￼Ḓ і ￼  

‛ ῎ιᶈј SVM ￼ừ֙їιᴵҨ ệὶ

ᵃ￼ớ ↨Ẉ 

 

ỉ ἅҪὸ╜ι Ҏ ᶹ￼ ᾯ‎ỉ ӎ׆

￼ớ Ṯ ᴵ Һ╦᷂ ḅ‛ѭ ι Ṅ זẊק R-

CNN ι јҺὫ᷂₅╜ớ  

 

C.  
 

       ἅҪӔּז ᴅ￼ ⁭ᵻặףּ ⅎ‎ώ  ᶊקớ

ᶈӔּז⸗ḧ҈ ￼₅╜ SVMḾ⅛Ѧ Ὅớᾆ ώ

֫ᵅιἅҪӔּז⸗ḧ҈ ￼ ⁭ᵻặᵸ‎ףּ ╜

Ὰ￼╜₅҈זּ ⁭ףּ љᴵᴪẻ￼ ҭ₩ᶚѧӔּז￼

⁭ᵻặףּ  [17] ӆ ѣ Ά│ѳ ￼Ѯ ᶈָת

҈ι ἅҪҡ CNN ￼⸗ềᵻặι јῗҡὸᾸ￼

DPM ҭӈ ￼֡Ӎ⸗ềᵻặ  

       ἅҪ￼ │￼ Ԅῗ N Ѧ Ḿ

ιԎѧ Ὕḧ

ѧỌ￼ӵ ᶑ‰ּוἄ ￼ ⁭Ҩᴣףּ ￼Ḵẙᵙ ẙ

εҨӵ ѭᴅӈζ ᵼ℅ι ιᵋֱἅҪֵ і

‰ i ⅛ѦḢԅ ḫ ⁭ףּ G Ҩ ᵃ￼ΆẪὝḧχ

ἅҪ￼ ‰ῗḙѽṄὉ ￼Ά⁭

PῑṃֹḢԅ ḫ⁭ G￼ᴪẻ  

       ἅҪ⁞ὯᵺѦ֩ᾭ ᵙ ‎Ḿ

ᴪὭ ᴠᾭק ׁѣѦὝḧ P ￼ ⁭ѧỌ￼ṑẙјףּ

ᴪ￼Ẉ ι ᵅѣѦὝḧ P ￼ Ḵẙᵙ￼⁭ףּ ẙ￼Ḿ

ᾭ Ẉ ᶈḙѽ҃ Ҏו ѳᵅιἅҪᴵҨ Ẕ

זּ ὭṄ Ԅώ P Ὥѭ ╜￼Ḣԅ ḫ⁭ Gɺ 

 

⅛Ѧ֩ᾭ εԎѧ ῗ x, y, h, wѳ ζ ấ₩ѭּו

ἄ￼ P￼ pool5⸗ề￼ ớ֩ᾭιּי  ε ᵍᶊ

Ӭ ḾᶃӵᾭὯ￼Ә ớ ζᵼ℅ἅҪệֹ

ιԎѧ  ῗᴵḙѽ￼₩ᶚᴠᾭ￼ᵇ  

ἅҪḙѽ  Ҹק ῳṇ҇Ѻ ‰ε ᵻặζχ 
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ᵻặ ‰ Ḿ҈ ḾεP, GζḧѲѭ 

 
Ӑѭ‰ֱ֝⃰קῳṇ҇Ѻ ι ᴵҨҨṂ ẻẪῶᾦ

ᶊ ֘  

ἅҪᶈḫא ￼ѣѦỉḆ҃א⁭ᵻặῊᴧףּ

Ѧῗֱ⃰קỄ χἅҪ⁞Ὧ ƣ = 1000 ҇

Ѧ ῗᶈ Ὅ Ӕּז￼ ḾεP, GζῊọ ṇỌ

іιḅ‛ P ἍῶḢԅ ḫ⁭ιֱṄ P Ὥѭ ḫ⁭ G

￼үח≡ῶỴѲ Ӕּזӵ P ‾￼ӕḒҺṀ ῂῺ￼ḙѽ

ᵼ℅ιἅҪᴱҡּוἄ PѧḙѽḜῗᵋᶈ Ṉ ѦḢԅ

ḫ⁭ ἅҪ Ṅ P ֫ ԏῶῳᶽ IoU ᴬ￼ ḫ

⁭ Gεḅ‛Ḝ ᴬᶺ҈ Ѧζ‎ḫאɒὶ ẙɓιẸћҝẸ

ᴬᶽ҈ ӪῊεἅҪӔּז a ѭ 0.6 ￼ ζ Ἅῶ

῾֫ ￼ώ⁮ Ṅ ѢẨ ἅҪѭ⅛ѦḾ Ἒ ₭ιҨ

ӝḙѽ ⸗ḧ҈ ￼ ⁭ᵻặףּ  

ᶈ╜ ῊιἅҪḾ⅛Ѧּוἄ ֫Ẋҝ ╜ԎᾺ￼₅

╜ ᴭ ₭ ᴝֱіιἅҪᴵҨ Ҧ Ѧ εᴏι ᾺḾ

Ὰ ╜￼ ⁭ףּ ֫ιⱡᵅҡѧ ╜Ὰ￼ ℅⁭ιӘףּ

ὸζ ӇῗιἅҪᴧא ҦјҺᾡᵱ ‛  

 

D.  

 

ᶃ 12 Ῐ ҃ 20 Ѧ pool5 ᴅӺ￼ԎҤᴵ ק  Ḿ҈⅛

ѦᴅӺιἅҪᶈἍῶ VOC 2007 ╜ ѧῘ ҃ 24 Ѧתᶟּו

ἄι Ҏּוἄῳᶽ ẙᶊ☼╗҃ᾯѦᶽ 1000 єѦתᶟѧ

￼ᴅӺ  

ἅҪ 6Ö6Ö256 pool 5 ⸗ềᶃѧ￼εyιxι

channelζӈ ‰ ⅛ѦᴅӺ  ᶈ⅛Ѧ ԓιCNN

Ԅתᶟ￼Ḣԅ ᵃ￼ו ιεyιxζӈ ҝᾡᴪỵᴩ  

 

E.  

 

ᶈ 7ѧι ҃ O2PΆ│[4]ѳᶹιἅҪ Ῐ ҃ἅҪ￼

Ԉ ⅛Ά│ѧב֫ ᶚ￼ VOC 2011 val ￼⅛ בָ֫

ẙ[4]  Ҏ ‛Ῐ ᵤҎΆ│ᶈ 20 Ѧ PASCAL ѧ￼⅛

Ѧѧ ῗῳẶ￼ιזі ῟ . 

F.  

 

      ᶈ ᾭὯי і Ὴι Ѧ ῗḜљ╜ ѳ

ᴵ ḕᶈ֑ӎ ṓ Ḿ ₅╜ᵙԅᶃӵ֫ ￼үחῶỄᶽ

јᵃιӔệ Ґᴢ ֑ӎ῭זҧҚἻ ιӇἅҪҠⱡ

҃Ếẕ￼ ‬ιҨ ק PASCAL ╜ ᶃӵᶈ ILSVRC 

2012 ᵙ ѧἍץᵍ￼ ẙ ἅҪ￼ ‛ᴵ

ḾῶԌ Ӕּז ILSVRC 2012Ӑѭ PASCALᶃӵ֫ үח￼

ᾭὯ￼ Қᵔῶּז  

       ἅҪḾ ᶶεᵙ ӆ ᶶζᶃӵἚ ҃ѣ₭₅‬

Ѧ╜ ᶢ҈ flickr ᶃӵ ID ￼Ḣԅש ι Ҏש ᵍᶈץ

VOC 2007 ╜ ├ ѧε Ҏ ID Ḿ҈ᵅ ￼ PASCAL╜

ῶỴӠḸζ Ἅῶ PASCALᶃӵᵙᶽ ᴁ￼ ILSVRC

ῗҡ flickr.com ᾠ ￼ ₅‬ᶈ 4952 ѧ֧҃א 31 ₭

ש ε0.63βζ  

       ҇₭₅‬Ӕּז GIST [30]ὼ ש ι ᶈ[13]ѧῘ

ιᶈỄᶽ￼ε> 100 єζᶃӵ ᵀѧ￼ ӆ ᶶᶃӵ₅╜

ѧԏῶҸầ￼ớ ᶈ[13]ѳᵅιἅҪ ҃Ἅῶ ILSVRC 

2012 trainval ᵙ PASCAL 2007╜ ᶃӵ￼ἠΎ 32Ö32 ӵ

ⱱ ￼ GISTὼ  

       GISTὼ ￼₰֡ Ị ῳ ש ᾂ ҃ 38 Ѧ

ӆ ᶶ￼ᶃӵεץὐ flickr ID ש ἧֹ￼Ἅῶ 31

Ѧζ ש ᶈ JPEGᴙ ָᵙ֫ ꞌΆ ῶјᵃιẊћצּ

ᶈ ṇ ẙі ׇ Ҏᴧא ῎ ᴬỄṇιјֹ 1β Ḿ

҈ VOC 2012ιּ҈י flickr ID јᴵּזιἅҪҝӔּז GISTש

Ά│ ⁞Ὧ GIST⅝ ι1.5β￼ VOC 2012 ╜ ᶃӵᶈ

ILSVRC 2012 trainval ѧ  VOC 2012 ￼⅝ꞌ ᴵ ῗ

ᵼѭѣѦᾭὯ ￼ᾠ Ὴ ⅝ VOC 2007 ᵙ ILSVRC 2012

῭ὶ  

 

G.  

 

       ᾰ⁶ R-CNN ￼ ṝừ֙  ѭ҃ẁי ҃ Ḝ

Ὴ ￼ᴪקι ῶ Ѧ ￼ᴪ῭ῄỐιὼ ҃Ӣ  

      v1 ִḊⱱ   

      v2 CVPR 2014  ṏ ⱱ ὐץ  ҨїΆẪḫא￼

₅╜ớ ￼ḫ ớᾡ χε1ζҡ῭ ￼ḙѽ ꞌε0.001

јῗ 0.0001ζẦḊỉ ιε2ζᶈ֝ᶵ CNN ԄῊӔּז

іїᾰᶪӼιҨᴣε3ζ ᵻặҨӢᶶ ⁭ףּ  

      v3 ILSVRC2013₅╜ᾭὯ ￼ ‛Ҩᴣљ OverFeat ￼

⅝ ᾯᵀֹ֡Ѧ ֫εѮ ῗ 2 ᵙ 4 ζ  
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7χVOC 2011 і￼⅛ ֝בָ֫ ẙεβζ  

 

 

      v4 ẹ B ѧ￼ softmax љ SVM ᵍץ‛ ѦṰӢᶶ

￼  ἅҪỵ Sergio Guada r-rama ẁי ḧ Ѧ

 

      v5 Ӕּז Simonyan ᵙ Zisserman [43] ￼Ὰ￼ 16 Ṗ

‟‗ֹ 3.3 ᵙ ҃ז▌3 ‛  
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class AP class AP class AP class AP class AP 

accordion 50.8 centipede 30.4 hair spray 13.8 pencil box 11.4 snowplow 69.2 

airplane 50.0 chain saw 14.1 hamburger 34.2 pencil sharpener 9.0 soap dispenser 16.8 

ant 31.8 chair 19.5 hammer 9.9 perfume 32.8 soccer ball 43.7 

antelope 53.8 chime 24.6 hamster 46.0 person 41.7 sofa 16.3 

apple 30.9 cocktail shaker 46.2 harmonica 12.6 piano 20.5 spatula 6.8 

armadillo 54.0 coffee maker 21.5 harp 50.4 pineapple 22.6 squirrel 31.3 

artichoke 45.0 computer keyboard 39.6 hat with a wide brim 40.5 ping-pong ball 21.0 starfish 45.1 

axe 11.8 computer mouse 21.2 head cabbage 17.4 pitcher 19.2 stethoscope 18.3 

baby bed 42.0 corkscrew 24.2 helmet 33.4 pizza 43.7 stove 8.1 

backpack 2.8 cream 29.9 hippopotamus 38.0 plastic bag 6.4 strainer 9.9 

bagel 37.5 croquet ball 30.0 horizontal bar 7.0 plate rack 15.2 strawberry 26.8 

balance beam 32.6 crutch 23.7 horse 41.7 pomegranate 32.0 stretcher 13.2 

banana 21.9 cucumber 22.8 hotdog 28.7 popsicle 21.2 sunglasses 18.8 

band aid 17.4 cup or mug 34.0 iPod 59.2 porcupine 37.2 swimming trunks 9.1 

banjo 55.3 diaper 10.1 isopod 19.5 power drill 7.9 swine 45.3 

baseball 41.8 digital clock 18.5 jellyfish 23.7 pretzel 24.8 syringe 5.7 

basketball 65.3 dishwasher 19.9 koala bear 44.3 printer 21.3 table 21.7 

bathing cap 37.2 dog 76.8 ladle 3.0 puck 14.1 tape player 21.4 

beaker 11.3 domestic cat 44.1 ladybug 58.4 punching bag 29.4 tennis ball 59.1 

bear 62.7 dragonfly 27.8 lamp 9.1 purse 8.0 tick 42.6 

bee 52.9 drum 19.9 laptop 35.4 rabbit 71.0 tie 24.6 

bell pepper 38.8 dumbbell 14.1 lemon 33.3 racket 16.2 tiger 61.8 

bench 12.7 electric fan 35.0 lion 51.3 ray 41.1 toaster 29.2 

bicycle 41.1 elephant 56.4 lipstick 23.1 red panda 61.1 traffic light 24.7 

binder 6.2 face powder 22.1 lizard 38.9 refrigerator 14.0 train 60.8 

bird 70.9 fig 44.5 lobster 32.4 remote control 41.6 trombone 13.8 

bookshelf 19.3 filing cabinet 20.6 maillot 31.0 rubber eraser 2.5 trumpet 14.4 

bow tie 38.8 flower pot 20.2 maraca 30.1 rugby ball 34.5 turtle 59.1 

bow 9.0 flute 4.9 microphone 4.0 ruler 11.5 tv or monitor 41.7 

bowl 26.7 fox 59.3 microwave 40.1 salt or pepper shaker 24.6 unicycle 27.2 

brassiere 31.2 french horn 24.2 milk can 33.3 saxophone 40.8 vacuum 19.5 

burrito 25.7 frog 64.1 miniskirt 14.9 scorpion 57.3 violin 13.7 

bus 57.5 frying pan 21.5 monkey 49.6 screwdriver 10.6 volleyball 59.7 

butterfly 88.5 giant panda 42.5 motorcycle 42.2 seal 20.9 waffle iron 24.0 

camel 37.6 goldfish 28.6 mushroom 31.8 sheep 48.9 washer 39.8 

can opener 28.9 golf ball 51.3 nail 4.5 ski 9.0 water bottle 8.1 

car 44.5 golfcart 47.9 neck brace 31.6 skunk 57.9 watercraft 40.9 

cart 48.0 guacamole 32.3 oboe 27.5 snail 36.2 whale 48.6 

cattle 32.3 guitar 33.1 orange 38.8 snake 33.8 wine bottle 31.2 

cello 28.9 hair dryer 13.0 otter 22.2 snowmobile 58.8 zebra 49.6 
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