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Faster R-CNNχַּתזᶟώ⁮ ḫאḫῊ ‰₅╜ 
 

Shaoqing Ren, Kaiming He, Ross Girshick, and Jian Sun 

 

ῶἩ ￼Ḿא ₅╜ Ә ⁮ᶟώת҈ │‎Ӭ Ḿ ӈ ӵ SPPnet [1]ᵙ Fast R-CNN [2] ‾￼ ℓ֟Ṉ҃

Ҏ₅╜ ￼ Ὴ ιṄתᶟώ⁮ ὸᵇּ҃ג ᶈ ṪӐѧιἅҪẬԄ҃ Ѧתᶟώ⁮ εRPNζιḜљ₅╜

Ԋҕԅᶃӵᴒ ⸗ềιҡ ḫ֡҃אѶῂἄ ￼תᶟώ⁮  RPN ῗ ѦḢԅᴒ ιᴵᵃῊ ╜⅛Ѧӈ ￼Ḿ ᵙḾףּ

֫ᾭ  RPN ֹ ￼ ιᴵҨּוἄ יᶟώ⁮ιẊּת￼ Fast R-CNNּ₅҈ז╜ ἅҪ ԊҕԎᴒ ⸗ề ℓṄ

RPNᵙ Fast R-CNNᵀẊֹ Ѧ ѧ - Ӕּזῳ ╙ ￼ԏῶɓ├Ỵד ֺɓ+Dwwhqwlrq,￼   ιRPN ҭᵓ ԅṕ

ᶈᵤ ‬ Ḿ҈ Ẃ▄￼ VGG-16 ₩ᶚ[3]ιἅҪ￼₅╜ ᶈ GPU іԏῶ 5fps ￼ṿ ꞌεץὐἍῶℓ ζιᵃῊᶈ

PASCAL VOC 2007,2012іḫ҃אῳӾ ￼ⱶӌ₅╜ ẙιẊћᶈMS COCOᾭὯ ι⅛Ѧᶃӵᴱῶ 300Ѧώ⁮ ᶈ ILSVRC

ᵙ COCO 2015⅝ ѧιFaster R-CNNᵙ RPNῗᶺѦ ѧ ệ ᵄ￼ᴠ Ӑᵝ￼ᶢ Ҧ ṰԇẦᴧṵ  
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ⱶӌ₅╜￼ῳᾺ ṝῗּתיᶟώ Ά│εӕḅι[4]ζᵙᶢ

ᶟ￼ᴒת҈ εR-CNNζ[5]￼ἄוὸט￼ ṓ ᶢ

￼ᶟת҈ CNN s ᶈ[5]ѧῳִẦᴧ￼ῊӧҦҮ‖ ιӇּ҈יᴿ

ώ⁮ѳ ḕᶈ Ҋ ιḜҪ￼ἄ Ṱ ᶽᶽ Ӊ[1]ι[2]

ῳᾺⱱ ￼ Fast R-CNN [2]Ӕּז Ẃ▄￼ [3]ḫאὶ ḫ

Ὴ￼ ꞌιổּ҃צᶈתᶟώ⁮і ￼Ὴ ᶈιώ⁮ῗא

ῳӾ ￼₅╜ ѧ╜ Ὴ￼ גּ  

│ᶟώ⁮Άת ẂӘ ҈ ῏￼￼⸗ềᵙ ╝￼ὸתΆ

⁮ Ὅớᾆ [4]ῗῳᴩ₮ ￼Ά│ѳ ιḜᶢ҈Ṫ ￼ק

Ӊ ⸗ề ᶊᵀẊ ӵ ⱡ ιљῶᾦ￼₅╜ [2]

⅝ι Ὅớᾆ ẙỹ҃ Ѧᾭ ιᶈ CPU ḫאѧ⅛Ѧ

ᶃӵ 2  EdgeBoxes [6] ׁώӗ҃ώ⁮ ᵙ ẙ

ѳ ￼ῳӓ  ι⅛ắᶃӵ 0.2 ⱡ ιתᶟώ⁮ℓ Ҡ

ⱡ╦ љ₅╜ ‾ᶺ￼ Ὴ  
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ҚҪᴵ Һ├Ỵֹồ ￼ᶢ҈תᶟ￼ CNN ҃זַּ GPUι

ѧӔּת￼זᶟώ⁮Ά│ῗᶈ CPUіḫא￼ι Ӕệ

ᶈ⅝ ῊјԇẈ ז ώ⁮ ￼ ῶᾦΆ│ῗѭ

GPU ᾺḫאḜ ᴵ ῗ ῶᾦ￼Ṫ ֘Ά⁮ιӇ

ᾺḫᾼҺổּצї▫₅╜ ιᵼ℅ Ԋҕזַּ҃ ￼

 Һ  

ᶈ ᾰѧιἅҪṝ ҃ԏῶ▄ẙᴒ ￼ │ᴪ῭

Ά⁮ Ɋ ὸṀ֧Ҹ ῶᾦ￼ ֘Ά⁮ιԎѧώ⁮ ᶈ₅

╜ ￼ ї֡Ѷῗῂἄ ￼ ѭ℅ιἅҪẬԄ҃Ὰ ￼

⁮ᶟώת εRPNζιḜҪљῳӾ ￼ⱶӌ₅╜ Ԋҕ

ᴒ Ṗ[1]ι[2] ᶈ╜ ῊԊҕᴒ ι ώ⁮￼ ἄ

 Ễṇεӕḅι⅛Ѧᶃӵ 10msζ  

ἅҪ￼ ḻ ‛ῗιᶢ҈תᶟ￼ή╜ᵸεḅ Fast R-

CNNζӔּז￼ᴒ ⸗ềᶃѼᴵּוּ҈זἄתᶟώ⁮ ᶈ Ҏᴒ

⸗ềѳіιἅҪ ז▌ Ҏ ᶹ￼ᴒ Ṗ‎‗ấ RPNι

ҎṖᵃῊᶈẂ ⁪і￼⅛Ѧӈ ᶴᵻặתᶟ ᵙḾףּ

ệ֫ ᵼ℅ιRPN ῗ Ḣԅ ᵀ￼ εFCNζ[7]ιᴵ

Ҩњ Ḿּוἄ₅╜ώ ￼үח ֹ ￼  

RPN Ὲᶈῶᾦᶊ ╜ԏῶᴿ ṑẙᵙ ⁮ᶟώת￼⅝₪

љ╙ Ά│[8]ι[9]ι[1]ι[2] ᴦι 

http://www.gwylab.com/
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ᶃ 1χּ҈זᶴתᶺ ṑẙᵙṑḽ￼јᵃΆ⁮  εaζ‗ấᶃӵᵙ⸗ềᶃ￼ ḔᶨιẊћ֫ ᵸᶈἍῶṑẙі  εbζᶈ⸗ềᶃі ԏ

ῶᶺѦṑẙ/ṑḽ￼◒└ᵸ￼ Ḕᶨ  εcζἅҪᶈᵻặ֩ᾭѧӔּזᴠ ⁭￼ Ḕᶨɺ 

 

 

Ҏ╙ẻΆ│Ӕּזᶃӵ￼ Ḕᶨεᶃ 1ιaζἆ◒└ᵸ￼ Ḕ

ᶨεᶃ 1ιbζι ἅҪẬԄ҃Ὰ￼ɒ ɓ⁭ιӐѭᶺṑẙᵙ

₪⅝￼ᴠ ἅҪ￼Ά⁮ᴵҨ ѭῗᵻặᴠ ￼ Ḕᶨ

εᶃ 1ιcζιḜ ԁ҃‚ѯᶺṑẙἆ ₪⅝￼ᶃӵἆ◒└

ᵸ ₩ᶚᶈӔּזᴅṑẙᶃӵ ᵙ╜ Ὴ א Ḅι

ᵼ℅ῶַ҈ ẙ  

ѭ҃Ṅ RPNљ Fast R-CNN [2]Ḿ ₅╜ ‎ι

ἅҪώ֧҃ Ά⁮ι Ά⁮ᶈתᶟώ⁮үח￼ỉ ᵙ

Ḿ ₅╜￼ỉ ѳ Ґῲ ιᵃῊӠὙώ⁮￼ᶁḧ Ά

⁮ồ ᾠᾩẊғּוԏῶᶈѣѦүחѳ Ԋҕ￼ Ả⸗ề￼

ε ẕ 1ζ  

ἅҪᶈ PASCAL VOC ₅╜ᶢ֝[11]іԅ ӂ҃ἅҪ￼

Ά│ιԎѧԏῶ Fast R-CNN ￼ RPN ғּ₅￼ו╜ ẙҸ҈

ԏῶ Fast R-CNN ￼ Ὅớᾆ ￼Ặᶢ ᵃῊιἅҪ￼Ά

│ᶈ╜ ῊᾣẨ҃֡ѶἍῶ Ὅớᾆ ￼ Ἳ -  ώ⁮￼

ῶᾦ Ὴ ҝѭ 10 ← Ӕּ[3]ז￼ῌ ￼ Ẃ▄￼₩

ᶚιἅҪ￼₅╜Ά│ᶈ GPUіҠⱡԏῶ 5fps ￼ṿ ꞌεץ

ὐἍῶℓ ζιᵼ℅ᶈ ẙᵙ֝ ẙΆ ῗḫּז￼ⱶӌ₅╜

ἅҪ ἵᵓ҃ MS COCO ᾭὯ [12]￼ ‛ιẊӔּז

COCO ᾭὯ ҃ PASCAL VOC ￼ᾡ Ҧ Ṱᶈ

https://github.com/shaoqingren/faster_rcnn(ᶈ MATLAB

ѧ )ᵙ https://github.com/rbgirshick/py-faster-rcnn ᶈ

Python ѧζԇẦᴧṵ  

ἐ ￼ִℓⱱ ѳׁṰ ԇṵ[10] ҡ Ὴ ιRPN ᵙ

Faster R-CNN ⁭‟Ṱ Ẋ῞ᴣֹԎҤΆ│ιḅזּ 3D ⱶ

ӌ₅╜[13]ιᶢ҈ ҭ￼₅╜[14]ιḫӕ֫[15]בᵙᶃӵḔẆ

[16 ] ἅҪ ԓ ҃ồ ῶᾦ￼ⱶӌ₅╜  

 

1.  ᾰҭҺ ⱱ ᴧṵҨ‎[10]ιἅҪ ᴧא RPNᴵҨљ Fast RCNN

ᵀ ιҡ Ὴ  

 

 

ᶈ ḅ Pinterests [17] ᵬў ѧιἵᵓּ҃זἋᴠљẙᾡ

 

ᶈ ILSVRCᵙ COCO 2015 ѧιFaster R-CNN ᵙ

RPN ῗ ImageNet ₅╜ιImageNet ḧӈιCOCO ₅╜ᵙ

COCO ֫ⅎ￼֡Ѧ ᵄ[18]￼ᶢ  RPN ḢԅḙҺҡᾭ

Ὧѧώ֧תᶟιᵼ℅ᴵҨ —ᶊҡ῭▄Ṗ₭ᵙ῭ԏ ￼דא

⸗ềѧᴩ εӕḅ[18]ѧ ￼זּ 101 Ṗ⅍Ṯ ζ Faster  

R-CNN ᵙ RPN Ѽ Ҏ ѧ￼ԎҤ֡ѦѮ ᴠ Ӕּז

( ẕ 2)  Ҏ ‛ ῎ιἅҪ￼Ά│јҝῗḫּז￼ ╝

ᾦ￼ ֘Ά⁮ι ћῗώ ⱶӌ₅╜ ẙ￼ῶᾦΆ│  

 

2  
 

    ḽ Ὕ’ ԋ҈Ḿ ώ Ά│￼ᾰꞋỄᶺ Ḿ ώ Ά│

￼ ᵀ ‬ᵙ⅝ ᴵҨᶈ[19]ι[20]ι[21]ѧἧֹ ẍ┌Ӕּז

￼Ḿ ώ Ά│ץὐᶢ҈֫ ӵ ￼Ά│εӕḅι Ὅớ

ᾆ [4]ιCPMC [22]ιMCG [23]ζᵙᶢ҈◌ט ᴭ￼Ά│

εӕḅι ᴭѧ￼Ḿ [24]ιEdgeBoxes [6]ζ Ḿזּ

ώ Ά│Ӑѭ꜠ ҈₅╜ᵸ￼ᶹ ₩ᶒεӕḅι Ὅớᾆ

[4]Ḿ ₅╜ᵸιR-CNN [5]ᵙ Fast R-CNN [2]ζ  

    ⱴ҇ḽ ‭≡ַײ┼ẘ  R-CNN Ά│[5] ֹ ᶊ

CNN ҨṄώ ᶟ֫ת ѭḾ ָἆ ῟  R-CNN Ѯ Ӑ

ѭ֫ ᵸӔּזιẊћḜј ╜Ḿ εףּ ҃ ⁭ᵻףּ

ặ ♠ζ Ԏ֝ ớᴨ֘҈תᶟώ⁮₩ᶒ￼ớ εᴠ

[20]ѧ￼⅝ ζ ῶ֡ ᾰώ֧҃Ӕּז▄ẙ ╜Ḿ

Ά│[25]ι[9]ι[26]ι[27]￼⁭ףּ ᶈ OverFeat Ά│[9]

ѧι Ḣԅ ὶṖҨ ╜ι⅝ḅᴅѦḾ ι ṕ үח

￼ ⁭ᶑ‰ ⱡᵅ Ḣԅט ὶṖ 

 
2. http://image-net.org/challenges/LSVRC/2015/results 

http://www.gwylab.com/
https://arxiv.org/pdf/1506.01497.pdf
https://github.com/shaoqingren/faster_rcnn
https://github.com/rbgirshick/py-faster-rcnn
http://image-net.org/challenges/LSVRC/2015/results
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ᶃ 2χFaster R-CNN ῗּ҈זḾ ₅╜￼ᴅѦ  RPN ₩ᶒ

ῗ ￼ñԋ├♇ò  

 

 

Ԅᴒ ṖҨ₅╜ᶺѦ⸗ḧ ￼Ḿ  MultiBox Ά│

[26]ι[27]ҡ ᶟώ⁮ιԎῳᵅתἄוּ ѦḢԅ ὶṖᵃ

Ὴ ╜ᶺѦјᴵ ⁭ιὸẍ OverFeat ￼ɒᴅ ɓΆẪ

Ҏљ ῂԋ￼⁭ּזӐ R-CNN ￼ώ [5] љἅҪ￼Ḣԅᴒ

Ά⁮ ⅝ιMultiBox ώ Ẕּ҈זᴅѦᶃӵ ׇἆᶺѦ

ᶽᶃӵ ׇεӕḅι224Ö224ζ  MultiBox јҺᶈώ⁮ᵙ

₅╜ ѳ Ԋҕו ἅҪṄᶈᵅ ￼Ά│ѧ῭▄Ԅᶊ

OverFeat ᵙ MultiBox ᶈἅҪ￼ṪӐ￼ᵃῊι

DeepMask Ά│[28] Ầᴧּ҈זḙѽ ֫ώ  

ᴒ [9]ι[1]ι[29]ι[7]ι[2]￼Ԋҕ Ṱ Ậ ҃ ‎

ᶺ￼ԋ├ιҨ ệῶᾦћ֝ ￼ ָ  OverFeat

ᾰ[9] ҃ᶃӵ Ḕᶨѧ￼ᴒ ⸗ềιּ֫҈ז ιḧӈᵙ₅

╜ Ԋҕᴒ ⸗ềᶃі￼ Ẕᶽṇ−εSPPζ[1] Ầᴧּז

҈ῶᾦ￼ᶢ҈תᶟ￼Ḿ ₅╜ [1]ι[30]ᵙ Ѳ֫[29]ב

Fast R-CNN [2] ḫ҃אḾԊҕᴒ ⸗ề￼ ֹ ₅╜ᵸ

ιẊῘ ֧ẬҚ├ ￼֝ ớᵙ ẙ  

 

3 FASTER R- CNN 
 

     ἅҪ￼ⱶӌ₅╜ ѭ Faster R-CNNιּיѣѦ₩ᶒ

ἄ  Ѧ₩ᶒῗּוἄתᶟώ⁮￼▄ẙḢԅᴒ ι ҇

Ѧ₩ᶒῗᶢ҈ώת⁮ᶟ￼ Fast R-CNN ₅╜ᵸ[2]  ᾯѦ

ῗ Ѧ 

3 

 
 

Ḿ҈זּ ₅╜￼ᴅ εᶃ 2ζ  Ӕּזῳ ╙ ￼ԏ

ῶɒ├Ỵדɓ(Attention) [31] ֺ￼   ιRPN ₩

ᶒᵓ Fast R-CNN ₩ᶒᶈᵤ ‬  ᶈ 3.1 ѧιἅҪҟ

⁮ᶟώת҃ ￼ ᵙṞớ  ᶈ 3.2 ѧιἅҪẦᴧ҃

҈זּ ԏῶԊҕו ￼ѣѦ₩ᶒ￼ │  

 

3.1  
 

⁮ᶟώת      εRPNζṄᶃӵεүỴᶽṇζӐѭ ԄẊ

֧ ẻḾ ώ⁮ι⅛Ѧώ⁮ ԏῶḾ ớệ֫ ⃰ḅ

ἅҪᶈ  ὼ ￼ιἅҪӔּזḢԅᴒ [7]Ḿ℅

ấ₩ιᵼѭἅҪ￼ῳ ‰ῗљ Fast R-CNN Ḿ ₅╜

Ԋҕ [2]ιἅҪӬ ѣѦ Ԋҕ Ԋᵃ￼ᴒ Ṗ ᶈ

ἅҪ￼ḫ ѧιἅҪ ҃ Zeiler ᵙ Fergus ₩ᶚ[32] (ZF)ι

ῶ 5 ѦᴵԊҕ￼ᴒ Ṗᵙ Simonyan ᵙ Zisserman ₩ᶚ[3]

εVGG-16ζιḜῶ 13 ѦᴵԊҕ￼ᴒ Ṗ  

     ѭּ҃וἄתᶟώ⁮ιἅҪᶈῳᵅ ѦԊҕᴒ Ṗ ֧￼ᴒ

⸗ềᶃі◌ט Ѧṇ ṇ Ṅ Ԅᴒ ⸗ềῑṃ

￼ nÖn ᴭӐѭ Ԅ ⅛Ѧ◌ט ᴭ ῑṃֹ Ѧ Ӊ

ẙ￼⸗ềεZF ѭ 256-dιVGG ѭ 512-dιᵅ ῗ ReLU 

[33]ζ ו℅ ԄѣѦӻẮḢԅ ὶṖ -  Ѧ Ḓᵻặ

Ṗεregζᵙ Ѧ Ḓ֫ Ṗεclsζ ἅҪᶈ ᾰѧӔּז n 

= 3ι├Ỵֹ Ԅᶃӵі￼ῶᾦỵᴩ ỄᶽεZF ᵙ VGG ֫

ָѭ 171 ᵙ 228 ӵ ζ Ѧ ӑ ᶈᶃ 3εṫζѧ ֧

҃ᴅѦӈ ├Ỵιּ҈י ӑ Ҩ◌ט ᴭΆẪ ι

ᵼ℅ԅ ὶṖᶈἍῶ ӈ Ԋҕ ‟‗ ⱡᶊḫ҃א n

Ön ᴒ Ṗι ᵅῗѣѦӻẮ 1Ö1 ᴒ Ṗεָּ֫҈ז reg ᵙ

clsζ  

 

3.1.1 Anchors  
 

     ᶈ⅛Ѧ◌ט ᴭӈ ιἅҪᵃῊ ╜ᶺѦתᶟώ⁮ιԎѧ

⅛Ѧӈ ￼ῳᶽᴵ ώ⁮￼ᾭ ѭ k  ᵼ℅ιreg Ṗԏ

ῶ 4k ֧ιԎ k Ѧ Ḓ￼ᶑ‰ιẊћ cls Ṗ ֧ 2k ệ

֫ιԎӂ ⅛Ѧώ⁮￼Ḿ ἆ Ḿ ￼₦ꞌ( ẕ 4)  

Ḿ҈ἅҪ ѳѭ kѦᴠ ⁭ιkѦώ⁮ῗᴠᾭק￼ 
 
   3.ľתᶟòῗ Ѧ  זּ ιᶈ ᾰѧἅҪᴱ ẻתᶟι ῗ ᶺ

Ά│Ẃ ￼εӕḅι[27]ι[4]ι[6]ζ  ľḾ ò╜ Ḿ љ ῟￼

ᵀ￼ἄᵔ  

   4. ѭ ᴅ ιἅҪṄ cls Ṗḫאѭѣ softmax Ṗ  ἆ ιᴵҨӔ

זּ ᵻặ‎ғּו k֫ᾭ  

 

http://www.gwylab.com/
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ᶃ 3χṪᶂσתᶟώ⁮ εRPNζ  ᴷᶂσᶈ PASCAL VOC 2007╜ ѧӔּז RPNώ⁮￼ ӕ₅╜  ἅҪ￼Ά│ᴵҨ₅╜ᴿ ⅝ӕᵙ

₪⅝￼ⱶӌ  

 

 

♇  ♇ӈ҈Ἅ ט◌￼ ᴭ￼ѧỌιẊћљ⅝ӕᵙ

₪⅝ ԋ εᶃ 3ιṫζ  ừ֙їιἅҪӔּז 3 Ѧ־ẙ

ᵙ 3Ѧ ₪⅝ιᶈ⅛Ѧ◌טӈ ғּו k = 9 Ѧ ♇  Ḿ҈ᶽ

ṇѭ WÖHε Ẃѭ 2,400ζ￼ᴒ ⸗ềᶃιỞԊῶ W¶H¶k

Ѧ ♇  

 

їᴩח ײַ  

    ἅҪΆ│￼ Ѧ ⸗ớῗḜᶈẈ ᵙ ώ⁮ Ḿ҈

♇￼֩ᾭΆ ῗẈ јᴪ￼ ḅ‛ ᶃӵѧ￼Ḿט

ιֱώ⁮Ẕ ιẊћט ᵃ￼ו Ẕ ᶼ ╜үӍ

ѦΆ⁮ѧ￼ώ ἅҪ￼Ά│εיјᴪ￼Ṟớּט

ẕ 5ζӠ Ӑѭ⅝ ιMultiBox Ά│[27]Ӕּז k-means

ἄוּ 800 Ѧ ♇ι Ҏ ♇јῗẈ јᴪ￼ ᵼ℅ιḅ‛

ὭḾ ιMultiBox јӠ ἄוּ ᵃ￼ώ  

    Ẉ јᴪṞớ Һ֟ṇ₩ᶚᶽṇ  MultiBox ԏῶε4 + 

1ζ¦800 ԅ ὶ ֧Ṗι ᶈ k = 9 Ѧ ♇￼ừ֙їιἅ

Ҫ￼Ά│ԏῶε4 + 2ζ¦9 ᴒ ֧Ṗ ᵼ℅ιἅҪ￼

֧Ṗῶ 2.8¦ ѦᴠᾭεVGG-16 ѭ 512¦(4+2 )¦9ζι⅝

ԏῶ 6.1¦ Ѧᴠᾭ￼ MultiBox ￼ ֧ṖṈ 2 Ѧᾭ ι

(MultiBox [27] ѧ￼ GoogleNet [34] ѭ 1536¦ (4+1 )Ö

800) ḅ‛ ⸗ềἮẽᶃṖιἅҪ￼ώ⁮ᶃṖ￼ᴠᾭҠⱡ

⅝ MultiBox ε ẕ 6ζṈ Ѧᾭ ἅҪṸῺἅҪ￼Ά

│ᶈ PASCAL VOC ṇᾭὯ і￼ ẙὉᵀ ṇ  

 

 5.љ FCN [7]￼ừ֙ ‾ιӘὯ ￼ỞӌℓҵιἅҪ￼ ῗ

Ẉ јᴪ￼  

 6. ֹ⸗ềἮẽṖιἅҪ￼ώ⁮ᶃṖ￼ᴠᾭ ᾭѭ 3¦3¦

512¦512 + 512¦6¦9 = 2.4 ¦ ; MultiBox￼ώ⁮ᶃṖ￼ᴠᾭ

ᾭѭ 7¦7¦(64 + 96 + 64 + 64) ¦1536 + 1536¦5¦800 = 27 ¦

 

 

 

ᶹṐẘ ӏѬᵺẶᴟ  
 
ἅҪ￼ ώ֧҃ ֘ᶺṑẙεᵙ ₪⅝ζ￼ᾺΆ

⁮ ḅᶃ 1 Ἅ ιῶѣ ╙ ￼ᶺṑẙ ╜Ά│ Ά

Ẫᶢ҈ᶃӵ/⸗ề Ḕᶨιӕḅιᶈ DPM [8]ᵙᶢ҈ CNN ￼

Ά│[9]ι[1]ι[2]ѧ ᶃӵᶈᶺѦṑẙі ᾯᶽṇιẊѭ⅛

Ѧṑẙ ⸗ềᶃεHOG [8] ἆ▄ẙᴒ ⸗ề [9]ι [1]ι

[2]ζεᶃ 1εaζζ ΆẪ ẂỄῶּזӇỄ Ὴ ҇

Ά│ῗᶈ⸗ềᶃіӔּזᶺѦṑẙεᵙ/ἆ ₪⅝ζ￼◌ט

ᴭ ӕḅιᶈ DPM [8]ѧιӔּזјᵃ￼◒└ᵸᶽṇεӕḅ 5

Ö7 ᵙ 7Ö5ζָ֫ јᵃḴ ⅝￼₩ᶚ ḅ‛ ΆẪּז

҈ ֘ᶺѦṑẙιᴵҨṄԎ ѭɒ ◒ Ḕᶨɓεᶃ 1

εbζζ ҇ ΆẪ Ẃљ ΆẪԊᵃ [8]זּ  

Ӑѭ⅝ ιἅҪᶢ҈ ￼Ά│ấ ᶈ ￼ Ḕᶨіι ῭

ԏἄ ᾦ ἅҪ￼Ά│ᴠ ᶺṑẙᵙ ₪⅝￼ ⁭Ḿ ףּ

⁭ ֫ ᵙᵻặ ḜҝӘ ҈ᴅѦṑẙ￼ᶃӵᵙ⸗ềᶃι

ẊӔּזᴅѦṑḽ￼◒ εᶈ⸗ềᶃі◌ט ᴭζ ἅҪ

ḫ ῎҃ Ά⁮Ḿ҈ ֘ᶺ ṑẙᵙṑḽ￼ẽᵠε

8ζ  

҈יּ ᶢ҈ ♇￼ᶺṑẙ ιἅҪᴵҨ ᴅᶊӔּזᶈ

ᴅṑẙᶃӵі ￼ᴒ ⸗ềιḅᵃ Fast R-CNN ₅╜ᵸ[2]

ἍӮ￼ ‾ ᶺṑẙ ￼ ῗԊҕ⸗ề￼ԋ ҭιῂ

ᶹἄ ‎ ֘ṑẙ  

 

3.1.2  ὄ᷁֨ᾎ 
 

    ѭ҃ RPNιἅҪѭ⅛Ѧ ֫ Ѧ҇ ‰ εḾ

ῗἆᵋζ  ἅҪѭѣ ♇ ҃ Ѧ⃰ ‰ χεiζљ

Ḣԅ ḫ⁭ԏῶ￼ ᴬҐẊ⅝εIoUζῳ ￼ ♇εҪζι

ἆεiiζљүӍ ḫ￼ Ḓԏῶ IoU ᴬ ҈ 0.7￼ ♇Ҫ  

http://www.gwylab.com/
https://arxiv.org/pdf/1506.01497.pdf
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├ỴιᴅѦḢԅ ḫ⁭ᴵҨѭᶺѦ ♇֫ ⃰ ‰  

Ẃ ҇Ѧ‍ҭ Ҩ ḧ⃰‾ ; ӇἅҪҠ זּ Ѧ‍ҭιᵼ

ѭᶈ‖Ṉᾭừ֙їι ҇Ѧ‍ҭᴵ ἧјֹ⃰‾   ḅ‛Ἅ

ῶḢԅ ḫ⁭￼ IoU ⅝ꞌӉ҈ 0.3ιἅҪҺѭ ⃰ӕ ֫

‰  ῃјῗ⃰ Ѽјῗ ￼ ♇Ḿ ‰≡ῶ

Ꞌ  

ҎḧѲιἅҪᴵҨᶈ Fast R-CNN ѧṄᶺүחὫ᷂

￼ ‰֩ᾭῳṇ[2]ק  ἅҪḾᶃӵ￼Ὣ᷂֩ᾭḧѲѭχ 

 

ιi ῗ mini -bach ѧ ♇￼ Ậιpi ῗ ♇ i ӐѭḾ

￼ ╜₦ꞌ ḅ‛ ѭ⃰ιֱḢԅ ḫ‰ ѭ 1ιḅ‛

ѭ ιֱѭ 0  ti ῗ ╜ ￼⁭ףּ 4 Ѧᴠᾭקᶑ‰￼

ᵇ ι ῗљ⃰ ♇ ԋ ￼Ḣԅ ḫ⁭￼ᵇ ֫ Ὣ᷂

Lcls ῗѣ εḾ љ Ḿ ζ￼ḾᾭὫ᷂ Ḿ҈ᵻặὫ᷂ι

ἅҪӔּז Ԏѧ Rῗ[2]ѧḧѲ￼ ₈Ὣ

᷂֩ᾭεӿ◌ L1ζ   ҝḾ⃰ ε  = 1ζ

☼╗ᵻặὫ᷂ιᵋֱ εזּ  = 0ζ  clsᵙ reg Ṗ￼ ֧

pi}יָּ֫ }ᵙ{ti } ἄ  

ѣѦ יּ Ncls ᵙ Nreg ặ ẈיιẊּק ᴠᾭƣז 

ᶈἅҪẸׁ￼ḫאѧεḅᶈṰᴧṵ￼Ҧ ѧζιΆ ε1ζ

ѧ￼ cls ṇἥיּ ᶽṇεᴏιNcls = 256 ζ‰֝קιẊћ

reg יּ ӈ ￼ᾭ εᴏιNreg ~ 2,400ζק֝‰

ừ֙їιἅҪ ƣ = 10ιᵼ℅ cls ᵙ reg   ᶽ

ἅҪ ḫ ῎ι ‛ḾḴ ᶀ￼Ӫјᾧỵε 9ζ ἅ

Ҫ ├Ỵֹιі јῗọק֝‰ ￼ιᴵҨ ק  

Ḿ҈ ⁭ᵻặιἅҪףּ ￼ѳᵅ[5]זּ 4Ѧᶑ‰￼ᴠᾭקχ 

 

Ԏѧ xιyιw ᵙ h Ḓ￼ѧỌᶑ‰ᴣԎḴẙᵙ ẙ  

ᴪ xι ᵙ ҈זָּ֫ ╜⁭ι ⁭ᵙḢԅ ḫ⁭εᵃ

‾ ҈זּ y, w, hζ  ѦᴵҨ 

5 

 
 

ѭῗҡ ֹ Ḣԅ ḫ ￼ ⁭ᵻặףּ  

ⱡ ιἅҪ￼Ά│ љӾׁᶢ҈ RoIεỵԌ ￼ᶟζת

Ά│[1]ι[2]јᵃ￼ΆẪḫ҃א ⁭ᵻặףּ  ᶈ[1]ι[2]ѧι

ḾҡүỴᶽṇ￼ RoI ∆ ￼⸗ềἚ ⁭ᵻặιẊћᵻặףּ

  ᶟԊҕתἍῶᶽṇיּ  ᶈἅҪ￼ԇẪѧιּ҈זᵻặ￼⸗

ềᶈ⸗ềᶃіԏῶ ᵃ￼ ᶽṇε3Ö3ζ  ѭ҃ јᵃ

￼ᶽṇιḙѽ҃ kѦ ⁭ᵻặףּ  ⅛Ѧᵻặ

Ѧ⅝ӕᵙ Ѧ ₪⅝ιẊћ kѦᵻặ јԊҕ   ᵼ℅ι

҈יּ ￼ ιᴏӔ⸗ềԏῶᶁḧṑḽ/⅝ӕιҠⱡᴵҨ ╜

ᴿ ṑḽ￼ Ḓ  

 

3.1.3   RPNs 
 

RPNᴵҨ ᴦᵇҽᾘᵙ  ₃ẙї εSGDζ ֹ

[35] ἅҪ Ỉ[2]ѧ￼ɒҨᶃӵѭѧỌɓ￼ ‾ צּ

‎ Ѧ ⅛Ѧṇἥ ғּץ҈וᵍ ᶺ⃰ ᵙ

ӕ ♇￼ᴅѦᶃӵ ῶᴵ ҸקἍῶ ￼Ὣ᷂֩ᾭιӇ Ṅ

ӭᵇ ‾ ιᵼѭḜҪᴉѮṀᶊӈ ᴦἅҪᶈᶃӵѧ  

‾ 256 Ѧ ♇‎ ṇἥ ￼Ὣ᷂֩ᾭιԎѧ ‾￼⃰ᵙ

♇￼⅝ꞌ 1χ1 ḅ‛ᶃӵѧ￼⃰‾ Ṉ҈ 128

ѦιἅҪṄṇἥ ᶪӼѭ ᾭ  

ἅҪ ҡ‰֝ӭṮѭ 0.01 ￼ ᶎӪ Ᾱ֫ṵѧ ֺ 

‎  ִḊקἍῶᾺᶃṖ ImageNet ֫ ₩

ᶚ[36]‎ִḊקἍῶԎҤṖεᴏԊҕᴒ Ṗζι ῗ‰֝￼

ḫ [5] ἅҪ ᾯ ZF ￼ἍῶṖιẊṄ conv3 _1 ᵙ῭

ⱱ ּ҈ז VGG Ҩ ԓḕ[2] ἅҪḾ 60k ṇἥ Ӕּז

0.001 ￼ḙѽꞌι Ḿ PASCAL VOC ᾭὯ ￼ї Ѧ 20k

ṇἥ Ӕּז 0.0001 ￼ḙѽꞌ ἅҪӔּז 0.9 ט￼ ᵙ

0.0005 ￼ ֟[37] ἅҪ￼ḫאӔּז Caffe [38]  

 

3.2  ј RPN ᵘ Fast R-CNN ԉҔ◕Ề 
 

ֹ ׁѭ₿ιἅҪṰ ὼ ҃ḅӍ ἄוᶟώ⁮ּת҈זּ

￼ ι ј Ṅַּז Ҏᶢ҈ώת⁮ᶟ￼Ḿ ₅╜

CNN  Ḿ҈₅╜ ιἅҪ זּ Fast R-CNN [2]  ὶї

‎ιἅҪὼ ҃ḙѽּי RPN ᵙԏῶԊҕᴒ Ṗ￼ Fast R-

CNN ἄ￼ ￼ │εᶃ 2ζ  

꜠ ￼ RPN ᵙ Fast R-CNN ṄҨјᵃΆẪӢᾡԎ

ᴒ Ṗ  ᵼ℅ιἅҪ Ầᴧ Ἡ ιӹ ᶈѣѦ ѳ

Ԋҕᴒ Ṗ 

http://www.gwylab.com/
https://arxiv.org/pdf/1506.01497.pdf
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1χӔּז ZF ḙѽ￼⅛Ѧ ♇￼Ẉᶎώ⁮ᶽṇεᾭӪ s = 600ζ  

 
 

 

јῗḙѽѣѦᴅ꜠￼ ἅҪ ҃ѕ ԏῶԊҕ

⸗ề￼ ￼Ά│χ 

εiζҏ῎ ᶈ℅ ֘Ά⁮ѧιἅҪ Ӿ RPNιẊ

Ӕּזώ⁮‎ Fast R-CNN ⱡᵅιӔּיּז Fast R-CNN

￼ ‎ִḊק RPNιẊћ Ҧ ῗ ᾰἍῶ

ḫ ѧӔּז￼ ֘Ά⁮  

εiiζ Ӆַײ ᴿ ᶈ ֘Ά⁮ѧιRPN ᵙ Fast R-

CNN ᶈ ῼ ᵀẊֹ Ѧ ѧιḅᶃ 2 Ἅ

ᶈ⅛Ѧ SGD Ҧѧιׁᵇҽ ᶟώ⁮ιԎᶈתἄוּ Ὴ

ѭᶁḧ￼ι Ӿ ￼ ֫ Fast R-CNN ή╜ᵸ ᴦ

ᵇҽᾘḅẂ ιԎѧḾ҈ԊҕṖι‎ RPN Ὣ᷂ᵙ Fast 

R-CNN Ὣ᷂￼ᴦᵇҽᾘӡᴺ ᵀ ֘Ά⁮῏҈ḫ

ᾼ Ӈῗ Ѧ ֘Ά⁮ổּ҃צ ừ֙וּ w.r.t ώ⁮⁭￼ᶑ‰Ѽ

ῗ ᵠẔιᵼ℅ῗ ӆӪ ᶈἅҪ￼ḫ ѧιἅҪ ḫ

ᴧאι ᵸғּ҃וὶ ￼ ‛ιӇљҐῲ ⅝ι

Ὴ ҃ 25-50β ℅ ᵸץᵍᶈἅҪᴧṵ￼

Python Ҧ ѧ  

εiiiζ Ӆ ᴿ ḅіἍ ιּי RPN ╜￼ ⁭Ѽףּ

ῗ Ԅ￼֩ᾭ  Fast R-CNN ѧ￼ RoI−Ṗ[2]ὶᴩᴒ ⸗ề

Ҩᴣ ╜￼ ⁭Ӑѭףּ Ԅιᵼ℅ת іῶᾦ￼ᴦᵇҽᾘ∂

ᵸѼẔ ╧ᴣ₃ẙ w.r.t.⁭ᶑ‰ ᶈі ӆ ᵀ ѧổ

צּ Ҏ₃ẙ ᶈ ӆ ᵀ ֘Ά⁮ѧιἅҪ Ѧ

ᴵ֫ת￼ RoI −Ṗ w.r.t.⁭ᶑ‰ ῗ Ѧ Ẃ ￼

ιẊћᴵҨ [15]ѧẦᴧ￼ɒRoI ΎɓṖ ֧ ֘Ά

⁮ι ֧҃ ᾰ￼ ᶀ  
 

ᵹ₉ҏ῎  ᶈ ᾰѧιἅҪ ￼זḫּזּ 4ℓ │‎

ҐῲҸק‎ḙѽԊҕ⸗ề  ᶈ ℓѧιἅҪὟⱢ

3.1.3 ￼ὼ RPN  Ӕּז ImageNet Ӿ

￼₩ᶚ ִḊקιẊ Ḿּוἄώת⁮ᶟ￼үח Ḿ

ỉ  ᶈ ҇ℓѧιἅҪӔּיּזℓ 1 RPN ⁮ἄ￼ώוּ

Fast R-CNN ᴅ꜠￼₅╜  ₅╜ Ѽּי

ImageNet ₩ᶚִḊק  ℅ῊιѣѦ јԊҕᴒ

Ṗ  ᶈ ѕℓѧιἅҪӔּזή╜ᵸ ִḊק RPN ι

ӇἅҪ 

 

 

ӢᶶԊҕᴒ ṖẊҝỉ RPN ⸗ῶ￼Ṗ ᶈא  ѣѦ

Ԋҕᴒ Ṗ  ῳᵅιӠὙԊҕᴒ ṖᶁḧιἅҪỉ Fast 

R-CNN ￼꜠⸗Ṗ  ᵼ℅ιѣѦ Ԋҕ ᵃ￼ᴒ ṖẊẻ

ἄ ￼  ᴵҨ ӆ￼Ґῲ Ҩ ῭ᶺ Ҧι

ӇἅҪ ḻֹ ѶᴵҨổּצ￼ώ״  

 

3.3  Ḫ♪  
 

ἅҪᶈᴅ ṑẙ￼ᶃӵі ᵙ╜ ╜ᶟώ⁮ᵙⱶӌ₅ת

[1]ι[2] ἅҪ Ὰ ᾣᶃӵιӔԎ ѭ s = 600 ӵ

[2] ᶺṑẙ⸗ềώᴨεӔּזᶃӵ ḔᶨζᴵҨώ ֝

ớιӇјҺ ֧א Ḅ￼ ẙ -  ֝ ớ  [2] ᶈ Ὰ ᾣ

￼ᶃӵіιῳᵅ Ѧᴒ Ṗі￼ ZFᵙ VGG ￼ỞℓẄῗ

16 Ѧӵ ιᵼ℅ᶈ ᾯᶽṇѳׁᶈԐᶚ￼ PASCAL ᶃӵі

ῗ 10 Ѧӵ ε500 Ö 375ζ ᴏӔῗḅ℅ᶽ￼ℓẄѼ ώӗ

Ḅ￼ᾦ‛ιṓ ᴵҨ ῭ṇ￼ℓẄ ℓώ ẙ  

Ḿ҈ ♇ιἅҪӔּז 3 Ѧ־ẙιת⁭ᶟѭ , ᵙ

ӵ ι3ѦḴ ⅝ѭ 1χ1,1χ2ᵙ 2χ1 Ḿ҈⸗ḧᾭὯ

ι Ҏ ᴠᾭẊ῾ң ὍιἅҪṄᶈї ѧώӗῶԋ

Ԏᾦ‛￼╦ ḫ ḅіἍ ιἅҪ￼ ֘Ά⁮ј ᶃӵ

Ḕᶨἆ◒└ Ḕᶨ‎ ╜ᶺѦṑẙ￼תᶟιҡ ҃ᶽ

￼ Ὴ ᶃ 3εᴸζῘ ҃ἅҪ￼Ά│ ᴿ҈זּ ⅝

ӕᵙ ₪⅝￼ ד 1 Ῐ ҃Ӕּז ZF ￼⅛Ѧ ♇￼

Ẉᶎḙѽώ⁮ᶽṇ ἅҪ├ỴֹιἅҪ￼ │ӹ ╜ᶽ҈

☺ᶈ￼ỵᴩ ‾￼ ╜Ẋ јᴵ  -  ḅ‛ᴱῶḾ ￼ѧ

ᴵ ιҚҪҠⱡᴵҨᶽ ὸᾸ֧Ḿ ￼ ᶀ  

ṇỌᶴת ᶃӵ ￼ףּ ᶈ ῼ ιἅҪổּצ

Ἅῶ ᶫ ♇ιᵼ℅ḜҪјҺ ἄὫ᷂ Ḿ҈Ԑᶚ￼ 1000 

Ö 600 ᶃӵιỞԊṄῶᶽ 20000ε ҈ 60 Ö 40 Ö 9ζ

Ѧ ҃צổּ҈יּ ףּ ♇ι⅛Ѧᶃӵᶽ ῶ 6000 Ѧ ♇

҈זּ ḅ‛ᶈ ѧјổּצ ᶫầẂӪιֱҺᶈ ‰ѧ

ẬԄᶽ￼ι Ҩ ⃰￼ Ṯ ιẊћ јҺᾠᾩ ⱡ ι

ᶈ╜ ῼ ιἅҪҠⱡṄḢԅᴒ RPN Ẕּ҈זᾯѦᶃӵ

ᴵ Һּוἄ ώ⁮⁭ιἅҪṄԎׇֹ֬ᶃӵףּ ףּ  

http://www.gwylab.com/
https://arxiv.org/pdf/1506.01497.pdf
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2χPASCAL VOC 2007 ≡ ￼₅╜ ‛εᶈ VOC 2007 trainval і ζ  ή╜ᵸῗṾῶ ZF￼ Fast R-CNNιӇӔ

ᴿזּ ώ⁮Ά│ ᵙ╜  

 

 

Ҏ RPN ώ⁮ế℅ ẙ ᴬ  ѭ҃֟Ṉ֑ӎιἅҪ⁞Ὧ

Ԏ cls֫ᾭḾώת⁮ᶟ זּ ῳᶽӪἬֺεNMSζ  ἅҪṄ

NMS ￼ IoU ӪӢ⃰ѭ 0.7ι Ӕệ⅛Ѧᶃӵᶽ ῶ 2000

Ѧώת⁮ᶟ  ⃰ḅἅҪṄ ṝ ￼ ‾ιNMS јҺὫḱῳ

￼₅╜֝ ớιӇҺᶽᶽ֟Ṉώ⁮￼ᾭ  ᶈ NMS ѳ

ᵅιἅҪӔּזὴᵄׁ N ￼ώת⁮ᶟ ₅╜  ᶈїᾰѧι

ἅҪӔּז 2000 RPN ώ Fast R-CNNιӇᶈ╜ Ὴ

ӂјᵃᾭ ￼ώ  

 

4     

4.1  ᶇ PASCAL VOC ѕַײḪ  
 

ἅҪԅ ӂ҃ PASCAL VOC 2007 ₅╜ᶢ֝￼Ά│

[11]  ᾭὯ ᶽיּ 5k Ѧ trainval ᶃӵᵙ 20 ѦḾ ָ

￼ 5k Ѧ╜ ᶃӵ ἄ  ἅҪ ḾṈᾭᶚᴺώӗ PASCAL 

VOC 2012 ᶢ֝╜ ￼ ‛  Ḿ҈ ImageNet

ιἅҪӔּזԏῶ 5 Ѧᴒ Ṗᵙ 3 ѦḢԅ ὶṖ￼ ZF

[32]￼ɒồ ɓⱱ ιҨᴣԏῶ 13 Ѧᴒ Ṗ￼ԇԊ VGG-16

₩ᶚε ẕ 7ζ [3] ᵙ 3ѦḢԅ ὶ￼Ṗ  ἅҪѮ ӂ

₅╜Ẉᶎ ẙεmAPζιᵼѭ ῗḾ ₅╜￼ḫ ẙ ε

јῗԋ├Ḿ ώ ￼Ҧתẙ ζ  

2εіᶃζῘ ҃Ӕּזᴿ │ᶟώ⁮Άת ᵙ╜

Ὴ￼ Fast R-CNN ‛  Ҏ ‛Ӕּז ZF  Ḿ҈

Ὅớᾆ εSSζ[4]ιἅҪ ɒồ ɓ₩Ẫּוἄᶽ 2000

Ѧώ⁮  Ḿ҈ EdgeBoxesεEBζ[6]ιἅҪ ᾯ IoU ѭ

0.7￼ EB ⁮ἄώוּ  

 
7. www.robots.ox.ac.uk/Ḑvgg/research/very_deep/  

 

 

ᶈ Fast R-CNN ⁭‟їιSS￼ mAP ѭ 58.7βιEB￼ mAP

ѭ 58.6β  ԏῶ Fast R-CNN ￼ RPNḫ҃אῶ ￼ד҅

‛ιmAP ѭ 59.9βιᵃῊӔּזᶺ 300 Ѧώ⁮ε ẕ

8ζ Ԋҕᴒ҈יּ  ιӔּז RPNғּ҃ו⅝Ӕּז SSἆ EB

ồệᶺ￼₅╜₩ᶚ; Ṉ￼ώ⁮Ѽ֟Ṉ҃תᶟḢԅ ὶṖ￼

ἄ ε 5ζ  

 

RPN ┌ײַ Ḫ ѭ҃ RPN Ӑѭ ώ⁮Ά│￼ᴵ

ớιἅҪ ҃֡ ╦ ӾιἅҪṝ ҃ᶈ RPN

ᵙ Fast R-CNN ₅╜ ѳ Ԋҕᴒ Ṗ￼ᾦ‛ ѭ℅ιἅ

Ҫᶈ 4 ℓ ￼ ҇ℓᵅӯ₿ Ӕּזᴅ꜠￼ Ṅ ‛

ỉצּ Ӊ 58.7βεRPN + ZFι Ԋҕι 2ζ ἅҪ

ḻֹ ῗᵼѭᶈ ѕℓѧιẸӔּ₅ז╜ᵸ ￼⸗ề‎ỉ

RPNῊιώ⁮ ệֹᾡᵱ  

ὶї‎ιἅҪṄ Ầ RPN Ḿ Fast R-CNN ₅╜

￼ẽᵠ ѭ℅ιἅҪӔּז 2000 SSώ⁮ᵙ ZF Fast 

R-CNN ₩ᶚ ἅҪ ῭ᾡᶈ╜ ῊӔּז￼ώת⁮ᶟ‎Ӣ

ᶶ℅₅╜ᵸẊ ӂ₅╜ mAP ᶈ Ҏ╦ ḫ ѧιRPN ј

љ₅╜ᵸԊҕ⸗ề  

ᶈ╜ Ὴּז 300 Ѧ RPN ώ ῲὭ SS Ṁ mAP ѭ

56.8β  mAP ￼Ὣ᷂ῗּ҈י /╜ ώ⁮ѳ ￼ј

‛Ӑѭᵅ ⅝ ￼ᶢ  

ῶ♇ҧҚỬ ￼ῗιẸӔּזὴᵄ ׁ￼ RPN ῊιRPN Ҡ

ⱡҺṾ‎ ҅ ‛ε55.1βζ 

 

8. Ḿ҈ RPNιώ ￼ᾭ εӕḅι300ζῗᶃӵ￼ῳᶽᾭ  ᶈ

NMSѳᵅιRPNᴵ Һғּו Ṉ￼ώ⁮ιᵼ℅Ẉᶎώ⁮ᾭ Ṉ  

http://www.gwylab.com/
https://arxiv.org/pdf/1506.01497.pdf
http://www.robots.ox.ac.uk/∼vgg/research/very_deep/
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3χPASCAL VOC 2007 ≡ ￼₅╜ ‛  ή╜ᵸῗ Fast R-CNN ᵙ VGG-16  ᾭὯχɒ07ɓχVOC 2007 

trainval ιɒ07 + 12 ɓχVOC 2007 trainval ᵙ VOC 2012 trainval ￼ ᵀ ᵀ  Ḿ҈ RPNιFast R-CNN ￼ Ὴ ấ

ῗ 2000  χ ѦᾭḔᶈ[2]ѧώᴣ; Ӕּז ᾰώӗ￼ḕӴẓι℅ ‛῭ ε68.1ζ   

 

4χPASCAL VOC 2012 ≡ ￼₅╜ ‛  ή╜ᵸῗ Fast R-CNN ᵙ VGG-16  ᾭὯχɒ07ɓχVOC 2007 

trainval ιɒ07 ++ 12 ɓχVOC 2007 trainval + test ᵙ VOC 2012 trainval ￼ ᵀ ᵀ  Ḿ҈ RPNιFast R-CNN ￼

Ὴ ấ ῗ 2000  http://host.robots.ox.ac.uk:8080/anonymous/HZJTQA.html.   

:http://host.robots.ox.ac.uk:8080/anonymous/YNPLXB.html.  : http://host .robots.ox.ac.uk:8080/anonymous/XEDH10.html.   

 

5χK40 GPU і￼ᾩ εmsζιӇ SSώ⁮ᶈ CPU ѧ ӂ  ɒתᶟớɓץὐ NMSι−קṖιḢԅ ὶṖᵙ softmax

Ṗ  ᴠ ἅҪᴧṵ￼ Ὴ֫‘Ҧ  

 

 

ᶈ╜ ῊώҐ҃ 100 Ѧώ⁮ι ῎ὴᵄ ׁ￼ RPN ώ⁮

ῗ֝ ￼ ᴰ Ά ιӔּזὴᵄ ׁ￼ 6000 Ѧ RPN ώ⁮

ε≡ῶ NMSζԏῶῶ ￼ד҅ mAPε55.2βζιώ⁮ ֫

￼ NMS јҺὫḱ₅╜ mAP Ẋᴵ ֟Ṉ ἵ  

ὶї‎ιἅҪ ᶈ╜ Ὴԋ ԎѧүӍ Ѧ‎ָ֫ ‬

RPN ￼ cls ᵙ reg ֧￼Ӑּז Ẹᶈ╜ Ὴ cls Ṗεᵼ

℅јӔּז NMS/ ὴᵄζῊιἅҪҡ῾֮֫￼תᶟѧ  Ἲ‾

N Ѧώ⁮  mAP ֡Ѷ≡ῶᴪקιN = 1000 ε55.8βζιӇ

ῗẸ N = 100 ῊιmAP Ῐ Ӊֹ 44.6β ῎ cls ֫

ᾭ ҃ὴᵄῳ ￼ώ⁮￼֝ ớ  

ᴰ Ά ιẸᶈ╜ Ὴ reg Ṗεᵼ℅ώ⁮ἄѭ ζ

ῊιmAP 52.1β ῎ ￼ώ⁮Ѯ ῗּ҈יᵻ

ặ￼ ףּ ֺ ⱡԏῶᶺѦ־ẙᵙ ₪⅝ιӇј Ҩ

₅╜  

ἅҪ ӂ҃῭Ặᶽ￼ ӐּזḾ RPN ￼ώ⁮ ￼ẽ

ᵠ ἅҪӔּז VGG-16 RPNιҠⱡӔּזі ￼ SS + ZF

ή╜ᵸ  mAP ҡ 56.8βεӔּז RPN + ZFζώ  

 

 

ѭ 59.2βεӔּז RPN + VGGζ ῗ ѦỄῶṸῺ￼

‛ιᵼѭḜ ῎ RPN + VGG ￼ώ⁮ Ҹ҈ RPN + ZF

҈יּ RPN + ZF ￼ώ⁮љ SS ҅ε ҈זּ ᵙ╜ Ὴ

ᶎѭ 58.7βζιἅҪᴵ ῼῺ RPN + VGG Ҹ҈ SS Ҩї

ḫ ῎҃ Ӭ ῗ⃰ ￼  

 

VGG-16 ײַ ♪ 3 Ῐ ҃ VGG-16 Ḿώ⁮ᵙ₅╜￼

‛ Ӕּז RPN + VGGι Ԋҕ⸗ề￼ ‛ѭ 68.5βιּצ

҈ SSᶢ ḅіἍ ι ῗᵼѭ RPN + VGG ἄ￼ώוּ

⁮⅝ SS῭֝ љ ӾḧѲ￼ SSјᵃιRPN ᴩֹ ‖

Ẋᴩ ҈῭Ḅ￼ Ḿ҈⸗ềԊҕᴪӌι ‛ῗ

69.9βι⅝Ặ SS ᶢ ῭ḄιӇώ⁮֡Ѷ≡ῶἄ  ἅҪᶈ

PASCAL VOC 2007 trainval ᵙ 2012 trainval ￼ᾭὯ і

ℓ RPN ᵙ₅╜ ι mAP ѭ 73.2β ᶃ 5 Ῐ

҃ PASCAL VOC 2007 ╜ ￼ Ҏ ‛ ᶈ PASCAL 

VOC 2012 ╜ ε 4ζѧιἅҪ￼Ά│ᶈ VOC 2007 

trainval + test ᵙ VOC 2012 trainval ￼ ᵀᾭὯ і

҃ ιmAP ֹ҃ 70.4β 6 ᵙ 7 Ῐ ҃ ￼ᾭ

Ḕ  

http://www.gwylab.com/
https://arxiv.org/pdf/1506.01497.pdf
http://host.robots.ox.ac.uk:8080/anonymous/HZJTQA.html.
http://host.robots.ox.ac.uk:8080/anonymous/YNPLXB.html.
http://host.robots.ox.ac.uk:8080/anonymous/XEDH10.html
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6χӔּז Fast R-CNN ₅╜ᵸᵙ VGG-16 ￼ PASCAL VOC 2007╜ ￼ ‛  Ḿ҈ RPNιFast R-CNN ￼ Ὴ ấ

ῗ 2000 RPNᴨ╦Ԋҕ⸗ềⱱ   
 

 
7χӔּז Fast R-CNN ₅╜ᵸᵙ VGG-16 ￼ PASCAL VOC 2012╜ ￼ ‛  Ḿ҈ RPNιFast R-CNN ￼ Ὴ ấ

ῗ 2000  

 
 

 

8χӔּזјᵃ ᶈ PASCAL VOC 2007 ╜ і

Faster R-CNN ￼₅╜ ‛  ῗ VGG-16  ᾭὯ

ῗ VOC 2007 trainval  Ӕּז 3 Ѧ־ẙᵙ 3 Ѧ ₪⅝

ε69.9βζ￼ љ 3ѧ￼ ᵃ   

 
 

9χӔּז Ẫε1ζѧ￼јᵃ ƣӪᶈ PASCAL VOC 2007

╜ і Faster R-CNN ￼₅╜ ‛  ῗ VGG-16  

ᾭὯῗ VOC 2007 trainval  Ӕּזƣ= 10ε69.9βζ￼

љ 3ѧ￼ ᵃ  

 
 

 

     ᶈ 5 ѧιἅҪỞ ҃ᾯѦⱶӌ₅╜ ￼ Ὴ  

SSᴨ֘҈ԓḳ 1-2 εẈᶎ 1.5 ζι Ṿῶ VGG-

16 ￼ Fast R-CNN ᶈ 2000 SSώ⁮і 320 ← εḅ‛

ᶈḢԅ ὶṖіӔּז SVDιֱ 223 ← [2]ζ  ἅҪ￼

VGG-16 ᶈώ⁮ᵙ₅╜Ά ỞԊ 198 ← ҈יּ 

Ԋҕᴒ ⸗ềιҝӔּז RPN Ṗז 10ms ҈יּ 

ώ⁮ Ṉε⅛ắᶃӵ 300 ắζιἅҪ￼תᶟ ₭ᾭѼ

Ṉ  ἅҪ￼ ￼ ZF ṿ ꞌѭ 17 fps  

    ḽ ᴟᾎַײᾈỖ  ᶈ 8 ѧιἅҪ ҃ ￼  

ἅҪӔּז 

 
 

3Ѧ־ẙᵙ 3Ѧ ₪⅝ε 8ѧ￼ 69.9βmAPζ ḅ‛ᶈ⅛

Ѧӈ ҝӔּז Ѧ ♇ιֱ mAP ї 3-4β ḅ‛Ӕּז 3

Ѧ־ẙεԏῶ 1 Ѧ ₪⅝ζἆ 3 Ѧ ₪⅝εԏῶ 1 Ѧ־

ẙζιֱ mAP ῭ ι ῎ӔּזᶺѦṑḽ￼ Ӑѭᵻặᴠ

ῗῶᾦ￼ ֘Ά⁮ ҝӔּז 3 Ѧԏῶ 1 Ѧ ₪⅝ε69.8βζ

￼⅝ӕљᶈ ᾭὯ іӔּזԏῶ 3 Ѧ ₪⅝￼ 3 Ѧ⅝ӕ ‾

Ḅι ῎⅝ӕᵙ ₪⅝јῗ Ầ₅╜ ẙ￼ԋ ӇἅҪҠ

ⱡᶈ ѧ זּ ѣѦ ẙ‎ӠὙ ￼♄╗ớ  

ᶈ 9 ѧιἅҪ⅝ ҃Ά ε1ζѧ￼јᵃӪ ừ֙

їιἅҪӔּז ƣ = 10ι Ӕệ Ẫε1ζѧ￼ѣѦ ᶈặ

ᵅᶽק ᶊז  9 Ῐ ιẸᶈ ѣѦᾭ ε1 ֹ

100ζ￼ ᶀԓῊιἅҪ￼ ‛ҝּצỉᴩẽᵠε֟Ṉ

1βζ ῎ ‛ᶈỄᶽ ᶀԓјᾧỵ  
 

ḽ Recall - to - IoU ῷ֪ײַ  ὶї‎ιἅҪӔּזḢԅ ḫ

⁭ јᵃ IoU ⅝ꞌ￼ώ⁮ᴳᵻꞌ  Ӫệ├Ỵ￼ῗι

Recall- to -IoU Ὕ‰љῳ ₅╜ ẙῶԋ[19]ι[20]ι[21]  

Ӕּז℅ẙ ‰֝‎ Ᾰώ⁮Ά│⅝ ӂώ⁮Ά│῭ᵀ  

ᶈᶃ 4 ѧιἅҪῘ ҃Ӕּז 300,1000 ᵙ 2000 ώ⁮￼

‛  ἅҪљ SSᵙ EB ⅝ ιẊћᶢ҈ ҎΆ│ғּו￼

ӡẙιN Ѧώ⁮ῗὝὴᵄׁ N ￼ώ⁮  ҎᶃῘ ιẸ

ώ⁮ᾭ ҡ 2000 ї ֹ 300 ῊιRPNΆ│ ệỄḄא

҃ѭҜѱ RPN ᶈӔּזṈ 300 Ѧώ⁮Ὴԏῶ Ḅ￼ῳ

₅╜ mAP  ⃰ḅἅҪѳׁ֫‘￼ ‾ι ѦṞớѮ ặ

ᵼ҈ RPN ￼ cls    Ẹώ⁮ ṈῊιSSᵙ EB￼ᴳᵻ⅝

RPNї ệ῭ồ  

http://www.gwylab.com/
https://arxiv.org/pdf/1506.01497.pdf
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ᶃ 4χPASCAL VOC 2007╜ ￼ᴳᵻꞌљ IoU ᴬꞌ  

 

10χ ₡‭≡љѢ ₡Ὕ’+‭≡Ḿ⅝  ₅╜ ‛Ӕּז ZF ₩ᶚᵙ Fast R-CNN ᶈ PASCAL VOC 2007 ╜ і

 RPNјӔּזԊҕ⸗ề  

 

 

₡‭≡јѢ ₡Ὕ’+‭≡  OverFeat ᾰ[9]ώ֧

҃ ₅╜Ά│ι Ά│ᶈᴒ ⸗ềῑṃі￼◌ט ᴭіӔ

ᵻặזּ ᵙ֫ ᵸ  OverFeat ῗ Ѧ ⅎι⸗ḧ҈ ￼

₅╜ ιἅҪ￼ῗ Ѧѣ ⅎ ιּיјᴵ ￼ώ ᵙ

⸗ḧ ￼₅╜ ἄ ᶈ OverFeat ѧιתᶟ⸗ề‎ ҈⅝ӕ

Ḕᶨі￼ Ѧ ט◌￼⅝₪ ᴭ Ҏו ᵃῊ҈זּ ḧ

Ḿ ￼ӈ ᵙ ָ ᶈ RPNѧι Ҏ⸗ề‎ Άẻε3Ö3ζ

ט◌ ᴭιẊ ╜ Ḿ҈ԏῶјᵃṑẙᵙ ₪⅝￼ ♇￼ώ

⁮ ⱡ ѣ Ά│ Ӕּט◌ז ᴭιӇתᶟώ⁮үחᴱῗ

Fast R-CNN ￼ ⅎ -  ї▫ Fast R-CNN ή╜ᵸᴠљ҃

ᾡ ḜҪ￼ώ⁮ ᶈἅҪ￼ ￼ ҇ ⅎιתᶟớ⸗ề

Ẕᶊ∆ [1]ι[2]‎ ώ⁮⁭ι῭זӼ֫ᶊ ￼ᶟת҃

⸗ề ἅҪ ӡ Ҏ⸗ềᴵҨώӗ῭֝ ￼₅╜  

ѭ҃⅝ ᴅ ᵙѣ ιἅҪ Fast R-CNN ₩

Ὁ OverFeat εҡ Ѽ ԁ҃ḫא ￼ԎҤṮầζ

ᶈ ѧιɒώ⁮ɓῗ 3 Ѧ־ẙε128,256,512ζᵙ 3 Ѧ

₪⅝ε1χ1,1χ2,2χ1ζ￼Ḹ ט◌ ᴭ Fast R-

CNN Ҩ ╜⸗ḧ ֫ᾭẊҡ Ҏ◌ט ᴭᵻặ⁭ӈ ҈יּ

OverFeat ᶃӵזּ ḔᶨιἅҪ Ӕּזҡ 5 Ѧṑẙώ

ᴨ￼ᴒ ⸗ề ӂ ἅҪӔּז [1]ι[2]ѧ￼ 5 Ѧṑ

ẙ  

10 ⅝ ҃ѣ ᵙ ￼ѣѦᴪӌ Ӕּז ZF₩

ᶚιᴅ ￼ mAP ѭ 53.9β ⅝ѣ ⅎ

ε58.7βζӉ 4.8β ḫ ῎҃ ᶟώ⁮ᵙḾת ₅

╜￼ῶᾦớ ᶈ[2]ι[39]ѧἵᵓ҃ ӆ￼ ḻ ‛ιḜҪᴨ

Ҧ҃ SS 

 

 

ԏῶ◌ט ᴭ￼תᶟώ⁮Ṁ ѣ ᾰ￼ ‛ᶎ Ӊ҃

6β  ἅҪ ├Ỵֹιᴅ ⅎ ỹιᵼѭḜ ᶴת῭

ᶺ￼ώ⁮  

 

4.2  ᶇ MS COCO ѕַײḪ  
 

ἅҪᶈ Microsoft COCO Ḿ ₅╜ᾭὯ [12]іώӗ҃῭

ᶺ ‛ ᾭὯ ╧ᴣ 80 ѦḾ ָ ἅҪᶈ і╜

80k ᶃӵιᶈ і╜ 40k ᶃӵιᶈ test -dev і

╜ 20k ᶃӵ ἅҪ ӂ IoU  [0.5χ0.05χ0.95]￼Ẉᶎ

mAPεCOCO ￼‰֝ẙ ι ѭ mAP@[ .5ι.95]ζᵙ

mAP@0.5εPASCAL VOC￼ẙ ‰֝ζ  

ἅҪ￼ Ḿ℅ᾭὯ ҃ Ҏ ỉ￼῭ᾡ ἅҪᶈ 8-

GPUіḫא ἅҪ￼₩ᶚιRPNε⅛Ѧ GPU 1Ѧζᵙ 16

Ѧ Fast R-CNNε⅛Ѧ GPU 2Ѧζ￼ῶᾦṇἥ ᶽṇѭ 8  

RPNℓ ᵙ Fast R-CNN ℓ ѭ 240k ₭ Ҧιḙѽ

ꞌѭ 0.003ιⱡᵅ 80k ₭ Ҧιḙѽꞌѭ 0.0003 ἅҪ

Ӣᾡ҃ḙѽꞌεҡ 0.003 ẦḊ јῗ 0.001ζιᵼѭṇἥ

ᶽṇṰ ᾡᴪ Ḿ҈ ♇ιἅҪӔּז 3 Ѧ ₪⅝ᵙ 4 Ѧ⅝ӕ

ε▌ז ζιѮ ῗ ᶴת℅ᾭὯ і￼ṇḾ ‎ḫא

￼ ℅ᶹιᶈἅҪ￼ Fast R-CNN ℓ ѧι ‾  ḧѲѭ

ԏῶῳᶽ IoU ᵙḢԅ ḫ￼ Ҏ[0, 0.5ζι јῗᶈ[1]ι[2]

ѧӔּ0.5 ,0.1]￼זζ ἅҪ├Ỵֹᶈ SPPnet [1]ѧι

[0.1ι0.5ζּ҈ז ỉ ιӇ ‾ ᶈӔּזᵿ ӕ ￼

SVM ℓ ѧҠⱡ [0ι0.5ζ Ӈῗ Fast R-CNN [2]

ᾣẨ҃ SVM ℓ ιἍҨ[0, 0.1ζҡ῾ ὐץ Ҏ[0, 

0.1ζḾ҈ Fast R-CNN ᵙ Fast R-CNN ι‾ ᶈ

COCO ᾭὯ іώ ҃ mAP@0.5 ￼ӪεӇḾ PASCAL 

VOC￼ẽᵠᴵҨổּצј ζ  

http://www.gwylab.com/
https://arxiv.org/pdf/1506.01497.pdf
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11χMS COCO ᾎὊ і￼Ḿ ₅╜ ‛εβζ  ₩ᶚѭ VGG-16  

 

Ԏӎ￼ḫᾼ љ PASCAL VOC ᵃ ⸗ָῗιἅҪ

Ӕּז 300 Ѧώ⁮ᵙᴅ ₩εs = 600ζ╜  COCOᾭὯ

і￼⅛Ѧᶃӵ￼╜ Ὴ Ҡⱡ ѭ 200ms  

ᶈ 11 ѧιἅҪ ӾӔּז ᾰѧ￼ḫאἵᵓ҃ Fast R-

CNN [2]￼ ‛ ἅҪ￼ Fast R-CNN ᶢ ᶈ╜ Ầᴧ

ѧԏῶ 39.3βmAP@0.5ι ҈[2]ѧἵᵓ￼ᶢ ἅҪὸ

╜ Ṯ ￼ᴝᵼѮ ῗּ҈י ‾ ￼ḧѲҨᴣṇἥ ᶽṇ

￼ᴪק ἅҪ ├Ỵֹ mAP@[.5ι.95]ᴱῶᴵ⅝ớӇјԏ

ד҅  

ὶї‎ἅҪ ӂ Faster R-CNN Ӕּז COCO

ιFaster R-CNN ᶈ COCO╜ ѧԏῶ 42.1β

mAP@0.5 ᵙ 21.5βmAP@[.5ι.95] Ḿ҈ mAP@0.5ι

⅝ᵃ‾￼ᴃ ї￼ Fast R-CNN ḾẔⱶ￼ mAP@0.5

2.8βι⅝ mAP@[.5ι.95] ֧ 2.2βε 11ζ ῎

RPNᶈ῭ ￼ IoU Ӫі ֧א ιᴵҨώ ḧӈ ẙ Ӕ

זּ COCO ιFaster R-CNN ᶈ COCO ╜

іԏῶ 42.7βmAP@0.5 ᵙ 21.9βmAP@[.5ι.95] ᶃ 6

Ῐ ҃ MS COCO test -dev ￼ Ҏ ‛  

 

ILSVRCᵘ COCO 2015 Faster R-CNN ἅҪṰ

῎ιּ҈י RPNḢԅḙҺ  ᶟιFasterת⁮ἄώוּ

R-CNN ҡ῭Ḅ￼⸗ềѧ ῭ᶺ ᴏӔṄ▄ẙᶢ іᶭז

ֹ 100 Ṗι ḻҠⱡῶᾦ[18] ᴱῶṄ VGG-16 ῲ

Ὥѭ 101 Ṗ׆ӎ εResNet-101ζ[18]ιFaster R-CNN

ᶈ COCO val іṄ mAP ҡ 41.5β/ 21.2βεVGG-16ζ

ᶭֹז 48.4β/ 27.2βεResNet-101ζ љ Faster R-

CNN ⃰Ґ￼ԎҤᾡ ὺᾼιHe Қ[18] ệ҃ᴅ ₩ᶚ

‛ 55.7β / 34.9 βιCOCO test -dev ￼ ᵀ ‛ѭ

59.0β/ 37.4βιᶈ COCO 2015 ⱶӌ₅╜ ѧ ệ

ᵄ ᵃ‾￼ [18]Ѽᶈ ILSVRC 2015ⱶӌ₅╜ ѧ ệ

ᵄι ҇ᵄ ḾӪ 8.5β  RPN Ѽῗ ILSVRC 
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