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ἅҪᶈ Ѧ ￼⁭‟ԓᶴתҚ ￼ ұιᶹ₩ט

ᵙᾺ ￼ ᶃᵀἄι Ỵᵖ ῆᴩ ￼₩ᶚṏᴵҨ

Ἅῶת‎ᶴזּ Ҏүח Ά│Ѯ￼חῶ￼⸗ḧ҈үא Ӕּז

2D ԋ ♇ε ζ‎ӂמ Қӌ ‗ ӇῗιḜҪҝ ӈ

ӡỤιῂ│ ềѦҚ￼ѦớקẻꜛẊ₩Ὁᵺ ᾿ ᶈ 

ᾰѧιἅҪấ Ӕּז 3D ӌ ⁪Ỡᶶ₩ᶒ‎ ᵙẻמ

ꜛι ₩ᶒјҝᴵҨ₩Ὁԋ ￼ӈ ᵙ᾿ ι ћᴵҨ ề

Ѧớק￼ ӌẻꜛ ѭ҃Ӡּפ◊ӡỤιӕḅ ι‾Ẫιת

ᵙ ҰιἅҪώ֧҃ Ṿῶ╙טᴪẻᶒεLWBζ￼

ᴪẻט╙ GANιḜᴵҨᶈᶃӵᵙו ѧҽᾘ◊ӡỤι

ẊᵀἄӘὯ҈ᴠ ￼ᶃӵ ԏӌ ι ᵹᴒ ט

ᵸώᴨ◊⸗ềιҨỄḄᶊ ề◊ Ұ ℅ᶹιἅҪώ֧￼

Ά│ ᶼᾟὙ‎ ᶺѦ‎◊￼῭♄╗￼ᴪẻ ℅ᶹιἅҪấ

҃ ѦᾺ￼ᾭὯ ιᴏ₩ұ εiPERζᾭὯ ιּ҈ז ӂ

Қӌ ұιᶹ₩ט ᵙᾺ ￼ ᶃᵀἄ ẍ┌￼ḫ ҡ

֡ѦΆ ῎҃ἅҪΆ│￼ῶᾦớιӕḅ ừ֙ї￼ ₈

ớҨᴣӠὙ Ұớιẻꜛ ớᵙ Ὸ ἍῶҦ

ᵙᾭὯ ᶎᴵᶈї χ 

 https://svip-lab.github.io/ project/impersonator.html. 
 

1.  
 

ҚӌᶃӵᵀἄιץὐҚӌ ұ[1ι19ι31]ιᶹ₩ט

[26ι37]ᵙᾺ  
 
 
 
 
 
 

Liu Wen Ἳү AI Lab￼ ḫѽּוῊι Ꞌ҃ᶎ ￼Ọ

ẊḢἄ҃ṪӐ  

 

 

ᶃ 1. Қӌ ұιᶹ₩ט ᵙᾺ ᶃᵀἄ￼ᾀᶃ  ֯ῗ

◊ᶃӵι ҇֯ῗᴠ ‍ҭιӕḅᶃӵἆ  ￼Ὰ ᶃ  ѕ֯

ῗᵀἄ ‛  

 

ᶃᵀἄ[40ι42]ᶈ ◗ι ιנּט ὉῸ ιּכẽ

ἆ▫ἃֺӐ Ά ԏῶṭᶽ￼☺ᶈẔּזҮӪ ԏӌ‎ ιῗ

ḧ◊Қⱶᶃӵᵙᴠ Қⱶᶃӵιiζ ￼חұү₩ט ‰

ῗּוἄԏῶ◊Қⱶ ᵙᴠת Қⱶ ᶃӵιḅᶃ￼מ 1

Ἅ ψ iiζҚ Ὰ ᶃ￼ᵀἄῈᶈᵀἄҡјᵃ ẙὪ ￼

ҚӌᾺᶃӵιḅᶃ 1ѧ Ἅ ψ iiiζᶹ ￼ ‰ῗּוἄ

ѦӠּפ Ὸᴠ Ұ￼Қӵιḅᶃ 1￼ẕ Ἅ ιԎѧј

ᵃ ֫ᴵ ‎ јᵃ￼Қ  

ᶈҚ ᶃӵᵀἄ ᶟιҨׁ￼ṪӐָ֫ Ḿ⸗ḧүח▓

ᶴת Ҏү19]ח 26 42]ι 

http://www.gwylab.com/
https://arxiv.org/pdf/1909.12224.pdf
https://svip-lab.github.io/project/impersonator.html
https://svip-lab.github.io/project/impersonator.html
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ӆѶỄ ἛṝֹԎҤүח ῳ ιּוἄḾἰ

εGANζ[6]ᶈ Ҏүחіᴨệ҃ṭᶽ￼ἄו Ҩ₩ұҚ

ӐѭӕιἅҪᶈᶃט 2 ѧỞ ҃ῳ ￼Ά│ ᶈΈῼṪӐ

[19]ѧιḅᶃ 2εaζἍ ι◊ᶃӵεᴣԎ ‍ҭζᵙמ

‰ ‍ҭѩ￼מ ‎ιⱡᵅ Ḿἰ ṄԎ ֹ  

 
 

 

ѧιҨּוἄԏῶἍ ᶃӵ￼מ Ӈῗι ὶ ј

ṵṕιẊћּוἄᵸṄ‎ ◊ᶃӵ￼ӵ Ҳᶃ ὶᾣ ֹ

⃰ ӈ ῗј⃰ ￼ ᵼ℅ιḜỞῗṀ ᶃӵ₩ ẊѢ᷂◊

‰ ᵅ‎ιᴩ ᴪὭᵸ εSTNζ[10]￼ᵏᴧιώ֧

҃ ᴪẻΆ│[1]ιḅᶃת 2εbζἍ Ḝ Ӿ⁞Ὧ◊

ᵙᴠמ Ὁᵀמ Ѧ ￼ұṃᴪὭ ιӔּז STN

Ṅ◊ᶃӵᴪẻѭᴠ ἄῳוιẊᶢ҈ᴪẻᶃӵּמ ‛

Ӈῗιṏ ‾Ẫἆ ⸗ề ι פᴪẻѼῂ│Ӡּת

◊ӡỤιᵼѭּוἄᵸᴵ Һᶈ ᶺѦї ‾ᾛӐεӕḅ

ℓᴒ ᵙᵀẊζᵅѢẨ◊ӡỤ ᵃῊι Ὰ  [4ι31]ώ

֧Ṅ◊ᶃӵ￼▄Ṗ⸗ềᴪẻֹ ‰ ỗѧι јῗᶈᶃӵ

ѧᴪẻιḅᶃ 2εcζἍ ι ѭ⸗ềᴪẻ ⱡ ιᶈ

⸗ềᴪẻѧּי ᵸώᴨ￼⸗ềј Ӡ ֝ ᶊ ề◊

ҰιẊᵼ℅Ҩјᴵ ԁ￼ΆẪғּו₩ ἆӉӠ ẙ￼ᶃӵ  

ҨїѕѦᴝᵼιі҈יּ ἄוῶΆ│ᶈּא ‎ј ḫ

￼ᶃӵῊ ֹ҃ὠἇχ1ζḾ҈јᵃ￼ ⱶᶈ ᶊι‾Ẫι

ᵙ ק‗ ⸗ề ᴿѦΆ Ễ ᶈ ѧὪ ᵙӠ

ḕψ2ζ ὶẪᵙᴵᴪẻ￼ҚӌҺṀ ᶽ￼ ṵṕᵙ

҈ᶶ ￼ ᾛמ ￼֡Ӎᴪקψ3ζἍῶ ҎΆ│ ј ᶴ

◊ᶺѦת Ԅιӕḅᶈᶹ Ὥѧιјᵃ ֫ᴵ ‎ јᵃ

◊ Ԅ￼Қ  

ᶈ ᾰѧιѭ҃Ӡּפ◊ӡỤιץὐ Ὸᵙ Ұ￼

ӡỤιἅҪώ֧҃╙טᴪקᶒεLWBζιҨҡѕѦΆ

֘◊ӡỤ￼Ѣ᷂χ1ζᴞᵹᴒ ט ᵸּ҈זώᴨῶּז￼

⸗ềιҨӠּפ◊ӡỤιץὐ ιת ι‾Ẫᵙ Ұψ 

2ζἅҪώ ￼ LWB Ṅ⅛Ѧṕ ֫￼◊ ᵀẊֹԅṕ

╙ѧιҨ ℓӠּפ◊ ӡỤψ 3ζḜᾟὙᶺ◊ᴪ

ẻιӕḅᶈᶹ Ὥѧιҡ Ѧ◊ᴪẻ᷃ ⸗ềιҡᴰ Ѧ

◊ᴪẻҚӌ⸗ềιҨᴣ ᵀѭԅṕ⸗ề╙ Ṅ ℓᶭẶ

⅛Ѧ◊ ֫￼ṕ Ұ‰  

 
 

ᶃ ῶѕא.2 Ṅ◊ӡỤҽᾘֹ ‰‍ҭ￼Ά│ εaζῗΈῼ

ὶιḜṄ◊ᶃӵᵙ◊‍ҭҨᴣ ‰‍ҭ ὶֹ ѧ εbζ

ᵙεcζָ֫ῗ ᵙ⸗ềᴪὭιẊћ◊ᶃӵἆԎ⸗ềᶈת ᵀ￼

Ὥ╙їҽᾘֹ ‰‍ҭ  

 

℅ᶹιאῶΆ│Ѯ Ә ҈ 2D 1]מ 19 31]ιḸ

ᵙ[22]מ ӌ ‘[4] ҎΆ│ҝ ṵṕӈ ιᴐổּצ

҃Ѧớק￼ẻꜛᵙ ӌεԋ ζ᾿ ι ⅝Қᶃӵᵀἄѧ

￼ṵṕӈ ῭ѭ ӕḅιᶈ Ѧ‖ ￼ừ֙їι Ѧ

ѦḒּלҚ₩ұ ѦḒ￼טӐιẊћӔּז 2D ‟ιḸ ￼

ᵙמ ӌ ‘‍ҭṄјᴵ ԁᶊᾡᴪ ѦḒ￼ ᵙᶽṇι

ḅᶃ 6 ￼ẕ Ἅ ѭ҃ԀῸḜҪ￼ ♇ιἅҪӔּזᴠᾭ

Қӌ₩ᶚ SMPL [2ι18ι12]ṄҚӌ֫ ѭ εԋמ ᾿

ζᵙẻꜛ Ḝ ֧ 3D ⁪εјṾ Ὸζι јῗԋ ᵙ

ҭ￼ṵṕ ℅ᶹι ש ѣѦ 3D ѕ ⁪ѳ ￼ḾẔ

ԋ ιᴵҨỄḳ῏ᶊ ֧ Ὥ╙ιљӾׁҡԋ ♇Ὁᵀ￼

ұṃ ⅝ι 3D ѕ ⁪￼ ẙ῭ ιẊћ᷂֝῭Ṉ

[1ι31]  

ᶢ҈ SMPL ₩ᶚᵙ╙טᴪẻᶒεLWBζιἅҪ￼Ά│ᴵ

Ҩ ℓἛṝֹԎҤүחιץὐҚ￼ᶹ ᵙᾺ ￼ ᶃ

ᵀἄιẊћ Ѧ₩ᶚᴵҨᶴת ѕѦүח ἅҪỞ ḅїχ

1ζἅҪώ֧҃ Ѧ LWB ‎ҽᾘᵙ ֘ᶃӵᵙ⸗ề ѧ

◊ӡỤεӕḅ ι‾Ẫιת ᵙ ָζ￼Ѣ᷂ ψ 

2ζ זַּ LWBᵙ 3D ᴠᾭ₩ᶚ￼ҸמιἅҪ￼Ά│ῗ

Ѧ ұҚӌ₩҈זּ ιᶹט ὭᵙᾺ ￼ ᶃᵀἄ￼

⁭‟ψ3ζἅҪѭ ҎүחεṎԎῗ ѧ￼Қӌ ₩ט

ұζấ ҃ᾭὯ ιẊᴧṵ҃ἍῶҦ ᵙᾭὯ ιҨΆӝ

￼ѧת ℓ  
 

2.  
 

ҙӋחӏ⁴Ұ ῳ ιᶽᶺᾭΆ│ ῗᶢ҈‍ҭּוἄḾ

ἰ εCGANζ[1 3 19 20 22 30]ἆᴪ֫ ט

ᵸ[5] ҤҪ￼ԋ Ἡ ộỳῗ ᵀ ‰ 

http://www.gwylab.com/
https://arxiv.org/pdf/1909.12224.pdf
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ᶃ 3.ἅҪΆ│￼ ╙↨ ἅҪҡ ѧ   ‾ ḾᶃӵιṄԎѧ Ѧ ѭ◊ᶃӵιᵘᵄѭ ιṄᴰ Ѧ ѭᴠ ᶃӵιᵘᵄѭ  

εaζ ӌ ⁪Ỡᶶ₩ᶒṄӂ ⅛Ѧᶃӵ￼ 3D ⁪ιẊ ֺԎḾẔ ᶃ ᵙ ψεbζ╙ᵀἄ₩ᶒṄ Ӿᶢ҈ѣѦḾẔᶃᴣԎᶈᶃӵ

ѧ￼Ἦẽ ♇‎ ᴪὭ╙ T ⱡᵅḜṄ◊ᶃӵ ֫ѭׁ῟ᶃӵ ᵙ ⱱ ῟ ῳᵅιḜᶢ҈ᴪὭ╙ T ᴪὭ◊ᶃӵιẊּוἄᴪὭᶃӵ

ψεcζᶈῳᵅ Ѧ GAN ₩ᶒѧιּוἄᵸּיѕѦ╙ ἄιָּ֫י ἄוּ ῟ᶃӵ ιּי ấ◊ᶃӵ ᵙᶈ ￼ᴠ ‍ҭ

їᵀἄ ‰ᶃӵ ѭ҃Ӡּפ◊ᶃӵ￼ ιἅҪώ֧҃ Ὰ ᴪẻᶒεLWBιḅᶃט╙￼ 4 Ἅ ζι ᶒṄ ￼◊⸗ềҽᾘֹ

￼ᶺṖѧιẊᶈ ι‾Ẫιת ᵙ‾ẪΆ Ӡּ҃פ◊ӡỤ  

 

ᶃӵҨᴣ◊ ε2Dמ ԋ ♇ζӐѭ ԄιẊ זּ GAN Ӕ

◊זּ ἄוּמ ￼ᶃӵ ҎΆ│￼јᵃѳᶴҝᶈ҈

ӌ ‗ᵙḾἰớὫ᷂ ᶈ[19]ѧι ҃ Ѧ U-Net וּ

ἄᵸιẊӔּ҃ז ҡ ֹ ￼ ἄו‎ּצּ 256Ö256 ᶃ

ӵ Si [1ι30]ώ֧҃ᶺ ⅎḾἰὫ᷂ιẊָּ֫וἄׁ҃

῟εἆјᵃ￼ ӌ ӈζᵙ ῟ Neverova [22] זּ

DensePose [27]Ṅ ￼שּ 2D ԋ ♇ῲὭѭᶃӵᵙҚӌ

ѳ ￼Ḹ ḾẔԋ Chan [3]Ӕּז pix2pixHD [35]

⁭‟ᵙњ ￼ Face GAN‎ḙѽҡ 2D ‟ֹᶃӵ￼ῑṃι

Ẋּוἄ῭ ḫ￼ ‰ᶃӵ ℅ᶹιfl [34]ṄԎἛṝֹ

ἄιLiuוּ [16]ώ֧҃Қ ◗ᵔ ￼ … Ӈῗι

ҤҪ￼Ӑᵝᴱῗ ҡ 2D εἆמ ӈζֹ⅛ѦҚ￼ᶃӵ

￼ῑṃ-Ὥᴯ ι⅛ѦҚӌ ṯ￼₩ᶚ ℅

♇ᴵ Һ ֺԎ῭ẍ┌￼Ẕּז  

ҙӋᶸ ҡ  ᶃẻΆ│[24]ֹᶢ҈ḙѽ￼Ά│

[26ι37]ιḫאҚӌᶹ ấ₩ἆ Ὥῗ Ѧẍ ￼ ιṎ

Ԏῗᶈ Ὁ Ẕּז ẑ ᶟ ᶢ҈ᶃẻ￼Ά│ Ӿ Ὸ

ᵙ 3d Ἔὼҩ[38]ἆᶺ   ֯[15]ӂ Ὸ￼ 3D

Қӌ ⁪ιⱡᵅᶢ҈ ￼ 3D ⁪ᴵҨṄ ѦҚ￼ Ὸᵒ

ᶈᴰא ѦҚ і ṓ ҎΆ│ᴵҨғּו Ӡ ẙ￼

‛ιӇḜҪ￼ἄ ιᶽṇᵙᴩίֺ￼עᶫḾḭἋ Ẋјᴤ

Ḅћјӝ ῳ ι⁞Ὧ▄Ԅ￼ּוἄ₩ᶚι 

 

SwapNet [26] Ӿḙѽ Ѧ ὝṀ￼Ὸמ ֫ⅎᵀἄ

ιⱡᵅṄԏῶ ề￼Ὸ⸗ת ‘ ‛ҡ◊ᶃӵ ֹ

ᵸ- ᵸ ιҨּוἄԏῶἍ Ὸ ￼ᶃӵ ᶈ [37]

ѧιӐ זַּ ᵀḙѽΆ│￼֡Ӎ 3D ẻꜛ₩ᶚιҐὭ҃ѕ

⁪￼ᴵ ♇￼ ιẊ ҃ Ѧ₩ᶚ‎ὸᾸјᴵ

♇￼  

ҙӋᾚ ᶂᴿở Ὰ ￼ ᶃᵀἄῈᶈҡүỴ ẙᵀ

ἄᵃ Ḿ ҨᴣҚӌ￼Ὰᶃӵ ῶΆ│￼⁄Ọℓא ῗ

ᴒ Ὁᵀҡᴵ ḻ ᶃֹᾺ ᶃ￼ḾẔᶃ ᶈ

[41]ѧιӐ Ӕּזᶢ҈ CNN ╜ᶹ Ẋט╙ ᶢ҈ᶹ

ҡ◊ᶃӵᶶֺӵט╙ ‎ᵀἄᵃ ⱶӌ￼Ὰᶃӵ￼Ά│ιẊ

ћҤҪṰ ệ҃ӵ ‾￼ֲớⱶӌ￼ј ￼ ‛ ὶ

ї‎￼ṪӐ[23]ώ֧҃ᶢ҈ᶹ ╙ᵙּוἄḾἰ εGANζ

ὸᾸјᴵ Ά│[6]ι￼ת Zhu Қֱώ֧҃[42] ѭ

ᶢ҈ᶹ ╙￼Ά│ᶈ ḅҚӌѳ ￼ԋ ᵙᴵᴪẻⱶӌі￼

ớ ṮιҤҪώ֧҃ ᶹ ẻꜛ╙ט ￼‎ᵀἄҚӌצּ

Ὰ Ά│ ℅ᶹιZhao [40] ҃ ᶢ҈ GAN ￼Ά

│ιҨҡ ֹ ￼ΆẪᵀἄ ֫ ꞌ ᶃ  

 

3.  
 

ἅҪ￼╙טᴪẻ GAN ᵍѕѦץ ⅎχ ӌ ⁪Ỡᶶι╙

ἄᵙ GAN ₩ᶒιԎѧ GAN ₩ᶒץὐ 

http://www.gwylab.com/
https://arxiv.org/pdf/1909.12224.pdf
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ᴪẻᶒεLWBζט╙ Ḿ҈јᵃ￼үחι ῗ ᵃ

￼ ῆᶈ үחі ҃₩ᶚιḜṏᴵҨᶴתԎҤү

ח ιἅҪҨ ұѭӕιḅᶃ₩ט 3 Ἅ Ṅ◊ᶃӵ‰

ѭ ιṄᴠ ᶃӵ‰ ѭ ӌ ⁪Ỡᶶ₩ᶒṄӂ

ᵙ ￼ 3D ⁪ιẊ …ԎḾẔ ᶃ ᵙ ὶї

‎ι╙ᵀἄ₩ᶒṄ Ӿᶢ҈ѣѦḾẔᶃᴣԎᶈᶃӵ ѧ￼

Ἦẽ ⁪ Ὥ╙ T ι◊ᶃӵ℅יּ ֫ ѭׁ῟ᶃӵ

ᵙ ⱱ ῟ ιẊћᶢ҈ᴪὭ╙ T ᴪẻѭ ῳᵅ

Ѧ GAN ₩ᶒԏῶ ѦṾῶѕѦ╙￼ּוἄᵸ Ḝָ֫

ἄוּ ῟ᶃӵ ι ‗◊ᶃӵ ιẊᶈ

￼ᴠ ‍ҭїᵀἄᶃӵ ѭ҃Ӡּפ◊ᶃӵ￼ ι

ἅҪώ֧҃ Ὰ ᴪẻᶒεLWBζιḜᶈᶺṖט╙￼ ‗

ѧṄ ￼◊⸗ềҽᾘֹ ѧ  
 

3.1.  
 

ḅᶃ 3εaζἍ ι ḧ◊ᶃӵ ᵙᴠ ᶃӵ ι ⅎ

￼Ӑּזῗ ╜ ט εᵺמ ᾿ ζᵙẻꜛᴠᾭҨᴣ⅛Ѧᶃ

ӵ￼ 3D ⁪ ᶈ ᾰѧιἅҪṄ HMR [12] Ӑזּ 3D מ

ᵙẻꜛӂ ᵸιᵼѭḜᶈ ẙᵙᾦꞌѳ ᴨệ҃ỄḄ￼ἱ

ѧ ᶈ HMR ѧιᶃӵ Ӿּי ResNet-50 [8] ѭԏῶ

￼⸗ềιⱡᵅῗ ╜ SMPL ￼ ỗ ᵙẻꜛ

￼ Ҧ 3D ᵻặ [18]ιᵃῊѼץὐẴ ᾋӵ

   SMPLῗ 3D Қӌ₩ᶚιᴵҨḧѲѭỉ֫֩ᾭ

ιḜὟⱢ ‎ ѕ

⁪￼ ♇ᴠᾭιҨᴣ ắ ιԎԏῶ ỗᴠᾭ

ᵙ ᶈ℅ιẻꜛᴠᾭƚῗҡᾭ׳₭Ṱ ẹ

￼Ἔὼѧ ủ￼Ӊ ẻꜛ ￼ ᾭι ᴠᾭƠῗמ

⃰ᵇ ḙӔט ԋ￼ט ᾿ ệֹ￼ ‾￼

ιἅҪṄ ệ◊ᶃӵ￼ ӌ ấᴠᾭӡỤ

ᵙᴠ ᶃӵ￼ӡỤ  
 

3.2.  
 

ᶢ҈Ӿׁ￼ӂ ιἅҪ Ӿᶈ   ᶃ ї ֺ◊ ⁪

ᵙᴠ ⁪ ￼ḾẔᶃ ᶈ℅ιἅҪָ֫Ṅ◊ḾẔῑ

ṃᵙᴠ ḾẔῑṃ ѭ ᵙ ᶈ ᾰѧιἅҪӔּ҃ז

Ḣԅᴵ֫ת￼ …ᵸ- ⁪ …ᵸεNMRζ[13] ᵼ

℅ιἅҪ Ẵ  Ṅ◊ ￼ ♇Ἦẽֹ 2D ᶃӵ

ѧι ⱡᵅιἅҪ ⅛Ѧ ⁪

￼ Ọᶑ‰ιẊћ 

   
 

 

ᶃ ᴪẻᶒ￼ᶃט╙.4  εaζῗ LWB￼ ‗  ᵙ ῗּי

Ṗѧјᵃ◊￼ ώᴨ￼⸗ềᶃ  ῗ ᶈ Ṗ￼

￼⸗ềᶃ  ῳ ֧⸗ề Ṅ ￼⸗ềљᴥ ớ ‾ᵸ

εBSζ Ḿ҈╙ ᵙ ￼ᴪὭ◊⸗ề ҃Ởᵙ εbζῗ LWB

￼ӌ ‗  

 

ệֹ ὶї‎ιἅҪ Ṅ◊ḾẔԋ ᶃљԎ

⁪ ᶑ‰ ᵙᴠ ḾẔԋ ᶃѳ ￼ḾẔԋ ש ι

‎ ᴪὭ╙ ιH Wῗᶃӵ￼ᶽṇ ᵼ

℅ι ᶢ҈ Ḿ◊ᶃӵ ό₩‎Ṁׁ֧῟ᶃӵ ᵙ

ⱱ ῟ ῳᵅιἅҪ ᴪὭ╙ TᴪὭ◊ᶃӵ ιẊ

ệᴪὭᶃӵ ιḅᶃ 3Ἅ  

 

3.3. GAN 
 

     ⅎᶈἍ ‍ҭїᵀἄ Ӡ Қӵ ῭ԏӌᶊ ιḜ

ῗ 1ζᵀἄ ῟ᶃӵ￼ᶽṇψ 2ζ⁞Ὧᴵ ֫ ╜јᴵ

֫￼ ψ 3ζ⁞Ὧ SMPL￼ ấּוἄ Ὸι᷃ᴧᵙԎҤ

ⱶӌ￼ӵ  

     ⱳởᵷ ἅҪ￼ּוἄᵸҨ 3-╙ΆẪṪӐ ḅᶃ 3εcζ￼

╙ѧἍ ι Ѧᵄѭ ￼╙Ṅ ⱱ ῟ ᵙ ⱱ

ε ᶈẼ ѧḾ ҇Ӫק ệ￼ ⱱεỞԊ 4

Ѧ ζζ ὶ ‎ιҨּוἄ ḫ￼ ῟ᶃӵ ԎҤѣ

Ѧ╙ῗ◊ Ұ╙ιᴏ ᵙҽ ╙ιᴏ  ῗ

ᴞᵹᴒ ט ᵸιῈᶈὝṀ ᵸώᴨ ᶼӠּפ◊

ӡỤ￼⸗ề Ḝљ ιṄ ό ￼◊ׁ῟ ᵙḾẔᶃ

εỞԊ 6Ѧ ζӐѭ ԄιẊ ấ◊⃰ ᶃӵ  

╙ᵀἄῳ ‛ι ‛ ᴥ ớ ‾ᵸὶᾠᴪὭ

￼ׁ῟ᵙḾẔᶃ εỞԊ 6Ѧ ζӐѭ Ԅ ѭ҃Ӡּפ

◊ӡỤιӕḅ ι‾Ẫᵙת ιἅҪώ֧҃ Ὰ ￼╙

ᴪẻᶒεLWBζιḜṄ◊љט ‰╙ ὶᶈ Ḝ ᵀ҃

￼◊⸗ềẊṄԎ ᵀֹҽ ╙ ѧιḅᶃ 3εcζ

￼ẕ Ἅ  

     ἅҪώ ѳמᴪẻᶒεLWBζ￼Ҹט╙￼  

http://www.gwylab.com/
https://arxiv.org/pdf/1909.12224.pdf
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ῗ Ḿᶺ ‎◊￼ιӕḅᶈҚ￼ᶹ ὭѧιӠּפ‎◊ ￼

᷃ ιẊҡ‎◊҇ іᶹ᷿ιᵃῊҡ‎◊ѕ їᶹ᷿ ו

￼јᵃ ֫ ṯ￼ Ὥ╙꜠ ᶊ∆Ởֹ ѧ  

ιἅҪҨѣѦ◊ѭӕιḅᶃ 4 Ἅ Ṅ ᵙ ѭ

Ṗѧјᵃ◊￼ ώᴨ￼⸗ềᶃ  ῗ Ṗ

￼⸗ềᶃ ◊ ￼⅛Ѧ ֫ ḜҪיּ ṯ￼ Ὥ╙ᴪẻι

Ẋ∆Ởֹ ￼ ѧ  ἅҪӔּזᴥ ớ ‾ᵸεBSζ֫

ָ Ḿ Ὥ╙ ᵙ ᴪὭ◊⸗ề ᵙ  ῳ ￼ ֧֩

ᾭḅїχ 

 

├ỴιἅҪҝҨѣѦ‎◊ѭӕιᴵҨ —ᶊṄԎἛṝ

ֹᶺѦ‎◊  

ι ᵙ ԏῶ ӆ￼‟‗ι ѭ ResUnetι

Ḝῗ ResNet [7]ᵙ U-Net [28] ￼ ᵀιӇ≡ῶԊҕᴠᾭ  

Ḿ҈ ιἅҪ ὶᵻặῳ ￼ ῟ᶃӵι Ḿ҈ ᵙ

ιἅҪԏӌּוἄ├Ỵדᶃ A ᵙ ᶃ Pιḅᶃ 3εcζ

Ἅ  ῳ ᶃӵᴵҨ ҨїΆẪ ệχ 
 

 

    ֵַᵷ ѭ҃֫תιἅҪ Ỉ Pix2Pix[9]￼ӌ ‗

Ӽ ᾳѧώӗ҃ῶԋἅҪ￼ ӌ ‗￼῭ᶺ ӡỤ  

 

3.4.  
 

     ᶈ ֫ѧιἅҪṄҟ Ὣ᷂֩ᾭҨᴣḅӍ ᾯѦ

Ḿ҈ ӌỠᶶ₩ᶒιἅҪ Ỉ HMR ￼ ‟‗ᵙὫ

᷂֩ᾭ[12] ᶈ ιἅҪӔּז HMR ￼ ₩ᶚ  

     Ḿ҈╙טᴪẻ GANιᶈ ⅎιἅҪҡ⅛Ѧ ѧ

  ‾ ḾᶃӵιẊṄԎѧ Ѧ ѭ◊ ιṄᴰ Ѧ

ѭᴠ ├ỴιἅҪώ֧￼Ά│ῗּ҈ז₩ұטӐιᶹ

ᵙᾺ ᶃᵀἄ￼ ⁭‟ ᵼ℅ι₩ᶚ ᵅι

ӝᴵҨẔּ҈זԎҤүחι ῂ ҡ᷃ẦḊ ᶈἅҪ￼ḫ

ѧιἅҪ ҃ Ѧ ԎҤ҈זұ₩ᶚιⱡᵅṄԎẔּ₩ט

үחιץὐᶹ ҽ ᵙᾺ ￼ ᶃᵀἄ  

     ᾯѦὫ᷂֩ᾭץᵍᵺѦ ιָ֫ῗỵ Ὣ᷂[11]ι

ָὫ᷂ι├Ỵֱ⃰דὫ᷂ᵙḾἰὫ᷂  

     Ỗּרὄ᷁ ḜṄ ‗￼◊ᶃӵ ᵙּוἄ￼ ‰ᶃӵ ⃰

ѭ῭ὶקֱ  

ᶈ VGG [32]Ḓ ѧ￼Ḣԅ ḫӪ ᵙ  ԎԇẪḅїχ 

 

     ᶈ℅ιf ῗ ￼ VGG-19 [32]  

     ַὄ᷁ Ḝ⁞Ὧᵀἄ￼ ‰ᶃӵḾ ׇᵅ￼

ιӔԎљḢԅקֱ⃰ ḫừ֙ ￼ᶃӵ ӆιҡ ὸט

פἄᵸӠּוּ Ұ Ῐ ḅїχ 

 
     ᶈ ιg ῗ ￼ SphereFaceNet [17]  

     ḽἍὄ᷁ ḜṄᵀἄᶽṇᶃӵ￼֫ṵὸᵇ ḫᶃӵ￼֫

ṵ ḅїἍ ιἅҪṄ  [21] Ὣ᷂Ҩ ӆ

PatchGAN ￼ΆẪּוּ҈זἄ￼ ‰ᶃӵ  ֶָᵸ D ṄԎ

ιӔԎק ‎῭ ἅҪӔּז‍ҭֶָᵸιḜṄּו

ἄ￼ᶃӵᵙḾẔᶃ ε6Ѧ ζӐѭ Ԅ  

 

     ↕ổ₇ְגὄ᷁ ḜṄ├Ỵדᶃ A ѭẈ◌￼Ẋק

₿ḜҪ ᵙ ֹ≡ῶ├Ỵדᶃ A ᵙ ᶃ P ￼Ḣԅ

ḫᶃιḜҪῗҡі Ὣ᷂￼Ἅệ₃ẙѧ ủ￼ Ӈῗι├Ỵ

ד Ễḳ῏ ᵙֹ 1ι Һ ἄᵸṪӐוּ₿ ѭ҃

ừ֙ιἅҪṄ ⱱ ᾯѭ῭ὶ 3D ӌ ⁪ …￼ Ả

S ҈יּ Ảῗ ￼ᶃӵιẊћץᵍјṾ Ὸᵙ᷃ᴧ￼Қ

ӌ ιᵼ℅ἅҪ Ḿ[A] ҃ỞᴪṮεTVζֱ⃰קιӕ

ḅ[25]ιҨẰ ￼ ♇ιẊ ℓᶭẶẈ◌￼ Ẽ 

Ẹ ᵀ‎ ╜ ῟ ￼ӵ ᵙ ᶃ PῊ  Ῐ ḅїχ 

 

     Ḿ҈ּוἄᵸιḢᾯ ‰֩ᾭḅїἍ ιԎѧ ᵙ

ָ֫ῗỵ Ὣ᷂ι ָὫ᷂ᵙ├ỴדὫ᷂￼   

 

     Ḿ҈ֶָᵸιḢᾯ￼ ‰֩ᾭῗ 

 
 

3.5.  
 

ῆḾ חұү₩ט ҃ ιṏᴵҨṄԎẔּ҈זὸ

חԎҤү￼ת Ḿ҈ᴿ үח￼јᵃ‍ҭιṮầᶈ҈ Ὥ╙

￼ Ḿ҈Ԏӎ₩ᶒιḅɒ ӌ ⁪Ỡᶶɓᵙɒ╙טᴪẻ

GANɓ₩ᶒ ᵃ Ҩїῗ╜ ⅎ╙ ἄ₩ᶒ￼⅛Ѧ

үח￼ Ỵᶃ  

http://www.gwylab.com/
https://arxiv.org/pdf/1909.12224.pdf
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ᶃ 5.ᶈ╜ ⅎ јᵃүח￼ Ὥ╙ ￼ Ỵᶃ  ṫ ῗ◊ᵙᴠ ᶃӵ￼ɒ ӌỠᶶɓ₩ᶒ Ầ￼ ӌᴠᾭ  ᴸ ῗᶈјᵃүחѧ

Ὥ╙￼јᵃḫאΆẪ  

  

 
ᶃ 6.ᶈ iPERᾭὯ іἅҪ￼Ά│љԎҤ ⅝￼│ұΆ₩ט εᾣᶽҨ ệῳӓ ᶃζ  2D │ὝṀΆמ pG2 [19]ιDSC [31]ᵙ SHUP [1]

ῂ│Ӡּפ Ὸ ι Ұᵙ◊ᶃӵ￼ẻꜛ ớ  ἅҪּז ᵙ ẻ ֧Ῐ  

 
 

⁴Ұח ἅҪ ӾṄᴠ ￼ӈ ᴠᾭӪ ᶶֺֹ◊

ѧ ι ệ SMPL ￼ ᵀ ᴠ ᾭ Ҩ ᴣ 3D ⁪

ὶї‎ιἅҪᶈ   ї ֺ◊

⁪ ᵙᵀἄ ⁪ ￼ḾẔᶃ ᶈ℅ιἅҪָ֫Ṅ◊ῑṃ

ᵙᵀἄḾẔᶃָ֫ ѭ ᵙ ⱡᵅι Ẵ  

Ṅ ◊ ￼ ♇ Ἦ ẽ ֹ 2D ᶃ ӵ ѧ ι

ὶї‎ιἅҪ ⅛Ѧ ⁪ ￼

Ọᶑ‰ιẊԏῶ ῳᵅι Ṅ◊ḾẔᶃљ

Ԏ ⁪ ᶑ‰ ᵙ￼ḾẔԋ ש ι‎ ᴪὭ╙

ᵙּוἄḾẔᶃ ᶈᶃ 5εaζѧ ֧  

ᾚ ײַ ᶂⱳở ᶈ᾿ R ᵙẈ t ￼ừ֙їι ḧᾺ

￼ᾋẽ  ᶃ ἅҪ ӾᶈᾺ ￼ ᶃї 3D ⁪

╙ᾛӐ ӆ҈₩ұטӐ ἅҪώӗ◊

⁪ ᵙ 

 
 

ᶈẴ   їấ Ὰ￼ ⁪ ￼ԋ ᶃ Ẋῳ

ᴪὭ╙ ᶈᶃ 5εbζѧ ֧  

     ᶸ Ḝ ҡᴠ ᶃӵѧɒᶶֺɓ ẇἆ ӌ￼

ῸιᵃῊӠὙ◊᷃ε ι ι᷃ᴧ ζ￼ Ұ ἅҪ

Ṅ Ὥ╙ T ֫ѭѣѦḒ Ὥ╙ιᴏ◊╙ ᵙᴠ ╙ Ṅ

᷃ ⁪ ѭ ιṄ ӌ ⁪ ѭ

ᶈ℅ι Ḿ҈ ιἅҪ

ӾṄ◊᷃￼ ⁪ Ἦẽֹᶃӵ ѧιҡ ệׇẽι

ⱡᵅιἅҪֳấ Ѧ ⁪ ⱡᵅιּז

GιẊệ֧ ᶈ℅ιӌ Ӻ Ѻ

│ Ḿ҈ ιḜ ӆ҈ ұ₩ט ἅҪ ֺ◊Ѯӌ ᵙᴠ

Ѯӌ ￼ḾẔᶃιָ֫ ѭ ᵙ ῳᵅιἅҪ⁞Ὧ

ᵙ ѳ ￼ḾẔԋ Ὥ╙ ἅҪᶈᶃ 5εcζ

ѧ ῎  

http://www.gwylab.com/
https://arxiv.org/pdf/1909.12224.pdf
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ᶃ 7. ᶈ iPERᾭὯ іҡἅҪώ֧￼Ά│ѧ₩ұ ￼ט ӕεᾣᶽҨ ệῳӓ ᶃζ ἅҪ￼Ά│ᴵҨғּו Ӡ ẙ￼ᶃӵι ҎᶃӵᴵҨ

Ӡּפ◊￼ Ұιẻꜛ ớᵙ Ὸ ιᴏӔ◊ᶃӵεӕḅѧὴᵙẕὴζѧѼḕᶈ ὢ  ἅҪấ Ӽ ᾳҨ ᴨ῭ᶺ ‛  

 
ᶃ 8. ᶈ iPER╜ ѧ￼Қ ᶹ Ά│ ӕεᾣᶽҨ ệῳӓ ᶃζ  ἅҪ￼Ά│ᴵҨּוἄ Ӡ ιӌ ￼ᶃӵι ᶃӵᴵҨӠּפ◊ᶃ

ӵ￼ Ұᵙẻꜛ ớιẊӠּפᴠ ᶃӵ￼ Ὸ  ἅҪấ ứ Ӽ ᾳҨ ệ῭ᶺ ‛  
 

4.  
 

ᾎὊ ѭ҃ ӂἅҪώ֧￼ ұιᶹ₩ט ᵙᾺ

￼ ᶃᵀἄΆ│￼ớ ιἅҪấ ҃ Ѧԏῶᶺ ‾Ẫ￼

Ὸ￼ᾺᾭὯ ι ѭ Impersonator εiPERζᾭὯ  ῶ

30 Ѧјᵃẻꜛι ẙᵙớָ‍ҭ￼ ⅛ѦḾ ј

ᵃ￼ ῸιẊἚ A מ ᵙ ￼Ӑט  ҎḾ

ᴵ Һ ᶺҭ ῸιỞԊῶ 103 ҭ Ὸ ᾯѦᾭὯ ᵍץ

241,564 ṿ￼ 206 Ѧ ẑ֯  ἅҪ⁞Ὧ Ὸ￼јᵃṄԎ

֫ѭ 8χ2￼ /╜  

Ḫᾜ ѭ҃ ιṄἍῶᶃӵ‰֝קѭ[-1ι

1]ιⱡᵅṄԎᶽṇ ᾯѭ 256Ö256 ἅҪҡ⅛Ѧ ѧ

  ‾ Ḿᶃӵ ᶈἅҪ￼ḫ ѧιmini -batch ᶽṇѭ

4 ᵙ ָ֫ ѭ 10.0 5.0 ᵙ 1.0  Adam [14]

קἄᵸᵙֶָᵸ￼ᴠᾭҸוּ҈זּ  

 

4.1. . 
 

Ӂἷ  ἅҪώ֧҃ iPERᾭὯ ╜ ￼ ӂᴃ ι

Ḝ ᶼҡјᵃΆ Ὕ јᵃΆ│￼ớ ӡỤḅїχ

1ζᶈ⅛Ѧ ѧιἅҪ ὍѕẄᶃӵӐѭԏῶјᵃ ὢẙ

￼◊ᶃӵε⃰ ιӚ ᵙ ὢζ ⃰ ᶃӵץᵍ￼ӡỤῳ

ᶺι Ӛ ᶃӵҺѢ᷂ ҎӡỤι Ṃ ￼ᶃӵҺẬ ℗

Ѳ 2ζḾ҈⅛Ѧ◊ᶃӵιἅҪἚ ἅ₩ұιӔ◗ᵔ₩ұ

ṯ￼טӐ  SSIM [36]ᵙḙѽ ӆớεLPIPSζ[39]ῗ

ἅ₩ұ ѧ￼ ӂὝ‰  3ζ℅ᶹιἅҪ Ґᴢ₩

ұι₩ұ◗ᵔ₩ұҤҚ￼ ѭ ἅҪᶈ ѭ FReID ￼ Ӿ

￼Қᵔ ָ₩ᶚ [33]іӔִּזḊ֫ᾭε ISζ [29]ᵙ

Frechetв ‎ ӂּוἄᶃӵ￼  

http://www.gwylab.com/
https://arxiv.org/pdf/1909.12224.pdf
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ᶃ 9.ҡἅҪ￼Ά│ᶈ iPERᾭὯ іᵀἄᾺ ᶃ￼ ӕεᾣᶽҨ ệῳӓ ᶃζ ἅҪ￼Ά│ᴵҨᶈјᵃ￼ᾋẽ  їּוἄ ￼ ‛ι

ẊћᴏӔᶈ ἅ ὢ￼ừ֙їεӕḅѧ ᵙẕ ζιѼ ᶼӠּפ◊ӡỤ  
 

1. iPERᾭὯ і јᵃΆ│ ￼ ￼ұ₩ט ‛  ʏ

ᶽ Ḅι ʑ ṇ Ḅ SSIM ᴵ ẊјỴᵖ ᶃӵ ῭

Ḅ[39]  

 
 

јԍңᾛ←ַײ₦ ἅҪṄἅҪ￼Ά│￼ớ љאῶΆ

│￼ớ ⅝ ιץὐ PG2 [19]ιSHUP [1]ᵙ DSC 

[31] ἅҪᶈ iPER ᾭὯ і Ἅῶ ҎΆ│ιẊṄі

ӂᴃ Ẕּ҈ז ҎΆ│ ‛ ẹᶈ 1 ѧ ᴵҨ ֧ἅ

Ҫ￼Ά│Ҹ҈ԎҤΆ│ ℅ᶹιἅҪ ἄ￼ᶃӵιוּ҃‘֫

ẊљἅҪі ￼Ά│ ҃⅝ ҡᶃ 6 ѧιἅҪᴧא 1ζ

҇ ỗẬṀΆ│ιץὐ PG2 [19]ιSHUP [1]ᵙ DSC 

[31]ιҺᾡᴪ◊￼ӌẻ ӕḅιᶈᶃ 6 ￼ ѕ ѧι Ѧ

ѦḒ₩ұ ѦḒ￼ ιט ҎΆ│ᾡᴪ҃◊ ￼ ẙ Ӈ

ῗιἅҪ￼Ά│ ᶼӠὙ ӌẻꜛјᴪ  2ζẸ◊ᶃӵ א

֧ ἅ ὢῊιӕḅᶃ 6 1 ѧ￼јᴵ ιἅҪ￼Ά

│ᴵҨּוἄ₩ ѣᴵᵙјᴵ ֫￼῭ԏ ḫỵ￼ԓḳ

3ζḅᶃ 6 ￼ ҇ ᵙ ѕ Ἅ ιљԎҤΆ│ ⅝ιἅҪ

￼Ά│ᶈӠּפ◊ Ұεӕḅ◊￼ Ұᵙ Ὸ ζΆ

Ặᶽז῭ 4ζἅҪ￼Ά│ ԏῶỄ ￼Ҹמ Ґᴢ₩ұ

ѧ￼ ẙᶃӵε₩ұҤҚ￼טӐζιἅҪᶈᶃ 7 ѧ

҃ ῎  

┌ כֿ ѭ҃ ἅҪώ ￼ᴪẻᶒεLWBζט╙￼

ẽᵠιἅҪӔּזі Ά│ ҃ѕѦᶢ֝‎ҽᾘ◊ӡỤιץ

ὐΈῼѩ ι ᴪὭᵙ⸗ềᴪὭת Ἅῶ₩ᶒᵙὫ᷂֩ᾭ

◑  

 

҃ἅҪ￼Ά│ᵙԎҤᶢ֝ѳ ￼ҽᾘ јᵃᶹιԎҤᶎצּ

ᵃ ᶈ ιἅҪ Έῼѩ ι ᴪẻι⸗ềᴪẻιת

ҨᴣἅҪấ ￼ LWB ָ֫ѭ ι ι ᵙ

ἅҪᶈ iPER ᾭὯ і￼ ᵃ ї Ἅῶ Ҏιⱡᵅ

ӂḜҪᶈ ұі￼ớ₩ט ҡ 1 ѧᴵҨ ֧ιἅҪώ֧

￼ LWBҸ҈ԎҤᶢ֝ Ӽ ᾳѧώӗ҃῭ᶺ ӡỤ  
 

4.2. ɼ 
 

ӪệẶ ￼ῗι ῆ₩ᶚ ιṏᴵҨ ὶẔּ҈ז

ѕѦүחιץὐ ұιᶹ₩ט ᵙᾺ ￼ ᶃᵀἄ ἅ

Ҫ   Ὅᶃ 8 ѧῘ ￼ Ҏ ӕ ἅҪ￼Ά│ιᴵҨ

ỄḄᶊӠּפ ⸗ềᵙ Ὸ εᶈ ιת ᵙ‾ẪΆ

ζ Ḝ ῎҃ἅҪ￼Ά│ᴏӔᶈᴠ ᶃӵ‎ ћјᶈ

iPER ᾭὯ ᶀѳԓ￼ừ֙їιѼᴵҨᶈᶹ Ὥѧᴨệ

ј ￼ᾦ‛ιӕḅᶃ 8ѧ￼ῳᵅҋ֯  
 

4.3. ɼ 
 

ἅҪҡ iPER ╜ ѧ  Ἲᴨ◊ᶃӵιẊṄ ҡ

῭ᾡѭ ‛ḅᶃ 9 Ἅ Ẹ֬ὭֹԎҤ Ὴιἅ

Ҫ￼Ά│ ᶼ ╜јᴵ ֫￼ᵀתᵍ ιẊћᴏӔᶈ ἅ

ὢ￼ừ֙їιѼᴵҨ⁞Ὧ ⸗ềᵙ Ὸ Ӡּפ◊ӡ

Ụιӕḅᶃ 9ѧ￼ѧὴᵙїὴ  
 

5.  
 

ἅҪώ֧҃ Ѧ ￼⁭‟‎ᶴתҚ ұιᶹ₩ט

ὭᵙᾺ ￼ ᶃᵀἄ Ḝ זּ ӌỠᶶ₩ᶒ‎ӂ 3D

ӌ ⁪ι ⁪⅝ 2D Ặᶽ῭מ ℅ᶹιѭ҃Ӡּפ◊ӡ

ỤιἅҪ ҃ Ὰ ￼ᴪẻ ᴪẻᶒט╙ιᴏצּ

εLWBζιḜᴵҨᶈᶃӵᵙ⸗ề ѧҽᾘ◊ӡỤιẊᾟὙ

‎ ᶺѦ◊￼῭♄╗￼ᴪẻ ᶽ ￼ḫ ῎ιἅҪ￼⁭‟

ԎҤ⁭‟Ẋғּ҃וј ￼ ‛  
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