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Ὥ   
‎ ᴅ ᶃӵ￼ⱢⱭ ḫ⃰ ᶃᵀἄᶈ ָ

ᶟԏῶẍ┌￼Ẕּז ṓ Ṱ ώ֧҃ᾭὯ ẙḙѽΆ▄￼ט

│‎ ҡӼ ￼ ᾭὯѧḿἧ ֘Ά⁮‎ ֘ Ѧ

ιӇῗ Ѧ ҠⱡḕᶈὠἇιᵼѭḜ  іῗј ᵀ

￼  ᾰώ֧҃ ᴥᵇ ἄḾἰוּ εTP-GANζι

҈זּ ᵃῊỵ ԅṕ ‗ᵙṕ ‎ ￼⃰

ᶃᵀἄ ҃Ẃּז￼ԅṕ ᵸ - ᵸ ѳᶹι ώ֧

҃ᵺѦḧӈ҈ᶊ‰￼ ђ ‎ᶴתṕ ת ҃Ὰ ￼

‟‗ѳᶹιἅҪ ẬԄḾἰớὫ᷂ιḾ ớὫ᷂ᵙ ָӠ

￼Ὣ᷂פּ ᵀ‎ỄḄᶊ ​ Ѧј ḧ ᵀὫ᷂֩ᾭ

⃰זַּ ֫ṵᵙ ￼ֶָớ▄ẙ ₩ᶚ‎ὝṀ ҰӠ

ὙḾ Ả￼⃰ ᶃ￼ὸᾸ љҨỀѮ Ә ѧ ⸗ề ָ

￼▄ẙḙѽΆ│јᵃιἅҪ￼Ά│ ὶַּזᵀἄᶽṇ￼ Ұ

Ӡּפᶃӵ Қ ָᵙặᵼӂ ї▫үח ḫ ‛

῎ιἅҪ￼Ά│јҝ ᶼᵒ֧אҧҚ Ҩ ӡ￼ỵ ‛ι

ћᶈᶽᶚ Қמ ָΆ ѼҸ҈ῳӾ ￼ ‛  

 

 

1.   

 

ᴩ ҈▄ẙḙѽΆ│￼ồ ᴧṝҨᴣḳ῏ ệᶽ Ṿ├

￼Қ ᶃӵιῂ ​￼Қ ָἩ [28,29] ẉ‎ᴨệ

҃ ᶽ ṝ  ⱡ ҃Қ ￼  א
 
 

 
* ңᵝᵬ  

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ᶃ 1. TP-GAN ￼⃰ ᶃᵀἄ  іᴁ ֫Ῐ 90 ׃̄ ᶃӵεѧ

ζᴣԎ Ẕ￼ᵀἄᵙ ḫ⃰ ᶃӵ  ἅҪ ꞊╜ᵤ Άῗ

ἅҪ￼ ᵀ ‛ε ᴠ 1 ￼ ⁮ζ  їᴁ ָ֫֫Ῐ ҃

90 ῑ75¯ᴝ 45 ׃̄ ￼ᵀἄ⃰ ᶃ. 

 

ᶈ֡Ѧᶢ֝ᾭὯ [25]іḫאι Ҡⱡῗקᴪמ ᶺḫ

Ẕּזᶋ῟￼ּג  ֘ ῶΆ│ᴵҨ֫ѭѣא￼קᴪמ

 Ѧ ָṍ ￼ἐṪֺӐἆḙѽזּ јᴪ⸗ềמ

[4,25]ι ᴰ Ѧ ָ ᵀἄἩ ҡᶽᶚזּ מ ᶃӵỠ

ᶶ⃰ ᶃᶃӵιⱡᵅӔּזỠᶶ￼ ᶃӵ Қ ָ

[ 41,42]  

Ḿ҈ ιҽ Ά│ ẂַּזẶᶽ￼ṕ ὼ ιḅ

Gabor [5] ιHaar [32] ᵙ LBP [2]‎ ṕ ᷂ ιⱡᵅ

אӺḙѽ[4,33]Ἡ ‎ḫזּ јᴪớמ  ⅝ѳїι▄ẙḙ

ѽΆ│ Ẃ ∆זּ ᾛӐ‎ᶴתӈ ᴪ ẊӔּזѕӺ Ὣ᷂

[25]ἆ 
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Ḿ⅝Ὣ᷂[28]ιҨ Ӡ Ẃᶽ￼ ԓᴪק￼јᴪớ ⱡ ι

ΆṮᵙᴵ҈יּ ớѳ ￼  ι ҎΆ│ј ῶᾦᶊᶴתᶽ

￼ ừ֙מ  

Ḿ҈ ҇ ιΈῼḾ⃰ ᶃᵀἄ￼דך Ẃַּז 3D ֡

ӍᴪὭ‎ …⃰ ᶃιΆ│ῗ ӾṄ 2D ᶃӵљ [12]

ἆ⸗ḧ Ұ[29,40] 3D ₩ᶚḾ ҎΆ│ᾚ Ḿṇ מ

ặ Ѥ҈יιӇῗּק ￼ Ὣ᷂ιḜҪᶈᶽת מ

ї￼ớ Һ Ӊ ῳ ιᶢ҈▄ẙḙѽ￼Ά│ ώּ֧҈זҨ

ᾭὯ ΆẪỠᶶ⃰￼ט ӕḅι Қ[42]ấ ᶈḙѽӂ

⃰ ᶃ￼ᵃῊᴞ Ұᵙ מ ề ṓ ḜҪ￼ ‛ҧ

Қ ιӇᵀἄᶃӵῶῊ ѷ ￼ ιẊћᶈᶽ￼ מ

ї ҈₩ ιᵼ℅ḜҪҝӔּזѧ ⸗ề ָ ᵀἄ

ᶃӵҠⱡј ҨἚ ԎҤ ֫‘үחιӕḅᴨ ᵙṞớӂ

 

℅ᶹιҡҸק￼ ẙ‎ ιҡјḢԅ ḻֹ￼ ẢỠᶶ

⃰ ᶃῗ Ѧј ḧἆј῎ ￼ ιḅ‛≡ῶ Ӿ

ἆ ​ιֱḕᶈᶺѦ ֘ Ѧ ￼Ά│ ᵼ℅ιỠᶶ

‛￼ Ễᶽ ẙіӘ ҈ ѧַּז￼Ӿ ἆ

​ Ҩׁ￼ṪӐ[15,38,41,42] Ẃ ἄḾזּ ιỄṈᶈ

ѧẬԄ ​ιᵼ℅ḜҪỀỀҺғּו₩ ￼ ‛  

ẸҚ ṍ ᶃᵀἄ ῊιἅҪ Ӿ⁞ὯἅҪ￼

Ӿ ᵙ ḻֹ￼ ẢὸᾸ֧⃰ ￼ԅṕ ‗εἆ

ᶃζ ⱡᵅἅҪ￼├Ỵד ֹἍῶ Ṅ ᶪ֒￼Ẹ

ᶊתᶟ ᴩ℅ ￼ᵏᴧιἅҪώ֧҃ ԏῶѣѦ Ể

εTP-GANζ￼▄Ṗ‟‗ιּ⃰҈ז ᶃᵀἄ ѣ Ể

ָ֫ԋ├ԅṕ ‗￼ὸᾸᵙṕ ￼ת Ὥ ⱡᵅṄḜҪ

Ẕ￼⸗ềᶃ ᵀιּ҈ז ℓᵀἄῳ ᵀἄ￼ ἅҪ

Ṅּוἄ￼ Ḿ ֫ṵ￼Ӿ љּוἄớḾἰ

εGANζ ᵀιӔỠᶶ ệֹỄḄ￼ ​[9]  GAN

ᶈ 2D ᾭὯ֫ṵấ₩Ά ￼֧ Ῐד ώ҃״ ᶺј ḧ

￼Ӊ↨Ẉ ιḅ ֫ ꞌ[17]ᵙӢᶶ[21] ⸗ָῗι

ҡ ￼Ḿ ‗ѧ∟ᴨ♄ỵιώ֧҃ Ḿ ￼Ὣ᷂‎ᶪ

Ӽ ὢ ֫ ℅ᶹιѭ҃ ḫᶊӠּפѦӌῳ ֧￼

‗ι ҃ӵ ΆẪ￼ L1 Ὣ᷂ѳᶹιἅҪᶈ ֠⸗ề ѧ

ỵזּ Ὣ᷂[14] ᵀ ҰӠἴὫ᷂Ḿғּוῶּז￼ ᵀ

‛‎ ԋ ι 

 

Ẋᶽᶽώ ԎẔּ҈ז ֫‘үד☺￼ח ἅҪᶈᶃ 1 ￼і

ᴁ ֫ε⅛ѦӺ ￼ṫӚζῘ יּ҃ TP-GAN ￼ἄוּ Ҏ

‾   

ἅҪṪӐ￼Ѯ Ꞌᶈ҈ѕѦΆ χ1ζἅҪҡᴅѦᶃӵ

ѧώ֧҃ Ѧ ӆҚ ￼ԅṕᵙṕ ỵ GAN ‟‗ιּ҈ז

⃰ ᶃᵀἄιᴏӔᶈ Ẃ⸗℮￼ừ֙їιḜѼᴵҨᵀἄⱢ

Ɑ ḫỵᵙ ҰӠὙᶽ ⃰￼їמ ᶃᶃӵ  2ζἅҪ

ᵀ‎ ᾭὯ֫ṵεḾἰ ζ￼Ӿ ᵙ ￼ ᶟ

εḾ ớᵙ ҰӠὙὫ᷂ζ‎ ᶊỠᶶṄ 3D Ḿ Ἦẽ

ֹ 2D ᶃӵ ѧἍᶁῶ￼Ѣ᷂ӡỤ  3ζἅҪṝ ҃ɒ

ἄוּ ָɓ⁭‟￼ᴵ ớιẊћᶈᶽ￼ їמ ҃ῳӾ

￼ ָ ‛ ṓ Ṱ ώ֧҃ Ҏּ҈ז ᵀἄ￼▄ẙḙ

ѽΆ│ιӇῗἅҪ￼Ά│ῗḾᵀἄ ￼ ָүחῶᾦ￼

₭ṍ . 

 

2.  
 

2.1.  

⃰ ᶃᵀἄιἆ ѭ ặ Ԏј҈יιּק ᵀ￼ớ

ιῗ ԏῶὠἇớ￼үח ҽ Ά│ 2D / 3D  ᶊ

ᴪẻ[12,40]ἆת ấ₩[24]‎ ֘ Ѧ ӕḅιᵟ

Ᾱ Қ[12] Ẉᶎזּ 3D ₩ᶚ ặ ק ᶈ[24]ѧ

ώ֧҃ ᵀ⃰ ᶃᵀἄᵙᶊ‰ḧӈΆ│ιԎԏῶ ​

Ӊ ῳṇק₩ᶚ ῳ ι Қᵔ ᴒזּ

εCNNζ ᵀ ḙѽᵙ ᶃᵀἄ[15,38,41,42] ԏ

ӌ‎ ιYim Қ[38]ώ֧҃ ᶺүח CNN ‎ ╜ӠὙ

᾿ ᶃӵ￼ Ұ Қ[41,42] ẦᴧᾺ ￼‟‗ᵙḙѽ

‰ιҨᶈӂ ⃰ ᶃ￼ᵃῊ Ầ Ұᵙ מ Ị

Қ[22]ấ Ӕּדזṉԑ΅ ᵸ₩ὉᴪầᵼḒιẊ ╙מ

ẻ ᴗּוἄ᾿ ᶃӵ ⱡḅ‛ᵀἄ￼ᶃӵᴵҨ ὶּ҈ז

֫‘үח῭ΆӝιӇῗᶽᶺᾭӾׁ￼Ά│Ѯ ѧזּ ⸗

ề ָιᵼѭḜҪј ⃰ ᶊғּו ҰӠὙᵀἄȂ 

 

2.2.  (GAN) 

Ӑѭ▄ẙּוἄ₩ᶚ ￼ῳ ᾡ ѳ [16,23]ιGAN 

[9]Ậ ҃▄ẙḙѽᵙ   Һ￼‖ᶽԋ├  ῳṇ - 

ῳᶽᴥҚ▫ἃώӗ҃ ᴅ ῶᾦ￼Ά│‎ӂ ‰֫ṵ

ẊּוἄᾺ￼ᶃӵ‾ [6]  Ḝ 
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ᶃ 2. TP-GAN ￼ ⁭‟  Generator ᵍѣѦץ Ểι⅛Ѧ Ểᶴתԅṕἆṕ ᴪὭ  ָᵸ֫תᵀἄ⃰ εSFζ ᶃᵙḢԅ ḫεGTζ

⃰ ᶃ  ￼ ‟‗ᴵҨᶈ Ӽ ᾳѧἧֹ  

 

ו￼₩ṵấ֫҈זּ ιGAN ᴵҨ ἄ￼ᶃӵΏᵇוּכ ḫ

ᶃӵ ιҡט ￼תἄԏῶᵀוּ ￼ⱢⱭ ḫỵᶃ

ӵ  ῳ ιᾡ ￼ GAN ‟‗ι⸗ָῗῶ‍ҭ￼ GAN 

[19]ιṰἄוẔּ҈ז үחιḅᶃӵӢᶶ[21]ι ֫ ꞌ

[17]ι‾Ẫ Ὥ[18]ι Ṟớίֺ הּ[26]  ᾭὯᶭז

֫״ώ҈זּ ₩ᶚ[27,39]  GAN ￼ ҎἄוẔּכ☼זἅҪ

Ầᴧᶢ҈GAN ￼⃰ ᶃᵀἄΆ│  

 

3.   

⃰ ᶃᵀἄ￼ ￼ῗҡјᵃ ￼їמ ᶃӵεᴏ

Ảᶃӵ IPζỠᶶ ḫỵᵙ ҰӠὙ⃰ ᶃᶃӵ IF ѭ҃

‾￼ ιᶈ ⅎῼ ‎ ᶺѦ Ұ y ￼

Ẕ{IFιIP}Ḿ Ԅ IP ᵙ ֧ IF ‎ ԏῶ C ￼

ṑḽѭWÖHÖC￼ӵ  

ἅҪ￼ ‰ῗḙѽ Ѧ ᵀ֩ᾭι ֩ᾭᴵҨҡүӍ

ḧ￼ ẢᶃӵѧὸᾸ֧ Ẕ￼⃰ ᶃ ԏӌ ιἅҪӔ

יּזּ ᴠᾭק￼ᴥ CNN Ḿᵀἄ֩ᾭấ₩ ⅛Ѧ

Ể ץ ᵍ ᵸ ᵙ ᵸ ι ѭ ᵙ

ιԎѧ g ᵙ l ָ֫Ҧ ԅṕ ‗ Ểᵙṕ ת

Ể ᶈԅṕ ỂѧιӐѭ גּ￼֧ Ṗ Ẃּ҈זԏῶ

Ґᴢ Ὣ᷂ Lcross-entropy ￼֫ ү[37]ח  

ᴠᾭ  יּ

 
 
 
 
 
 
 
 

 
 
 

ῳṇק⸗ḧ ￼ᵀἄὫ᷂ Lsyn ᵙׁ ￼ Lcross-entropy

Ҹק Ḿ҈ԏῶ ￼ N Ѧ Ḿ￼ ιҸק

ᴵҨḅїԇẪקχ  

 

Ԏѧƙῗז ᴠᾭιLsyn ḧѲѭԊᵃ ​ᶃӵҨ ᶈἍפּ

╙ẻѧ￼ ẇὫ᷂￼ז ᵙ ἅҪṄἫἍῶᴅѦὫ᷂֩ᾭ

￼ ὼ ὸ ֹ Sec3.2  

 

3.1.  
 
3.1.1  

TP-GAN ￼ ‟‗ḅᶃ 2 Ἅ љҨׁ￼Ά│

[15,38,41,42] јᵃι Ẃּזᴅ Ḿᵀἄ֩ᾭ ấ₩ι

ἅҪώ֧￼ּוἄᵸ ῶѣѦ Ểι Ѧԅṕ ᶴת

ԅṕ ‗ᵙᵺѦḧӈ҈ᶊ‰￼ ђ ιiʘ{0,1,2,3}ι

ḜҪԋ├ᵺѦ ᶊ‰ᵕᶀ￼ṕ ת  

ἅҪјῗ Ѧ ѣזּ Ểấ₩ Қ￼צּ ḫ іι

ῗ Ẃ╙ ￼ 2D / 3D ṕ │ᴪẻ[12,40]Άת

ӆ҈Қ ιҤҪ ẂṄ ѭѣѦℓ֫ק֝‰￼

ι ℓῗṄ ԅṕљ 2D ἆ 3D ₩ᶚḾ ι ҇ℓῗ 
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Ṅṕ ἠΎἆת …ֹԅṕ ‗ ℅ᶹι Ị Қ 

[20]Ṅԅṕᴠᾭ₩ᶚљּ҈זᾺ ᵀἄ￼ṕ ᴠᾭ₩ᶚ

ᵀ  

ҡ Ảᶃӵ IP ᵀἄ⃰ IF ῗ ẙ ớ￼ᴪὭ ҈יּ

◒ᵸᶈҚ ᶃӵ￼Ἅῶ ӈ ԊҕιἅҪ ѭҝӔּזԅ

ṕ ῂ│ḙѽ ᵀ᾿ ᵙ Ỡᶶṕ ￼ ◒

ᵸ ᵼ℅ιἅҪṄҽ Ά│ѧѣ Ể ‗￼ἄו ѭᶢק

҈▄ẙḙѽ￼⁭‟ιẊẬԄּ⃰҈ז ᶃᵀἄ￼ Қ҇ Ể

ἄᵸוּ  

ḅᶃ 2 Ἅ ι їיּ ‾ ᵸ ᵙі ‾

ᵸ ἄιẬԄ ᶹ Ṗּ҈זᶺṑẙ⸗ề ᵀ ѧ ￼

גּ Ṗ ֧ 256 ⸗ềᵇ VidιԎּ҈ז Ұ֫ Ҩӹ

ҰӠὙᵀἄ ᶈ Ѧּג Ṗιḅ[30]Ἅ ιἅҪṄ 100

Ᾱ  ᵹᶲ ὶֹ VidιҨ₩Ὁ ỗᵙ ҰҨᶹ￼ᴪק  

 

3.1.2  

ӈ҈ᶊ‰ѧ￼ Ɑ ￼ᵺѦ Ԅ ⱭῗҡᵺѦ

‰ỐѧỌ ׇ￼ιᴏṫ ѧỌιᴸ ѧỌι Ṋᵙᵷѧ

Ọ ⅛Ѧ ιiʘ{0,1,2,3}ḙѽ ᴅ꜠￼◒└ᵸιּ҈זṄ

ѧỌ ׇ￼ Ɑ᾿ ֹԎ Ẕ￼⃰ ᶃε᾿ ᵅι ‰

ỐҠӈ҈ѧỌζ ӈ҈ᶊ‰￼ ђ ￼‟‗Ѽᶢ҈ ᵸ 

- ᵸ ‗ιӇḜ≡ῶḢԅ ὶ￼ּג Ṗ  

ѭ҃ῶᾦᶊᾯᵀ‎ ԅṕᵙ ᶊ Ể￼ӡỤιἅҪ זּ

￼Ά│ ⸗ềᶃ ᵀ ḅᶃ 2 Ἅ ιἅҪ ӾṄᵺѦ

ṕ Ể￼ ֧⸗ềắ εᶺѦ⸗ềᶃζ ᵀֹ Ѧᴅ ⸗

ềắ ѧι ⸗ềắ љԅṕ⸗ềắ ԏῶ ᵃ￼ ֫

ꞌ ԏӌ‎ ιἅҪṄ⅛Ѧ⸗ềắ ᾣᶈɒ₩―ּף‰ӈ

ɓιⱡᵅẬԄῳᶽק ᵀ Ҩ֟Ṉצּ ᴬתᶟі￼ὔὶӀ

ẽ ⱡᵅιἅҪ ᴅᶊ ὶ⅛Ѧ Ể￼⸗ềắ Ҩғּו ᵀ

⸗ềắ ιⱡᵅṄԎ ֹ ￼ᴒ ṖҨּוἄῳ ￼ᵀἄ

֧  

 

3.1.3  

ѭ҃Ṅ⃰ ֫ṵ￼Ӿ ᵀֹ ѧιἅ

Ҫ ℓẬԄ҃ Ѧֶָᵸ ιҨӝ⁞Ὧ Goodfellow

Қ￼ṪӐ‎֫ת ḫ￼⃰ ᶃӵ IF ᵙᵀἄ￼⃰ ᶃӵ

 [9] ἅҪ ᵙ DȂ 

 

ҨҐῲ￼ΆẪҸק ᵅ￼ῳṇ - ῳᶽ : 

 

֘ Ѧῳṇ - ῳᶽ ṄὙ ὸוּטἄᵸ￼ ֧Ҩש

⃰ ￼ ‰֫ṵιᵼ℅ḜӞӔᵀἄᶃӵ ᶈ⃰פּ ￼

ᶺѦ ѧιṀ ⱢⱭ ￼ᵀἄԏῶ ẬҚ￼ ẙ

ḅᶈ[27]ѧιἅҪ￼ ֧ 2Ö2 ₦ꞌᶃ јῗ Ѧ

‰ Ӫ ᶈ⅛Ѧ₦ꞌӪא ḾẔ҈•Ѧתᶟ јῗᾯѦ

ιẊћ ᴵҨњ ԋ├⅛Ѧ Ѳתᶟ  

 

3.2.  

ἅҪṪӐѧӔּז￼ ᵀὫ᷂֩ᾭῗᵺѦᴅ꜠Ὣ᷂֩ᾭ￼

ᵙιἅҪṄᶈҨї ז ֫ ֧ ὼ . 

 

3.2.1  

ἅҪᶈᶺѦӈ ӵזּ ΆẪ￼ L1 Ὣ ιҨӝ҈ḫא

ᶺṑẙᶃӵԓḳ￼ ớ: 

 

ԏӌᶊιᶈԅṕιӈ҈ᶊ‰￼ ђ ᴣԎῳ ᵀ

֧￼ ֧ᶴ╜ ӵ Ὣ᷂ ѭ҃ӝ҈▄Ԅ ιἅҪ ᶈ

￼ᶺṑẙ ֧і▌ז ​ ⱡ Ὣ᷂ҺṀ ᵀἄ

‛ ҈Ẉ◌ιӇḜҠⱡῗז Ҹקᵙᴄ ớ ￼ ἄ

֫  

 

3.2.2  

Ḿ ớῗҚ ￼ᶁῶ⸗ề זַּ ᶟ ӐѭӾ Ẋ

ḾᵀἄᶃӵᾼזḾ ​ᴵҨῶᾦᶊ╦ ὢ ιҡ

ᶽᶽώ ᶽᶚ ⁮ӕ￼ớמ ԏӌ‎ ιἅҪᶈѣѦ

ѧḧѲḾ Ὣ᷂ιᴏᴝḊӵ ᵙἾ῞ἾᾹᶃӵ ι

Ḿ҈Ɫ῎ᴪקῗ Ӱ￼ ᶃӵ￼Ḿ ớὫ᷂ זּ ẻ

Ẫ: 

 
ѭ ᴅ ιἅҪ Ὅớᶊ ԄιӔệ ὢ￼

֫ ᶈᴸӚ ℅ᶹιᴱῶ Ipred ￼ ὢ ֫εᴸӚζἑ

ệḾ ớ 
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(a) Profile (b) Ours (c) [30] (d) [38] (e) [8] (f) [40] (g) [12] (h) Frontal  

ᶃ 3.ᶈ 45¯εׁѣ ζ 3ᴝ0¯εῳᵅ ζ￼ їљῳӾמ ￼ᵀἄΆ│￼⅝  

. 

 

Ὣ᷂ιᴏἅҪ῎ ᶊṄᴸӚἾ ṫӚ  Lsym ￼ Ꞌῗᴥ

￼ι Ḿכ ‗ғּו ￼ᶃӵιẊ ώӗ ᶹ￼

ᴦᵇҽᾘ₃ẙ‎ז TP-GAN ￼ᾠᾩιҡ ֟ ὢ

￼ẽᵠ ⱡ ιּ҈יӿⱢᴪקἆԓᶈ Ṯầιӵת Ӫᶈᶽ

ᶺᾭῊ јῗѤ⁪Ḿ ￼ ẋ ￼ῗιṕ ᶟԓ￼ӵת Ṯ

ầῗ ￼ιẊћ⌐ ἍῶΆᵇ￼♇￼₃ẙᶈỄᶽ ẙіӠ

ᶈјᵃ￼Ɫ῎їפּ ᵼ℅ιἾ῞ἾᾹ Ḿ҈ӿⱢᴪק῭

ӰẊћ῭ Ὕ ‗  

 

3.2.3  

ҡᵀἄ⃰҈זּ ᶃӵ ֫ת ḫ⃰ ᶃӵ IF ￼Ὣ

᷂ ḅї: 

 

Ӑזּ Ҩὸטᵀἄᶃӵ ᶈ⃰פּ ᶃᶃӵ￼ᶺѦ

֫ѧ ḜᴵҨ ₿₩ ᾦ‛Ẋғּו іҧҚ ￼ ‛  

 

3.2.4   

ᶈᵀἄ⃰ ᶃᶃӵῊӠּפ ҰῗẦᴧɒ ἄוּ

ָɓ⁭‟ѧῳԋ ￼ ֫ ᶈ ṪӐѧιἅҪַּזῳִώ

֧￼ỵ Ὣ᷂[14]‎ӠὙỵ ӆớιҨẁיἅҪ￼₩ᶚ

ệ ҰӠὙ ד ԏӌ‎ ιἅҪ⁞Ὧ Light CNN ῳᵅѣ

Ṗ￼☼╗‎ḧѲ ҰӠּפὫ᷂[35] : 

 

 
 

 

Ԏѧ WiιHi ῳᵅ Ѧ i Ṗ￼ ẙ ҰӠὙὫ

᷂Ặֺ ╜љ ֠￼▄ẙ⸗ề ѧ￼ ḫᶃӵԏῶṇ￼

҈יּ Light CNN Ӿ ҨḾἄ׳іє￼ Ұ

֫ ιᵼ℅ḜᴵҨὪ ῳ ֧￼⸗ềἆ ‗Ҩ

Ұ ָ ᵼ℅ιַּז Ὣ᷂‎ẶֺἚ ӠὙ⃰ ᶃᵀἄ

￼ ҰῗḢԅᴵ ￼  

љ Ladv ӔּזῊιLip ԏῶ῭Ḅ￼ớ ᴅ꜠Ӕּז

Lip ҺӔ ‛ḳ῏֧א Қ￼Ӏẽιᵼѭᾆ ṕ ῳṇ￼

Lip ᴵ Һ ‍ӈ҈ ⱡ ᶃӵѳᶹ￼ Ể ᵃῊӔ

זּ Ladv ᵙ Lip ᴵҨ Ӡᾆ ӈ҈ ╙ẻѧẊғּוⱢⱭ ￼

ᶃӵ  

 

3.2.5  

ῳ ￼ ᵀὫ᷂֩ᾭῗі ḧѲ￼ἍῶὫ᷂￼ז ᵙ: 

 

ἅҪ Ḿᵀἄ ‛ᾼ҃זỞᴪṮֱ⃰ק Ltv [14] Ҩ֟Ṉ

ṊṤӀӵ  

 

4.  

 

҃ᵀἄ ⱡׁ ᶃӵᶹιἍώ֧￼ TP-GAN Ὲᶈ

ἄוּ ҰӠὙᶃӵιҨӝ ἄ￼▄Ṗ⸗ềא ￼

֫‘ ᵼ℅ιᶈ  ѧιἅҪ ῎҃ἅҪ￼₩ᶚᶈḧớᵀ

ἄ ‛Ẋћᶈ 4.1 ᵙ 4.2 ѧ ֧҃ḧ ָ ‛ѧ￼Ҹ

♇  4.3 ṝ ҃ῳ ▄ẙ⸗ề ￼ᴵ ιҨק ῎ TP-

GAN ￼ῶᾦớ ῳᵅιᶈ 4.4 ιἅҪ ￼ │

ӂιҨ ῎Ἅώ֧￼ѣѦ Ể‟‗ᵙ ᵀὫ᷂֩ᾭ￼Ҹ♇  

 Ḫᾜ    ἅҪӔּזᶽṇ￼Ẽ ᶃӵ ᶈἅҪἍῶ￼ḫ

ѧ ῶ45;Ö45;Ö6￼ Ԅ 
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ᶃ 4. TP-GAN ᶈјᵃ ї￼ᵀἄמ ‛ ҡṫֹᴸι ѭָ֫מ 90¯ι75¯ι60¯ι45¯ι30¯ 1ᴝ5¯ ḫ⃰ ᶃӵᶈῳᵅ ֯ώӗ  

  
 
 
 
 
 
 
 

 

ᶃ 5.ԏῶὠἇớ￼ừ֙ Ṟớιӕḅ ι יּ TP-GAN Ӡ

ḕ ὢ￼ ᷃ᵙ ᾠᵻ  

 

1. 1 ї￼ ᶃᵙⱢ῎￼Rank-1 ָꞌεβζ Ḿ҈Ἅῶ׆ӎ￼

ιᴱῶ‰ῶ*￼Ά│ Ỉɒ ἄוּ ָɓ ẑι ԎҤ ѧזַּ⁪

⸗ề Қ ָ 

 
 

IPᵙ ╜ Ipred = ἅҪ￼Ά│ᶈMultiPIE [10]

і ҃ ӂι ῗ ѦὊῶ 750,000 ᶺѦᶃӵ￼ᶽᶚᾭ

Ὧ ιּ҈זᶈ ιӿⱢᵙמ ừᴪקї Қ ָ ו

ώᴨ Light CNN ᶈ MS-Celeb-1M [11] і ҃

ιẊḾ MultiPIE ￼ᴝḊᶃӵ ҃ỉ ἅҪ￼ ῗ

Tensorflow [1] ḫא￼  TP-GAN ￼ Ὑ ᶾι

ἥ ѭ 10ιḙѽꞌѭ 10-4 ᶈἅҪἍῶ￼ḫ ѧιἅҪ⁞

Ὧ ḧχ 

ƙ= 10 -3ιƣ1= 0.3 ιƣ2= 10 -3ιƣ3= 3 Ö10-3 ћ ƣ4= 

10-4  

 

4.1.  

Ҩׁԋ҈⃰ ᶃᵀἄ￼ᶽ ֫ṪӐ ¯ᶈ°93҈ד

￼ מ ᶀԓ ֘ ᵼѭ Ẃ ѭ ᶽ҈מ 93ῑỄ

ḫᶊỠᶶ⃰ ᶃᶃӵ ӇῗιἅҪṄṝ ḧ ᶼ￼

ᾭὯᵙ Ẹ￼‟‗ᵙὫ᷂ ιḫ іᴵҨҡ Ẃᶽ￼

Ỡᶶמ ￼⃰ ᶃ ᶃ 4 Ῐ ҃ TP-GAN ҡүӍ

ѧỠᶶҧҚӡῸ￼ӠὙמ Ұ￼⃰ ￼  ᶃד

 
 (a) Ours (b)[38] (c)[8]       (d)[40]      (e)[12]  

ᶃ 6.⅛Ѧ‰ ￼ԈѦᶃӵε°45¯ԓζ￼Ẉᶎ  

 

ᶃ 3 ֧҃љאῶἩ ￼ ⃰ ⅝￼│Άק ├Ỵι

ᶽᶺᾭ TP-GAN ￼ ҅Ḿἐῂ│ᶴתᶽ҈ 45¯￼ ιᵼמ

℅ιἅҪҝᶈ 30¯ 4ᴝ5¯їἵ Ԏɔ ‛    

љ ҅Ά│ ⅝ιTP-GAN ᶈғּוⱢⱭὉ ᵀἄ￼ᵃῊ

ώӗ҃ Ḅ￼ ҰӠὙ ệ ҈ Ladv ᵙ Lip ￼Ӿׁ

￼ᾭὯ ấ₩ιјҝᾯѦט ‗ ћṕ ￼ ι

ᵙׁ ᴵҨҨ ￼ΆẪғּוᶃӵ ℅ᶹιḜ Ḣ ᶊӠ

ᴝḊ҃פּ Ảᶃӵѧ￼ ḻֹ￼ Ṟớιӕḅι ᵙᴧ

ᶚιḅᶃ 5 Ἅ  

ѭ҃ ℓ ῎ᶺѦ ￼ᵀἄ￼מ ḧ֡ӍẻꜛιἅҪ

ᶈᶃ 6 ѧῘ ҃‎ јᵃ ᵀἄ￼מ ￼Ẉᶎᶃӵ ‎

TP-GAN ￼Ẉᶎ Ӡּ҃פ῭ᶺ ת Ẋћץᵍ῭Ṉ￼₩

ᾦ‛ιῘ ֧ ḧ ᶺѦᵀἄ￼֡Ӎẻꜛ ├ỴιἅҪ

￼Ά│јӘ ҈үӍ 3D ֡Ӎẻꜛӂ ιὸתῗ

￼ᾭὯ ￼ḙѽ‎Ḣἄט  

ѭ҃ ῎ἅҪ₩ᶚᶈ ᶹҚ ѧԏῶ֧ ￼ זּ ιד

ἅҪӔּז‎ LFW [13]ᾭὯ ￼ᶃӵ‎╜ ҝᶈMulti -PIE

і ￼ TP-GAN ₩ᶚ ḅᶃ 7 Ἅ ιṓ ệֹ￼

ӆ҈‎ Multi -PIE ￼ᶃӵιӇῗ TP-GAN ᴵҨ ḫᶊᵀ

ἄԏῶ῭ ￼⃰ ᶃᶃӵᵙּ҈ז LFW ᾭὯ ѧ￼

￼῭Ḅ￼ԅṕẻꜛιᴏӝљ ṊΆ│ḅ[12,40] ⅝  
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        (a) LFW      (b) Ours    (c)[40]       (d)[12] 
 
ᶃ 7. LFWᾭὯ ￼ ᵀ ‛ ├Ỵ TP-GAN ῗᶈMulit -PIEі

￼  

 

4.2.  
 

  ѭ҃ḧ ᶊṝ ἅҪΆ│￼ ҰӠὙ ιἅҪד

Ӕּזѣ јᵃ￼ Ḿ MultiPIE ָ Ӿ

Light -CNN [35] ώᴨ▄ẙ⸗ềιⱡᵅṄRank-1 ָ ẙљ

ӎằ ẙ ⅝ ι ḫ ᾰҭᶃӵ IP і￼

‛ӐѭἅҪ￼ᶢ ιẊᶈἍῶ ⁪ѧּז ᴺ Light -CNN

‰ Ẕ ├Ỵ￼ῗιṓ Ṱ ώ֧҃ ᶺּ⃰҈ז ᶃᵀ

ἄ￼▄ẙḙѽΆ│ιӇῗḜҪ￼ᵀἄᶃӵ ≡ῶ ῎Ḿ҈

ָүחῗῶᾦ￼ ᶈῳ ԋ҈ ᶃӵ￼ [34]

ѧιӐ ῎ ὶӔּז CNN ᵀἄ￼ ֫ ꞌҚ ᶃӵ

ָ ḧҺӔớ ק јῗᾡᵱḜ ᵼ℅ι ἅҪ￼

ᵀ ‛ῗᵋᴵҨώ ָớ εɒ ἄוּ ָɓ ẑῗᵋ

ῶᾦζԏῶ ỴѲ   

ᶈ 1 ѧιἅҪ Ỉ[36]ѧ￼ᴃ ιẊћҝӔּז‎

Һ 1 ￼ᶃӵ ἅҪץὐ 20 ѦⱢ῎ї￼ѧớ ᵙ°<3ԓ̄

11 Ѧ ᶃӵ￼מ ⅛Ѧ╜ Ḿ Ӕּז Ѧԏῶ⃰ ᶃᵙ

Ɫ῎￼ᶃẓᶃӵ ᵙ╜ ѳ ≡ῶ ᴬ 1 Ῐ ҃

ἅҪ￼ ָớ ҨᴣљῳᾺἩ ￼⅝  TP-GAN Ḋ ᶈ

Ἅῶ ẙ ֹῳӓớ ι ẙ ᶽιᾡ ᶽ љ c-

CNN Forest [36] εѕѦ₩ᶚ￼ ᵀζ ⅝ιἅҪᶈᶽᶚ

҃א⁮ӕѧḫמ 20β￼ớ ώ״   

ᶈ 2 ѧιἅҪ Ỉ[38]ѧ￼ᴃ ιԎѧӔּז‎ Ἅ

ῶᵺѦҺ ￼ ᶃӵ ҡ ╜Ὴѭ⅛Ѧא֧₭ ‰

Ὅ Ѧᶃẓᶃӵ  MultiPIE ￼Ἅῶᵀἄᶃӵ 

2. 2 ї￼ ᶃιⱢ῎ᵙҺ ￼Rank-1 ָꞌεβζ 

 

3.јᵃ ᶃᵙⱢ῎￼ớָ֫ ֝ ẙεβζ 

 
 

ᶈ ᾰѧῗ‎ ҈ Setting2 ї￼╜ Ұ. ‛ḅ 2 Ἅ

├ỴιἍῶᶢ҈ CNN ￼⅝ Ά│ ԏῶḙѽѧ ⸗

ề￼ῳӓớ ι ἅҪᶈɒ ἄוּ ָɓ ẑᵅ ὶӔּז

ᵀἄᶃӵ   

ַ֪    ѭ҃ ℓ ῎ἅҪᵀἄᶃӵḾԎҤ ֫

‘үד☺￼חιἅҪ ҃ớָ֫ ḫ   ֫ѧ￼Ἅῶ

⅝ Ά│Ѽ Ỉɒ ἄוּ ָɓ ẑιἅҪ ὶӔּזḜҪ

￼ᵃѲ ι ᾰ ‛ѭớָ֫ ớָ֫҈זּ ￼ CNN љ

ᵸ ԏῶ ᵃ￼ ‗ιẊћᶈ UMD [3] ᾭὯ ￼ἥᶴ

ת 1 і   

ἅҪᶈ 3 ѧἵᵓ҃ Multi -PIEε -1ζ￼╜ ớ

ѭ҃ԇẈ⅝ ιἅҪᶈѣѦ֫ ꞌѧῘ ῾᾿ ￼ᴝḊ

ᶃӵ￼ ‛ ָ֫ѭ 45;Ö45;ε I128P ζᵙ 93Ö93

εI60Pζ TP-GAN ￼ᵀἄḫ҃א῭Ḅ￼֫ ẙιּ҈י‰

ק֝ ᶃι⅝ᴝḊ ᾰҭᶃӵ ἍῶԎҤ⅝ ₩ᶚ￼ớ

⅝ᶢ Ṯι Ẋј᷈ờιᵼѭḜҪ￼‟‗јῗѭớָ֫

үח ￼ ᶈ[34]ѧ ḻֹ ӆ￼א ιԎѧᵀἄ￼

֫ ꞌ ᶃӵѤ ᶊӔ ָớ ק јῗᾡᵱḜ

῎ᶈᾛ ӵ ѧ￼ᶃӵῊ᷂ᴞ IP ￼ ֧ ⸗ề￼

 

 

4.3.  

ἅҪӔּז t-SNE [31]‎Ῐ ҇ і￼ 256 ▄ẙ⸗

ề ᶃ 8 ￼ṫӚ ֧҃ᴝḊ Ảᶃӵ￼▄⸗ề Ễ῎

Ῐιᶈ Light -CNN ￼▄ẙ⸗ề ѧιԏῶᶽ ỗ

ε⸗ָῗ <3ζ̄￼ᶃӵῗјᴵ֫ ￼ Ḝᾂ ҃ᴏӔ Light -

CNN ῶᾭ︣єắᶃӵιḜҠⱡῂ│⃰ẂӔּז 
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ᶃ 8. Ả εṫζᵙ fontal ᶃᵀἄᶃӵεᴸζ￼⸗ề ⅛

Ҧ јᵃ￼‰ ⅛ѦẻꜛҦ Ѧ ᶃ ‰ Ѧ Ұ￼ᶃ

ӵ  

 

4.₩ᶚ⅝ χ 2 ї￼Rank-1 ָꞌεβζ  

 
 

ᶴתᶽᶚ Қמ ָ ᶈᴸӚιӔּזἅҪ￼ TP-GAN

⃰ ᶃᵀἄᵅιּוἄ￼⃰ ᶃᶃӵᴵҨ⁞ὯԎ Ұ

—֫ ֹјᵃ￼ ѧ  

 

4.4.  

 

ᶈ  ѧιἅҪṄҟ јᵃ￼ӌ ‗ᵙὫ᷂֩ᾭ

ᵀιҨ▄Ԅ҃ ḜҪᶈ⃰ ᶃᵀἄѧ￼ Ẕ ḧớ

ק ‛ᵙḧ ָ ‛ ԅ ⅝   

ἅҪ⅝ ҃  ѧ TP-GAN ￼ᵺ ᴪӌι ⅝҈זּ

ӌ ‗ιᴰ ⅝҈זּ ‰֩ᾭ ԏӌ ιἅҪ

≡ῶṕ Ểε ѭ Pζ￼ Ӑѭ ᴪӌ ԋ҈Ὣ᷂

֩ᾭιἅҪӠὙᴥ Ể ‗ḢᾯẊћᶈ⅛ ừ֙їᴞ ѕѦ

Ὣ᷂ѧ￼ Ѧιᴏ LipιLadv ᵙ Lsym   

4 ѧἵᵓ҃ ￼ ָớ ᴥ Ể‟‗ᵙ ҰӠὙ

Ὣ᷂Ḿώ ָớ Ꞌῳᶽι⸗ָῗᶈᶽᶚ ⁮ӕѧמ

ⱡј ѱ῎ῘιӇḾ ớὫ᷂ᵙḾἰớὫ᷂ ῶ҈יώ

ָớ ᶃ 9 ῎҃ Ҏᴪӌ￼ỵ ớ ⃰ḅ ῼ￼

‾ι≡ῶ ҰӠּפὫ᷂ἆṕ Ể￼ὸᾸ ‛Ѥ ӭ ҃

ḫ￼ᶹ ≡ῶḾἰớὫ᷂￼ᵀἄ ҈ Ẃ₩ ι ≡ῶḾ

ớὫ᷂￼ ‛ῶῊҺῘ ֧ј ⱡ￼јḾ ᾦẔ  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

(a) methods     (b) 90Ǔ (c) 75Ǔ (d) 60Ǔ (e) 30Ǔ   
ᶃ 9.₩ᶚ⅝ χTP-GAN ᴣԎᴪӌ￼ᵀἄ ‛  

 

5.  

 

ᶈ ᾰѧιἅҪҡᴅѦᶃӵѧώּ֧҃⃰҈ז ᶃᵀἄ

￼ԅṕᵙṕ ỵ GAN ⁭‟ ꜠ᵍѣѦץ‟⁭ ￼

Ểιָ֫ấ₩ԅṕ ‗￼Ẉ ᶹ᾿ ᵙṕ ￼ת ớᴪ

Ὥ ѭ҃Ӕј ḧᵀἄ ệֹỄḄ￼ ​ιἅҪᶈ

ѧ ℓẬԄ҃ḾἰớὫ᷂ιḾ ớὫ᷂ᵙ ҰӠὙὫ

᷂ ḾἰớὫ᷂ᴵҨ ḫᶊᴧאᵙẬṀ ᵀ ᾰ ᶈ⃰פּ

￼ᾭὯ֫ṵѧ ᶈᶽᶚ ừ֙їιᶈ֟מ ὢᾦẔѳ

ׁιḾ ớὫ᷂ᴵҨ῎ ᶊַּזḾ ớ ℅ᶹι ҰӠἴὫ

᷂ ԄἅҪ￼⁭‟ιᵼ℅ᵀἄ ‛јҝᶈ іԏῶ Ậ

ιד ћ ῏҈Ẕּ֝҈ז ￼Қ ָ ḫ ‛ ῎ιἅ

Ҫ￼Ά│јҝԏῶẬҚ├ ￼ỵ ‛ι ћᶈᶽᶚ Қמ

ָΆ ѼҸ҈ῳӾ ￼ ‛  

 

  

 

ṪӐ ᶂḲיּ֫ ⱡ ḙᶢ εἥ֝ᴺ

61622310,61473289 ζᵙᶂḲ ♇ᴧṝ ֮εἥ֝ᴺ

2016YFB1001001ζ י ἅҪỵ ￼ῶ  
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