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ἅҪώ֧҃ ἄḾἰוּ҈זּ ￼Ὰּוἄᵸӌ ‗ι

Ө ҃‾Ẫ ￼ ԋᾰꞋ  Ὰ￼ӌ ‗Ṁ ḙѽט

ᶊ ῂ ᶊ֫ ṞớεӕḅιᶈҚ і Ὴ￼ מ

ᵙ Ұζᵙּוἄ￼ᶃӵѧ￼  ᴪקεӕḅι ᾱι᷃ᴧζι

Ẋћ ᶼ ᶊ Ὗ⸗ḧṑẙᶊίֺᵀἄ  Ὰ￼ּוἄᵸᶈ

ҽ ἄוּ￼ Ὕ‰Ά ώ ҃ῳᾺἩ ↨ẈӪιᴵҨῘ

ώ ᾀӪ⸗ớιẊћᴵҨ῭Ḅᶊ ֘ᴪầ￼☺ᶈᵼ  ѭ

҃ ᾀӪק ᵙ֫ ιἅҪώ֧҃ѣ ἄᵸוүӍּ҈זּ

‟‗￼Ὰ￼ │Άקט ῳᵅιἅҪҟ ҃ ѦᾺ￼ι ẙ

ᶺ‾קᵙ ￼Қ ᾭὯ  

 
 
1.   
 
֫￼ᶃӵ￼וἄΆ│ғּוּיּ ꞌᵙ  -  ṎԎῗּוἄḾ

ἰớ εGANζ[21]  -  ‎Ṱ ᾡᵱ[29,43,5] ⱡ

ιּוἄᵸ Ӑѭ Ḓ ιṓ ῳ ιҠ[3]דך￼

ⱡ ѷḾᶃӵᵀἄ ￼ᴿѦΆ ת￼ ιӕḅ  ⸗ề￼

☺ᶈ ￼ớ ѼỄ ת ιẊћ Ẃṝ ￼☺ᶈ

ᾀӪ[12,50,35]≡ῶώӗṄјᵃּוἄᵸ Ҋ⅝ ￼ḧ Ά

│  

ᶈ‾Ẫ ᾰꞋ[26]￼ὸטїιἅҪҨ ᾂ ίֺᶃӵ

ᵀἄ ￼ᾺΆ│￼ΆẪ Ὰ ἄᵸוּ҃ ‗ ἅҪ￼ּו

ἄᵸҡḙѽẂ ԄẦḊιẊᶢ҈☺ ᾯ⅛Ѧᴒ Ṗᶃӵ

￼ɒ‾Ẫɓιᵼ℅ ὶίֺјᵃṑẙ￼ᶃӵ⸗ề￼Ặẙ

ᵀ ὶ├Ԅ ￼ᵹᶲι ‟‗ᴪקṀ Ṟớ￼ ιט

ῂ  

 

 

 

εӕḅι ιמ Ұζ‎ Ἅּוἄᶃӵѧ￼  ᴪקεӕḅι

ᾱι᷃ᴧζιẊћ ᶼ ￼ṑẙ⸗ḧ█ᵀᵙᾀӪᾛ

Ӑ ἅҪјҨүӍΆẪӢᾡ ָᵸἆὫ᷂֩ᾭιᵼ℅ἅҪ￼

ṪӐљ⃰ᶈ ￼ԋ҈ GAN Ὣ᷂֩ᾭιֱ⃰קᵙ ᴠᾭ￼

ῗҊѭ꜠ ￼[23,43,5,38,42,34]  

ἅҪ￼ּוἄᵸṄ Ԅ￼☺ᶈ ṧԄֹѧ ￼☺ᶈ

ѧι Ḿ҈ḅӍᶈ ѧ ᵹ ᵼḒԏῶ▄ ￼ẽᵠ

Ԅ☺ᶈ ọ Ỉ ᾭὯ￼₦ꞌḸẙιẊћἅҪ ѭ

ҺṀ • ẙ￼јᴵ ԁ￼ ἅҪ￼ѧ ☺ᶈ ј

ᴩ ֺιᵼ℅ᴵҨ Ầ Ҩׁӂ҈יּ ☺ᶈ ￼Ά│

Ẋј ὶ ￼ἅҪ￼ừ֙ιἅҪώ֧҃ѣѦᾺ҈זּ ẙט  

-  ỵ Ể ẙᵙ ớᴵ֫ớ - ҈זּ  ￼ἄᵸוּק ҎΆ

Ӕּז ҎὝ‰ιἅҪ ῎ιљҽ ‗‟ἄᵸוּ￼ ⅝ιἅҪ

ἄᵸӹוּ￼ ῭ᶺ ớι῭Ṉ ￼јᵃᴪקᵼ ￼  

ῳᵅιἅҪώ֧҃ ѦᾺ￼Қ ᾭὯ εFlickr -Faces-

HQιFFHQζιḜώӗ҃῭ ￼ ι ῶא⅝҃ ֫

ꞌᾭὯ ῭ẍ┌￼ᴪקε ẹ Aζ ἅҪṰṄ℅ᾭὯ љ

ἅҪ￼◊Ҧ ᵙ Ӿ ￼ ԇẦώӗι ẕ ὶ

1ι ￼ ᴵᶈᵃ ὶїἧֹ  

 

2.  
 

ҽ іι☺ᶈ ԄṖιᴏׁ ￼ Ṗ

εᶃ 1aζώӗ ἄᵸוּ  ἅҪ צּ ԄṖẊҡḙѽ￼

Ẃ ẦḊ ӭ ℅ εᶃ 1bιᴸζ  ḧ Ԅ☺ᶈ

Z ѧ￼☺ᶈҦ zι ớῑṃ Ӿғּו w 

ʘ Wεᶃ 1bιṫζ  ѭ ᴅ ιἅҪ ҃ѣ ￼ ẙ 

 
 

1https://github.com/NVlabs/stylegan 
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Const 4×4×512 
 

style 
 B 

 

AdaIN  
 

Conv 3×3  
 

style 

 B 
 

AdaIN 4×4 
 

Upsample  
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style 
 B 

 

AdaIN  
 

Conv 3×3  
 

style 

 B 
 

AdaIN 8×8 
 

 

A Baseline Progressive GAN [29] 7.79 8.04 

B + Tuning (incl. bilinear up/down) 6.11 5.25 
C + Add mapping and styles 5.34 4.85 
D + Remove traditional input 5.07 4.88 
E + Add noise inputs 5.06 4.42 
F + Mixing regularization 5.17 4.40 

 

1.ᴿ ἄᵸוּ ￼ Frechet' Ḋ εFIDζε Ӊ Ḅζ  

ᶈ ᾰѧιἅҪӔּזҡ ѧ  Ἲᴨ￼ 50,000 ắᶃӵ‎

FIDιẊἵᵓᶈ ѧ ֹ￼ῳӉ  

 

     ῳᵅιἅҪ ẬԄῘẪᵹᶲ ԄѭἅҪ￼ּוἄᵸώӗ

ὶ￼Ά│‎ּוἄ    Ҏῗּיј ԋ￼ Ᾱᵹᶲ ἄ

￼ᴅ ᶃӵιẊћἅҪṄњּזᵹᶲᶃӵ ֹᵀἄ ￼

⅛ Ṗ

(a) ҽ ἄᵸ (b) ᶢ҈וּ Style  ἄᵸוּ￼
 
ᶃ 1. ⱡҽ ἄᵸ[29]ҝוּ￼ ԄṖώӗ☺ᶈ ιӇἅҪ

ӾṄ Ԅῑṃֹѧ ☺ᶈ Wιⱡᵅᶈ⅛ Ѧᴒ Ṗ Ẕ

ḫӕ ἄᵸוεAdaINζίֺּק  ᶈ ӂ ớѳׁιᶈ⅛₭ᴒ

ѳᵅ▌ז Ᾱᵹᶲ  ɒAɓҦ ḙѽ￼ұṃᴪὭιɒBɓṄ

ḙѽ￼⅛ ᾣᵼḒẔּ҈זᵹᶲ Ԅ  ῑṃ f יּ 8ѦṖ ἄι

ᵀἄ g יּ 18 Ṗ ἄ -  ⅛Ѧ֫ ꞌѣṖε֫ ꞌҡ ζ  

Ӕּזᴅ꜠￼ 1Ö1 ᴒ Ṅῳᵅ Ṗ￼ ֧ Ὥѭ RGBι ӆ҈

Karras Қ[29]  ἅҪ￼ּוἄᵸԊῶ 2620 єᴵ ￼ᴠᾭι ҽ

ἄᵸ￼ᴠᾭוּ ѭ 2310є  

 

ѭ 512ιῑṃ f Ӕּז 8ṖMLP ḫאιἅҪṄᶈ 4.1

ѧ ֫‘  ⱡᵅιḙѽ￼ұṃᴪὭṄ w њ ѭ‾Ẫק

ιԎίֺᶈᵀἄ g ￼⅛Ѧᴒ Ṗѳᵅ￼

Ẕḫӕặ εAdaINζ[26,16,20,15]ק  AdaIN ᾛ

ӐḧѲѭ 

 
       Ԏѧ⅛Ѧ⸗ềῑṃ xi Ẫ‾זιⱡᵅӔּק֝‰ָ֫ yѧ

Ẕ￼‰ ҭ ᾣᵙӭ  ᵼ℅ιy￼ ẙῗ Ṗі

￼⸗ềῑṃ￼ᾭ ￼ѣӤ  

       ⅝ ἅҪ￼‾Ẫ ὭΆ│ιἅҪҡ w јῗ ӕ

ᶃӵ јᴪ￼‾Ẫ y  ἅҪ Ὅѭ yӔּזɒstyleɓ

Ѧ ιᵼѭ ӆ￼ ‟‗Ṱ ׁ҈זּ Ẫҽ [26]ιῂ

￼ᶃӵֹᶃӵ Ὥ[27]ᵙᶟ█ᵀ[22]  љ῭ ￼⸗ề

ᴪὭ ⅝[36,55]ιּ҈יԎᾦꞌᵙ ֠￼ ιAdaINא ⸗ָ

ᵀἅҪ￼ ￼  

 

     Ӕּזḙѽ￼⅛Ѧ⸗ề ᾣᵼḒṄᵹᶲᶃӵẍᾘֹἍῶ⸗

ềᶃιⱡᵅṄԎ▌ֹז Ẕᴒ ￼ ֧ѧιḅᶃ 1b Ἅ  

ᵹᶲז▌ Ԅ￼ᵍѲᶈ 3.2ᵙ 3.3 ѧ  
 

2.1.  
 

       ᶈ ἅҪ￼ּוἄᵸ￼⸗ớѳׁιἅҪ ḫ ῎

Ὰ ј Ӡ ᶃӵ ιӇ҆ḫіιḜᴵҨᶽᶽᾡᵱḜ

1 ֧҃ CELEBA-HQ [29]ᵙἅҪᾺ￼ FFHQᾭὯ

ε ẹ Aζѧᴿ ￼‗‟ἄᵸוּ Frechet' Ḋ εFIDζ

[24] ԎҤᾭὯ ￼ ‛ᶈ ẹ Eѧ ֧ ἅҪ￼ᶢ

εAζῗ Karras Қ￼ Progressive GAN  [29]ιἅҪ

Ἠ҃ ᵙἍῶ ᴠᾭ ᴰῶ ῎ ἅҪ Ӿ

Ӕּזᴥ ớі/ї ‾ᾛӐ[62]ι῭ ￼ ᵙ ᾯ￼ ᴠ

ᾭ‎֬Ὥֹᾡ ￼ᶢ εBζ ẹ Cѧץᵍ҃Ḿ

ᵙ ᴠᾭ￼ ὼ ⱡᵅἅҪ ῑṃז▌ ᵙ

AdaIN ᾛӐεCζ ℓᾡ ҃ ѦᾺ￼ᶢ ιẊћỬ ᶊ

ḻֹ јԜҡṄ☺ᶈ ֹ Ѧᴒ ṖҨ

ᵼ℅ιἅҪ ҽ ￼ ԄṖẊҡḙѽ￼ 4 Ö 4 Ö 512

ởḧắ εDζẦḊᶃӵᵀἄ‎ ‗‟ק ἅҪᴧאιᴏӔ

ᴱ ίֺ AdaIN ᾛӐ￼‾Ẫὶᾠ Ԅιᵀἄ Ѽ ᶼ

ғּוῶỴѲ￼ ‛  

       ῳᵅιἅҪҟ ҃ ℓᾡᵱ ‛￼ᵹᶲ ԄεEζι

ҨᴣḾ ‾Ẫ ᴞ ԋ￼Ὰᶚ█ᵀֱ⃰קεFζιẊḾ

ἄ￼ᶃӵוּ ῭ ẙ￼ίֺε 3.1 ζ  

       ἅҪӔּזѣ јᵃ￼Ὣ᷂֩ᾭ‎ ӂἅҪ￼Ά│χḾ҈

CELEBA-HQιἅҪӘ ҈WGAN -GP [23]ι 
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ᶃ ἄᵸεconfig Fζᵙוּ￼ᶢ҈‾Ẫיּ.2 FFHQᾭὯ ῾￼ἄוּ

￼ᶃӵ  ᶈ ιἅҪӔּזἈᾸἩṬ[40,5,32]￼ᴪקιḾ҈

֫ ꞌ ιӔּזư=0 .7 ᴠ ￼ Ҩ ệ῭ᶺ ‛  

 

       FFHQӔּזWGAN -GP Aᵙ ᵙὫ

[21]ιԎѧ R1ֱ⃰҈זּ[42,49,13]ק B-F ἅҪᴧא

Ҏ ὍᴵҨғּוῳӓᾦ‛ ἅҪ￼ Ꞌј ӢᾡὫ᷂֩ᾭ  

      ἅҪ ḻֹᶢ҈‾Ẫ￼ּוἄᵸεEζ ⅝ҽ ἄᵸεBζוּ

Ῐ ώ ҃ FIDι֡Ѷ ֹ҃ 20βι ḫ҃Ẋ ṪӐѧ￼

ᶽ ₩ ImageNet ╜ [6,5] ᶃ 2Ῐ ҃ӔּזἅҪ￼ּוἄ

ᵸҡ FFHQᾭὯ ￼ἄוּ ῾ ￼Ὰᶃӵ ⃰ḅ FID

Ἅ ḫ￼ ‾ιẈᶎ Ễ ιּה ᵙẃḒ ҭѼ

ἄוᵀἄ Ḿ҈ ѦᶃιἅҪӔּזἍ ￼ἈᾸἩṬ ԁ҃ҡ

W ￼‖ ᶟת ‾[40,5,32]  -  ẹ B ҃ḅӍᶈW

јῗ ZѧἚ ἩṬ ├ỴἅҪ￼ּוἄᵸӹ Ẕּזҝ Ὅớ

ᶊἈᾸѭӉ֫ ꞌιҨӝјẽᵠ ֫ ꞌ  

       ᾰѧ￼Ἅῶ FID ῗᶈ≡ῶἈᾸἩṬ￼ừ֙ї ֧

‎￼ιἅҪᶈᶃ 2ᵙ ѧҝṄԎּ҈ז ῎ ￼ Ἅῶᶃӵ

ᶎҨ ֫ ꞌּוἄ  

2.2.  
 

ԋ҈ GAN ‟‗￼ᶽ ֫ṪӐ ѧᶈ ӕḅӔּזᶺѦ

ָᵸ[17,15]ιᶺ֫ ꞌֶָ[58,53]ἆ ├Ỵ[61]ֺ ד

‎ᾡ ָᵸ ἄᵸӚ￼ṪӐѮוּ  ѧᶈ Ԅ☺ᶈ

￼ ֫ṵ[5]ἆ Ᾱ█ᵀ₩ᶚ[4]ι [46]ἆ ֥כ

ớ[50]Ḿ Ԅ☺ᶈ ᾯẻ  

ῳ ￼‍ҭּוἄᵸ ᴅ꜠￼ṧԄ Ṅ ‰ ώӗ

ἄᵸ[44]ѧ￼ᶽוּ Ṗι ☺ᶈ￼Ҡⱡ ԄṖώӗ  

ҎӐ Ṱ Ṅ☺ᶈ ￼ ֫ ֹᶺѦּוἄᵸṖ

[9,5]  ᶈẈ ṪӐѧι Қ[6]Ӕּז AdaINɒ ἅ ֺɓ

ἄᵸιљἅҪ￼ṪӐוּ ӆιӇј ѧ ☺ᶈ ἆᵹᶲ

Ԅ  

 

3.  
 

ἅҪ￼ּוἄᵸ‟‗ᴵҨ Ḿ‾Ẫ￼⸗ḧṑẙӢᾡ‎ί

ֺᶃӵᵀἄ ἅҪᴵҨṄῑṃ ᵙұṃᴪὭ ѭҡḙѽ￼

֫ṵѧѭ⅛ ‾Ẫ ֺ‾ ￼ΆẪιẊћṄᵀἄ ѭᶢ

҈‾Ẫ ᵀּוἄᾺ ᶃӵ￼ΆẪ ⅛ ‾Ẫ￼ᾦ‛ ᶈ

ѧḧӈιᴏχᴵҨ ῼӢᾡ‾Ẫ￼⸗ḧḒ ҝẽᵠᶃӵ￼•

ҎΆ  

ѭ҃҃ ḧӈ￼ᴝᵼι ἅҪ AdaIN ᾛӐεΆ

1ζḅӍ ӾṄ⅛Ѧ ặ ѭק ᶎӪᵙᴅӈΆṮιⱡ

ᵅἑẔּזᶢ҈‾Ẫ￼ṑẙᵙӭṮ ⁞Ὧ‾Ẫ￼ ∂ιᾺ￼⅛

ᾭὯӢᾡ҃ᵅ ᴒ ᾛӐ￼⸗ề￼ Ḿ ớιӇ

҈יּ ιḜҪјӘק ҈ᴝḊ ᾭὯ ᵼ℅ι⅛Ѧ‾Ẫ

ᶈ ї Ѧ AdaIN ᾛӐ ѳׁҝίֺ ѦỈע  

 

3.1.  

 

       ѭ҃ ℓ Ẫ‾כ  ᶊקιἅҪ ιקᵀֱ⃰█זּ

ԎѧӔּזѣѦ  ☺ јῗ ῼ ￼ Ѧ☺ᶈ ἄוּ

ḧ︣֫⅝￼ᶃӵ  Ẹּוἄ ‾￼ᶃӵῊιἅҪ ᴅᶊҡ

Ѧ☺ᶈ ֬Ὥֹᴰ Ѧ - ἅҪ ѳѭ‾Ẫ█ᵀ￼ᾛӐ - 

ᶈᵀἄ ѧ   Ὅ￼♇  ԏӌ‎ ιἅҪ ѣѦ☺

z1̆ z2 ῑṃ ιẊԏῶ Ẕ￼ w1̆w2ίֺ‾Ẫι

Ҩӝ w1ᶈҐᴢ♇ѳׁẔּזιw2ᶈҐᴢ♇ѳᵅẔּז  

Ἡ ᴵҨקֱ⃰ ₿ Ӭ ￼‾Ẫῗ ԋ￼  
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ᶃ 3. Ӕ Ѧ☺ᶈ ε◊ζּוἄ￼‾Ẫ ᴰ Ѧε ‰ζ￼‾Ẫ￼Ḓ ιᴵ ‛ἄᵸѧ‾Ẫ￼ᾦוּק  љ ֫ ꞌ ḾẔ

￼ᶃṖ‾Ẫε ζιҡ◊᷃ᶶֺ Ṟớιḅ ιמ ᴧᶚιזּ ẻꜛᵙ ιᵃῊἍῶ ε ι᷃ᴧι♂ӿζᵙӠּפ ‰￼῭

￼ ⸗ề  ḅ‛ἅҪᾡѭᶶֺѧ Ṗε ζ￼‾ẪιἅҪҺ Ἠ ṇ⅝ӕ￼ ⸗ềιᴧᶚιҡ◊᷃ἔẦ/ԋ ￼ ιᵃῊӠ

‎פּ ‰￼ ιמ ẻꜛᵙ  ῳᵅιᶶֺљ ֫ ꞌε ζ ḾẔ￼‾ẪѮ Ṿ‎‎ ◊￼ Ά⁮ᵙỉ ‗  
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2. Ḿјᵃ︣֫⅝￼ ‾ӕ █ᵀֱ⃰ק ￼ ￼

FFHQ ѧ￼ FID  ᶈ ιἅҪ ק  1ɚ4 ☺ ᵙḜҪѳ

￼Ґᴢ♇‎Ḿᴩ ￼ ᴙד╜  █ᵀֱ⃰קᴵῘ ώ

Ḿ Ҏј ᾛӐ￼ ᴩớ  ‰ Eᵙ Fᴠ 1ѧ￼  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(a) ּוἄᶃⱭ (b)  ᴪק (c) ‰֝ӭṮ 
 

ᶃ 4.  ᴪק￼ӕḒ  εaζѣѦּוἄ￼ᶃӵ  εbζᾣᶽ Ԅᵹ

ᶲ￼јᵃḫא  ⱡᾯӌᶹ ֡Ѷ ᵃιӇѦָↄᴧ￼ᾣ ΆẪᴐ

Ἀⱡјᵃ  εcζ100 Ѧјᵃḫאѧ⅛Ѧӵ ￼‰֝ӭṮι ֧Ῐ

ᶃӵ￼ᵤҎ ֫ᴩֹᵹᶲ￼ẽᵠ  Ѯ ᶟῗ᷃ᴧιת Ảᵙ ῟

￼ ֫ιӇ ᴦṃѼῶῶ ￼  ᴪק  Ұᵙ מ ԅṕΆ

јᴩ  ᴪק￼ẽᵠ  

 

2 Ῐ ҃ᶈ ῼ ᵏּז█ᵀֱ⃰קḅӍῘ ᾡᵱḧӈι

ᶈ╜ Ὴ█ᵀᶺѦ☺ ￼ừ֙їᾡ ￼ FID‎ ᶃ

3 ֧҃ █ᵀјᵃṑẙ￼ѣѦ☺ ᵀἄ￼ᶃӵ￼ӕḒ

ἅҪᴵҨ ֹ⅛Ѧ‾ẪḒ ίֺᶃӵ￼ῶỴѲ￼ Ṟớ  

 

3.2.  
 

Қ ӵѧῶ ᶺΆ ᴵҨ ѭ  ￼ιӕḅↄᴧι

ι ᾱἆ ↄḓ￼ ֬ӈ ᴱ ḜҪ Ỉ⃰ ￼֫ṵι

үӍ Ҏ ᴵҨᶈјẽᵠἅҪḾᶃӵ￼ỵ ￼ừ֙ї

ק   

ἅҪ їҽ אἄᵸḅӍḫוּ  ᴪק ҈

￼ᵪ Ԅῗ ԄṖι ᴧ῎ Ά│‎ּוἄ

ᴪק￼Ӏ  ᾭ 

 
 
 
 
 
 
 
 
 

 

(a) (b) 
 
 
 
 
 
 
 
 
 

 

(c) (d) 

 

ᶃ 5.ᶈἅҪ￼ּוἄᵸ￼јᵃṖ￼ᵹᶲ Ԅ￼ẽᵠ εaζᵹ זּ

҈ἍῶṖ ε b ζ≡ῶᵹ ε cζҝῶ Ṗ￼ᵹ

ε ζ εdζҝ Ṗ￼ᵹ ε ζ  ἅҪᴵҨ

ֹιҚѭᶊổּצᵹ ҺṀ ῂỴѲ￼ɒ ɓᶹנּ  ￼ᵹ Һ

Ṁ ᷃ᴧᶽ ₩ᴒΎᵙ֧א῭ᶽ￼ ῟⸗ềι ỉ￼ᵹ ֱҺṾ

‎῭ ￼᷃ᴧᴒΎι῭ ￼ ῟ ᵙ ↄḓ  

 

ҡ Ὴ￼Έῼ☼╗ẦḊ ╦ ҃ ḳ Ẋћ

ἄӡᴺ￼ᵕῼớῗᵿוּ҃ ￼ -  ẊћẊјỞῗἄו￼ι⃰ḅ

ἄ￼ᶃӵѧẂוּ ￼ ᶶ₩ẪἍ ῎￼ ‾ ἅҪ￼‟‗

ᶈ⅛₭ᴒ ᵅ▌ז⅛ӵ ᵹᶲ‎ᵻ Ҏ  

ᶃ 4 Ῐ ҃Ӕּזԏῶјᵃᵹᶲḫוּ￼אἄᵸғּו￼ ᵃ

ᶃӵ￼  ḫא ἅҪᴵҨ ֹιᵹᶲҝẽᵠ  Ά ι

Ӕᾯӌ‗ἄᵙ Ұ ṞớḢᾯῂ ᶃ 5 ℓ ῎҃

Ṅ  ᴪקẔּ҈זјᵃ￼Ḓ ￼ᾦ‛ ҈יּ Ҏᾦ‛ῳ

Ḅᶈנּטѧ ֹι ᴠ ￼ ιҨ҃ ḅӍ῭ᾡ Ṗ

￼ᵹᶲ ԄṀ ש ⅝ӕ￼  ᴪק  

ἅҪᴧאῶ ￼ῗιᵹᶲ￼ẽᵠӆѶᶈ ѧ Ḹᶊḧ

ӈ ἅҪӬ ᶈּוἄᵸ￼үӍ ♇ι ῶᴙדṓồẬԄᾺ￼

ԓḳι ἅҪ￼ ֳấ  ᴪק￼ῳ ᴅΆ│ῗӘ ώӗ

￼ᵹᶲ ⅛ Ṗ ῶ Ὰ￼ᵹᶲιᵼ℅≡ῶדטҡΈῼ￼

☼╗ѧғּו  ᾦẔιҡ ғּוṕ ᾦẔ  

 
5 

http://www.gwylab.com/
https://arxiv.org/pdf/1812.04948.pdf


 

 

 

 

 
www.gwylab.com                   https://arxiv.org/pdf/1812.04948.pdf 

 
 
 
 
 
 

 

(a) ѧ￼⸗ề

֫ṵ 

(b) ҡ Zֹ⸗ề￼ῑ

ṃ 

(c) ҡW ֹ⸗ề

￼ῑṃ 

ᶃ 6.ԏῶѣѦᴪầᵼ ￼ ӕớ ӕεᶃӵ⸗ềιӕḅιּלớ↔

ᵙ᷃ᴧ ẙζ εaζ Ѧ ӕ ιԎѧ Ҏ ᵀεӕḅι

ᴧּלớζ֡Ѷјḕᶈ εbζ ҺẶֺҡ Z ֹᶃӵ⸗ề￼ῑṃᴪѭ

ẳΎιҨӝ ₿ ᵀᶈ Zѧ╦᷂ιҨ ₿Ḿῂᾦ ᵀ ‾  

εcζⱡ ιҡ ZֹW ￼ḙѽῑṃ ᶼɒ╦ ɓᶽ ֫ Ύ  

 

3.3.  
 

ׁ ￼ ֫Ҩᴣ ￼ ῎ι ⱡ‾Ẫ￼ᴪקԏῶ

ԅṕᾦ‛εᾡᴪ ιמ Ұ ζιӇᵹᶲҝẽᵠῂԋ ￼

 ᴪקεјᵃ ᴧι᷃￼ת ζ ḻ ᵀ‾Ẫ

ὭᾰꞋιԎѧṰ ḧ јᴪ ε⁪Ẫ ι

ẈᶎӪιᴪ ζᴵ ᶊ ᶃӵ￼‾Ẫ[19,37] ᴪ

ề⸗￼ק ⸗ḧ￼ḫӕ  

ᶈἅҪᶢ҈‾Ẫ￼ּוἄᵸѧι‾ẪҺẽᵠᾯѦᶃӵιᵼ

ѭḢᾯ￼ ᶃṄӔּז ᵃ￼Ӫ ᾣᵙᴥᵇק ᵼ℅ι

ᴵҨᵃῊίֺ ι♂ӿἆמ ῟‾Ẫ ԅṕᾦ‛ ᵃῊιᵹ

ᶲ ꜠ ᶊ▌ֹז⅛Ѧӵ ιᵼ℅תỳᶊ ᵀ҈ίֺ  ᴪ

ק ḅ‛ ᶃίֺӕḅӔּזᵹᶲ￼ ιמ ṄṀ

ј ￼֘ḧιⱡᵅּי ָᵸỰ ᵼ℅ι ḙҺᶈ≡ῶ

῎ ὝṀ￼ừ֙їι ẸᶊӔּזԅṕᵙṕ ▓  

 

4.  

 

      ῶᴿ ḧѲ[52,48,2,7,18]ιӇԊᵃ￼ ‰ῗּי ớ

Ḓ ‗ἄ￼☺ᶈ ι⅛Ѧ ίֺ ѦᴪầᵼḒ  ⱡ

ιZѧ⅛ѦᵼḒ ᵀ￼ ‾₦ꞌ љ ᾭὯѧ￼ḾẔ

Ḹẙ ש  ḅᶃ 6Ἅ ι ὴ ҃љԐᶚᾭὯ ᵙ Ԅ

☺ᶈ֫ṵḢԅ Ầ￼ᵼ  

ἅҪ￼ּוἄᵸ‟‗￼ ѦѮ Ḅᶴῗ 
 

2 ҈זּ ￼ṈᾭҚṪᾭὯ εӕḅι[41,18]ζṄ ḧᴪầ

ᵼḒ￼Ἅῶ ᵀֺἄԏῶᶎפ ꞌιҡ ҃  

 
ѧ ☺ᶈ W јọ⁞ὯүӍᶁḧ֫ṵᾟὙ ‾;Ḝ￼ ‾

Ḹẙῗּיḙѽ￼֫ⅎ ῑṃ fεzζẬ ￼ ῑṃᴵҨ

҈ɒ ɓWιҨӔᴪקᵼḒᴪệ῭ז ớ ἅҪ ѭּוἄ

ᵸῶ ‾￼ᴙדιᵼѭᶢ҈ Ầ￼ јῗᶢ҈ ￼

‎ּוἄ ￼ᶃӵẔ ῭ḳ῏ ᵼ℅ιἅҪῼῺ ᶈῂ

Қ ᶫѧιᴏẸ҆Ӿјע￼ ᴪầᵼ Ὴғּו Ṉ Ԅ

￼W [10,33,47,8,25,30,7]  

јẋ￼ῗιῳ ώ֧￼ּ҈ז ק ￼Ὕ‰[25,30,7,18]

ᵸ Ṅ Ԅᶃӵῑṃֹ☺ ἅҪ￼ᶢ҈יּ

GAN Ṉ ‾￼ ᵸιᵼ℅ ҎΆ│ј ᵀἅҪ￼ ￼

ⱡᴵҨѭ℅ ז▌￼ ᶹ￼ [8,11,14]ιӇἅҪṸῺ

ԁṄṪӐἮԄֹјṞ҈ḫ ֘Ά⁮￼ ҭѧ ѭ℅ιἅҪ

ὼ ҃ ק ￼ѣ ᾺΆ│ι ѣ Ά│ ј

ᵸἆṰ ￼ᴪקᵼḒιᵼ℅ᴵҨ үӍᶃӵᾭὯ ᵙּו

ἄᵸ  
 

4.1.  
 

⃰ḅ Laine [35]ἍὝ֧￼ι☺ᶈ ￼ᾀӪᴵ Һ

ᶈᶃӵѧғּוҧҚỬ ￼ ớᴪק ӕḅιү ♇ѧј

ḕᶈ￼⸗ềᴵ ᶈא֧ ớᾀӪ Ể￼ѧ ῎☺ᶈ￼

ιẊћᴪק￼ᵼ ≡ῶ ụẸᶊ֫Ầ ѭ҃ ק

ᾦ‛ιἅҪᴵҨ╜ ᶈ☺ᶈ ѧἚ ᾀӪῊᶃӵ￼ׅ

♥ᴪק ᶊ ι ṇẳΎ￼☺ᶈ Ẕ ⅝ ẙẳΎ￼

☺ᶈ ῭ḳ῏ ■  

ӐѭἅҪẙ ￼ᶢ ιἅҪӔּזᶢ҈ỵ ￼ἄḾᶃӵ

[63]ιԎ ѭѣѦ VGG16 [56]ṧԄѳ Ṯầι ז￼

Ԏѧ  ῗ ᵀ￼ιӔệẙ љҚ ￼ ӆớֶᾸ

ḅ‛ἅҪṄ☺ᶈ ᾀӪ Ể ֫ѭ ớⅎιἅҪᴵҨṄ

֫ⅎ Ể￼Ởỵ ẙḧѲѭ⅛Ѧⅎі￼ỵ Ṯầ￼Ởᵙι

ḅᶃӵ ẙ Ἅἵᵓ￼ ᶈῂ ֫їι ѦỞᵙ￼

ⱡḧѲṄῗ Ѧᵙ￼‖ ιӇᶈḫ ѧἅҪӔּז Ѧṇ￼

֫ṇ  ‎ ӆḜ ☺ᶈ Z ѧ￼Ẉᶎỵ

Ể ẙι Ἅῶᴵ ￼ ♇ιᵼ℅  
 

 

     Ԏѧ ιGῗּוἄᵸεᴏ 
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3. FFHQѧᴿ ἄᵸ‟‗￼ỵוּ Ể ẙᵙᴵ֫ớệ֫ε Ӊ

Ḅζ  ἅҪᶈ Z ѧѭҽ Ἒ ╜ ιᶈ W ѧἚ ᶢ҈‾Ẫ

￼╜  Ӕ Ἱἰ‾Ẫ█ᵀӆѶῶ♇ἠΎѧ ☺ᶈ W ἅ

ҪӬ █ᵀӔệW ῭ Ҩῶᾦᶊ ᶺѦṑẙ￼ᴪקᵼḒ  

 

 

￼ᶢ҈‾Ẫ҈זּ ζιdε.,.ζ ӂ￼ῗ ‛ᶃӵѳ

￼⅛Ѧ  slerp ר ᾀӪ [54]ιḜῗἅ

Ҫặ ק Ԅ☺ᶈ ѧῳᵀ ￼ᾀӪΆẪ[59]  ѭ҃њ├

҈ ⸗ề јῗ ῟ιἅҪᶈ ӂἄḾᶃӵẙ ѳׁ ׇ

ᵍץἄ￼ᶃӵҨҝוּ ẙ҈יּ  d ụḄῗ ⱡ҇₭

[63]ιἅҪ Ҩ јῗ ѭ҃Ἱ╦Ḿ ֫ ẙ￼јọ Ә

 ἅҪ ᴨ 100,000 Ѧ‾ ‎ ῼῺӪ  

W ѧ￼Ẉᶎỵ Ể ẙҨ ӆ￼ΆẪἚ χ 

 

ᵪ ᶈוῗᾀӪᴧָּת￼ W ѧ ᵼѭ W ѧ￼ᵇ ≡ῶ

ҨүӍΆẪ‰֝קιἅҪӔּז ớᾀӪεlerpζ  

3 Ῐ ιḾ҈ԏῶᵹᶲ Ԅ￼ᶢ҈‾Ẫ￼ּוἄᵸι

ԅ Ể ẙ῎Ῐ῭ ι ῎ W ᶈỵ і⅝ Z ῭ ớ ⱡ

ι ╜ ḫ іּצỉӭᵇ҈ Ԅ☺ᶈ Z ḅ‛ W

ḫῗ Z ￼ ᵙɒẈᶗɓῑṃιḜᴵ ᵍјᶈץ Ԅ╙ẻ

і￼תᶟ -  ᵼ℅ּוּיἄᵸ Ṯ ấ - הּ  ᶈҡ Ԅ╙ẻῑṃ

￼♇ѳ ι Ԅ☺ᶈ Z ⁞ὯḧѲ≡ῶ ᶟת￼‾ ᵼ

℅ιḅ‛ἅҪṄẙ ֺᶈ Ể ♇ιᴏ ιֱ ‛

Ẕ ῗᴵῼῺ￼ιἅҪẔ ệ῭ṇ￼ јᴩẽᵠ

ḫῗἅҪᶈ 3ѧ ḻֹ￼  

4 Ῐ ҃ῑṃ ḅӍẽᵠ Ể ẙ ἅҪ ֹҽ

ᵙᶢ҈‾Ẫ￼ּוἄᵸ ᴩ ҈ῑṃ ιẊћ ẙ▄ז Ẃ

Һᾡᵱỵ Ể ẙҨᴣ FID ῶ ￼ῗι ⱡ ῶἍᾡ

ᵱ 

 

 
4. FFHQ ѧῑṃ ￼ẽᵠ  Ά│ᵄ ѧ￼ᾭḔ ῑṃ

￼▄ẙ  ἅҪ ֹ FIDιᴵ֫ ớᵙ Ể ẙ ᴵҨҡῑṃ ѧ

ᴩ ι ᶢ҈‾Ẫᵙҽ҈זּ ἄᵸӌוּ￼ ‗  ℅ᶹι῭▄￼

ῑṃ Ẃ⅝╚Ṗῑṃ Ḅ῭א  

 

ᶈҽ ἄᵸוּ￼ ι ᴐᴪệ῭ז ι ῎ἅҪ￼Ѯắ

Ԅ☺ᶈ ḫᴵҨүỴ ᶈ GAN ѧ  

 

4.2.  

 

ḅ‛☺ᶈ Ӽ֫ ẦιֱẔ ᴵҨἧֹḊ љᴿѦ

ᴪקᵼ ḾẔ￼Άᵇᵇ ἅҪώ֧҃ᴰ Ѧẙ ι

╜ ☺ᶈ ♇ ớ Ẉ ֫ἄѣѦјᵃ￼ ᵀ￼ ẙ

‎ ק ᾦẔιҨӝ⅛Ѧ ᵀḾẔ҈ᶃӵ￼⸗ḧ҇ ֺṞ

ớ  

ѭ҃‰ Ἅּוἄ￼ᶃӵιἅҪѭ ᶺ҇ ֺṞớ

֫י ιӕḅιҨלּ֫תớᵙḁớ ᶈἅҪ￼╜

ѧι֫ ᵸԏῶљἅҪӔּז￼ֶָᵸ ᵃ￼‟‗εᴏιљ

[29]ѧ ᵃζιẊћӔּז CelebA-HQ ᾭὯ ι

ᾭὯ ӠּפᴝḊ CelebA ᾭὯ ѧᴵּז￼ 40 ѦṞớ ѭ҃

╜ ѦṞớ￼ᴵ֫ ớιἅҪּז z ~  P(z) ּוἄ 200,000

ѦᶃӵιẊӔּז ֫י ḾḜҪ ֫ ⱡᵅιἅҪ

⁞Ὧ֫ ᵸ ӡẙḾ‾  ὴẑιẊ ῳј ӡ￼ ᴁι

ғּו 100,000 Ѧ‰ ￼☺ᶈ ᵇ  

Ḿ҈⅛ѦṞớιἅҪὉᵀ ớ SVM ‎ ╜ᶢ҈☺ᶈ

♇￼‰  -  ҽ ￼ zᵙᶢ҈‾Ẫ￼ w  - Ẋћ Ẉ Ḿ

♇ ֫ ѭ҃╜ Ẉ ᶼṄ♇֫ἄ⃰ ￼ ￼ ẙι

ἅҪ ‍ҭḾᾭ HεY | XζιԎѧ Xῗּי SVM ╜￼ ι

Y ῗּי ￼֫ ᵸ ḧ￼ ᵼ℅ι‍ҭ ᵓ ἅҪ

ḧ‾ ￼ ḫ ᶺṈ ӡỤιӬז ἅҪ ḜἍᶈ￼

Ẉ ￼ᵤ Ӛ ῗιḅ‛ ԋ￼ᴪầᵼḒἆԎ ᵀԏ

ῶј ￼Ἶӄ Άᵇιֱ Ẉ ֫ ‾ ♇Ṅ῭ז

ᵿ ιҡ ғּו ‍ҭ 
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ᶃ 7. FFHQᾭὯ ᶈẉ ι ῀ι ♇ιӿⱢᵙᶃӵ ῟Ά ώӗ҃Ễᶺ  

 

ӉӪ ῏҈֫ ιᵼ℅Ḿ҈⸗ḧᵼ ἆṞớḾẔ￼

ᵼḒι῭ ￼☺ᶈ Άᵇ  

ἅҪṄῳ ￼ᴵ֫ớệ֫ ѭ ιԎѧ

ἅ֯ѯ҃ 40 ѦṞớ љִḊệ֫[51] ӆιᴨ ӔệҡḾ

ᾭֹ ớᶟ￼Ӫ῭ḳ῏⅝  

3ᵙ 4Ῐ W ⅝ Z῭Ḅι ῎ ￼ ῭

Ṉ ℅ᶹιᶭזῑṃ ￼▄ẙᾡᵱ҃ W ѧ￼ᶃӵ ᵙ

ᴵ֫ ớι ᵀᵀἄ Ẹⱡῶַ҈ ￼ Ԅ ￼Ӭ

ῶ ￼ῗιᶈҽ ἄᵸׁוּ ז▌ Ѧῑṃ ҺṀ

Z ѧᴵ֫ ớ￼Ѥ Ὣ᷂ιӇῗҺ ῎ѧ ☺ᶈ W ѧ

￼ừ֙ιẊћ FIDѼҺᾡᵱ ῎ιẸἅҪẬԄ Ѧјọ

ᾭὯ֫ṵ￼ѧ ☺ᶈ ῊιᴏӔῗҽ ἄᵸוּ￼

‟‗Ѽ ệ῭Ḅא  

 

5.  

 

ᶢ҈ἅҪ￼ ‛ᵙ Chen Қ￼Ẋ ṪӐ[6]ι ‎ ▐

₣￼ῗιҽ ￼ GAN ἄᵸ‟‗ᶈᴿΆוּ јḅᶢ҈‾Ẫ

￼ ᶈṰấ ￼ Ὕ‰Ά Ѽῗḅ℅ιἅҪ ℓ

ѭιἅҪḾ Ṟớᵙ  ᾦẔ֫ ￼ Ҩᴣѧ ☺ᶈ

￼ ớṄᶈώ GAN ת ת￼ ᵙᴵίớΆ ᴨệѨ

ἄ‛  

ἅҪ├ỴֹιἅҪ￼Ẉᶎ Ể ẙẙ ᴵҨỄḳ῏ᶊּז

Ӑ ῼ ᵸιѼקֱ⃰￼ ớᴵ֫ớẙ ￼ ҎᴪӌѼ

ᴵҨӐѭ Ѧᴪ Ở￼‎ ιἅҪṸῺᶈ ῼ ὶ

ѧ ☺ ￼Ά│Ṅѭ῾‎￼ṪӐώӗῶ ￼ Ể  

 

6.  

 

ἅ Ҫ ỵ Jaakko Lehtinen ι David Luebke ᵙ

TuomasKynka§anniemi ￼▄Ԅ ᵙῶ ￼ ; Janne 

HellstenιTero Kuosmanen ᵙ PekkaJanisι ᶢ

‟‗ᵙҦ ᴧṵΆ ￼ẁי  

 

A. FFHQ  
 

ἅҪᾠ ҃ ѦᾺ￼Қ ᾭὯ ιFlickr -Faces-HQ

εFFHQζιּי ֫ ꞌ￼ 70,000 Ѧ ᶃӵ ἄ

εᶃ 7ζ  ᾭὯ ᶈẉ ι ῀ᵙᶃӵ ῟Ά ⅝ᵍ҃ץ

CelebA -HQ [29] ῭ᶺ￼ᴪקιẊћ ῶ῭ᶺ￼ ҭ

ᶀιḅ ιᶿ ιẃḒ ᶃӵῗҡ Flickr ⱪ ￼

ε ҡ Ԅ҃ז ￼Ἅῶӭ ζẊ Ḿט ᵙ ׇ  ᴱ

ᾠ ҃ ᴵ ї￼ᶃӵ  ᴿ ט ◒ᵸּ҈זӢׇ᷿ ι

ῳᵅ Mechanical Turk ӹ ἅҪֵ ӱⱡ￼ ӵι ἆנּ

ⱢⱭ  ἅҪṰ ԇṵ҃ᾭὯ χ 

       https://github.com/NVlabs/ffhq-dataset 

 

B. W  
 

ḅ‛ἅҪ ᾭὯ￼֫ṵιỄ῎ῘӉḸẙתᶟ￼Ҧ

ớỄṮιᵼ℅ּוἄᵸỄ ḙѽ ῗἍῶּוἄấ₩Ἡ ѧ

Ѧ ￼Ầᾣớ ⱡ ιҷἍᵕ ιҡἈᾸ￼[40,5]

ἆҨԎҤΆẪ ṇ￼[32] ‾ ѧ ֺ☺ᶈᵇ ӫᵇ҈ᾡ

ᵱẈᶎᶃӵ ιṓ Ѣ᷂҃ Ҏ ￼ᴪק  

ἅҪᴵҨ Ỉ ӆ￼ צּ ӾιἅҪ W ￼ Ọѭ

ᶈ FFHQ ￼ừ֙їι ♇Ҧ

Ẉᶎ εᶃ 8ιư = 0ζ ⱡᵅἅҪᴵҨṄ ḧ w љѧỌ￼

ӭṮ ᾣѭ ιԎѧư <  1  

Brock Қ[5] ḻֹιᴏӔӔּ⃰זҐֱ⃰קιᴱῶ

֫ ᶼ Ẕ ἈᾸιᴏӔјᾡᴪὫ᷂֩ᾭιW

ѧ￼ἈᾸӆѶѼ ᴵ ᶊṪӐ  

 

C.  

 

   ἅҪấ ᶈ Karras Қ￼⃰Ẫ TensorFlow [1] ḫᾼ░

Ẫ GAN ￼ᶢ і[29]ιἅҪ Ἠ҃ᶽ ֫￼ ε

ẕ 3ζ ѦᴝḊ ḾẔ҈ 1 ѧ￼ A ⸗ָῗιἅ

ҪӔּז ᵃ￼ ָᵸ ‗ι֫ ꞌ ԋ￼ṇἥ ᶽṇι

Adam [31] ᴠᾭι 
 
 

3
https://github.com/tkarras/progressive growing of gans 
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http://www.gwylab.com/
https://arxiv.org/pdf/1812.04948.pdf
https://github.com/NVlabs/ffhq-dataset


 

 

 

 

 
www.gwylab.com                   https://arxiv.org/pdf/1812.04948.pdf 

 
 
 
 
 
 
 

 
= 1 = 0:7 = 0:5 = 0 = 0:5 = 1 

ᶃ 8.ἈᾸἩṬӐѭ‾Ẫ⅝ӕ֩ᾭư￼ẽᵠ  ẸἅҪ ư ʐ 0ιἍ

ῶ ḓ ∆ ֹ FFHQ￼ɒᶎӪɓ  Ḿ҈Ἅῶᴩ ￼ ‎

ι Ѧ ῗ ӆ￼ιẊћḾḜ￼ᾀԄӆѶ⇔ јҺṀ Ӏẽ  

Ḿ‾ẪẔּז ᾣιἅҪệֹ Ẕ￼ ᴦἆɒᴦ ɓ  ῶ ￼

ῗιᶈḾ ѳ ￼ᴿ Ṟớιץὐ ♇ι ιẉ ι

ι᷃ᴧ ẙᵙớָ  

 

ᵙּוἄᵸ￼Ὕᾭ ẈᶎӪט ἅҪѭ CelebA-HQ ᵙ FFHQ

ᵏּ҃ז ӵἛӼιӇῗѭ LSUN Ḝ҃זּ Ӕּז 8Ѧ Tesla 

V100 GPU ￼ NVIDIA DGX -1 Ὴ ѭ ᵕ  

      Ḿ҈ἅҪᾡ ￼ᶢ ε 1ѧ￼ BζιἅҪ ҃֡

ӢᾡҨώ ᾯӌ ‛ ἅҪּזᴥ ớ ‾ῲὭѣѦ

ѧ￼ῳ /і/ї ‾ιἅҪ ᶈ⅛Ѧі ‾Ṗѳᵅᵙ⅛

Ѧї ‾Ṗѳּׁזᴵ֫ ￼҇ ҇₭◒└ᵸḾ☼╗ Ӊ

◒└‎ḫ[62]א ἅҪҨљ Karras Қ ᵃ￼ΆẪḫᾼ░

Ẫᶭ [29]ιӇἅҪҡ ￼ᶃӵ јῗ ￼ᶃӵẦḊ Ḿ

҈ FFHQᾭὯ ιἅҪӔּזƛ =  10 ҡ R1ֱ⃰[42]ק֬Ὥֹ

WGAN -GPֹ ᵙὫ᷂[21] ἅҪᴧ҃א R1љWGAN -

GP ⅝ιFID֫ᾭὙ ї ￼Ὴ ệᶺιᵼ℅ἅҪṄ

Ὴ ҡ 12M ᶭֹז 25M ἅҪӔּזљ Karras Қ

ᵃ￼ḙѽꞌ [29]Ḿ҈ FFHQιӇἅҪᴧאṄḙѽꞌ ѭ

0.002 јῗ 0.003εḾ҈ ᵙ ζᴵҨӔ CelebA-

HQ ệ῭Ḅ￼ ḧớ  

      Ḿ҈ἅҪᶢ҈‾Ẫ￼ּוἄᵸε 1ѧ￼ FζιἅҪӔּז

Leaky ReLU [39]ᵙƙ = 0 .2ҨᴣἍῶṖ￼ᶎ ḙѽꞌ[29]

ἅҪᶈᴒ ṖѧӔּזљ Karras Қ ᵃ￼⸗ềῑṃ ᾭ 

[29] ἅҪ￼ῑṃ יּ 8ѦḢԅ ὶṖ ἄιἍῶ Ԅᵙ

֧☼╗￼ ẙ - ὐץ  zᵙ w  - ῗ 512 ἅҪᴧאᶈ ḙ

ѽꞌїᶭזῑṃ ￼▄ẙỀỀҺӔ ј ḧ ᵼ℅ιἅ

ҪṄῑṃ ￼ḙѽ ꞌ Ӊ҃ѣѦᾭ ιᴏ

ἅҪӔּז Nε0ι1ζִḊקᴒ ιḢԅ ὶᵙұṃᴪὭṖ

￼Ἅῶ  ӭṮᵙᵹᶲ ᾣᵼḒִḊקѭ ι ҃љἅҪ

ִḊקѭ 1￼ y ԋ￼ӭṮ  

FID                                    Path Length  

 

ᶃ 9.Ӕּז FFHQᾭὯ ᶈἅҪ￼ Bᵙ Fѧ ѧ￼ FIDᵙ

ỵ Ể ẙὝ‰ ₪ ָᵸἍ ֹ￼ ᶃӵ￼ᾭ  

8.4M ắᶃӵ￼ ᶘ ‰Ố ṝֹḢԅ ֫ ꞌῊ

￼♇  ᶈᴸ ιἅҪᴱῘ ҽ ἄᵸוּ Ể ẙ╜ ￼ ‍Ύ ι

ᵼѭ Zѧ￼ԅ Ểᵙ ♇ ‾ѳ ≡ῶ῎Ῐ￼Ṯầε4.1 ζ  

 

ἅҪ￼ᴵ֫ớẙ ε 4.2 ζӔּז￼֫ ᵸљἅҪ￼

ָᵸԏῶ ᵃ￼ӌ ‗ιᴏ ṇἥ҃זּ ‰֝ӭṮ[29]  

ἅҪӔּז ￼ḙѽꞌι8 ￼ṇἥ ᶽṇιAdam Ҹקᵸι

Ҩᴣ 150,000 ắᶃӵ￼ ẙ  ֫ ᵸ꜠ ἄᵸוּ҈

ιẊћ ᵃ￼ 40 Ѧ֫ ᵸε⅛Ѧ CelebA Ṟớ Ѧζ

╜҈זּ Ἅῶּוἄᵸ￼ᴵ֫ớẙ  ἅҪṄᴧṵ ￼

֫ ᵸ ιҨӝἅҪ￼╜ ᴵҨԜא  

ἅҪ￼ ѧјӔּזἥ ặ ι[28]ק ├ι[43]קֱ⃰

Ỵ[61]ֺ דιDropout [57]ἆӵ ⸗ềᵇ ặ [29]ק  

 

D.  

 

ᶃ 9 Ῐ ҃ᶈӔּז FFHQ ᾭὯ B ᵙ F ῼ

FID ᵙỵ Ể ẙẙ ḅӍ◗ᴪ  R1 ᶈѣקֱ⃰

ѧ ῶᾦι ￼ ιFID ỹї ι☼כἅҪ

ὍṄ Ὴ ҡ 12M ᶃӵᶭֹז 25M ᶃӵ  ᴏӔ

ֹ҃ ֫ ꞌι ỹі״￼ Ể ẙѼ ῎ FID￼ᾡ

ῗҨ῭ ￼ ѭҦҮ￼  ֹ῾‎￼ṪӐι ῗ

Ѧῶ ￼ ι ῗᵋῗјᴵ ԁ￼ιἆ ῗᵋῶᴵ ᶈ

јẽᵠ FIDᾠᾩ￼ừ֙ї ῭כ ￼ Ể ẙ  

 
9 

http://www.gwylab.com/
https://arxiv.org/pdf/1812.04948.pdf





