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ἅҪώ֧҃ ῶᾦ￼ │ιṄ ḧ￼ᶃӵṧԄֹ

StyleGAN ￼☺ᶈ ѧ ṧԄӔ Ѳᶃӵ ᾛӐᴵ

Ẕּא҈זῶⱢⱭ Ҩᶈ FFHQ ᾭὯ іᴩ ￼

StyleGAN ѭӕιἅҪῘ ҃ᶃӵᴪὭι‾Ẫ ᵙ

￼ ‛ ṧԄ │￼ ‛ᴵѭ StyleGAN ☺ᶈ ￼

‗ώӗῶҮӪ￼ ἅҪώ֧҃ ḫ ‎╜ ᴵҨṧ

ԄᵤҎ ָ￼ᶃӵιḅӍṧԄᶃӵι ᵀṧԄ￼☺ᶈ Ҩ

ᴣṧԄῗᵋᶈ ѲіῶỴѲ  

 
 

1.  
 
ἄḾἰוּ εGANζ ẂἄוᶊẔּ҈זᴿ  

Ẕּזѧιӕḅ ᵀἄ[20ת 37 31]ι ἄ[35וּ

34]ιᶃӵֹᶃӵ Ὥ[11 40 1 27]ᵙḾ ₅╜[21 ]  

ᶈ ᴞ￼֡ẉѧιּי GAN ᵀἄ￼ᶃӵ ώ љ

2015 ẉ￼Ầֳớ DCGAN ⁭‟[28] ⅝ιẸׁῳӾ ￼

GAN [14 3 15 40 41]ᴵҨҨ῭ ￼֫ ꞌ ᵀ

ἄιẊғּז῭ו ￼ᶃӵ ԎѧιStyleGAN [15] ҃זַּ

Ѧѧ ￼ W ☺ᶈ ι ῶῺḫא Ҏᴵί￼ᶃӵ

Ӣᾡ ἅҪ ӡιẸᴵҨӢᾡ ḧ￼ᶃӵ јῗ ￼ἄוּ 

GAN ᶃӵῊιᶃӵӢᾡ￼ΆẪҺ῭זҧҚԌ ṏẬ֧

҃ ιᴏῗᵋᴵҨṄ ḧ￼ⱢⱭṧԄ GAN ￼☺ᶈ  

ѭ҃ ֘ Ѧ ιἅҪ‗ấ҃ ѦṧԄ │ιᴵҨᶈ

FFHQᾭὯ і Ӿ ￼ StyleGAN ☺ᶈ ѧῑṃ ḧ

ᶃӵ I ἅҪ￼ ѳ ῗιẸӔּזἛṝ￼☺ᶈ

W+Ὴι ￼ StyleGAN ק┌￼ ҺᶽᶽᶭẶεד ᴠ

3.3 ζ ᵼ℅ιҧҚỬ ￼ῗιἅҪ￼ṧԄ │ 

 

 

јҝᴵҨṧԄҚ ᶃӵι ћ ᴵҨἄוṧԄ‎ јᵃ

ָ￼ ᶃӵ  ᵼ℅ιἅҪṄ ḾṧԄ ק

֫‘‎ ἅҪ￼ ιҨ‬ ṧԄῗᵋᶈ ѲіῶỴ

Ѳ  ѭ℅ιἅҪấ Ḿ☺ᶈ ѧ￼ᵇ ӔּזѕѦᶢ 

χ ớᾀӪιҐᴢҨᴣ▌זᵇ ᵙ⅝ӕṮᵇ  

ҎᾛӐḾẔ҈ѕѦ ѲᶃӵᶴתẔּז ẑχᶃӵᴪὭι

‾Ẫ ᵙ  ‛ιἅҪḾ☺ᶈ ￼ ‗ῶ

҃῭▄Ԅ￼҃ ιẊћᴵҨ ֘ѭӍῂ│ṧԄ ᶃ

ӵḫӕεӕḅ∩ ζ￼ ᵽ  

 

   ἅҪ￼ Ꞌץὐχ 
 

ɓ   ῶᾦ￼ṧԄ │ιᴵҨṄ ḧᶃӵῑṃֹ Ӿ

￼ StyleGAN ￼Ἓṝ☺ W+ѧ  
 

ɓ   ἅҪ ҃ᶺѦ ιҨ▄Ԅ҃ StyleGAN ☺ᶈ

￼ ‗ιӕḅχᴵҨṧԄᵤ ᶚ￼ᶃӵό ᴵҨ

ṧԄᵤ ᶚ￼ ḓό ᴵҨӔּזᵤҎ☺ᶈ ṧ

Ԅό 
 

ɓ   ἅҪấ Ḿᵇ ӔּזѕѦᶢ  ‎ ṧԄ￼

‛ιἅҪᴵҨ῭Ḅᶊ҃ ☺ᶈ ҨᴣḅӍṧԄ

јᵃ ָ￼ᶃӵ ӐѭאғᵝιἅҪᶈᶺ Қ ᶃӵ

Ẕּז ẑεץὐᶃӵᴪὭι‾Ẫ ᵙ ừ ζі

ᶎ ệ֧҃ ￼ ‛  

 

2.  
 

GAN   ҡ Goodfellow Қ￼ẦֳớṪӐ[8]Ầ

Ḋ ᶈ 2014 ẉιᾯѦ   ᶈת ᴞ֡ẉѧ ҃

GAN ￼ồ ᾡ Ḿ҈ᶃӵּוἄүחιDCGAN [28]ῗ

Ѧ ι ḧ҃ GAN ӌ ‗Ӑѭԅᴒ ￼

ᶢ ҡ Ὴ ιἅҪ ҃ᴿ  דך

 
1 
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ᶃ 1χ χ Ԅᶃӵ  ῳї χṄᶃӵṧԄֹ StyleGAN ☺ᶈ ѧ￼ ‛  
 

ҡјᵃΆ ᾡᵱ GAN ￼ớ Ὣ᷂֩ᾭ[23ι2]ιֱ⃰קἆ

ᵙӌ[9ι25]ק ‟‗[9] Ӈῗιּ҈י ￼ד ֺᵙ

ᾭὯ￼ј ι ҎӐᵝᴱ Ӕּזѭ֫ / ָү

ח ᾠ ￼Ӊ֫ ꞌᵙ ᾭὯ ╜ ѭ҃ ֘ Ѧ

ιKarras Қᾠ ҃ Ѧ ￼Қ ᾭὯ

CelebA-HQιẊώ֧҃ ░ Ẫ ‎צּ GAN

֫ ꞌᶃӵּוἄү[14]ח ҤҪ￼ ProGAN ῗ Ѧ

ᴵҨҨ 1024Ö1024 ֫ ꞌּוἄ ￼Қ ￼ GAN Ӈ

ῗιҡᶶ ᾭὯ εӕḅ ImageNet ζּוἄ ᶃӵҠⱡ

ῗ Ѧὠἇ ѭ℅ιBrock ώ֧҃ BigGANιẊ ѭ

GAN ￼ ҡᶽἥ₭ּוἄѧῘ ᴩ [3] ҤҪ￼ BigGAN

ᴵҨּוἄ ￼‾ ᵙẈ◌ᾀӪιћ јᵃ￼ ָ ῳ

ιKarras ᾠ ҃῭ᶺ‾קᵙ῭ ￼Қ ᾭὯ

FFHQιẊώ֧҃ Ὰ￼ּוἄᵸӌ ‗ιԎ♄ỵ‎

‾Ẫ ￼ỳ│[10]ι ℓώ ҃ GAN ᶈҚ ἄוּ

үחі￼ớ [15] ⱡ ιּ҈י ￼ᴵ ớј

ѷḾᶃӵӢᾡ￼ίֺҠⱡῗ Ѧ῾ ֘￼ ᶈ ᾰ

ѧιἅҪ ṄּזἋὝḧ￼ᶃӵṧԄֹ GAN ☺ᶈ ѧ‎

֘ᴵ ớ ι ὸ ҃ ᶺ☺ᶈẔּז￼ וּ  

 

▄ᶇ Ṧԃ  Ẃιḕᶈѣ Ṅḫӕҡᶃӵ ṧԄ

ֹ☺ᶈ ￼Ά│χiζḙѽṄ ḧᶃӵῑṃֹ☺ᶈ ￼

ᵸεӕḅιᴪ֫ ט ᵸ[16]ζ ; 

 

iiζ Ὅ Ѧ  ￼ִḊ☺ᶈ ιẊӔּ₃זẙї │Ḿ

Ԏ Ҹק[39ι4] ᶈḜҪѳ ι Ά│ Ἒ

ᵸ ￼ׁᵇҽ ιώӗ҃ᶃӵṧԄ￼ồ ֘

Ά⁮ ӇῗιḜ Ẃḕᶈ ֧ ᾭὯ ᶀ￼ Ẃ

ᶈ ᾰѧιἅҪ֘ḧҨ ҇ Ά│ѭᶢ ιҨώӗ῭

זּ ῭ ḧ￼ ֘Ά⁮ ӐѭᵃῊẦᴧ￼ṪӐιGithub ḕ

Ӵẓі stylegan -encoder [26] Ѽ ῎҃ᶢ҈Ҹק￼Ά│ᴵ

ҨṧԄ Ẃ ￼  

 

Ỗּרὄ᷁ᵘ‒ẩ Ὀ  ҽ іιӔּז L1ἆ L2Ὣ᷂֩ᾭᶈ

ӵ ѧ╜ ѣѦᶃӵѳ ￼Ӊ ӆớ ᶈ ᴞ￼֡ẉ

ѧιᴩᶶ ᶃӵ֫ [18ι22]ἄו￼ᵏᴧιGatys Қ [7ι

6] ḻֹ VGG ᶃӵ֫ ₩ᶚ[22]ḙѽ֧￼◒└ᵸῗ֧ ￼

ềώᴨᵸιẊấ⸗זּ Ӕּזώᴨ⸗ề￼ᴃΆṮ ‎╜

ᶃӵѳ ￼ ӆớỵ ιⱡᵅṄԎ Ӑỵ Ὣ᷂

[12ι5] ѭ҃ ῎ҤҪ￼Ά│￼ḍדιҤҪᶈ‾Ẫ Ά

Ῐ ҃ҧҚ ￼ ‛[6]  

ԏӌ‎ ιҤҪ ѭ VGG ￼јᵃṖҨјᵃ￼⅝

ӕώᴨᶃӵ⸗ềιẊћᴵҨ֫ѭԓḳᵙ‾Ẫ  

ѭ҃ז ִḊ │ιJohnson Қ[12]ώ֧҃

‎ ֘[6]￼Ҹק ￼Ά│ι ᴵҨṄ ḧ

ᶃӵ￼‾ẪḫῊ ὭѭүӍԎҤᶃӵ ҤҪΆ│￼ᵪ ṕ

ớῗҤҪ ѭјᵃ‾Ẫ￼ᶃӵ ᴅ꜠￼ ῳᵅ

Huang ᵙ Belongie[10] Ẕḫӕặ ק ֘҃ Ѧ
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‛ῗιҤҪᴵҨḫῊҽ үỴ‾Ẫ  

 

3. StyleGAN

 
 

ἅҪ ἐ ῗᵋᴵҨṄᶃӵṧԄ StyleGAN ☺ᶈ

￼ Ѧ Ẋ ỉј ιᵼѭἅҪῳִṄ ḓҨᴣ

ᶈԎḜ GAN і ṧԄḫ ￼ ‛ῗι ḓјԜԏᶵᴵ

ָớ ҈יּ FFHQ ᾭὯ ᶈᶺ‾ớі￼ᾡ ᵙ StyleGAN

‟‗￼ ἄᵝוּ ιҚҪ ᾺṸῺṄאῶᶃӵṧԄ☺ᶈ

￼үחἄѭᴵ  
 

3.1   
 

ѭ҃╜ ἅҪ￼Ά│ιἅҪᾠ ҃ Ѧṇ ₩￼ᾭὯ

ιԎѧץᵍ 25 јᵃ￼ᶃӵι 5 Ѧ ָεᴏ ι

ιꜟι∩ ᵙ ζנּ ᾭὯ ￼ ӡỤῘ ᶈ Ӽ ᾳ

ѧ ἅҪӔּז StyleGAN [15] ώӗ￼Ҧ ḾҚ ᶃӵ

ᶴת ὐץ ֹ֝Ԑᶚ￼ ӈ  

ѭ҃῭Ḅᶊ҃ ☺ᶈ ￼ ‗ᵙṞớι ᶽ ᶃӵ

￼ṧԄῗῶ ￼ ἅҪ Ὅ ιꜟᵙ ￼נּ ḓιᵼѭḜ

ҪљҚ ԏῶ ᵃ￼ᾯӌ ‗ιӇῗὼ ΆẪᴐἈⱡјᵃ

Ὅ∩ ῗᵼѭḜҪљ ḓ≡ῶ ‗ ӆớ  

ᶃ 1 Ῐ ҃ṧԄ ‛ιԎѧץᵍ⅛Ѧ‾  ָѧᾠ ֹ

￼╜ ᾭὯ ѧ￼ Ѧ ӕ ᴵҨ ֧ιṧԄ￼Ḁṱ ḓ

ԏῶỄ ￼ỵ ιᴵҨ ḫᶊᶶֺ Ԅԓḳ ӇῗιẔ

├Ỵ￼ῗιṧԄ￼ ỉӿ◌ι≡ῶצּ ỉ￼  

ῶ ￼ῗιᶈҚ ѳᶹιἅҪᴧאṓ StyleGAN ἄוּ

ᵸῗᶈҚ ᾭὯ і ￼ιӇṧԄ │Ҡ ᶼ

Қ ḅᶃ 1 Ἅ ιṓ ⅝Қ ỉṮ ♇ιӇἅҪᴵҨ

ệᵀתћ Ḿ ￼ ιꜟιּה ῗ ∩ᵙנּ ￼ṧԄ

ⱶ ᾂ ҃ │￼ῶᾦṧԄ └◒￼ἄᵸḙѽֹוҨᴣּד

ᵸ￼┌קớ  

ᴰ Ѧῶ ￼ ῗ ￼☺ᶈ ￼ ḅӍẽᵠ

ṧԄ ѭ҃ Ҏ╜ ιἅҪ Ӕּ҃ז ∩ ι ι... 

ḅ Ӽ ᾳἍ ι Ҏ ‛￼ ῎Ῐ Ӊ  
 

3.2   
 

ұṃᴪὭḅᶃ 2 ᵙ 1 Ἅ ιStyleGAN ṧԄ￼ớ

Ẃᾧỵ 

 

 

1χ Ὥᶃӵ￼ṧԄ ‛  L ῗҸקᵅ￼Ὣ᷂ε Ẫ 1ζ  

ῗ☺ ᵙẈᶎҚ [15]￼ ε 5.1 ζѳ ￼

 

 
 

ᶈұṃᴪὭεẈ ι ᾯᶽṇᵙ᾿ ζῊ ԎѧιẈ ӆѶ

ớ ῳṮιᵼѭḜᴵ ғּוῂᾦ￼ ṧԄᾦ‛ Ḿ҈ ᾯ

ᶽṇᵙ᾿ ι ‛Ҡῗῶᾦ￼ ӇῗιḜҪ₩ ј▐ι

Ѣ᷂҃ ᶺ ι Ҏ Ҡⱡ⅝Ẃ ṧԄ῭ ҡ Ҏ

ḻѧιἅҪ ѭ GAN ק┌￼ ḾұṃᴪὭỄᾧỵιד Ỵ

ᵖ ḙѽֹ￼ ᶈ ḧ ẙіҠљᶽṇᵙӈ ῶԋ  

Ṧԃῑ ᶂӴ  ḅᶃײַ 3Ἅ ιStyleGAN ￼ṧԄớ

Ḿ҈ᶃӵѧ￼ ԏῶẶᶽ￼ ₈ớ ᴵҨ ḻֹιјᵃ

⸗ề￼ṧԄế℅꜠ ӕḅι Ầ ḒјҺḾ ᵙᵷṱ

￼ṧԄғּו῎Ῐẽᵠ Ά ι א Ḿ҈ ￼ᶃӵ

Ẕּז ẑῗῶ ￼ ᴰ Ά ιḜ ῎☺ᶈ јҺ Ӕ

ṧԄ￼ᶃӵἄѭḢᾯ￼ ḓιᴏḜјҺӢ Ѣ᷂￼ӡỤ  
 

3.3   
 

StyleGAN [15] ѧῶᶺѦ☺ᶈ ᴵּ҈זṧԄ ѣѦ῎Ῐ

￼ӧ ῗִḊ☺ Z ᵙѧ ☺ W ӔḜҪ

8 ṖḢԅ ὶ￼ ιҡ 512 ᵇ ệ

512 ᵇ ḾἅҪṪӐ￼ ת ῗιṄԎ

ὶṧԄ W ἆ Z ῗјḳ῏￼ ᵼ℅ιἅҪấ ṄԎṧԄἛṝ

￼☺ᶈ W+ѧ  W+ῗ 18 Ѧјᵃ￼ 512 W ￼

ѩ ι⅛Ѧ StyleGAN ӌ ‗￼ ṖᴵҨ AdaIn ὶ

ᾠ Ԅ ḅᶃ 5εcζεdζἍ ι ὶṧԄ W јҺғּוᵀ

￼ת ‛ ᴰ Ѧῶ ￼ ῗιḙѽֹ￼   Ḿ҈

‛ῶᶺ ἅҪ ᶃ 5￼εbζεeζῘ ṧԄ 
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(a) (b) (c) (d) (e) (f) (g) 
 

ᶃ 2χ χ Ԅᶃӵ  ῳї χṧԄ￼ ‛  εaζ‰֝ṧԄ ‛  εbζᵇᴸẈ 140 ӵ  εcζᵇṫẈ 160 ӵ  εdζ

ṇ 2Ӥ  εeζᾣᶽ 2Ӥ  εfζ90 ẙ᾿  εgζ180 ᾿  
 
 
 
 
 
 
 
 
 
 
 

 

ᶃ 3χḾ ᶃӵṧԄ￼ᴙד╜ ‛  χ Ԅᶃӵ  ῳї

χṧԄ￼ ‛  

 

ᴱ Ӕּז    ִḊקᴏᴵ  
 

4.  
 

ἅҪώ֧҃ѕѦ╜ ‎ ӂṧԄῗᵋᶈ ѲіῶỴѲ  

Ҏ╜ ѧ￼⅛ Ѧ ᴵҨ Ḿᵇ ￼ ᴅ☺ᶈ

ᾛ ‎ ιẊћ Ҏ╜ ḾẔ҈   ᵙ  ᶃẻ

ḙѧ￼ Ѳᶃӵ Ẕּז ẑχᶃӵᴪὭι ҽ ᵙ‾Ẫ

ҽ ḅ‛ῳ ￼ᾛӐғּ҃ו ￼ᶃӵιἅҪ ѭ╜

ἄו  
 

4.1   
 

ᶃӵᴪὭῗ  ᶃẻḙᵙ   ᶟ￼ ῼ

ιӕḅ [36ι29ι30ι32ι38ι17]ζ ḧѣѦԏῶ

ᴿ ☺ w1 ᵙ w2 ￼ṧԄᶃӵι ớᾀӪ ᴪ

Ὥχ ιҨᴣ ᵅӔּזᾺ w

ἄᶃӵוּ ḅᶃ 4 Ἅ ιἅҪ￼Ά│ᶈҚ ᶃӵѳ ε

1,2,3ζּוἄ ￼ᴪὭιӇᶈ ԓε 4ζᵙ ε

5ζᴪὭѧ￼ Қ ᶃӵіᶎ᷂   

 

 

 
 

 

 
 

 
 
 
 
 

 

 

 
 

ᶃ 4χᶈѣѦṧԄẪᶃӵεῳṫӚᵙῳᴸӚ￼ᶃӵζѳ ᴪὭ  
 
 

 

ῶ ￼ῗιᴵҨ ḻֹᶈ ᴪὭ￼ѧ ᶃӵѧḕᶈҚ

Ảι ῎ StyleGAN ￼☺ᶈ ‗њּ҈זҚ  ᵼ

℅ιἅҪὸ╜ ᶃӵḫ іῗ ҨїΆẪṧԄ￼  

ᴏῳִ￼ᶃṖҺֳấ Ѧ ӆҚ ￼ ‗ιӇ ᵅ￼ᶃṖҺ

ᶈ℅ ‗і ιᵼ℅јԜᴵנּ ָ ṓ ḾᴪὭ  ￼ẍ┌

֧҃ ᾰ￼ ᶀιӇἅҪ ѭ ᴪὭ ‛ ẂḄι

Ẋћᴵ Һ῭Ḅ 
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(a) (b) (c) (d) (e) (f) (g) 
 

ᶃ 5χεaζᴝḊᶃӵ  Ṅ ‛ṧԄᴝḊ Wχεbζᶈ ṖѧӔּז    ψεcζ w ִḊקψ εdζ  ִḊק  Ṅ ‛ṧԄ

W+ χεeζᶈ ṖѧӔּז    ψ εfζּז w ִḊקψ εgζԏῶ  ִḊק  

 
 

⅝҈ ׁ￼ῳᾺ↨Ẉ ἅҪṄ פּ‬ Ҩᵅ￼Ṫ

Ӑ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ᶃ 6χ ֯χ‾Ẫᶃӵψ  ҇֯χӔּז‎ VGG-16 ￼ 

conv4 _2Ṗ￼‾ẪὫ᷂ṧԄ￼ ᶃӵψ ѕק⁪ Ԉ֯χ Ṅ

ṧԄ￼‾ẪᶃӵῲὭѭᶢ ᶃӵ￼ῳᵅ 9 Ṗ￼☺ᶈ ‎ ‾Ẫ

Ὥ  
 
 

4.2   
 

ḧѣѦ☺ᶈ w1 ᵙ w2ι‾Ẫ ὭּיҐᴢᾛӐ[15]

ἄ  ἅҪῘ ҃ṧԄẪ ᶃӵљԎҤק⁪ ᶃӵѳ

￼‾Ẫ Ὥ ‛εᶃ 6ζҨᴣјᵃ ָ￼ṧԄẪᶃӵѳ ￼

‾Ẫ Ὥ ‛εᶃ 8ζ  

῭ԏӌᶊ ιᶈᶃ 8ѧιἅҪӠּ҃פ☺ᶈ  

 
 

ׁ 9 ṖεḾẔ҈ ֫ ꞌ - ζ￼ṧԄԓḳᶃӵιẊ

ᵅזּ 9 ṖεḾẔ҈ ֫ ꞌ - ζ￼‾Ẫᶃӵ

☺ ἅҪ￼Ά│ ᶼҽ Ӊ ⸗ềεӕḅ ᵙ ζιת

Ӈј ḫᶊ ἴ ᶃӵ￼ԓḳ ‗εᶃ 8 ҇֯ζι

ṎԎῗ ᶃⱭіנּ א ῎ιStyleGAN ᵙק┌￼

ᴵ῭ד ᶈљפּ ֫ ꞌ ḾẔ￼‾ẪṖѧ  

 

4.3  

 

ḧѕѦ Ԅᵇ ι ι ιṄ Ẫҽ

ѭ ιԎѧ ῗ ‰ᶃӵ￼

☺ ι ḾẔ҈◊ᶃӵ￼ѧớ Ẫι ḾẔ҈῭꜠⸗

￼ Ẫ ӕḅι ᴵҨḾẔ҈ᵃ ѦҚ￼ ι

ᴵҨḾẔ҈ᵃ ѦҚ￼ῂ ừ￼ ѭ҃╦ ᵹᶲεӕḅ

῟ᵹᶲζιἅҪᵏᴧẪᶊᶈṮ֫☺ ￼ L2 ᾭі

҃ Ѧї ӪιӉ҈℅ ӪῊι Ṅ ᵇ ῲҦ

Ḿ҈і ḫ ι Ӫ￼ ḧӪѭ 1 ἅҪḾἍệᵇ ặ

ιҨίֺק Ẫᶈ⸗ḧΆᵇі￼Ặẙ ‾￼Ҧ Ḿ

꜠ ҈◊Ҧ ιᴵּ҈זҽ Ẫεᶃ 7ζ ἅҪ ӡ Ҏ 
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ᶃ 7χ ￼ ‛  Ῐ ҃‎ IMPA -FACES3D [24]ᾭὯ ￼ᴠ ᶃӵ ᶈҨїᴿ ѧι⅛Ѧ ӕѧ￼ѧ ᶃӵ ῗṧԄᶃ

ӵιԎ ָ֫ ░ ֹᴠ ẪεᶈᴸӚζᵙ ᴦΆᵇεᶈṫӚζ Ӽ ᾳѧץᵍ῭ᶺ ‛  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ᶃ 8χṧԄẪ‾Ẫᶃӵε ֯ζᵙṧԄẪԓḳᶃӵε ζѳ

￼‾Ẫ Ὥ  
 

 

‛ѼԏῶỄ ￼ Ӽ ᾳᵙ ￼ ѧ

ώӗ҃ ז ‛  

 

5.  
 

ἅҪ￼Ά│ Ỉ ᴅ￼Ҹ[4]‟⁭קιṄ ḧ￼ᶃӵṧԄ

ֹ ἄᵸ￼╙ẻіוּ ҡᵀ ￼ִḊק w ẦḊιἅҪ

ᾆ Ҹק￼ᵇ ι ᵇ Ӕ╜ ḧᶃӵљҡ w ￼ἄוּ

ᶃӵѳ ￼ ӆớ￼Ὣ᷂֩ᾭῳṇק │ 1 Ῐ ҃ἅҪΆ

│￼ӀҦ ṪӐ￼ Ѧῶ ￼Ά ῗιẊ Ἅῶ￼

Ὅ ᴵҨғּו Ḅ￼ ‛ιẊћḾ Ὅ ᴵ

ҨѭṧԄώӗ῭ᶺ￼  
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2χ☺ᶈ ִḊק￼ │ Ὅיּת  w Init ☺ᶈ w ￼

ִḊקΆ│  L ῗҸקᵅ￼Ὣ᷂ẈᶎӪε Ẫ 1ζ ῗ☺

ᵙẈᶎҚ [15]￼ ѳ ￼  

 
 

5.1.  
 

ἅҪ ִḊק￼ѣѦ Ὅ ῗ  ִḊק

ᶈ ừ֙їι⅛Ѧᴪ ᶎ꜠ ҈ᶎ֫פṵ U[-1,1] ҇

Ὅῗּי ḻệ֧￼ιᴏֹẈᶎ☺ ￼ ᴵҨּז

‎ ָӉ ￼Қ [15] ᵼ℅ιἅҪấ Ӕּז ӐѭִḊ

ᾠᾩֹ῭ὶקιẊῼῺҸק ￼ᵇ  

ѭ҃ ӂ ѣѦ ὍιἅҪ⅝ ҃Ὣ᷂ӪᵙҸקᵅ

￼☺ᶈ љ ѳ ￼ ḅ 2 Ἅ ιִḊ

Қק ᶃӵṧԄ￼ w = јҝӔҸק￼ ῭ὶ ι

ћḫ҃אӉệᶺ￼Ὣ᷂Ӫ ӇῗιḾ҈ԎҤ ָ￼ᶃӵεӕ

ḅꜟζι  ִḊק ῎ῗ῭Ḅ￼ Ὅ іι א

῎ ֫ṵҝԏῶ Ѧ ιԎҤḫӕεӕḅꜟι ζῗ

ᶀ ￼֫ᾫ♇ι≡ῶ῎Ῐ￼₩Ẫ ḧớ ‛ḅᶃ 5εfζ

εgζἍ  

 

5.2   
 

ѭ҃ᶈҸקῼ ╜ ԄᶃӵᵙṧԄᶃӵѳ ￼ ӆ

ớιἅҪ Ὣ᷂֩ᾭι҃זּ ֩ᾭῗ VGG-16 ỵ Ὣ᷂[12]

ᵙ ӵ MSEὫ᷂￼ז  ᵀχ 

 

Ԏѧ ῗ ԄᶃӵιG(¶)ῗ ἄᵸιוּ

N ῗᶃӵѧ‰ ￼ᾭ εᴏ N = n ÖnÖ3ζιw ῗ Ҹק￼

☺ ι 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

ᶃ 9χὫ᷂֩ᾭ￼ │ ὍӘὯ ⅛ ָ֫Ῐ ╜ ᾭὯ ѧҋѦ

јᵃ ָ￼ᶃӵ ‛ ҡṫֹᴸι⅛ ֯Ῐ χε1ζᴝḊᶃӵψ 

ε2ζҝ ӵ MSEὫ᷂ψε3ζҝᶈ VGG-16 conv3 _2Ṗі￼ỵ

Ὣ᷂ψε4ζ ӵ MSE ᵙ VGG-16conv3 _2 Ὣ᷂ψε5ζҝỵ

Ὣ᷂ε Ẫ 2ζψε6ζἅҪ￼Ὣ᷂֩ᾭε Ẫ 1ζ  Ӽ ᾳ

ѧץᵍ῭ᶺ ‛  

 

֣ ᴵ ệ  = 1 Ҩᴨệ Ḅ￼ớ Ḿ҈ Ẫ 1ѧ

￼ỵ Ὣ᷂  (¶)ιἅҪӔּזχ 

 

Ԏѧ ῗ Ԅᶃӵι ῗ VGG-16 Ṗ

conv1 _1ιconv1 _2ιconv3 _2 ᵙ conv4 _2 ￼⸗ề ֧ι

ῗ jṖ ֧ѧ￼‰ ᾭ ι = 1 Ḿ҈Ἅῶ j ῗ⁞Ὧ

ệ￼ιԏῶ Ḅ￼ớ  

ἅҪḾỵ Ὣ᷂ҨᴣὟӵ ΆẪ￼ MSE Ὣ᷂￼ Ὅ‎

Ҩї҆ḫχҝὟӵ ΆẪ￼ MSE Ὣ᷂ῂ│ἧֹ ￼ṧ

Ԅ ᵼ℅ιỵ Ὣ᷂ӼẸ• ☺ẬṀֹקᵸιҨṄҸקֱ⃰

ᶈ ￼⃰ ᶟת  

ἅҪ ╦ Ҩ ῎ἅҪᶈ Ẫ 1 ѧ ὍὫ᷂֩ᾭ

￼ᵀתớ ḅᶃ 9 Ἅ ιҝӔּזӵ MSE Ὣ᷂ ε 2

֯ζᴵҨỄḄᶊṧԄ ιӇῂ│ὪὨ ᶃӵ￼⸗

ề ℅ᶹιḜԏῶẈ◌ᾦ‛ιᴏӔḾ҈Қ ѼјҺӠּפ

ῶ ￼ῗιּ҈יӵ MSE Ὣ᷂ᶈӵ ѧ Ӑּז

Ẋổּצ 
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ᶃ 10χὫ᷂ӪљҸקℓ ᾭ￼ԋ  

 
 
 

⸗ề ￼ṮầιԎᶈ Қ ᶃӵεӕḅ∩ ᵙ ￼ζіנּ

ṧԄ ‛ ҈ Ӿ ￼ Style-GAN [ 15]￼ẈᶎҚ  

Ѧ ╜ ⸗ề ѧᶃӵ ӆớ￼ỵ Ὣ᷂ε 3

5 ֯ζ ֘ חἅҪ￼ṧԄү҈יּ ∂ṧԄẪᶃӵᶈἍῶ⅝

ӕїᶎὶ Ԅιᵼ℅ἅҪᴧאιљҝӔּזᴅѦᶃṖε 3

֯ζש VGG-16 ε 5 ֯ζ￼ᶺṖ⸗ề ⅝ιᾦ‛

῭Ḅ  ℓӞӔἅҪṄӵ ΆẪ￼ MSEὫ᷂љỵ Ὣ

᷂ε 4 6 ֯ζ ᵀ ‎ιᵼѭӵ ΆẪ￼ MSE Ὣ᷂ᴵ

Ҩ Ӑῗӵ ￼ῳӉ↨Ẉ￼ỵ Ὣ᷂  ᶃ 9 ￼ 6 ֯Ῐ

҃ἅҪῳ Ὅεӵ MSE +ᶺṖỵ Ὣ᷂ζ￼ṧԄ

‛ι ‛ᶈјᵃ │ Ὅѧᶎ ệ҃ῳӓớ  

 

5.3   
 

ᶈἍῶḫ ѧιἅҪӔּז Adam Ҹקᵸ￼ḙѽꞌѭ

0.01,  = 0 .9, = 0 .999 ᵙ  ἅҪӔּז

5000 Ѧ₃ẙї ℓ Ҹקιᶈ 32GB Nvidia TITAN 

V100 GPUі⅛Ѧᶃӵ ￼Ὴ јֹ 7֫  

ѭ҃ ῎ Ὅ 5000 ѦҸקℓ ￼ᵀתớιἅҪ ‬҃Ὣ

᷂֩ᾭ Ҧ₭ᾭ￼ᴪק ḅᶃ 10 Ἅ ιҚ ᶃӵ￼Ὣ᷂

Ӫї ῳồιẊᶈ 1000 ѦҸקℓ ᾠᾩ ιꜟᵙ∩

￼ᶃӵᶈ 3000 ѦҸקℓ ѧ ỹᾠᾩψ ᶃӵ￼ᾠנּ

ᾩΎ ῳỹι 5000 ѦҸקℓ  ἅҪ ὍᶈἍῶḫ ѧ

Ḿ 5000 ℓҸקὫ᷂֩ᾭ  

 
 
 
 
 

 

ᶃ 11χ ҦṧԄ￼ᴙד╜ ‛ ῳṫӚ￼֯Ῐ ᴝḊᶃӵι ᵅ

￼֯ῗ ҦṧԄ￼ ‛  
 
 

ҥṦԃ  ἅҪ╜ ҃ Ά│ᶈ ҦṧԄѧ￼ ₈ớι

ᴏἅҪṄṧԄ ‛ӐѭᾺ￼ Ԅᶃӵ ҦιⱡᵅԜ₭

ṧԄ ℅ ᶶѓ₭ ḅᶃ 11 Ἅ ιṓ ᴵҨӠ

Ԅᶃӵᶈ ₭ṧԄѳᵅṏḕᶈ҈₩ᶚ֫ṵѧιӇῗἍώ֧

￼Ά│￼ớ ҦṧԄ￼ᾭ ỹ εѢ᷂῭ᶺק

ζ א ￼ᴝᵼᴵ ῗἍ Ά│ᶈṕקҸ￼זּ ῳҸ

ᵕᶀᾠᾩ ỹ Ḿ҈Қ Ҩᶹ￼ṧԄι  ִḊ☺ᶈ Ѽ

ᴵ ῗ ￼ᵼ Ở ѳι Ҏ ḻ ‛ ῎ιṓ Ễ

ḫאɒḢ ɓ￼ṧԄιӇἅҪ￼ṧԄΆ│ҠᴵҨ —ᶊᶈ

₩ᶚ֫ṵіᵀתᶊ ֹɒ Ḅɓ￼ṧԄ  

 

6.  
 

ἅҪώ֧҃ ῶᾦ￼ │ιṄ ḧ￼ᶃӵṧԄֹ

StyleGAN ￼☺ᶈ ѧ │ᾟὙ Ѳᶃӵ ᾛӐι

ӕḅᶃӵᴪὭι‾Ẫ ᵙ ἅҪ Ӕּז │‎

Style-GAN ☺ᶈ ￼ᶺѦΆ ἅҪώ֧҃ḫ ι

Ҩ֫‘ᴵҨṧԄᵤ ᶚ￼ᶃӵιḅӍṧԄᶃӵҨᴣṧԄ￼

ỴѲ ἅҪṪӐ￼ ῗιᶈἛṝ￼☺ᶈ W+ѧṧ

Ԅᾦ‛ῳḄιẊћᴵҨṧԄүӍ ᶚ￼ᶃӵ Ӈῗιᴱῶ

￼ṧԄἑῶỴѲ  

ἅҪ￼⁭‟Ҡⱡῶ֡Ѧ ֺ ӾιἅҪ Ἠ҃

￼ StyleGAN ѧḕᶈ￼ᶃӵӀӵιẊᶈ Ӽ ᾳѧ

҃ ῎ Ԏ₭ιҸק ֡֫ ιḅ‛ᴵҨᶈјֹ

￼Ὴ ԓḢἄṪӐ￼ṧԄ │Ḿ҈ҐҊẪ Һ῭ԏ

Ậד  

ᶈ῾‎￼ṪӐѧιἅҪṸῺṄἅҪ￼⁭‟Ἓṝֹ ỗ

ᶃӵѳᶹ￼ ℅ᶹιἅҪỳή ᶈѕ ᾭὯεӕḅ

♇҉ἆ ⁪ζі ￼ GAN ѧ￼ṧԄ  
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ᶃ 12χ ֯χᴝḊᶃӵε1024Ö1024ζ ҇֯χṧԄᶃӵι

Ṅỵ Ὣ᷂Ẕּ҈ז 256Ö256 ֫ ꞌ￼ ᾯᶽṇ￼ᶃӵ  ѕ֯χ

ṧԄᶃӵιᶈᴝḊ 1024Ö1024 ֫ ꞌїṄỵ Ὣ᷂Ẕּ҈זᶃӵ  

 

7.  
 

ᾎὊ   ѭ҃╜ ἅҪ￼ṧԄ │ιἅҪᾠ ҃ Ѧץ

ᵍ 25 ᶃӵ￼ṇᶚᾭὯ ι Ҏᶃӵ֫ѭҋѦјᵃ ָχ

Қ ι ιꜟι∩ ᵙ εᶃנּ 17ζ  

Ṧԃײַו Ὼ  ѭ҃ ℓᾟὙἅҪᶈѮ ᾰѧḾ

ִḊ☺ᶈ ￼ᴧאιἅҪᶈᶃ 13 ѧῘ ҃῭ᶺ ‛ ᴵ

Ҩ ḻֹχḾ҈Қ ᶃӵιּזẈᶎҚ ☺ᶈ ִḊקҸק

ᾦ‛῭ḄψḾ҈ Қ ᶃӵιӔּזҡᶺӺᶎ֫פṵѧ  

‾￼☺ ῗ῭Ḅ￼ Ὅ  

ᶂӴṦԃַײḦ Ὼ  3 ֧҃ ᶃӵṧԄ￼

Ẕḧ ‛ε  ᾰѧ￼ᶃ 3ζ ‛ ῎ιљῂ ￼

⅝ιῶ ￼ ￼ṧԄᶃӵ Ẉᶎ ῭

ῶᾦ҃ךּ ᶀ Ẉᶎ ẻἄ  

StyleGAN ᶀῑᶃẺҿӴ  ῶײַ ￼ῗιἅҪ ḻֹᶈ

FFHQі ҃ StyleGAN ₩ᶚ 

 

 
3χ ᶃӵṧԄ￼ḧ ‛ε ᾰѧ￼ᶃ 3ζ LῗҸקᵅ￼Ὣ

᷂  ῗ☺ ᵙẈᶎҚ ￼ ѳ ￼  

 
 

ᾭὯ ε⃰Ẫᴧṵ[15ι33]ζᶈּוἄ￼ᶃӵѧᶁῶᶊֳấ҃

ᶄẻӀӵιᶈἅҪ￼ṧԄ ‛ѧѼᴵҨ ḻֹ ҎӀӵεᶃ

21ζ ᵼ℅ι ҎӀӵљἅҪ￼ṧԄ │ῂԋιẊћṄ‎ᴵ

Һ ￼Ḅ῭זּ ₩ᶚ‎ ֘  

ᶡ҇ ImageNet Ṕײὄַ᷁רỖּײַ   Ἅῶאῶ￼ỵ

Ὣ᷂ Ӕּז ImageNet ᾭὯ і ￼֫ ᵸεӕḅ VGG-

16ιVGG-19ζι Ҏ֫ ᵸҝ ҈ 224Ö224 ￼֫ ꞌ

ᶈ ᾰѧιἅҪῈᶈṧԄ ֫ ꞌε1024Ö1024ζ￼ᶃӵ

⅝ ImageNet ᶃӵᶽệᶺ ֫ ꞌ￼ ј ᴵ Һ

ḙѽ￼ᶃӵ◒└ᵸιᵼѭḜҪљ⅝ӕῶԋזּ ѭ℅ιἅҪ

ỈẂ Ӯ│[13ι19]ιẊӔּז Ѧ ᴅ￼ ᾯᶽṇἩṬ‎

256Ö256 ֫ ꞌ￼ ᾯᶽṇᶃӵ￼ỵ Ὣ᷂ ḅᶃ 12

Ἅ ιԏῶ ᾯᶽṇἩṬ￼ṧԄ ‛ᶈᴝḊ֫ ꞌї￼ớ

῭ӓ Ӈῗιᶈ ᾯᶽṇῊҺѢ᷂ Ҏṇ￼ ι ᴵ Һ

ỉӔṧԄ ◌Ẉז῭‛ ἅҪῼῺ῾‎￼ṪӐḫא ᶈ

῭ ֫ ꞌї￼ỵ Ὣ᷂ ệ῭Ḅ￼ ‛  

ᶇԍңᾎὊ ѕᴨ ײַ StyleGAN    ѭ҃ᾟὙἅҪ

Ḿḙѽֹ￼֫ṵ￼ ιἅҪᶈᴰᶹѕѦᾭὯ іᴩ

￼ StyleGAN і╜ ҃ṧԄ │χ LSUN-Carε 512Ö

384 ζι LSUN-Catε 256 Ö256 ζᵙ LSUN-Bedroom

ε 256Ö256ζᾭὯ ṧԄ ‛ḅᶃ 18 Ἅ љ FFHQ

ᾭὯ і ￼ StyleGAN ⅝ιṧԄ Ṯ LSUN-

CatιLSUN-Car ᵙ LSUN-Bedroom StyleGAN ￼ ớᾀ

ӪεᶃӵᴪὭζ ‛ָ֫Ῐ ᶈᶃ 19εaζιεbζᵙεcζ

ѧ ῶ ￼ῗιἅҪ ḻֹᶈ LSUN-Cat ᵙ LSUN-Car 

StyleGAN і ớᾀӪ᷂ ᵻ FFHQ Қ ᾭὯ ᶈ⅝

ӕιḾ ι ι מ Ά ԏῶỄ ￼ ιἅҪ ѭ

Ӊ ￼ 

http://www.gwylab.com/
https://arxiv.org/pdf/1904.03189.pdf
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ᶃ 13χᶈW + ѧ￼ԎҤṧԄ ‛  ṫ֯χᴝḊᶃӵ  ѧ ″χԏῶ  ☺ᶈ ִḊק￼ṧԄẪᶃӵ  ᴸ֯χԏῶ☺ᶈ ִḊק￼

ṧԄẪᶃӵ  

http://www.gwylab.com/
https://arxiv.org/pdf/1904.03189.pdf
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(a) (b) (c) (d) (e) (f) (g) 
 

ᶃ 14χԋ҈☺ᶈ Ὅᵀתớ￼ԎҤ ‛ εaζᴝḊᶃӵ  Ṅ ‛ṧԄᴝḊ Wχεbζᶈ ṖѧӔּז    ψ εcζּז w ִḊ

ψ εdζק  ִḊק Ṅ ‛ṧԄW+ χεeζᶈ ṖѧӔּז    ψ εfζּז w ִḊקψ εgζԏῶ  ִḊק  

 
 

LSUN ᾭὯ ῗ℅ ᷂ ￼⁞◊ Ὥᴯ ιᾭὯ֫ṵ￼

ῗḙѽῶỴѲ￼₩ᶚ֫ṵ￼ԋ ѳ  

 

▄ᶇ Ἤַ₇ײặ ԍңײַ Ὼ  ᶃ 14 Ῐ ҃ἅҪ

Ὅ☺ᶈ W+￼⃰Ẹớ￼ԎҤ ‛ε ιꜟι∩ ζ

љѮ ᾰ ӆιἅҪᴵҨ ḻֹχεiζ ὶṧԄ W јҺ

ғּוᵀת￼ ‛ψεiiζḙѽֹ￼   Ḿ҈ Ḅ￼ṧԄ

Ẃ  

ᾴ֪ᾌψ  ѭ҃ᾟὙἅҪ￼ ♇ιᴏᴱῶ ᶃ

ӵҺᶈ☺ᶈ ѧẻἄ Ѧ ιἅҪ ҃ἍῶḾ╜ ᶃӵ

Ḿ￼ṧԄѳ ￼ L2 εᶃ 20ζ ᴵҨ ḻֹι Ҏ ѳ

￼ Ḿṇ҈ԎҤ ָ￼ ι ῎ḜҪᶈ W+

ѧế℅ Ẋẻἄ Ḿ҈ԎҤ ָ￼ᶃӵιṎԎῗ ιנּ

ἄḾ ệᶺ Ỵᵖ ḜҪᾫṵᶈ☺ᶈ￼ ѧ  

 
 

ὄ᷁֨ᾎ ἬַײᴿⱣ   ᶃ 22 ҃Ѯ ᾰѧӔּז

￼Ὣ᷂֩ᾭ￼ │ Ὅ ᴵҨ ֧ιεiζᶈ VGG-16

￼ᶺṖש ᶃӵ⸗ề ⅝ᶈᴅṖש ῭Ḅ εiiζҨӵ ѭ

ᴅӈ￼MSEὫ᷂ᵙỵ Ὣ᷂￼ ᵀᾦ‛ῳḄ  

ᵸᶱ Ẽᵟ  ᶃײַ 16 Ῐ ιҨјᵃ￼ᵹᶲ ᾺẦḊ

ṧԄҺғּו ӆ￼ ‛ ℅ᶹιᶈṧԄῼ εᶈ⅛Ѧ῭Ὰℓ

ζḾᵹᶲ ‾ῊιἅҪ ḻֹ ῎Ῐ Ṯ ѭ

℅ιᶈἍῶḫ ѧιἅҪᶈṧԄ ѧ Ṅᵹᶲ ӠὙở

ḧ  
 

8.  
 

ᶃ 15 Ῐ ҃ᶃӵᴪὭ￼ԎҤ ‛  ᶃ 23 Ῐ ҃јᵃ

ѳ ￼‾Ẫ Ὥ ‛￼Ḣᾯ ‛ᾟὙ҃ἅҪ￼ ♇ιᴏ

ӔּזẕṖҚ ‗εᶈׁѣṖѧ ζẊᶈԎі

ֺẶᶽ￼‾Ẫε ᶈ 

http://www.gwylab.com/
https://arxiv.org/pdf/1904.03189.pdf
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ᶃ 15χѣѦṧԄᶃӵεῳṫ ᵙῳᴸ ￼ᶃӵζѳ ￼ ᴪὭז ‛  

http://www.gwylab.com/
https://arxiv.org/pdf/1904.03189.pdf
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ᶃ 16χӔּזјᵃ￼ởḧᵹᶲ ᶃӵṧԄ  

 

 

ᵅ֡Ṗζ  ᶃ 25 Ῐ ҃ Ẫ ￼ԎҤ ‛ ἅҪ Ṅᶈ 

Ӽ ᾳѧץᵍ Ѧ ￼ ιҨ ῎ḜᴵҨљԐᶚהԇע 

ᶫѧ￼ᵬּז  ὀᾋ￼  ᶃӵ Ӕּז ѧ Ῐ ҃ҡ 

ṧԄᶃӵֹẈᶎ ᶃӵ￼  ▫ ‛ε֫ѭɒҚ ɓᵙɒ 

∩ ɒѣ ζ  

http://www.gwylab.com/
https://arxiv.org/pdf/1904.03189.pdf
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ᶃ 17χᾠ ҃ἅҪᾭὯ ￼ 25 ắᶃӵ  ὴχҚ  ҇ὴχ  ѕὴχꜟ  ᵺὴχ∩  ҋ χ נּ  

http://www.gwylab.com/
https://arxiv.org/pdf/1904.03189.pdf
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(a)  
 
 
 
 
 
 
 
 
 

 
(b)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a)  
 
 
 
 
 
 
 
 
 

 
(b)  

 
 
 
 
 

(c) 
 

ᶃ 18χᶈεaζLSUN-CarιεbζLSUN-Cat ᵙεcζLSUN-

Bedroom ᾭὯ і ￼ StyleGAN ￼ṧԄ ‛ Ḿ҈⅛ѦḒ

ᶃι Ῐ ἅҪᾭὯ ѧ 5Ѧјᵃ ָ￼ᶃӵ￼ṧԄ ‛  

҇ Ῐ ҃ Ẕ ָᶃӵᶈἅҪ￼ᾭὯ ѧ￼ṧԄ ‛εεaζѧ

￼ɒ∩ ɓᵙεbζѧ￼ɒ ɓζ  ├Ỵιεcζҝ ιᵼѭἅ

Ҫ≡ῶᶈᾭὯ ѧᾠ ḯᶃӵ  

 
 
 
 
 
 
 
 
 

 
(c) 

 

ᶃ 19χᶈεaζLSUN-CatεbζLSUN-CarεcζLSUN-Bedroom

ᾭὯ і ￼ StyleGAN ￼☺ᶈ ѧ￼ ớᾀӪεᶃӵᴪὭζ

‛  

http://www.gwylab.com/
https://arxiv.org/pdf/1904.03189.pdf
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ᶃ 20χṧԄᶃӵѳ ￼ ᵙ ԓ L2 ￼♬ᶃ  

http://www.gwylab.com/
https://arxiv.org/pdf/1904.03189.pdf
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ᶃ 21χStyleGAN ᶁῶ￼ᶄẻӀӵ  χṧԄᶃӵѧ￼ᶄẻӀӵ  ҇ᵙ ѕ χ ἄ￼ᶃӵוּ   ṫ֯χṾῶᶄẻӀẽ￼ᶃӵ  ᴸ

֯χ ᾣᶽԎ ᶟת ֧Ῐ ￼Ӏӵ  

http://www.gwylab.com/
https://arxiv.org/pdf/1904.03189.pdf









