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ῂ ￼ᶃӵֹᶃӵ ὭΆ│ḙѽṄ ḧ ѧ￼ᶃӵῑ

ṃֹјᵃ ѧ￼ ӆᶃӵιַּזᶃӵ￼ ‰εῂק‗ ζ

ᾭὯ ⱡ ẂἄוιӇῗẸׁ￼Ά│ ᶈ Ὴ

◊ ᵙ ‰ ѧ￼ ᶺᶃӵ ἅҪ ѭ ‖ᶽᶊ ֺ҃ḜҪ

￼Ӕּז ҡҚ ԏᶵ￼ ᶼҡṈᾭ֡ѦӕḒѧᴧאᾺⱶӌ 

￼ ѧ∟ᴨ♄ỵιẊҡד ♇ὸẍιἅҪḿ∂ Ṉ‾

 ῂ ￼ᶃӵֹᶃӵ￼ Ὥ │ιᶈ╜ ῊὝḧ￼ ‰

ҝּיṈ ӕᶃӵ ἄ ἅҪ￼₩ᶚ ṄḾἰớ Ά⁮

љᾺ ￼ ᵀ‎ḫא ᴱ Ṉᾭ Ҧ￼ּוἄ

ד ẍ┌￼ḫ ᵙљᶢ֝ᾭὯ ￼֡ ᶢ Ά│￼

⅝ ιἅҪ ҃Ἅώ֧￼⁭‟￼ῶᾦớ Ҧ ᶈї ᶊᶍ

ᴨχ 

https: //nvlabs.github.io/FUNIT. 

 

1.  
 

Қ ᶈ┌קΆ Ẃᾚ Ẹ ֧ ắҨׁ ј ￼ᶹ

‎טⱶ￼ᶃⱭῊιἅҪᴵҨᶈјᵃ￼ їẻἄᵃמ ￼ⱶט

ὼתỌ￼טוּ ᶃӵι⸗ָῗẸἅҪ ֹεѳׁζ ӆӇј

ᵃ￼טⱶѳׁ ӕḅι ѦҚ ₭ ֹ ᴱ ￼ ι

ᴵҨ←ј ᶊỳד ḜҺ ‎ ￼‾ḒιᵼѭḜῶ Ԏ

Ҥטⱶ￼ Ҏ ӐḾⱢ  

ⱡῳ ￼ῂ ᶃӵֹᶃӵ Ὥ │ᶈ ᶃӵ

[30,45,29,25,54,51] ҽ ᶶ ￼ᶹ ᴪקΆ ẂἄוιӇ

ῗ ᶼҡᶢ҈Ὰ ￼Ṉᾭ‾ ѧὸẍ֧‎ῗỄᴩ ￼ιᵼѭ

Ӿ Ḣԅ ֧ҤҪ￼ ד ᶀ ԏӌᶊ ιҤҪ Ḿ

ҤҪ Ὥ￼Ἅῶ ָ￼ᶃӵ ᶽ ιᴏιḜҪ

јᾟὙṈ‾ ּוἄ  

ѭ҃ẰᵀҚ ᵙ ᵸỳ ѳד ￼Ṯ ιἅҪώ֧҃

Ṉ‾  

 
 

ῂ ￼ᶃӵֹᶃӵ ὭεFUNITζ⁭‟ṪӐιῈᶈḙѽᶃ

ӵֹᶃӵ￼ Ὥ₩ᶚι זַּ ‰￼Ṉ ᶃӵṄ◊ ᶃӵ

ῑṃֹ ‰ ￼֫‘ᶃӵᶈ╜ Ὴ ֧￼ ָ₩Ẫ ₩ᶚ

ᶈ ῼ ҡ῾Ῐ ‰ ￼ᶃӵιӇ ∂ᶈ╜ ῊּוἄԎ

ѧ Ҏ ѭ҃ ιἅҪ ӾӬ Қ ￼Ṉᾭּוἄ ῗҡד

ҤҪ ᴞ￼ ѧᴧṝ֧‎￼ -  ḅ‛ ѦҚᶈ ᴞ

῭ᶺјᵃ￼Ḿ ιҤҪᴵҨ῭Ḅᶊỳ ѦᾺḾ ￼ ᶃ

ᶢ҈ Ӭ ιἅҪӔּץזᵍ ᶺјᵃḾ ￼ᶃӵ￼ᾭὯ

‎ ἅҪ￼ FUNIT ₩ᶚιҨ₩Ὁ ᴞ￼ ӌ ԏӌ

‎ ιἅҪ ᴰזַּ Ѧ ￼Ṉ ӕᶃӵ‎ ₩ᶚҨ

Ṅᶃӵҡ Ѧ Ὥѭᴰ Ѧ ἅҪӬ ḙѽҡּ҈ז

Ὥүח￼Ṉᾭ ӕᶃӵѧώᴨᶹ ₩Ẫι ₩ᶚḙѽ҃

ᴵὸẍ￼ᶹ ₩ẪώᴨᵸιԎᴵҨᶈ╜ Ὴ ḾṈ‾ ᶃ

ӵẔּ҈ז ј ￼ ￼ᶃӵ -  ᶃӵ Ὥүח ᶈḫ ֫ι

ἅҪ ֧҃ ￼ Ὧιᴏ ѧ ￼ᾭ ᶭזιṈ

‾  Ὥớ ệֹᾡᵱ  

       ἅҪ￼⁭‟ᶢ҈ Generative Adversarial Networks

εGANζ[14] ἅҪ ῎ι ṄḾἰ Ά⁮љᾺ ￼

ᵀιἅҪḫ҃אἍ ￼Ṉ‾ ῂ ￼ᶃӵֹᶃ

ӵ￼ Ὥ ד ḾѕѦᾭὯ ￼ẍ┌ḫ ιץὐӔ

ᴿזּ ớ Ὕ‰љ֡ ᶢ Ά│￼⅝ ιἅҪ ҃ἅҪώ

֧￼⁭‟￼ῶᾦớ ᴰᶹιἅҪṝ ҃Ἅώ֧￼⁭‟ᴵҨẔ

Ṉ‾ ᶃӵ֫҈זּ үח ἅҪ￼₩ᶚѭṈ‾ 

֫￼ἄ￼ᶃӵіוָּ ᵸιἅҪ ᶼ ᶢ҈⸗ềẌ

εfeature hallucination ζ￼ῳӾ ￼Ṉ‾ ֫ Ά│  

 

2.  
 

       ᾢנּר/їởḽַײᶂӴָᶂӴ ὈῈᶈḙѽ‍ҭᶃӵּו

ἄ֩ᾭ 
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ᶃ 1. ᴿיּ  Ḿ ε◊ ζ￼ᶃӵ ἄ  ἅҪ ₩ᶚ‎ᶈ Ҏ◊Ḿ ѳ Ὥᶃӵ  ἅҪᵇ ₩ᶚῘ ‰

￼‖Ṉᾭᶃӵι ҨṄ◊ ￼ᶃӵ Ὥѭ ‰ ￼ ӆᶃӵιᴏӔ₩ᶚᶈ ῼ ҡ῾ ‎ ‰ ￼ᴅѦᶃӵ  ├ỴιFUNIT ἄוּ

ᵸ ѣѦ Ԅχ1ζԓḳᶃӵᵙ 2ζ ‰ ᶃӵ  ḜῈᶈּוἄ ӆ҈ ‰ ᶃӵљ Ԅᶃӵ ￼ Ὥ  

 

ᶼṄ◊ ￼ Ԅᶃӵῑṃֹ ‰ ￼₩Ὁᶃӵ ῂ ἄḾ

Ѧ   іῗј ᵀ￼ιᵼѭḜ ᶃӔּז‎

֫ṵ￼‾  Ὰ ᵀ֫ṵ[29,30] ѭ҃ ֘ Ѧ ι

҃זῶ￼ṪӐӔּא ᶹ￼ ​ ӕḅι ҎṪӐẶֺἚ

ὭҨӠּפ◊ᾭὯ￼•ҎṞớιӕḅӵ Ӫ[40]ιӵ ₃ẙ[5]ι

Ѳ⸗ề[45]ι ‰ [5]ἆἄḾ‾  [3] ῶ ҎṪӐẶ

ֺἚ Ỉע ớ ​[51,54,25,1,55] ҎӐᵝӔּזԊҕ/

֫Ԋҕ￼☺ᶈ Ӭ [29,30] / [19,26] ἅҪ￼ṪӐᶢ҈

֫Ԋҕ￼☺ᶈ Ӭ ιӇῗњѭṈ‾ ῂ ￼ᶃӵֹ

ᶃӵ Ὥүח  

ⱡ ᶼּוἄ ￼ Ὥ ֧ιӇῗאῶ￼ῂ ᶃӵ

ֹᶃӵ Ὥ₩ᶚᶈѣѦΆ ᴩֹ ֺ Ӿιḅ‛ᶈ Ὴ

ᴱ ֧ỄṈ￼ᶃӵιḜҪ￼‾ ᾦꞌӉιғּוṮ￼ Ὥ ֧

Ԏ₭ιḙѽ￼₩ᶚҝ ҈ᶈѣѦ ѳ Ὥᶃӵ ṓ Ὰү

ѳחљᴝḊүח ḕᶈ ӆớιӇῗּ҈ז Ѧ Ὥүח￼

₩ᶚј ὶ חᾺү҈זּ ӕḅιᴏӔ љ ῶỄᶽ

￼ ӆớιѼј Ṅᵟᶱ᷈љ ￼ Ὥ₩ᶚ Ὰּ҈זᵟᶱ᷈

љ ￼ Ὥ  

ῳ ιBenaim ᵙ Wolf [4]ώ֧҃ ῂ ￼ᶃӵֹᶃ

ӵ Ὥ⁭‟ιּ҈ז ֫ ֘ ѦΆ ԏӌ ιҤҪӔ

יּזּ Ѧ◊ ᶃӵ ἄ￼ ᾭὯ ιӇῗӔּז ᶺ ‰

ᶃӵ‎ ◊ṄᴅѦ҈זּ ᶃӵ Ὥѭ ‰ ￼ ӆᶃӵ￼

₩ᶚ ἅҪ￼ṪӐᶈ֡ѦѮ Ά љҤҪ￼ṪӐјᵃ Ӿι

ἅҪӬ ᶺ◊ ᶃӵιӇỄṈῶ ‰ ᶃӵ ℅ᶹιἅҪ

Ӭ Ṉᾭ ‰ ᶃӵҝᶈ╜ ῊᴵּזιẊћᴵҨ‎ ᶺј

ᵃ￼Ḿ  

 

ᶹ ַᾢנּרᶂӴָᶂӴ Ὀ[8,2,20] Ṅῂ ￼ᶃӵ

ֹᶃӵ ὭΆ│ἛṝֹᶺѦ ᶢ҈ἅҪ￼ ᾭὯ ῗּי

ᶺѦ ￼ᶃӵ ἄ ♇‎ ιἅҪ￼ṪӐ ӆ҈ ҎΆ│

ӇῗιἅҪјῗᶈἍ ֹ￼ ѧ Ὥᶃӵι ῗњ├҈Ṅ

Ҏ ֹ￼ ￼ᶃӵ ὭѭҨׁ ј ￼ ￼ ӆᶃӵ  

ṇ ַ љṈ‾ ￼ᶃӵֹᶃӵ￼ ὭјᵃιӔּזṈ

ӕḒḙѽᾺ ָ￼֫ ᵸ￼үחῗ Ѧ ῼ ￼

Έῼ￼ӐᵝӔּזᶹ ἄ₩ᶚιҨ֫Ṗ￼ΆẪᶈᴿѦוּ￼ ⅎ

ԊҕӾ [11,38] ῳ ￼ṪӐ ♇ῗӔּזӺḙѽ‎ồ ᶊ

₩ᶚ ẔᾺ￼ү[12,34,37,33]ח ҎΆ│ᴵҨḙѽ῭Ḅ

￼ Ҹק ιᵼ℅ᴱצּ ֡ѦӕḒᴏᴵώ ớ ᴰ

ҎṪӐӚ ҈ḙѽᶃӵṧԄι ҎᶃӵṧԄ῭ ᵀ҈Ṉ‾ 

ḙѽ [48,42,43] ῳ ￼֡ ấ ἄљᾺוּ

[10,15,50] ḾẔ￼Ὰ⸗ềᵇ ‎ᶭזṈᾭ֫ үח￼

ἅҪ￼ṪӐῗ ḾṈ‾ ῂ ￼ᶃӵֹᶃӵ￼ Ὥ

￼ ӇῗιḜᴵҨẔּ҈זṈ‾ ֫ ιḅḫ ֫Ἅ  

 

3.  
 

Ἅώ֧￼ FUNIT ⁭‟Ὲᶈ ╜ᶈזַּ Ὴᴵּז￼ Ҏ

‰ ᶃӵιṄ◊ ￼ᶃӵῑṃֹјṖ ￼ ‰ ￼ ӆ

ᶃӵ ѭ҃ FUNITιἅҪӔּז‎ Ḿ εӕḅᴿ

ⱶⱶט ￼ᶃӵζ￼ᶃӵι ѭ◊ ἅҪјӬ үӍѣ

Ѧ ָѳ Ḿᶃӵ￼ḕᶈεᴏι≡ῶѣѦјᵃⱶ ⱶט￼

ᶴ҈Ḣԅ ᵃ￼ ζמ ἅҪӔּז◊ ᶃӵ‎ ᶺ ῂ
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ᶃӵֹᶃӵ￼ Ὥ₩ᶚ ᶈ╜ ѧιἅҪѭ₩ᶚώӗ҃

Ҏ‎ ᾺḾ ￼ᶃӵι ѭ ‰ ₩ᶚọ Ṉזַּ

ᾭ ‰ᶃӵṄүӍ◊ ᶃӵ Ὥѭ ‰ ￼ᵃ ᶃӵ Ẹἅ

Ҫҡјᵃ￼ᾺḾ ώӗ ᵃ₩ᶚ￼Ṉ ᶃӵῊιḜọ Ṅ

үӍ◊ ᶃӵ ὭѭјᵃᾺḾ ￼ ӆᶃӵ  

ἅҪ￼⁭‟ּי‍ҭᶃӵּוἄᵸ G ᵙᶺүחḾἰֶָᵸ D

ἄ љאῶ￼ῂ ᶃӵֹᶃӵ Ὥ⁭‟[54,29]ѧ￼‍

ҭᶃӵּוἄᵸјᵃιḜ זּ ѦᶃӵӐѭ ԄιἅҪ￼ּוἄ

ᵸ GᵃῊ ԓḳᶃӵזּ x ᵙ ָᶃӵ Kχ

Ӑѭ ԄẊғּו ֧ᶃӵ  χ 

 

ἅҪӬ ԓḳᶃӵṞ҈Ḿ ι ⅛Ѧ K ᶃӵṞ҈

Ḿ ẂιK ῗ ѦṇᾭḔι љ јᵃ ἅҪṄ

G ѭṈ‾ ᶃӵ Ὥᵸ  

ḅᶃ 1 Ἅ ιG Ṅ Ԅԓḳᶃӵ x ῑṃֹ ֧ᶃӵ ι

Ӕệ x ‎ӵṞ҈Ḿ ￼ᶃӵιẊћ x ᵙ Ԋҕ

‗ ӆớ ᵙ ָ֫ ◊ ᵙ ‰ ᶈ ῼ

ιG ḙѽᶈѣѦ   ‾￼◊ ѳ Ὥᶃӵ ; 

ιԎѧ ᶈ╜ ῊιG ҡ῾ ֹ￼ ‰

ᴨ ҎᶃӵӐѭ ᶃӵιẊṄҡүӍ◊ ‾￼

ᶃӵῑṃֹ ‰ c￼ ӆᶃӵ  

ὶї‎ιἅҪ ᵙḙѽ ῭ᶺ ẹ  
 

3.1.  
 

Ṉ‾ ᶃӵ Ὥᵸ G ԓḳיּ ᵸ Exι ָ ᵸ Ey

ᵙ ᵸ Fx ἄ ԓḳ ᵸּ֡יѦ 2D ᴒ Ṗ ἄιᵅ

֡Ѧ⅍ӎᶒ[16,22] ḜṄ Ԅԓḳᶃӵ x ῑṃֹԓḳ☺

ιԎҦ ⸗ềῑṃ ᵸּ֡יѦ 2D ᴒ Ṗ

ἄιᵅ ῗ⌐‾  ￼ẈᶎᾛӐ ԏӌᶊ ιḜ Ӿῑṃ K

Ѧ ָᶃӵ ѧ￼⅛ Ѧ Ὥѭѧ ☺ᶈᵇ ιⱡ

ᵅ ѧ ☺ᶈᵇ ￼ẈᶎӪιҨ ệῳ ￼☺  

ᵸּ֡יѦ Ẕḫӕ⃰ εAdaINζ⅍ӎᶒ[19]ק

ἄιᵅ Ҏі ‾ᴒ Ṗ  AdaIN ⅍ӎᶒῗӔּז

AdaIN [18] Ӑѭֱ⃰קṖ￼⅍ӎᶒ Ḿ҈⅛Ѧ‾ ιAdaIN

ӾṄ⅛Ѧ ѧ‾ ￼☼╗֩ᾭ‰֝קѭ ᶎӪᵙᴅӈΆ

Ṯ ⱡᵅḜҺ ᾣ☼╗Ӕּז 

 

‰ ᵙӭ ἄ￼ḙѽұṃᴪὭ ├ỴιұṃᴪὭᶈ

іῗјᴪ￼ιᵼ℅ᴱ ҈זּ ệԅṕᶹ ӡỤ ѣṖ

ԅ ὶ Ӕּז Ẕᶊ ұṃᴪὭᴠᾭ Ӕּז Exι

Eyᵙ Fxε℅ᶴ ѭ 1ζ ֫ ѭ 

 

Ӕּז Ὥᵸ ιἅҪ￼ ‰ῗӔּזԓḳ

ᵸώᴨԏῶ јᴪ￼☺ᶈ εӕḅιḾ זζẊӔּמ

ᵸώᴨ ⸗ḧ￼☺ᶈ εӕḅιḾ ᶹ ζ

יּ AdaIN ṖṄ ָ☺ ֹ ᵸιἅҪ ᶃӵίֺ

ԅṕᶹ εӕḅιḾ ᶹ ζι ԓḳᶃӵ ḧṕ ‗

εӕḅι ￼ӈ ζ  

ᶈ Ὴι ᵸḙѽҡ◊ ￼ᶃӵѧώᴨ⸗ḧ ￼

☺ᶈ ᶈ╜ Ὴι ₦ὐѭҨׁ ј ￼ ￼ᶃӵ ᶈ

ḫ ֫ѧιἅҪṝ ק┌҃ ᴨ֘҈ד ῼ ֹ￼◊

Ḿ ￼ᾭ Ẹ G ῶ῭ᶺ￼◊ εӕḅι῭ᶺ

 ‾ⱶζῊιḜԏῶ῭Ḅ￼Ṉט￼ ӵ Ὥớ εӕḅι῭

ḄᶊṄᵟᶱ᷈ Ὥἄṟꞈζ  
 

3.2.  
 

    ἅҪ￼ֶָᵸ D ᵃῊ ֘ᶺѦḾἰ֫ үח‎

⅛Ѧүחῗ҇֫ үחι ḧ Ԅᶃӵῗ◊ ￼ḫ ᶃӵ

ῗ‎ G ￼ Ὥ ֧ |ḕᶈ҈יּ |◊ ιD ғּו| | ֧

Ẹѭ◊ ￼ḫ ᶃӵ῭Ὰ D Ὴιḅ‛Ԏ th ֧ѭӬι

ֱḾ D ᶴ Ḿ҈ғּו◊ ￼Ӏᶃӵ￼ Ὥ ֧ι

ḅ‛Ԏ th ֧ѭ⃰ιֱἅҪỰ D ἅҪјҺᵼѭ≡ῶ

ѭԎҤ ￼ᶃӵε ζ ╜ Ӕּז D ῭Ὰ G Ὴι

ḅ‛ D￼ th ֧ѭӬιἅҪᴱҺỰ G ἅҪ֣ ᴧ

א ֶָᵸ⅝ ֘῭ ￼| | ֫ ￼ֶָ

ᵸ῭ῶᾦ  
 

3.3.  
 

    ἅҪ їẪיּ֘ ֧￼‖ṇ‖ᶽҸק ‎ Ἅώ

֧￼ FUNIT⁭‟χ 

 

    Ԏѧ ι ᵙ ָ֫ῗ GANὫ᷂ιԓḳᶃӵ ấ

Ὣ᷂ᵙ⸗ềש Ὣ᷂  
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1. љԇẈᵙјԇẈᶢ ￼ᾦ‛⅝   ʏ Ỵᵖ ᾭḔ ᶽ Ḅιʑ Ỵᵖ ᾭḔ ṇ Ḅ  

 

GAN  ḅїῶ‍ҭ￼Ὣ᷂֩ᾭχזּ

 

ֹז D￼і‰ Ḿ ; ҝӔּז ￼ Ẕ҇֫ ╜

֫ᾭ‎ Ὣ᷂  

ԓḳ ấὫ᷂ῶ҈י Gḙѽ Ὥ₩ᶚ  ԏӌᶊιẸḾ

Ԅԓḳᶃӵᵙ Ԅ ᶃӵӔּז ᵃᶃӵῊεᶈ ừ֙ї K 

= 1ζιὫ᷂ӞӔ Gּוἄљ Ԅ ᵃ￼ ֧ᶃӵ 

 

⸗ềש Ὣ᷂Ӕ ⃰Ẃק  ἅҪ Ӿ ҡ D Ὰ

ῳᵅט Ѧε ╜ζṖ‎‗ Ѧ⸗ềώᴨᵸι ѭ

ⱡᵅἅҪӔּז ҡ Ὥ ֧ xᵙ 

 
 

ᶃӵ ѧώᴨ⸗ềẊῳṇק 

 

ԓḳ ấὫ᷂ᵙ⸗ềש Ὣ᷂ јῗᶃӵֹᶃӵ Ὥ￼

Ὰỳ│[29,19,49,36]  ἅҪ￼ Ꞌᶈ҈ṄḜҪ￼ӔּזἛṝ

ֹ῭ԏὠἇớᵙᾺ ớ￼֡Ѷῂ ᶃ￼ᶃӵֹᶃӵ Ὥ  
 

4.  
 

Ḫ♪  ἅҪ  = 0 .1ᵙ = 1 ἅҪӔּזḙѽꞌѭ

0.0001 ￼ RMSProp Ҹקε3ζ  ἅҪӔּז GAN Ὣ᷂￼

ⱱ [28,32,52,6]ᵙ Mescheder Қώ֧￼ ḫ₃ẙỰ

[31]קֱ⃰  ῳ ἄᵸῗѧוּ ἄᵸ[23]￼ᴗᴷẈᶎⱱוּ

 ιԎѧ῭Ὰ  ѭ 0.001  ἅҪӔּז K = 1 FUNIT

₩ᶚιӇּז K = 1 ,5,10,15,20 ╜ ⅛Ѧ ἥ₭ץὐ 
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ᶃ 2.Ṉ‾ ῂ ￼ᶃӵֹᶃӵ Ὥ ‛￼ᴵ ק  ‛Ӕּז FUNIT-5 ₩ᶚ  ҡіֹїιἅҪệֹטⱶ ι ι ᵙ ⱶᾭὯ

￼ ‛  ἅҪѭ⅛ѦᾭὯ Ѧ₩ᶚ  Ḿ҈⅛Ѧ ӕιἅҪᴵ ק 5Ѧ   ‾￼ ᶃӵ ѧ￼ 2Ѧι Ԅԓḳᶃӵ xᵙ Ὥ

֧�š
$  ‛ ῎ιFUNIT ᶈᵿ ￼Ṉ‾  їғּוᵀת￼ Ὥ ֧ιԎѧ₩ᶚᶈ ῼ ≡ῶ ֹ‎ үӍ ‰ ָ￼ᶃӵ  ἅҪ├Ỵֹ

֧ᶃӵѧ￼Ḿ љ Ԅԏῶ ӆ￼ ỗ  
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