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Successive image generation though cyclic transformations using CycleGAN
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1 ͡Ίʹ
ਂֶशͷൃలʹΑΓɼهԱͨ͠ը૾ྨͨ͠ࣅը૾
Λ৽ͨʹੜͰ͖ΔωοτϫʔΫଟ͘͞ڀݚΕ͍ͯ
ΔɽಛʹɼఢରతੜωοτϫʔΫ (GAN)[1]ɼຊ
ͱݟ͚͕͔ͳ͍Α͏ͳ৽ͨͳσʔλΛੜΈग़͢ੜ
Ϟσϧͱͯ͠ɼ2014ʹ Ian J.GoodfellowΒʹΑͬͯൃ
ද͞Εɼେ͖͘͞Εͨɽ͞ΒʹɼͦΕΛൃలͨ͠Ϟ
σϧͷڀݚ͘ਐΊΒΕ͓ͯΓɼGANͷҰछͱͯ͠
ΒΕ͍ͯΔ CycleGAN[2]Ͱɼ2ͭͷը૾σʔληο
τಉ࢜ͷؔΛֶश͢Δ͜ͱͰը૾มΛ࣮͢ݱΔɽ
Ұํɼ͜ͷΑ͏ͳਂϞσϧΛͯͬɼهԱͨ͠ը૾
ͦͷྨࣅը૾Λࣗతʹ࣍ʑͱੜ͢ΔΑ͏ͳྫڀݚ
গͳ͍ɽ·ͨɼਂֶशͷٕज़ΛऔΓೖΕͨ࿈هԱ
Ϟσϧʹ͍ͭͯྫڀݚগͳ͍ɽͦ͜ͰຊڀݚͰɼ
ը૾Λ࣍ʑͱมͤ͞ΔΑ͏ͳϞσϧΛߏங͠ɼྨ͠ࣅ
ͨը૾ͷྻܥΛੜͤͨ͞ɽͦͯ͠ɼ͜ͷ࿈ଓతը૾ม
͔Βੳͨ͠ɽ؍ͷܥͷੑ࣭Λྗֶ

2 CycleGAN
CycleGANɼ2ͭͷը૾σʔληοτಉ࢜ͷؔΛ
ֶशͯ͠ը૾มΛ࣮͢ݱΔɽ2ͭͷը૾σʔληοτ
ಉ࢜ʹରԠඞཁͳ͍ɽਤ 1ʹ CycleGANͷϞσϧਤΛ
ࣔ͢ɽσʔληοτ X͔Β Yม͢Δ GͱɼY͔Β
Xม͢Δ F͔ΒͳΔ 2ͭͷ Generator(ੜث)͕͋
ΓɼͦΕͧΕͷ Generatorͷग़ྗͨ͠ը૾͕ຊͰ͋Δ
͔ɼ͋Δِ͍Ͱ͋Δ͔Λࣝผ͢Δ Discriminator(
ผث) 2ͭͣͭଘ͢ࡏΔɽ
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ਤ 1 CycleGANͷΞʔΩςΫνϟ

3 Ϟσϧ
CycleGANͷϞσϧΛΈ߹Θͤͯɼਤ 2ͷΑ͏ʹ 3
ͭͷը૾Λ࣍ʑͱมͰ͖ΔΑ͏ͳϞσϧΛ࣮ͨ͠ɽ
͜ͷϞσϧʹ 2 ͭͷ Generator $ɼ% ͕ଘ͠ࡏɼਤ 2
தʹͦΕͧΕഁઢͱઢͰද͍ͯ͠ΔɽDiscriminator
ɼ#!ɼ#"ɼ#! ͷ 3ͭଘ͢ࡏΔɽಉ͡ GeneratorΛ༻
͍ͯ 1ճલʹग़ྗ͞Εͨը૾Λ࣍ͷೖྗը૾ͱͯ͠͏
ॲཧΛ܁Γฦ͢͜ͱͰ࣍ʑͱม͢Δ͜ͱΛ࣮͢ݱΔɽ
ֶशʹखॻ͖ࣈσʔληοτͰ͋Δ MNISTΛ
༻͠ɼຊ࣮ݧͰ !ʹ 0ɼ" ʹ 1ɼ& ʹ 2ͷखॻ͖ࣈը
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૾ͷू߹ΛͦΕͧΕ༻͍ͨɽGenerator $ɼ% ͷ܇࿅ʹ༻
͍Δଛࣦؔɼ3छͷը૾σʔλू߹ΛͦΕͧΕҰ
มͨ͠ը૾Λɼมઌͷू߹ʹରԠ͢ΔผثͰධՁ
͢Δ͜ͱʹΑΓ͞ࢉܭΕΔଛࣦͱɼCycle-consistencyଛ
ࣦ [2]ͷ͔ΒͳΔɽ
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ਤ 2 Ϟσϧਤ

4 ݁Ռͱߟ
ʑͱม࣍ը૾ΛࣈͷϞσϧΛ༻͍ͯɼखॻ͖ޙ࿅܇
ਖ਼͘͠มʹࣈͷ࣍ͱ͜Ζɼ΄ͱΜͲͷ߹ɼͨͤ͞
Εଓ͚ͨɽֶशճ͕ෆेͳGeneratorͰɼਤ͞ 3
ͷΑ͏ʹં࣌ਖ਼࣍͘͠ͷࣈʹม͞Εͳ͍͜ͱ͕͋ͬ
͕ͨɼ܁Γฦ͠มΛଓ͚Δͱݩͷࣈʹ͖ͬͯͨɽ

ਤ 3 ը૾ͷ࿈ଓมͷྫ

4.1 ඇपظతيಓͷੜ
पੑظΛ֬ೝ͢ΔͨΊʹɼ܇࿅ޙͷ Generator $ Λ༻
͍ͯɼ࠷ॳʹೖྗͨ͠ը૾ͱಉ͡ࣈΛ 4000ճੜ͞
ͤɼޙͷ 2000ճͰੜ͞Εͨը૾ͱޙ࠷ʹੜ͞Ε
ͨը૾ͱͷڑΛॎ࣠ʹͱͬͨάϥϑΛਤ 4ʹࣔ͢ɽप
֬ೝͰ͖ͳ͔ͬͨɽੑظ

ਤ 4 ͷมԽڑͷը૾ͱͷޙ࠷
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4.2 ੜσʔλྻܥͷ
ͷޙ࿅܇ Generator $ Λ༻͍ͯɼॳظΛMNISTςε
τσʔλͷ 0ͱͯ͠ 15000ճมΛ͍ߦɼݮݩ࣍ͷख
๏Ͱ͋Δ UMAP[3]Λ༻͍Δ͜ͱͰ܇࿅σʔλ (୶৭)ͱ
ੜσʔλ (ೱ৭)ͷΛ දͨ͠ͷ͕ਤʹ্ݩ࣍2 5
Ͱ͋Δɽ3ͭͷΫϥελ͕ଘ͓ͯ͠ࡏΓɼͦΕͧΕखॻ
͖ࣈͷ 0ɼ1ɼ2ʹରԠ͍ͯ͠Δɽਤ 5ͷ 2ຕͷը
૾ॳظ͕ҟͳΔͷͰ͋Δɽੜσʔλ܇࿅σʔ
λ͕ଘ͢ࡏΔྖҬʹଘ͍ͯ͠ࡏΔ͕ɼ܇࿅σʔλͷ
ΛશମతʹΧόʔ͢Δ͜ͱͰ͖͍ͯͳ͍ɽਤ 5ͷ্
Լͷൺֱ͔ΒɼೋͭͷҟͳΔॳظ͔Βͷيಓ͕΄΅
ಉ͡ू߹ʹऩଋ͍ͯ͠Δ͜ͱ͕ࣔࠦ͞ΕΔɽ

ਤ 5 UMAPʹΑΔੜσʔλͷ

4.3 ଟྔͷॳظͷมʹΑΔੜσʔλͷ
ͷޙ࿅܇ Generator $Λ༻͍ͯɼଟྔͷॳظ (MNIST
ςετσʔλͷ 0 Λ 1000 ) ʹରͯ͠ɼಉ࠷ʹ࣌େ
15002ճͷมΛͨͬߦɽUMAPΛ༻͍ͯɼมʹΑͬ
ͯੜ͞ΕͨσʔλͷΛ දͨ͠ͷ͕ਤʹ্ݩ࣍2
6Ͱ͋Δɽ' Λॳظͱ͠ɼGenerator $ ʹΑΔ (ճͷ܁
Γฦ͠มΛ $# (')ͱͨ͠هɽਤ 5ͱಉ༷ʹɼ܇࿅σʔ
λΛ୶৭ɼੜσʔλΛೱ৭Ͱ͍ࣔͯ͠Δɽ࠷ॳͷճ
ͷมͰଟ༷ͳը૾͕ੜ͞Ε͍ͯΔ͕ɼมΛ܁Γ
ฦ͢͏ͪʹҰ෦ͷྖҬʹيಓ͕ू·Δ͜ͱ͕͔Δɽ

5 ·ͱΊ
ຊڀݚͰɼCycleGANͷϞσϧΛߟࢀʹɼखॻ͖
ߏͰ͖ΔΑ͏ͳϞσϧΛมʹࣈʑͱผͷ࣍ը૾Λࣈ
ங͠ɼྨͨ͠ࣅը૾Λੜͤ͞Δ͜ͱ͕Ͱ͖ͨɽߏங͠
ͨϞσϧΛͯͬը૾Λ܁Γฦ͠ੜͤͨ͞ͱ͜Ζɼج
ຊతʹɼਖ਼࣍͘͠ͷࣈʹม͞Εଓ͚Δ͜ͱ͕֬ೝͰ

ਤ 6 UMAPʹΑΔଟྔͷॳظͷมʹΑΔ

͖ͨɽֶशճ͕গͳ͍ GeneratorͰɼ్தͰਖ਼͘͠
Γฦ܁ʹΕͳ͍͜ͱ͕͋ͬͨɼ͞Β͞มʹࣈͷ࣍
͠ੜΛଓ͚Δ͜ͱʹΑͬͯɼݩͷࣈʹͬͯ͘Δ͜
ͱ͕֬ೝͰ͖ͨɽ
ੜ͞Εͨʹޙ࠷Γฦ͠ͷճΛ͞Βʹ૿ͯ͠ɼ܁
ը૾ͱͷڑΛͱͬͨ݁ՌΛάϥϑʹͯՄࢹԽͨ͠ͱ͜
Ζɼपੑظ֬ೝͰ͖ͳ͔ͬͨɽ࿈ଓతมΛྗֶܥͱ
ଊ͑ΔͱɼيಓඇपظతͰ͋ΓɼΧΦεతੑ࣭Λͭ࣋
͜ͱ͕ࣔࠦ͞ΕΔ͜ͱ͔ΒɼϦΞϓϊϑࢦͷਪఆʹݱ
औΓΜͰ͍Δɽࡏ
ͷख๏Ͱ͋Δݮݩ࣍ UMAPΛ༻͍ͯੜσʔλͷ
Λ ಓͷதͰଟ༷يදͨ͠ͱ͜ΖɼҰͭͷʹ্ݩ࣍2
ͳը૾͕ੜͰ͖͍ͯΔ͜ͱ͕֬ೝͰ͖ͨɽҰରͷը૾
มΛֶशͨ͠ CycleGANͷ $ ͱ % Λ͍࿈ଓతʹม
Δ͜͢ݱ߹ɼଟ͘ͷখ͞ͳΞτϥΫλ͕ग़ͨͬߦΛ
ͱ͕ઌڀݚߦ [4]ʹΑΓใ͞ࠂΕ͍ͯΔ͕ɼࠓճͷ݁Ռ
ͦΕͱҟͳΓɼΑΓଟ༷ͳը૾Λੜ͢ΔΞτϥΫλ
͕ग़͍ͯ͠ݱΔ͜ͱ͕ࣔࠦ͞ΕΔɽޙࠓͷ՝ͱͯ͠
ɼੜσʔλͷΛ܇࿅σʔλͷ·Ͱ͛ΒΕ
ΔΑ͏ʹɼϞσϧΛվྑ͢Δ͜ͱ͕͛ڍΒΕΔɽ
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