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ΫϥεใΛྀͨ͠ߟελΠϧมʹΑΔςετλΠϜ֦ுͷߴਫ਼Խʹؔ͢Δڀݚ

TR190002 ࢬࠓ ߤ ٢౻तɿڭಋࢦ ߂

1.͡Ίʹ
ਂֶशʹΑΔελΠϧมɼೖྗը૾͕ͭ࣋ελΠ

ϧΛҟͳΔελΠϧม͢ΔΞϓϩʔνͰ͋ΔɽελΠ
ϧมΛ༻͍ͯҟͳΔυϝΠϯͷը૾ʹม͢Δ͜ͱͰɼ
ମೝࣝͷυϝΠϯదԠ͕ՄͱͳΔɽελΠϧมΛ༻
͍ͨυϝΠϯదԠͷදతͳख๏Ͱ͋Δ CyCADA[3] ɼ
ը૾ͷΫϥε͕Ұ؏ͨ͠มՄͰ͋Δ͕ɼೖྗը૾ʹ
ରͯ͠ੜͰ͖Δมը૾ 1ຕͰ͋Δɽ
ຊڀݚͰɼελΠϧมͷࡍʹΫϥεใΛྀͯ͠ߟ

ෳͷมը૾ΛੜͰ͖ΔελΠϧมख๏ΛఏҊ͢Δɽ
͞Βʹɼը૾ͷೝࣝ࣌ʹσʔλ֦ுΛ͏ߦςετλΠϜ֦
ுʹఏҊख๏Λ༻͍Δ͜ͱͰߴਫ਼Խ͕ظͰ͖ΔɽఏҊ
ख๏ɼΫϥεใΛྀ͠ߟͳ͕Β༷ʑͳελΠϧม͕
ՄͱͳΓɼ͍ߴΞϯαϯϒϧޮՌΛ࣮ݱͰ͖Δɽ

2.ैདྷڀݚ

2.1 ελΠϧม
ελΠϧมɼҟͳΔελΠϧΛͭ࣋ը૾ؒʹ͓͍ͯɼ

Ұํ͘͠ํʹը૾ม͢ΔΞϓϩʔνͰ͋Δɽ
ελΠϧมͷදతͳख๏ͱͯ͠ɼCycleGAN[1]͕͋Δɽ
CycleGANɼมઌͷϖΞը૾Λඞཁͱ͠ͳ͍มख๏
Ͱ͋Γɼ2ͭͷελΠϧؒͰํʹը૾มͰ͖Δɽ·
ͨɼ3ͭҎ্ͷελΠϧΛม͢Δख๏ͱͯ͠ɼStarGAN
v2[2]͕͋ΔɽStarGAN v2ೖྗը૾ͱҟͳΔը૾ɼ
͘͠Ψεʹͮ͘جજࡏม͔ΒελΠϧίʔυΛ
ੜ͠ɼελΠϧίʔυʹຒΊࠐ·ΕͨελΠϧʹͳΔΑ
͏ʹೖྗը૾Λม͢Δɽ

2.2 υϝΠϯదԠ
υϝΠϯదԠɼࢣڭϥϕϧΛͨ࣋ͳ͍λʔήοτυ

ϝΠϯͱɼࢣڭϥϕϧΛͭ࣋ιʔευϝΠϯͷҟͳΔυϝ
ΠϯؒͷΪϟοϓΛܰ͢ݮΔΑ͏ʹֶश͢Δ͜ͱͰɼλʔ
ήοτυϝΠϯͰͷࣝผਫ਼Λ্ͤ͞Δٕज़Ͱ͋Δɽε
λΠϧมʹΑΔυϝΠϯదԠͱͯ͠ Cycle-Consistent
Adversarial Domain Adaptation(CyCADA)[3]͕ఏҊ͞
Ε͍ͯΔɽCyCADAɼCycleGANʹΫϥεใΛྀߟ
͢Δ Semantic consistencyΛಋೖ͍ͯ͠Δɽ͜ΕʹΑΓɼ
ιʔευϝΠϯͰࣄલֶशͨࣝ͠ผثΛ༻͍ͯɼมલޙ
ͷը૾ʹ͓͚ΔΫϥεใ͕Ұக͢ΔΑ͏ʹֶशͰ͖Δɽ

3.ఏҊख๏
ຊڀݚͰɼStarGAN v2Ͱͷը૾ม࣌ʹΫϥεࣝผ

Λิ͏ߦॿλεΫΛՃ͢Δ͜ͱʹΑΓɼελΠϧม࣌
ʹΫϥεใΛྀ͢ߟΔɽิॿλεΫʹɼCyCADAͷ
Semantic consistencyΛ༻͍Δɽ͜ΕʹΑΓɼຊख๏Ϋ
ϥεใΛྀ͠ߟͳ͕Βෳͷը૾ม͕Ͱ͖Δɽຊख
๏ΛධՁ࣌ʹσʔλ֦ு͢ΔςετλΠϜ֦ுʹద༻͢Δ
͜ͱͰɼߴਫ਼ͳࣝผ͕ՄͱͳΔɽ

3.1 ΫϥεใΛྀͨ͠ߟ StarGAN v2
ఏҊख๏ͷߏΛਤ 1ʹࣔ͢ɽఏҊख๏ɼιʔεը૾

xs ͱλʔήοτը૾ xt ʹରͯ͠ҎԼͷॲཧΛॱʹ͏ߦɽ

Step1 જࡏม zΑΓੜ͞ΕΔελΠϧίʔυ s̃t Λ༻
͍ͨελΠϧมɽ

Step2 ࣮ը૾ xs ͱมը૾ x̃t ͷਅآఆɽ

Step3 ࣮ը૾ͷελΠϧίʔυ ŝs Λ༻͍ͨը૾ x̃t ͷ࠶
ɽߏ

Step4 ࣮ը૾ xs ͱมը૾ x̃t ͷΫϥεࣝผɽ

͜͜ͰɼGeneratorΛEncoder-DecoderϞσϧͱͨ͠ͱ͖ɼ
ೖྗը૾͕ͭ࣋ίϯςΩετΛ EncoderͰநग़ɼDecoder
ͰελΠϧใͷ༩Λͨ͏ߦΊɼGeneratorͷதؒಛ
υϝΠϯෆมͷಛྔͱͳΔɽͦͷͨΊɼGeneratorͷ
தؒʹΫϥεࣝผثΛՃ͢Δ͜ͱʹΑΓɼ྆ํͷυϝΠ
ϯʹ͓͍ͯेͳࣝผੑ͕ظͰ͖Δɽ·ͨɼՃͨ͠
Ϋϥεྨثը૾ม࣌ʹ༻͍ͳ͍ɽ

Mapping network

Encoder Decoder

Discriminator
R/F

R/F

Style encoder
Classifier

Class

Decoder Encoder

Class

Step1: 潜在変数を用いた
スタイル変換

Step2: 画像の真贋判定

Step3: 画像の再構成

Step4: 各画像のクラス識別

Generator

Cycle
consistency

Sematic
consistency

ਤ 1 : ఏҊख๏ͷߏ

3.2 ؔࠩޡ
Λֶश͢ΔثɼΫϥεࣝผؔࠩޡ Ltask ͱɼελΠ

ϧมʹ͓͚ΔΫϥεใͷҰ؏ੑΛྀ͢ߟΔ Lsem Λ༻
͍Δɽ֤ؔࠩޡࣜ (1)ɼࣜ (2)ͱఆٛ͢Δɽ

Ltask = CE(C(Genc(xs)), ts) (1)

Lsem = CE(C(Genc(G(xs, st)), C(Genc(xs))

+ CE(C(Genc(G(xt, ss)), C(Genc(xt)) (2)

͜͜Ͱɼx͕ೖྗը૾ɼts͕ιʔευϝΠϯͷࢣڭϥϕϧɼ
C ͕ΫϥεྨثɼG͕Generatorɼs͕ελΠϧίʔυɼ
CE͕ΫϩεΤϯτϩϐʔࠩޡͰ͋Δɽ·ͨɼఴ͑ࣈ֤
υϝΠϯΛද͓ͯ͠Γɼs͕ιʔευϝΠϯɼt͕λʔήο
τυϝΠϯΛද͍ͯ͠ΔɽLtaskɼࢣڭϥϕϧΛͭ࣋ιʔ
ευϝΠϯͷը૾ͷΈͰࠩޡΛ͢ࢉܭΔɽLsem ɼΫϥ
εྨثΑΓग़ྗ͞ΕΔมલͷΫϥε֬ΛԾϥϕϧͱ
͠ɼมޙͷΫϥε֬ͱͷΫϩεΤϯτϩϐʔࠩޡΛܭ
؏ͰΫϥεใͷҰޙલΔɽ͜ΕʹΑΓɼը૾ͷม͢ࢉ
ੑΛֶྀͨ͠ߟश͕ՄͱͳΔɽ

3.3 ςετλΠϜ֦ு
ςετλΠϜ֦ுɼࣝผ࣌ςεταϯϓϧʹରͯ͠

σʔλ֦ுΛ͍ߦɼ֤ը૾ʹର͢ΔΫϥε֬Λฏͯ͠ۉ
ऴతͳ༧ଌ݁ՌΛܾఆ͢Δɽຊख๏ͰɼιʔευϝΠ࠷
ϯͰࣄલֶशͨࣝ͠ผثλʔήοτυϝΠϯͷը૾Λೖ
ྗ͢ΔࡍʹɼελΠϧมʹΑΔυϝΠϯదԠΛ͏ߦɽಉ
มΛෳճαϯϓϦϯά͠ɼ༷ʑͳελΠϧࡏɼજʹ࣌
ͷը૾ม͢Δɽͦͯ͠ɼैདྷͱಉ༷ʹࣜ (3)Ͱఆٛ͢
ΔΞϯαϯϒϧਪʹͯ࠷ऴతͳ༧ଌ݁ՌΛܾఆ͢Δɽ

pi =
1
N

N∑

n=1

σi(f(G(x, F (zn)))) (3)

͜͜Ͱɼi ͕Ϋϥε൪߸ɼp ͕༧ଌ݁ՌɼN ͕૿෯ɼσ
͕ Softmax ؔɼf ɼFثલֶश͞Εͨࣝผࣄ͕ ͕જࡏ
มΑΓελΠϧίʔυΛੜ͢ΔMapping networkɼz
͕જࡏมͰ͋Δɽ

4.ධՁ࣮ݧ
ఏҊख๏ͷ༗ޮੑΛࣔͨ͢Ίʹɼมը૾ͷௐࠪͱ

ςετλΠϜ֦ுʹ͓͚Δࣝผੑͷൺֱɼ͓Αͼมը
૾ͷௐࠪΛ͏ߦɽධՁ࣮ʹݧ༻͢Δσʔληοτɼ
ࣈೝࣝ༻ͷσʔληοτͰ͋Δ SVHN ͱ SynthDigits
Λ༻͍Δɽ͜͜ͰɼιʔευϝΠϯʹɼCGը૾Ͱ͋Δ
SynthDigitsɼλʔήοτυϝΠϯ࣮ը૾Ͱ͋Δ SVHN
ͱ͠ɼΫϥε 10Ͱ͋Δɽ·ͨɼςετλΠϜ֦ுʹ
͓͚Δ૿෯ 10ͱ͢Δɽ



ターゲット
ドメイン
(実画像)

CycleGAN StarGAN v2 提案手法
ソース
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(CG画像)

ਤ 2 : ֤ख๏ʹΑΔม݁Ռ

(a)ελΠϧมલͷ (b)ελΠϧมޙͷ

ਤ 3 : UMAPʹΑΔͷՄࢹԽ

ද 1 : ςετλΠϜ֦ுʹ͓͚Δࣝผਫ਼

มख๏ ૿෯

ࣝผ [%]

ResNet-20

(701.4k)

CNN

(24.3k)

มແ͠ - 74.88 66.54

ϕʔεϥΠϯ 1 77.48 76.44

(StarGAN v2) 10 79.85 79.50

ఏҊख๏
1 87.73 85.77

10 89.21 87.91

4.1 มը૾ͷఆੑతධՁ
ఏҊख๏͓Αͼैདྷख๏ (CycleGANɼStarGAN v2)Λ

༻͍ͯม݁ͨ͠ՌΛਤ 2ʹࣔ͢ɽ͜ΕΑΓɼैདྷख๏Ͱ
Ϋϥεใͷҡࠔ͕࣋Ͱ͋ΓɼมݩͰ͋Δλʔήο
τυϝΠϯͷը૾͕ը࣭Ͱ͋ͬͨ߹ͦͷݦ͕ஶ
Ͱ͋ΔɽҰํɼఏҊख๏ʹΑΔมɼΫϥεใΛҡ࣋
ͨ͠ঢ়ଶͰҟͳΔελΠϧͷը૾มͰ͖͍ͯΔ͜ͱ͕
͔Δɽ

4.2 ςετλΠϜ֦ுΛ༻͍ͨఆྔతධՁ
ςετλΠϜ֦ுʹ༻͢ΔࣄલֶशࡁΈࣝผثʹɼ

ResNet-20ͱɼυϝΠϯؒͷࠩҟΛٵऩ͢Δ͜ͱ͕ࠔͳ
5ͷCNNΛ༻͍ͯධՁ࣮ݧΛ͏ߦɽςετλΠϜ֦ுʹ
ΑΔࣝผਫ਼Λද 1ʹࣔ͢ɽ͜͜Ͱɼ֤ωοτϫʔΫͷύϥ
ϝʔλϞσϧ໊ͷԼʹࣔ͢ɽද 1ΑΓɼResNet-20ͷ
݁Ռʹ͓͍ͯɼఏҊख๏มແ͠ͱൺֱͯࣝ͠ผਫ਼ͷ
ೝͰ͖Δɽ·ͨɼ૿෯্͕֬ 1ͰɼఏҊख๏ʹΑΔࣝ
ผਫ਼ϕʔεϥΠϯͷ StarGAN v2ͱൺֱ͠ɼ10.25pt
ͷਫ਼্Λ֬ೝͨ͠ɽ͞Βʹɼ૿෯ 10Ͱɼ૿෯
1 ͱൺֱͯ͠ 1.48pt ͷਫ਼্Λ֬ೝͨ͠ɽ͜ͷ
CNNͷࣝผ݁Ռʹ͓͍ͯಉ༷Ͱ͋Δɽ

4.3 UMAPʹΑΔมը૾ͷͷௐࠪ
֤υϝΠϯͷը૾ͱఏҊख๏Ͱมͨ͠ը૾Λ UMAP

Ͱݩ࣍ѹॖ͠ɼՄࢹԽͨ݁͠ՌΛਤ 3ʹࣔ͢ɽ͜͜Ͱɼ੨
͕ιʔευϝΠϯɼ͕λʔήοτυϝΠϯΛදͯ͠
͍Δɽݩ࣍ѹॖʹ༻͢Δը૾ຕɼ֤Ϋϥε͔Βϥϯ
μϜʹ 25ຕબ͠ɼ֤υϝΠϯ 250ຕͱ͢Δɽ·ͨɼѹ
ॖ͢ΔಛʹఆྔతධՁͰ༻ͨ͠ CNNͷதؒಛΛ
༻͍Δɽਤ 3(a) ελΠϧมΛ͍ͯͬߦͳ͍ͨΊɼυ
ϝΠϯ͝ͱͷ͕ҟͳ͍ͬͯΔɽҰํɼελΠϧมΛ
ਤͨͬߦ 3(b)֤Ϋϥεͷ͕΄΅Ұக͍ͯ͠Δɽ

5.͓ΘΓʹ
ຊڀݚͰɼΫϥεใΛྀͨ͠ߟελΠϧมख๏

͓ΑͼɼςετλΠϜ֦ுʹ͓͚ΔελΠϧมΛ༻͍ͨ
σʔλ֦ுΛఏҊͨ͠ɽධՁ࣮ݧʹ͓͍ͯɼఏҊख๏ʹΑ
ΔελΠϧมɼΫϥεใΛྀͨ͠ߟม͕Ͱ͖͍ͯ
Δ͜ͱΛ֬ೝͨ͠ɽ·ͨɼςετλΠϜ֦ுʹΑΔఆྔత
ධՁͰɼมແ͠ͱൺֱͯ͠ɼ14.33ptͷਫ਼্Λ֬
ೝͨ͠ɽޙࠓɼηϚϯςΟοΫηάϝϯςʔγϣϯͳͲ
ͷҟͳΔλεΫͷదԠΛݕ౼͢Δɽ
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1D Self-Attention NetworkʹΑΔਆܦ৴߸͔Βͷಈࣝ࡞ผʹؔ͢Δڀݚ

TR19005 ాᬒɹྏ ߂٢౻तɿڭಋࢦ

1.͡Ίʹ
ਓͷಈࣝ࡞ผɼը૾ϕʔεͷࣝผ๏ [1]ͱ৴߸ϕʔε

ͷࣝผ๏ [2]ʹେผͰ͖Δɽը૾ϕʔεͷख๏ɼRGBΧ
ϝϥ͔Βऔಘͨ͠ը૾Λ༻͍ΔͨΊɼணܭܕଌσόΠε
Λඞཁͱͤͣɼඇ৮Ͱಈ࡞ͷࣝผ͕ՄͰ͋Δɽ͔͠͠ɼ
Λ௫ΉͳͲͷମʹରͯ͠खઌͷΈͰ͏ߦಈ࡞ɼΦΫ
ϧʔδϣϯ͕ൃੜ͢Δͱࣝผ͕ࠔͱͳΔɽҰํɼ৴߸ϕʔ
εͷख๏ɼਓମʹணͨ͠σόΠε͔Βిے৴߸Λ༻͍
ΔͨΊɼΦΫϧʔδϣϯ͕ൃੜ͠ͳ͍ͱ͍͏ϝϦοτ͕͋
Δɽखઌͷಈࣝ࡞ผΛͨ͏ߦΊʹɼखઌͷಈ࡞ʹਂؔ͘
ΘΔ৴߸Λܭଌ͢Δඞཁ͕͋Δɽͦ͜ͰຊڀݚͰɼਓମ
ͷखटʹҐஔ͠ɼखͷےΛࢧ͢Δखࠜਆ͔ܦΒܭଌ
Մͳਆܦ৴߸ʹண͢Δɽਆܦ৴߸ͷྻܥ࣌σʔλ͔Β
ಈݻ࡞༗ͷಛΛଊ͑ΔͨΊʹɼ1D-Self-Attention Block
ΛఏҊ͢Δɽ
2.ैདྷڀݚ
৴߸ϕʔεͷैདྷख๏ͱͯ͠ɼMorbidoniΒද໘ిے

ਤ (sEMG)Λ֊ܕχϡʔϥϧωοτϫʔΫʹೖྗͯ͠ɼ
ਓͷελϯεϑΣʔζͱεΠϯάϑΣʔζͷಈࣝ࡞ผΛ
ख๏ΛఏҊ͍ͯ͠Δ͏ߦ [3]ɽ·ͨɼOzalΒਓؒͷ৺ి
ਤ͔ΒϑϥάϝϯτͱݺΕΔখྖҬΛαϯϓϦϯά͠ɼ
CNNΛదԠ͢Δ͜ͱͰ 17Ϋϥεͷ৺ෆશΛݕग़͢Δख๏
ΛఏҊ͍ͯ͠Δ [2]ɽ͜ΕΒͷैདྷख๏ɼΫϥεࣝผͷͨ
Ίͷಛநग़ʹଟύʔηϓτϩϯΈࠐΈχϡʔϥϧ
ωοτϫʔΫΛ༻͍͍ͯΔɽ͔͠͠ɼΈࠐΈɼۙ
ͷࠁ࣌ʹண͢ΔͨΊɼΕͨࠁ࣌ͷॏཁͳมԽΛଊ͑Δ
͜ͱʹద͍ͯ͠ͳ͍ɽ
3.ఏҊख๏
ਓͷखઌͷಈ࡞ɼͦͷछྨʹΑΓಈ͕ؒ࣌࡞ҟͳΔɽ

ͦͷͨΊɼಈ࡞ͷظత͓ΑͼظతͳมԽΛଊ͑Δ͕ࣄॏ
ཁͱͳΔɽຊڀݚͰɼྻܥ࣌σʔλʹ͓͍ͯɼपลࠁ࣌Λ
ಛநग़͕Մͳྀͨ͠ߟ 1D-Self-Attention Block(1D-
SAB)ʹΑΓߏ͞ΕΔ 1D-Self-Attention Networks(1D-
SAN)Λ༻͍ͨಈࣝ࡞ผ๏ΛఏҊ͢Δɽ
3.1.खࠜਆܦ
ຊڀݚͰɼਓͷखઌͷಈ࡞Λରͱ͢ΔͨΊɼਓ

ମͷखटʹҐஔ͠ɼखͷےΛࢧ͢Δखࠜਆ͔ܦΒ
ܦਆࠎɼᒷʹܦ৴߸Λ༻͍ΔɽखࠜਆܦଌՄͳਆܭ
(Radial narve)ɼਖ਼தਆܦ (Median narve)ɼईࠎਆܦ (Ul-
nar narve)͕͋Δɽ͜ΕΒͷਆܦ৴߸ΛMudra wearable
deviceʹΑΓܭଌ͢ΔɽαϯϓϦϯάִؒ 1msͱ͢Δɽ
3.2.1D Self-Attention Networks(1D-SAN)
ຊڀݚͰɼSelf-Attention Networks(SAN)[4]Ͱ༻͍

ΒΕΔ Self-Attention Block(SAB)Λ σʔλʹରԠݩ࣍1
ͤͨ͞ɼ1D-SAB ΛఏҊ͠ɼ1D-SAN Λߏ͢ΔɽఏҊ
͢Δ 1D-SAB ͷߏΛਤ 1 ʹࣔ͢ɽ1D-SAB ʹɼखࠜ
ਆ͔ܦΒऔಘͨ͠ྻܥ࣌৴߸Λೖྗ͢Δɽೖྗͨ͠৴߸
ɼ̍͝ࠁ࣌ͱʹॲཧ͠ɼରԠ͢Δࠁ࣌ͷ Self-Attention
Λࢉग़͢Δɽਤ 1ʹ͓͚Δ੨৭ͷΛॲཧͷࠁ࣌ͱ͠
,̍ࠁ࣌ɼ৭Λۙ࣌ͨ ৭Λۙ̎ࠁ࣌ͱ͢Δɼ֤ۙ
ࠁ࣌ʹରͯ͠ɼࠁ࣌ (੨)ͱͷ Pointwise convॲཧ
Λ͏ߦɽ·ͨɼࠁ࣌ͱۙࠁ࣌ΛɼП͓ΑͼСͷֶश
Մͳؔ (1D-CNN)ೖྗ͠ɼؔؔЎΛٻΊΔɽؔ
ࢉݮЎͷग़ྗɼؔПͷग़ྗ͔ΒؔСͷग़ྗΛؔ
ͨ͠ͷͰ͋ΓɼϚοϐϯάؔЍʹΑͬͯ̍ͭͷॲཧ
ͷग़ྗͱνϟϯωϧΛ߹ΘͤΔɽͦͷޙɼ2ͭͷग़ྗͷ
ཁૉੵΛࢉग़͢Δɽ͜ͷॲཧΛۙࠁ͍࣌ߦ૯͢Δɽ
ੜͨ͠ Self-Attention Map(SAM) Pointwise convॲ
ཧʹΑΓೖྗνϟωϧͱಉ͡νϟωϧʹ͢Δɽ͜ͷग़ྗ
ʹɼεςοϓߏػͱͯ͠ೖྗ৴߸ΛՃ͠ࢉɼ࠷ऴग़ྗͱ͢
Δɽ1D-SABΛ༻͍Δ͜ͱͰɼਆܦ৴߸ͷॏཁͳҐஔʹ
େ͖ͳॏΈΛ༩͑Δ͜ͱ͕Ͱ͖ɼΕͨ৴߸ͱͷؔੑ
ΛྀߟͰ͖Δɽ

, " 									$ 									

% 																																						& 																																								, " 									$ 									
C

H

Bn/Relu

Output

Self attention  map

1×1×C
1×1×C’

1×1×C’

1×W×C’

1×W×C

⨁

Bn/Relu
Pointwise conv

1×1×C 1×1×C

input

% 																																						& 																																								

Pointwise conv

1×1×C 1×1×C

⨀

⨀

⨁
1×1×C

1×W×C

1×1×C’

Pointwise conv

SAM

スキップ機構

: 近傍時刻１(t - 1) : 近傍時刻２(t + 1): 注目時刻( t )

W
H×W×C

Generated SAM

ਤ 1 : 1D Self-Attention Blockͷߏ

3.3.ωοτϫʔΫͷߏ
ຊڀݚͰɼ̏ͷ 1D-SAB͔ΒͳΔ 1D-SANΛ༻͍

ΔɽҰͷ 1D-SABʹ͓͚Δۙࠁ࣌ͷִؒΛ ɼࠁ࣌3
2ɼ3ͷ 1D-SABʹ͓͚Δۙࠁ࣌ͷִؒΛ ͱ͢ࠁ࣌5
Δɽ͜ΕʹΑΓɼΕͨࠁ࣌ͷ৴߸ͱͷมԽΛྀߟͰ͖Δɽ
1D-SANͷߏͱ֤ 1D-SABͷۙઃఆΛਤ 2ʹࣔ͢ɽ

・
・
・
・
・

・
・
・

・
・
・
・
・ 6 class

FC

1D-SAB1 1D-SAB2 1D-SAB3

t - 3 t + 3

t

t - 5 t + 5

t

t - 5 t + 5

t

input

ਤ 2 : ωοτϫʔΫߏͱۙ

3.4.ಈࣝ࡞ผͷྲྀΕ
ຊڀݚͰͷಈࣝ࡞ผɼ3ͭͷ StepͱͳΔɽStep 1ɼ

Mudra wearable deviceΛ༻͍ͯऔಘͨ͠ਆܦ৴߸ΛҰఆ
۠ؒ͝ͱʹݻఆͰαϯϓϦϯά͠ɼ1D-SANͰਪ͕Ͱ
͖Δσʔλ͢ܗΔɽStep 2ɼֶशࡁΈ 1D-SANʹɼ
ࣝผରͷσʔλͷ ͱͯ͠ɼೖྗ͢ΔσʔλىΛࠁ࣌0
ͷྖҬΛ ผ͢ΔɽStepࣝ࡞Γฦ͠ೖྗ͠ɼಈ܁ͭͣࠁ࣌10
3ɼ֤۠ؒͷಈࣝ࡞ผ݁ՌΛ౷߹ͯ͠࠷ऴతͳಈࣝ࡞ผ
݁ՌΛग़ྗ͢Δɽ
Step 1ɿલॲཧ
ຊڀݚͰѻ͏ਆܦ৴߸ܗɼՄมͷσʔλͰ͋Δɽ

1D-SANͰਪΛͨ͏ߦΊʹɼ64ࠁ࣌ͷ Λܗݩ࣍1
αϯϓϦϯά͢Δɽ
Step 2ɿαϯϓϦϯάࠁ࣌Ͱͷಈࣝ࡞ผ
ಈࣝ࡞ผɼ10 αϯϓϦϯά۠ؒΛͣΒ͠ͳͭͣࠁ࣌

͕Β 1D-SANʹೖྗ͢Δɽ
Step 3ɿಈࣝ࡞ผ݁Ռͷ౷߹
͢ੵྦྷʹΔωοτϫʔΫͷग़ྗΛΫϥεຖ͚͓ʹࠁ֤࣌

Δɽྦྷੵ͕࠷େͷΫϥεΛಈࣝ࡞ผ݁Ռͱ͢Δɽࣝผ݁
ՌྦྷੵॲཧΛਤ 3ʹࣔ͢ɽ
4.ධՁ࣮ݧ
ఏҊख๏ͷ༗ޮੑΛࣔͨ͢Ίʹɼ1ݩ࣍ܗʹରԠͨ͠

ΈࠐΈχϡʔϥϧωοτϫʔΫ (1D-CNN) ͱೝࣝਫ਼
ͷൺֱΛ͏ߦɽ·ͨɼϑʔϦΤม͠ɼपۭؒΛೖྗ
ͱͨ͠ࡍͷਫ਼ͱൺֱ͢Δɽ
4.1.σʔληοτ
ຊڀݚͰɼ6Ϋϥεͷಈ࡞ʹର͢Δਆܦ৴߸Λ 100ճ

ଌͨ͠ܭ 600αϯϓϧΛ༻͍Δɼ͜ΕΒΛ 6:4Ͱֶश͓Α
ͼධՁσʔλʹׂͯ͠༻͍ΔɽΫϥεͷσʔλऔಘ࣌ͷ
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" , ∑ "("#

" 	)
最終識別結果

要素和

・・・

1D-SAN 1D-SAN 1D-SAN・・・

t=1 t=2 t=n

[!!!, !$!, !%!, !&!, !'!, !(!], [!!$, !$$, !%$, !&$, !'$, !($],

input

output

・・・

6クラス分の識別結果

[!!#, !$#, !%#, !&#, !'#, !(#]

ਤ 3 : ऴॲཧఆ࠷

ը૾Λਤ 4ʹࣔ͢ɽσʔλɼMudra wearable deviceΛ
ඃऀݧͷӈखटʹண͠ɼಈ࡞தͷ Λऩूͨ͠ɽܗݩ࣍1
ਤ 5ʹಈ࡞ Pushʹର͢Δਆܦ৴߸Λࣔ͢ɽ

Push

Take

Turn

Twist

Type

Put

ਤ 4 : ରಈ࡞Ϋϥε

ਤ 5 : ৴߸σʔλαϯϓϧ (Push)

ཁ֓ݧ࣮.4.2
1D-CNN Λ༻͍ͨϞσϧͱ 1D-SAB Λ༻͍ͨϞσϧ

ͷਫ਼ൺֱΛ͏ߦɽ1D-CNN ɼ2 ͷΈࠐΈͱग़
ྗͷܭ 3ͷߏͰ͋ΔɽֶशɼEpochΛ 20000ɼ
BatchSizeΛ 128ɼαϯϓϦϯά෯Λ 64ͱ͢ΔɽOptimizer
Momentum SGDͱ͠ɼֶशΛ 0.001 ɼLossؔʹ
CrossEntropy LossΛ༻͍Δɽ
Ռ݁ݧ࣮.4.3
ද 1 ʹ֤ख๏ͷ Confusion Matrix Λࣔ͢ɽൺֱ࣮ݧ

ͷ݁Ռɼ1D-CNNͷಈࣝ࡞ผਫ਼ 90.4ˋɼఏҊख๏
91.2ˋͱͳΓɼఏҊख๏͕ಈࣝ࡞ผͰ༗ޮͰ͋Δ͜ͱ͕Θ
͔ͬͨɽఏҊख๏ɼTurnɼTwistɼType ͷਫ਼্͕
͠ɼTakeɼPushͷਫ਼͕Լͨ͠ɽ1D-CNNͰɼTwist
Λ Turnͱࣝޡผ͕ͨ͠ɼఏҊख๏ͰɼTurnͷࣝޡผ

ݮগͨ͠ɽҰํͰఏҊख๏ɼPushΛ Twistͱࣝޡผ
͢Δ͜ͱ͕ଟ͍ɽPushʹରͯ͠ఏҊख๏ͷਫ਼͕Լ͠
ͨཁҼɼΛԡ͠ࠐΉಈ࡞Λ͢ΔࡍʹɼྗΛࠐΊͯ͘ڧ
ԡ͠ࠐΉέʔε͕͋ΓɼPushͰ͋Γͳ͕Β TwistͷΑ͏
ʹৼಈ͢Δ৴߸͕ܭଌ͞Εͨ͜ͱ͕ݪҼͱ͑ߟΒΕΔɽ͜
ͷΑ͏ͳέʔεΛֶशσʔλʹՃ͢Δඞཁ͕͋Δɽ·
ͨɼTurn TwistͳͲɼྻܥ࣌తͳมԽ͕େ͖ͳΫϥε
ʹର͢Δਫ਼্͕͍ͯ͠Δ͜ͱ͔ΒɼఏҊख๏৴߸
తʹେ͖͘มԽ͢ΔΫϥεʹ༗ޮͰ͋Δɽྻܥ͕࣌

ද 1 : Confusion MatrixʹΑΔࣝผ݁Ռͷൺֱ

ද 2 ʹɼपྖҬʹ͓͚Δ֤ख๏ͷਫ਼Λࣔ͢ɽఏ
Ҋख๏ͱ 1D-CNNͰൺֱΛ݁ͨͬߦՌɼपྖҬͰɼ
1D-SANͷಈࣝ࡞ผਫ਼͕ 80.0ˋɼ1D-CNNͷಈࣝ࡞ผ
ਫ਼͕ 90.4 ˋͱͳΓɼ1D-SAN ͷਫ਼͕ԼճͬͨɽҰํ
ͰϑʔϦΤมͳ͠Ͱɼ1D-SANͷࣝผਫ਼ 91.2ˋ
ͱ্ͨ͠ɽ1D-SANɼ૬ରతͳҐஔؔͱͦͷॏཁੑ
Λ Self-AttentionʹΑΓදݱͰ͖ΔͨΊϑʔϦΤมͳ͠
Ͱಈࣝ࡞ผ͕ՄͰ͋Δɽ

ද 2 : पྖҬʹ͓͚Δਫ਼ൺֱ

ωοτϫʔΫ ϑʔϦΤม͋Γ (%) ϑʔϦΤมͳ͠ (%)

1D-SAN 80.0 91.2

1D-CNN 90.4 90.4

5.͓ΘΓʹ
ຊڀݚͰɼखઌͷےΛࢧ͢Δखࠜਆ͔ܦΒऔಘ

ͨ͠ਆܦ৴߸͔Βͷಈࣝ࡞ผΛͨ͏ߦΊʹɼ1ݩ࣍ܗʹ
ରԠͨ͠ 1D Self-Attention NetworkΛఏҊͨ͠ɽਫ਼ൺ
Ͱɼैདྷख๏ͷݧֱ࣮ 1D-CNNʹରͯ͠ɼఏҊख๏͕
 0.8ϙΠϯτ্ճΓɼಈࣝ࡞ผʹ͓͍ͯɼఏҊख๏͕༗
ޮͰ͋Δ͜ͱΛࣔͨ͠ɽ·ͨɼPushͷΑ͏ͳਆܦ৴߸͕
࿈ଓతʹେ͖͘ͳΔΫϥεͰɼਫ਼͕Լ͕ͨ͠ɼTurn
 TwistͳͲɼྻܥ࣌తͳมԽ͕ଊ͍͑͢Ϋϥεʹؔ͠
ͯਫ਼্͕ͨ͠ɽ
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Generative Adversarial Networksͷڞಉֶशʹؔ͢Δڀݚ

TR19006 ௩ݪ ߂٢౻तɿڭಋࢦ

1.͡Ίʹ
Generative Adversarial NetworksʢGANsʣ Gener-

ator͓Αͼ DiscriminatorΛఢରతʹֶश͢Δ͜ͱͰɼ࣮
ࡏͳ͍ը૾Λੜ͢Δख๏Ͱ͋ΔɽGeneratorɼજ͠ࡏ
มΛ༻͍ͯը૾Λੜ͠ɼੜը૾͕ Discriminatorʹ
ΑΓ࣮ը૾ͱࣝผ͞ΕΔΑ͏ʹֶश͢ΔɽDiscriminator
ɼ࣮ը૾ͱੜը૾ΛࣝผͰ͖ΔΑ͏ʹֶश͢ΔɽGANs
ͷֶश࣌ɼGeneratorͷੜը૾ʹภΓ͕ੜ͡ΔͱɼDis-
criminator࣮ը૾ͱੜը૾Λ؆୯ʹࣝผͰ͖ɼϞʔυ
่յΛ͜͢͜ىͱ͕͋Δɽ͜ͷΛղܾ͢ΔͨΊʹɼෳ
ͷGeneratorΛ༻͍Δ͜ͱͰɼϞʔυ่յͷൃੜΛ੍
͢Δख๏͕ఏҊ͞Ε͍ͯΔ [2]ɽ͔͠͠ɼ͜ͷख๏ Gen-
erator͕ಠཱͯ͠ը૾Λੜ͢ΔͨΊɼੜը૾ʹภΓ͕
ੜ͡Δղܾ͍ͯ͠ͳ͍ɽͦ͜ͰɼຊڀݚͰੜը
૾ͷภΓΛ੍͢ΔͨΊʹɼෳͷGenerator͕ࣝΛస
Ҡ͠ͳ͕Βڞಉֶशͯ͠ը૾Λੜ͢Δख๏ΛఏҊ͢Δɽ

2.ؔ࿈ڀݚ
ैདྷख๏Ͱ͋ΔDeep Convolutional GANs͓ΑͼMulti-

Agent Diverse GANsʹ͍ͭͯड़Δɽ
Deep Convolutional GANsʢDCGANsʣ[1]ɼ

ΈࠐΈΛ༻͍Δ͜ͱͰੜը૾ͷ࣭Λ্ͨͤ͞GANs
ͷख๏Ͱ͋Δɽ࣮ը૾ͱͯ͠ਖ਼໘ͷإը૾ͷΈͷσʔλ
ͷྨͨ͠ࣅσʔλͷΈѻ͏߹ʹ͓͍ͯɼ࣮ը૾ͱ۠ผ
͕Ͱ͖ͳ͍໌ͳը૾ΛੜͰ͖Δɽֶश͢ΔࡍʹϞʔυ
่յ͕ൃੜ͢Δ߹͕ଟ͘ɼ҆ఆֶͨ͠श͕ࠔͰ͋Δɽ

Multi-Agent Diverse GANsʢMAD-GANsʣ[2]ɼ
ෳͷGenerator͓Αͼ̍ͭͷDiscriminatorͰߏ͞Ε
ͨGANsͷख๏Ͱ͋ΔɽDiscriminator࣮ը૾ͱੜը
૾Λࣝผ͢ΔͷΈͳΒͣɼͲͷGenerator͔Βੜ͞Εͨ
ੜը૾Ͱ͋Δ͔Λࣝผ͢ΔΑ͏ʹֶश͢ΔɽMAD-GANs
ɼ̍ͭ Generator͕ੜ͢Δը૾ʹภΓ͕ੜͨ͡߹ɼ
ଞͷGeneratorภͬͨը૾ͱҟͳΔը૾Λੜ͓ͯ͠
ΓɼDiscriminator࣮ը૾ͱੜը૾Λ؆୯ʹࣝผͰ
͖ͳ͍ɽ͜ΕʹΑΓɼMAD-GANsΛ༻͍Δ͜ͱͰϞʔυ
่յͷൃੜΛ੍͢Δ͜ͱ͕ՄͱͳΔɽ͔͠͠ɼੜը
૾ͷภΓ͕ੜ͡Δ͜ͱࣗମΛ͙͜ͱͰ͖ͳ͍ɽ

3.ఏҊख๏
ຊڀݚͰෳͷGeneratorΛ༻ֶ͍ͯशΛ͍ߦɼGen-

erator͕͍ޓͷࣝΛసҠ͠ͳ͕Βڞಉֶशͯ͠ը૾ੜ
Λ͏ߦ GANsͷख๏ΛఏҊ͢Δɽ

3.1 GANsͷڞಉֶश
ఏҊख๏ͷωοτϫʔΫߏΛਤ 1 ʹࣔ͢ɽֶशʹ

༻͢Δ Generator ͷΛ k ͱ͢Δͱɼ֤ Generator 
G1, . . . , GkͰද͞ΕΔɽ֤ Generatorɼજࡏม z ∼ Pz

Λ༻͍ͯੜը૾Λੜ͢ΔɽͦͷͨΊɼkຕͷੜը૾͕
ಘΒΕΔɽ·ͨɼ֤GeneratorͷಛϚοϓ·ͨੜը
૾ΛࣝసҠάϥϑΛ༻͍ͯసҠͤ͞Δ͜ͱͰɼGenerator
ಉ࢜ͰͷࣝͷୡΛՄʹ͍ͯ͠ΔɽDiscriminator
DͰද͞Εɼ࣮ը૾ͱੜը૾Λࣝผ͢ΔͷΈͳΒͣɼͲ
ͷ Generator ͔Βੜ͞Εͨੜը૾Ͱ͋Δ͔Λࣝผ͢
ΔɽͦͷͨΊɼ࠷ऴͷग़ྗͷϢχοτͷ k+ ݸ1
ͱͳ͓ͬͯΓɼιϑτϚοΫεؔΛ༻͍ͯΫϥεείΞ
d1, . . . , dk+1 Λग़ྗ͢ΔɽείΞ d1, . . . , dk ֤ Gener-
ator ͔Βੜ͞Εͨੜը૾Ͱ͋Δ֬Λද͠ɼείΞ
dk+1 ࣮ը૾Ͱ͋Δ֬Λද͢ɽωοτϫʔΫ෦ʹɼ
ֶशͷ҆ఆԽΛਤΔͨΊɼBatch Normalization͕༻͍Β
ΕΔ߹͕ଟ͍ɽ͔͠͠ɼGANsʹ͓͚Δֶशͷ҆ఆԽʹ
 Batch NormalizationෆेͰ͋Δɽͦ͜Ͱɼຊख๏
Ͱ Discriminator ʹ Spectral NormalizationʢSNʣΛ
ಋೖ͢Δɽ͜ΕʹΑΓɼଛࣦؔʹมߋΛՃ͑Δ͜ͱͳ͘
Ϟʔυ่յΛ੍͠ɼGANsʹ͓͚Δֶशͷ҆ఆԽΛਤΔ
͜ͱ͕ՄͱͳΔɽ

ਤ 1: ఏҊख๏ͷωοτϫʔΫߏ

3.2 ࣝసҠάϥϑʹΑΔ࠷దԽ
ఏҊख๏ɼࣝసҠάϥϑΛಋೖ͢Δ͜ͱͰɼ֤Gen-

erator͕͍ޓʹࣝసҠ͠ͳ͕Βֶश͢Δɽ̏ͭͷ Gen-
eratorΛ༻͍ͨ߹ʹ͓͚ΔࣝసҠάϥϑΛಋೖͨ͠ఏ
Ҋख๏Λਤ 2ʹࣔ͢ɽֶशʹ༻͢ΔGeneratorͷΛ k
ͱ͢Δͱɼ֤GeneratorG1, . . . , GkɼDiscriminator
DͱͳΓɼϊʔυͱͯ͠ද͢ɽ֤Generatorͷϊʔυؒʹ
̎ͭͷΤοδΛఆٛ͠ɼͦΕͧΕҟͳΔ͖ͷ༗άϥ
ϑͰද͢ɽ֤Τοδͷ͖ɼֶश࣌ʹޯͷใ͕Θ
ΔํΛද͍ͯ͠Δɽ֤GeneratorͷϊʔυؒͷΤοδ
Generator ಉ࢜ͷࣝͷୡΛද͠ɼi ൪ͷ Generator
ͷΤοδLD,i i൪ͷGenerator͕ੜͨ͠ੜը૾͕
Discriminatorʹ࣮ը૾ͱஅ͞Ε͔ͨͲ͏͔ͷใͷ
ୡΛද͢ɽ·ͨɼΤοδ Ladversarial ɼDiscriminatorͷ
ࣝผ݁Ռ͕ਖ਼͍͔͠Ͳ͏͔ͷใͷୡΛද͢ɽ֤Τοδ
ʹݸผͷଛࣦؔΛఆٛ͠ɼ֤GeneratorͷํΛ͍
ͨΤοδͷଛࣦؔʹήʔτؔΛಋೖ͢Δ͜ͱͰɼ
͞ΕΔଛࣦΛ੍͢ޚΔɽຊख๏Ͱɼήʔτؔͱͯ͠
Through GateɼCutoff GateɼNegative linear Gate͓Α
ͼ Positive linear GateΛ༻͍ΔɽThrough Gateɼೖ
ྗ͞Εͨαϯϓϧ͝ͱͷଛࣦΛͦͷ··௨ؔ͢Ͱ͋Δɽ
Cutoff GateଛࣦΛ 0ͱ͠ɼଛࣦͷࢉܭΛߦΘͳ͍ؔ
Ͱ͋ΓɼҙͷΤοδΛஅ͢Δ͜ͱ͕Ͱ͖ΔɽNegative
linear Gateֶश͕ਐΉʹͭΕͯଛࣦΛݮগͤ͞ΔؔͰ
͋Γɼֶशͷং൫ Through Gateɼऴ൫ Cutoff Gate
ͱಉ͡ॲཧͱͳΔɽPositive linear Gate ֶश͕ਐΉʹ
ͭΕͯଛࣦΛ૿Ճͤ͞ΔؔͰ͋Γɼֶशͷং൫ Cutoff
Gateɼऴ൫ Through Gateͱಉ͡ॲཧͱͳΔɽ

ਤ 2: ෳͷ Generatorʹ͓͚ΔࣝసҠάϥϑʢk = 3ʣ

3.3 ֶशํ๏
ఏҊख๏ͰɼDiscriminatorͷֶश͓Αͼ Generator

ͷֶशΛަ܁ʹޓΓฦ͢͜ͱͰ GANs ͷֶशΛ͏ߦɽ·
ͨɼDiscriminatorͷֶशMAD-GANsͱಉ༷Ͱ͋Δɽ

Generator ͷֶशɼ֤ Generator ͷੜը૾͕ Dis-
criminator ʹΑΓ࣮ը૾ͱࣝผ͞ΕΔΑ͏ʹ͏ߦɽ·ͨɼ
ఏҊख๏ͰࣝసҠάϥϑʹԠͯ͡ɼ֤Generator͕ޓ
͍ͷࣝΛసҠ͠ͳ͕Βֶश͢Δɽ֤Generatorͷϊʔυ
ؒͷΤοδ Generatorಉ࢜ͷࣝͷୡΛද͠ɼi൪
ͷ GeneratorͷΤοδ LD,i  i൪ͷ Generator͕ੜ



ͨ͠ੜը૾͕ Discriminatorʹ࣮ը૾ͱஅ͞Ε͔ͨͲ
͏͔ͷใͷୡΛද͢ɽGeneratorͷϊʔυؒͷΤοδ
Ͱɼt൪ͷGeneratorͷࣝΛ s൪ͷGeneratorʹస
Ҡ͢ΔࡍͷଛࣦؔΛ Lt,s ͱ͠ɼi ൪ͷ Generator ͕
ੜͨ͠ੜը૾͕ Discriminatorʹ࣮ը૾ͱஅ͞Εͨ
͔Ͳ͏͔Λද͢ଛࣦؔΛ LD,i ͱ͢Δɽ·ͨɼ֤Τοδ
ʹ͓͚Δήʔτؔ Gate(·)ͱ͢ΔɽGeneratorͷֶश
Ͱɼ֤ Generator ʹೖྗ͞ΕΔજࡏม z ∼ Pz ಉ
Ұͱ͢Δɽ࠷ऴతͳ֤GeneratorͷଛࣦؔΤοδ͔Β
ಘΒΕͨ Lt,s ͓Αͼ LD,i Λ૯ͯ͠ࢉग़͢Δɽ༻͢Δ
Generator ͷΛ k ͱ͢ΔͱɼDiscriminator ʹରͯ͠ i
൪ͷGenerator͕ੜͨ͠ੜը૾Λೖྗͨ͠ࡍͷࣝผ
݁Ռ d(i) = d(i)1 , . . . , d(i)k+1 Ͱද͞ΕΔɽ·ͨɼਖ਼ղϥϕ
ϧ tg = tg1, . . . , t

g
k+1 Ͱද͞Εɼtgk+1 ͕ 1 Ͱͦͷଞ͕ 0

ͷϕΫτϧͱͳΔɽ͜ͷͱ͖ɼଛࣦؔ LD,i ࣜ (1)ͱ
ͳΔɽ

LD,i = Gate

(
−

k+1∑

j=1

tgj loge d
(i)
j

)
(1)

ఏҊख๏ͰɼಛϚοϓΛసҠ͢Δ͜ͱʹΑΓɼࣝస
ҠΛ͏ߦɽಛϚοϓͷνϟωϧ൪߸Λ c = 1, . . . , Cɼಛ
ϚοϓͷͷҐஔΛm = 1, . . . ,MɼಛϚοϓͷϕΫτ
ϧ൪߸Λ n = 1 . . . , N ͱ͢Δͱɼi൪ͷ Generatorͷಛ
Ϛοϓ Fi,m,c,n Ͱද͞ΕΔɽ͜ͷͱ͖ɼϋΠύʔύϥ
ϝʔλΛ αͱ͢Δͱɼଛࣦؔ Lt,s ࣜ (2)͓Αͼࣜ (3)
ͱͳΔɽ

Q(m,n)
i =

1
C

C∑

c=1

F 2
i,m,c,n (2)

Lt,s = Gate




α

MN

M∑

m=1

N∑

n=1




Q(m,n)

t∥∥∥Q(m,n)
t

∥∥∥
2

− Q(m,n)
s∥∥∥Q(m,n)
s

∥∥∥
2





2

 (3)

4.ධՁ࣮ݧ
ैདྷख๏ͱͷൺֱʹΑΓɼఏҊख๏ͷ༗ޮੑΛௐࠪ͠ɼ

ɼ10ΫϥεͷʹݧΔɽ࣮͢ࡧదͳࣝͷసҠํ๏Λ୳࠷
ҰൠମͷΧϥʔը૾Ͱߏ͞Ε͍ͯΔ CIFAR-10σʔλ
ηοτΛ༻͍ɼֶ श༻ͷαϯϓϧͰ͋Δ 50, 000ຕΛ 64×64
ʹϦαΠζͯ͠༻͢Δɽຊ࣮ݧͰɼϕʔεͷGANsͷ
ख๏ͱͯ͠DCGANsΛ༻͍Δɽ·ͨɼࣝసҠάϥϑʹ͓
͚Δήʔτؔͷ୳ࡧճΛ 1, 500ͱ͠ɼ֤Generatorʹ
͓͚Δੜը૾ͷ Inception ScoreʢISʣΛ࠷େԽ͢Δήʔ
τؔͷΈ߹ΘͤΛ୳͢ࡧΔɽֶश࣌ͷόοναΠζΛ
256 ͱ͠ɼֶशճΛ 50ɼ֤ Generator ʹೖྗ͢Δજࡏ
มͷݩ࣍Λ 100ɼϋΠύʔύϥϝʔλ αΛ 1, 000ͱ͢
Δɽੜը૾ͷ࣭ΛධՁ͢Δࢦඪͱͯ͠ IS͓Αͼ Fréchet
Inception DistanceʢFIDʣΛ༻͍Δɽ·ͨɼIS͍ߴɼ
FID͍ʹͳΔ΄Ͳੜը૾ͷ࣭͕͍͜ߴͱΛදͯ͠
͍Δɽ

4.1 ఏҊख๏ͷ༗ޮੑͷௐࠪ
ຊ࣮ݧͰɼDCGANs͓ΑͼMAD-GANsɼఏҊख๏

ʹ͓͚Δੜը૾ͷ࣭Λൺֱ͢ΔɽDCGANs SNͷಋೖ
ͷ༗ແʹΑΔ̎ύλʔϯΛൺֱରͱ͢ΔɽMAD-GANs
͓ΑͼఏҊख๏ SNΛಋೖ͠ɼGeneratorͷΛ 3ͱ͢
ΔɽֶशճΛ 200 Epoch ͱ͠ɼֶशऴྃ࣌ͷϞσϧύ
ϥϝʔλΛ༻͍ͯධՁΛ͏ߦɽ֤ख๏ͷ IS͓Αͼ FIDΛ
ද 1ʹࣔ͢ɽද 1ΑΓɼఏҊख๏ IS͕࠷͍ߴͱͳ
Γɼ࠷ੜը૾ͷ࣭͕͍͜ߴͱ͕֬ೝͰ͖ΔɽFID SN
Λಋೖͨ͠ DCGANs͕࠷͘ɼఏҊख๏ಉ༷ʹ͍
Ͱ͋ΔɽGAN ֶश͕ਐΉͱɼIS ͱ FID ͕τϨʔυ
Φϑͷؔʹ͋Δ͜ͱ͕ΒΕ͍ͯΔɽຊ࣮ݧʹ͓͚Δఏ
Ҋख๏ɼ֤ Generatorʹ͓͚Δੜը૾ͷ ISΛ࠷దԽ
ରͱ͠ɼ࠷େԽ͢ΔήʔτؔͷΈ߹ΘͤΛ୳ͨ͠ࡧɽ
ఏҊख๏࠷దԽରΛ FID ͱ͠ɼ࠷খԽ͢Δήʔτؔ
ͷΈ߹Θͤͷ୳ࡧʹΑΓɼFIDʹಛԽͨ͠ख๏࣮ݱ
Ͱ͖Δɽ

4.2 ੜը૾ͷՄࢹԽ
MAD-GANs͓ΑͼఏҊख๏ʹಉҰͷજࡏมΛೖྗ͠ɼ

ੜͨ͠ը૾Λൺֱ͢Δɽੜը૾ͷՄࢹԽ݁ՌΛਤ 3ʹ
ࣔ͢ɽਤ 3ͷ݁Ռ͔ΒɼఏҊख๏࣮ը૾ʹ͍ۙը૾͕ੜ
Ͱ͖͍ͯΔ͜ͱ͕֬ೝͰ͖Δɽ

ද 1: IS͓Αͼ FIDͷൺֱ݁Ռ

SN IS ↑ FID ↓

DCGANs
4.57± 0.03 25.79

! 4.77± 0.05 21.17

MAD-GANs ! 4.77± 0.03 28.76

ఏҊख๏ ! 5.37± 0.09 23.77

࣮ը૾ − 8.70± 0.14 −

(a) MAD-GANs

(b) ఏҊख๏
ਤ 3: ੜը૾ͷՄࢹԽ݁Ռ

4.3 ࣝసҠάϥϑͷ࠷దԽ
ఏҊख๏ʹ͓͍ͯɼࣝసҠάϥϑΛ༻͍ͨήʔτؔ

ͷ୳ࡧΛ 1, 500 ճ͍ߦɼࣝͷୡํ๏Λ࠷దԽͨ͠ɽ
దԽରͰ͋Δ֤࠷ Generatorʹ͓͚Δੜը૾ͷ IS͕
େͷͱͳͬͨάϥϑΛਤ࠷ 4 ʹࣔ͢ɽ৭ͷΤοδ͕
Positive linear Gateɼփ৭ͷΤοδ͕ Through Gate Λ
ද͍ͯ͠ΔɽG1 ɼଞͷ Generator͔ΒࣝΛసҠ͞Ε
ͳ͍G2ͱൺֱͯ͠ ISͷ͕͘ߴɼࣝͷసҠੜը૾
ͷ࣭ͷ্ʹ༗ޮͰ͋Δͱ͍͑Δɽ·ͨɼGeneratorؒͷ
ࣝͷసҠֶशॳظෆཁͰ͋Γɼֶश͕ਐΉʹͭΕͯ
సҠ͢Δͱྑ͍͜ͱɼG3  G1 ͷόοϑΝͷΑ͏ͳ
ׂΛՌͨ͢͜ͱͰɼG1 ͷֶशͷ҆ఆԽʹد༩͍ͯ͠Δ͜
ͱ͕֬ೝͰ͖Δɽ

ਤ 4: ࣝసҠάϥϑͷ࠷దԽ݁Ռ
5.͓ΘΓʹ
ຊڀݚͰෳͷGenerator͓Αͼ̍ͭͷ Discrimina-

torΛ༻͍ͯɼͦΕͧΕͷ GeneratorͰࣝΛసҠ͠ͳ͕
ΒڞಉֶशΛ͏ߦख๏ΛఏҊͨ͠ɽධՁ࣮ݧʹΑΓఏҊख
๏ͷ༗ޮੑΛ֬ೝͨ͠ɽޙࠓෳͷ DiscriminatorΛ༻
͍Δ͜ͱͰɼΞϯαϯϒϧޮՌʹΑΓੜը૾ͷ͞ΒͳΔ
࣭ͷ্Λ͢ࢦɽ
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TR19010 ߂কݪࡾ ߂٢౻तɿڭಋࢦ

1.͡Ίʹ
ը૾ೝࣝʹ͓͍ͯɼਂֶशͷஅࠜڌΛղੳ͢Δ

ख๏ͷҰͭʹ֮ࢹతઆ໌͕͋Δɽ֮ࢹతઆ໌Ͱɼਂֶ
श͕ೝࣝ͢Δࡍʹྖͨ͠ࢹҬΛώʔτϚοϓͰදͨ͠ݱ
Attention mapΛղੳ͢ΔɽҰํɼಈը૾ೝࣝͰ੩ࢭը૾
ͱҟͳΓɼۭ ؒใ͚ͩͰͳؒ࣌͘ใྀ͢ߟΔඞཁ͕
͋Δ͜ͱ͔Βɼஅࠜڌͷղੳ͕ࠔͱ͞Ε͖ͯͨɽຊڀݚ
Ͱɼ֮ࢹతઆ໌Λಈը૾ೝࣝʹ֦ு͠ɼಈը૾ʹ͓͚Δ৽
ͨͳ֮ࢹతઆ໌ͷख๏Ͱ͋Δ Spatio-Temporal Attention
Branch Network (ST-ABN)ΛఏҊ͢ΔɽST-ABNɼਪ
࣌ͷۭؒใͱؒ࣌ใʹର͢ΔॏཁΛ֫ಘ͠ɼೝࣝ
ॲཧʹԠ༻͢Δ͜ͱͰೝࣝੑͷ্ͱ֮ࢹతઆ໌ͷ֫ಘ
Λ࣮͢ݱΔɽධՁ࣮ݧͰɼSomething-Something σʔ
ληοτΛ༻͍࣮ͯݧΛ͍ߦɼఏҊख๏ʹΑΓೝࣝੑͷ
తઆ໌֮ࢹྀͨ͠ߟʹ࣌ใΛಉؒ࣌ͱۭؒใͱɼ্
͕ՄͱͳΔ͜ͱΛࣔ͢ɽ

2.ؔ࿈ڀݚ
ैདྷख๏Ͱ͋Δ 3D CNNٴͼ֮ࢹతઆ໌Λ༻͍ͨख๏

ʹ͍ͭͯड़Δɽ
3D Convolutional Networks 3D CNNͷදతͳ
ख๏Ͱ͋Δ 3D Convolutional Networks ʢC3Dʣ [1]ɼ
ର͢Δʹํۭؒ 2DͷΈࠐΈॲཧΛํؒ࣌ʹ֦ு͠ɼ
3Dۭؒʹର͢ΔΈࠐΈॲཧΛ͜͏ߦͱͰۭؒ࣌ͷಛ
Λ֫ಘ͢Δɽ3Dۭؒʹରͯ͠ΈࠐΈॲཧΛ͜͏ߦͱͰɼ
ैདྷͷۭؒํʹର͢ΔΈࠐΈॲཧΛ͏ߦ 2D CNNͰ
ࠔͰ͋ͬͨྻܥ࣌ใΛଊ͑Δ͜ͱ͕Ͱ͖Δɽ
Attention Branch Network తઆ໌Λ༻͍ͨख֮ࢹ
๏ʹAttention Branch Network (ABN) [2]͕͋ΔɽABN
ɼAttention mapΛ AttentionߏػʹΑΓಛϚοϓʹ
ॏΈ͚͢Δ͜ͱͰೝࣝੑͱ֮ࢹతͳઆ໌ੑͷ্Λ࣮
Δɽ͍ͯ͠ݱ

3.ఏҊख๏
ຊڀݚͰɼॏཁͳۭؒใͱؒ࣌ใΛಉྀ͠ߟʹ࣌

తઆ໌͕Մͳ֮ࢹͨ ST-ABNΛఏҊ͢Δɽ

3.1 ST-ABNͷߏ
ST-ABNɼਤ 1ʹࣔ͢Α͏ʹFeature extractorɼSpatio-

Temporal (ST) Attention branchɼPerception branchͷ
3ͭͷϞδϡʔϧͰߏ͢ΔɽFeature extractorɼෳ
ͷΈࠐΈͰߏ͞Ε͓ͯΓɼೖྗ͔ΒಛϚοϓΛ֫
ಘ͢Δɽ

ਤ 1 : ST-ABNͷωοτϫʔΫߏ

ST Attention branch ɼۭؒใʹର͢ΔॏཁΛ
ࣔ͢ Spatial attention ͱؒ࣌ใʹର͢ΔॏཁΛࣔ͢
Temporal attention Λ֫ಘ͢ΔɽPerception branch ɼ
Attention ΑΓʹߏػ Spatial attention ͱ Temporal at-
tentionΛॏΈ͚ͨ͠ಛϚοϓΛೖྗ͠ɼ֤Ϋϥεͷ֬
Λग़ྗ͢ΔɽST-ABNɼࣜ (1)ͷΑ͏ʹ ST Attention
branchͷֶशࠩޡ Latt ͱ Perception branchͷֶशࠩޡ
Lper Λ༻ֶ͍ͯश͢ΔɽΫϥεࣝผࠩޡɼSoftmax ؔ
ͱΫϩεΤϯτϩϐʔࠩޡΛ༻͍ͯࢉग़͢Δɽ

L(xi) = Latt(xi) + Lper(xi) (1)

ਤ 2 : ST Attention branchͷߏ

3.2 Spatio-Temporal Attention branch
ST Attention branchͰɼਤ 2ʹࣔ͢Α͏ʹ Feature

extractor ͔Βग़ྗ͞ΕͨಛϚοϓΛ༻͍ͯɼۭؒใ
ͱ֤ϑϨʔϜʹର͢ΔॏཁΛ֫ಘ͠ɼGlobal Average
Pooling (GAP) Λհͯ͠ΫϥεࣝผΛ͏ߦɽFeature ex-
tractor ͔Βग़ྗ͞ΕͨಛϚοϓɼෳͷΈࠐΈ
ΛͯܦɼΫϥεͷνϟωϧΛͭ࣋ 1× 1ͷΈࠐΈ
ʹΑΓΫϥεͷಛϚοϓΛ֫ಘ͢Δɽ

Spatial attention ɼ͜ͷΫϥεͷಛϚοϓΛ
༻͍ͯੜ͢ΔɽΫϥεͷಛϚοϓɼ1 × 1ͷ
ΈࠐΈʹΑΓ 1ຕͷಛϚοϓʹू͢Δɽͦͷޙɼϑ
ϨʔϜ͝ͱʹ Sigmoid ؔͰ 0 ͔Β 1 ͷൣғʹਖ਼نԽ͠
ͨ Attention mapΛ֫ಘ͢Δɽ

Temporal attention Spatial attentionͱಉ༷ʹΫϥ
εͷಛϚοϓΛ༻͍ͯੜ͢Δɽ͡ΊʹɼΫϥε
ͷಛϚοϓΛ 1× 1ͷΈࠐΈʹΑΓνϟωϧํ
ɼϑϨʔϜͷνϟޙΛѹॖ͢Δɽͦͷݩ࣍ରͯ͠ʹ
ωϧΛͭ࣋ΈࠐΈͱ GAPΛհͯ͠ɼ֤ಛϚοϓ
ͷۭؒํʹର͢ΔฏۉΛٻΊΔɽޙ࠷ʹɼશ݁߹ɼ
ReLUٴͼ SigmoidؔΛհͯ͠ɼ֤ϑϨʔϜͷॏཁΛ
֫ಘ͢Δɽ

3.3 Attentionߏػ
Spatial attentionMs(xi)ɼࣜ (2)ΑΓಛϚοϓ f(xi)

ʹॏΈ͚͠ɼॏΈ͚લͷಛϚοϓΛՃ͢ࢉΔɽ͜Ε
ʹΑΓɼಛϚοϓͷফࣦΛ੍͠ɼAttention mapΛޮ
తʹೝࣝʹөͤ͞Δ͜ͱ͕Ͱ͖Δɽ

f ′
s(xi) = (1 +Ms (xi) · f (xi)) (2)

Temporal attention Mt(xi)ɼࣜ (3)ΑΓಛϚοϓ
ʹ͢ࢉΔ͜ͱͰॏΈ͚Λ͏ߦɽ

f ′
t(xi) = Mt (xi) · f (xi) (3)

Spatial attentionͱ Temporal attentionͰͦΕͧΕॏ
Έ͚ͨ͠ಛϚοϓɼࣜ (4)ΑΓνϟωϧํʹ݁߹
͢Δɽͦͷޙɼ݁߹ͨ͠ಛϚοϓΛΈࠐΈʹೖྗ͠
ͯ౷߹͢Δɽ

f ′(xi) = conv
(
f ′
s(xi)" f ′

t(xi)
)

(4)

͜ͷ౷߹ͨ͠ಛϚοϓΛ Perception branch ʹೖྗ͠ɼ
ۭؒ࣌ऴతͳೝࣝ݁ՌΛग़ྗ͢Δɽ͜ΕʹΑΓɼॏཁͳ࠷
ಛʹணֶͨ͠श͕ՄͱͳΔɽ

4.ධՁ࣮ݧ
ධՁ࣮ݧͰɼSomething-Something σʔληοτ [3]

ͷ V1ͱ V2Λ༻͍ͯϕʔεϥΠϯͱఏҊख๏ͱͷೝࣝਫ਼
Λൺֱ͢ΔɽSomething-Somethingσʔληοτɼେ
ೝࣝ༻ͷσʔληοτͰ͋Γɼਓ͕༻Λѻ࡞ͳಈن
͏ 174छྨͷجຊతͳಈ࡞Λೝࣝ͢ΔɽఏҊख๏ɼϕʔ
εϥΠϯͰ͋Δ 3D ResNet-50Λϕʔεʹߏங͢Δɽೖྗ



ਤ 3 : Spatial attentionͱ Temporal attentionͷՄࢹԽ݁Ռ

ද 1 : ϕʔεϥΠϯͱఏҊख๏ͱͷೝࣝਫ਼ͷൺֱ݁Ռ [%]

Model Frames
Something-Something V1 Something-Something V2
Top-1 Top-5 Top-1 Top-5

3D ResNet-50 (ϕʔεϥΠϯ) 32 45.2 74.5 55.6 81.6
3D ResNet-50 + ఏҊख๏ 32 45.9 75.4 56.6 82.0
3D ResNet-50 (ϕʔεϥΠϯ) 32+32 52.9 81.5 63.8 89.2
3D ResNet-50 + ఏҊख๏ 32+32 53.3 82.0 64.1 89.6

͢ΔϑϨʔϜɼ32ϑϨʔϜͱ 64ϑϨʔϜΛೖྗͨ͠
߹Ͱೝࣝਫ਼Λൺֱ͢Δɽ64 ϑϨʔϜΛೖྗ͢Δ߹
ɼ32ϑϨʔϜͷಈըΛ 2ͭೖྗ͠ɼ2ͭͷಈըʹର͢Δ
είΞΛฏ͢ۉΔ͜ͱͰ࠷ऴతͳೝࣝਫ਼Λࢉग़͢Δɽ

4.1 ϕʔεϥΠϯͱͷೝࣝਫ਼ͷൺֱ
ද 1ʹϕʔεϥΠϯͱఏҊख๏ͱͷೝࣝਫ਼ͷൺֱ݁Ռ

Λࣔ͢ɽද 1ʹࣔ͢Α͏ʹఏҊख๏͕ϕʔεϥΠϯΑΓ
ೝࣝਫ਼Λ֫ಘͨ͠ɽ͞ΒʹϑϨʔϜΛ૿͍ͨ͠ߴ
߹ʹ͓͍ͯఏҊख๏͕ϕʔεϥΠϯΑΓ͍ߴೝࣝਫ਼
Λ֫ಘͨ͠ɽ

4.2 AttentionͷఆੑతͳධՁ
ਤ 3ʹ Something-Something σʔληοτ V2ʹ͓͚

Δ Spatial attentionͱ Temporal attentionͷՄࢹԽ݁Ռ
Λࣔ͢ɽਤ 3ͷ্͔ΒԼʹ͔ͯͬೖྗϑϨʔϜɼTemporal
attentionɼSpatial attentionɼೖྗಈըͷΫϥεΛࣔͯ͠
͍ΔɽTemporal attentionͰɼ֤ϑϨʔϜʹରͯ͠ग़ྗ
͞ΕͨॏཁΛώʔτϚοϓͷ৭ʹม͢Δ͜ͱͰՄࢹԽ
͓ͯ͠Γɼॏཁ͕͍ߴ΄Ͳ͘ɼॏཁ͕͍΄Ͳ੨͘
ͳΔɽਤ 3ʹࣔ͢Α͏ʹɼಈ͖ΛؚΉϑϨʔϜͷॏཁ͕
ͳΔ͜ͱ͕֬ೝͰ͖Δɽ͘ߴ

Spatial attentionͰɼ֤ϑϨʔϜʹରͯ͠ग़ྗ͞Εͨ
Attention mapΛώʔτϚοϓͱͯ͠ՄࢹԽ͢ΔɽSpatial
attentionɼಈ࡞ಛ༗ͷಛతͳۭؒྖҬΛଊ͑ͭͭɼಈ
తͳϑϨʔϜʹରͯ͘͠ڧ͍ͯ͠ࢹΔ͜ͱ͕֬ೝͰ͖Δɽ
͜ΕΒͷ݁Ռ͔ΒɼఏҊख๏ʹΑΓۭؒใͱؒ࣌ใΛ
ಉ֮ࢹྀͨ͠ߟʹ࣌తઆ໌͕ՄͰ͋Δɽ

4.3 Attentionͷ༗ޮੑͷධՁ
Spatial attentionͱ Temporal attentionͷ༗ޮੑΛఆ

ྔతʹධՁ͢ΔɽධՁํ๏ͱͯ͠Spatial attentionͱTem-
poral attentionΛసͤͯ͞ਪΛ͏ߦɽͦͯ͠ɼస͢
Δ߹ͱస͠ͳ͍߹Ͱೝࣝਫ਼͕ͲΕ͚ͩԼ͢Δ͔
Λௐࠪ͠ɼೝࣝʹ༗ӹͳۭؒใͱؒ࣌ใʹର͢Δॏཁ
͕ಘΒΕ͍ͯΔ͜ͱΛ֬ೝ͢Δɽ
ද 2 ʹ Something-Something σʔληοτʹ͓͚Δ

Spatial attentionͱ Temporal attentionͷసʹΑΔೝ

ද 2 : AttentionͷసʹΑΔೝࣝਫ਼ͷൺֱ݁Ռ [%]
Attention Something. V1 Something. V2

Spatial Temporal Top-1 Top-5 Top-1 Top-5

45.9 75.4 56.6 82.0
! 36.2 66.8 19.1 39.7

! 28.3 57.4 45.5 75.6
! ! 22.7 50.0 12.4 29.0

ࣝਫ਼ͷൺֱ݁ՌΛࣔ͢ɽද 2ʹࣔ͢Α͏ʹɼSpatial at-
tentionͷΈͷసͱ Temporal attentionͷΈͷసʹΑ
Γೝࣝਫ਼͕Լ͢Δ͜ͱ͕֬ೝͰ͖Δɽ͞ΒʹɼSpatial
attentionͱ Temporal attentionΛసͤ͞Δ͜ͱͰେ෯
ʹೝࣝਫ਼͕Լ͢Δ͜ͱ͔Βೝࣝʹ༗ӹͳॏཁ͕ಘΒ
Ε͍ͯΔ͜ͱ͕֬ೝͰ͖Δɽ

5.͓ΘΓʹ
ຊڀݚͰɼST-ABN ΛఏҊ͠ɼಈը૾ೝࣝʹ͓͚Δ

ۭؒใͱؒ࣌ใΛಉ֮ࢹྀͨ͠ߟʹ࣌తઆ໌Λ࣮͠ݱ
ͨɽST-ABNɼ3D CNN͕ϕʔεͰ͋ΔϞσϧͷਪ
ใʹର͢ΔॏཁΛ֫ಘ͠ɼؒ࣌Δۭؒใͱ͚͓ʹ࣌
AttentionߏػʹԠ༻͢Δ͜ͱͰ֮ࢹతͳઆ໌ੑͱೝࣝੑ
ͷ্͕ՄͱͳΔɽޙࠓɼఏҊख๏ΛྨҎ֎ͷଞ
ͷಈը૾ೝࣝλεΫԠ༻͢Δ͜ͱΛݕ౼͢Δɽ
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