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1.͸͡Ίʹ
ը૾ೝࣝ෼໺ʹ͓͍ͯɼਂ૚ֶशͷ൑அࠜڌΛղੳ͢Δ

ख๏ͷҰͭʹ֮ࢹతઆ໌͕͋Δɽ֮ࢹతઆ໌Ͱ͸ɼਂ૚ֶ
श͕ೝࣝ͢Δࡍʹ஫ྖͨ͠ࢹҬΛώʔτϚοϓͰදͨ͠ݱ
Attention mapΛղੳ͢ΔɽҰํɼಈը૾ೝࣝͰ͸੩ࢭը૾
ͱ͸ҟͳΓɼۭ ؒ৘ใ͚ͩͰͳ࣌ؒ͘৘ใ΋ྀ͢ߟΔඞཁ͕
͋Δ͜ͱ͔Βɼ൑அࠜڌͷղੳ͕ࠔ೉ͱ͞Ε͖ͯͨɽຊڀݚ
Ͱ͸ɼ֮ࢹతઆ໌Λಈը૾ೝࣝʹ֦ு͠ɼಈը૾ʹ͓͚Δ৽
ͨͳ֮ࢹతઆ໌ͷख๏Ͱ͋Δ Spatio-Temporal Attention
Branch Network (ST-ABN)ΛఏҊ͢ΔɽST-ABN͸ɼਪ
࿦࣌ͷۭؒ৘ใͱ࣌ؒ৘ใʹର͢Δॏཁ౓Λ֫ಘ͠ɼೝࣝ
ॲཧʹԠ༻͢Δ͜ͱͰೝࣝੑೳͷ্޲ͱ֮ࢹతઆ໌ͷ֫ಘ
Λ࣮͢ݱΔɽධՁ࣮ݧͰ͸ɼSomething-Something σʔ
ληοτΛ༻͍࣮ͯݧΛ͍ߦɼఏҊख๏ʹΑΓೝࣝੑೳͷ
తઆ໌֮ࢹྀͨ͠ߟʹͱۭؒ৘ใͱɼ࣌ؒ৘ใΛಉ্࣌޲
͕ՄೳͱͳΔ͜ͱΛࣔ͢ɽ

2.ؔ࿈ڀݚ
ैདྷख๏Ͱ͋Δ 3D CNNٴͼ֮ࢹతઆ໌Λ༻͍ͨख๏

ʹ͍ͭͯड़΂Δɽ
3D Convolutional Networks 3D CNNͷ୅දతͳ
ख๏Ͱ͋Δ 3D Convolutional Networks ʢC3Dʣ [1]͸ɼ
ର͢Δʹ޲ํۭؒ 2Dͷ৞ΈࠐΈॲཧΛ࣌ؒํ޲ʹ֦ு͠ɼ
3Dۭؒʹର͢Δ৞ΈࠐΈॲཧΛ͜͏ߦͱͰۭ࣌ؒͷಛ௃
Λ֫ಘ͢Δɽ3Dۭؒʹରͯ͠৞ΈࠐΈॲཧΛ͜͏ߦͱͰɼ
ैདྷͷۭؒํ޲ʹର͢Δ৞ΈࠐΈॲཧΛ͏ߦ 2D CNNͰ
͸ࠔ೉Ͱ͋ͬͨ࣌ྻܥ৘ใΛଊ͑Δ͜ͱ͕Ͱ͖Δɽ
Attention Branch Network తઆ໌Λ༻͍ͨख֮ࢹ
๏ʹAttention Branch Network (ABN) [2]͕͋ΔɽABN
͸ɼAttention mapΛ AttentionߏػʹΑΓಛ௃Ϛοϓʹ
ॏΈ෇͚͢Δ͜ͱͰೝࣝੑೳͱ֮ࢹతͳઆ໌ੑͷ্޲Λ࣮
Δɽ͍ͯ͠ݱ

3.ఏҊख๏
ຊڀݚͰ͸ɼॏཁͳۭؒ৘ใͱ࣌ؒ৘ใΛಉ࣌ʹྀ͠ߟ

తઆ໌͕Մೳͳ֮ࢹͨ ST-ABNΛఏҊ͢Δɽ

3.1 ST-ABNͷߏ଄
ST-ABN͸ɼਤ 1ʹࣔ͢Α͏ʹFeature extractorɼSpatio-

Temporal (ST) Attention branchɼPerception branchͷ
3ͭͷϞδϡʔϧͰߏ੒͢ΔɽFeature extractor͸ɼෳ਺
ͷ৞ΈࠐΈ૚Ͱߏ੒͞Ε͓ͯΓɼೖྗ͔Βಛ௃ϚοϓΛ֫
ಘ͢Δɽ

ਤ 1 : ST-ABNͷωοτϫʔΫߏ଄

ST Attention branch ͸ɼۭؒ৘ใʹର͢Δॏཁ౓Λ
ࣔ͢ Spatial attention ͱ࣌ؒ৘ใʹର͢Δॏཁ౓Λࣔ͢
Temporal attention Λ֫ಘ͢ΔɽPerception branch ͸ɼ
Attention ΑΓʹߏػ Spatial attention ͱ Temporal at-
tentionΛॏΈ෇͚ͨ͠ಛ௃ϚοϓΛೖྗ͠ɼ֤Ϋϥεͷ֬
཰Λग़ྗ͢ΔɽST-ABN͸ɼࣜ (1)ͷΑ͏ʹ ST Attention
branchͷֶशࠩޡ Latt ͱ Perception branchͷֶशࠩޡ
Lper Λ༻ֶ͍ͯश͢ΔɽΫϥεࣝผࠩޡ͸ɼSoftmax ؔ
਺ͱΫϩεΤϯτϩϐʔࠩޡΛ༻͍ͯࢉग़͢Δɽ

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

ਤ 2 : ST Attention branchͷߏ଄

3.2 Spatio-Temporal Attention branch
ST Attention branchͰ͸ɼਤ 2ʹࣔ͢Α͏ʹ Feature

extractor ͔Βग़ྗ͞Εͨಛ௃ϚοϓΛ༻͍ͯɼۭؒ৘ใ
ͱ֤ϑϨʔϜʹର͢Δॏཁ౓Λ֫ಘ͠ɼGlobal Average
Pooling (GAP) Λհͯ͠ΫϥεࣝผΛ͏ߦɽFeature ex-
tractor ͔Βग़ྗ͞Εͨಛ௃Ϛοϓ͸ɼෳ਺ͷ৞ΈࠐΈ૚
ΛͯܦɼΫϥε਺෼ͷνϟωϧΛ࣋ͭ 1× 1ͷ৞ΈࠐΈ૚
ʹΑΓΫϥε਺෼ͷಛ௃ϚοϓΛ֫ಘ͢Δɽ

Spatial attention ͸ɼ͜ͷΫϥε਺෼ͷಛ௃ϚοϓΛ
༻͍ͯੜ੒͢ΔɽΫϥε਺෼ͷಛ௃Ϛοϓ͸ɼ1 × 1ͷ৞
ΈࠐΈ૚ʹΑΓ 1ຕͷಛ௃Ϛοϓʹू໿͢Δɽͦͷޙɼϑ
ϨʔϜ͝ͱʹ Sigmoid ؔ਺Ͱ 0 ͔Β 1 ͷൣғʹਖ਼نԽ͠
ͨ Attention mapΛ֫ಘ͢Δɽ

Temporal attention΋ Spatial attentionͱಉ༷ʹΫϥ
ε਺෼ͷಛ௃ϚοϓΛ༻͍ͯੜ੒͢Δɽ͸͡ΊʹɼΫϥε
਺෼ͷಛ௃ϚοϓΛ 1× 1ͷ৞ΈࠐΈ૚ʹΑΓνϟωϧํ
ɼϑϨʔϜ਺෼ͷνϟޙΛѹॖ͢Δɽͦͷݩରͯ࣍͠ʹ޲
ωϧ਺Λ࣋ͭ৞ΈࠐΈ૚ͱ GAPΛհͯ͠ɼ֤ಛ௃Ϛοϓ
ͷۭؒํ޲ʹର͢Δฏۉ஋ΛٻΊΔɽޙ࠷ʹɼશ݁߹૚ɼ
ReLUٴͼ Sigmoidؔ਺Λհͯ͠ɼ֤ϑϨʔϜͷॏཁ౓Λ
֫ಘ͢Δɽ

3.3 Attentionߏػ
Spatial attentionMs(xi)͸ɼࣜ (2)ΑΓಛ௃Ϛοϓ f(xi)

ʹॏΈ෇͚͠ɼॏΈ෇͚લͷಛ௃ϚοϓΛՃ͢ࢉΔɽ͜Ε
ʹΑΓɼಛ௃ϚοϓͷফࣦΛ཈੍͠ɼAttention mapΛޮ
཰తʹೝࣝʹ൓өͤ͞Δ͜ͱ͕Ͱ͖Δɽ

f ′
s(xi) = (1 +Ms (xi) · f (xi)) (2)

Temporal attention Mt(xi)͸ɼࣜ (3)ΑΓಛ௃Ϛοϓ
ʹ৐͢ࢉΔ͜ͱͰॏΈ෇͚Λ͏ߦɽ

f ′
t(xi) = Mt (xi) · f (xi) (3)

Spatial attentionͱ Temporal attentionͰͦΕͧΕॏ
Έ෇͚ͨ͠ಛ௃Ϛοϓ͸ɼࣜ (4)ΑΓνϟωϧํ޲ʹ݁߹
͢Δɽͦͷޙɼ݁߹ͨ͠ಛ௃ϚοϓΛ৞ΈࠐΈ૚ʹೖྗ͠
ͯ౷߹͢Δɽ

f ′(xi) = conv
(
f ′
s(xi)⊙ f ′

t(xi)
)

(4)

͜ͷ౷߹ͨ͠ಛ௃ϚοϓΛ Perception branch ʹೖྗ͠ɼ
ऴతͳೝࣝ݁ՌΛग़ྗ͢Δɽ͜ΕʹΑΓɼॏཁͳۭ࣌ؒ࠷
ಛ௃ʹண໨ֶͨ͠श͕ՄೳͱͳΔɽ

4.ධՁ࣮ݧ
ධՁ࣮ݧͰ͸ɼSomething-Something σʔληοτ [3]

ͷ V1ͱ V2Λ༻͍ͯϕʔεϥΠϯͱఏҊख๏ͱͷೝࣝਫ਼
౓Λൺֱ͢ΔɽSomething-Somethingσʔληοτ͸ɼେ
ೝࣝ༻ͷσʔληοτͰ͋Γɼਓ͕೔༻඼Λѻ࡞໛ͳಈن
͏ 174छྨͷجຊతͳಈ࡞Λೝࣝ͢ΔɽఏҊख๏͸ɼϕʔ
εϥΠϯͰ͋Δ 3D ResNet-50Λϕʔεʹߏங͢Δɽೖྗ



ਤ 3 : Spatial attentionͱ Temporal attentionͷՄࢹԽ݁Ռ

ද 1 : ϕʔεϥΠϯͱఏҊख๏ͱͷೝࣝਫ਼౓ͷൺֱ݁Ռ [%]

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

͢ΔϑϨʔϜ਺͸ɼ32ϑϨʔϜͱ 64ϑϨʔϜΛೖྗͨ͠
৔߹Ͱೝࣝਫ਼౓Λൺֱ͢Δɽ64 ϑϨʔϜΛೖྗ͢Δ৔߹
͸ɼ32ϑϨʔϜͷಈըΛ 2ͭೖྗ͠ɼ2ͭͷಈըʹର͢Δ
είΞΛฏ͢ۉΔ͜ͱͰ࠷ऴతͳೝࣝਫ਼౓Λࢉग़͢Δɽ

4.1 ϕʔεϥΠϯͱͷೝࣝਫ਼౓ͷൺֱ
ද 1ʹϕʔεϥΠϯͱఏҊख๏ͱͷೝࣝਫ਼౓ͷൺֱ݁Ռ

Λࣔ͢ɽද 1ʹࣔ͢Α͏ʹఏҊख๏͕ϕʔεϥΠϯΑΓ΋
ೝࣝਫ਼౓Λ֫ಘͨ͠ɽ͞ΒʹϑϨʔϜ਺Λ૿΍ͨ͠৔͍ߴ
߹ʹ͓͍ͯ΋ఏҊख๏͕ϕʔεϥΠϯΑΓ΋͍ߴೝࣝਫ਼౓
Λ֫ಘͨ͠ɽ

4.2 AttentionͷఆੑతͳධՁ
ਤ 3ʹ Something-Something σʔληοτ V2ʹ͓͚

Δ Spatial attentionͱ Temporal attentionͷՄࢹԽ݁Ռ
Λࣔ͢ɽਤ 3ͷ্͔ΒԼʹ͔ͯͬ޲ೖྗϑϨʔϜɼTemporal
attentionɼSpatial attentionɼೖྗಈըͷΫϥεΛࣔͯ͠
͍ΔɽTemporal attentionͰ͸ɼ֤ϑϨʔϜʹରͯ͠ग़ྗ
͞Εͨॏཁ౓ΛώʔτϚοϓͷ৭ʹม͢׵Δ͜ͱͰՄࢹԽ
͓ͯ͠Γɼॏཁ౓͕͍ߴ΄Ͳ੺͘ɼॏཁ౓͕௿͍΄Ͳ੨͘
ͳΔɽਤ 3ʹࣔ͢Α͏ʹɼಈ͖ΛؚΉϑϨʔϜͷॏཁ౓͕
ͳΔ͜ͱ͕֬ೝͰ͖Δɽ͘ߴ

Spatial attentionͰ͸ɼ֤ϑϨʔϜʹରͯ͠ग़ྗ͞Εͨ
Attention mapΛώʔτϚοϓͱͯ͠ՄࢹԽ͢ΔɽSpatial
attention͸ɼಈ࡞ಛ༗ͷಛ௃తͳۭؒྖҬΛଊ͑ͭͭɼಈ
తͳϑϨʔϜʹରͯ͘͠ڧ஫͍ͯ͠ࢹΔ͜ͱ͕֬ೝͰ͖Δɽ
͜ΕΒͷ݁Ռ͔ΒɼఏҊख๏ʹΑΓۭؒ৘ใͱ࣌ؒ৘ใΛ
ಉ࣌ʹ֮ࢹྀͨ͠ߟతઆ໌͕ՄೳͰ͋Δɽ

4.3 Attentionͷ༗ޮੑͷධՁ
Spatial attentionͱ Temporal attentionͷ༗ޮੑΛఆ

ྔతʹධՁ͢ΔɽධՁํ๏ͱͯ͠Spatial attentionͱTem-
poral attentionΛ൓సͤͯ͞ਪ࿦Λ͏ߦɽͦͯ͠ɼ൓స͢
Δ৔߹ͱ൓స͠ͳ͍৔߹Ͱೝࣝਫ਼౓͕ͲΕ͚ͩ௿Լ͢Δ͔
Λௐࠪ͠ɼೝࣝʹ༗ӹͳۭؒ৘ใͱ࣌ؒ৘ใʹର͢Δॏཁ
౓͕ಘΒΕ͍ͯΔ͜ͱΛ֬ೝ͢Δɽ
ද 2 ʹ Something-Something σʔληοτʹ͓͚Δ

Spatial attentionͱ Temporal attentionͷ൓సʹΑΔೝ

ද 2 : Attentionͷ൓సʹΑΔೝࣝਫ਼౓ͷൺֱ݁Ռ [%]
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

ࣝਫ਼౓ͷൺֱ݁ՌΛࣔ͢ɽද 2ʹࣔ͢Α͏ʹɼSpatial at-
tentionͷΈͷ൓సͱ Temporal attentionͷΈͷ൓సʹΑ
Γೝࣝਫ਼౓͕௿Լ͢Δ͜ͱ͕֬ೝͰ͖Δɽ͞ΒʹɼSpatial
attentionͱ Temporal attentionΛ൓సͤ͞Δ͜ͱͰେ෯
ʹೝࣝਫ਼౓͕௿Լ͢Δ͜ͱ͔Βೝࣝʹ༗ӹͳॏཁ౓͕ಘΒ
Ε͍ͯΔ͜ͱ͕֬ೝͰ͖Δɽ

5.͓ΘΓʹ
ຊڀݚͰ͸ɼST-ABN ΛఏҊ͠ɼಈը૾ೝࣝʹ͓͚Δ

ۭؒ৘ใͱ࣌ؒ৘ใΛಉ࣌ʹ֮ࢹྀͨ͠ߟతઆ໌Λ࣮͠ݱ
ͨɽST-ABN͸ɼ3D CNN͕ϕʔεͰ͋ΔϞσϧͷਪ࿦
࣌ʹ͓͚Δۭؒ৘ใͱ࣌ؒ৘ใʹର͢Δॏཁ౓Λ֫ಘ͠ɼ
AttentionߏػʹԠ༻͢Δ͜ͱͰ֮ࢹతͳઆ໌ੑͱೝࣝੑ
ೳͷ্͕޲ՄೳͱͳΔɽޙࠓ͸ɼఏҊख๏Λ෼ྨҎ֎ͷଞ
ͷಈը૾ೝࣝλεΫ΁Ԡ༻͢Δ͜ͱΛݕ౼͢Δɽ
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