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1.͸͡Ίʹ
σʔλ͸ਓؒͷಈ͖Λ௚઀ଊ͑Δ͜ͱ͕Ͱ͖Δ͜ͱ֨ࠎ

΍, ೝࣝ࣌ʹ͓͚Δڥ؀΍ࢹ఺ͷมԽʹର݈ͯ͠ؤͳར఺͕
͋Δ. σʔλΛ༻͍ͨGraph֨ࠎ Convolutional Networks
(GCN) ʹΑΔैདྷͷಈ࡞ೝࣝͰ͸, ਓؒͷ֨ࠎύλʔϯͰ
άϥϑߏ଄Λࣄલʹఆٛ͢ΔͨΊ, ಈ࡞ಛ༗ͷؔઅؒͷؔ
.Ͱ͖ͳྀ͍ߟΛੑ܎ ·ͨ, ೝࣝʹ͓͚Δؔઅͷॏཁ౓΋ಈ
.ͱʹҟͳΔ͜ͱ͕༧૝͞ΕΔ͝࡞ ຊڀݚͰ͸, ؔઅͷॏ
ཁ౓ͱؔੑ܎Λྀͯ͠ߟಈ࡞ೝࣝΛ͏ߦ Spatial Temporal
Attention Graph Convolutional Networks (STA-GCN)
ΛఏҊ͢Δ. STA-GCN͸, ϑϨʔϜ͝ͱͷؔઅͷॏཁ౓
ͱ, ಈ͝࡞ͱͷؔઅؒͷ઀ଓؔ܎Λ֫ಘ͢Δ. ॏཁ౓Λಛ
௃ϚοϓʹॏΈ෇͚͠, ઀ଓؔ܎Λ༻͍ͯάϥϑ৞ΈࠐΈ
ॲཧΛ͜͏ߦͱͰ, ॏཁ౓ͱؔੑ܎Λྀͭͭ͠ߟೝࣝΛߦ
͏. ·ͨ, ϚϧνϞʔμϧֶशʹ͓͍ͯMechanics-stream
,଄Λಋೖ͠ߏ .Δ͢ݱਫ਼౓ԽΛ࣮ߴ

ೝࣝ࡞σʔλ͔ΒͷGCNΛ༻͍ͨಈ֨ࠎ.2
,ʹೝࣝ࡞σʔλ͔Βͷಈ֨ࠎ GCNΛ༻͍ͨख๏Ͱ͋Δ

Spatial Temporal GCN (ST-GCN) [1]͕͋Δ. ST-GCN
͸, ಉҰϑϨʔϜ಺ͷؔઅΛ݁Ϳۭؒάϥϑͱ, ྡ઀ϑϨʔ
ϜͷಉҰؔઅΛ݁Ϳؒ࣌άϥϑͷ 2ͭͷάϥϑߏ଄ (ਤ 1)
Ͱ֨ࠎσʔλΛද͢ݱΔ͜ͱʹΑΓ͍ߴೝࣝਫ਼౓Λୡ੒͠
ͨ. ͔͠͠ͳ͕Β, ST-GCN͸, ۭؒάϥϑͷ઀ଓؔ܎ ES

Λ֨ࠎύλʔϯH Ͱఆ͍ٛͯ͠ΔͨΊ, ಈ࡞ಛ༗ͷؔઅؒ
ͷؔੑ܎ΛྀߟͰ͖ͳ͍. ·ͨ, ಈ࡞΍ؒ࣌͝ͱʹมԽ͢
Δؔઅͷॏཁ౓΋දݱͰ͖ͳ͍ͱ͍͏໰୊͕͋Δ.

空間グラフ：ES = {vti, vtj |(i, j) 2 H}
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ノード：V = {vti|t = 1, . . . , T, i = 1, . . . , N}
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EF = {vti, v(t�1)i}
<latexit sha1_base64="WO6MoIs0XDy6Os0H0DA6rik5Ljk="></latexit><latexit sha1_base64="WO6MoIs0XDy6Os0H0DA6rik5Ljk="></latexit><latexit sha1_base64="WO6MoIs0XDy6Os0H0DA6rik5Ljk="></latexit>

時間グラフ： !：フレーム
"：ノード数

#：骨格パターン

ਤ 1: ST-GCNʹ͓͚Δ֨ࠎσʔλͷάϥϑදݱ

3.ఏҊख๏
ؔઅͷॏཁ౓ͱؔੑ܎Λྀͯ͠ߟಈ࡞ೝࣝΛ͏ߦ Spa-

tial Temporal Attention GCN (STA-GCN) ΛఏҊ͢Δ.
STA-GCN͸ؔઅͷॏཁ౓Ͱ͋ΔAttention nodeͱ, ؔઅ
ؒͷؔੑ܎Ͱ͋ΔAttention edgeΛ֫ಘ͢Δ. ֫ಘͨ͠At-
tentionΛྀͭͭ͠ߟೝࣝΛ͏ߦ. ·ͨ,ϚϧνϞʔμϧֶश
ʹ͓͍ͯMechanics-streamߏ଄ΛఏҊ͢Δ. Mechanics-
streamߏ଄͸, ֤Ϟʔμϧֶ͕ྗͭ࣋తಛੑ΍஋ͷεέʔ
ϧͷҧ͍ʹ΋ͱ͍ͮͯωοτϫʔΫΛߏங͢Δ.

3.1 STA-GCNͷωοτϫʔΫߏ଄
ਤ 2 ʹ STA-GCN ͷωοτϫʔΫߏ଄Λࣔ͢. STA-

GCN ͸, Feature extractor, Attention branch, Percep-
tion branchͷ 3ͭͷϞδϡʔϧͰߏ੒͢Δ. ֤Ϟδϡʔϧ
ʹؚ·ΕΔ STGC-blockͰ͸, ۭؒάϥϑͱؒ࣌άϥϑͷ
άϥϑ৞ΈࠐΈॲཧΛ͏ߦ. Feature extractorʹ͸ 2ͭͷ
ϞʔμϧΛೖྗ͠, ਓؒͷ֨ࠎύλʔϯ Askeleton Λۭؒ
άϥϑͱ͢Δෳ਺ͷ STGC-blockʹΑΓ֤Ϟʔμϧͷಛ௃
ϚοϓΛ֫ಘ͠, ݁߹͢Δ. Attention branch͸, ؔઅͷॏ
ཁ౓Λද͢Attention nodeͱ, ؔઅؒͷॏཁͳؔੑ܎Λද
͢Attention edgeΛಛ௃Ϛοϓ͔Β֫ಘ͢Δ. Perception
branch͸, Attention nodeͱ Attention edgeΛྀͭ͠ߟ
ͭ, .ऴతͳΫϥε֬཰Λग़ྗ͢Δ࠷ ֶश͸, 2ͭͷϒϥϯ
ν͔Βͷग़ྗʹରͯ͠ΫϩεΤϯτϩϐʔࠩޡͰଛࣦΛٻ
Ί, ଛࣦͷ࿨ΛωοτϫʔΫͷֶशࠩޡͱͯ͠༻͍Δ.

3.2 Spatial Temporal Attention Graph
Attention node M(XFE

out) ͸ؔઅ × ϑϨʔϜͷ 2 ݩ࣍
ϚοϓͰ͋Γ, ಈ࡞ಛ༗ͷؔઅͷॏཁ౓ΛϑϨʔϜ͝ͱʹ
දݱͰ͖Δ. ֫ಘͨ͠ Attention node ͸ Attention ߏػ
Λ༻͍ͯ Feature extractor͔Βͷಛ௃ϚοϓXFE

out ΁൓ө
͠, Perception branchͷೖྗͱ͢Δ. ࣜ (1)ʹ Attention
.Λࣔ͢ߏػ

X′
out = M(XFE

out) ·XFE
out (1)
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ਤ 2: Spatial Temporal Attention GCN

Attention edge͸,ಈ͝࡞ͱͷؔઅؒͷॏཁͳؔੑ܎Λද
͢ྡ઀ྻߦͰ͋Δ. ֫ಘͨ͠Attention edge͸Perception
branchʹ༩͑Δ. Perception branchͰ͸, Attention edge
Aattention ͱਓؒͷ֨ࠎύλʔϯ Askeleton ʹΑΔάϥϑ
৞ΈࠐΈॲཧΛ͏ߦ. Perception branchʹ͓͚Δೖྗಛ
௃ Xin ʹର͢Δۭؒάϥϑ৞ΈࠐΈॲཧΛࣜ (2)ʹࣔ͢.
Mskel,Wskel,Watt ͸ॏΈྻߦͰ͋Δ. Q͸ hop਺Ͱ͋
Γ Q .཭Εͨؔઅ·ͰΛ݁Ϳݸ K ͸ಈ͝࡞ͱʹੜ੒͢Δ
Attention edgeͷ਺Ͱ͋Δ. ຊڀݚͰ͸ Q = 3,K = 4ͱ
͢Δ.

Xout =
Q∑

q

Mskel
q ◦ Âskel

q XinW
skel
q

+
K∑

k

Âatt
k XinW

att
k

(2)

Attention nodeͱAttention edgeʹΑͬͯؒ࣌త,ۭؒ
తͳಛ௃ΛڧௐͰ͖, 2ͭͷAttentionΛ૊Έ߹Θͤͨάϥ
ϑදݱΛ Spatial Temporal Attention Graph (Attention
graph)ͱݺͿ.

3.3 Mechanics-streamߏ଄
Mechanics-streamߏ଄ (ਤ 3)͸, ϚϧνϞʔμϧֶश

ʹ͓͚ΔωοτϫʔΫߏ଄Ͱ͋Δ. ຊڀݚͰ͸, ؔઅ࠲ඪ
͔Βؔઅ଎౓, ؔઅՃ଎౓, ,৘ใࠎ ,଎౓ࠎ ࢉՃ଎౓Λࠎ
ग़͠ωοτϫʔΫͷೖྗͱ͢Δ. ,৘ใ͸ࠎ ؔઅؒͷڑ཭
Ͱ͋Γؔઅؒͷํ޲΋ද͢ݱΔ. ৘ใ͸ۭؒతͳࠎඪ΍࠲
Ґஔͷ৘ใ, ଎౓΍Ճ଎౓͸ؒ࣌తͳҠಈྔͷ৘ใͰ͋Γ,
֤Ϟʔμϧ͕ͭ࣋ಛੑʹ͸ҧ͍͕͋Δ. ·ͨ, ,ඪ΍଎౓࠲
Ճ଎౓͸஋ͷεέʔϧ͕ҟͳΔͨΊ, ಉ͡ωοτϫʔΫͰ
ͷֶश͕ࠔ೉Ͱ͋Δ. ͦ͜Ͱ, ֤Ϟʔμϧֶ͕ྗͭ࣋తಛ
ੑ΍஋ͷεέʔϧͷҧ͍ʹ΋ͱ͍ͮͨ Mechanics-stream
.଄ΛఏҊ͢Δߏ Mechanics-stream ଄͸ߏ 3 ͭͷωοτ
ϫʔΫΛ༻ҙ͠, ಛੑ΍஋ͷεέʔϧ͕͍ۙϞʔμϧΛೖ
ྗͱ͢Δ. ֤ωοτϫʔΫ͸ಠֶཱͯ͠शΛ͍ߦ, ֤ωο
τϫʔΫ͔ΒಘΒΕΔΫϥε֬཰ΛΫϥε͝ͱʹ߹͢ܭΔ
͜ͱͰ࠷ऴతͳΫϥε֬཰ͱ͢Δ.

Acceleration network
関節加速度

骨加速度

関節座標

骨情報
Coordinate network

Velocity network
骨速度

関節速度

ਤ 3: Mechanics-streamߏ଄

4.ධՁ࣮ݧ
ఏҊख๏ͷ༗ޮੑΛ֬ೝ͢ΔͨΊʹධՁ࣮ݧΛ͏ߦ. σʔ

ληοτʹ͸ NTU-RGB+D [2]ͱ NTU-RGB+D120 [3]
Λ༻͍Δ. NTU-RGB+D͸ؔઅ਺ 25ͷ ඪ࠲ݩ࣍3 (X,Y, Z)
Λͭ࣋ಈ࡞ೝࣝ༻ͷσʔληοτͰ͋Γ, ಈ࡞Ϋϥε਺͸
60 Ͱ͋Δ. ධՁํ๏͸, 40 ໊ͷඃऀݧͷσʔλΛֶशͱ
Ͱ෼͚Δূݕ Cross subject (x-sub) ͱ, Ө͠ࡱΒ͔޲3ํ
ͨσʔλΛֶशͱূݕʹ෼͚Δ Cross view (x-view)͕͋



(a) Throw (b) Kick (c) Drink
ਤ 4: Attention graphͷՄࢹԽ: ؔઅͷ৭͸ Attention nodeʹ΋ͱ͍͓ͮͯΓ, ੺͍΄Ͳॏཁ౓͕͘ߴ, ੨͍΄Ͳॏཁ

౓͕௿͍. ੺͍ઢ͸ Attention edgeΛ͓ࣔͯ͠ΓॏΈͷେ্͖͍Ґ 30ຊͷΈΛඳը͍ͯ͠Δ.

ද 3: Ϟʔμϧͷ૊Έ߹Θͤͷҧ͍ʹΑΔೝࣝਫ਼౓ [%]: ୯ҰͷωοτϫʔΫͷೝࣝਫ਼౓ (Ind. net) ͱ streamߏ଄Λߏ
ஙͨ͠ͱ͖ͷೝࣝਫ਼౓ (X-stream). ධՁ͸ NTU-RGB+Dͷ Cross subject.

Input data
w/o Attention w/ Attention

Ind. net X-stream Ind. net X-stream
Joint (coordinate, velocity) 86.0

87.1
86.2

87.2
Bone (coordinate, velocity) 86.1 86.3
Joint (coordinate, velocity, acceleration) 86.7

87.8
85.7

86.7
Bone (coordinate, velocity, acceleration) 86.7 85.8
Coordinate (joint, bone) 87.5

89.3
88.6

90.1
Velocity (joint, bone) 85.6 87.0
Coordinate (joint, bone) 87.5

89.1
88.6

89.4Velocity (joint, bone) 85.6 87.0
Acceleration (joint, bone) 74.6 77.2

ද 1: ैདྷख๏ͱͷೝࣝਫ਼౓ͷൺֱ [%]
NTU-RGB+D NTU-RGB+D120

Methods x-sub x-view Methods x-sub x-setup
ST-GCN 81.5 88.3 2s-ALSTM 61.2 63.3
AS-GCN 86.8 94.2 BPEM 64.6 66.9
2s-AGCN 88.5 95.1 SkelMotion 67.7 66.9
AGC-SLTM 89.2 95.0 TSRJI 67.9 62.8
DGNN 89.9 96.1 ST-GCN 72.8 75.4
STA-GCN 90.1 95.8 STA-GCN 83.9 86.5

Δ. NTU-RGB+D120 ͸ NTU-RGB+D ʹ 60 ͷಈ࡞Ϋ
ϥεΛ௥Ճͨ͠େن໛ͳσʔληοτͰ͋Δ. ධՁํ๏͸,
Cross subjectͱ, Χϝϥͷ͞ߴ΍ඃऀݧͱͷڑ཭ʹΑͬͯ
ׂΓ౰ͯΒΕͨ IDΛ༻͍ͯσʔλΛֶशͱূݕʹ෼͚Δ
Cross setup (x-setup)͕͋Δ.

4.1 ैདྷख๏ͱͷೝࣝਫ਼౓ͷൺֱ
ද 1ʹ, ैདྷख๏ͱͷೝࣝਫ਼౓ͷൺֱ݁ՌΛࣔ͢. Ͳͪ

Βͷσʔληοτʹ͓͍ͯ΋ఏҊख๏ͷೝࣝਫ਼౓͸, ैདྷ
ख๏ͱൺֱͯ͠ೝࣝਫ਼౓ͷ্޲, ·ͨ͸ಉ౳ͷೝࣝਫ਼౓Λ
ୡ੒ͨ͠. STA-GCN͸, ಈ࡞ಛ༗ͷಛ௃Λڧௐ͢Δ͜ͱ
Ͱྨͨ͠ࣅಈ࡞Ͱ΋ҟͳΔಛ௃Λ֫ಘͰ͖ΔͨΊ, ೝࣝਫ਼
౓ͷͨ͠ݙߩʹ্޲ͱ͍͑Δ.

4.2 Attention graphͷՄࢹԽ
STA-GCNʹΑΓ֫ಘͨ͠Attention graphΛਤ 4ʹࣔ

͢. ౤͛Δಈ࡞ (ਤ 4(a))͸, Τοδ͕ӈ࿹ʹूத͍ͯ͠Δ.
ӈ࿹ͷॏཁ౓͸ಈ࡞தʹঃʑʹ͘ߴͳΓ, ౤͛ऴΘΔͱॏ
ཁ౓͕௿͘ͳΔ. ऽΔಈ࡞ (ਤ 4(b))͸, ऽΓग़͢٭ʹର͠
ͯΤοδ͕ूத͢Δ. ͜ͷ͜ͱ͔Β, ಈ࡞ಛ༗ͷ Attention
edgeΛ֫ಘͨ͠ͱ͍͑Δ. ҿΉಈ࡞ (ਤ 4(c))͸౤͛Δͱ
ಉ༷ʹӈ࿹Λॏཁ͍ͯ͠ࢹΔ. ͔͠͠ͳ͕Β, ҿΉಈ࡞ͷ
,ͷॏཁ౓͸Ұ؏ͯ͠௿͍ͷʹର͠٭ ౤͛Δಈ࡞͸ମॏҠ
ಈΛͨ͏ߦΊ٭ͷॏཁ౓͕͘ߴͳΔ͜ͱ͔Β, ಈ࡞ಛ༗ͷ
Attention nodeΛ֫ಘͨ͠ͱ͍͑Δ.

4.3 Ablation study
Attention graphͷैདྷख๏΁ͷద༻: ද 2ʹ, Atten-
tion graph Λैདྷख๏΁ద༻ͨ͠ͱ͖ͷೝࣝਫ਼౓Λࣔ͢.
ද 2͔Β, Attention edge, ͓Αͼ Attention nodeͷΈΛ
ద༻ͨ͠΄΅શͯͷ৔߹Ͱೝࣝਫ਼౓ͷ্޲Λ֬ೝͰ͖Δ. ·
ͨ, શͯͷैདྷख๏ʹ͓͍ͯ Attention edgeͱ Attention
nodeͷ྆ํΛద༻ͨ͠৔߹ʹ࠷΋ೝࣝਫ਼౓͕͘ߴͳΔ. ͜
ͷ݁Ռ͔Β, Attention graph ͸ೝࣝਫ਼౓ͷ͠ݙߩʹ্޲
͓ͯΓ, ྆ํΛಉ࣌ʹద༻ͨ͠৔߹ʹ࠷΋ޮՌతͰ͋Δ.

ද 2: Attention graph ͷैདྷख๏΁ͷద༻݁Ռ [%]:
ධՁ͸ NTU-RGB+Dͷ Cross subject.

Attention Attention
ST-GCN AS-GCN 2s-AGCN

edge node
× × 81.5 86.8 88.5
! × 84.1 86.9 89.2
× ! 82.8 86.8 89.1
! ! 84.8 87.0 89.3

Ϟʔμϧͷ૊Έ߹Θͤͷҧ͍ʹΑΔೝࣝਫ਼౓: ද 3ʹ, ೖ
ྗϞʔμϧͷҧ͍ʹΑΔೝࣝਫ਼౓Λࣔ͢. ද 3͔Β, ඪ࠲
ͱ଎౓Λಉ͡ωοτϫʔΫͰֶश͢ΔΑΓ, ผʑͷωοτ
ϫʔΫͰֶशͨ͠ํ͕ೝࣝਫ਼౓͕͘ߴͳΔ. ͜ͷ͜ͱ͔Β,
Mechanics-stream .଄ͷ༗ޮੑΛ֬ೝͰ͖Δߏ ͔͠͠ͳ
͕Β, Ճ଎౓Λೖྗ͢Δ৔߹Ͱ͸ೝࣝਫ਼౓͕௿Լͨ͠. Ճ
଎౓͸஋ͷεέʔϧ͕খ͘͞, ೝࣝͷͨΊͷे෼ͳಛ௃͕
ؚ·Ε͍ͯͳ͍͜ͱ͕͑ߟΒΕΔ.

5.͓ΘΓʹ
ຊڀݚͰ͸,ؔઅͷॏཁ౓ͱؔੑ܎Λྀͯ͠ߟಈ࡞ೝࣝΛ

͏ߦ Spatial Temporal Attention GCNΛఏҊͨ͠. ·ͨ,
ϚϧνϞʔμϧֶशʹ͓͚ΔϞʔμϧͷಛੑͷҧ͍ʹ΋ͱ
͍ͮͯωοτϫʔΫߏங͢ΔMechanics-streamߏ଄Λఏ
Ҋͨ͠. ධՁ࣮ݧͰ͸, ఏҊख๏͕ैདྷख๏Λ௒͑Δೝࣝਫ਼
౓Λୡ੒͠༗ޮੑΛ֬ೝͨ͠. ·ͨ, ಈ࡞ಛ༗ͷ Attention
graph ͕֫ಘ͢Δ͜ͱΛ֬ೝͨ͠. ,ͷ՝୊ͱͯ͠ޙࠓ ಈ
.ೝࣝҎ֎ͷλεΫ΁ͷԠ༻ͳͲ͕͋͛ΒΕΔ࡞
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