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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
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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
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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



argmax( ∑ "!"#
" , ∑ "$"#

" , ∑ "%"#
" , ∑ "&"#

" , ∑ "'"#
" , ∑ "("#

" 	)
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
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ਤ 3 : ऴॲཧఆ࠷

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