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1.͸͡Ίʹ
ਓ෺ͷಈࣝ࡞ผ͸ɼը૾ϕʔεͷࣝผ๏ [1]ͱ৴߸ϕʔε

ͷࣝผ๏ [2]ʹେผͰ͖Δɽը૾ϕʔεͷख๏͸ɼRGBΧ
ϝϥ͔Βऔಘͨ͠ը૾Λ༻͍ΔͨΊɼ૷ணܭܕଌσόΠε
Λඞཁͱͤͣɼඇ઀৮Ͱಈ࡞ͷࣝผ͕ՄೳͰ͋Δɽ͔͠͠ɼ
෺Λ௫ΉͳͲͷ෺ମʹରͯ͠खઌͷΈͰ͏ߦಈ࡞͸ɼΦΫ
ϧʔδϣϯ͕ൃੜ͢Δͱࣝผ͕ࠔ೉ͱͳΔɽҰํɼ৴߸ϕʔ
εͷख๏͸ɼਓମʹ૷ணͨ͠σόΠε͔Βిے৴߸Λ༻͍
ΔͨΊɼΦΫϧʔδϣϯ͕ൃੜ͠ͳ͍ͱ͍͏ϝϦοτ͕͋
Δɽखઌͷಈࣝ࡞ผΛͨ͏ߦΊʹ͸ɼखઌͷಈ࡞ʹਂؔ͘
ΘΔ৴߸Λܭଌ͢Δඞཁ͕͋Δɽͦ͜ͰຊڀݚͰ͸ɼਓମ
ͷखटʹҐஔ͠ɼखͷے೑Λࢧ഑͢Δखࠜ؅ਆ͔ܦΒܭଌ
Մೳͳਆܦ৴߸ʹண໨͢Δɽਆܦ৴߸ͷྻܥ࣌σʔλ͔Β
ಈݻ࡞༗ͷಛ௃Λଊ͑ΔͨΊʹɼ1D-Self-Attention Block
ΛఏҊ͢Δɽ
2.ैདྷڀݚ
৴߸ϕʔεͷैདྷख๏ͱͯ͠ɼMorbidoniΒ͸ද໘ిے

ਤ (sEMG)Λ֊૚ܕχϡʔϥϧωοτϫʔΫʹೖྗͯ͠ɼ
ਓ෺ͷελϯεϑΣʔζͱεΠϯάϑΣʔζͷಈࣝ࡞ผΛ
ख๏ΛఏҊ͍ͯ͠Δ͏ߦ [3]ɽ·ͨɼOzalΒ͸ਓؒͷ৺ి
ਤ͔Βϑϥάϝϯτͱݺ͹ΕΔখྖҬΛαϯϓϦϯά͠ɼ
CNNΛదԠ͢Δ͜ͱͰ 17Ϋϥεͷ৺ෆશΛݕग़͢Δख๏
ΛఏҊ͍ͯ͠Δ [2]ɽ͜ΕΒͷैདྷख๏͸ɼΫϥεࣝผͷͨ
Ίͷಛ௃நग़ʹଟ૚ύʔηϓτϩϯ΍৞ΈࠐΈχϡʔϥϧ
ωοτϫʔΫΛ༻͍͍ͯΔɽ͔͠͠ɼ৞ΈࠐΈ૚͸ɼۙ๣
ͷࠁ࣌ʹண໨͢ΔͨΊɼ཭Εͨࠁ࣌ͷॏཁͳมԽΛଊ͑Δ
͜ͱʹద͍ͯ͠ͳ͍ɽ
3.ఏҊख๏
ਓ෺ͷखઌͷಈ࡞͸ɼͦͷछྨʹΑΓಈ͕ؒ࣌࡞ҟͳΔɽ

ͦͷͨΊɼಈ࡞ͷ୹ظత͓Αͼ௕ظతͳมԽΛଊ͑Δ͕ࣄॏ
ཁͱͳΔɽຊڀݚͰ͸ɼྻܥ࣌σʔλʹ͓͍ͯɼपลࠁ࣌Λ
ಛ௃நग़͕Մೳͳྀͨ͠ߟ 1D-Self-Attention Block(1D-
SAB)ʹΑΓߏ੒͞ΕΔ 1D-Self-Attention Networks(1D-
SAN)Λ༻͍ͨಈࣝ࡞ผ๏ΛఏҊ͢Δɽ
3.1.खࠜ؅ਆܦ
ຊڀݚͰ͸ɼਓ෺ͷखઌͷಈ࡞Λର৅ͱ͢ΔͨΊɼਓ

ମͷखटʹҐஔ͠ɼखͷے೑Λࢧ഑͢Δखࠜ؅ਆ͔ܦΒ
ܦਆࠎ͸ɼᒷʹܦ৴߸Λ༻͍Δɽखࠜ؅ਆܦଌՄೳͳਆܭ
(Radial narve)ɼਖ਼தਆܦ (Median narve)ɼईࠎਆܦ (Ul-
nar narve)͕͋Δɽ͜ΕΒͷਆܦ৴߸ΛMudra wearable
deviceʹΑΓܭଌ͢ΔɽαϯϓϦϯάִؒ͸ 1msͱ͢Δɽ
3.2.1D Self-Attention Networks(1D-SAN)
ຊڀݚͰ͸ɼSelf-Attention Networks(SAN)[4]Ͱ༻͍

ΒΕΔ Self-Attention Block(SAB)Λ σʔλʹରԠݩ࣍1
ͤͨ͞ɼ1D-SAB ΛఏҊ͠ɼ1D-SAN Λߏ੒͢ΔɽఏҊ
͢Δ 1D-SAB ͷߏ଄Λਤ 1 ʹࣔ͢ɽ1D-SAB ʹ͸ɼखࠜ
؅ਆ͔ܦΒऔಘͨ͠ྻܥ࣌৴߸Λೖྗ͢Δɽೖྗͨ͠৴߸
͸ɼ̍͝ࠁ࣌ͱʹॲཧ͠ɼରԠ͢Δࠁ࣌ͷ Self-Attention
Λࢉग़͢Δɽਤ 1ʹ͓͚Δ੨৭ͷ஋Λॲཧͷ஫໨ࠁ࣌ͱ͠
,̍ࠁ࣌ɼ੺৭Λۙ๣࣌ͨ ྘৭Λۙ๣̎ࠁ࣌ͱ͢Δɼ֤ۙ
๣ࠁ࣌ʹରͯ͠ɼ஫໨ࠁ࣌ (੨)ͱͷ Pointwise convॲཧ
Λ͏ߦɽ·ͨɼ஫໨ࠁ࣌ͱۙ๣ࠁ࣌ΛɼП͓ΑͼСͷֶश
Մೳͳؔ਺ (1D-CNN)΁ೖྗ͠ɼؔؔ܎਺ЎΛٻΊΔɽؔ
ࢉݮ਺Ўͷग़ྗ͸ɼؔ਺Пͷग़ྗ͔Βؔ਺Сͷग़ྗΛؔ܎
ͨ͠΋ͷͰ͋ΓɼϚοϐϯάؔ਺ЍʹΑͬͯ̍ͭ໨ͷॲཧ
ͷग़ྗͱνϟϯωϧ਺Λ߹ΘͤΔɽͦͷޙɼ2ͭͷग़ྗͷ
ཁૉੵΛࢉग़͢Δɽ͜ͷॲཧΛۙ๣ࠁ࣌෼͍ߦ૯࿨͢Δɽ
ੜ੒ͨ͠ Self-Attention Map(SAM)͸ Pointwise convॲ
ཧʹΑΓೖྗνϟωϧ਺ͱಉ͡νϟωϧʹ͢Δɽ͜ͷग़ྗ
ʹɼεςοϓߏػͱͯ͠ೖྗ৴߸ΛՃ͠ࢉɼ࠷ऴग़ྗͱ͢
Δɽ1D-SABΛ༻͍Δ͜ͱͰɼਆܦ৴߸಺ͷॏཁͳҐஔʹ
େ͖ͳॏΈΛ༩͑Δ͜ͱ͕Ͱ͖ɼ཭Εͨ৴߸஋ͱͷؔੑ܎
ΛྀߟͰ͖Δɽ
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ਤ 1 : 1D Self-Attention Blockͷߏ଄

3.3.ωοτϫʔΫͷߏ଄
ຊڀݚͰ͸ɼ̏૚ͷ 1D-SAB͔ΒͳΔ 1D-SANΛ༻͍

ΔɽҰ૚໨ͷ 1D-SABʹ͓͚Δۙ๣ࠁ࣌ͷִؒΛ ɼࠁ࣌3
2ɼ3૚໨ͷ 1D-SABʹ͓͚Δۙ๣ࠁ࣌ͷִؒΛ ͱ͢ࠁ࣌5
Δɽ͜ΕʹΑΓɼ཭Εͨࠁ࣌ͷ৴߸ͱͷมԽΛྀߟͰ͖Δɽ
1D-SANͷߏ଄ͱ֤ 1D-SABͷۙ๣ઃఆΛਤ 2ʹࣔ͢ɽ
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ਤ 2 : ωοτϫʔΫߏ଄ͱۙ๣

3.4.ಈࣝ࡞ผͷྲྀΕ
ຊڀݚͰͷಈࣝ࡞ผ͸ɼ3ͭͷ StepͱͳΔɽStep 1͸ɼ

Mudra wearable deviceΛ༻͍ͯऔಘͨ͠ਆܦ৴߸ΛҰఆ
۠ؒ͝ͱʹݻఆ௕ͰαϯϓϦϯά͠ɼ1D-SANͰਪ࿦͕Ͱ
͖Δσʔλ΁੔͢ܗΔɽStep 2͸ɼֶशࡁΈ 1D-SANʹɼ
ࣝผର৅ͷσʔλͷ ఺ͱͯ͠ɼೖྗ͢ΔσʔλىΛࠁ࣌0
ͷྖҬΛ ผ͢ΔɽStepࣝ࡞Γฦ͠ೖྗ͠ɼಈ܁ͭͣࠁ࣌10
3͸ɼ֤۠ؒͷಈࣝ࡞ผ݁ՌΛ౷߹ͯ͠࠷ऴతͳಈࣝ࡞ผ
݁ՌΛग़ྗ͢Δɽ
Step 1ɿલॲཧ
ຊڀݚͰѻ͏ਆܦ৴߸೾ܗ͸ɼՄม௕ͷσʔλͰ͋Δɽ

1D-SANͰਪ࿦Λͨ͏ߦΊʹɼ64ࠁ࣌෼ͷ Λܗ೾ݩ࣍1
αϯϓϦϯά͢Δɽ
Step 2ɿαϯϓϦϯάࠁ࣌Ͱͷಈࣝ࡞ผ
ಈࣝ࡞ผ͸ɼ10 αϯϓϦϯά۠ؒΛͣΒ͠ͳͭͣࠁ࣌

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

Δɽྦྷੵ஋͕࠷େͷΫϥεΛಈࣝ࡞ผ݁Ռͱ͢Δɽࣝผ݁
ՌྦྷੵॲཧΛਤ 3ʹࣔ͢ɽ
4.ධՁ࣮ݧ
ఏҊख๏ͷ༗ޮੑΛࣔͨ͢Ίʹɼ1ݩ࣍೾ܗʹରԠͨ͠

৞ΈࠐΈχϡʔϥϧωοτϫʔΫ (1D-CNN) ͱೝࣝਫ਼౓
ͷൺֱΛ͏ߦɽ·ͨɼϑʔϦΤม͠׵ɼप೾਺ۭؒΛೖྗ
ͱͨ͠ࡍͷਫ਼౓ͱ΋ൺֱ͢Δɽ
4.1.σʔληοτ
ຊڀݚͰ͸ɼ6Ϋϥεͷಈ࡞ʹର͢Δਆܦ৴߸Λ 100ճ

ଌͨ͠ܭ 600αϯϓϧΛ༻͍Δɼ͜ΕΒΛ 6:4Ͱֶश͓Α
ͼධՁσʔλʹ෼ׂͯ͠༻͍ΔɽΫϥεͷσʔλऔಘ࣌ͷ
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ਤ 3 : ऴॲཧ൑ఆ࠷

ը૾Λਤ 4ʹࣔ͢ɽσʔλ͸ɼMudra wearable deviceΛ
ඃऀݧͷӈखटʹ૷ண͠ɼಈ࡞தͷ Λऩूͨ͠ɽܗ೾ݩ࣍1
ਤ 5ʹಈ࡞ Pushʹର͢Δਆܦ৴߸Λࣔ͢ɽ
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Put

ਤ 4 : ର৅ಈ࡞Ϋϥε

ਤ 5 : ৴߸σʔλαϯϓϧ (Push)

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

ͷਫ਼౓ൺֱΛ͏ߦɽ1D-CNN ͸ɼ2 ૚ͷ৞ΈࠐΈ૚ͱग़
ྗ૚ͷܭ 3૚ͷߏ଄Ͱ͋Δɽֶश͸ɼEpoch਺Λ 20000ɼ
BatchSizeΛ 128ɼαϯϓϦϯά෯Λ 64ͱ͢ΔɽOptimizer
͸Momentum SGDͱ͠ɼֶश཰Λ 0.001 ɼLossؔ਺ʹ
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 ͷਫ਼౓্͕޲
͠ɼTakeɼPushͷਫ਼౓͕௿Լͨ͠ɽ1D-CNNͰ͸ɼTwist
Λ Turnͱࣝޡผ͕ͨ͠ɼఏҊख๏Ͱ͸ɼTurn΁ͷࣝޡผ

͸ݮগͨ͠ɽҰํͰఏҊख๏͸ɼPushΛ Twistͱࣝޡผ
͢Δ͜ͱ͕ଟ͍ɽPushʹରͯ͠ఏҊख๏ͷਫ਼౓͕௿Լ͠
ͨཁҼ͸ɼ෺Λԡ͠ࠐΉಈ࡞Λ͢ΔࡍʹɼྗΛࠐΊͯ͘ڧ
ԡ͠ࠐΉέʔε͕͋ΓɼPushͰ͋Γͳ͕Β TwistͷΑ͏
ʹৼಈ͢Δ৴߸͕ܭଌ͞Εͨ͜ͱ͕ݪҼͱ͑ߟΒΕΔɽ͜
ͷΑ͏ͳέʔεΛֶशσʔλʹ΋௥Ճ͢Δඞཁ͕͋Δɽ·
ͨɼTurn΍ TwistͳͲɼྻܥ࣌తͳมԽ͕େ͖ͳΫϥε
ʹର͢Δਫ਼౓্͕͍ͯ͠޲Δ͜ͱ͔ΒɼఏҊख๏͸৴߸஋
తʹେ͖͘มԽ͢ΔΫϥεʹ༗ޮͰ͋Δɽྻܥ͕࣌

ද 1 : Confusion MatrixʹΑΔࣝผ݁Ռͷൺֱ

ද 2 ʹɼप೾਺ྖҬʹ͓͚Δ֤ख๏ͷਫ਼౓Λࣔ͢ɽఏ
Ҋख๏ͱ 1D-CNNͰൺֱΛ݁ͨͬߦՌɼप೾਺ྖҬͰ͸ɼ
1D-SANͷಈࣝ࡞ผਫ਼౓͕ 80.0ˋɼ1D-CNNͷಈࣝ࡞ผ
ਫ਼౓͕ 90.4 ˋͱͳΓɼ1D-SAN ͷਫ਼౓͕ԼճͬͨɽҰํ
ͰϑʔϦΤม׵ͳ͠Ͱ͸ɼ1D-SANͷࣝผਫ਼౓͸ 91.2ˋ
ͱ্ͨ͠޲ɽ1D-SAN͸ɼ૬ରతͳҐஔؔ܎ͱͦͷॏཁੑ
Λ Self-AttentionʹΑΓදݱͰ͖ΔͨΊϑʔϦΤม׵ͳ͠
Ͱಈࣝ࡞ผ͕ՄೳͰ͋Δɽ

ද 2 : प೾਺ྖҬʹ͓͚Δਫ਼౓ൺֱ

ωοτϫʔΫ ϑʔϦΤม͋׵Γ (%) ϑʔϦΤม׵ͳ͠ (%)

1D-SAN 80.0 91.2

1D-CNN 90.4 90.4

5.͓ΘΓʹ
ຊڀݚͰ͸ɼखઌͷے೑Λࢧ഑͢Δखࠜ؅ਆ͔ܦΒऔಘ

ͨ͠ਆܦ৴߸͔Βͷಈࣝ࡞ผΛͨ͏ߦΊʹɼ1ݩ࣍೾ܗʹ
ରԠͨ͠ 1D Self-Attention NetworkΛఏҊͨ͠ɽਫ਼౓ൺ
Ͱ͸ɼैདྷख๏ͷݧֱ࣮ 1D-CNNʹରͯ͠ɼఏҊख๏͕
໿ 0.8ϙΠϯτ্ճΓɼಈࣝ࡞ผʹ͓͍ͯɼఏҊख๏͕༗
ޮͰ͋Δ͜ͱΛࣔͨ͠ɽ·ͨɼPushͷΑ͏ͳਆܦ৴߸஋͕
࿈ଓతʹେ͖͘ͳΔΫϥεͰ͸ɼਫ਼౓͕௿Լ͕ͨ͠ɼTurn
΍ TwistͳͲɼྻܥ࣌తͳมԽ͕ଊ͑΍͍͢Ϋϥεʹؔ͠
ͯਫ਼౓্͕ͨ͠޲ɽ
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