
૬ɾϑΟϥʔ༧ଌͱͷϚϧνλεΫֶशʹΑΔ
ԁͳλʔϯςΠΩϯά

ฏ߁ݪ † Ҫ্࣏߉ ‡ ࠀསߴ ‡ Տݪୡ ‡

෦ใֶՊֶେֶژ† ߈ՊใֶઐڀݚେֶେֶӃใֶژ‡

1. ͡Ίʹ
ਓؒͱͷࣗવͳΠϯλϥΫγϣϯΛͨ͠ࢦରγε
ςϜͷڀݚɾ։ൃ͕Μʹͳ͍ͬͯΔɽࣗવͳରΛ࣮
ඞཁ͕ݱͳλʔϯςΠΩϯάͷ࣮ΔͨΊʹɼԁ͢ݱ
Ͱ͋Δɽೋऀؒͷରʹ͓͚ΔλʔϯςΠΩϯάͷ༧ଌ
ͱɼ͋Δൃ୯Ґͷඌʹ͓͍ͯɼͲͪΒͷରࢀ༩
ΛಘΔ͔ݖͷൃ͕࣍ऀ (ऀަସ·ͨൃݖอ࣋)Λ
༧ଌ͢ΔͰ͋ΔɽλʔϯςΠΩϯάͷ༧ଌϞσϧͱ
ͯ͠ɼSupport Vector Machine (SVM) [1] Long Short-
Term Memory (LSTM) [2, 3]͕༻͍ΒΕ͍ͯΔɽ·ͨɼಛ
ྔͱͯ͠ઌൃߦͷӆใޠݴใͳͲ͕༻͍
ΒΕ͍ͯΔɽ
ຊߘͰɼλʔϯςΠΩϯάͷ༧ଌͱଞͷ;Δ·͍ͱ
ͷؔੑΛྀ͢ߟΔɽλʔϯςΠΩϯάʹؔ͢Δ;Δ
·͍ͱͯ͠૬ͱϑΟϥʔ͕͛ڍΒΕΔɽ૬ͱɼ
ʮ͋ʔʯʮ͏ΜʯͳͲͷฉ͖खԠΛ͠ࢦɼݱऀͷ
ൃݖอ࣋Λଅ͢ͳͲͷׂ͕͋Δ [4]ɽϑΟϥʔͱɼ
ʮ͑ʔʯʮ͋ͷʔʯͱ͍͍ͬͨݴཎΈ࣌ͳͲʹग़͢ݱΔ
͗ܨతͳදݱΛ͠ࢦɼదͳޠݴදݱͷબൃݖ
ͷऔಘɾอ࣋ͳͲͷͨΊʹ༻͍ΒΕΔ [5]ɽͭ·Γɼ૬
ʹ૬खൃͷܧଓΛଅׂ͕͋͢ΓɼϑΟϥʔʹ
ൃݖΛ֫ಘ͢Δҙ͕͋ࢤΔ͜ͱΛ૬खʹࣔࠦ͢Δׂ
͕͋Δɽ͕ͨͬͯ͠ɼ͜ΕΒͷλʔϯςΠΩϯάʹؔΘ
Δ;Δ·͍ͱͷؔੑΛྀ͢ߟΔ͜ͱʹΑͬͯɼλʔϯ
ςΠΩϯάͷ༧ଌਫ਼্͢Δ͜ͱ͕ظ͞ΕΔ (ਤ
1)ɽຊڀݚͰɼλʔϯςΠΩϯάͱ૬ɾϑΟϥʔͷ
༧ଌʹ͍ͭͯɼϚϧνλεΫֶशʹΑΔ౷߹ϞσϧΛఏ
Ҋ͢Δɽ

2. ϕʔεϥΠϯϞσϧ
ຊڀݚʹ͓͚ΔϕʔεϥΠϯϞσϧͰɼSkantze [2]
ͷϞσϧΛߟࢀͱ͢Δɽ͜ͷϞσϧɼதؒ 1 ͷ
LSTMͰߏ͞Εɼରࢀ༩ऀຖʹϞσϧΛ༻ҙͯ͠ɼ
কདྷʹ͓͚ΔͦͷൃΛ༧ଌ͢Δɽ֤ؒ࣌ϑϨʔϜͰೖ
ྗΛड͚औΓɼͦͷ͔࣌Βকདྷ 20ϑϨʔϜʢ1 secʣ
ͷ۠ؒʹ͓͍ͯͦͷࢀ༩ऀ͕ൃ͢Δ֬Λग़ྗͱ͢Δɽ
ͭ·Γɼग़ྗ ϑϨʔؒ࣌কདྷͷ֤͕ݩ࣍Ͱɼ֤ݩ࣍20
Ϝʹ͓͚Δൃ֬ʹରԠ͢ΔɽೖྗಛྔɼݱϑϨʔ
ϜͰ͍ͯ͠Δ͔൱͔ͷ 2ɼجຊपʢF0ʣͷઈର
͓Αͼฏ͔ۉΒͷ૬ରɼύϫʔɼSpectral Stability
Ͱ͋Δɽͳ͓ɼ֤ࢀ༩ऀ͕͍ͯ͠Δ͔൱͔ͷ 2Λআ
֤͘ಛྔࢀ༩ऀຖʹฏۉ 0ɼࢄ 1ʹਖ਼نԽ͞Εͯ
͍ΔɽຊڀݚͰɼ্هʹՃ͑ɼF0ͱύϫʔͷ϶ɼ϶
϶༻͢ΔɽҎ্Λࢀ༩ऀຖʹநग़ͯ͠ 1ͭʹ݁߹͢
Δɽ͕ͨͬͯ͠ɼҰରҰͰͷରͷ߹ɼೖྗݩ࣍
18ʢ=9ݩ࣍ ༩ऀʣͰ͋ΔɽϑϨʔϜͷγϑταࢀ2×
Πζ 50 msecͰ͋ΔɽຊڀݚͰ༻͢ΔϞσϧͰɼ
LSTM (18Ϣχοτ)ʹՃ͑ɼશ݁߹ (20Ϣχοτ)

Smooth turn-taking using multitask learning with prediction of backchan-
nels and fillers: Kouhei Hara, Koji Inoue, Katsuya Takanashi, and Tatsuya
Kawahara (Kyoto Univ.)
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ਤ 1: λʔϯςΠΩϯάͱ૬ɾϑΟϥʔͷؔ

Λ 2Ճͨ͠ɽ
༺ͷλʔϯςΠΩϯάͷ༧ଌɼ্ड़ͷϞσϧΛࡍ࣮
͍ͯϑϨʔϜຖͰͳؒ͘ࢭٳ୯ҐʢInter-Pausal Unit,
IPUʣͰͷΈ͏ߦɽIPUͱɼ200 msecҎ্ͷϙʔζ
Ͱ۠ΒΕͨൃͰ͋ΔɽIPUͰ͋Δ͜ͱΛೝఆ͢Δ
ͨΊʹɼൃ͔Β 200 msecͷϙʔζ͕ܦաͨ࣌͠
Λ༧ଌ࣌ͱ͢Δɽͨͩ͠ɼকདྷͷ 20ϑϨʔϜҎʹ
༩ऀͱʹൃࢀ༩ऀͱʹൃ͠ͳ͍ɼ·ͨ྆ࢀ྆
͢Δ߹༧ଌର֎ͱ͢ΔɽλʔϯςΠΩϯάΛ༧ଌ
͢ΔͨΊʹɼ·ͣɼ༧ଌର࣌Ͱͷग़ྗ (কདྷ 1 sec
ͷൃͷ֬)Λ྆ࢀ༩ऀͷϞσϧ͔Βऔಘ͢Δɽ࣍ʹɼ
ग़ྗͰ͋Δ ग़͠ɼࢉʹ༩ऀ͝ͱࢀΛۉͷग़ྗͷฏݩ࣍20
͕େ͖͍ํͷࢀ༩ऀΛ࣍ऀͱ͢Δɽ͜͜Ͱɼઌߦ
ऀͱ࣍ऀ͕ҟͳΔ߹ऀަସ (take)ɼಉ͡߹
ൃݖอ࣋ (hold)Λ༧ଌ݁Ռͱ͢Δɽ

3. ϚϧνλεΫֶशʹΑΔ౷߹Ϟσϧ
ຊڀݚͰϕʔεϥΠϯϞσϧΛɼλʔϯςΠΩϯά
ͷ༧ଌ͚ͩͰͳ͘ɼ૬ɼϑΟϥʔͷੜى༧ଌ͢ΔϚ
ϧνλεΫֶशʹΑΔ౷߹Ϟσϧͱ֦ு͢Δɽਤ 2ʹ
ຊڀݚͰఏҊ͢ΔϚϧνλεΫֶशͷϞσϧΛࣔ͢ɽ֤
ͷׅހϢχοτΛද͢ɽ3λεΫͰڞ௨ͳ
λεΫؒͰڞ௨͢Δಛ͕ɼλεΫ͝ͱʹ͔Ε͍ͯΔ
֤λεΫಛ༗ͷಛ͕ɼͦΕͧΕֶश͞ΕΔͱ͑ߟ
ΒΕΔɽ͜ΕΑΓɼ૬ɾϑΟϥʔͱͷྀؔߟ͕ੑͰ
͖ɼλʔϯςΠΩϯάͷ༧ଌ͕ࠔͩͬͨ෦ʹ͍ͭͯ
ΑΓਖ਼֬ʹ༧ଌͰ͖ΔΑ͏ʹͳΔɽೖྗಛྔϕʔ
εϥΠϯϞσϧͱಉ༷ͷ Ͱ͋Δɽݩ࣍18
λʔϯςΠΩϯάͷֶशɾ༧ଌʹ͍ͭͯɼϕʔεϥ
ΠϯϞσϧͱಉ༷ʹ͏ߦɽ૬ͱϑΟϥʔʹ͍ͭͯɼ
༧ଌ͔࣌Βকདྷ 20ϑϨʔϜҎʹͦΕͧΕ͕ੜ͢ى
Δ֬Λग़ྗ͢ΔɽͦͷͨΊɼਖ਼ղϥϕϧকདྷ 20ϑ
ϨʔϜҎʹੜ͢ىΔ͔൱͔ͷ 2Ͱ͋Δɽ·ͨɼֶश
ࢉ৽ʹ༻͍ΔଛࣦؔLҎԼͷࣜͰߋͷύϥϝʔλ࣌
ग़ͨ͠ͷΛ༻͢Δɽֶश࣌ͷύϥϝʔλߋ৽ʹ༻͍
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ਤ 2: ϚϧνλεΫֶशʹΑΔ౷߹Ϟσϧ

Δଛࣦؔ LҎԼͷࣜͰࢉग़ͨ͠ͷΛ༻͢Δɽ
L = α× Lλʔϯ + β × L૬ + γ × LϑΟϥʔ (1)

Lλʔϯ ਤ 2ʹ͓͚ΔλʔϯςΠΩϯάͷ༧ଌ෦ʹ͓
͚ΔଛࣦؔɼL૬ ૬ͷ༧ଌ෦ʹ͓͚Δଛࣦؔ
ɼLϑΟϥʔ ϑΟϥʔͷ༧ଌ෦ʹ͓͚ΔଛࣦؔͰ
͋ΓɼͦΕͧΕฏۉೋࠩޡΛ༻͍Δɽ

4. ධՁ࣮ݧ
ϞσϧΛධՁ͢ΔͨΊʹɼΦϖϨʔλʹΑͬͯԕִૢ
ΕͨΞϯυϩΠυ͞࡞ ERICA[6]ͱඃऀݧͱͷ໘࿅श
ର 16ηογϣϯͷରσʔλΛ༻͍ͨɽ͜ͷରͰ
 ERICA͕໘ɼඃ͕ऀݧ໘डऀݧΛԋ͡ɼΞϧ
όΠτͷ໘ͱ͍͏ఆͰߦΘΕͨɽ16ηογϣϯͷ͏
ͪɼ14ηογϣϯΛֶश༻ɼ2ηογϣϯΛςετ༻ͱ
͢ΔަࠩݕఆΛͨͬߦɽ༧ଌ࣌શηογϣϯͰ 2,194
Օॴ͋Γɼͦͷ͏ͪɼઌߦऀ͕ൃݖΛอͨ࣋͠Ґஔ
ʢholdʣ 1,644Օॴɼઌߦऀ͔Β͏Ұํͷࢀ༩ऀ
ൃ͕ݖҠͨ͠ߦҐஔʢtakeʣ 550ՕॴͰ͋ͬͨɽ
ఏҊ๏Ͱ͋ΔϚϧνλεΫϞσϧʢ3અʣͱϕʔεϥ
ΠϯʢγϯάϧλεΫʣϞσϧʢ2અʣͱͷੑൺֱΛ
ݧʢERICAʣͱ໘डɽ͜ΕΒͷϞσϧ໘ͨͬߦ
ऀʢඃऀݧʣʹͦΕͧΕ༻ҙ͞ΕΔ͕ɼ໘ͱ໘ड
Խؔੑ׆௨Ͱ͋ΔɽڞͷϞσϧͰҎԼͷઃఆऀݧ
ɼग़ྗʹ͍ͭͯઢؔܗΛɼͦΕҎ֎ͷશ݁߹
ʹ ReLUΛ༻͍ͨɽग़ྗʹ͍ͭͯ [0ɼ1]ͷʹͳ
ΔΑ͏ʹɼ0ΛԼճΔ 0ɼ1Λ্ճΔ 1ͱͨ͠ɽ
ύϥϝʔλͷߋ৽ɼ10αϯϓϧʢ60 secͷྻܥ࣌σʔ
λΛ 1αϯϓϧͱͨ͠ʣΛϛχόονͱͯ͠ɼֶश
͕ 0.5× 10−3ͷ RMSPropͰͨͬߦɽଛࣦؔͷॏΈ
α = 1/3ɼβ = 1/3ɼγ = 1/3ͱͨ͠ɽαϯϓϧͷ֤࣌
ؒϑϨʔϜͰͷࠩޡɼਖ਼ྫͱෛྫͷʹେ͖ͳภΓ͕
ࣜʹΒΕͨͨΊɼλεΫຖݟ (2)ʹΑͬͯࢉग़ͨ͠ɽ

Lframe,task =

{
ෛྫൺtask × Ltask,MSEʢਖ਼ྫʣ
ਖ਼ྫൺtask × Ltask,MSEʢෛྫʣ

(2)

Ltask,MSE ɼ͋Δؒ࣌ϑϨʔϜʹ͓͚Δ֤λεΫͷฏ
Ͱ͋Δɽશηογϣϯʹ͓͚Δਖ਼ྫͱෛྫͷࠩޡೋۉ
ͦΕͧΕͷɼλʔϯςΠΩϯά 59,812ͱ 127,562ɼ

ද 1: Ռʢtakeʣ݁ݧ࣮
Ϟσϧ ద߹ ݱ࠶ F

ϕʔεϥΠϯ 0.842 0.744 0.785
ϚϧνλεΫ 0.846 0.774 0.806

ද 2: Ռʢholdʣ݁ݧ࣮
Ϟσϧ ద߹ ݱ࠶ F

ϕʔεϥΠϯ 0.917 0.955 0.935
ϚϧνλεΫ 0.926 0.953 0.939

૬ 9,639ͱ 17,735ɼϑΟϥʔ 14,192ͱ 173,182Ͱ
͋ͬͨɽΤϙοΫ 2,400ͱͨ͠ɽաֶशΛආ͚Δͨ
Ίʹਖ਼ଇԽύϥϝʔλΛ 0.0012ͱ͢Δ l2ਖ਼ଇԽΛ༻
͠ɼ֤ؒʹ DropoutΛద༻ͨ͠ɽωοτϫʔΫͷ࣮
ʹɼTensorFlow 1.4.1ΛόοΫΤϯυͱ͢ΔKeras 2.1.2
Λ༻͍ͨɽධՁईͱͯ͠ద߹͓Αͼݱ࠶ɼ͓Αͼ
ͦΕΒͷௐฏۉͰ͋Δ FΛ takeͱ holdͷͦΕͧΕ
ग़ͨ͠ɽࢉ͍ͯͭʹ
ՌΛද݁ݧ࣮ 1ɼද 2ʹࣔ͢ɽholdʹ͍ͭͯਫ਼ͷ
ࠩݟΒΕͳ͔ͬͨͷͷɼtakeͰϚϧνλεΫֶश
ʹΑΔޮՌ͕ݟΒΕͨɽಛʹɼtakeͷݱ࠶ɼholdͷద
߹͕վળ͞Ε͍ͯΔɽલऀɼൃݖΛ֫ಘ͢Δҙࢤ
Λ૬खʹࣔࠦ͢Δׂͷ͋ΔϑΟϥʔͷ༧ଌ͕د༩ͯ͠
͍Δͱ͑ߟΒΕɼऀޙɼ૬खൃͷܧଓΛଅׂ͢ͷ
͋Δ૬ͷ༧ଌ͕د༩͍ͯ͠Δͱ͑ߟΒΕΔɽҎ্ΑΓɼ
λʔϯςΠΩϯάͷֶश࣌ʹ૬ͷ༧ଌͱϑΟϥʔͷ༧
ଌͷ྆ํΛྀ͢ߟΔϚϧνλεΫֶश͕ɼλʔϯςΠΩ
ϯάͷ༧ଌਫ਼دʹ্༩͢Δ͜ͱ͕֬ೝͰ͖ͨɽ

5. ͓ΘΓʹ
ຊߘͰɼϚϧνλεΫֶशͷΈͰλʔϯςΠΩ
ϯάͱ૬ɼϑΟϥʔͷ༧ଌΛ౷Ұతʹ͏ߦϞσϧΛఏ
Ҋͨ͠ɽͦͷ݁Ռɼ֤λεΫؒͷؔΛྀ͢ߟΔ͜ͱͰɼ
λʔϯςΠΩϯάͷ༧ଌਫ਼্͕͢Δ͜ͱΛ֬ೝͨ͠ɽ
Ͱѻͬͨ໘࿅शରҎ֎ͷରλεΫڀݚຊޙࠓ
ʹ͓͚ΔఏҊख๏ͷ༗༻ੑΛ͍ͯ͘͠ূݕɽ·ͨɼࣗ
ΞϯυϩΠυܕ ERICAͷΑ͏ͳ࣮ࡍͷରγεςϜ
ͷ࣮͏ߦɽ͞Βʹɼ૬ɾϑΟϥʔҎ֎ʹɼࢹઢ
͏ͳ͖ͣͳͲͷλʔϯςΠΩϯάʹؔ͢Δͱ͑ߟΒ
ΕΔଞͷϚϧνϞʔμϧͳใͷར༻ݕ౼͍ͯ͘͠༧
ఆͰ͋Δɽ
ँࣙຊڀݚɼJST ERATOੴڞࠇੜώϡʔϚϯϩϘοτΠϯλϥΫ
γϣϯϓϩδΣΫτ JPMJER1401ͷࢧԉΛड͚࣮ͯ͞ࢪΕͨɽ
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