
֊ӅΕηϛϚϧίϑϞσϧͱਂֶशʹͮ͘ج
քਪఆͱϥϕϧ͚ڥηΫγϣϯͷۂָ
ࣲా߶ ྄ݟۋ தଜӫଠ ٢ҪՂ

ՊڀݚେֶେֶӃใֶژ

1. ͡Ίʹ
ԻָߏղੳͱɼϙϐϡϥʔԻָͷԻڹ৴߸ΛAϝ
ϩɾαϏͳͲͷηΫγϣϯʹׂ͠ϥϕϧ͚͢ΔλεΫ
Ͱ͋Γɼָ࠶ۂੜ࣌ͷφϏήʔγϣϯࢼௌ༻Իݯͷੜ
ʹ༗༻Ͱ͋ΔɽຊλεΫɼԻָԻڹ৴߸ΛηΫγϣ
ϯʹׂ͢Δʮηάϝϯςʔγϣϯʯɼ֤ηΫγϣϯΛ
Ϋϥεྨ͢ΔʮΫϥε͍ͯͮجʹߏΓฦ͠܁ͷۂָ
λϦϯάʯɼ֤ΫϥεʹʮαϏʯͳͲͷ۩ମతͳϥϕϧ
Λ༩͢ΔʮϥϕϦϯάʯͷ 3εςοϓ͔Βߏ͞ΕΔɽ
ैདྷڀݚͰɼηάϝϯςʔγϣϯͱΫϥελϦϯά
ͷΈΛѻ͏ͷ͕ଟ͘ɼඇෛྻߦղΛ༻͍Δํ๏ [1]
άϥϑղΛ༻͍Δํ๏ [2]͕ఏҊ͞Ε͍ͯΔɽϥϕ
ϦϯάΛѻ͏ڀݚͰɼMaddageΒ [3]యܕతͳָۂ
ख๏ΛఏҊ͍ͯ͠Δɽͮ͘جʹ֤ηΫγϣϯͷׂߏ
·ͨ PaulusΒ [4]ɼηΫγϣϯͷNάϥϜʹͮ͘جద
߹ؔΛߏ͠ɼηάϝϯςʔγϣϯͱΫϥελϦϯ
άɼϥϕϦϯάΛಉ࣌ਪఆ͢Δख๏ΛఏҊ͍ͯ͠Δɽ
ຊߘͰɼ֊ӅΕηϛϚϧίϑϞσϧ (HHSMM)ʹ
ख๏͏ߦηάϝϯςʔγϣϯͱΫϥελϦϯάΛͮ͘ج
[5]ͷ݁ՌͱਂֶशʹΑΔϥϕϦϯάͷ݁ՌΛ౷߹͢
Δख๏ΛఏҊ͢ΔɽҰൠʹɼ౷߹γεςϜͷߏஙͰɼ
ଟஈॲཧతͳํ๏ΑΓಉ࣌తʹํ͏ߦ๏ͷํ͕ɼ͕ࠩޡ
ྦྷੵ͠ͳ͍Ͱ༗༻Ͱ͋ΔɽHHSMMΛϥϕϦϯά·Ͱ
ѻ͑ΔΑ͏֦ு͢Δํ๏ͱͯ͠ɼԻೝࣝͰ༻͍ΒΕΔ
DNN-HMMͱಉ༷ͷํ͕ࣜ͑ߟΒΕΔ͕ɼୈҰஈ֊ͱ
ͯ͠ຊߘͰଟஈॲཧʹΑΔ౷߹Λ͑ߟΔɽ۩ମతʹɼ
χϡʔϥϧωοτϫʔΫܕؼ࠶ (RNN)Λ༻͍ͯԻڹಛ
ྔ͔ྻܥΒηΫγϣϯϥϕϧྻܥΛਪఆͨ݁͠Ռͱɼ
HHSMMͷ݁ՌͱΛ౷߹͢Δख๏Λߏங͢Δɽ

2. ఏҊख๏
ԻָԻڹ৴߸͔ΒηΫγϣϯͷڥքҐஔͱϥϕϧʢNZ

छྨ͋Δͷͱ͢ΔʣΛਪఆ͢ΔʹऔΓΉɽਤ 1
ʹࣔ͢Α͏ʹɼHHSMMʹΑΔηάϝϯςʔγϣϯͱΫ
ϥελϦϯάʢ2.1અʣͱ RNNʹΑΔϑϨʔϜ୯Ґͷϥ
ϕϦϯάʢ2.2અʣͷ݁ՌΛ౷߹֤ͯ͠Ϋϥελʔʹର
͠ϥϕϧΛ༩͢Δख๏ΛఏҊ͢Δʢ2.3અʣɽ
2.1 ηάϝϯςʔγϣϯͱΫϥελϦϯά

֤ηΫγϣϯʹ͓͚ΔԻ৭ͷಉ࣭ੑɼಉ͡Ϋϥεͷ
ηΫγϣϯʹ͓͚Δίʔυਐߦͷ෮ੑɼ͓ΑͼηΫ
γϣϯͷنଇੑΛಉ࣌ʹѻ͑ΔHHSMMΛ༻͍Δ [5]ɽ
HHSMMɼηΫγϣϯྻܥͱίʔυྻܥʹରԠ͢Δೋ
֊ͷજࡏมྻܥΛͭ࣋ɽೖྗͷԻڹಛྔྻܥʹର
ͯ͠ɼΪϒεαϯϓϦϯάʹΑΓύϥϝʔλΛਪఆͨ͠
ΛϏλϏΞϧΰϦζϜͰਪఆ͢ྻܥมࡏͷજ࠷ɼޙ
Δ͜ͱͰηάϝϯςʔγϣϯͱΫϥελϦϯάΛ͏ߦɽ

Boundary Detection and Labeling of Musical Sections Based on a Hierar-
chical Hidden Semi-Markov Model and Deep Learning: Go Shibata, Ryo
Nishikimi, Eita Nakamura, and Kazuyoshi Yoshii (Kyoto Univ.)
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ਤ 1: ఏҊ͢ΔԻָߏղੳख๏

2.2 ϑϨʔϜ୯ҐͷϥϕϦϯά

ํهظԱ (BILSTM) ɼશ݁߹ɼsoftmax
ग़ྗ͔ΒͳΔRNNΛ༻͍Δɽ͜ͷRNNɼೖྗԻڹ
ಛྔྻܥ x1:T ʹରͯ͠ɼηΫγϣϯϥϕϧྻܥ z1:T
(zt ∈ {1, . . . , NZ})ͷ֬ {p(zt|xt)}Tt=1 Λग़ྗ͢ΔʢT
ָۂͷϑϨʔϜʣɽଛࣦؔʹ focal lossΛ༻͍Δɽ

2.3 ౷߹

ӅΕϚϧίϑϞσϧ (HMM)Λ༻͍ͯɼHHSMM͓Α
ͼ RNNʹͮ͘جղੳ݁ՌΛ౷߹͢ΔɽHHSMMͰਪఆ
͞ΕͨηΫγϣϯΛN ͱ͢ΔͱɼຊઅͷHMMɼη
Ϋγϣϯ୯Ґͷϥϕϧྻܥ z1:N Λજࡏঢ়ଶྻܥͱ͠ɼϑ
ϨʔϜ୯Ґͷಛྔྻܥ x1:T Λੜ͢Δɽ

p(x1:T , z1:N ) = p(z1:N )p(x1:T |z1:N )

= p(z1)
N−1∏

n=1

p(zn+1|zn)
N∏

n=1

Tn∏

t=1

p(xt|zt = zn) (1)

͜͜ͰɼTn  n൪ͷηΫγϣϯͷϑϨʔϜΛද͢
ʢ
∑

n Tn = TʣɽޠݴϞσϧ p(z1:N )ͱͯ͠ Ϛϧί࣍1
ϑϞσϧΛ༻͍ͨ߹ɼॳ֬ظ p(z1)ɼભҠ֬
p(zn+1|zn) (n = 1, . . . , N−2)ɼऴྃ֬p(zN |zN−1)
ͱͳΔɽҰํɼԻڹϞσϧp(x1:T |z1:N )ʹؔͯ͠ɼRNN
͔ΒಘΒΕͨ֬ p(zt|xt)ʹର͠ɼϕΠζͷఆཧΛద༻
͢Δ͜ͱͰϑϨʔϜ୯Ґͷ֬ p(xt|zt)ΛٻΊΔɽ

p(xt|zt) =
p(zt|xt)p(xt)

p(zt)
∝ p(zt|xt)

p(zt)
(2)

͜͜Ͱɼ֬ p(zt)ϥϕϧͷ unigram֬Ͱ͋Δɽ
͍·ɼಛྔྻܥ x1:T ʹରͯ͠ɼ࠷େ֬ޙࣄΛͱ
ΔηΫγϣϯ୯Ґͷϥϕϧྻܥ z1:N Λਪఆ͍ͨ͠ɽ

p(z1:N |x1:T ) ∝ p(x1:T , z1:N )

= p(z1)
N−1∏

n=1

p(zn+1|zn)
N∏

n=1

(
Tn∏

t=1

p(xt|zt = zn)

)β/Tn

(3)

͜͜ͰɼβޠݴϞσϧͱԻڹϞσϧͷόϥϯεΛௐ
͢ΔύϥϝʔλͰ͋Δɽϥϕϧྻܥͷશ୳ࡧྔࢉܭత
తͰͳ͍ͨΊɼHHSMM࣮ݱʹ Ͱਪఆ͞Ε֤ͨΫϥ
ελʔʹؚ·ΕΔશϑϨʔϜʹ͍ͭͯɼ֤ϥϕϧ͝ͱʹ
RNNͰಘΒΕͨ֬ͷ૯ੵΛऔΔ͜ͱͰɼͦͷΫϥε

Copyright     2020 Information Processing Society of Japan.
All Rights Reserved.2-343

2S-08

情報処理学会第82回全国大会



0.00 46.44 92.88 139.32 185.76 232.20
time (sec)

Ground truth

Labeling model output

Result

Predicted Label

Tr
ue

 L
ab

el

0.5

0.4

0.3

0.2

0.1

0.0

ਤ 2: ʢࠨʣ݁ՌͷྫʢRWC-MDB-P-2001 No.42ʣʢӈʣࠞಉྻߦ

λʔ͕ରԠ͢ΔϥϕϧީิΛαߜʹݸΓɼશ୳ࡧΛ͏ߦɽ

3. ධՁ࣮ݧ
3.1 ݅ݧ࣮

RWCϙϐϡϥʔԻָσʔλϕʔεதͷ ۂ100 [6]ͱɼ
ਖ਼ղσʔλ [7]Λ༻͍ͯ 10ׂަࠩূݕΛͨͬߦɽ͜ͷ
༺ɼϥϕϦϯάࡍ RNNͷֶशʹ ʹূݕɼۂ80 ۂ10
Λ༻͍ͨɽ౷߹༻ HMMͷޠݴϞσϧʹ trigramΛ༻
͍ɼֶशʹ্هͱಉ༷ͷ Λ༻͍ͨɽۂ90

RNNͷೖྗʹ ͷϝϧεϖΫτϩάϥϜΛݩ࣍128
༻ͨ͠ɽग़ྗɼ[4]ͷ݁ՌͱͷൺֱͷͨΊɼશମͷ 90%
ΛΧόʔ͢Δϥϕϧ (verse A/B/Cɼchorus A/Bɼbridge Aɼ
introɼendingɼpre-chorus)ͱͦͷଞΛද͢ϥϕϧ (misc)
ͷ NZ = 10 ͷϥϕϧͱͨ͠ɽBILSTMݸ ͷӅΕ
2048× ͱ͠ɼαݩ࣍2 = 3ɼβ = 6.0ͱͨ͠ɽ࠷దԽʹ
֬తޯ߱Լ๏ʢֶश 10−3ʣΛ༻͍ͨɽධՁʹֶ
शূݕʹ࣌σʔλͰߴ࠷ਫ਼Λग़ͨ͠ϞσϧΛ༻͍ͨɽ
ϑϨʔϜ୯ҐͰͷϥϕϧਖ਼ղΛධՁईͱͯ͠༻͍
ΔɽHMMΛ༻͍ͨ HHSMMͱ RNNͷ౷߹ख๏ͷଞɼ
ൺֱͷͨΊɼRNNʹΑΓಘΒΕͨηΫγϣϯϥϕϧΛΫ
ϥελʔ͝ͱʹΧϯτ͠ɼͬͱΑ͘ݱΕͨϥϕϧ
Λਪఆ݁Ռͱ͢Δ౷߹ख๏ʢଟܾ๏ʣɼ͓Αͼैདྷ๏
[4]Λൺֱͨ͠ɽ·ͨɼԻڹϞσϧͱޠݴϞσϧͷݸผ
ͷޮՌΛ͢ূݕΔͨΊɼRNNʹΑΔϥϕϦϯά݁Ռͱ
HHSMMͷΫϥελϦϯά݁ՌΛجʹ trigramޠݴϞσ
ϧʹ͓͚Δ࠷େ֬ϥϕϧྻܥΛٻΊͨ݁ՌධՁͨ͠ɽ

3.2 Ռ݁ݧ࣮

ՌΛද݁ݧ࣮ 1ʹࣔ͢ɽRNNͷਫ਼ൺֱత͕͍ߴɼ
౷߹ख๏ʹΑΓηΫγϣϯ୯ҐʹྔࢠԽΛ͏ߦաఔͰਫ਼
͕Լͨ͠ɽ·ͨɼޠݴϞσϧͷΈΛ༻͍ͨ݁Ռਫ਼
͕͘ɼ౷߹ख๏ʹ͓͍ͯޠݴϞσϧʹΑΔਫ਼
্ݟΒΕͳ͔ͬͨɽఏҊͨ͠౷߹ख๏ɼैདྷ๏ [4]
ΑΓΘ͔ͣʹਫ਼͕͔ͨͬߴɽ
ਪఆ݁ՌྫΛਤ 2ʢࠨʣʹࣔ͢ɽintroͱ endingͷҐஔ
ɼverse A→verse B→chorus AͷߏΛਖ਼͘͠ೝࣝͰ
͖͍ͯΔҰํɼڥքҐஔͷޡਪఆʹΑΓ෦తͳϥϕϧ
ͷޡਪఆ͕͍͖ͯىΔɽผྫͱͯ͠ɼޙ࠷ͷηΫγϣϯ
ͱಉ͡Ϋϥελʔʹଐ͢ΔηΫγϣϯָ͕ۂͷதؒʹݱ
Εͨ߹ɼͦΕΒΛશͯ endingͱͯ͠͠·͏߹͕͋ͬ
ͨɽ͜ͷΑ͏ʹɼηάϝϯςʔγϣϯͱΫϥελϦϯά
ͷ݁Ռ͔ΒͷࠩޡͷӨ͕ڹେ͖͘ɼޠݴϞσϧ͕͏
ࠩޡΒΕͨɽ͜͏ͨ͠ݟ͠ͳ͔ͬͨྫ͕ଟ͘ػ͘·

ද 1: ධՁ݁Ռ
ख๏ ਫ਼ (%)
Ϟσϧ͋Γ౷߹ख๏ޠݴ (HMM) 35.6
Ϟσϧͳ͠౷߹ख๏ʢଟܾ๏ʣޠݴ 36.7
ԻڹϞσϧ (RNN)ͷΈ 44.7
Ϟσϧޠݴ (Trigram)ͷΈ 17.8
Paulus 2009 [4] 34.4

ɼηάϝϯςʔγϣϯͱΫϥελϦϯάͱϥϕϦϯ
άΛಉ࣌ਪఆ͢Δํ๏Ͱආ͚ΒΕΔՄੑ͕͋Δɽ
·ͨɼϥϕϧͷਪఆ݁Ռͱਖ਼ղσʔλͷࠞಉྻߦΛਤ

2ʢӈʣʹࣔ͢ɽintroɼendingɼchorus Aൺֱత͍ߴਫ਼
Λग़͍ͯ͠Δɽ·ͨ verse A/B/C verse Aͱɼchorus
A/B chorus Aͱਪఆ͞Ε͍͢ɽ͔͠͠ɼchorus A
misc͕ଞͷϥϕϧ͔Βਪఆ͞Ε͍͢͜ͱʹΑΔਫ਼ͷ
Լ͕େ͖͘ɼ͜ͷͷղফޙࠓͷ՝Ͱ͋Δɽ

4. ͓ΘΓʹ
ධՁ࣮ݧͷ݁ՌɼHHSMMͱਂֶशʹۂָ͍ͯͮج
ηΫγϣϯͷڥքਪఆͱϥϕϧ͚Λ͏ߦख๏ͷ༗ޮੑ
͕֬ೝ͞ΕͨɽࠓճɼϥϕϦϯάख๏ʹ RNNΛ༻͍ͨ
͕ɼϥϕϦϯάʹΑΓҬͳใॏཁͰ͋ΔͨΊɼ
Ͱ͖ΔྀߟશମΛۂָ TransformerͰͷϞσϧͷվྑ͕
ΒΕΔɽ·ͨɼຊख๏ͰηάϝϯςʔγϣϯɾΫ͑ߟ
ϥελϦϯάͱϑϨʔϜ୯ҐͷϥϕϦϯάΛಠཱʹͬߦ
͕ͨɼऀޙͷใલऀͷਪఆʹ༗ޮͩͱ͑ߟΒΕΔɽ
ΑͬͯɼޙࠓηάϝϯςʔγϣϯɼΫϥελϦϯάɼϥ
ϕϦϯάશͯΛಉ࣌ʹѻ͏ϞσϧͷߟҊΛ͢ࢦɽ
ँࣙ ຊڀݚͷҰ෦ɼՊݚඅ No. 19H04137ɼNo. 19K20340ɼ
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