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1. ͸͡Ίʹ
͸ɼϙϐϡϥʔԻָͰͷαϏ΍AϝϩͷΑ͏ͳʹۂָ
ҙຯ্ͷ·ͱ·ΓʢηΫγϣϯʣ͕ଘ͢ࡏΔɽԻָߏ଄
ղੳͱ͸ɼʢ1ʣԻָԻڹ৴߸ΛηΫγϣϯ୯Ґʹ෼ׂ͠
ʢηάϝϯςʔγϣϯʣɼʢ2ʣָۂͷ܁Γฦ͠ߏ଄ʹͮج
͍ͯηΫγϣϯΛΫϥε෼ྨ͠ʢΫϥελϦϯάʣɼʢ3ʣ
֤ΫϥεʹʮαϏʯ΍ʮAϝϩʯͳͲͷϥϕϧΛ෇͚Δ
ʢϥϕϦϯάʣ໰୊Ͱ͋Δɽ͜Ε͸ɼαϏͷݕग़΍ָۂ
ͷࢹௌ༻Իݯͷੜ੒ʹ༗༻Ͱ͋ΔɽຊڀݚͰ͸͜ͷ͏ͪɼ
ηάϝϯςʔγϣϯͱΫϥελϦϯάΛ໨తͱ͢Δɽ
ʯੑࣅʯʮಉ࣭ੑʯʮྨੑن଄͸ɼʮ৽ߏͷηΫγϣϯۂָ
ͱ͍͏̏ͭͷੑ࣭Ͱయܕతʹಛ௃෇͚ΒΕΔ [1]ɽ͜Ε
Βͷੑ࣭͸ɼೋؒࠁ࣌ͷಛ௃ྔྨࣅ౓Λ֤ཁૉʹ΋ͭࣗ
ԽͰ͖Δʢਤ֮ࢹͰྻߦ౓ࣅྨݾ 1ʣɽ৽ੑن͸ɼ৽ن
ͷηΫγϣϯͷ։࣌࢝ʹ௚લͷηΫγϣϯ͔Βͷಛ௃ͷ
มԽ͕͋Δͱ͍͏ੑ࣭Ͱ͋Δɽಉ࣭ੑ͸ɼηΫγϣϯ಺
෦Ͱָثฤ੒ͳͲͷಛ௃͕Ұ؏͍ͯ͠Δͱ͍͏ੑ࣭Ͱ͋
Δɽྨੑࣅ͸ɼಉछͷηΫγϣϯͰྨ͢ࣅΔಛ௃͕ྻܥ
଄ղੳͰ͸ɼ͜ߏΓฦ͞ΕΔͱ͍͏ੑ࣭Ͱ͋ΔɽԻָ܁
ΕΒ̏ͭͷੑ࣭Λ౷߹తʹ༻͍Δ͜ͱ͕༗ޮͰ͋Δɽ
ैདྷڀݚͰ͸ɼ͜ΕΒͷ͏ͪ୯Ұͷੑ࣭ͷΈΛऔΓѻ
͏͔ɼෳ਺ͷੑ࣭ΛଟஈॲཧͰѻ͏ࢼΈ͕ଟ͘ [2, 3, 4]ɼ
౷߹తͳख๏͸·ͩ΄ͱΜͲͳ͍ [5]ɽຊڀݚͰ͸ɼԻ
ָԻڹ৴߸ͷ֊૚తੜ੒ϞσϧΛߏ੒ͯ͠ηΫγϣϯͷ
ܭΛ౷߹తɾ౷ੑࣅΔ͜ͱͰɼಉ࣭ੑͱྨ͢ݱ଄Λදߏ
తʹऔΓѻ͏Իָߏ଄ղੳख๏ΛఏҊ͢Δɽ۩ମతʹ͸ɼ
ηΫγϣϯ୯Ґͷָߏۂ଄Λද্͢ҐϞσϧͱɺ֤ηΫ
γϣϯͷ಺෦ߏ଄Λද͢ԼҐϞσϧ͔ΒͳΔ֊૚ӅΕη
ϛϚϧίϑϞσϧʢHHSMMʣͷࢣڭͳֶ͠शʹΑΓɼ
ηάϝϯςʔγϣϯͱΫϥελϦϯάΛҰ͏ߦʹڍɽධ
Ձ࣮ݧʹΑͬͯηάϝϯςʔγϣϯ͕ط஌ͷ৔߹ʹ͜ͷ
ख๏ͷΫϥελϦϯάʹର͢Δ༗ޮੑΛ֬ೝ͢Δɽ

2. ఏҊख๏
HHSMMʹͮ͘جԻָߏ଄ղੳख๏ʹ͍ͭͯड़΂Δɽ
ೖྗ͸ԻָԻڹ৴߸͔ΒಘΒΕͨϏʔτ୯ҐͷΫϩϚಛ
௃ྻܥXc = {xc

1, . . . ,x
c
B} ∈ RB×12ͱMFCCಛ௃ྻܥ

Xm = {xm
1 , . . . ,xm

B } ∈ RB×12 Ͱ͋Γɼग़ྗ͸֤ηΫ
γϣϯͷڥքͱΫϥελϦϯά݁ՌͰ͋Δɽ͜͜ͰɼB
͸ 4෼Իූ୯ҐͷϏʔτ਺Λද͢ɽ͜ΕΒͷಛ௃ྔΛ࢖
͏ཧ༝͸ɼྨੑࣅ͸ΫϩϚಛ௃ྔͰද͞ΕΔίʔυਐߦ
ʹද͞ΕΔ͜ͱ͕ଟ͘ɼಉ࣭ੑ͸MFCCʹΑͬͯද͞Ε
ΔԻڹಛੑʹΑΓଊ͑ΒΕΔ͜ͱ͕ଟ͍͔ΒͰ͋Δɽ
2.1 ֊૚ӅΕηϛϚϧίϑϞσϧ
ఏҊϞσϧ͸ભҠ֬཰ʹΑΓηΫγϣϯ୯Ґͷ܁Γฦ
ड़͢Δ্ҐϞσϧͱɼηΫγϣϯ಺Ͱͷಛ௃ه଄Λߏ͠
ͷੜ੒աఔΛද͢ԼҐϞσϧ͔ΒͳΔʢਤྻܥྔ 2ʣɽ
্ҐϞσϧ ্ҐϞσϧ͸ηϛϚϧίϑϞσϧͰɼ֤ঢ়
ଶ͸ηΫγϣϯͷΫϥεͱͦͷܧଓؒ࣌௕Λද͢ɽજࡏ
Music Structure Analysis Based on a Hierarchical Hidden Markov Model:
Go Shibata, Ryo Nishikimi, Eita Nakamura, and Kazuyoshi Yoshii (Kyoto
Univ.)

同質性

新規性

類似性

ਤ 1: ͷྫྻߦ౓ࣅྨݾࣗ
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ਤ 2: ఏҊ͢Δ֊૚ӅΕηϛϚϧίϑϞσϧʢHHSMMʣ

ঢ়ଶྻܥΛZ = {z1, . . . , zT } (zτ ∈ {1, . . . , NZ})ɼD =
{d1, . . . , dT } (dτ ∈ {1, . . . , ND})ͱ͢هɽ͜͜ͰɼT ͸
தͷηΫγϣϯ਺ɼNZۂָ ͸ηΫγϣϯͷΫϥε਺ɼ
ND ͸࠷େܧଓ௕Λද͢ɽܧଓ௕ؒ࣌ dτ ͓Αͼঢ়ଶ zτ
͸ҎԼͷ֬཰ʹै͍ੜ੒͞ΕΔ΋ͷͱ͢Δɽ

P (z1, d1) = ρz1ψd1 (1)
P (zτ , dτ |zτ−1) = πzτ−1zτψdτ (2)

͜͜Ͱɼρz ͸ঢ়ଶ z ͷॳ֬ظ཰ɼπzz′ ͸ঢ়ଶ z ͔Βঢ়
ଶ z′ ΁ͷભҠ֬཰ɼψd ͸ܧଓ௕֬཰Λද͢ɽ
ԼҐϞσϧ ԼҐϞσϧ͸ঢ়ଶछྨ਺NKͷ left-to-right
ʢLRʣܕͷӅΕϚϧίϑϞσϧͰ͋Γɼ্֤Ґঢ়ଶͷ։
ա͢Δ·ͰϏʔτ୯ҐͰભܦ͕ؒ࣌ଓ௕ܧΒ͔ࠁ࣌࢝
ҠΛ܁Γฦ͢ɽજࡏঢ়ଶྻܥKτ = {k1, . . . , kdτ } (kt ∈
{1, . . . , NK})͸ɼରԠ͢Δ্Ґঢ়ଶͷΫϥε zτ ʹґଘ
͢ΔભҠ֬཰ φ(zτ )kt−1kt

ʹΑΓੜ੒͞ΕΔɽ

P (kt|zτ , kt−1) = φ(zτ )kt−1kt
(3)

͜͜Ͱɼzτ ͱ dτ ͸ͦΕͧΕରԠ͢Δ্Ґঢ়ଶͱܧଓ௕
ঢ়ଶظΛද͢ɽॳؒ࣌ k1=1ɼऴྃঢ়ଶ kdτ=NK Λຬͨ
͠ɼࠁ࣌ t1, t2 (t1<t2)ʹ͓͍ͯɼkt1 ≤ kt2 Λຬͨ͢ɽ
ԻڹϞσϧ Ϟσϧ͸֤ࠁ࣌ bͰΫϩϚಛ௃ྔxc

b ∈ R12

ͱMFCCಛ௃ྔxm
b ∈ R12Λग़ྗ͢Δɽίʔυਐߦͷ܁

Γฦ͠ߏ଄Λଊ͑ΔͨΊʹΫϩϚग़ྗ֬཰෼෍χc
zτ ,kt

(xc
b)

͸্Ґঢ়ଶͱԼҐঢ়ଶ྆ํʹґଘͤ͞ɼԻڹಛੑͷηΫ
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γϣϯ಺Ͱͷಉ࣭ੑΛଊ͑ΔͨΊ MFCCग़ྗ֬཰෼෍
χm
zτ (x

m
b )͸্Ґঢ়ଶͷΈʹґଘͤ͞Δɽ

P (xc
b,x

m
b ) = χc

zτ ,kt
(xc

b)χ
m
zτ (x

m
b ) (4)

͜͜Ͱɼzτ ͱ kt͸ࠁ࣌ bʹ͓͚Δ্Ґঢ়ଶͱԼҐঢ়ଶ
Λද͠ɼ֤ग़ྗ֬཰෼෍͸ଟݩ࣍ਖ਼ن෼෍Λ༻͍Δɽ
2.2 ਪ࿦
ຊख๏Ͱ͸ɼϞσϧύϥϝʔλਪఆͱજࡏঢ়ଶਪఆͷ
ೋஈ֊ͷ౷ܭతਪ࿦ʹΑͬͯԻָߏ଄ղੳΛ͏ߦɽύϥ
ϝʔλਪఆͰ͸ɼρz,πzz′ ,ψd,φ

(z)
kk′ ͱग़ྗ֬཰෼෍ͷฏ

جʹલ෼෍Λஔ͖ɼϕΠζਪ࿦ࣄʹύϥϝʔλࢄɾ෼ۉ
ɽϕΠζֶशʹΑͬͯɼঢ়ଶ਺͏ߦͳֶ͠शΛࢣڭͮ͘
Λे෼େ͖͘ઃఆ͢Ε͹ɼෆཁͳঢ়ଶ͕ॖୀ͠ɼ࠷దͳ
ঢ়ଶ਺ͷϞσϧ͕બ୒͞ΕΔɽ·ͨɼ্ҐϞσϧͷભҠ
֬཰Λεύʔεʹ༠ಋ͢Δ͜ͱͰɼ܁Γฦ͠ߏ଄͕දݱ
Ͱ͖Δɽਪ࿦ํ๏ͱͯ͠ΪϒεαϯϓϦϯάΛ༻͍ͨɽ
જࡏঢ়ଶਪఆͰ͸ɼೖྗͷΫϩϚಛ௃ྻܥ Xc ͱ

MFCCಛ௃ྻܥXm ʹରͯ͠ɼϏλϏ୳ࡧͰ࠷໬ͷજ
,ZɼDɼ{K1ྻܥঢ়ଶࡏ . . . ,KT }ΛಘΔɽ͜ΕʹΑΓ
্Ґঢ়ଶͷભҠʹݱΕΔηΫγϣϯ෼ׂͱ্Ґঢ়ଶͷ஋
ʹΑΓද͞ΕΔΫϥελϦϯά݁Ռ͕ҰڍʹಘΒΕΔɽ

3. ධՁ࣮ݧ
ϙϐϡϥʔԻָΛ༻͍࣮ͨݧͰɼఏҊ๏ͷ༗༻ੑΛݕ
ূ͢ΔɽຊߘͰ͸ηάϝϯςʔγϣϯ͸ط஌ͱ্ͨ͠Ͱ
ͷΫϥελϦϯάʹର͢ΔධՁΛ͏ߦɽҰൠʹηΫγϣ
ϯͷ௕͞͸ҰఆͰ͸ͳ͘ɼ͞ΒʹΞϊςʔλʹΑͬͯҟ
ͳΔղऍ͕ੜ͡΍͍͢ɽͦ ͜Ͱ͜͜Ͱ͸ɼηΫγϣϯΑΓ
୹͍·ͱ·ΓͰ͋ΔϑϨʔζʹ஫໨͢ΔɽϑϨʔζ͸ϙ
ϐϡϥʔԻָͰ͸ 4খઅఔ౓ͷ௕͕͞ҰൠతͰ͋Γɼղ
ऍͷᐆດੑ΋ੜ͡ʹ͍͘ɽ؆୯ͷͨΊຊ࣮ݧͰ͸ϑϨʔ
ζͷ௕͞Λ 4খઅʹݻఆ͠ɼͦͷΫϥελϦϯάΛ͏ߦɽ
RWCԻָσʔλϕʔε [6]ͷதͰۂΛ௨ͯ͠ 4খઅ୯Ґ
Ͱ۠੾Δ͜ͱͷͰ͖Δָۂ લ෼ࣄΛධՁʹ༻͍Δɽۂ3
෍ͷϋΠύʔύϥϝʔλʹ͍ͭͯɼ্Ґঢ়ଶͷॳ֬ظ཰ɼ
ଓ௕֬཰ɼભҠ֬཰ɼԼҐঢ়ଶͷભҠ֬཰ʹରԠ͢Δܧ
ϋΠύʔύϥϝʔλ͸ͦΕͧΕ 0.1ɼbɼ1ɼ1ɼΫϩϚͱ
MFCCͷग़ྗ෼෍ͷฏۉɼਫ਼౓ྻߦͷ෼෍ͷϋΠύʔύ
ϥϝʔλ βcɼmcɼνcɼW cɼβmɼmmɼνmɼWm͸ͦ
ΕͧΕ 10ɼE[Xc]ɼ24ɼ(νcCov[Xc])−1ɼ10ɼE[Xm]ɼ
60ɼ(νmCov[Xm])−1 Λ༻͍ͨɽ͜͜Ͱɼ0.1ͱ 1͸ͦ
ΕͧΕશͯͷཁૉ͕ 0.1ͱ 1ͷϕΫτϧɼb ∈ R16͸ɼୈ
16ཁૉ͕ 1ͷ୯ҐϕΫτϧɼE[ɾ]ͱ Cov[ɾ]͸ͦΕͧΕ
σʔλͷฏۉͱڞ෼ࢄͰ͋Δɽ·ͨɼ্Ґঢ়ଶ਺ͱԼҐ
ঢ়ଶ਺͸ͦΕͧΕ 8ͱ 6Λ༻͍ͨɽ
ಉ͡ΫϥεͷηΫγϣϯͷϑϨʔζ਺͸౳͍͠ͱ͍͏
ԾఆͷԼͰɼ࣍ͷ̎ͭͷධՁई౓Λ༻͍Δɽ
ϑϨʔζҰக཰ ਖ਼ղσʔλͰಉ͡ΫϥεͰ͋ΔηΫ
γϣϯ sͱ s′ʹ͍ͭͯɼਪఆ͞ΕͨϑϨʔζΛͦΕͧΕ
{z1, . . . , zn} ͱ {z′1, . . . , z′n} ͱ͢Δɽ͜ͷ֤࣌ zτ ͱ z′τ
͕Ұக͢Δׂ߹Λ࣍Ͱఆٛ͢Δɽ

EҰக =

∑
s ̸=s′

∑n
τ δzτz′

τ
δcls(s)cls(s′)∑

s ̸=s′
∑n

τ δcls(s)cls(s′)
(5)

͜͜Ͱɼcls(s)͸ηΫγϣϯ sͷΫϥεΛද͢ɽ
ϑϨʔζ෼཭౓ ਖ਼ղσʔλͰҟͳΔΫϥεͰ͋Δη
Ϋγϣϯ s ͱ s′ ʹ͍ͭͯɼਪఆ͞ΕͨϑϨʔζΛͦ
ΕͧΕ {z1, . . . , zn}ͱ {z′1, . . . , z′n′}ͱ͢Δ࣌ɼ֤ z′τ ͕
{z1, . . . , zn}ͷશͯͱҟͳΔ৔߹ͷׂ߹Λ࣍Ͱఆٛ͢Δɽ

ද 1: ධՁ݁Ռ
ख๏ EҰக E෼཭ EHM

HHSMM 0.632 0.743 0.658
MFCCͷΈ 0.677 0.729 0.671
ΫϩϚͷΈ 0.862 0.526 0.620

正解

HHSMM

クロマのみ

MFCCのみ

ਤ 3: ਖ਼ղηΫγϣϯσʔλͱϑϨʔζਪఆ݁Ռͷྫ

E෼཭ =

∑
s ̸=s′

∑n′

τ (1−δcls(s)cls(s′))
∏n

υ(1−δzυz′
τ
)

∑
s ̸=s′

∑n′

τ (1− δcls(s)cls(s′))
(6)

·ͨɼEҰக ͱ E෼཭ ͷௐ࿨ฏۉΛ EHM ͱ͢هɽ
ද 1ʹ 3ͭͷָۂʹର͢ΔධՁ஋ͷฏۉΛࣔ͢ɽఏҊ
ख๏ͷ݁ՌͷଞɼMFCC͓ΑͼΫϩϚಛ௃ྔͷΈΛ༻͍
Δ৔߹ͷ݁Ռ΋ࣔ͢ɽਖ਼ղσʔλͱͯ͠ηΫγϣϯΞϊ
ςʔγϣϯσʔλ [7]Λ༻͍ͨɽྨੑࣅͱಉ࣭ੑΛྀߟ
ͨ͠ఏҊख๏ʹΑͬͯɼൺֱత͍ߴਫ਼౓ͰΫϥελϦϯ
ά͕Ͱ͖Δ͜ͱ͕֬ೝͰ͖Δɽηάϝϯςʔγϣϯط஌
ͷ৚݅Ͱ͸ɼಛ௃ྔͱͯ͠ MFCCͷΈ༻͍Δ৔߹͕࠷
΋ਫ਼౓͕͕͔ͨͬߴɼՄมͳηΫγϣϯͷηάϝϯςʔ
γϣϯ΋͏ߦ৔߹ʹ͸ΫϩϚಛ௃ྔ΋༻͍Δͷ͕༗ޮͩ
ͱ͑ߟΒΕΔɽ·ͨΑΓଟ͘ͷσʔλʹରͯ͠ධՁ࣮ݧ
Λ͏ߦඞཁ͕͋Δɽ·ͨɼਤ 3ʹຊख๏Λ༻͍ͨਪఆ݁
ՌͷҰྫΛࣔ͢ɽ্࠷ਤ͕ਖ਼ղηΫγϣϯྻܥɼԼਤ̏
͕ͭਪఆϑϨʔζྻܥΛ͍ࣔͯ͠Δɽਪఆ݁Ռ͸໬౓͕
Γ܁େͷ΋ͷΛબ୒ͨ͠ɽ͜ΕʹΑΓఏҊ๏ʹΑͬͯ࠷
ฦ͠ߏ଄͕ଊ͑ΒΕ͍ͯΔ͜ͱ͕֬ೝͰ͖ͨɽ

4. ͓ΘΓʹ
ຊߘͰ͸ɼ֊૚ӅΕϚϧίϑϞσϧΛ༻͍ͨԻָԻڹ
৴߸ʹର͢Δ౷ܭతߏ଄ղੳख๏ΛఏҊͨ͠ɽධՁ࣮ݧ
ͷ݁Ռɼຊख๏͕Իָߏ଄ղੳʹ༗ޮͰ͋Δ͜ͱ͕֬ೝ
͞Εͨɽޙࠓ͸ɼ௕͞ͷ੍໿ΛऔΓআ͖ΑΓҰൠతͳָ
ͱͱ΋ʹɼηΫγϣϯͱϑϨʔζΛผ͏ߦΛݧͰͷ࣮ۂ
ͷ֊૚Ͱද͢ݱΔϞσϧ΁ͷ֦ுʹऔΓ૊Ήɽ͞Βʹɼ
ʯΛؚΉɼ̏ͭͷੑ࣭શੑنͰ͖͍ͯͳ͍ʮ৽ྀߟࡏݱ
ͯΛ౷߹తʹѻ͏Ϟσϧ΁ͷ֦ுΛ໨͢ࢦɽ
ँࣙ ຊڀݚͷҰ෦͸ɺJSPS Պݚඅ 16H01744 ͓Αͼ JST ACCEL
No.JPMJAC1602ͷࢧԉΛड͚ͨɽ
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