
จઅΛجຊ୯Ґͱͨ͠جຊप೾਺ύλʔϯੜ੒աఔϞσϧͷ
ύϥϝʔλࣗಈநग़∗

ˑڮຊߒ໻,޿੉٢ܒ,็দ৴໌ (౦େ)

1 ͸͡Ίʹ

੠ଳৼಈͷجຊप೾਺ͷ࣌ྻܥύλʔϯΛද͢ݱ

ΔϞσϧͱͯ͠ɺجຊप೾਺ύλʔϯੜ੒աఔϞσ

ϧ͕͋Δ [1]ɻ͜ͷϞσϧ͸গ਺ͷύϥϝʔλͰجຊ

प೾਺ύλʔϯΛΑ͘هड़͢Δ͜ͱ͕Ͱ͖ɺੜཧతɾ

෺ཧత͓͍ࠜͯͮجʹڌΓɺޠݴ৘ใͱΑ͘ରԠ͕औ

ΕΔͱ͍͏ಛ௃͕͋ΔɻͦͷͨΊɺ͜ͷϞσϧύϥ

ϝʔλΛ༻͍Δ͜ͱʹΑΓɺয఺੍ޚ΍ελΠϧ੍ޚ

ͳͲΛগ਺ͷֶशίʔύε͔Βޮ཰తʹ࣮͢ݱΔ͜

ͱ͕Ͱ͖Δ [2, 3]ɻ͔͠͠ɺ؍ଌ͞ΕΔجຊप೾਺ύ

λʔϯ͔ΒϞσϧύϥϝʔλΛநग़͢Δ͜ͱ͸ٯ໰

୊Ͱ͋Γɺղੳతʹղ͘͜ͱ͕Ͱ͖ͳ͍ͱ͍͏໰୊͕

͋Δɻͦ͜ͰɺHMMԻ੠߹੒Ͱ༻͍ΒΕ͍ͯΔίϯ

ςΩετϥϕϧΛར༻ͯ͠ɺϞσϧύϥϝʔλΛߴ

ਫ਼౓ʹࣗಈநग़͢Δख๏ΛҎલʹఏҊͨ͠ [4]ɻ͔͠

͠ɺैདྷͷ HMMԻ੠߹੒Ͱ༻͍ΒΕ͍ͯΔίϯς

Ωετϥϕϧ͸ɺΞΫηϯτ۟Λجຊ୯Ґͱ͍ͯ͠

Δ͕ɺΞΫηϯτ۟͸ఆٛʹᐆດੑ͕͋Δ্ɺςΩε

τ͚ͩͰ͸ͳ͘ɺ࿩ऀͷൃ࿩ελΠϧ΍ൃ࿩଎౓ͳͲ

ʹґଘ͢ΔͨΊɺࣗಈਪఆ͢Δ͜ͱ͕ࠔ೉Ͱ͋Δɻ

ຊߘͰ͸ɺੜ੒աఔϞσϧͷಛʹΞΫηϯτྩࢦ

ʹ͍ͭͯɺΞΫηϯτ۟Ͱ͸ͳ͘ɺจઅΛ୯Ґͱͯ͠

ࣗಈநग़͢Δ͜ͱΛࢼΈΔɻͦͯ͠ɺͲͷΑ͏ͳ৔߹

ʹจઅͱΞΫηϯτ͕ྩࢦରԠ͠ͳ͍ͷ͔͢࡯ߟΔɻ

2 ຊप೾਺ύλʔϯੜ੒աఔϞσϧج

಄ͷ޴ຊप೾਺ύλʔϯੜ੒աఔϞσϧͱ͸ɺج

ੜཧతɾ෺ཧతಛੑʹ͍ͯͮجɺ੠ଳৼಈ੍ߏػޚΛ

ఆྔతʹϞσϧԽͨ͠΋ͷͰ͋Δɻ

͜ͷϞσϧ͸ɺର਺্࣠Ͱදجͨ͠ݱຊप೾਺ύ

λʔϯʢF0ύλʔϯʣ͕جఈप೾਺ɺϑϨʔζ੒෼ɺ

ΞΫηϯτ੒෼ͷ࿨Ͱද͞Εͱ͍ͯ͠Δɻ֓೦ਤ͸

Fig. 1Ͱ͋Γɺ਺ࣜ͸࣍ࣜͰ͋ΒΘ͞ΕΔɻ

lnF0(t) = lnFb +
I∑

i=1

Ap,iGp(t− Tps,i)

+
J∑

j=1

Aa,j

{
Ga(t− Tas,j)−Ga(t− Tae,j)

}
(1)

͜͜ͰɺFb ͸࿩ऀͷൃ࿩ελΠϧʹݻ༗ͳ஋Ͱ͋Δ

,ఈप೾਺ɺAp,iج Tps,i͸ i൪໨ͷϑϨʔζྩࢦͷେ

͖͞ɺ্ཱ͕ͪΓҐஔAa,j , Tas,j , Tae,j ͸ j൪໨ͷΞ

∗Automatic command extraction for the generation process model of F0 contours using “bunsetsu” as
the basic unit of analysis by HASHIMOTO Hiroya, HIROSE Keikichi, and MINEMATSU Nobuaki (The
University of Tokyo)
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Fig. 1 ຊप೾਺ύλʔϯੜ੒աఔϞσϧج

Ϋηϯτྩࢦͷେ͖͞ɺ্ཱ͕ͪΓҐஔɺཱͪԼ͕Γ

ҐஔΛ͋ΒΘ͢ɻ

·ͨɺGp(t)͸ϑϨʔζ੒෼Ͱ͋Γɺ࣍ࣜ

Gp(t) =

⎧
⎨

⎩
α2t exp(−αt), t ≥ 0,

0, t < 0,
(2)

Ͱ͋ΒΘ͞ΕɺGa(t)͸ΞΫηϯτ੒෼Ͱ͋Γɺ࣍ࣜ

Ga(t) =

⎧
⎨

⎩
min[1− (1 + βt)exp(−βt), γ], t ≥ 0,

0, t < 0,

(3)

Ͱ͋ΒΘ͞ΕΔɻ͜ ͜Ͱα,β, γ͸೔ຊਓͷ࿩ऀͷฏۉ

తͳ஋ͱͯ͠ɺݧܦతʹɺα = 3.0, β = 20.0, γ = 0.9

ͱ͠ಘΔ͜ͱ͕஌ΒΕ͍ͯΔ [5]ɻ

͜ͷϞσϧͰ͸ɺগ਺ͷύϥϝʔλͰ F0ύλʔϯ

ΛΑ͘ද͍ͯ͠ݱΔ͕ɺ࣮ଌ͞ΕΔ F0ύλʔϯ͸ɺ

ࣜ (1)ʹࣔ͢࿈ଓۂઢͰ͸ͳ͘ɺF0͕؍ଌ͞Εͳ͍

ʢແ੠ʣ۠ؒ΍ɺෆنଇͳ੠ଳৼಈ΍ F0நग़Ξϧΰ

ϦζϜͷෆ׬શੑʹىҼ͢Δͨͬޡ F0͕ଘ͢ࡏΔͨ

ΊɺF0ύλʔϯͷΈ͔ΒύϥϝʔλΛਪఆ͢Δ͜ͱ

೉Ͱ͋Δͱ͍͏໰୊͕͋Δɻࠔ͕

3 จઅΛجຊ୯Ґͱͨ͠Ϟσϧύϥϝʔλ
ͷࣗಈநग़

ख๏ͷৄࡉ͸ [4]ʹৡΔͱ͠ɺ͜͜Ͱ͸ɺຊจͰͷ

จઅΛఆٛ͢Δɻจઅ͸ཱࣗޠͱͦΕʹޙଓ͢Δ ݸ0

Ҏ্ͷ෇ଐޠͱͯ͠ఆٛ͢Δ͜ͱ͕ଟ͍͕ɺ࣮ࡍʹจ

Λจઅʹ۠෼͢Δʹͯ͠ࡍ͸ɺྀ͍͔͓ͭͯ͘͠ߟ

͘఺͕͋Δɻ·ͣɺෳ߹໊ࢺ͸ 1ͭͷจઅʹؚ·ΕΔ

ͱͨ͠ɻ·ͨɺʮӡಈ͢ΔʯͷΑ͏ʹܗଶૉղੳࣙॻ

Unidic[6]ʹ͓͍ͯɺʮ໊ࢺʯʴʮඇཱࣗՄೳͳಈࢺʯ

ͱͳΔ৔߹͸ 1ͭͷจઅͱ͠ɺʮɾɾɾɺͱ͍͏ɾɾɾʯͷ

Α͏ͳέʔε͸ɺಡ఺ʹ͸ඞͣจઅ۟ڥք͕͋Δͱ
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accent phrase bunsetsu

recall precision recall precision

phrase command 96.7 80.4 96.4 79.6

accent command (onset) 91.6 97.9 90.6 96.2

accent command (reset) 89.2 95.4 88.3 93.8

Table 1 Ϟσϧύϥϝʔλͷநग़ੑೳ

͠ɺ௚ޙͷʮͱʯ͸ཱࣗޠΛ࣋ͨͳ͍୯ಠͷจઅ۟Ͱ

͋Δͱͯ͠औΓѻͬͨɻͦͯ͠ɺจઅ۟಺ͷୈҰΞΫ

ηϯτΛج४ʹΞΫηϯτྩࢦͷਪఆΛ͏ߦɻ

4 Ϟσϧύϥϝʔλநग़ੑೳʹؔ͢Δ࣮ݧ

ੜ੒աఔϞσϧͷϞσϧύϥϝʔλࣗಈநग़ख๏

[4]ʹ͓͍ͯɺΞΫηϯτ۟Λجຊ୯Ґͱ͢Δ৔߹ͱɺ

จઅΛجຊ୯Ґͱ͢Δ৔߹Λൺֱͨ͠ɻ

4.1 ৚݅ݧ࣮

ͦΕͧΕͷख๏Ͱநग़ͨ͠Ϟσϧύϥϝʔλͱਖ਼

ղͷϞσϧύϥϝʔλ͔Βɺ࣍ࣜͰఆٛ͞ΕΔݱ࠶

཰ʢrecall)ͱద߹཰ (precision)ΛٻΊɺൺֱͨ͠ɻ

recall =
ਖ਼ղ਺

खಈநग़਺
× 100 [%] (4)

precision =
ਖ਼ղ਺

ࣗಈநग़਺
× 100 [%] (5)

͜͜Ͱਖ਼ղͱ͸ɺखಈͰநग़ͨ͠ྩࢦͷ֘౰͢ΔϞʔ

ϥ͔Βલ̍ޙϞʔϥҎ಺ʹ͕͋ྩࢦΔ΋ͷΛ͢ࢦɻͦ

ͯ͠ɺϑϨʔζྩࢦͷੜىҐஔɺΞΫηϯτྩࢦͷཱ

্͕ͪΓҐஔɺཱͪԼ͕ΓҐஔʹ͍ͭͯͦΕͧΕ࠶

ͷେ͖͕͞ྩࢦΊͨɻͨͩ͠ɺٻ཰ͱద߹཰Λݱ 0.1

ҎԼͷ΋ͷʹ͍ͭͯ͸ɺF0ύλʔϯͷੑݱ࠶ʹ͓͍

ͯॏཁͰ͸ͳ͍ͨΊɺ͜͜Ͱ͸আ֎ͨ͠ɻ

Ի੠σʔλ͸ ATR೔ຊޠԻ੠σʔλϕʔε [7]ͷ

Bηοτͷத͔Βɺ࿩ऀMHTΛબ୒ͨ͠ɻ྆ख๏ʹ

͓͍ͯɺF0͸ STRAIGHT[8]Λ༻͍ɺϑϨʔϜपظ

5 [msec]ɺ࠷খ஋ 60 [Hz]ɺ࠷େ஋ 200 [Hz]Ͱநग़͠ɺ

ఈप೾਺ج Fb͸ 60 [Hz]ͱͨ͠ɻఏҊख๏ʹ͓͍ͯɺ

Իૉϥϕϧͷ࣌ؒ৘ใ͸ Julius[9]Λ༻͍ͯಘͯɺΞ

Ϋηϯτ৘ใ͸ɺHTS-2.1[10] ͷσϞεΫϦϓτʹ෇

ଐ͍ͯ͠ΔϥϕϧΛར༻ͨ͠ɻͨͩ͠ɺspʢγϣʔτ

ϙʔζʣϥϕϧ͸Ի੠ʹ߹Θͤͯमਖ਼ͨ͠ɻ

4.2 ݁Ռ

݁ՌΛTable 1ʹࣔ͢ɻେ͖ͳࠩ͸ͳ͍΋ͷͷɺશ

ମతʹจઅΛجຊ୯Ґͱͨ͠ํ͕ࣗಈநग़ੑೳ͕௿

Լ͍ͯ͠Δ͕ɺͦͷݪҼΛड़΂Δɻ·ͣɺΞΫηϯτ

Ҽ͸ɺʮ͹͔ݪ཰͕௿Լͨ͠ओͳݱ࠶ɺ͍͓ͯʹྩࢦ

Γʯʮ΂͖ʯͳͲͷॿಈࢺ΍ɺʮ൓ʯͳͲͷ઀಄ࣙʹ͓

͍ͯΞΫηϯτ֩ʢ͢ͳΘͪΞΫηϯτ੒෼ʣ͕ࣗ

Δέʔε͕͋ͬͨɻ·ͨɺ͢ࡏͱ͸ผʹ୯ಠͰଘޠཱ

Λࢺ໊߹ճ͸ෳࠓ 1ͭͷจઅͱͯ͠͠·ͬͨͨΊɺෳ

਺ͷΞΫηϯτʹ෼͔ΕΔ໊ࢺ࿈ଓʹରԠ͕Ͱ͖ͳ

͔ͬͨɻ͜Εʹରͯ͠͸ɺ໊͝ࢺͱʹจઅΛ෼ׂ͢Δ

͜ͱ΋͑ߟΒΕΔ͕ɺ઀ඌࣙʹ͍ۙ໾ׂΛ໊࣋ͭࢺ

Λྀ͢ߟΔඞཁ͕͋ΔɻҰํɺద߹཰ͷ௿Լʹ͍ͭͯ

͸ 1ͭͷྩࢦΛ 2ͭͷྩࢦͰද͍ͯ͠ݱΔ͚ͩͰ͋

Γɺಛʹ໰୊͸ͳ͍ͱ͑ߟΒΕΔɻͦͯ͠ɺʮͱ͖ʯɺ

ʮ͜ͱʯͳͲͷ΄΅ΞΫηϯτ͕ͳ͍Α͏ͳʢΞΫη

ϯτɺϑϨʔζྩࢦΛඞཁͱ͠ͳ͍ʣจઅʹ͓͍ͯɺ

ෆཁͳྩࢦΛཱͯͯ͠·͍ͬͯΔέʔε͕͋ͬͨɻ

5 ·ͱΊ

ຊߘͰ͸ɺจઅΛجຊ୯Ґͱͯ͠ɺجຊप೾਺ύ

λʔϯੜ੒աఔϞσϧͷϞσϧύϥϝʔλࣗಈநग़

ΛࢼΈͨɻจઅΛجຊ୯Ґͱͨ͠৔߹ɺΞΫηϯτ

۟Λجຊ୯Ґͱͨ͠৔߹ʹൺ΂ͯࣗಈநग़ੑೳ͕ए

௿Լͨ͠΋ͷͷɺେ͖ͳࠩ͸ͳ͔ͬͨɻͦͯ͠ɺจׯ

અͱΞΫηϯτ͕۟ରԠ͠ͳ͍έʔε͸ɺ໊ࢺ࿈ଓ

ͷ৔߹Ҏ֎Ͱ͸ɺ΄΅ಛఆͷ୯ݶʹޠΒΕΔ͜ͱ͕

Θ͔ͬͨɻจઅΛ୯Ґͱ͢Δ͜ͱͰɺൃ࿩ελΠϧɺ

ൃ࿩଎౓ͷมߋ΁ͷରॲ͕༰қʹͳΔͱ͑ߟΒΕΔɻ

ՌΛ౿·͑ͯɺςΩετԻ੠߹੒ͷͨ݁ݧճͷ࣮ࠓ

ΊͷจઅΛར༻ͨ͠جຊप೾਺ύλʔϯͷՃࢉϞσ

ϧͷߏஙΛݕ౼͍ͯ͘͠༧ఆͰ͋Δɻ
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