
ऀมԻΛରͱͨ͠Ի–ௐԻϚοϐϯάʹؔ͢Δ࣮ݧతݕ౼ ∗

ˑాलܧ, ᜊ౻େี, ็দ৴໌, ٢ʢ౦େʣܒ

1 ͡Ίʹ

शऀͷͨΊͷൃԻτϨʔχϯֶֶޠऀԻোߏ
άʹ͓͍ͯɺൃऀͷௐԻӡಈΛఏࣔ͢Δ͜ͱʹΑͬ
ͯτϨʔχϯά͕ΑΓޮՌతʹͳΔ͜ͱ͕ใ͞ࠂΕ
͍ͯΔ [1][2]ɻ͔͠͠ɺௐԻӡಈใΛಘΔͨΊʹ
ಛผͳௐԻ؍ଌγεςϜ͕ඞཁͱͳΓɺͦͷଌఆίε
τ͕ௐԻӡಈใΛར༻͢Δ্Ͱେ͖ͳোͱͳͬͯ
͍Δɻͦ͜ͰɺௐԻ؍ଌγεςϜΛ༻͍ͣʹԻڹใ
͔ΒௐԻӡಈΛਪఆ͢Δख๏͕ݕ౼͞Ε͍ͯΔ [3]ɻ
Ի͔ΒௐԻӡಈΛਪఆ͢Δख๏ͱͯ͠ɺԻ–ௐ
ԻӡಈύϥϨϧσʔλͱ౷ܭతख๏ʹΑͬͯԻ–ௐ
ԻӡಈͷؔΛϞσϧԽ͠ɺԻ–ௐԻมΛ͏ߦख
๏͕ݕ౼͞Ε͍ͯΔ [4]ɻ͔͠͠ɺಛఆͷൃऀͷύ
ϥϨϧσʔλʹΑͬͯߏங͞ΕͨมϞσϧऀ
ґଘϞσϧͱͳΓɺϞσϧऀҎ֎ͷԻΛೖྗͱ͠
ͨ߹ɺมਫ਼͕Լ͢Δͱ͍͏͕͋Δɻ
ઌڀݚߦ [4]Ͱ༻͍ΒΕͨ౷ܭతมٕज़ɼຊདྷ
ऀੑͷมΛతͱͯ͠ߏங͞ΕͨͷͰ͋Δɻͦ
͜ͰɺຊߘͰɺऀมʹΑͬͯɺೖྗԻΛϞσ
ϧऀʹ͚ۙͮΔ͜ͱͰɺมϞσϧͷऀґଘੑ
ͷ؇ΛࢼΈͨɻ

2 ऀมԻΛରͱͨ͠GMMʹΑ
ΔԻ-ௐԻϚοϐϯά๏

2.1 ऀมͱԻʔௐԻӡಈมͷ౷߹

ɺಛఆऀʢҎԼϞσϧऀʣͷԻ–ௐԻӡಈࠓ
ͷύϥϨϧσʔλ͔ΒԻ–ௐԻมϞσϧ͕ߏங͞
Ε͍ͯΔ߹Λ͑ߟΔɻຊڀݚͰɺϞσϧऀҎ֎
ͷऀͱϞσϧऀͱͷԻͷύϥϨϧσʔλ͕ଘ
߹ͷ౷ͱԻ–ௐԻมΔ݅ͷͱɺऀม͢ࡏ
Λ͏ߦɻຊߘͰɺ1) ϞσϧऀͷऀมͱԻ
–ௐԻมΛଟஈͰద༻͠࿈݁͢Δมख๏ʢ࿈݁
Ϟσϧʣͱɺ2) Ϟσϧऀͷಛྔۭؒͷ֬
Λڞ༗͢ΔࣄͰɺผͷൃऀͷԻΛௐԻӡಈʹ
ม͢Δख๏ʢڞ༗Ϟσϧʣͷ 2ͭʹ͍ͭͯ
Δɻ͢౼ݕ

2.2 ࿈݁Ϟσϧ

ऀมͱԻ-ௐԻมΛଟஈͰద༻͠࿈݁͢Δม
ϞΛผʑͷมͱऀมख๏ͰɺԻ-ௐԻม
σϧͱͯͦ͠ΕͧΕߏங͢ΔɻࠓɺൃऀͷԻಛ
ྔΛx(s)ɺϞσϧऀͷԻಛྔٴͼௐԻӡಈಛ
ྔΛ y(s)ɺy(a) ͱ͠ɺύϥϨϧσʔλ͔Βߏ͞ΕΔ
݁߹ϕΫτϧz(xy) = [x,y]͓Αͼz(sa) = [y(s),y(a)]

ͷ֬ີΛҎԼͷೋͭͷࠞ߹ΨεʢGMMʣ

∗An experimental study of applying statistical acoustics-to-articulatory mapping to voice-converted utter-
ances, by Hidetsugu UCHIDA, Daisuke SAITO, Nobuaki MINEMATSU, Keikichi HIROSE (University
of Tokyo)
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͜͜ͰɺλϞσϧύϥϝʔλɺN (·;µ,Σ)ɺฏۉ
ϕΫτϧ µɺڞࢄྻߦࢄΣͰද͞ΕΔਖ਼ن
Ͱ͋Δɻ·ͨɺM,N ਖ਼نͷࠞ߹ɺα,β֤
ࠞ߹ͷॏΈύϥϝʔλͰ͋Δɻ
ൃऀͷԻΛௐԻӡಈʹม͢Δ߹ɺ·ͣɺ
ൃऀͷԻͱऀมϞσϧΛ༻͍ͯɺҎԼͷࣜ
ʹैͬͯऀมԻ ŷ(s) ΛٻΊΔɻ

ŷ(s) = argmax
y(s)

P (y(s)|x(s);λ(xy)) (5)

͜ͷ ŷ(s) ɺൃऀͷԻΛϞσϧऀͷԻʹม
ԻΛԻ–ௐԻɺ͜ͷมʹ࣍ͷͰ͋Δɻͨ͠
มϞσϧͷೖྗͱͯ͠ɺҎԼͷࣜʹैͬͯௐԻӡಈ
ʹม͢Δɻ

ŷ(a) = argmax
y(a)

P (y(a)|ŷ(s);λ(sa)) (6)

͜ͷख๏ͰɺൃऀͷԻʹରͯ͠ɺԻมͱԻ
-ௐԻӡಈมͱ͍͏̎ͭͷม͕ଟஈʹ࡞༻͢Δ
͜ͱʹͳΔɻ

2.3 ڞ༗Ϟσϧ

ऀมͱԻ-ௐԻมΛ౷߹͠ɺҰͭͷมϞ
σϧͱͯ͠ߏங͢Δ͜ͱʹΑͬͯɺऀมԻΛܦ
༝ͤͣʹɺൃऀͷԻΛௐԻӡಈͱม͢Δख
๏Λݕ౼͢Δɻ
࿈݁Ϟσϧʹ͓͍ͯɺࣜ (1),(2)Ͱද͞ΕΔ 2ͭͷ
Ϟσϧͷ֬ͱʹɺ෦ۭؒͱͯ͠Ϟσϧ
ऀͷԻಛྔͷۭؒΛ༗͢Δɻ͜ͷͱ͖ɺ͜ΕΒ
ͷ෦ۭ͕ؒڞ௨ͷϞσϧʹΑͬͯද͞Ε͍ͯΔͱ
༗ʣɺ֤ࠞ߹ʹ͓͚ΔϞσϧڞͰʢࣄΔ͑ߟ
ऀͷԻಛྔͷฏۉϕΫτϧͱڞࢄྻߦࢄ
ΛͦΕͧΕಉҰͷͷͱݟͳ͢͜ͱ͕Ͱ͖Δ [5]ɻͦ
ͯ͠ɺϞσϧऀͷԻಛྔΛपลԽ͢Δ͜ͱͰɺ

- 311 -

1-R-44

日本音響学会講演論文集 2014年9月



ൃऀͷԻΛௐԻӡಈʹม͢ΔϞσϧΛߏ
ங͢Δ͜ͱ͕ՄʹͳΔɻ
ൃऀͷԻಛྔ͕༩͑ΒΕͨͱ͖ͷɺௐԻӡ
ಈҎԼͷΑ͏ʹද͞ΕΔɻ

ŷ(a) = argmax
y(a)

P (y(a)|x(s);λ) (7)

্ࣜΛɺࠞ߹mٴͼɺϞσϧऀͷԻಛྔ
y(s) ʹ͍ͭͯల։͢Δͱɺ

ŷ(a) = argmax
y(a)

P (y(a)|x(s)) (8)

= argmax
y(a)

M∑

m=1

P (m|x(s))× ɹɹ

∫

Y(s)

P (y(a)|y(s),m)P (y(s)|x(s),m)dy(s) (9)

ͱͳΔɻy(s) ʹ͍ͭͯશੵΛ͜͏ߦͱͰɺ

ŷ(a)= argmax
y(a)

M∑

m=1

P (m|x(s))N (y(a)|Em,Dm) (10)

ΛಘΔɻ͜͜Ͱɺ

Em = µ(a)
m +Σ′

m(x(s) − µ(x)
m ) (11)

Dm = Σ(a,a)
m −Σ′

mΣ(x,x)
m Σ′

m
T

(12)

Σ′
m = Σ(a,s)

m Σ(y,y)−1

m Σ(y,x)
m (13)

Ͱ͋Δɻࣜʢ10)Λมࣜͱ͢Δ͜ͱͰɺऀมԻ
Λܦ༝ͤͣʹೖྗԻΛௐԻӡಈʹม͢Δ͜ͱ
͕Ͱ͖ɺதؒͷϞσϧͷӨ͕ࣜڹ (13) ͷܗͰهड़͞
Ε͍ͯΔ͜ͱ͕Θ͔Δɻ

3 ݧ࣮

3.1 ݅ݧ࣮

ຊ࣮ݧͰɺMOCHAσʔλϕʔε [6]Λ༻͍֤ͯ
มϞσϧΛߏஙͨ͠ɻσʔλϕʔεʹɺஉঁ֤
໊̍ͣͭͷԻ–ௐԻӡಈύϥϨϧσʔλ͕ऩ͞Ε
͍ͯΔɻௐԻӡಈσʔλɺਖ਼தঢ়໘্ͷԼલࣃ
ʢLI)ɾ্Լͷޱ৶ʢULɾLLʣɾઉ্ͷࡾʢTTɾTDɾ
TBʣͷܭ 7ͷଌఆʹؔ͢Δ̎ݩ࣍ҐஔใͰ͋
ΔɻԻಛྔͱௐԻӡಈಛྔɺจݙ [1]ͱಉ༷
Ίͨɻٻʹ
σʔλϕʔεͷஉੑऀΛϞσϧऀɺঁੑऀΛ
ൃऀͱͯ͠࿈݁Ϟσϧͱ౷߹ϞσϧΛߏங͠ɺԻ-

ௐԻϚοϐϯάΛͨͬߦɻ͞ΒʹɺൺֱͷͨΊʹɺஉ
ੑऀͷԻ–ௐԻมϞσϧΛߏங͠ɺஉੑऀͷ
ԻΛೖྗͨ͠߹ (ҎԼ reference)ͷௐԻӡಈٴͼɺ
ঁੑऀͷԻΛೖྗͨ͠߹ʢҎԼ baseline)

ͷௐԻӡಈΛٻΊͨɻ֤ϞσϧͷֶशͱධՁɺσʔ
λϕʔεͷൃʹରͯ͠ɺ1/5 cross-validationΛ
༻͍ͨɻ

Fig. 1 RMSE of each measurement point

3.2 ݁Ռ

࣮ଌ͞ΕͨஉੑऀͷௐԻӡಈΛਖ਼ղσʔλͱ͠
ͯɺ֤ख๏ͰಘΒΕͨௐԻӡಈͷਪఆࠩޡΛٻΊͨ
݁ՌΛ Fig.1ʹࣔ͢ɻਪఆࠩޡɺશൃʹର͢Δೋ
ฏۉฏํࠜࠩޡʢRMSE)ͱ͠ɺ֤ଌఆͷਫฏํ
ग़ͨ͠ɻࢉ͍ͯͭʹ(ʢ*-yʢ*-x)͓Αͼਨํ
Fig.1ͷ referenceʹ͢Δͱɺઉ্ͷଌఆʹର
͢Δਪఆ͕ࠩޡଞͷଌఆͱൺͯେ͖͘ɺbaseline

ͷਪఆਫ਼ͷѱԽͷ߹͍େ͖͍ɻ͜ͷΑ͏ͳଌఆ
ͰɺೋͭͷఏҊख๏ͷͲͪΒʹ͓͍ͯ baseline

ͱൺɺਪఆਫ਼͕େ͖͘վળ͞Ε͍ͯΔɻ͜ͷ͜ͱ
͔ΒɺऀมΛར༻͢Δ͜ͱͰมϞσϧͷऀ
ґଘੑ͕؇͞ΕΔ͜ͱ͕Θ͔Δɻ
ೋͭͷఏҊख๏Λൺֱͨ͠߹ɺશଌఆʹ͓͚
Δਪఆࠩޡͷฏۉ (Ave.)ʹ͓͍ͯɺڞ༗Ϟσϧ
͕࿈݁ϞσϧΑΓɺ 0.14 mm্ճ͍ͬͯΔɻ͜Ε
ɺೖྗԻ͔ΒऀมԻΛܦ༝ͤͣʹௐԻӡ
ಈม͢Δ͜ͱͰɺଟஈͷมʹΑΔࠩޡͷ
ੵ͕ආ͚ΒΕͨ݁Ռͩͱ͑ߟΒΕΔɻ

4 ͓ΘΓʹ

ຊߘͰɺԻ-ௐԻϚοϐϯάʹ͓͚Δऀґଘ
ੑͷ؇ͷͨΊʹɺऀมΛར༻ͨ͠มϞσϧ
Λݕ౼ͨ͠ɻͦͷ݁Ռɺ౷߹ϞσϧΛ༻͍Δ͜ͱͰɺ
ൃऀͱϞσϧऀͷෆҰகʹΑΔਪఆਫ਼ͷѱԽ
ΛܰݮͰ͖Δ͜ͱ͕ࣔ͞Εͨɻ
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