
ੈքॾӳൃޠԻ෼ྨͷͨΊͷ࿩ऀؒࢀরڑ཭ͷࢉग़ख๏ʹؔ͢Δݕ౼ ∗

˚࢙ఱᖒ (ਗ਼՚େɾதࠃɼ౦େ)ɼˑּॣݪɼ็দ৴໌ɼᜊ౻େีɼ޿੉٢ܒ (౦େ)

1 ͸͡Ίʹ

།Ұͷੈքڞ௨ޠͰ͋Δӳޠ͸ɼ֤࿩ऀͷ฼ޠ΍ӳ
ਓͷಛੑʹԠ͡ݸΛड͚ɼ֤ڹͳͲͷӨڥͷֶश؀ޠ
ͯҟͳΔൃԻᨅΓΛ൐ͬͯ࿩͞Ε͍ͯΔɽӳޠʹΑΔ
ίϛϡχέʔγϣϯͰ͸ɼ֤͕ࣗӳޠ฼ޠ࿩ऀʹ͍ۙ
ൃԻΛ༗͍ͯ͠Δ͜ͱΑΓ΋ɼ૒ํͷ࣋ͭൃԻᨅΓ͕
͍ۙ͜ͱͷํ͕ɼ૬खͷӳޠʹର͢Δྃղ౓ͷ͞ߴʹ
େ͖ؔ͘ΘΔ͜ͱ͕஌ΒΕ͍ͯΔ [1]ɽۙ೥ӳࢣڭޠ
Γͭͭ͋Δ·޿ʹ “World Englishes” (WE,ੈքॾӳ
(ޠ [2, 3]ͷཱ৔Ͱͯ͑ߟ΋ɼ฼ޠ࿩ऀͷൃԻ͕ઈର
తൣنͱ͸ͳΒͳ͍ɽॏཁͳͷ͸ɼ֤͕ࣗ WE ͷଟ
༷͞Λೝࣝ͢Δ͜ͱͰ͋Δ͕ɼຊڀݚͰ͸ɼWEΛൃ
Ի෼ྨ͠ɼ֤࿩ऀΛ෼ྨ݁Ռʢ஍ਤʣʹҐஔ͚ͮΔ͜
ͱΛݕ౼͍ͯ͠Δɽຊڀݚͷۃڀ໨ඪ͸ɼ15ԯਓͱ
Δ͜ͱʹ͋Δɽ࡞࿩ऀͷൃԻੈք஍ਤΛޠΘΕΔӳݴ
࿩ऀͷࣗಈ෼ྨʹ͸ɼ࿩ऀؒͷൃԻͷҧ͍Λද͢
ൃԻڑ཭ΛɼԻ੠ֶతʹଥ౰ͳܗͰࣗಈܭଌ͢Δඞ
ཁ͕͋Δɽઌڀݚߦ [4]Ͱ͸ɼSpeech Accent Archive

(SAA) [5] ͷ IPA ॻ͖͠ىΛ༻͍ͯɼೋ࿩ऀؒͷࢀ
রൃԻڑ཭Λఆٛ͠ɼԻ੠৘ใॲཧٕज़Λ༻͍ͯɼ͜
ΕΛ༧ଌ͢Δ͜ͱΛࢼΈͨɽ͔͠͠ͳ͕Βɼ[4]Ͱ༻
཭ͱ͸ڑরࢀదԽ͞Εͨ࠷ʹ཭͸ຊλεΫڑরࢀ͍ͨ
཭ͷఆٛͷͨΊʹ͸ɼछʑڑরࢀɼΑΓద੾ͳͣ͑ݴ
ͷ࣮ݧతݕ౼͕ඞཁͰ͋ΔɽຊߘͰ͸ɼ͔ͭزҟͳΔ
ͳͬͨɽߦͳ͍ɼ͜ΕΒͷൺֱΛߦ཭ఆٛΛڑ

2 ग़ࢉ཭ͷڑরࢀ

2.1 ઌڀݚߦʹ͓͚Δख๏

ઌڀݚߦ [4] Ͱ͸ɼൃԻͷࢀরڑ཭Λɼ Dy-

namic Time Warping (DTW) ʹΑͬͯٻ·Δೋ࿩ऀ
ͷ IPAॻ͖͠ىͷ੔߹ίετͱͯ͠ఆٛͨ͠ɽDTW

͸࣌ྻܥͷ੔߹ɼྨࣅ౓ࢉܭͰ࢖ΘΕ͍ͯΔΞϧΰ
ϦζϜͰ͋Δɽ
DTW Λ༻͍ͯ͢ࢉܭΔͨΊʹ͸ɼہॴείΞͱ
ͯ͠શͯͷೋ୯Իؒڑ཭Λ༻ҙ͢Δඞཁ͕͋Δɽͦ
͜Ͱ [4]͸ɼ͋ΔஉੑͷԻ੠ֶऀʢҎԼɼ P01 ͱশ
͢Δʣͷ֤୯Իͷൃ੠Λ༻͍ͯ 3ঢ়ଶ 1ࠞ߹ͷ୯Ի
HMMΛߏங͠ɼ2ͭͷରԠ͢Δঢ়ଶؒͰಛ௃ྔ෼෍
ͷ Bhattacharyya distance (BD) ΛͱΓͦͷฏۉΛ
୯Իؒڑ཭ͱͨ͠ɽ
SAAύϥάϥϑͷ֤୯ޠຖʹɼೋ࿩ऀͷॻ͖͠ى
ͰରԠ͢Δ୯ԻؒྻܥͰ DTWΛ͍ߦɼਖ਼نԽ୯ޠ
ίετͷ૯࿨ʢ69୯ޠʣΛ࿩ऀؒࢀরڑ཭ͱఆٛ͠

∗A study on the calculation method of reference distance between speakers toward automatic clustering of
accents of World Englishes. by T. Shi (Tsinghua University, The University of Tokyo), S. Kasahara, N.
Minematsu, D. Saito, K. Hirose (The University of Tokyo)

ͨɽຊڀݚʹ͓͍ͯ͸ɼϑΟϥʔͳͲͷ༨෼ʹૠೖ͞
Εͨ୯ޠ͸खۀ࡞Ͱ࡟আ͠ɼ୤མͨ͠୯ޠ͸ίετ
Λ 0 ͱͨ͠ɽ
[4] Ͱ͸ԻڹϞσϧͰٻΊͨ୯Իؒڑ཭ͱ DTW ʹ
ΑΓࢀরڑ཭Λఆ͕ٛͨ͠ɼ͜ΕҎ֎ʹ΋ఆٛͷ࢓
ํ͸͑ߟΒΕΔɽ[6, 7, 8] ͸֤หผૉੑʹ஋Λ༩͑ɼ
หผૉੑͷࠩ෼Ͱ୯Իؒڑ཭ͱͯ͠ఆٛͨ͠ɽ͔͠
͠ɼ͜ͷหผૉੑʹہͮ͘جॴڑ཭ఆٛ͸ओ؍ʹΑ
Δ΋ͷͰɼٞ࿦ͷඞཁ͕͋Δɽ[9] ͸ࣗݾ૬ޓ৘ใ
ྔ (pointwise mutual information, PMI) Ͱ੔߹εί
ΞΛද͠ɼϨʔϕϯγϡλΠϯڑ཭ͱͯ͠࿩ऀؒڑ
཭Λఆٛͨ͠ɽ[10] ͸ näıve discriminative learning

(NDL) Λ༻͍ͯ୯Իྻܥͱ୯ޠͷ͕ܨΓΛఆྔԽ͠ɼ
ձ࿩ͷྃղ౓Λਪఆͨ͠ɽ

2.2 ઌڀݚߦͷ໰୊఺

ઌڀݚߦͰͷࢀরڑ཭ࢉܭख๏ʹ͍ͭͯ͸ɼͭز
Ε͍ͯΔɽ͞࢒ͷ༨஍͕౼ݕ͔

• ෼෍ؒڑ཭͸ BD ద͔࠷͕
• ୯Իؒڑ཭ʹಛఆ࿩ऀґଘੑ͕͋Δ͜ͱͰ໰୊
Βͳ͍͔͜ى͕

• લޙͷจ຺Λྀ͠ߟͳ͍ monophone ʹΑΔ୯
ԻͷϞσϧԽ͸ద੾͔

• ୯Ի HMM ཭Ͱঢ়ଶΞϥΠϝϯτ͸ඞཁ͔ڑؒ

ຊڀݚͰ͸ɼ SAA ࿩ऀ 395 ਓΛର৅ͱͯ͠෼ੳ
৚݅Λม͑ͳ͕ΒԻ੠ηάϝϯτؒڑ཭ࢉܭɼٴͼ࿩
దͳͷ͔Λ࠷ɼͲͷ෼ੳ৚͕͍݅ߦΛࢉܭ཭ڑؒऀ
ΊΔ΂͖͸ɼΑΓద੾ͳൃԻ෼ٻʹऴత࠷Δɽ͢౼ݕ
ྨΛՄೳͱ͢Δࢀরڑ཭Ͱ͋Δɽ͜Ε͸ྫ͑͹֤৚
݅ʹ͓͚Δ෼ྨ݁ՌΛઐ໳Ոͷ෼ྨ݁Ռͱൺֱ͢Δ
͜ͱͰՄೳͱͳΔ͕ɼ࣮ڥ؀ݧͷߏங͕ࠔ೉Ͱ͋Δɽ
ͦ͜Ͱɼઌڀݚߦ [9, 10]ͰߦͳΘΕͨɼ“฼ޠ࿩ऀΒ
͠͞”ͷओ݁ݧ࣮؍Ռͱൺֱ͢Δ͜ͱͰɼΑΓదͨ͠
෼ੳ৚݅Λ؍٬తʹٻΊΔ͜ͱΛݕ౼͢Δɽ

3 ෼෍ؒڑ཭ͷఆٛʹ͍ͭͯͷূݕ

[4] Ͱ͸୯ԻϞσϧؒͷڑ཭ʹ BD Λ༻͍͍ͯ
ͨɽ͔͠͠ɼ୯Իؒڑ཭ΛٻΊΔࡍͷ෼෍ؒڑ཭
ͱͯ͠͸ BD ͷଞʹɼHellinger distance (HD),

Kullback-Leibler divergence (KL), Mahalanobis dis-

tance (MD) ͱ͍ͬͨ΋ͷΛ࠾୒͢Δ͜ͱ΋ՄೳͰ͋
ΓɼͲͷఆ͕ٛ࠷దͰ͋Δ͔͸༻్ʹΑΓҟͳΔɽຊ
અͰ͸ɼ P01 ͷ୯ԻԻڹϞσϧΛ༻͍ͯɼ 4 ͭͷڑ
཭ఆٛʹΑΓ୯Իؒڑ཭ΛٻΊɼ૬ؔΛௐ΂Δɽ
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Table 1 Corr. of phone-to-phone distances between distance
metrics using P01’s HMMs.

BD HD KL MD
BD 1.00
HD 0.56 1.00
KL 0.84 0.54 1.00
MD 0.71 0.41 0.60 1.00

Table 2 Corr. of speaker-to-speaker distances between dis-
tance metrics using P01’s HMMs.

BD HD KL MD
BD 1.00
HD 0.97 1.00
KL 0.99 0.98 1.00
MD 0.96 0.89 0.94 1.00

ਖ਼ن෼෍ʹ͓͚Δղੳ͕ࣜҎԼͷࣜͰද͞ΕΔ [11]ɽ

DBD(p, q) =
1

8
(µp − µq)

T

(
Σp + Σq

2

)−1

(µp − µq)

+
1

2
ln

(
|(Σp + Σq)/2|√

|Σp||Σq|

)

DKL(p, q) =
1

2
(µq − µp)

T (Σ−1
p + Σ−1

q )(µq − µp)

+
1

2
tr(Σ−1

p Σq + Σ−1
q Σp − 2I)

D2
HD(p, q) =1− e−DBD(p,q)

DMD(p, q) =(µp − µq)
T (ΣpΣq)

−1(µp − µq)

p, q ͸ 2 ͭͷਖ਼ن෼෍Λɼµ,Σ ͸ਖ਼ن෼෍ͷ
ฏۉϕΫτϧͱڞ෼ྻߦࢄΛද͢ɽඇରশੑΛ࣋
ͭ KL ͱ MD ʹ͍ͭͯ͸ɼฏۉԽॲཧΛ͍ͯ͠Δɽ
ද 1ʹ 4ͭͷڑ཭ఆٛؒͰͷ୯Իؒڑ཭ͷ૬ؔΛɼ
ද 2ʹ࿩ऀؒڑ཭ͷ૬ؔΛࣔ͢ɽہॴతͳ୯Իؒڑ
཭ʹ͍ͭͯ͸ఆٛʹΑΔҧ͍͕͋Δ΋ͷͷɼྦྷੵ͠
ͨ࿩ऀؒڑ཭Ͱ͸ͦͷ͕ࠩݟΒΕͳ͘ͳ͍ͬͯΔɽ
ද 2ͷ݁Ռ͔Βɼ࿩ऀؒڑ཭ࢉग़ʹ͓͍ͯBD, HD,

KLʹ͸૬͕ؔ 1 ʹΔΑ͏͕࣭͋ੑͨ͠ࣅྨۙ͘ʹ
཭ఆٛͱͷ૬ؔڑΒΕΔ͕ɼMDʹ͍ͭͯ͸ଞͷݟ
͕গ͠Լ͕͍ͬͯΔɽ

4 ୯Ի HMM ʹ͓͚Δ࿩ऀґଘੑʹ͍ͭ
ͯͷূݕ

[4] ͷࢀরڑ཭ͷࢉܭ͸શͯҰਓͷԻ੠ֶऀʹΑΔ
ൃ࿩Ի੠ʹ͍͍ͯͮجΔɽͦͷͨΊ୯Ի HMM ͼٴ
୯Իؒڑ཭͸ɼ͜ͷԻ੠ֶऀݻ༗ͷ੠৭΍ɼൃ੠ͷบ
΁ͷґଘੑ͕͋Δ͜ͱ͸൱Ίͳ͍ɽ͜͜Ͱ͸ɼ৽ͨʹ
΋͏ҰਓͷஉੑͷԻ੠ֶऀ (ҎԼɼP02ͱশ͢Δ) ͷ
୯Իൃ੠Λऩ࿥͠ɼP01, P02 ͦΕͧΕͷԻ੠Λ༻͍
ͨ 2ͭͷ࿩ऀؒൃԻڑ཭͕Ͳͷ͘Β͍ͷ૬ؔΛ࣋ͭ
ͷ͔Λௐ΂ɼ࿩ऀґଘੑͷӨڹΛͨ͠ূݕɽ
ऩ࿥Ͱ͸ [4]ͱಉ༷ͷ 153छྨͷ୯Իʹ͍ͭͯɼ֤

20ճͣͭൃ੠ͤ͞ɼ͜ͷ࿥Իσʔλ͔Β P01, P02ͦ
ΕͧΕͰ୯Ի HMM Λߏஙͨ͠ɽ୯Իؒڑ཭ͱͯ͠
͸ɼ֤୯ԻϞσϧͷ MFCC12 ͱݩ࣍ ∆MFFC 12

Table 3 Corr. of phone-to-phone distances between P01 and
P02, separately shown for each distance metric.

BD HD KL MD
P01-P02 0.66 0.86 0.56 0.29

Table 4 Corr. of speaker-to-speaker distances between P01
and P02, separately shown for each distance metric.

BD HD KL MD
P01-P02 0.98 1.00 0.99 0.90

ܭͷݩ࣍ Ίͨɽ͜Εٻ཭ΛڑΛ༻͍ͯ෼෍ؒݩ24࣍
ͱ DTW ʹΑΓɼ2ͭͷ࿩ऀؒൃԻڑ཭Λͨ͠ࢉܭɽ
ද 3ʹ 4ͭͷڑ཭ఆٛͦΕͧΕͰٻΊͨ P01, P02

ͷ୯Իؒڑ཭ͷ૬ؔΛɼද 4ʹ࿩ऀؒڑ཭ͷ૬ؔΛࣔ
͢ɽ୯Իؒڑ཭ͷ૬ؔ͸ڑ཭ఆٛʹΑͬͯ͸௿͘ͳͬ
͍ͯΔ͕ɼ࿩ऀؒڑ཭ʹ͍ͭͯ͸ɼͲͷ৔߹΋͍ߴ૬
͕ؔಘΒΕ͍ͯΔɽ୯Ի HMM ͷ࿩ऀґଘੑͷൃԻ
Δɽ͑ݴ͸े෼ʹখ͍͞ͱڹର͢ΔӨʹࢉܭ཭ڑ
ද4ͷ݁ՌʹΑΔͱɼ࿩ऀؒڑ཭ࢉग़ʹ͓͍ͯɼBD,

HD, KLʹ͍ͭͯ͸΄΅ಉ͘͡Β͍ͷ૬͕ؔग़͍ͯ
Δͷʹର͠ɼMDͷΈ૬͕ؔ 0.1΄Ͳ௿͍΋ͷͱͳͬ
͍ͯͯɼएׯͷ޲܏ͷҧ͍͕࡯؍Ͱ͖Δɽ

5 TriphoneΛར༻ͨ͠ڑ཭ͷ༗ޮੑ

୯Ի HMM ͷߏஙʹ͸ monophone Λ༻͍͍ͯΔ
͕ɼ͜Ε͸୯Իؒڑ཭ʢDTWʹ͓͚ΔہॴείΞʣ
͕લޙͷ୯ԻͷฒͼʹؔΘΒͣ͞ࢉܭΕΔ͜ͱʹͳ
Δɽ͔͠͠ɼIPAॻ͖͠ىͷதͰ͸ɼແ੠Իͷ௚ޙͷ
୯Իʹແ੠ԽΛද͢૷০ه߸͕෇͚ΒΕ΍͍͢ͳͲɼ
म০ه߸ͷ෇༩͸લޙͷจ຺ʹґଘ͍ͯ͠Δɽ͜ͷ
৔߹ɼ୯Ի͸ɼbiphone΍ triphoneͳͲ୯Իͷฒͼ
ํΛྀͨ͠ߟ HMMΛ༻͍Δํ͕ີݫͳϞσϧԽ͕
ՄೳͰ͋Δͱ͑ߟΒΕΔɽ
୯Ի͸ຊڀݚͰѻ͏͚ͩͰ΋ 153 छྨ͋Γɼtri-

phoneΛ࡞੒͠Α͏ͱ͢Δͱɼ͋ΒΏΔ୯Իͷฒͼ
ํΛྀͯ͠ߟऩ࿥͢Δඞཁ͕͋Γɼͦͷྔۀ࡞͸๲େ
ͳ΋ͷͱͳͬͯ͠·͏ɽ͜͜Ͱ͸୅ΘΓʹɼถޠԻૉ
triphoneΛߏங͠ɼถޠԻૉʹΑΔ֤࿩ऀͷൃԻॻ
Իޠɽถ͏ߦΛࢉܭ཭ͷڑΛ༻͍ͯ࿩ऀؒൃԻ͠ى͖
ૉͷछྨ਺͸CMUൃԻࣙॻ [12]Λࢀর͢Δͱ 39छ
ྨͰ͋Δɽॻ͖͠ىͷถޠԻૉྻܥ΁ͷม׵͸ɼIPA

͔ΒถޠԻૉ΁ͷม׵දΛ༻͍ͯ͏ߦɽ
triphone ͷߏஙͰ͸ɼԻૉܾఆ໦Λ༻͍ͨঢ়ଶΫ
ϥελϦϯάʹΑΓঢ়ଶͷڞ༗Λ͏ߦɽ DTW ͷہ
ॴείΞͱͯ͠༻͍ΔԻૉؒڑ཭ྻߦ͸ɼঢ়ଶڞ༗ޙ
ͷશ෺ཧϞσϧؒͰ͢ࢉܭΔɽถޠԻૉ triphone ͷ
ੑೳͱൺֱ͢ΔͨΊɼถޠԻૉ monophone ΋ߏங
͠ɼผʹԻૉؒڑ཭ΛٻΊͨɽ
ถޠԻૉ HMM ͸ English Read by Japanese

(ERJ) ίʔύε [13] ͷஉੑ฼ޠ࿩ऀ M08 ͷൃ࿩
ΑΓߏஙͨ͠ɽ HMM ෼ੳ৚݅ڹஙʹ͓͚ΔԻߏ
Λද 5ʹࣔ͢ɽঢ়ଶڞ༗ʹΑͬͯɼ෺ཧϞσϧ਺͕
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Table 5 Acoustic analysis conditions
Sampling frequency 16 bit / 16 kHz
Window size 25 ms length
Frame shift 10 ms shift
Parameters 12 MFCC + 12 ∆MFCC
#mixtures 1
#states 3

Table 6 Corr. of speaker-to-speaker distances between P01’s
phone HMM, M08’s monophone and triphone HMMs.

P01 Tri4 Tri2 Mono
P01 1.00
Tri4 0.88 1.00
Tri2 0.88 0.98 1.00

Mono 0.87 0.98 1.00 1.00

໿ 100 (Tri2)ͱ໿ 10,000 (Tri4)ͷ 2छྨͷ triphone

Λ࡞੒ͨ͠ɽ
ถޠԻૉ monophone HMM (Mono), Tri2, Tri4Λ
཭ͱɼP01ڑग़ͨ͠࿩ऀؒൃԻࢉ͍ͯ༺ ୯ԻԻڹϞ
σϧΛ༻͍ͨ৔߹ͷ࿩ऀؒൃԻڑ཭ͱͷ૬ؔΛද 6ʹ
ࣔ͢ɽ෼෍ؒڑ཭ͱͯ͠͸ BD Λ࠾༻͍ͯ͠Δɽ
monophoneٴͼ triphone ಉ࢜Ͱ͸࿩ऀؒڑ཭ʹ
΄ͱΜͲࠩ͸ͳ͘ɼ triphone ʹͯ͠Իૉྻͷલؔޙ
Δ͜ͱ͔͘͢ࡉΔ͜ͱ΍ɼ෺ཧϞσϧΛྀ͢ߟΛ܎
ʹΑΔҧ͍͸΄ͱΜͲݟΒΕͳ͔ͬͨɽถޠԻૉ৘ใ
Λར༻ͨ͠࿩ऀؒͷൃԻڑ཭ࢉܭΛ͏ߦ৔߹͸ɼ࠷
΋ࢉܭίετͷ௿͍ monophone Λ༻͍ͨԻૉؒڑ
཭Λར༻͢Ε͹े෼ͩͱ͍͏͜ͱʹͳΔɽ
P01ʹΑΔ࿩ऀؒڑ཭ͱ monophoneʹΑΔ࿩ऀؒ
཭ͷ૬ؔ͸ɼڑ P01 ͱ P02 ͷ૬ؔΑΓ΋༗ҙʹ௿͘
ͳ͍ͬͯΔɽͲͪΒͷڑ཭͕ࢀর༻ͷڑ཭ͱͯ͠ΑΓ
ଥ౰Ͱ͋Δ͔ɼୈ 7અʹͯ͞ΒʹূݕΛ͍ͯͬߦΔɽ

6 ঢ়ଶؒΞϥΠϝϯτͷඞཁੑͷূݕ

[4]Ͱͷ୯Ի HMMؒͷڑ཭͸ɼରԠ͢Δ 3ঢ়ଶͦ
ΕͧΕͷ BDͷฏۉͱ͍ͯ͠Δɽ͔͠͠ɼ͜Ε͸શͯ
ͷ୯ԻؒͰ੔߹ͷͱΕͨൺֱͰ͋Δͱ͸͍͕͍ͨݴɽ
3ঢ়ଶͷ͏ͪॳΊͱऴΓͷঢ়ଶ͸લޙͷԻ੠ηάϝϯ
τͱͷڥք͕ᐆດͰ͋Δͱ͍͏ཧ༝͔Βɼத৺ঢ়ଶͷ
Έ͕ΑΓਖ਼֬ͳಛ௃ྔ෼෍ͱΈͳ͠ɼͦͷ BDͷΈΛ
Ϟσϧؒڑ཭ͱ͢Δ͜ͱ΋Ͱ͖Δɽ·ͨ͜ͷଞʹ΋ɼ
[14]ͰࢼΈΒΕ͍ͯΔΑ͏ʹɼϞϯςΧϧϩ๏ (Monte

Carlo, MC) Λ༻͍ͯঢ়ଶؒͷΞϥΠϝϯτΛऔΔ͜
ͱ΋͑ߟΒΕΔɽ͋Δ 2 ͭͷ୯ԻϞσϧؒͷڑ཭Λ
ʹΔ৔߹ɼγϛϡϨʔγϣϯຖ͢ࢉܭ HMM ͷભҠ
֬཰ʹैͬͯ 2ͭͷঢ়ଶྻܥΛϥϯμϜʹੜ੒͠ɼঢ়
ଶؒྻܥͰ DP ϚονϯάΛͱΓ࠷খڑ཭ΛٻΊΔ
(ਤ 1)ɽγϛϡϨʔγϣϯΛ܁Γฦ͠ɼಘΒΕͨڑ཭
ͷฏۉΛϞσϧؒڑ཭ͱͯ͠࠾༻͢Δɽ
P01 Ի੠ͷϞσϧΛ༻͍ͨ୯Իؒڑ཭ɼ·ͨ
͸ M08 Ի੠ͷ monophone ϞσϧΛ༻͍ͨԻૉؒ
཭ΛڑɼͦΕͧΕ෼෍͍ؒ࢖཭Λڑ BD, MD ͱͨ͠
৔߹Ͱɼঢ়ଶؒΞϥΠϝϯτΛྀͨ͠ߟ৔߹ͷد༩Λ

�ଵଵ �ଵଶ �ଵଷ

�ଶଵ �ଶଶ �ଶଷ

�ଵଵ �ଵଶ �ଵଶ �ଵଷ

�ଶଵ �ଶଵ �ଶଶ �ଶଶ �ଶଷ

Fig. 1 An example of state alignment using Monte-Carlo.

Table 7 Corr. of segment-to-segment distances between dif-
ferent state alignment techniques, using two speakers and two
distance metrics. (B:BD, M:MD)

M08 B M08 M P01 B P01 M
Center-MC 0.93 0.77 0.75 0.50
Mean-MC 0.97 0.93 0.93 0.72

Center-Mean 0.98 0.90 0.83 0.94

Table 8 Corr. of speaker-to-speaker distances between dif-
ferent state alignment techniques, using two speakers and two
distance metrics. (B:BD, M:MD)

M08 B M08 M P01 B P01 M
Center-MC 0.996 0.975 0.995 0.949
Mean-MC 0.998 0.992 0.997 0.967

Center-Mean 0.999 0.988 0.997 0.993

ௐ΂ͨɽϞσϧؒڑ཭Λɼ 3 ঢ়ଶͷฏۉ (Mean) ͱ
ͨ͠৔߹ɼத৺ঢ়ଶؒͷڑ཭ͷΈ (Center) ͱͨ͠৔
߹ɼ MC ʹΑΓࢉܭ (MC) ͨ͠৔߹ʹ͍ͭͯɼԻ
੠ηάϝϯτؒڑ཭ͱ࿩ऀؒڑ཭Λࢉग़ͨ͠ɽͳ͓ɼ
͜͜Ͱͷ MC ͷγϛϡϨʔγϣϯࢉܭͷऴྃ৚݅͸ɼ
100 ճγϛϡϨʔγϣϯ͢Δຖʹฏۉ஋Λൺ΂͕ࠩ
0.1%ҎԼͱͳͬͨ࣌ɼͱ͍ͯ͠Δɽ
ද 7ʹ֤ঢ়ଶؒΞϥΠϝϯτख๏ʹ͓͚ΔԻ੠η
άϝϯτؒڑ཭ͷ૬ؔΛɼද 8ʹ࿩ऀؒڑ཭ͷ૬ؔ
Λࣔ͢ɽԻ੠ηάϝϯτؒڑ཭ͷ૬ؔͷ޲܏͸࿩ऀ
ʢ୯Ի·ͨ͸Իૉʣɼڑ཭ఆٛͷ૊Έ߹ΘͤʹΑΓҟ
ͳ͍ͬͯΔɽ࿩ऀؒڑ཭ʹؔͯ͠͸ɼ૊Έ߹Θͤ΍ঢ়
ଶΞϥΠϝϯτͷख๏ʹΑΔ૬ҧ͸ݟΒΕͳ͍ɽ

7 ओݧ࣮؍ͱͷൺֱٴͼՄࢹԽ

લઅ·Ͱ͸ɼ [4]ͰߦΘΕ͍ͯΔ࿩ऀؒൃԻڑ཭ͷ
ɼ֤͠࡯؍๏ʹ͍ͭͯɼ෼ੳ৚݅Λม͑ҧ͍Λํࢉܭ
৚݅ͷൃԻڑ཭ࢉܭʹ͓͚ΔӨڹΛ͖ͨͯ͠ূݕɽ࠷
ڑΊͨൃԻٻຊઅʹͯɼఏҊ͞Εͨख๏ʹΑΓʹޙ
཭ͷଥ౰ੑΛ͢ূݕΔɽ
ൃԻڑ཭ͷଥ౰ੑ͸ɼྫ͑͹ઐ໳ՈʹΑͬͯఆྔ
తʹఆٛ͞Εͨೋ࿩ऀؒͷൃԻڑ཭ͱͷ੔߹ੑʹΑͬ
ͯධՁ͞ΕΔ͕ɼͦͷΑ͏ͳ࣮ڥ؀ݧΛ੔͑Δ͜ͱ
͸೉͍͠ɽͦ͜ͰຊڀݚͰ͸ɼ[9, 10]ͰߦͳΘΕͯ
͍ΔΑ͏ʹɼ೚ҙͷ࿩ऀ X ͷൃԻͱ฼ޠ࿩ऀൃԻͱ
ͷൃԻڑ཭Λɼ࿩ऀ X ͷൃԻʹର͢Δ “฼ޠ࿩ऀΒ
͠͞”ͷओ؍తධఆ஋ͱൺֱ͢Δɽͳ͓ɼ฼ޠ࿩ऀΒ
͕͠͞ਖ਼ࣗ͘͠ಈਪఆͰ͖Δ͜ͱ͸ɼద੾ͳൃԻڑ
཭ਪఆͷඞཁ৚݅Ͱ͔͠ͳ͍ɽ
͋Δڑ཭ఆٛʹ͓͚Δ SAA ࿩ऀͷ฼ޠ࿩ऀΒ͠
͞͸ɼͦͷ࿩ऀͱถޠ฼ޠ࿩ऀ 115 ਓͱͷൃԻڑ཭
ͷฏۉͱͯ͠਺஋Խ͢Δɽओݧ࣮؍Ͱ͸ɼ֤Ի੠Λ
ถޠ฼ޠ࿩ऀ 1,143 ໊ʹௌ͔ͤɼͦΕͧΕͷԻ੠͕
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Table 9 Corr. between automatically predicted scores and
subject native-likeness scores.

P01 M08
HD -0.81 -0.77
MD -0.72 -0.72

Baseline
PMI -0.77
NDL -0.75

ͲΕ͚ͩ฼ޠ࿩ऀʹ͍ۙൃԻΛ͍ͯ͠Δ͔ΛείΞ
෇͚͍ͤͯ͞Δ [9]ɽओݧ࣮؍Ͱ࢖༻͞Εͨ SAA ࿩
ऀ 286 ਓΛର৅ʹɼ฼ޠ࿩ऀΒ͠͞Λͨ͠ࢉܭɽ
ઌڀݚߦͰ͸ɼ PMI Λ༻͍ͨ৔߹ͷ૬ؔ͸

−0.77[9], NDL Λ༻͍ͨ৔߹ͷ૬ؔ͸ −0.75[10] ͱ
ͳ͍ͬͯΔɽ͜ΕΒͷ஋ΛൺֱͷͨΊͷϕʔεϥΠϯ
ͱ͢ΔɽP01 Ի੠ͷϞσϧΛ༻͍ͨ୯Իؒڑ཭ɼ·
ͨ͸ M08 Ի੠ͷ monophone ϞσϧΛ༻͍ͨԻૉؒ
཭Λڑɼ෼෍͍ؒ࢖཭Λڑ HD, MD ͱͨ͠৔߹Ͱɼ
ൃԻڑ཭Λࢉग़ͨ͠ɽ͜ͷൃԻڑ཭͔Β֤࿩ऀͷ฼
ɽͨ͠ࢉܭͱͷ૬ؔΛݧ࣮؍Ίɼओٻ࿩ऀΒ͠͞Λޠ
ද 9 ʹ݁ՌΛ·ͱΊΔɽओݧ࣮؍ͱͷ૬ؔ͸ɼ

MD ΑΓ΋ HD Λ༻͍ͨ৔߹ͷํ͕͍ߴɽୈ 3 અɼ
ͼୈٴ 4અʹͯ BD, HD, KL ͱ MD ͱͰ͸࿩ऀؒ
ൃԻڑ཭ࢉग़ʹ͓͍ͯएׯͷੑ࣭ͷҧ͍͕ݟΒΕͨ
͕ɼ͜͜Ͱͷ݁Ռ͔ΒɼൃԻڑ཭ͷ໰୊ʹ͍ͭͯ͸
BD, HD, KL ͷఆٛͷํ͕ద͍ͯ͠Δͱ͑ݴΔɽ·
ͨ M08 ʹΑΔԻૉؒڑ཭Λ༻͍ΔΑΓ΋ P01 ʹΑ
Δ୯Իؒڑ཭Λ༻͍ͨ৔߹ͷํ͕͘ߴͳͬͨɽ୯Ի͔
ΒԻૉ΁ͷม׵͸ந৅ԽͰ͋ΓɼԻૉͰͷॻ͖͠ى͸
Ի੠ֶత৘ใͷҰ෦͸ফࣦ͞ΕΔ͜ͱʹͳΔɽͦͷ
ҰํͰɼ Tri2, Tri4 Ͱ͸จ຺ґଘੑͱ͍͏ܗͰͦͷ
৘ใΛ໌ࣔతʹ૊ΈࠐΜͰ͍Δɽ࣮݁ݧՌͱͯ͠͸ɼ
P01 ͷํ͕ɼ͔ۇͰ͸͋Δ͕ΑΓద੾ͳڑ཭ఆٛΛ
ఏڙͰ͖Δ͜ͱ͕ࣔ͞Εͨɽ
·ͨ P01 HD ͷ૬ؔ͸ɼઌڀݚߦͰͷ PMIɼ

NDL Λ༻͍ͨ݁ՌΑΓ΋গ͍͠ߴ΋ͷͱͳ͍ͬͯ
ΔɽPMI, NDL ͸஌֮తͳࠜڌͷ͋Δڑ཭ఆٛͰ͋
ΔɽຊڀݚͰఏҊͨ͠ԻڹϞσϧʹൃͮ͘جԻڑ཭
ͰɼͦΕΒͷڑ཭ͱಉ౳͔ͦΕҎ্ͷධՁͱͳΔ݁
Ռ͕ಘΒΕɼຊڀݚͰͷڑ཭͕ࢀরڑ཭ͱͯ͋͠Δ
ఔ౓ͷଥ౰ੑ͕͋Δ͜ͱ͕ࣔ͞Εͨɽ
ɼʹޙ࠷ P01 HD ͰٻΊͨ࿩ऀؒͷൃԻڑ཭
Λ MDS ʹΑΓՄࢹԽͨ݁͠ՌΛਤ 2ʹࣔ͢ɽ֤఺
͸ӳޠ࿩ऀʹ૬౰͠ɼͦΕͧΕΛ฼ޠ࿩ऀͱඇ฼ޠ
࿩ऀʹೋ஋Խͯ͠ɼද͍ͯ͠Δɽ฼ޠ࿩ऀͱඇ฼ޠ࿩
ऀ͕ೋ෼͞Ε͍ͯΔͷ͕༰қʹͯݟऔΕΔɽ

8 ͓ΘΓʹ

ຊߘͰ͸ɼ [4]ʹ͓͚ΔɼԻڹϞσϧΛར༻ͨ͠࿩
ऀؒͷൃԻڑ཭ࢉग़ख๏ʹ͍ͭͯɼ෼ੳ৚݅Λม͑ɼ
༷ʑͳผͷڑ཭ఆٛΛఏҊ͠ɼൺֱݕ౼ͨ͠ɽ͜ͷ݁
ՌɼͲͷఆٛʹ͓͍ͯ΋ɼൃԻڑ཭ʹؔͯ͠͸΄ͱΜ
Ͳಉ͡஋͕ࢉग़͞Εͨɽ·ͨɼӳޠ࿩ऀͷൃԻͷ฼ޠ
࿩ऀΒ͠͞ͷείΞ෇͚ʹ͓͍ͯɼԻڹϞσϧʹΑ
Δख๏͸ਓͷओ؍ʹΑΔධՁͱ͍ߴ૬͕ؔ͋Δ͜ͱ
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Fig. 2 An example of MDS-based visualization of WE pro-
nunciation diversity.

͕໌Β͔ʹͳͬͨɽ͜ΕΒͷ݁ՌΑΓɼઌڀݚߦͰఏ
Ҋ͞ΕͨൃԻڑ཭͕ࢀর༻ͷڑ཭ͱͯ͋͠Δఔ౓ଥ
౰ͳ΋ͷͰ͋Δ͜ͱ͕ࣔ͞Εͨɽ
ຊڀݚͰͷ࿩ऀؒൃԻڑ཭ࢉग़ʹ͓͍ͯɼ෼෍ؒ
ݟͷಛੑͷҧ͍͕ׯΑΓएʹํ࢓཭ͳͲͷఆٛͷڑ
ΒΕͨɽͦΕʹ΋ؔΘΒͣɼൃԻڑ཭Ͱ͸ఆٛຖʹେ
͖ͳ͕ࠩݟΒΕͳ͔ͬͨɽޙࠓ͸͜ΕΒͷ͜ͱʹ͍ͭ
ͯɼৄࡉͳݕ౼ΛࢼΈΔɽ
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