
ੈքॾӳൃޠԻྨͷͨΊͷऀؒࢀরڑͷࢉग़ख๏ʹؔ͢Δݕ౼ ∗

ఱᖒ࢙˚ (ਗ਼՚େɾதࠃɼ౦େ)ɼˑּॣݪɼ็দ৴໌ɼᜊ౻େีɼ٢ܒ (౦େ)

1 ͡Ίʹ

།Ұͷੈքڞ௨ޠͰ͋Δӳޠɼ֤ऀͷޠӳ
ਓͷಛੑʹԠ͡ݸΛड͚ɼ֤ڹͳͲͷӨڥͷֶशޠ
ͯҟͳΔൃԻᨅΓΛͬͯ͞Ε͍ͯΔɽӳޠʹΑΔ
ίϛϡχέʔγϣϯͰɼ֤͕ࣗӳޠޠऀʹ͍ۙ
ൃԻΛ༗͍ͯ͠Δ͜ͱΑΓɼํͷൃͭ࣋ԻᨅΓ͕
͍ۙ͜ͱͷํ͕ɼ૬खͷӳޠʹର͢Δྃղͷ͞ߴʹ
େ͖ؔ͘ΘΔ͜ͱ͕ΒΕ͍ͯΔ [1]ɽۙӳࢣڭޠ
Γͭͭ͋Δ·ʹ “World Englishes” (WE,ੈքॾӳ
(ޠ [2, 3]ͷཱͰͯ͑ߟɼޠऀͷൃԻ͕ઈର
తൣنͱͳΒͳ͍ɽॏཁͳͷɼ֤͕ࣗ WE ͷଟ
༷͞Λೝࣝ͢Δ͜ͱͰ͋Δ͕ɼຊڀݚͰɼWEΛൃ
Իྨ͠ɼ֤ऀΛྨ݁ՌʢਤʣʹҐஔ͚ͮΔ͜
ͱΛݕ౼͍ͯ͠Δɽຊڀݚͷۃڀඪɼ15ԯਓͱ
Δ͜ͱʹ͋Δɽ࡞ऀͷൃԻੈքਤΛޠΘΕΔӳݴ
ऀͷࣗಈྨʹɼऀؒͷൃԻͷҧ͍Λද͢
ൃԻڑΛɼԻֶతʹଥͳܗͰࣗಈܭଌ͢Δඞ
ཁ͕͋Δɽઌڀݚߦ [4]ͰɼSpeech Accent Archive

(SAA) [5] ͷ IPA ॻ͖͠ىΛ༻͍ͯɼೋऀؒͷࢀ
রൃԻڑΛఆٛ͠ɼԻใॲཧٕज़Λ༻͍ͯɼ͜
ΕΛ༧ଌ͢Δ͜ͱΛࢼΈͨɽ͔͠͠ͳ͕Βɼ[4]Ͱ༻
ͱڑরࢀదԽ͞Εͨ࠷ʹຊλεΫڑরࢀ͍ͨ
ͷఆٛͷͨΊʹɼछʑڑরࢀɼΑΓదͳͣ͑ݴ
ͷ࣮ݧతݕ౼͕ඞཁͰ͋ΔɽຊߘͰɼ͔ͭزҟͳΔ
ͳͬͨɽߦͳ͍ɼ͜ΕΒͷൺֱΛߦఆٛΛڑ

2 ग़ࢉͷڑরࢀ

2.1 ઌڀݚߦʹ͓͚Δख๏

ઌڀݚߦ [4] ͰɼൃԻͷࢀরڑΛɼ Dy-

namic Time Warping (DTW) ʹΑͬͯٻ·Δೋऀ
ͷ IPAॻ͖͠ىͷ߹ίετͱͯ͠ఆٛͨ͠ɽDTW

ྻܥ࣌ͷ߹ɼྨࣅࢉܭͰΘΕ͍ͯΔΞϧΰ
ϦζϜͰ͋Δɽ
DTW Λ༻͍ͯ͢ࢉܭΔͨΊʹɼہॴείΞͱ
ͯ͠શͯͷೋ୯ԻؒڑΛ༻ҙ͢Δඞཁ͕͋Δɽͦ
͜Ͱ [4]ɼ͋ΔஉੑͷԻֶऀʢҎԼɼ P01 ͱশ
͢Δʣͷ֤୯ԻͷൃΛ༻͍ͯ 3ঢ়ଶ 1ࠞ߹ͷ୯Ի
HMMΛߏங͠ɼ2ͭͷରԠ͢Δঢ়ଶؒͰಛྔ
ͷ Bhattacharyya distance (BD) ΛͱΓͦͷฏۉΛ
୯Իؒڑͱͨ͠ɽ
SAAύϥάϥϑͷ֤୯ޠຖʹɼೋऀͷॻ͖͠ى
ͰରԠ͢Δ୯ԻؒྻܥͰ DTWΛ͍ߦɼਖ਼نԽ୯ޠ
ίετͷ૯ʢ69୯ޠʣΛऀؒࢀরڑͱఆٛ͠

∗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)

ͨɽຊڀݚʹ͓͍ͯɼϑΟϥʔͳͲͷ༨ʹૠೖ͞
Εͨ୯ޠखۀ࡞Ͱআ͠ɼམͨ͠୯ޠίετ
Λ 0 ͱͨ͠ɽ
[4] ͰԻڹϞσϧͰٻΊͨ୯Իؒڑͱ DTW ʹ
ΑΓࢀরڑΛఆ͕ٛͨ͠ɼ͜ΕҎ֎ʹఆٛͷ
ํ͑ߟΒΕΔɽ[6, 7, 8] ֤หผૉੑʹΛ༩͑ɼ
หผૉੑͷࠩͰ୯Իؒڑͱͯ͠ఆٛͨ͠ɽ͔͠
͠ɼ͜ͷหผૉੑʹہͮ͘جॴڑఆٛओ؍ʹΑ
ΔͷͰɼٞͷඞཁ͕͋Δɽ[9] ࣗݾ૬ޓใ
ྔ (pointwise mutual information, PMI) Ͱ߹εί
ΞΛද͠ɼϨʔϕϯγϡλΠϯڑͱͯ͠ऀؒڑ
Λఆٛͨ͠ɽ[10]  näıve discriminative learning

(NDL) Λ༻͍ͯ୯Իྻܥͱ୯ޠͷ͕ܨΓΛఆྔԽ͠ɼ
ձͷྃղΛਪఆͨ͠ɽ

2.2 ઌڀݚߦͷ

ઌڀݚߦͰͷࢀরڑࢉܭख๏ʹ͍ͭͯɼͭز
Ε͍ͯΔɽ͞ͷ༨͕౼ݕ͔

• ؒڑ BD ద͔࠷͕
• ୯Իؒڑʹಛఆऀґଘੑ͕͋Δ͜ͱͰ
Βͳ͍͔͜ى͕

• લޙͷจ຺Λྀ͠ߟͳ͍ monophone ʹΑΔ୯
ԻͷϞσϧԽద͔

• ୯Ի HMM Ͱঢ়ଶΞϥΠϝϯτඞཁ͔ڑؒ

ຊڀݚͰɼ SAA ऀ 395 ਓΛରͱͯ͠ੳ
݅Λม͑ͳ͕ΒԻηάϝϯτؒڑࢉܭɼٴͼ
దͳͷ͔Λ࠷ɼͲͷੳ͕͍݅ߦΛࢉܭڑؒऀ
ΊΔ͖ɼΑΓదͳൃԻٻʹऴత࠷Δɽ͢౼ݕ
ྨΛՄͱ͢ΔࢀরڑͰ͋Δɽ͜Εྫ֤͑
݅ʹ͓͚Δྨ݁ՌΛઐՈͷྨ݁Ռͱൺֱ͢Δ
͜ͱͰՄͱͳΔ͕ɼ࣮ڥݧͷߏங͕ࠔͰ͋Δɽ
ͦ͜Ͱɼઌڀݚߦ [9, 10]ͰߦͳΘΕͨɼ“ޠऀΒ
͠͞”ͷओ݁ݧ࣮؍Ռͱൺֱ͢Δ͜ͱͰɼΑΓదͨ͠
ੳ݅Λ؍٬తʹٻΊΔ͜ͱΛݕ౼͢Δɽ

3 ؒڑͷఆٛʹ͍ͭͯͷূݕ

[4] Ͱ୯ԻϞσϧؒͷڑʹ BD Λ༻͍͍ͯ
ͨɽ͔͠͠ɼ୯ԻؒڑΛٻΊΔࡍͷؒڑ
ͱͯ͠ BD ͷଞʹɼHellinger distance (HD),

Kullback-Leibler divergence (KL), Mahalanobis dis-

tance (MD) ͱ͍ͬͨͷΛ࠾͢Δ͜ͱՄͰ͋
ΓɼͲͷఆ͕ٛ࠷దͰ͋Δ͔༻్ʹΑΓҟͳΔɽຊ
અͰɼ P01 ͷ୯ԻԻڹϞσϧΛ༻͍ͯɼ 4 ͭͷڑ
ఆٛʹΑΓ୯ԻؒڑΛٻΊɼ૬ؔΛௐΔɽ
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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

ਖ਼نʹ͓͚Δղੳ͕ࣜҎԼͷࣜͰද͞ΕΔ [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 ͭͷਖ਼نΛɼµ,Σ ਖ਼نͷ
ฏۉϕΫτϧͱڞྻߦࢄΛද͢ɽඇରশੑΛ࣋
ͭ KL ͱ MD ʹ͍ͭͯɼฏۉԽॲཧΛ͍ͯ͠Δɽ
ද 1ʹ 4ͭͷڑఆٛؒͰͷ୯Իؒڑͷ૬ؔΛɼ
ද 2ʹऀؒڑͷ૬ؔΛࣔ͢ɽہॴతͳ୯Իؒڑ
ʹ͍ͭͯఆٛʹΑΔҧ͍͕͋Δͷͷɼྦྷੵ͠
ͨऀؒڑͰͦͷ͕ࠩݟΒΕͳ͘ͳ͍ͬͯΔɽ
ද 2ͷ݁Ռ͔Βɼऀؒڑࢉग़ʹ͓͍ͯBD, HD,

KLʹ૬͕ؔ 1 ʹΔΑ͏͕࣭͋ੑͨ͠ࣅྨۙ͘ʹ
ఆٛͱͷ૬ؔڑΒΕΔ͕ɼMDʹ͍ͭͯଞͷݟ
͕গ͠Լ͕͍ͬͯΔɽ

4 ୯Ի HMM ʹ͓͚Δऀґଘੑʹ͍ͭ
ͯͷূݕ

[4] ͷࢀরڑͷࢉܭશͯҰਓͷԻֶऀʹΑΔ
ൃԻʹ͍͍ͯͮجΔɽͦͷͨΊ୯Ի HMM ͼٴ
୯Իؒڑɼ͜ͷԻֶऀݻ༗ͷ৭ɼൃͷบ
ͷґଘੑ͕͋Δ͜ͱ൱Ίͳ͍ɽ͜͜Ͱɼ৽ͨʹ
͏ҰਓͷஉੑͷԻֶऀ (ҎԼɼP02ͱশ͢Δ) ͷ
୯ԻൃΛऩ͠ɼP01, P02 ͦΕͧΕͷԻΛ༻͍
ͨ 2ͭͷऀؒൃԻڑ͕Ͳͷ͘Β͍ͷ૬ؔΛͭ࣋
ͷ͔ΛௐɼऀґଘੑͷӨڹΛͨ͠ূݕɽ
ऩͰ [4]ͱಉ༷ͷ 153छྨͷ୯Իʹ͍ͭͯɼ֤

20ճͣͭൃͤ͞ɼ͜ͷԻσʔλ͔Β P01, P02ͦ
ΕͧΕͰ୯Ի HMM Λߏஙͨ͠ɽ୯Իؒڑͱͯ͠
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 Ίͨɽ͜ΕٻΛڑΛ༻͍ͯؒݩ࣍24
ͱ DTW ʹΑΓɼ2ͭͷऀؒൃԻڑΛͨ͠ࢉܭɽ
ද 3ʹ 4ͭͷڑఆٛͦΕͧΕͰٻΊͨ P01, P02

ͷ୯Իؒڑͷ૬ؔΛɼද 4ʹऀؒڑͷ૬ؔΛࣔ
͢ɽ୯Իؒڑͷ૬ؔڑఆٛʹΑͬͯ͘ͳͬ
͍ͯΔ͕ɼऀؒڑʹ͍ͭͯɼͲͷ߹͍ߴ૬
͕ؔಘΒΕ͍ͯΔɽ୯Ի HMM ͷऀґଘੑͷൃԻ
Δɽ͑ݴेʹখ͍͞ͱڹର͢ΔӨʹࢉܭڑ
ද4ͷ݁ՌʹΑΔͱɼऀؒڑࢉग़ʹ͓͍ͯɼBD,

HD, KLʹ͍ͭͯ΄΅ಉ͘͡Β͍ͷ૬͕ؔग़͍ͯ
Δͷʹର͠ɼMDͷΈ૬͕ؔ 0.1΄Ͳ͍ͷͱͳͬ
͍ͯͯɼएׯͷͷҧ͍͕؍Ͱ͖Δɽ

5 TriphoneΛར༻ͨ͠ڑͷ༗ޮੑ

୯Ի HMM ͷߏஙʹ monophone Λ༻͍͍ͯΔ
͕ɼ͜Ε୯ԻؒڑʢDTWʹ͓͚ΔہॴείΞʣ
͕લޙͷ୯ԻͷฒͼʹؔΘΒͣ͞ࢉܭΕΔ͜ͱʹͳ
Δɽ͔͠͠ɼIPAॻ͖͠ىͷதͰɼແԻͷޙͷ
୯ԻʹແԽΛද͢০ه߸͕͚ΒΕ͍͢ͳͲɼ
म০ه߸ͷ༩લޙͷจ຺ʹґଘ͍ͯ͠Δɽ͜ͷ
߹ɼ୯Իɼbiphone triphoneͳͲ୯Իͷฒͼ
ํΛྀͨ͠ߟ HMMΛ༻͍Δํ͕ີݫͳϞσϧԽ͕
ՄͰ͋Δͱ͑ߟΒΕΔɽ
୯ԻຊڀݚͰѻ͏͚ͩͰ 153 छྨ͋Γɼtri-

phoneΛ࡞͠Α͏ͱ͢Δͱɼ͋ΒΏΔ୯Իͷฒͼ
ํΛྀͯ͠ߟऩ͢Δඞཁ͕͋Γɼͦͷྔۀ࡞େ
ͳͷͱͳͬͯ͠·͏ɽ͜͜ͰΘΓʹɼถޠԻૉ
triphoneΛߏங͠ɼถޠԻૉʹΑΔ֤ऀͷൃԻॻ
Իޠɽถ͏ߦΛࢉܭͷڑΛ༻͍ͯऀؒൃԻ͠ى͖
ૉͷछྨCMUൃԻࣙॻ [12]Λࢀর͢Δͱ 39छ
ྨͰ͋Δɽॻ͖͠ىͷถޠԻૉྻܥͷมɼIPA

͔ΒถޠԻૉͷมදΛ༻͍ͯ͏ߦɽ
triphone ͷߏஙͰɼԻૉܾఆΛ༻͍ͨঢ়ଶΫ
ϥελϦϯάʹΑΓঢ়ଶͷڞ༗Λ͏ߦɽ DTW ͷہ
ॴείΞͱͯ͠༻͍ΔԻૉؒڑྻߦɼঢ়ଶڞ༗ޙ
ͷશཧϞσϧؒͰ͢ࢉܭΔɽถޠԻૉ triphone ͷ
ੑͱൺֱ͢ΔͨΊɼถޠԻૉ monophone ߏங
͠ɼผʹԻૉؒڑΛٻΊͨɽ
ถޠԻૉ HMM  English Read by Japanese

(ERJ) ίʔύε [13] ͷஉੑޠऀ M08 ͷൃ
ΑΓߏஙͨ͠ɽ HMM ੳ݅ڹஙʹ͓͚ΔԻߏ
Λද 5ʹࣔ͢ɽঢ়ଶڞ༗ʹΑͬͯɼཧϞσϧ͕
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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
ͱɼP01ڑग़ͨ͠ऀؒൃԻࢉ͍ͯ༺ ୯ԻԻڹϞ
σϧΛ༻͍ͨ߹ͷऀؒൃԻڑͱͷ૬ؔΛද 6ʹ
ࣔ͢ɽؒڑͱͯ͠ BD Λ࠾༻͍ͯ͠Δɽ
monophoneٴͼ triphone ಉ࢜Ͱऀؒڑʹ
΄ͱΜͲࠩͳ͘ɼ triphone ʹͯ͠Իૉྻͷલؔޙ
Δ͜ͱ͔͘͢ࡉΔ͜ͱɼཧϞσϧΛྀ͢ߟΛ
ʹΑΔҧ͍΄ͱΜͲݟΒΕͳ͔ͬͨɽถޠԻૉใ
Λར༻ͨ͠ऀؒͷൃԻڑࢉܭΛ͏ߦ߹ɼ࠷
ࢉܭίετͷ͍ monophone Λ༻͍ͨԻૉؒڑ
Λར༻͢Εेͩͱ͍͏͜ͱʹͳΔɽ
P01ʹΑΔऀؒڑͱ monophoneʹΑΔऀؒ
ͷ૬ؔɼڑ P01 ͱ P02 ͷ૬ؔΑΓ༗ҙʹ͘
ͳ͍ͬͯΔɽͲͪΒͷڑ͕ࢀর༻ͷڑͱͯ͠ΑΓ
ଥͰ͋Δ͔ɼୈ 7અʹͯ͞ΒʹূݕΛ͍ͯͬߦΔɽ

6 ঢ়ଶؒΞϥΠϝϯτͷඞཁੑͷূݕ

[4]Ͱͷ୯Ի HMMؒͷڑɼରԠ͢Δ 3ঢ়ଶͦ
ΕͧΕͷ BDͷฏۉͱ͍ͯ͠Δɽ͔͠͠ɼ͜Εશͯ
ͷ୯ԻؒͰ߹ͷͱΕͨൺֱͰ͋Δͱ͍͕͍ͨݴɽ
3ঢ়ଶͷ͏ͪॳΊͱऴΓͷঢ়ଶલޙͷԻηάϝϯ
τͱͷڥք͕ᐆດͰ͋Δͱ͍͏ཧ༝͔Βɼத৺ঢ়ଶͷ
Έ͕ΑΓਖ਼֬ͳಛྔͱΈͳ͠ɼͦͷ BDͷΈΛ
Ϟσϧؒڑͱ͢Δ͜ͱͰ͖Δɽ·ͨ͜ͷଞʹɼ
[14]ͰࢼΈΒΕ͍ͯΔΑ͏ʹɼϞϯςΧϧϩ๏ (Monte

Carlo, MC) Λ༻͍ͯঢ়ଶؒͷΞϥΠϝϯτΛऔΔ͜
ͱ͑ߟΒΕΔɽ͋Δ 2 ͭͷ୯ԻϞσϧؒͷڑΛ
ʹΔ߹ɼγϛϡϨʔγϣϯຖ͢ࢉܭ HMM ͷભҠ
֬ʹैͬͯ 2ͭͷঢ়ଶྻܥΛϥϯμϜʹੜ͠ɼঢ়
ଶؒྻܥͰ DP ϚονϯάΛͱΓ࠷খڑΛٻΊΔ
(ਤ 1)ɽγϛϡϨʔγϣϯΛ܁Γฦ͠ɼಘΒΕͨڑ
ͷฏۉΛϞσϧؒڑͱͯ͠࠾༻͢Δɽ
P01 ԻͷϞσϧΛ༻͍ͨ୯Իؒڑɼ·ͨ
 M08 Իͷ monophone ϞσϧΛ༻͍ͨԻૉؒ
ΛڑɼͦΕͧΕ͍ؒΛڑ 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

ௐͨɽϞσϧؒڑΛɼ 3 ঢ়ଶͷฏۉ (Mean) ͱ
ͨ͠߹ɼத৺ঢ়ଶؒͷڑͷΈ (Center) ͱͨ͠
߹ɼ MC ʹΑΓࢉܭ (MC) ͨ͠߹ʹ͍ͭͯɼԻ
ηάϝϯτؒڑͱऀؒڑΛࢉग़ͨ͠ɽͳ͓ɼ
͜͜Ͱͷ MC ͷγϛϡϨʔγϣϯࢉܭͷऴྃ݅ɼ
100 ճγϛϡϨʔγϣϯ͢ΔຖʹฏۉΛൺ͕ࠩ
0.1%ҎԼͱͳͬͨ࣌ɼͱ͍ͯ͠Δɽ
ද 7ʹ֤ঢ়ଶؒΞϥΠϝϯτख๏ʹ͓͚ΔԻη
άϝϯτؒڑͷ૬ؔΛɼද 8ʹऀؒڑͷ૬ؔ
Λࣔ͢ɽԻηάϝϯτؒڑͷ૬ؔͷऀ
ʢ୯Ի·ͨԻૉʣɼڑఆٛͷΈ߹ΘͤʹΑΓҟ
ͳ͍ͬͯΔɽऀؒڑʹؔͯ͠ɼΈ߹Θͤঢ়
ଶΞϥΠϝϯτͷख๏ʹΑΔ૬ҧݟΒΕͳ͍ɽ

7 ओݧ࣮؍ͱͷൺֱٴͼՄࢹԽ

લઅ·Ͱɼ [4]ͰߦΘΕ͍ͯΔऀؒൃԻڑͷ
ɼ֤͠؍๏ʹ͍ͭͯɼੳ݅Λม͑ҧ͍Λํࢉܭ
݅ͷൃԻڑࢉܭʹ͓͚ΔӨڹΛ͖ͨͯ͠ূݕɽ࠷
ڑΊͨൃԻٻຊઅʹͯɼఏҊ͞Εͨख๏ʹΑΓʹޙ
ͷଥੑΛ͢ূݕΔɽ
ൃԻڑͷଥੑɼྫ͑ઐՈʹΑͬͯఆྔ
తʹఆٛ͞ΕͨೋऀؒͷൃԻڑͱͷ߹ੑʹΑͬ
ͯධՁ͞ΕΔ͕ɼͦͷΑ͏ͳ࣮ڥݧΛ͑Δ͜ͱ
͍͠ɽͦ͜ͰຊڀݚͰɼ[9, 10]ͰߦͳΘΕͯ
͍ΔΑ͏ʹɼҙͷऀ X ͷൃԻͱޠऀൃԻͱ
ͷൃԻڑΛɼऀ X ͷൃԻʹର͢Δ “ޠऀΒ
͠͞”ͷओ؍తධఆͱൺֱ͢Δɽͳ͓ɼޠऀΒ
͕͠͞ਖ਼ࣗ͘͠ಈਪఆͰ͖Δ͜ͱɼదͳൃԻڑ
ਪఆͷඞཁ݅Ͱ͔͠ͳ͍ɽ
͋Δڑఆٛʹ͓͚Δ SAA ऀͷޠऀΒ͠
͞ɼͦͷऀͱถޠޠऀ 115 ਓͱͷൃԻڑ
ͷฏۉͱͯ͠Խ͢Δɽओݧ࣮؍Ͱɼ֤ԻΛ
ถޠޠऀ 1,143 ໊ʹௌ͔ͤɼͦΕͧΕͷԻ͕
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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

ͲΕ͚ͩޠऀʹ͍ۙൃԻΛ͍ͯ͠Δ͔ΛείΞ
͚͍ͤͯ͞Δ [9]ɽओݧ࣮؍Ͱ༻͞Εͨ SAA 
ऀ 286 ਓΛରʹɼޠऀΒ͠͞Λͨ͠ࢉܭɽ
ઌڀݚߦͰɼ PMI Λ༻͍ͨ߹ͷ૬ؔ

−0.77[9], NDL Λ༻͍ͨ߹ͷ૬ؔ −0.75[10] ͱ
ͳ͍ͬͯΔɽ͜ΕΒͷΛൺֱͷͨΊͷϕʔεϥΠϯ
ͱ͢ΔɽP01 ԻͷϞσϧΛ༻͍ͨ୯Իؒڑɼ·
ͨ M08 Իͷ monophone ϞσϧΛ༻͍ͨԻૉؒ
Λڑɼ͍ؒΛڑ HD, MD ͱͨ͠߹Ͱɼ
ൃԻڑΛࢉग़ͨ͠ɽ͜ͷൃԻڑ͔Β֤ऀͷ
ɽͨ͠ࢉܭͱͷ૬ؔΛݧ࣮؍ΊɼओٻऀΒ͠͞Λޠ
ද 9 ʹ݁ՌΛ·ͱΊΔɽओݧ࣮؍ͱͷ૬ؔɼ

MD ΑΓ HD Λ༻͍ͨ߹ͷํ͕͍ߴɽୈ 3 અɼ
ͼୈٴ 4અʹͯ BD, HD, KL ͱ MD ͱͰऀؒ
ൃԻڑࢉग़ʹ͓͍ͯएׯͷੑ࣭ͷҧ͍͕ݟΒΕͨ
͕ɼ͜͜Ͱͷ݁Ռ͔ΒɼൃԻڑͷʹ͍ͭͯ
BD, HD, KL ͷఆٛͷํ͕ద͍ͯ͠Δͱ͑ݴΔɽ·
ͨ M08 ʹΑΔԻૉؒڑΛ༻͍ΔΑΓ P01 ʹΑ
Δ୯ԻؒڑΛ༻͍ͨ߹ͷํ͕͘ߴͳͬͨɽ୯Ի͔
ΒԻૉͷมநԽͰ͋ΓɼԻૉͰͷॻ͖͠ى
ԻֶతใͷҰ෦ফࣦ͞ΕΔ͜ͱʹͳΔɽͦͷ
ҰํͰɼ Tri2, Tri4 Ͱจ຺ґଘੑͱ͍͏ܗͰͦͷ
ใΛ໌ࣔతʹΈࠐΜͰ͍Δɽ࣮݁ݧՌͱͯ͠ɼ
P01 ͷํ͕ɼ͔ۇͰ͋Δ͕ΑΓదͳڑఆٛΛ
ఏڙͰ͖Δ͜ͱ͕ࣔ͞Εͨɽ
·ͨ P01 HD ͷ૬ؔɼઌڀݚߦͰͷ PMIɼ

NDL Λ༻͍ͨ݁ՌΑΓগ͍͠ߴͷͱͳ͍ͬͯ
ΔɽPMI, NDL ֮తͳࠜڌͷ͋ΔڑఆٛͰ͋
ΔɽຊڀݚͰఏҊͨ͠ԻڹϞσϧʹൃͮ͘جԻڑ
ͰɼͦΕΒͷڑͱಉ͔ͦΕҎ্ͷධՁͱͳΔ݁
Ռ͕ಘΒΕɼຊڀݚͰͷڑ͕ࢀরڑͱͯ͋͠Δ
ఔͷଥੑ͕͋Δ͜ͱ͕ࣔ͞Εͨɽ
ɼʹޙ࠷ P01 HD ͰٻΊͨऀؒͷൃԻڑ
Λ MDS ʹΑΓՄࢹԽͨ݁͠ՌΛਤ 2ʹࣔ͢ɽ֤
ӳޠऀʹ૬͠ɼͦΕͧΕΛޠऀͱඇޠ
ऀʹೋԽͯ͠ɼද͍ͯ͠Δɽޠऀͱඇޠ
ऀ͕ೋ͞Ε͍ͯΔͷ͕༰қʹͯݟऔΕΔɽ

8 ͓ΘΓʹ

ຊߘͰɼ [4]ʹ͓͚ΔɼԻڹϞσϧΛར༻ͨ͠
ऀؒͷൃԻڑࢉग़ख๏ʹ͍ͭͯɼੳ݅Λม͑ɼ
༷ʑͳผͷڑఆٛΛఏҊ͠ɼൺֱݕ౼ͨ͠ɽ͜ͷ݁
ՌɼͲͷఆٛʹ͓͍ͯɼൃԻڑʹؔͯ͠΄ͱΜ
Ͳಉ͕͡ࢉग़͞Εͨɽ·ͨɼӳޠऀͷൃԻͷޠ
ऀΒ͠͞ͷείΞ͚ʹ͓͍ͯɼԻڹϞσϧʹΑ
Δख๏ਓͷओ؍ʹΑΔධՁͱ͍ߴ૬͕ؔ͋Δ͜ͱ
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Fig. 2 An example of MDS-based visualization of WE pro-
nunciation diversity.

͕໌Β͔ʹͳͬͨɽ͜ΕΒͷ݁ՌΑΓɼઌڀݚߦͰఏ
Ҋ͞ΕͨൃԻڑ͕ࢀর༻ͷڑͱͯ͋͠Δఔଥ
ͳͷͰ͋Δ͜ͱ͕ࣔ͞Εͨɽ
ຊڀݚͰͷऀؒൃԻڑࢉग़ʹ͓͍ͯɼؒ
ݟͷಛੑͷҧ͍͕ׯΑΓएʹํͳͲͷఆٛͷڑ
ΒΕͨɽͦΕʹؔΘΒͣɼൃԻڑͰఆٛຖʹେ
͖ͳ͕ࠩݟΒΕͳ͔ͬͨɽޙࠓ͜ΕΒͷ͜ͱʹ͍ͭ
ͯɼৄࡉͳݕ౼ΛࢼΈΔɽ
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