3-Q-17

At [H] D TGRS R N F V> 2 E BRI O R
YRR ER CGRR), ASREE (R - hE, J0KR), Z=hEW,
PRI, JAWES (BEK)

1 FU®IC

PEgB I RILEEE & LTI AN N, BHE
RELT, AHEEE LT, HBWIFAEEEE L THRA
ZETHIN TV S, EEEPHFRIZAE > T h
T, #E gL R DA Z T T, TEOHK
i, GEH, BRD, 8 Ok A4 eI DI AR 12 2
fEL T &L, FHFcERTIUE, BIEMRFIZIE% <
Dty (SHERE - HAGEE D ) EEENEFELTH S,
Dt Y 135EE OREGEL RO AT TR E S
T, EEHOFEITECLERAY AL, KEPRA, %
EHEE VoY) D ADOET 3D 7 IR
SNHHOT, FHOF IFMAIC LIV RE L LT
25, ZOX 5 R EEAT, ITLE Kachru 512
XD, WEERICIIEHE L 2 F I3 LT 5 “World
Englishes” (WE, {FGESEEE) (1] &9 F& 27054
BEN, INZEIRT2HEWMBEZ T3, JEEEYE
HEPRBIGENEFESEORE2 B E T2 L
e, ~ A~ AR 2 %EREE2ETHE81CE
WL, EEEOWEEPREEGEEOZN L HRE D
BEDXHIITE) DY, FIFTh—A—ANDUEE
2 WE O cED LI IhiEd T onsdh, 2md
CEOHEEE LD, AROREINE HEL, &
D ICHERREE, WEEEGEH 2 E L CHB
L, WE Zz—#HTE2REMXZFRTSILTH
%, WEEEOET B0, EEOFEEM RGN
ENFEHED R ERINICEL 72 “HEG I H3p68E
ThD, AHETIE, ZORSTHMEERTIELED
2, GEEROAZHOCTTIHT2ZE2EA 3

[2] TIX, Speech Accent Archive [3] 2342ftd %
HiEHE O IPA FEHESEL 2T, FEEEHkE
DEHEE TNV HiEHEEE & Dynamic Time
Warping 12 & 0, EMEDFEEHREZEHI L T, L
2L, HUERREEOBHICIX, ol b EEOEED
DB Z o5, S, MOGEEIC X 287§
FEETVEZEAL, E) OFFHEICNT 55
Bafr\v, B 2 @ RO O W T K55 ERHY
DHEITH B RHER L 72,

FHICE, MR ERZ 82 X 5 EER O A )
R LB 2R E LT, S DM REE D A % 1
AT REEINRSE 4,5, 6, 7) ZHOTWED, FEHIC
X2EBOPRNUIT LR ER EICOVTIREZDOR

Please call Stella. Ask her to bring these things with her from the
store:  Six spoons of fresh snow peas, five thick slabs of blue cheese,
and maybe a snack for her brother Bob. We also need a small plastic
snake and a big toy frog for the kids. She can scoop these things into
three red bags, and we will go meet her Wednesday at the train station.

[plizz kol 3stel:a as her tu brim diz Oms w10 her fram 39 stai siks spuinz
av fief dsno piiz fary Oik 3slebs av blu: tfiiz &en merbi: er snek™ for her
biad3 bab™ wi also nid™ er smal¥ plaestik™ 3snerk @n e1 big t"or fiog™ for
0o kidz fi ken 3skub™ diiz Oms mtu Ori: 1ed” begs ®n o wil go: mit" hex
wenzder ®d” da trem 3sterfan]

Fig. 1 The eliciation paragraph used in the SAA and an
example of IPA narrow transcription

RO L TR LEIZERA R\, Z2 2 COAPIE
Tk, TEEERITHIET 2 E % HMM D25 % HE:
BRI, ISl E LTEZS
% HMM A —8—X7 b L2 HEERE L At b
5 ERMEL .

2 Speech Accent Archive

Speech Accent Archive (SAA) [3] I, HEFE/NF
7 7 DFik LT EA L, EEEEAFS (International
Phonetic Alphabet, IPA) ZH\W 7 ZNZENDFHD
HIRELD Ry Mo TRl Tw2 a— 2T
H5. K 11x SAA THESIN TV S5i4 LIFXL,
IPAICL2ESELDO—HITH 5.

B2 OB CRE SN BFHRZIEL Tw 57
O, WEHICE > TERELTERMTZEA TS,
HOESHLEBEFEEZEME T2 K 2 FTEE
THINTVS, THECHITOFESED 5 2,000
ANFOEEMEEINTED, 209 B8 1,200 A
DEFEDFEHHSRIN TV,

FH S U ICI3LEMIGLS (diacritical mark) & Hw 5
nTkhH, ZNo2EET 2 LAHFZEL b T
VB EL D >V R VBRI 550 TH B, dis bk
3 69 HiEEL 6740, CMU F& & [8] 221
T5E, 221 KEfEFRRINLH]TE 5.

HoHESELIZEWTIE, EHPER L Lo 7K
REFE L D DAL O EEEEOEHRIZERINDE, 20
7, ZEEEOFEGEOMME L THIRLHOER
ZERNICFHETE UL, ThzdEitn icflT 3
IEMRRERE S L CEIR L, [la€ 7L 022 E Rt Ic
BOTHHTE 3.

AWZETIE, SAA Ohrs, HFRMEVD %L,
HEEDHRA - BiTE D 25\ GEE 369 ADT —% 2iEA
THWwWTW3,

*Use of various acoustic features for prediction of English pronunciation distances between speakers. by
S. Kasahara (The University of Tokyo), T. Shi (Tsinghua University, The University of Tokyo), N. Mine-
matsu, D. Saito, and K. Hirose (The University of Tokyo)

S i SR
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HAE

9

VEY
=

3 EEFHMOEBOER

Bahg D TPA FEEHER L 2T, RS
MtZ5H5E 5, GBI [2] L [FBRIC, Dynamic Time
Warping (DTW) ZHWT, “iFHF0HEE LT

FOREZ ED DT,

DTW DFtHE Doz, R L L Caigio
2 ERT 20D 5. [2] T, RGO
HHEEE LIS 2 588 95% 1Y % 153 FisH
D IPA Zfii L, BEoESEEE (KR Tl POl &
e 2) Iczis D IPA 2R THEZ 20 M3 D%
FEEL, ZoET—»5 3 RE 1 RADOH
F HMM 2L, O DHF HMM OXhnT 24k
REMD Ny F v V) Y il (BD) O % B el &
L7, B D 5% D IPA 1%, BffiidE72 L d IPA %
EEERENE W EE DN S D DICEEHRZ .

CITOHBEEBET - ADHFFEEIC X BHEH
FEHOVTWw 72O, JiE HMM MO EEEE I,
COEFYEEA ORGP, K ORNDKAEED
H5HIEIFRDEV, SN, RET 2 FEEHMO
Beatihs, S 2 BEAMERREEIC N LT b @RS E I T
XHILEWIET ADI, Flcd ) — AR
DEFYE (LT, P02 LT 23) ICRHEZKIEL,
il D BEAERRE 2 B U T H L 7

THADFEEE 2N TR L 72 R
PR O MBI 0.657 TH o7z, FHEF %
WTRI L 72555 RO X S IHEE > W T bl FE O
i LzE, 0913 LX&otz,

AL TIRER OGRS IC & 2 R oW T
P> T 223, BHEFREEORIC B W TE 2 oflic
b, RO EROLEE P, % HMM Db
DT triphone HMM OfEH T % 7% &, E&DOfL 51X
FRAICEZ 6N D, EEE 2 Z 1RO AR D1
B, ZNZnORAEFRR ORGSR L Loy
M2 EIZo0TIE 9] 2L CHE 2\,

4 HEBEHTAICAVWSIEERHE

4.1 EIDBENRR

HRED O WEEREDOEEE TV EG D IR L,
HBETNDINT A =5 DED S FEEFHEED T
ARG T 5 2 L2 EA 5, FSHEETH
1, AR & v 75D Ao I HR T 5
ALETEETH B 2 ENHEF L, FEEEEDRH D
DR SR TV Z 7 £ nigs, Wi,
SROFEEDFFEHACE 2 LIckD, Flck 38
P EIK S, Lo LAIZE CoFF I
BOLTE, SiEIE A ARR 2 WEGEREEE LT
WBEARRLTWES, 200, FKEDETF M
FHACITbRTNE RS R w—HT, iR LI

S i SR
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- e [p] — s e— [ —>] le—In—] 221
SAA369 338883 383 e\
speech samples 221-word, 663-state 221
+WSJ Paragraph-based UBM-HMMs 7
e

MAP
adaptation

Speaker-adapted HMM
N Calc.
&5 . B BDs

Fig. 2 Procedure to calculate the pronunciation structure

Band width K
o [N #ieatures < 24,310
e e M
Speaker S y: 2 N ]_&] ]
REE ] L
Speaker T ;ﬁlyqs Dy(5,T) =|s;; — Ty

where i < j
e W e f s /[l
band matrix (K=1)
band matrix (K=2)
Pt et

v e fsh-g.m% ini ]
Fig. 3 Using a K-width band matrix as features of pronun-

TKEmpg TR
ciation difference between two speakers
RS 2 5EHEA O iz frE L TT I R H 5.
2D, FEET DO ORHEERITICE VT, 6
FOFREDOEVCIHEE 22b02E T2 %
EZD, AR TIE, FBEOMERE [4,5,6,7 %=
FIHL T3,

E OFEEMEOEHBAE 2N 2 IR, Wall
Street Journal DHEFE T —F Ly M THFEH L7 3 REE
KiEEFEE /74~ HMM [10] Z@WHHE TV E LT,
SAA O2fEREEE 369 ATEMZAEL, SAA DX
7777 %BfE L HMM & LT 221 KiEEHER
%1l Universal Background Model (UBM) Z{F&7 5.
INERFESZFDPS MAP #EIGIC X D &#EEHE DT
TN (872777 HMM ) 2HEG§ 5. FA—iG&ED
BEE T IO f-divergence Z3R®, ¥
PR T TET &, INDEEHEDOFRT DGR
BThHB. HDDOD0A p1,ps D f-divergence I
RDOATERING.

[}
Read speech sample =]
of each speaker

_ pi(z)
faiv(P1,D2) = /ng(x)g (pg(w)) dz (1)
gt) &t > 0 omMBT, g(t) = VvVt D

Rt —log(faiw) 1 BD &7 5.

FEHFEDE T A b T L7 I AT
B o7 7 4 YEBUZ X > CRLIE NS 23, f-
divergence 13 Z D & ) BEMUN L AZE L% D, 2D
7-®, f-divergence DA THEGEINICERRT 5 &, F
NE R Z 7 ECREDFEL ThHIUL, FaTiEdx
AR 2 IR K e B, Wi, GEEMTC
FEREIOEOHHIUL, ZDERIIFZTDE N G
hDiE) ORI E LTRIHTE S EEZ NS,

TERETORE A YT 2RO E LT,
AR OFEEREEDZATH Dy, (K3) D% EEEAA
T35, FETIE, FEMEOHEETID S biE K(1 <
K < 220) O im0 A ZEHL Tw 523,
TUIHIE T K 725 R T 7V £ TOAmkHEE
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HAE

78K

I

221-word, 663-state
Speaker adapted HMM

Fig. 4 Absolute features obtained by direct comparison

Speaker adapted HMM
|[e— ] —> |« —fah}-| -y

. He <o
E

HMM supervector

Fig. 5 HMM supervector

ZEDREELT 2 LICHYT 5, K 24 2 CHE
FMEEZ 1TV, BRI SR E TN -5 o
ZRETHTPIICE»ZREEL T 5, [2] T,
K DRI % £ P HMEREDY B3 ftl), H&&Eo
PR TA O R BEEIFLE L THAITH 2 2 L 2R
LTw3,

SR, BEFOEH L 7 A v MR, EICE
I} % ZNZE NI RAIETIE R, HETo&t
A MEOHEMNREBEDOATHRZ S Z EITkD,
FE DB K B BEEED S FFDENEY) D HE
THLDTHS., LoLEMICIE, BEEECHASL
Vo EEOLDLH ), TNoIFEEHIC K DA
A 70, e 0FHIE, ZHTOMEZ DD
DITEEE DFEE DRI RN T T, MHABIFR TR
WBLTLE) Z LRl E 7% 6 WHEEDE 2 5
nz [11].

4.2 FHEFOHEXIHIRFE
CREEEITCRIB T 2 E e SR Y P ETILDER
ZEFLE D, INEEEHORE OERE RIS
R e LCEAL, MEWRMEHAaabE2 2L
BEZ D, MR, FEOBEVLIHEDOE N L
FIFoNTELDDD, FEHDAEBEPLIUT S WK
PR EICOWTIIEMN RS E %S5,
MR, X4 12X H e, ZiEEETRIGT
2iREEF D BD % & D HEHT 5. ARifZETlE, FHU
HH# HMM ICJET % 3REETBD OV % L 2 5%
ZHANL L L7z 221 ROTDORHE L, REHICHI ORI L
LTZDE ) REZIPALE L7 (221x3=) 663 X
TLOFRHEZ T %,

N

glﬁ

T i SR

e

Table 1 Acoustic analysis conditions

Sampling frequency
Window size / Frame shift
Parameters

#mixtures / #states

16 bit / 16 kiz
25 ms length / 10 ms shift
12 MFCC + 12 AMFCC
1/3

- 413 -

4.3 HMM R—/S—~RZT KL

Katig D 221 KFEEFRARY HMM 12H 542 663 1k
BEDSHIR 7 LR L —DODR7 P LE LB D
%, #EEO HMM A—/8—~72 )L (HMM-SV) &
LTEATS (M5). 568 X Lif#H Y BoFHE
HEFIIC R S R & LTI, RO HMM-SV D7
R7 MV {dy} 2RV S,

de(X,Y) =[SV = SV,T|? (2)

72720, SVX RS X © HMM-SV O k RItH
DHEFERT, H HMM fEROBRICH V72 525y
MOREEREZ m £ 35 &, ZOR {d,} OFEE
B3 663xm RILL %5,

HMM-SV (e R & mkkic, &0 g
WIZDE FHET RTH B, £/ HMM-SV 13,
TRz HALE U7 ivRes,, KB R BAL & L 7oifon
MR D & 5 72 R T, RO T BRI D
HFRICE BT & L 72 S 5 ISl LAY AT RE 7 R %
ELTEZZILENTES, B, J0&) BREE
Rz 1% C L, MENRRTHARETH 523,
AR TR B T & DR E DR E
T2 2 L 2BETT 5.

5 RER

P01, P02 Z ADEFEFHIC K 2 HE HMM % A
7o OB D OFEHERREEICS L, SEEROAZ VT
WHEERZ1T-7-. i HMM, UBM, %&:6% HMM %
WRERT 2BOEEIEEZE 1 ITRT, O,
HMM-SV DXTi#lE (663 x 24 =)15,912 TH 5.

AWFFE I, LIBSVM [12] @ -SVR ZFIH L C,
PAR—=FR7 Y —[AFIC X B EYFE TV OFEE KN
FHOFEM 2175 . A — 3 VIS E LT, HeHEER
B K (21, 79) = exp(—7y|z1 — 22|?) ZHHL TV 5,

2EHOGHITTIE, SAA DFFE 369 A ofFo i
% 67,896 DAahE N %2 HEHERREED YK Z WIFIZ I OV
BT, WEE T =2 2 oHEL, 2-fold K&
MEZITI. ZDOFEEBIIGEEX open, i closed &
oTED, ARG 369 ATH¥ELRET, X
SICHEEEZEL DL Z 6N TR RS —
AN GHOME T, FHEHHGES L RAGEE RO
FHEEZ ENZIRER PHITE 20, Ol L
THNZMRRTE 5 [13].
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0.90 Corr.=0.873
So0.85 K=220
§0.80 Corr.=0.830
@
£ 075 ﬁﬂ
© 0.70

0.65

200 2000 20000
#features used for training SVR

Fig. 6 Correlation between each of two reference distances
and predicted distances using structural features

0.90 Direct comparison
bet. phoneme HMMs - -e—Structural (contrastive)
c 0.85 / features only
(=]
= HMM-SV
080 —+—Contrasts+direct
[ comparison bet. phoneme
=075
3 Direct comparison HMMs
&} 0.70 bet, states —+—Contrasts+direct
comparison bet. states
0.65
200 2000 20000 Contrasts+HMM-SV

#features used for training SVR

Fig. 7 Correlation between PO1l’s reference distances and
predicted distances using structural and absolute features

0.90
-e—Structural (contrastive)

c 0.85 Direct comparison features only
.g 0.80 bet. phoneme HMMs
s / —+—Contrasts+direct
[ comparison bet. phoneme
=
5075 HMN-SV HMMs
o 0.70 Direct comparison —+—Contrasts+direct

bet. states comparison bet. states

0.65

200 2000 20000 Contrasts+HMM-8V

#features used for training SVR

Fig. 8 Correlation between P02’s reference distances and
predicted distances using structural and absolute features

5.1 FHEE&EERAWCTRIER

WIDIZ, BEERHEO A% T, 3@ ) ORLHERREE
ZRNRET L PHOMEEIK 6 IRT. SRFTZIC
BA L7 P02 OFHE %z Hv 7 FUERHEE 2 I L 7235
&, POl OEFZH WIS &R LERED T 23
2500, FEEEOBIMIIG T THE R%Z T
EROFT B E ) EHIEED S THERTE /.

5.2 AR AW FRIER

RIT, SR L AR, itiHMMSV%
HAGOEIGEOPHFEBROMEREZ RS, X7
POl D& F % HW7- 5 HERE 2, X 81X P02 D
%mmh%@ﬁﬁ%ﬂﬁkttﬁmmﬁﬁf%a

Ho IR, KO HMM-SV D&% w7254 T
DOIABI%Z £ 2 IR T, P01, P02 D EH & DRLHEREE
WXL TH, FMEOERVREZH WS EITLh X
DEWIERE TP TE TV S,

R R, &UHMMSV% REER BB
T THO IS, MEBEBRDOGEHN PR wvwe C
%fiﬁ%@ﬁi@iogbaﬁen%ﬁ FEEEL
DHc% s e, HEOEZEIPZD D LR S,

T

i SCEE
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Table 2 Corr. derived by using each abs. feature

Comp. bet. Comp. HMM-SV (comp.
phoneme HMMs  bet. states  bet. dimensions)
Po1 0.771 0.830 0.866
P02 0.717 0.759 0.803
6 HDOIC
ARFTHE, FH DAY S FHHE R O FEREFE T 2

PRI 28I BT, F 398 R OGHI I %
SAEFREE O B OEREZE AL, ZRZUH
L FEERHE R E 2 TP HIFEERE 7o, 2D
FERTODOHEERICN L, & 2REE O FHIMRE
BHRONT, FEEOHMEFIOERICIE, ATk
72ZOoDAMC b RLIZEZ 6D, HOWLERDIR
Bl U 2B % i, IS & I & OB EE o f T
Z B WGRET 5 05D D B .

T2, PHIOBICH 2R E LT, #ohiRig
&, IHIZDIIRE LTEZS5NS HMM-SV % &
A L7, FEBROFER, BESE VR &, BT
WHITH B Z RSN, 513 HMM-SV O

R S FEIEMET I X VAR ER 2 T5 2 L
THHEDOFRODER LY D 31T % i-vector DHEZ %

HBAL, S642WE2BE LT, £, Mdk
BlzowTy, REZ LI THIT2I L2525,

EE PG
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