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Adequacy in controlling the vocal organs is often estimated from spectral
envelopes of input utterances but the envelope patterns are also affected by
alternating speakers. To develop a good and stable method for automatic esti-
mation of pronunciation proficiency, the envelope changes caused by linguistic
factors and those by extra-linguistic factors should be properly separated. For
this aim, a structural representation of pronunciation was proposed recently
and its effectiveness was experimentally shown. After the proposal, we have
tested that representation also for ASR and, through these works, we have
learned better how to apply speech structures to various tasks. In this paper,
based on our recently acquired knowledge on the structures, several methods
are examined to improve the automatic estimation of pronunciation proficiency.
Further, a relative structural distance measure is also proposed. Experimen-
tal results show that higher correlations are obtained between human rating
and machine rating and that, in comparison to widely-used GOP scores, higher
robustness is realized with respect to extra-linguistic factors.
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Fig.1 An utterance structure composed only of f-divergences Fig.2 Speaker-invariant system of language sounds Fig.3 Structure comparison through shift & rotation
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Table 1 Conditions for acoustic analysis
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Fig.6 Correlations with phoneme-based structure analysis

TW3ZEHT05, D1 & Dy DEIRTHZH, K6 L7 CHEHAPEZS. L LERE
FiETH 2RERM TOMELICB LTI, Dy ZHV2HEEENEL TW5, 5,
B CREh, 86 Ao v DR, HMIRNIEIC D, 2FIH L 725612, HBIME 0.84
TR -7, kB, ZITHOHEE L GEREINKE 86 KDLy PE2ARD L, £43F
FEDIH B, 41 FRICERLLZy PBHHI N TV

FHEPERITR o7 5 ADEBEFELHDOTEMICN L, 2 1 ADOFEMLEED 4 DG
EEDOFIMEOMBEIRB 2R 2 &, HEEVIHIC 0.94, 0.92, 091, 0.87, 0.83 &
%o TED, REPHRIITHIEME FSEORIE - REWDLH 2 2 3,

K 812, GOP ZHWITHETEXZH W ALADOKREELRT. Kitlk, ERJIK&EFNS
EMMOEEHEZHAGTEE L7 HMM 2725, @i, fEml Rt F—42 2/
WTHER L7 HMM 2 L1 cdh 2 (il M08) . GOP % ffi- BT, M&EDk
MEEIR L W UEET, ERERETRo%, BlERERLTH 5.

FEROFER, FEF =Y IceBFR T — Y 2 EPMHESEL 25 28005, %
72, GOP THHEEBIRMENCE T WS Z L 955, BN, %857 — & o
20 HDOEFEFEZ M\ HMM Z2FRH L, HF%%Z 27 #iEA L i, HEIE R KT 0.87
LD, BEERALZGE LD LPREOHHBIENE S 17,

54 FERIAVYFEHICHTZERENE

B9 iz, ANLWICHERAE#E > EHZEE L GAOHBEOE N EZ RS, Rt
1%, BEZ AV ROERTRD ROEBE R L%, IRERMGOBE, v 2% 86 AER,
Dy R L ZIGADKRTH 5. FiZ, GOP ZHWAADOHEB TR Rtz R L

Number of selected state pairs
7 RER— 2 DREEIIHTIC & B AHBIE

Fig.7 Correlations with state-based structure analysis

Number of selected phonemes

8 GOP 2 a7Iz X 3 HEME
Fig.8 Correlations with GOP analysis

o
®

o
)

o
N

Correlation coefficients
o
s

o
T
I

A single teacher’s structure
20 teachers’ HMMs (GOP) «ssusss
-0.2 L L L L L L

04 03 -02 -0 0 01 02 03 04
B Warping parameter o A

B9 vr—vvrInfGHeNML a0 HBE

Fig.9 Correlations with warped utterances

7o, BHEMOEEHEE Mo HMM % ffivs, FFE% 27 fl@EA L SAOMETH 5. 7l
F2HE, STRAIGHT ZHWTREE Y + —E v 72 ET 2 L THEL &, Koo
TA—EVITRTRA—=F o lf, FEREABOELSVERT I XA =5 ThHD, a=+0.40
—0.40 DEfIT, FEEEIES fHmB Z EITRIBLTWwS, £, a=+0.30 / —0.30
RORARZ +r 762 KR LT0E, BT+ —EY W, A7 us70%2KE
CEMZIE TR I 5. ZoL)REMCOIGT, fMbzHviAa7idEs <
BEVEEEEZ B Tws, —F, GOP 2HW8&1F, KEJMHBEMEMERTLTED, %

(© 2009 Information Processing Society of Japan



TEHAIL AT

IPSJ SIG Technical Report

DCHBMEIZE w24 %, GOP I3 HBMERTH 2700, —MINIIZEE 7 — 5 LT —
FDOFEBEGIRI Ay F2X v e VT 230 H 5 EEZoNn5D, FHEICE, GOP D
EEEEIER IR, 2hUE, S Ay FHEELEA, GOP RIRICEIRT 25 7 7
ARXY P OKEEDIEL B EDBERNTH 2, 201, %Ki HMM 24855
FICEREHEIDT 2 2 &1Ck 528, HIMicnmLckdie, ZnofEZ5 &R,
REN T LZ/NEERAD CALL > AT LI EHSHEER L L T2/ EEDBF R T —F R—
AEAVTHEEI TV Y, BHielEs» 5 &4 32 L, (REMICHYFELEDLD LT3
INEETFAED) HBPEEFITE 5T, b YA HMM 1%, ZOEEEINREEE
EEBLARICEFEINIEFE T 0o EINS HMM &k 5,

6. & 3

BHRakz ¥ A7 & Lica, & 2588 L TROBENSOEEE TV, Z05HE
DREBOBFE T —FIC L > THEEINLBTET TNV TH S, BEER I AT L LIGAT
b LEOBEMNEGE» oW R Kk HIC, GOP DX a7 HV28E, ROHEENE
(e 2HETET T VIL, YEPEHEOEEPOFEINZFET T E RS, STHEH
LA, BEFEICLA, 2000 KNT2HEELEEZH VS X7 L ZRBET R,
HEDEDLISFEOTERENEDL B E, ERIZEICHT2HIETH B,

TR, TELENRLTCVEDE, H25LM0H2E (b0 2E51H) LD
HEEcd h, kMo TREHETIUL, FATOFTT 2 I BNIc ST E DT
ETBI RSB, ZHIUIE 3HITHIBRIBRIS, HEOFHMEHEETIE% L, AL,
HEOMEMSE2EE T 20 libN s NIHATH 3,

HEZFRD "TRepeat after mej I LT, EFICHROFEEHZ S & T2/ FEIEF O
v, PR ZE L COHHERE 22 SIET R S Nk v, I ab 5T, ko CALL
AT LFEDOL I, Bk, SHEREFR SR OBEGEE, FHREEEOERS
WREE—-HLTOE20 X ) BB TEDON TV, L DIRET 2 CALL ¥ A7 A
1, TEETOFFIC & > TIRES NS HIIEHRZ, HoOFERE 2> THERT 254
I, BEREE OMZBERZRE DD L) BGISRT 2 YN 2 1% % #5722 -
HKE{TIRoTWVD,

2011 FFLIE, HAEFEZFFO2TO/NEE 56 T4 TEET M) WEHE %, WG
HBEH LR TH o B S, ZTB LIRS, orOBMiE2E L 554, Bl¥
MO0, TP 4D 2 i A 72 a2 BATRETH DL EEL D,

Vol.2009-SLP-77 No.17
2009/7/18

7. %

AL T, FOMENEREHO AR THEEREORE 2T o7%. 1) X bl
DETEA XY ORI, 2) WoMEL, 3) SR AHNREZHHTs LT
PERFHEL DEEZA EIZ I ENTEL, 512, ZOFEEEARICNT 2mEig: %5
BINICHED O 7. FRIC, GOP & L TG % W7 ABFSRTEE 1S, FERZERICHL
TRV Z RO 2 L 2 FEBRINIOR T 2 L3 TE L,

2 £ X |

1) M. Russell et al., “Challenges for computer recognition of children’s speech,” Proc.
SLaTE, CD-ROM, 2007.
2) WEL AL, > v F—A vy - HodEaHiz Y E L 235E#EIG0 o8 LIS, 5
“FEGE, SP2009 (2009-6, FEETE)
3) FEMEW, “EH OFENERBEOERICHER L HHEER S O BEEEE, B9
#, SP2003-180, pp.31-36 (2004-1)
4) W A, B ORBENRRITED  SEh A& RS OEENIIT, BT EHREE
2EEECEE, vol.J90-D, mno.5, pp.1249-1262 (2007-5)
5) Y. Qiao et al., “Random discriminant structure analysis for continous Japanese
vowel recognition,” Proc. ASRU, pp.576-581, 2007.
6) S. Asakawa et al., “Multi-stream parameterization for structural speech recogni-
tion,” Proc. ICASSP, pp.4097—-4100, 2008.
7) N. Minematsu et al., “Structural representation of the pronunciation and its use
for classifying Japanese learners of English,” Proc. SLaTE, CD-ROM, 2007.
8) Y. Qiao et al., “f-divergence is a generalized invariant measure between distribu-
tions,” Proc. INTERSPEECH, pp.1349-1452, 2008.
9) D. Saito et al., “Directional dependency of cepstrum on vocal tract length,” Proc.
ICASSP, pp.4485-4488, 2008.
10) N. Minematsu, et al., “Development of English speech database read by Japanese
to support CALL research,” Proc. ICA, pp.577-560, 2004.
11) v—=v - Ya7y A, “SiEFEHR", SEEE (1986)
12) MEEE i, “HHEOBGEHRRICED (FREEHMN & 20t H”, Hiim, 3-10-12,
pp-489-492 (2008-3)
13) S. M. Witt et al., “Phone-level pronunciation scoring and assessment for interac-
tive language learning,” Speech Communication, 30, pp.95-108, 2000.
14) gy w/NEA T YEEAE 70 75 A BE-GO
http://be-go.benesse.ne.jp/be-go/

2

(© 2009 Information Processing Society of Japan



