Internal Use Only
002

TR-IT-0214
EEAEID - EREERILE AV EESEE S Fadm
Speaker-Independent Speech Recognition Using Speaker
Adaptation and Speaker Normalization techniques

A &
Jun Ishi

1997.3.31

AE IO IZ ) L COSEATHIZEOMEEE, RUEEHT1995 464 A 1 HA 5 1997
F£3A3 BHET, ATREFHFRBENET Tz o/, MEHEIL, RUFEEIEHR
{bBdfr e WA FEmE SR RROMRICHE T 2T EHR L) A b el - ®meE
ETH5. MEONEL [FEETNVOERAR LA L-EEESICB 556
EOREE] , [BRAFEHEREZ AR HCCERRERETIVICL 2558 EIGH
A RO [EEREHETIVICESCHBEERMLEEECHR] TH 5.

' ©A T REEBIRAETHET

©ATR Interpreting Telecommunications Research Laboratories

AT P TT 3 S i — O




H<U

Oy U s s R W W N N RN — e e

1 EBEEICERNOBE
T U
2 EEBEINOSE
3 BTG RA=FTOMERIMETIE ...
4 BBE. o,
4.1 ERE - EELE ..,
42  EBRRBREHRITTINV ... e
4.3 RS X=FIHEE.
5 EEBBIREE ...,
6 FOM .
6.1  EEERLEEEEIS . .. e
62  EEBLOTWHETIVORE ...
7 FED e O
BB . e
2 HMRART 9
1 BIEROEEE 9
2 EETERU AL 10
3 R 10
A BERYE 11
1 I0SLPOB BRI . o v o ot e e e e e 11
2 RS EMETEES 15
3 ICASSPOTERTSL . o oo 17

e



51 5 FFEICEIWOBE

1 1FUBIC

REBISHAN I N R ERE Ry AT AU L0720, L& 7
SERMALTHEREETVONT A 2HRET2HRMTH L. mEBILIE, FET—55
TRRBEDETNVOFERETHIDT,

o NI A—FOHEREDH L

o REEINT A —FOHE

null

FREDRLE 2o TVA, 2 TREFEASHE EMM (CDHMM) 2 #& L L%
MY ATLAICET ARBEAEINTN BT 5

2 EEEEHICONE
EEBGOFBLEVHIBEAPSIZIUTOL Y I8 ENS.
1. BINEE T — 5 ONBEOBL | K40

e & (Supervised Training)
e ¥FM7% L (Unsupervised Training)

2. BISFET — 5 O— | BRUE
o EFFEA! (Batch)

e ZXE! (Online, Incremental)

BEEROT 7 r—va v EBETIEM 2 L | BREFEOFEHICSLZEND.
T, BRETFNVARIXA-FOEEEICEE LIHE, UTO3DIKBlahsEZ N
5.

1. EFIWINT X — ¥ OFFEHHEEE
2. BA&E

3. @EERE

||

PIFIZETFTIVNT A= OFERHEZEE, BEEE, FEEREIIOVTOETHERZEBNT
5.



F1E FEECEMOBERE

2

3 EFINWINSA—ZOEFEETE

BWET— 5 BEER L1/8T X — S HEEFRE.

o BAHRHER (MAP) #=EE
& NERESE (maximum a posteriori:MAP) #5E [1] 1&, FHICHELNLTF—s 5%
TIWIRTG A=Y ZHET B E ST, FANIES N TV E R (BREHR) 23R ICHH
MAP #ZEIZ L BHEE/NNT X —F Ayap

THEHARTHE. FET—F o D’5 2 HNI-K,

ETFTRTEZONAB.
AMap = argmeX{P()\lo)} =arg mAaX{P(OI)\)PO()‘)}

2T P\ REM A TH D, FHNY N VOEF A N(p,72) DL &, MAP #

%Kct Zﬁf@%@ KM AP Iy
0.2

0+ 5
o* + nt*

Urprap = RO
AT E T T ADHD

Eb, I TnIFEFYT TNV, IXFEFET— ¥ OFHE,
TETH D, FHEtWFEICEA L TIEE  OMEREICB TR S wa, DITICRE

WidDzFET5.

RAEBBHE, BASHOSHENEHFEHO MAP #5E [2][3]

o HIITA DIEL,
o BRED MAP #5%E [4]

o I1BE MAP $E515 [5]
HHAAOFH N S VOB EEE L7z MAP EH R

o FRAL ZENC £ B RREIEE LIS [6]

4 EBgE
BIET— 9 CIEZEETELRWASTI A~ DOHEBICETAMETH L. WEHTTILVOISNT A —

S EBIGEEETTFTINDONRT A— 5 R ESBZRE LT, HEEXTRD.

4.1 #fE - FEE
MLE#EFICL > TESNET I AGHOFEHNRT M v e, ¥HIE

BIEEEF— 5 2 HW,
TIVDETHILIBENY MVERD, REFOFEHNRT PNV EABZIICHEET 5.

o AR MVATEEE (7]
AR DORFEBEFEN Y MVEEBEOBENS MU LEEHEE.



1.4 Ei&& 3

o BENY P VBTERILAER (VES) [8]
W ARHOKEBTFHAY MR EGOBI NS VS EHEEL, B, TiEl

21T 9.
o FH - FiR{bHE MAP #E L ORE

— MAP/VFS [9][10
VFS OBE~Z b VTS MAP 22 TR .

— MAP/VFS-MCE [11]
MAP/VFS ~EIZ#F#E (minimum classification error training: MCE) O
Mz 7.

4.2 EZERREGETIL
BISHOT T AGH OFH T PV p(Kekn) 2 TOXTHEBEDOFH N MU [~
T 5.
j=Ap+b

A 1 nxn OFTH
b n RITLOFEHE~Z bV

HEEIDE , TREBNICEDBHEEN L (D5 OTHRCS. LT IEEEREE
ETFNIET CRITHIR R 52T 5.

e Maximum likelihood linear regression(MLLR)[12]

BT £ o CHBRE R
o MLLR I & 2 %fli% LEEEHE [13]
o 1751 A DRERS, AHBESDFE Ol & BFFIHR (14)

o FFH A BHAIFFIE L, EM 7T XLIE o TH Y AT £ SMOTH % K [15]

o BEEREHZREFILE MAP HENHS [16][17)[18]

4.3 NS Xx—LHF{EFE

—RIEEERBIC T — WDV ETHADIIHL, HMM ONTF A =5 EEHTHAB. o7,
HMM D35 A — % % dFAl (sharing, tying) L, NI XA -5 %@ L THEBETMES
naHk.




4 % 18 FEEECHMOBE

o REZBILENT/ST X =% 2k BIAELE

— REOARBEEIAHEE [19]

— BEESM OAREE I A HE
7SR5 YT OFE

* kullback divergence DEEBEIZL 52 T A 51 ¥ 7 [20]
* FEBISEITR - BOREN S P VOMEE [21]

o /NT X —FIHEE MAP #EZEDHA [22]23]

o NI A—FIFNMELERRBERETIVEORKE [12]

5 EEREERE

FOEHOFEEOEFTNVEHELTCBE, FORDPLEEREETVEERL, BAEB2Th
3, LN WS EENLSEEEISEIT L) ENTEL, F-BRBICRCEEE®E» TR
FBAIIBWT Y, BIREN-ZEBEFVIIBEVIEETVTHD &2 5 ERLEEEIGIE
HTX5.

o REEEFEE 7 7 A 512X BEEEER [24].
HISFEET -5 2 HOEEIZL > TERT 2. 61

_ REEEEE Y T AYIZ L BEREIC MAP-VES [10]
XD, FEREROE LSS LTS,

o TNHEERFTT VPO OBENY ML % EEIZFHE 7RI [25]

o FEY TSP OREBRECENRERE VL B 26

6 O

6.1 4 LEEED

o subword £ 7V & FFEFEMEMA L7273 [27]
ETOEFR HMM OEFE bigram BREZ BRERE L THE LIV TF 1 v 7 HMM
& VFS g L.

o N-best ZFERNCHMETTELHIE

— N-best BHEREZ AV THEEEBLTLY, BOEOTENRDBVEE T KIE
BL5 (28],



1.7 £E® 5

— N-best ZEFERIIBVWT I NORFHEROLEL 2 UTORBEROLEEIE
EL Y REFIUTHEEIES & LTRAT 5 [29).

6.2 SEEFEICOMERE T INDOKE

— R FEFEETTNVEMPET NV E LTCEEBEICEIT R O 25, TNEEEE T T IVIZEE
DEHEDOUHEEATVS. 0T, HIHEOHEENEICT 2HEITIEL, BISICAEE %
ZOMBNFIERGEEBICOG FIC o TwbeEZONE, 2T, FHEBCIZES>TEHY
A TV OIERICE T AR T RT3,

o MLLR % Fi\ 7= 5% S0 & 2 9081 E 7 L OFER [30][18]

o BEINS MVAWIZEFIESRIZ L 2 HE 7V O [31]

7T FEH

FEE BN OLATAIE Z 7 VS5 X — 5 OFEHEE R, BEEE, SEERECHEL
THM L. BRTRIELD I DOHEZHE LLTAPFRD BEVHERZHE TV S,

SHIE, L L, BABOBEECORE, RVIHETIVORERS, BEHSCEEIER
L&D MEET R INETHL ).



ZE X Ek

1]

[9]

[10]

[11]

[12]

C.-H. Lee, C.-H. Lin and B.-H.Juang: “A Study on Speaker Adaptation of the Parame-
ters of Continuous Density Hidden Markov Models,” IEEE Trans. on Signal Processing,
Vol. 39, No. 4, pp. 806-814 (1991)

J.-L. Gauvain and C.-H. Lee: “Speaker adaptation based on map estimation of hmm

parameters,” Proc. of ICASSP 93, pp. 558-561 (1993)

J.-L. Gauvain and C.-H. Lee: “Maximum A Posteriori Estimation for Multivariate
Gaussian Mixture Observations of Markov Chains,” IEEE Trans. on Speech and Audio
Processing, Vol. 2, No. 2, pp. 291-298 (1994)

i ERE, C-H. Lee: “SKFEBMESRMEEE (MAP HERE)IZL 54 Y 74 VEEHIG
1b,” E5H#k, SP93-133 (1994.1)

R. M. Stern IEEE trans. ASSP, 35, pp. 751, (1987)

Q. Hou and C. -H. Lee: “A Study on On-Line Quasi-Bayes Adaptation for CDHMM-
Based Speech Recognition,” Proc. of ICASSP96, pp. 705-708, (1996)

HH, B B “EERBROTOORNRT N VNEE BV EEEEIME,) B SR ICES,
Vol. J77-A, No. 2, pp. 120-127, (1994)

K. Ohkura, M. Sugiyama and S. Sagayama: “Speaker Adaptation Based on Transfer
Vector Field Smoothing with Continuous Mixture Density HMMs,” Proc. of ICSLP92,
pp. 369-372, (1992)

J. Takahashi and S. Sagayama: “Telephone Line Characteristic Adaptation Using
Vector Field Smoothing Technique,” Proc. of ICSLP94, pp. 991-993, (1994)

M. Tonomura, T.Kosaka and S. Matsunaga: “Speaker Adaptation Based on Transfer
Vector Field Smoothing Using Maximum a Posteriori Probability Estimation,” Proc. of

ICASSP95, pp. 688-691, (1995)

J. Takahashi and S. Sagayama: “Minimum Classification Error Training for a Small
Amount of Data Enhanced by Vector-Field-Smoothing Bayesian Learning,” Proc. of

ICASSPY6, pp. 597-600, (1996)

C. L. Leggetter and P. C. Woodland: “Maximum Likelihood Linear Regression for
Speaker Adaptation of Continuous Density Hidden Markov Models,” Computer Speech
and Language, Vol. 9, pp. 171-185 (1995)



SENRK 7

[13] P. C. Woodland, D. Pye, M. J. F. Gales: “Iterative Unsupervised Adaptation Using
Maximum Likelihood Linear Regression,” Proc. of ICSLP96, pp. 1133-1136, (1996)

[14] S. J. Cox and J. S. Bridle: “Unsupervised speaker adaptation by probabilistic spec-
trum fitting,” Proc. of ICASSP 89, pp. 294-297 (1989)

[15] V. V. Digalakis, D. Rtischev, L. G. Neumeyer: “Speaker Adaptation Using Constrained
Estimation of Gaussian Mixtures,” IEEE Trans. on speech and audio processing, Vol. 3,

No. 5, (1995)

[16] V. Digalakis and L. Neumeyer: “Speaker Adaptation Using Combined Transformation
and Bayesian Method,” Proc. of ICASSP 95, pp. 680-683 (1995)

[17] G. Zavaliagkos, R. Schwartz and J. McDonough: “Maximum a Posteriori Adaptation
for Large Scale HMM Recognizers,” Proc. of ICASSP 96, pp. 725-728 (1996)

[18] J. Ishii, M. Tonomura: “Speaker Normalization and Adaptation Based on Linear
Transformation,” Proc. of ICASSP97, (1997) (to appear)

[19] S. J. Young and P. C. Woodland: “State Clustering in Hidden Markov Model-Based
Continuous Speech Recognition,” Computer Speech and Language, vol. 8, pp. 369-383,
(1994)

[20] K. Shinoda and T. Watanabe: “Speaker Adaptation with Autonomous Control Using
Tree Structure,” Proc. of EUROSPEECHY5, pp. 1143-1146, (1995)

21] B4E, W& “SBEEH~NZ P VOMBEICL Y tying L FBEFLOLAREE S

W, 2-2-13, (1995.9)

[22] S&8H, BAK: “BEHNI MVOREEDOH IR MOEHELZEZE L2FE#IL,”
SP96-90, pp. 21-28, (1997)

[23] J. Ishii, M. Tonomura, and S. Matsunaga: “Speaker Adaptation Using Tree Structured
Shared-State HMMs,” Proc. of ICSLP 96, pp. 1149-1152, (1996)

[24] /MR, #47k, BEMRIL: “EREBISO/ODORMEETEE 7 7 X5 1) ¥ 77 EFFE, SP93-110,
(1993.12)

[%]kg,kﬁ,ﬁ&“@ﬁﬁ%ﬁ%@%ﬁ%ﬁ%@ﬁﬁ%w DHES CRBETEE MM 0
SEEEL,” E%4HEE, Vol. J79-D-1I, No. 5, pp. 667-674, (1996.5)



8 ZENR

[26] M. Padmanabhan, L. R. Bahl, D.Nahamoo, M. A. Picheny: “Speaker Clustering and
Transformation for Speaker Adaptation in Large-Vocabulary Speech Recognition,”

Proc. of ICASSP96, pp.701-704, (1996)

[27] EiR, K&, B&L: “@FHZIVITT 4 v 7 HMM 2 Vw2854 LEEER,” B%4
R, A Vol. JT7-A, No. 2, pp. 112-119, (1994.2)

[28]. T. Matsui, S. Furui: “N-best-based Instantaneous Speaker Adaptation Method for
Speech Recognition,” Proc. of ICSLP96, pp. 973-976, (1996)

[29] S. Homma, J. Takahashi, S. Sagayama: “Iterative Unsupervised Speaker Adaptation
for Batch Dictation,” Proc. of ICSLP96, pp. 1141-1144, (1996)

[30}] T. Anastasakos, J. McDonough, R. Schwartz, J. Makhoul: “Compact Model for
Speaker-Adaptive Training,” Proc. of ICSLP 96, pp. 1137-1140 (1996)

[31] N. Iwahashi: “Novel Training Method for Classifiers used in Speaker Adaptation,”
Proc. of ICSLP 96, pp. 2119-2122 (1996)



1 HMEOHE

EEVHEEBED, BFELERCEMCEHL TERLLXHMZERL S, EXFITHEFEETFR
AEOMEREA L2201, BEELAR, RUREELRETRZME L

e ZELFIOERBRELFIEL ZZFHFESICES T EFHBEDRTEE

— IR E NI BV TIEBNEB T OEP P w0l lhF I L o TtT 2 —
FHEEBS LENLEEZITZ) ZEPEHTHL, BATFEBETUNFEOERRED
B X BRAEMLEREFT L, SEBTFVEERT L2BRRESEEOSEBEL EE
LERmEEIC RN ARE Lz, AR CEIOERRELEE LA EEL ., BT —
FEIIG LB FETD bR AFRERHEEE (MAP #EE) 2 EA L7z MAP/VFS
~EETAIEE, BIST—FHIZL o T VFS O®H., FE{LRBIZH WA RERS F
VEOHBICHAET A L2RE L, ERARERTHM L2, (B2EXH: T8 AL
ICSLP96)

REFREXEET AL BV ZERRERETINVICE 2EEBIC AKX

HX

EESAE AMM 2 BWEE#ILD—28 LTERBERETNVICEDSCHRYESH 0,
FOEHHEFRE SN TS, T2 Tid, AT EEICEBEITH 2 HEET 5 Maximum
Likelihood Linear Regression (MLLR) IZ2WTHRET L7zo T DARITB W TEHITS
75 Full Matrix TH %6, LEOBILT — 510 L CEEEEPMET T 5HEM S 2,
C OMBEIZHHLY 572012, MLLR ICRARERER (MAP) #EELZEATLHI L 2K
5. (BEUE: T8EA 2, TS EMTTEES)

e EAERBHREFINICEDILEZFEMRLEFEEERELAK

EEREREF VLR EEERLE T VAR L EE TR AR T 5, HEE
EOBMIE, RAEIE . RFLBEODMEFLE LT HEN L EEE I
DEETH D, FHEFLTF NV OERIE, BEEREETF L5 E O CERERS RO
Fth, BEMAELTVDL LELLNAEMENS ML OMEEZENS P ApLE 55
BIETIR Y. $10. COBEEBRNMEF VA UMEFNE LABEEAGL LT, &
ERERE 7 VS RAE SIS (MAP) B2 AL h et A BET 5, BXTE
B E o BEEF VL RAEREN S - & 52T, EEEEOWEEF L L
LCLEMTHAZ L 2R L7, (BEXHE: 1153 A3, ICASSPIT %)



10 B 2E HEAR

2 BERXEMUXFB

1. B, ST BIE, kiR —:
“CEBIRESEEOTE BB L EE LB VBRI ORE
HAREEZSTH 7 EEMRRESHEER R, 3-2-14, (1995.9)

2. AFHL, ST BUE, FRKIE
“BRIRESEEOTEBR 2EE L FmE IS T ORES,”
AREEZSTH 8 £ EFHERESHEE W CE, 1-5-23, (1996.3)

3. J. Ishii, M. Tonomura, S. Matsunaga:
“Speaker Adaptation Using Tree Structured Shared-State HMMs,”

Proc. of ICSLP96, pp. 1149-1152, (1996.10)

4. TS, ST ECR.
“EEJRE TV I ET EEESFROBE
AARTEEATR 8 EHETHERESBERLE, 3-3-17, (1996.9)

5. AHHL, ST B
“EEFGHEET IV EBCzEE ERL L aE I,
BB EFSEmREE (§75], SP96-91, (1997.1)

6. AFAL, ST BT
“EREEEETIVE AV EEEICO 2O DFFEEIEFRIL AR
BAREEEATR O FEBHARELHESD LE, (1997.3)

7. J. Ishii, M. Tonomura:
“Speaker normalization and adaptation based on linear transformation,”

ICASSP97, (1997.4)

M

o

e ICSLP : International Conference on Spoken Language Processing

e ICASSP: International Conference on Acoustics, Speech, and Signal Processing

3 fI52

INLOFERBEEREZFERLI:, ICSLPI6 m, PS8 FMFHFEES, ICASSPITH
LR AL A2, ABITRT.



	001
	002
	003



