FRLEBEFS

IPSJ SIG Technical Report

1. [FLC®IC

AR,

BFHERAICH T HHEM L LEEEICICET H1REt

Jx Ky v A4V S RAMERT R

BIE . 4R, SRR A T T r—a U ENTWS. LinL, BEREICEENDLM
TR DT B A B AT K FRERIERE A KR ﬁ?#é.:@%%@%&%&tf,&) CVEHD
GMM % W TEIHIE 7 ORSED H BB ES OB L L0 B < FHEEMRFRER N o Tnad. —F
ENANNT N Z~DEFEANNREENDFEDT 7V r—3 a DL T, SHERRE THRONEZ
WA BN DOETFT — X 2 ERBE L TBL ZERFHIZTES. LrLEns, ZHLEEAT—4%2 L
D £ R A EFEETRR & SRR A T A &ROMEREE RN ETE D0 03TV, AREF
Z2CIE, FEESRHICH NS 27 U — o GMM O MAP J#iG & H 58IV 5 8 E 510 MLLR
IR DU DINDRIHE DR ITHONT, FOh5 % EBRIC LHRET 5.

F—— K BRI, VTS, MAP @i, MLLR IS, 54

A Study on Unsupervised Speaker Adaptation
for Feature Enhancement

Duy NGuYEN Duch2 TAKUYA YOSHIOKA! NOBUAKI MINEMATSU2 KEIKICHI HIROSE?

Abstract: Speech recognition has been an active research area for many years, and nowadays, it is being
used in many practical applications. However, the recognition performance is often seriously degraded by
noise and reverberation present in recording environments. One promising approach to solve this problem is
feature enhancement, which attempts to restore clean feature vectors using a GMM of clean speech. Mean-
while, in many recent applications including those to mobile devices, it is easy to collect target user’s speech
data recorded in various environments. However, how to exploit these data for improving the performance
of a speech recognizer that performs feature enhancement is an open question. This study experimentally
compares different methods for combining MAP adaptation of the clean speech GMM and MLLR adaptation
of the recognizer’s acoustic model.
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Fig. 1 Feature enhancement using dynamic-static approach.
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Fig. 2 Baseline speech recognition system
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Fig. 3 Speech recognition system used for Experiment 1, where

clean GMM and clean acoustic model are adapted using

the same clean data.
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% 2 Word Error Rate (WER) of Experiment 2

WER | WER relative improvement WER | WER relative improvement
SI-GMM SI-AM 54.93% N/A SI-GMM SI-AM 54.93% N/A
SA-GMM SI-AM 51.83% 5.64% SA-GMM ES-AM | 52.24% 4.89%
SI-GMM SA-AM | 58.45% -6.42% SA-GMM ES-AM | 47.33% 13.84%
SA-GMM SA-AM | 51.35% 6.51%
# 3 Word Error Rate (WER) of Experiment 3
Text WER WER relative improvement
‘ci— SI.GMM SL-AM | 54.93% N/A
Y/ Decod ol
f o ad SA-GMM ES-AM | 48.78% 11.20%
Mel-
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Py || mea
= =
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| ! GMM
: : N—

4 FEBR2 0B AT L7 ) —VEET -2 EMNTY Y —
¥ GMM %, ~AFars g4 va lhT — 2 20 TES
ETNVEBISSED.

Fig. 4 Speech recognition system used for Experiment 2. Clean

GMM is adapted using speaker-specific clean data while
clean acoustic model is adapted using speaker-specific

multi-condition data.
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Fig. 5 Speech recognition system used for Experiment 3, where

clean GMM and clean acoustic model are adapted using

the same multi-condition data.

5. & YI<

51 F£&&H

ARWFSE CILAEERP 21T 2 EFRHE AT LB

T, HADOEFRT =X EHNTY AT 22RO L

SEDLFRICHOVWTHEILEE. Thbb, HATF—% %

T — 2 & LT, FEEIEHRICAV S 7 U —2 GMM

@ MAP )58 L OFEE T L0 MLLR @) 21T 9 <

ONOFEE MRFT L2, BIRIIZIE, ko k574D

DEAEICONTRE LT,

1) 72 L (N—R2 T A )

2) 7 U —2 GMM O MAP i

3) 7V —r AM ®Z MLLR /i

4) 7 J—> GMM % MAP s, 7»>27 UV —2 AM %
MLLR i i

WET—2E LT, 7V —vFEETNLRGEE~L

FarsT4varT—4ERVS5E0 2 FERMN L

FEBROMEE, LTFTO 320 LERRHENT

(1) FrSEsRRIC AV D GMM ZEEE#IMb S e 5 &, &
RO MERE DS B LT

(2) FEET N EGE BRIV SED5E, FRICHEMETR
FCHVD GMM b EEF#ME S e, +o7ke
RARMERE D UE NG DRy,

(3) AFFFETIEFHEETEFIZH VD GMM % MAP i D
FiEEAOCTHEIS S0, BT —F OERD77<
THHoEWRIRME L.

(
(
(
(

© 2012 Information Processing Society of Japan

Vol.2012-SLP-94 No.23
2012/12/21

52 SHOEE
BRBRICEINZHREICOWTRRD., £, 4E7 Y —
¥ GMM \ZxF 2ISIE 7 V— ST — 2 12T 2o
7=, B LB R —4% b GMM O 7T —# & LTH
BEHWDL ZEDTE D HIEERETHMLERDDH. HibE
FT—HF7 V=T =2 LD EEFHITNETEDHDT,
T L TR T —Z BT 2 N TE, ZORRER
72D RHMEREOUCEN IR SN D, RIS, FIFIECIIEE
7B L EER & U TR Z LY B 7223, kRka e iid B
IZOWTHIHMIIER AT 2 BNFETHD. KKiZ, 7
U —> GMM Oi#is 71k L LT MAP #5055 % H
W5 ZEBRE LIz

SEH

[1]  Stouten, V.. Robust automatic speech recognition in
time-varying environments, KU Leuven, Ph.D. Thesis
(2006).

[2] Droppo, J. and Acero, A.: Environmental robustness,
Spinger Handbook of Speech Processing (Benesty, J.,
Sondhi, M.M. and Huang, Y., eds.), Springer, pp.653-
679 (2008).

[3] Lee, C.H. and Lin, C.H. and Juang, B.H.: 4 study on
speaker adaptation of the parameters of continuous den-
sity hidden Markov models, IEEE Trans. Signal Process-
ing, vol.39, no.4, pp.806-814 (1991).

[4] Gauvain, J.L. and Lee, C.H.: Mazimum a posteriori
estimation for multivariate gaussian mixture observa-
tions of Markov chains, IEEE Trans. Speech and Audio
Processing, vol.2, no.2, pp.291-298 (1994).

[5] Leggetter, C.J. and Woodland, P.C.: Mazimum likeli-
hood linear regression for speaker adaptation of contin-
uous density hidden Markov models, Computer Speech
and Language, vol.9, pp.171-185 (1995).

[6] Gales, M.J.F.: Mazimum likelihood linear transfor-
mations for HMM-based speech recognition, Computer
Speech and Language, vol.12, pp.75-98 (1998).

7] R, PR S - R A B AR 7L
OHEE D=0 OFIFF T 7' e —F, (HFRAH AR
WA (2011).

[8]  Zhao, Y. and Juang, B.H.: A comparative study of noise
estimation algorithms for VTS-based robust speech
recognition, Proc. Interspeech, pp.2090-2093 (2012).

9] Gales, M.J.F: Model-based approaches to handling un-
certainty, Robust Speech Recognition of Uncertain or
Missing Data (Kolossa, D. and Haeb-Umbach, R., eds),
Springer, pp.101-125 (2011).



