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Toward Robust Speech Recognition
Sadaoki Furui

Tokyo Institute of Technology
Department of Computer Science
2-12-1 Ookayama, Muguro-ku, Tokyo, 152-8552 Japan
furui@cs.titech.ac.jp

Abstract This paper overviews the main technologies that have recently been developed for making speech
recognition systems more robust al both the acoustic and linguistic processing levels. These technologies are reviewed
from the viewpoint of a stochastic pattern matching paradigm for speech recognition. Improved robustness enables
better speech recognition over a wide range of unexpected and adverse conditions by reducing mismatches between
training and testing speech utterances. This paper focuses on supervised vs. unsupervised adaptation techniques, the
Bayesian adaptive learning approach, the parallel model combination (PMC, HMM composition) technique, the N-
best-based adaptation technique, the linear-regression-based approach, the minimum classification error (MCE/GPD)
approach, and spontaneous speech recognition techniques.

Keywords robust speech recognition, stochastic pattern matching paradigm, mismatches, adaptalion, spontaneous
speech
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b HDOFIZOHET LRBETHLIIIMHAT
EFTH L MAEREAOKEVWTFICHLT
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T, BDROFEEPRILE SN LD,

B L E S0 B EDOWRMRHM/ T X — ¥
DERTHEA T AL THEET IV OEETEA
T 5HEND B ATH BN IERRICGERT
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ELRVIRRLD D,

5. 3 HEEREFMIEDEME
BromET 7T VICED (FFEZETE, L)
R LSRR RAET 5 X910, LB
EEND, TR EEICHVLN L ZEE T GRS
FHEOHMM) % ATERTE, X (D) 1F

w'=argmax p(x t w, A)p(w) )
'

EE(IENRTELMEETNVOEHIIA LR
er—4%&, BHERABREFOMITIEH L7720
WVELWEEwOEERERENFERICE OV E
Vhb, INPEFEBRYTHL, ZOTHhEH
BMICme$ 2 &V BT REABENR LTS
LR ER S,

ZZT. BEETLVOEMTOMECILE LT, A
DEBEIET H7-00H L EOBHEALIRE L.
FDHHNT A=Y 3y 52 FE2 D, THE, LEROT




NERD ¢ BRI B UEFRRIT KROXE R
KT % 9 & wOMEBEBEL LTER(LTE
%o

(n'.w')y=argmax p(x | w, 1, A)p(w)
nw
=argmax p(x,wln A)
nw

M

LaLadb, Ihx &b IZET35I21E, ¥
TOXERHw & 5 CHTHHEELTHLLITHRE
HH%RVOT, BREFEELTLEL T, 22
Towl BT HEALE. BN ZET LV (F
ZEAFEFHEDERETV)IIHIET % 9 2ol
HT, K7 /AT HwERY, RIC 9 2EE
LowiEBOHETE W) L)1, BAMICRALY
BhbFENEZOND ZNDERILHVLR
TWAHEKAZ LFERETH D, LPLIDOFET
ECRLICRT XS, #HGEIEN 2 whtE#IC
BV E BFMEREICL2EETE 2V E Y
VEND L F 2B LEE T 5 RN
DEVWGEEREA L GUEF I AR Lok
AMGIZEE Lv
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A
Conventional
method

Speaker indep.

Bl XEEHEwE#EEE T A p KL LTD
HikREOEAR

CODL ) RBEIIHATS iR E LT, Fald
N-best {12 D HERRE L [20), S DF ik
T E2IRT I, EATFHCHL, ¥
L& (FIRIEAREFE) FEEFLVERV
T. N-best i Z# BT 5, ZDOHRBIH L TR
(7 ZRKILTS 9 2R, ZOHFHREL LT, N
DIRFHDP THBEEEINRRK L R LR E T
MAERET D, OBRICEEL DI, AOTHAT,

W ERESHOME R Lo EY e 525
ZEThbHFHEGZhWE, EORHTH VL
S5THIR (N OMERELTAHIENTE, IELW
REIH L TRAE LD ED/FTELEV,ZD
H#DE 2 F X, WIBER (7714 2 EH). &
BDIFAZIHTHNL T ADOTViR{be & fix
DHEREZ NS, A2, BB Z 7 X 71bIC
EONATALEEDFERLD AT 7 1 VKB
12, NS ZFILET (Bf) #HAGDELFEY
RS HELWEEE IS 2 @IS LIl BV TEWIEE
PR EAER TE LS L AR L AHRE5I
BRULHEDG RN 2RI THLEDND L, 2 D
BrWrEcTAZ L AR EOEELE D X
HZAXLEHOPIZTHI LI >TWLTH
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Speaker- .
independent > mr"”‘P(x-WﬂTl‘ A) -
model A . |
Input | N-be (10, } =] Max plxwslt) . A) - Quiput
——»| N-best d n Max -
x calculation - C

A

mrz’ix plxwyn, A)

h

Model adaptation - --------"'

BI2 N-best @i I FHBELALELED
BT AT LOWEIK

5. 4 FOOBECLEM

N7 A — 5 RO TRN 2 #EIsbkc, 7 7
A7 LDRMEXEEZEZLFIC ik (CMN;
cepstral mean normalization) 7% %, $%100ms @ %
WIILEDODREBREICDOL>T B85 AT LD
2Pl ZDEE RO TAMT L5
ZLICHETH AT TA NI LB THFXE
. ANZ PLVEHBRTOBREIZHYTLDT, 20
WA &) FEW e AT MO T 1 L ¥
PITbhas I Lilh ) REBENEFEHN2EADEE
ERETAHI LD TELMEETIEIH LMD
BWHETH 5,

BEETIVOBEETHEA S5 R0 2 B bk
12 NA ZHEICFE (Bayes adaptive learning) . & 5
Widghh»HEH NS MAPH#H%E (maximum a
posteriori estimation) 2 £ 5 EAH B [21]o TP
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PREDANEFFIZZLTLOIE 2TV ERVEF
ECBEDADNEFEICEWSLEDF — ¥ (28D
TVLDIEEEPEVWET VL EUICHAE
DY TREREEOEVWETFTVREL I LB TE S,
HMM % iV 23R ICBWT. B4 OLEIIT
IWTEHERN2HEIbEL LTHLE LD,
HMM &8 [22] Thb, TOFETIE, HED
HMMTEFNVLL, EFOHMM L EEDOHMM D
BARARE AR P NVEMTIToC S HERL
EEOHMM % BT 5, ZOHFFEIX, AAY b
VR TOMBER RS I+ 54 e LTRE
INLH, EDH, REMLEAZ FRRKICEG—#K
MG ICBHTE 2 IR SN (23).
LEOEFEY IV ERCTHEICET 554
DOPIZIERO N/ FBOTFTELPEThEVOT, &
FNEVERPHET A ENLEII LD, SOk
HEE LTI, AR MVEMIZBITDEEDEZRD
EiLr il (FEb) v5HE. 2LicHBod
BEEHOD LOMEMICARTBNT, 20
FEOEAHD G HE T 5 HEE, B % B Bl 2 4
A (77 14 VW) RLEONAL T AHET
LHFEREWEAON TS FBRL L HWLNRT
\»% MLLR (maximum likelihood linear regression) %
(&, HMM D74 7 A58 OF#)fl (B L O3 8AT
¥)) &, TEREAEOEEICE IO THRBLRIZ X
DB B2 FETH D HEFO & L Hfhik L O
F O BN T, BELENIIRRIRENT L
FHEFEINTYS 24,
ERDOFFEFRICBT B39 A — F T3 FEk
HERDH VI LERAbERBIZLTIFbR A &
%, L L, EREMOFEHD BIIEEEHERD
B/AMEICHBDT, ZORELEHENIZHAWT RS
A=Y EHET HHE (MCE/GPD: minimum
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algorithm) 2%, £ &R T3 [25], FHZ WAL
BWTHIDOEELHOD HESRAL N FRME
PHERENT WS [26]0
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Ve BIRETWMICEELTYH, kv x& v 27 (&
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bbo L—HiZLoTh, SiEETNVIIAREL -
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VEHLWI A7 R —FIH@EEEED. T4b
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¥+ v a2 (cache) & TN ABERTOBEEL v Fh
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TAHUEDITRbNTVS [27],
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UPKEL LG A2 —AFFEDOF A4 757 —ay
DE)EHEIE, BAFLVWEENELTL b,
CDEIREGET, OOV THALEI L ERETAE
R RBFEOL D IERTHDOTIE R HL
WEEE LTEYICRBL 2T hER 64w,

ADHKREREFEL LT EUELRLE)ELLHE
BIZRZIA, Neava—%LonERicsnT
ciAkkwaﬂ&aﬁ BITSH X2z B 08
BRGAN BMETLHZLIETELV, TALICH
MBI TRTOSELZTEIZESR L)
LT . LAF—T—FEFHI»HICILT, XD
BREEORBTNIT) ALPUEELBEEZL
s,

Gk Za— AL L FEILATF—FINR-A%
BRRET LHMPEBEILL o TL B EFHER
Bo BIEODARPAD FO YV x & + b, (5%
&AL (IE; infirmation
extraction) ., FELEREFE (SDR; spoken document
retrieval) . &ML - BH (TDT; topic detection &
tracking) R EDFMNL 7 P LD22H5b (28] £
DD FOREFEYF—T—FD LI RETH
By 0mIs & & 2 BT, ¥ T AR AT
VIEE R B

5.5

(IR; information retrieval) , |




6. LTV

T RROBPEM L& A L <. BBl o 8h1H
EEBDOBLEII O TIRA T B kB 0 X1
DERLE LT BETF R P B OERD X
Ry T4 27DE) % BENLEMICE > TEHR
WRERIEHEEREL TV DOBBRENTH L),
BERHRSECHWLNA 02 KEROESES
EEBERAMIT A EPRYRTHL, L2
b ENPHETHLEITLEDL I BWBIZHLT
SHEEIEET LI LU ETH D, D7D
ZRFHER S vin— FIZE s, EIn bR
ZHPLETLEELHREMBENCL>T. £0H
BLERTELTHSI,

A= ADHEFRTHND Z LT & Gd o 7o HiiF
LT B~ L 70k 2 BWT., B b HM
DEBEFDEEL. A 70Ky 208N LIAT
RELIEFRRELALHENHD,2RIZE-T
R BEOHVEFCHEY KE(mMEIEL T L
WTELURENDH D, 58, TLF AT 1 TR
WFE—FIVEE»L, X6 IRMAME (virtal
reality) BERE 252 L ICE o T, HF-Leiiio
AL LYF->TL B ELHFESNS [16),
BATAT IEBRBRFELZE, ChETICH LT
Bt & OMARPHIBEFRIRO SN TL B LEF
HMENhb,
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