EHA S an LB 34—21
(2000. 12. 22)

(v—<q1 EEL EEZEREROBIE

AR ZH

REAFE BFHRFHARER
T 606-8501 FARMA RX T HARH

H55FL HLFEFOTRIBFERTOPL ) OTHBELERL TWHOIIHL T, BRREE
LEBDEFIIOVTIE, §F A7 F ALY E#RELLHATEWE THLEEEFELN TR VOD
BRTH b, AT, BFLSETHFAROEES SOV THMETo/z LT, FEEF NV - HEE
F - BEEFAGEDT T O—FIIOWTHREBT 5,

¥—7—F HEDE FLEE FTEETN, BEETN, BRETIV

Toward Spontaneous and Conversational Speech Recognition
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Abstract While large vocabulary continuous speech recognition systems achieve high accuracy in
read speech as in dictation systems, recognition performance on the spontaneous and conversational
speech is still poor unless the task domain is limited. In this review, the problems and approaches

in acoustic, pronunciation and language models are addressed.

key words  speech recognition, spontaneous speech, conversational speech, acoustic model, lan-

guage model

—119—



1 @&

FarF—vary AT AR INDL LT AH
DRI SELETHITE” LI EEL-EAEORR
. PR OVORBETTEL LIk ol. BAEEDD
BIZBWTH ., EREETH O%OBEBEENFFON L L
%2 TS (1o

FO—HFT, ANBE I LDESLATBL TR LI LT
FIZHL TE, RE CHRPET T 2008 BRRTH L, T
Ry bRFAMET—T 2 ¥ PO X )z, ARBIZEW A~
¥ 72— RIBWTI LY BREEELRR HLEND
AL, BHOEERIL 2] CRBEORBRIEL 3] D1
DITE, FDEILEFRERRTDLEFH D,

INFCIBENEY AT LR EHERY A7 4518
LT, WEEEAEORMSOMIEII SRS (fThhTnd, L
PLEVLEFNLIE, EDLOTRESNAYAZF AL
CEMBELTEY ., RETTE Vb0 HWICEET
ZEEREIHREL TWwh,

AEETIE, F AL FREL BWVWKGEE T, O ABH
FIFsNALIRHED [FLEE] HFEdRe LT,
FORERTV, BBRO-OOT7 S O—FEBRET 5,

2 [FELEZE| OHE

FF, BEAZBOARELTCO [FELEE] 1220 T
STHEEITo THAIZWV,

Spontaneous Speech

L STEICHIRRICHIC T A REERBIEEN TR VAT,
L “gpontaneous speech” &V IHIFHEEI L (HVOLN 5,
Zhid, b olE D “read speech” ~OXFT, BFNE
RFFANEHOPLHHBELLWT, BREHIZFEFE
NEFEOIETH A,

7272 L . “spontaneous speech recognition” & 9 7257z
BUOKRPAL ., BTHIFEY AT LPEFRPRY A7 0%
BELTVWALLDTHE, INHIE. HEMEREETH
B, BHEDHBLEBLEELLEFOOLOTHY, B
FERBVEAREEDH HD . BAWIZEIAREIL LD
KFHANETETH %,

FI0INRT I r—variiBnTid, ¥ A7
RR XAV ERETHOV N TH L, Tabb, 77
A4 M RHEOBEBRRETH L EDP . FRITEDN AT Y 2 —
NEHE VSV TH D, TOLIIN AV EIRET
B ETERTAREBBURBTUTICBSTN, £

1 «eolloquial” &\ BEEIF HFRBOB LTI EDRL TV AV,

LMEBOTEDT — ¥ N AR NET I - T L F D
F AN OB EETTADNEETE D, ZOFE,
FA MLy MIL Tk BB T 80~ 0% E Ok
FHTWAE, L, VAT LOBENOFEERIGFL T
BIEBEAYFTBTEROOT, REMIHREN TN
EXV R Ty,

ABETIZ, FOLIBI AR A4 VYHRESNT:
“spontancous speech” IZxtHRE L v, WRETHDIE,
FAAVEREOREEEFRETFTH S,

Conversational Speech

F L EHEA L LC. “conversational speech” &
WOHEL LI LIEHVYs NG, TR, KEEH -
FAOEETHY, LT LOBHEEFFTHHLEI VDT,
#4  Switchboard[4] & Call Home O3 — /X % 3}
BELALLOPILALTNTTH D, TDL) RE
FHFEIL ., MK “spontaneous” THHLZEILNDHN, £
DERKOFIL, WEVEEREELERL TR L
Thbo T, TNHIZEHRRE L Vo HER 5 2
713 % , AEERPHNTH S, HADSHEITIIEEE
HEHZON LD, FHENENFEEKICO), B0
FBICHHEL 2B T VIR T & R v,

bR A ARE L 7-38EkE . DARPA @ Hub-5
TN TE&DT, BBLA 30~ 40%DHR ) FTHREL
TE SHERET 20%% TRIAERPBLND, Th
WFEICF A £y M % (Switchboard-2 2* & Switchboard-
VW) EBEL 220 TH ) EEMOTEIEERE TO
kLA ESR TR (5l

HREE

THICH L THERAETIE ., BEEE X DA T o 2 B
AT L S¥E LY ((UF L hHEERE) oo
Yoy b6 BT, MERC L A E EaREL T,
700 TEEE IO KRB I - N ADWELT->T
Wh, BEEFIIHBESRILLVOHEBELRY T Y
FAYEAEL . BT IE ES BT E O LI b IEH
TELEHEZONA, BEIE D7 4 —<FIUVRETDR
Y —FTH Y. “conversational” TlI WL, HL DA
Y N—FNETHOT, EIZ “spontanecus” #*& )
LEEMITH B, L BAEE R A AT 10% KT
HY., TRTEFLALTHT AR DR, AERED
HEflE L 2 WA 30%IRB D L 2 DRURAL /% APV AUNE S AT
DEARGIIATH T EN S v, T, BERcE 2 HE
LB as L EE kB TAE, 7147 —RHL

~120 —



=) QMBI KRES . BREECORAERLREND
5 (HBELRVHTEY) JEHFREIN TS [7]. Z
noOEHEA,S, FESFITHICELEREIIEVEY
2B BEDSEEII > T AT Switchboard-1 123
PLTWBERDS LRRWwA, EECEMAEO RIS #EEH
OFFEBEPICSV, £, AV o7 P TRERRIE
LAy Rty b=A 7 # B CRERCIERL TH0.
B SR EAOBERH Y 2VOT, MR
LEZEOMEAHFH ITIEHEL TV b,

WELHY 7 o+ — = VR BRDIMNC . RFTOREEZ 8RR
HO L DBEELEIONDL, SO DHYFERE AR
Lo Yn—HnEfFok)LanET, LVFELEE
LELWEWVE R, ChHRBFHEROTSRDY -7 v bE
ErxoNB, 2771, EROEHOUWRK L, HEETLV
57— ¥ & ABEHERICIUET 20 IFECEETH 5,

3 ELSEEEIBNOTIO—F

Kic, BELEESFORBES L2 LT, BELE
AL - EFRABOT SO —FICOVTHET 5,

3.1 tybTyT

ITREL SN LEAERMBEL LT, RO X
SEOSFRHRTED T VREE LS WL ) & THER
DERESPHETOLN S,

IS ADERITE D & ) RFBETOIRG TR L VA,
ELSHOBSIEERES LIS RET 0 2, FL
FEFOBERIELLEEESNZADOF 2y 7213 TH
D, WEEFOBELELORF I BB RE CHET
HBHDT, ZRITERBETIE D o772, LhL, HEHO
IIEFICBOTR, AHELRREISZHD ) [E
BWThbhbhWEFzH b, 2

KiMEpEEEI L LT, BERENOMEDS
Hbe [ BoZxw|HoFW] Lo OENRSVEHIC
T BUERS B, B [~Lehn][RECITS
D2l tVoltBHOBEEIC T AP BERORITE
BEAET L, REERBKEHET 20, TOREL LT
BEVo RIS LETH L)Y, EERILOER»S
—EEER T A, REORKBLEAMEET S,

COXIEE,S, BAME I eV s b Tha—
IRADIEZ S K EEETEL TWh,

bR, EERERERETOBLERT -0
kT AT — a3y OMBIEL B, Viterbi 7T Y X

2y [HPFRSEITE I A 20T ] & ARTEFZFROER
DF zy 7 ZEENH . FEER L IHERE VbR L AR, o7,

LI AT OB ERIL v & B ESHEEL vl
TN F IS AEROB LT E 20T ANE HETT 54
G LN, BESELE T XE B L L TEFHPT
PNTELT, XOEHTHEVWE-XDN Ao,
IR = XANT LAY e GEBRIC SR SN B BEN
Hb, DHBIERE BROICHEZE S KD 10, FEET
WEHEO - ODHEBREL I 2 EORB; LRI
5o HC, BESERTERLEOT ISV are®E
5L, BRBOBEIBYTEREHILEL 250
T, ZhEEYIC N-best iz KO BT L b ERSh b,
7 XOERABRAETH0I, F=XLFTHLF0%
CoBHERIHETAZLEDEZOND 8],

BT s & 310, FEH - SEOZEREIKE
WD, FA T arRRRE - ADEERD
L CHEBRBOBETHET A2V AT ATL, FLEE
DRBIIZEEH OB T1ELET %, Switchboard 7 A
7 CIEBERE RN TH L, ZD L) ICFHIERSR
BT L LW & SRBELRERO—2IIBzONE I,

3.2 EE&EEXTFIN

ELEEOL I, BRSKEL, L EIIAHELE
FELEDEHICEFVETHPRIRELMETH S,

Xy Ay FEFIV([12] . HMM O X 5 I2REEL 20
A OATIEZ L, b o & TENFEHEDOEN 2RO
HHEZKELTHH0T, BFEOEREET VLT S
WCWHHBERG T u—FrELOND, 1720, SREEE
BLEEREDET XAy F—var i BV A0, £
Wy Ra7 Yy L Bn sy, EOFMESF T
RENTVAEPIEIAHTH 5,

%72, quinphone RHHEFEET VO L HIZ. LY RV
OV F A NRBMTEF VLT A2 LB EBERIT
57 7u—FL L THRGEZHTHBY, AVT 7 A
P OBAEDRICR D20, FREHFMBII LD,

FEDOW L D OBFFETIE | BEEE (L £ DKE) ¥
BLBREBBEICERTAOTIREVIEZIIEINT,
SERMICEFVERBELAY [13], ERC L 2REY
FAY ) T OBICREITRE S EET S [14] kL DTk
PRESNA TS,

Switchboard ¥ A 712 BV TlE, ¥ 7 A M LADFERE
IE#L (VTLN: Vocal Tract Length Normalization)[15][16]
&, BEEFIVOFEEELEFE (SAT: Speaker Adap-
tive Training) [17][18] ZUTTTRTHL AT A THRAE
NTHBH, R—AFAVETFADPLORKOEHTIN
L2k bD LM SN B, VILN 2 MLLR 3%
IZE— R ADOBBBRE AV TEFTSNTE Y, LHERE

— 121 —



BABHITVEETROA T T 42 TOIFNADRED
AR TS —arOBebni b,

3.3 BEEFN

BLEEIBVTE, IEL WHE (baseform) @ D 125
FENDLERBL2WOT, FEETF VAT TR W
T - FENORERLEEHEOLLNFEETH 5 (19,

BN AT RE e I Ny — > & Edik L T < & | Switch-
board D & )% 5 A7 T, &5 HEFFHTEEORE
I MUFBHENLI LR, BRI, and’ 12
fae n] L WVWHZY MY EBEINT S E ‘an’ ERFIL T
5L DRWERSEL %,

EFDRD, T IPLERETNVELHCTRETES
THEWICEE - BT 2SS SHIThR TV, ¥
. REFHELEFEET VARSI RELL 220 [20],
BREFRET IV EBRET NV EIHT 2 HX [21] o
fThbhTwa,

L L —fRIZIE, BAUCREL Y Y 2HENsE 5
BB ART E0T, BEEROMBEL ET VLT
HLENAL 5. BMIZEFOLERELRODZ LD
T& 525 [22][23]. T4 unigram EF N LAY L
ETOGRLLPHBFETER V., LA oT, 200
77 AN EFAL %7V (dynamic pronunciation
model) BSLETH %, FFEAR Y A NRLRFER [13] Dt
2. BEERN L RECERVHEHNOAELE OFRNS
B HERT A LEZ LN [24], BADKAD R ENT
VB, EDL Y ICENGHEHEGEL CETLT D
PREBRD (BIED) RETH 5,

34 BEETN

FLEERILTLILENTRVOT, HHlaELY
DX HRTBBLRN-TLF T 4REN, T/,
BETFELRERWRIIT LM ERIVETH L,

LALELEEO—/SAIL, BiEO L 5 ISRk
ETHHOT, FHILELLEOEESEDFF AL 7 —
LT, WAV BTH B, HAEBEIED S
NTWBREEMET — A s b, 27— %
T 572010, EESEOSHETTNVERSLZ
L2685 L SHEICEV T F 2N 2 387 - #if
Ll OMBLEZ OND,

L BRECEEDSVIEALEDETVLLHMETH
Bo 7 47— (BfE) ZEELEIRILTFAINND
N —IEDETIWVALIETE 505, ZORIHOHIEDHEH
HHETEN 20T, Filld§ 20 BEI AR E v

FEBEERCICT DS ORE (11 A LETH L, 4
BFA T ariiBuTid, K= XdEa s i s
HHIELTELY, FHLEETRER-IN LR 7L —
ZAOYN B L 1Z LT L S EBEE (BT 20T, F—X
L7 47— LRABIERHEIT D% EOWMADLET
H5,

FBEREE. ARIIBLTE., BEOSEXHHE
PIFEL . BEFRL SV L s BEMEEL BN 7
D, SEREEICHEILT AL Vo MBS ER HILD 2],

4 FEL SELEDICH

BER B OFFEOESESREIL 2 EHE)S
ErxbHE AFIZLBBE - HEAENRTRTH LD
T, FNETBETELIEPET L v, FHERELT
N-best fE#i % KO B2 Cle | BREELMNSL TBIT
X, BRYETEORMPBRIN DI THAH ), T2, 74
T=RBVEAGEN = EMT 2T A0 %ICI
Db LIV, S50, MESLEHO (F) HEMLOW
LITbTWh,

[BELEE| 0 [ BFER]

COEHIHEBOERS BRI CEEL L L, FL
EO-~FAj e R STEXWNLZLOFR, T74bb
RE TR 5 2 &L ORLHITEHIEL 5, §F
7 SEEL WIEEBR L BEREKEIE . (ABE ) L oEEE
BB AEREROBEMA»O V)BT HVEETH VT
M E G, SFEY AT LY T, ¥ A7 %%
THDIILELGF -7~ FEEE V) O LLERPEET
HHDT, EREMEL VIRELERTLZ &L HE
ThHHN ., BEFELECNT 2BBREYERL . FO
& B EEE AR O W T Y R T Ak e MR T A T
LIETEBEAID, LnL, #2FTTETHOTH
O [EEEB ] L2 b BEbhs,

[

& B

(1] WEGED, ESE, AKEA R, 2ARE, 1
I LLSeAs), Pk v L, GREERR, (AR, I, &
EERL, BEEE. BRET 1 77— a v ERY
7 b7 2T (99 FEEM) OMERERTAR. TEHRILILE SRR
FoER s, SLP-31-2, NL-137-7, 2000.

(2] hngg B, ZR0R AECEN, EBEF T -V a v
D72 DOFEBMT ZFET TV & GEEMEID. 1HEnLE
EAMFER L, SLP-26-2, 1999

— 122 —



3]

4]

=

10

[11

(12]

(13

[14]

15

(16]

(17]

M, WEEN. AETFEOABT A 17
AT L. [EHILIRE LTI, SLP-34, 2000.

J.J.Godfrey, E.C.Holliman, and J.McDaniel.
SWITCHBOARD: Telephone speech corpus for re-
search and development. In Proc. IEEE-ICASSP,
Vol. 1, pp. 517-520, 1992.

J Fiscus, W.M.Fisher, A.Martin, M.Przybocki, and
D.S.Pallett. 2000 NIST evaluation of conversa-
tional speech recognition over the telephone. In
DARPA Speech Transcription Workshop, 2000.

S.Furui, K.Maekawa, and H.Isahara. Toward the
realization of spontaneous speech recognition — in-
troduction of a Japanese priority program and pre-
liminary results —. In Proc. ICSLP, Vol. 3, pp.
518-521, 2000.

EEY, HHIEH, NI, AIEARE. KK
L SEI—RAIBITARFEAS A VOEE F
##H, 2-Q-9, FEF 2000.

EEAAIEL, WEGEW, BTBHE. FO/Ny —VicEkD
(EZTFOXHEM~DYET Ay F—Yay, BF
(BB EF ST, SP99-13, 1999.

H.Yu, T.Tomokiyo, Z.R.Wang, and A.Waibel. New
developments in automatic meeting transcription.
In Proc. ICSLP, Vol. 4, pp. 310-313, 2000.

SIe= IREk, EEER, THRESH. BR2/5A
Fa—F RV — AEEREY AT L B#R
MLER SRR 2R, 99-SLP-29-37, 1999.

TR s, HEAEF 1 77— 2 v P AT LAOHIK
EABORE. FHNIEE AT IE, 99-SLP-29-2,
1999.

M.Ostendorf, V.V.Digalakis, and O.A.Kimball.
From HMM’s to segment models: A unified view of
stochastic modeling for speech recognition. IEEE
Trans. Speech & Audio Process., Vol. 4, No. 5, pp.
360-378, 1996.

J.Zheng, H.Franco, and F.Weng. Word-level rate
of speech modeling using rate-specific phones and
pronunciations. In Proc. IEEE-ICASSP, pp. 1775~
1778, 2000.

C.Fugen and [.Rogina. Integrating dynamic speech
modalities into context decision trees. In Proc.
IEEE-ICASSP, pp. 1277-1280, 2000.

L.Lee and R.C.Rose. Speaker normalization using
efficient frequency warping procedures. In Proc.
IEEE-ICASSP, pp. 353-356, 1996.

S.Wegmann, D.McAllaster, J.Orloff, and B.Peskin.
Speaker normalization on conversational telephone
speech. In Proc. IEEE-ICASSP, pp. 339-342, 1996.

J.W.McDonough, T.Anastasakos, G.Zavaliagkos,
and H.Gish. Speaker-adapted training on the
switchboard corpus. In Proc. IEEE-ICASSP, pp.
1059-1062, 1997.

(18]

[19]

(20]

[21]

(22]

23]

(24]

— 123 —

D.Pye and P.C.Woodland. Experiments in speaker
normalisation and adaptation for large vocabulary
speech recognition. In Proc. IEEE-ICASSP, pp.
1047-1050, 1997.

M.Ostendorf. Moving beyond the beads-on-a-string
model of speech. In Proc. IEEE Workshop on Auto-
matic Speech Recognition and Understanding, 1999.

T.Holter and T.Svendsen. Combined optimisation
of baseforms and model parameters in speech recog-
nition based on acoustic subword units. In Proc.
IEEE Workshop on Automatic Speech Recognition
and Understanding, pp. 199-206, 1997.

M.Bacchiani and  M.Ostendorf. Us-
ing automatically-derived acoustic sub-word units
in large vocabulary speech recognition. In Proc.
ICSLP, pp. 1843-1846, 1998.

B.Peskin, M.Newman, D.McAllaster, V.Nagesha,
H.B.Richards, S.Wegmann, M.Hunt, and L.Gillick.
Improvements in recognition of conversational tele-
phone speech. In Proc. IEEE-ICASSP, pp. 53-56,
1999.

H.Schramm and X.Aubert. Efficient integration
of multiple pronunciations in a large vocabulary
decoder. In Proc. IEEE-ICASSP, pp. 1659-1662,
2000.

E.Fosler et al. Automatic learning of word pronun-
ciation from data. In Proc. ICSLP, 1996.



