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M XU BERA A ERENT QAR BRI RET TN SEERGR R ED
BTN, RETEFRIT ARG A SR kAo IR R I B AT B
DR ERARE LEPHA TR TP b2 R L0 AP REBGH AT TS
F EBURAT . EFhome Ak X b £ 8 F A e ied T 366% L¥T @ T N-
Gram B E TRV FERMMTMAEFHHE PR RA LR B A F ST AEY 4, Bl T
=R EEFNEMGNF, AEPCIL Ligk THAN LR, ﬂE#&Asut EERNEMENGEE
ST97 feid & & 4 & 42 CMD)7.

KBE SRF TR ABEEFTEN  RAEES A TR RO MR FRE L L EHRAS

o EAE AR, n;dﬁ#ﬂ% REBRETEMNTF 55454,

 PEEAES TP3!

EANZERRS, AMUESHER - FEIIRG L. EXHNALE, AMETETONBELES
BAABEERAXE MBNRIERBERBUTHE PR B SR IRTEE T RN 0, F B4 g b 7
BAHAS, EEETANE—PEREENFD.

H BT PR T IEE S TSI RSO HA DR E R A EE R, B
B s S e i E G T ORISR B THEY BN AR TR o 498
E (SKB-FSS)HE B EARMAEER (WST) ESEF R P4 EH R ME(TLSN) N-Gram W E
IR ACIR BV B, JOI, RANTIR bR SEH T 48 PC #L b 07 DAGE 4T A NGE I ¥ 05 B 415 | % (CDME). B B i8]
B, U EMETIEENE RENEE G RRMERANE BE X ENENNEESRENFSFHRRE
HH T BE TS EHRTRFRAES.

1 HiBEBERBIHEOCEAR

15 4 3 BLLIE 38 B 97 B L (Chinese dictation machine. 8 B COMD B ZERE , 223 % CDM i O R
PRAMR B SO AT I, FER H T — L8 41 L AT Y k.
11 4SEEM EREN TR TRE

FE 16KHz R T S EMFLEER 16 o BB AR R LR E RS FER TR EETEE, &
HEESFEE Y sl ET UGN LR RIS EEN RS AN AR B AREHE R T HHES 3
HiE

< FARRBAER 863 BRI TEBE TN EHMH. 1067 €4, 0L AN, TEFRAE A {ES 0%, FERE
Sel. ETER RREING. 2R, 1073 54, B, FET AR AE TR REE, 1y A4 . W TEF RIS
HETFAE. H075 A A, EEW RSB RET 072 4 WL 4, EEHR TR IFF RIS
abam. ’
AGETBR A B T, AL locoss HERFHENBESHREEELRE
X 1998-42-24 WL RH L 1998-05- 12 dr A A &)
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ISR HMM 3, B D E 2 MG TR B RN R EN, i ENAAER R A %BE
BF A EEB AU, R 2 R 09 38808 % R AR & B H7 & Bf (mixed Gaussian densitics , &8 MGD)E- 0548 £ 2
1B & G BT B B (tied MG FE (4 Vieerbi 8504 BN MR 5 B 8000143 51424745 8 46 FME M B9 HMM
FMNE A HWA HMM {4 BN R G R %),

fEEENKBAEE, KHEMHM MM B8 — o 25 8 74 5048 3 88 (center distance continuous
probability model, i # CDCPM)US M —— %1% FH#EAT B8 CDCPM R HH T A MR WA HMM. %
HABEMEL T REHRAEE A AR, 3%, h B0 S S M FEE#E A (non-linear partition.,
PR NLPYHE B: U HR R BFF) s AR, R B B Viterbi ARFYE 017 gr b7 22 () 40 %0 19 75 T8 LA g
B AT OEEIE S (center distance normal, BBk CDN) 475 558 B B TF 254070 . 3204 77 W E S M HL AT
ERARPOMERETRE. 285 TR E TR N FN 1 A 2L % H K (embedded multiple-model
R ¥ EMM) 7 RER AR S CON EEHRY b & EHE R Bl TR, B8 r a6 8e T
BB, R T BOFmI3R.

EETAMEROTE , WFHTA 400 2N TEFE WA, 254 1 300 Z0FEEHOL 6455 b = 2H
BERAR, KIEF@EEFAE22 1 88 8 T RIFNERTUEAMS A DA TETEN 22 M85 Y
ROARITHEREET X 3 AR ML, KRR RS BT BUS R /N, BUR BT TP 95 800, R SRR A .8
VISRECE e A A7 0 B O, IR A A the R 2 5 TT P BT A K, RSB AR/ R B R tF. BT % 2 )
A — T4 B L {HLLA B 15 b, FT (Rt 0 WA B R TS e R
1.2 BT &iHA0R K0 £ 2 % (SKB-FSS) W%

EFEEEE, & BEoorf i — MR B R A S MM RE S HMM, BTk £ RH A E R EHEINE
1], PR ETHY T8 A I 001 F) 2 B U B B A WAL 4 SRS (3R Viterbi IBE MR E F S H BT
JRIREY BBt R r BB 2 MBERR, TS —1 B3R E—E S m MRIEEGH BN RS
(R m B A n IO RE". PRAR LT EENATEREPARA A EEERFERRAZ L.

B, FMEHTRENFRETTRARTE TR~ MASET, BEd AR S RIRBAORILE, &%
HAEBIBLEMNSHFIEE 2 O AR LT L E RS R, LmsiE“a OB )7 55 & MER“a Of)”,
“ya (WF )"y UC B 183 T RE <F H 40, 6 A 8 28 1 L 9 5 4 5 MR ) UG B 78 40 I T A 2 5 o 2 48 U v OC B 13
78 A .

AR HMM i 5 /R TR B T0 /8 B A Rk 5 A RS M B BB T C M R LS4
i BT HRZS CH BRI 55 B AR A E RS T8 S AER 2 ) B R N B ES R 4R A &
ARG EE TRE S, A RREE LR TR SR Y

BATANFEHEITWR 2 RS H H IR RIA.

—EEET AT ARR SRR, R AR RS E R E R TR, AR R TR R E
WAL B ER A TR L AGE L AREN Y ERE T WA ERERNET LR YN
SR, LRSS N-Best & P B2 A BLaienl _

FFMERETHEIHAN. RERSEERENR TSR BERNIFEBLEEERIFHELT NS
AT TR R X LE IS | AR PR AR IAR. ERTE 1 s, BY
FE o7 — 1~ B W AR AT — AR 75 6 B 0 4 L O MBE R A0 A — AR o D 4 TSk BB o 1L 43 70 B I Sk R AL T AR J5) L
By, S RGEAL TS A A MR, 0 0 350 ) AR SR T BB M BE B A AR TS S T R AR AL T A A A, F 0T Y i
HRERTHELEBINT —TRE. XHEREESHRATHREHBHATH SRS ) By E P R%
#®T.

FEERIEETH 2 FENRREE, o TS0 M A Wi 519 & (statistical knowledge based frame
synchronous search, fif ¥t SKB-FSSYE =,

(1) PR EEE S (SDDX A &

A B 4 7 (state dwell distribution, % BR SDD) BB I B fy . A U B0 A e — FiE 8. I8
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B A4 30 1748 2 A B B T A AT M A S TR R B i R S AR E 56 =0..S—-1.5 BHEER
EEE) B MANGEENERALDG. DR ERERETEREN ATHESRE. REBK ENE
A SDD, X F s iS M R E R0 B84, BT R ERIGH B B AR A EER M T EEMEL
T, IR S, R T R B E ST B R

(2) F| RTHE A0 DR 2 8 22 43 R AR 8k B 43 7 (DSDID

HEALRAEE A SDD EEE M EEEE, ROF A WEE X AEYEMNRERENSEE
AR o 240 R T B 43 A (differential state dwell distribution , 8% DSDDIME % 2% JH4R4S s=0,F
RIS @i (D8, DO 1M Z AR SR @ MERE. RE sG=1.. 51,5 REIRENE),
TRSE fo VPG 24 31 B OB OK 1T 29 [0, 29 T, B 4300 I 2 6 A A5 B B DB A0 380 DO 0L BT 4 % BT R A5
FAREMREFRAE R (DY +4%,. D0 +49,].

TR DSDD A BHREEEEENEHEZ 5 BT o RAAFR BN TR MRS, Bk EE
AW A SR SR B, BT Y ARSI E KRS AT R, FE ik, 7R G X iR
BRI R A BRI T AR AT R T IR E AR A
1.3 SEAZHEEFERES (WST)

ERayE R B E T P I AR R B A L (R T 1 R B O TR T R R A k.

ERFEE T MRODHEEES IR T R T RN R SRS, AR LREERY EEHEUZE
T AT EHFARR AT HANH TSR TEE Y HA 100 24, 8T IEE R EETFYASR Y —1
AMAEERRENE XPRNEA—PADEE. TR 084, KT EENA SR 2Z HE T RBOMETF—1
BYWHEREE AR R EN IR ERENSEN ARBTE M SNBSS NEES aRaT
BEARE, B, HEMn R A &,

B BAER, ST R L —18 2 A2 R8T 8 38 B 3 (word search tree, | #F WST), FEiX 1R
WA ARG~ THES A ENETE AN ERENER B TE A SR LA RGN ETH
REBUREME FEAMEERAGE AN FEARRENAL BEN.ESFHANBRER. £ELF
FIRG A, M R B R S, T RRA SR EEE R A B RRA R A

WHEMN T ERERANE. AN, A TREER AR EERTUAR U ERZEAEZREE
ZHF. FH WST #HTRAZMEA T BN E AR RN AR SN, KN BAEHREEERE
BRFIAE, FUEFRBF RGBT RESEE H0.E 17 UL EEFEETE I AE 2 5
Ao E WST PR AERE 3 MR 7T ETHEERRE. MELKARBRMERAE L T EVHRERE.

5 X

e
}//m

O 80O e O8O0 O
o . Loe e o o ER

Fir )
y L o s o Co o'y
DM Bl ik ¢ FEA | fEE | Al

WEF O OW.W g% W RE R EL s

EHl —AlERWDAEE
L4 ESEFRFIPHREEBEMETLSN)
BHRMETHNBTEMNERWRTESETHARSILRAPEERSERANEERFLE (two-level
search network , f&] Bk TLLSN). % TLSN RYES M ME 1 FFR.
TLSN #1851 B(EE ) REER EREFTRHNET S R AN S EATES, B —HFRE
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FoOHEREENAEZHREWHES. L B HE 1 FRRET, RASTSERIRNES A Y8BT a
B RALAT, F— A48 R4 fu,ma M- T45 M PERE, MBEBRLE o fu ML, T2 RF han
—AEET. TS X —ERERETHRHEN AR AR Y, MHB % T RO EMEE.

TLSN #55 2 B CIEED R R iy Lt B BT HURL P 5. 7 S0 1 ) SKB-FSS Bk i 2 2k
LARAET R RSB R TR,

EEEEL I ERE BT E A ERNBETEYEWES. B YETHENTESRER
FX N FAEF AR GE R, AR N E R R B R E RS AL H R RE L &E
A (B, F e B AR R, IR A TaE RN, UGS B BEU B B8 T4 B 72 d B A, X4
MRS iR — R, XA SRR, X — T M8, T S EEET— N a e
#OERT—RKEARAMHEE AFREENESENE SRR, BREFT R LT £ 0
[FIFF 84, {H B AT AR DE iR P45 R0 E# , 52 B r o 50t 248 4 2 d.

FEREBEWEN P TLSN £ M FEEMAMN IS RS 2R Wi fEp i EEs %, TS e EE
BB EH, TLSN ZEEWEN PSS EEMME, LE BN ITFREEEwa S SN AEeE, At
AEEE NSRS '

L5 {EWiE

B TLSN B Ea 7S5 %, tiE 5 A B 1 18 L8 N-Gram 93B3 S Il 407, R 208
FENAT. ETERFET RO E TN M, ERFHNAESAE ST RANIER T, N-Gram &
HETFERLGFETEEMNHMA.

N-Gram ZHEER A W BB HIT, HL N BRI, iar?ﬂlléﬁéﬁﬂ*mﬁz LK MAEREGHEESE
KH) N-Gram 83X, 2 HFIR 4 BUI 5304 o M A 1 B0 8 N-Gram HEEY . i T H B MR AT H 0, 5 R
IR RE. B R, PR A IR AR I RiE R R, E A RE R N ST R RS
FHHWMATEMFLET DEFZTE L WA TS H— S ERHET

KT P N-Gram FRHLTR, 4 18 F T —F 2T Turing BRMGHEF 8, 80 B TREEE KIS
SO I HEHR AT 7 BE™L. Turing FRE T FENEARER R EBRETAMN L HHE T,
M BRBART 0 M N-Gram BB HHEFFH7 40, 3404790 T 35 i (8> BE45 H BLR BCH 0 89 N-Gram,
T8 e B RN 0 19 N-Gram BIERMEH AR 0 S B FRTHE, WERER VA (V- 1)-Gram
HAE KD T RS AT, E A E RS, BT Turing BRI E3 N-Gram B3 45 545 T T8, Wi
RRAET i S AL A B B (perplexity).

M—FEH MAAMIET M EAIEERBTRR A=A, A FREANEGMES RN A B2 T
Ny TR AT RE A A B o R E R P (A, 1w, ), 1< G N, TR A BT We=w®, ., @, LR L
PLAIW:) =P (A [wi™). .. P (A i), T8 5 B (5 45 22 70 3 BRI B3 R 9 Pt o — IR IR 49 4 7)) (o
Eﬂ/ﬂ?):w=arq"n;1ax PWOP(A|WL. '

75 PRI L W BT S T R L R R A R BT MR R R TREBEM Tri Gram 104
F R BRHE T B Bi-Gram £ Uni-Gram). 112X T KRB B N-Best B2 F RN 2 4005, 1 %7 $=4n
BRERTULFIS AHENER. R, 8 FESHRATEFRTIRLER. ZRITEMHBE N-Gram MEZHFT
THRRE AR B AR T, e R AR SRR B T R B R . IR R TR M e AT 2 R,

2 R

ATRIELBF S, RITHET T —£AMER. TR ER N ER §63-306 TEAST T IR L
F P ERE B AR A2 B T O TR S DT 5 S I8 T HOEE B LA F R 863
Be. SR Fi 24 PC EFA 15 ARHEAS RN REE R 16K L, RN R 16biss. IR A5 ER 2
32ms P 16ms D%,
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BB T 24 713 THHA—~ U EFWIAENERRT, B AETEL 20, 81% . WEFYES 65.50%.,
SEFAL 7. 36%. MEVIE S 6.33%. EARFICHERFERER T EAIERCEREAL MR EARA#
WTEIR & L BN E T AR B R FEl s B CA R SEBRL Bt 2 sh, B SR BE, &4
ZHEICRETEA 10-+FW, SREFTYHHE URFROH S
21 863 #EBE_EHRFEITHIE

gt Xt 863 ﬁﬁ'lfpﬁfﬂl]ﬁ’%ﬁ‘fﬁﬂ*«ﬁﬁW%QM&W#E%%*@%%E@'Pﬁﬁ:&ﬁT%ﬁ R4 R

F1MFk2.
W1 B 863 IR E AR R T ARSI B (0D

HHEEK 0 1 2 3 4 5 6 7 8
HoB 0.00  6.30 40,89 36.82 12.88 2.48 0.41 010  0.04
218 1.06  25.14 44,55 21.76  5.82 .20 ©0.28 0,09 0.04
HEoR 0.62 17.74 40.10 27.01 10,30  3.03 0.8  0.20  0.07
#ag 0.59 13.68 32,96 29.32 1518 5.8 1.79 047 0.1
BB 1,08 15,17 34.47 25.73 1269 4.70  1.46 045  0C.14
5 9, Q0 7.29  44.64 32.24 11.04  3.11 0. 72 0.18 0.07

22 Fl o863 BUEE SR B R AR ARR A 18] A 2 4 TE B i g it (06D

BounEpE 0 —4 0 0—-3 -2 =1 0 1 2 3 4
T8 0.18 2.38 14.67 3502 32.98 12.31 214 0.27  0.04
—_Bld 0.06 0.65 4.8 18.87 33,00 27.59 11.39 2.87  0.57
—=8Mm 0,20 .27 6.25 19,06 30,41 25.53 12.28 3.80  0.92
= P4 ETR) 0.61 2.87 11.26 26,17 30.56 18.44 6.97 1.98  0.48
UEN=A | 0,27 1.3¢ 5,96 20.21 3589 27.25 7.57 1.13  0.16

FEN, G MRENIEE R KR 2 0(32ms) TFHE T 35 0% LI B XA EEYEKEN 0
5 W0~ 180ms) JHH T 99, 4% PA L 588 1~4 P16+~ 64ms) JHET 95. 0% U b ZLHOBEMBEERPFO
W, LA 35 T 33 0% T LA 45 R B 0 B B TR R R A — 4~ 4 B (—64~64ms) R T 99. 9% M B, -2~
2WEC—64~64ms) JHE T 95. 0% LL L.
12 EREEMEEER

TERTIRAY 24 713 FAIE AT T LB ITH A 6 4K 889 CDCPM ¥ 198 8 0B 5L 18 FiR M & 77 L% SKB-
FSS ® kT T AL H o CDN 7% H % 168 EMM A%, MER TR HRYILE 204 7, d 4 4
BOAb AT TUE S B, st S L7 3 T E AR R ET6Y B L %P DSDD(Lst) B 4475 DSDD HF R FEBHREHR
ey AR DOV BT — R A RYEE FT b3 . DSDD (Avr) B3 DOV EUATE i A Cm BT AR 7S 9 34 3k B Wi 4T

# 3 EHRARSMEEREEE LR R E

kg N 1 2 3 4 §
SDD 63, 2 67.1 67.6 69.1 69. 6
(Lst) 77.9 82.8 84.8 86.8 8.2
DSDD
(Avr) 86.3 83.7 92.6 94,1 96. 1

MEFETLLED ,DSDDAvD) LR AR SH AE A SDD A HERRAMERRET 36. 8% B, AL
KRG T T R B B 25 A IR B U 2 B Tl B RO R TR R R T A R B S AR A
X 9 — 50 T (i DSDD) AL » AT 51 RS 91 A b 7 25 L2, MWD LA K R ENR S S s fie R ER.

DSDD B T.& R X R R, R EERE R — T4 SRR R IR AR T 0",
WERRERESICTREREARBETELNEE L.

X E BRIV T MR R, A B0 AR R IR B 46— B ES M R
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RREN, 58— HRANESHN, TREDFH L2 RS 5 RRSIT4. X FhE R IRiEe R ERR .
2.3 SHHAEEENEAERIE RS aHR :

ENETHAL N-Gram HEN=24 3), UM ETHEGETISHAEEREAE 1993 ¢ AR H i
£ 30 TR R BT E A R AR L2 4 000 FHEIME A, £ FEN BT TR R S . 2AEILH
E.BAIH 200 M FRR TESEBMNERE X Bi-Gram, B RF b V-G8 121 BATEREN 117, W
Tri-Gram, B 90 F 2k 8801,

BNERAT BRBEN N-Best MBEMHERMNE. 2hE2H BRRELBETUARTS AHTHER R
1% 863 HedERFE AT 600 &A1 F#4F T WL, Wi SR @R T FHEH N R e EHT R Y EE
IEHRFAA 20 TR REMNES)  REA B E T HAGET O T30S, HIERHIEE 04 4%,

3 HFEZTWEHSI¥(CDME) L FE KR

FH AU EF T F L3I (CDM engine , COME) Py # i 403 JRR , 32 B 1 I T B B A FE Windows
85 AT A Microsoft Visual C++ 5. 0 LH Ay HAMEEN N TEH L ER. XESRATFRLEBLE
ML MEEHSRARTRE SN R,

(1) FEF R

WE—MEEHR 10 00 KEFF AT, R 16KH RS 1ebit FHHE. REHE b E#
BOVER M — R R B, T 2R ST R R B AT B9 RE ED 5 T e MR TR M L gb F (R
T B 2 ) I 8 A 2 1 3k B8, G ARAE T P T DL RE AR R 3t R R AR A 10 4h 4 B RS, L R ¥
B2 IR B A R R TR LR PR, 30 078 2 4R 4038 [A ) i 3R] % BUIR.

(2> FE4H A rHEE BT tlar

A PUEEEE, AMEBSEER, — R 51F 2 077 B gk, B, A 2 MR R A FNE BT
EESAAPNSARNEREEREPRE. A RAESHE RS A H &R FEF A E FR), AFEF
EAF Y 2 B0 00 20 Y — SRAE 3 U 2 T HLZ AR 2 B R i R b 2,

HU OIS EEEA R R EEAMER RSB E A% B &S E, RNTUEAIET
Y47 2 BR A R {84 43 15 {putative separation point, PSP). G4~ PSP #8 & — - {& £ BF (confidence measure, f§ ¥
CMHF AN EWILERE. X F B2 ELEBREN TS RITE XA KE L4 4 (true separation
point , R #F TSP) , T, 7R 2 4512404 & ({alse separation point, f&§f#R FSP).

RBH,CM BER K N TSP fl FSP M4 2 AR fy . e b, 3t 404 S8 5 CM o] 1L i3 B
DN R BE CMA RIS B{E CMR. CM ER T CMA #4740 5 428 TSP /hF CMR #3020 FSP;
frF CMA A CMR Z[A1# IR AT ER . X F S ST LUA 2R A . mRE Z2REe TSP A RS R
G381 AR R L A R R (A 5 L O A TR AR ARLF A B TSP A HEHE 100 % B E R

() FREBAMTESYERAMUEEE, T ER/ELH R

SIS TSP 2 BB EREABER DS, EMUAE 1 M E N . ATUESET S5 BE AN
HiEfs B2 XENETHE.

AR E TR BN LR 8 E B4R (two-layer search net, 8 #F TLSND AR ATI8E 4 B S 2R
k. RIS, R IE S AR A 14 L H H CAP (percentage in critical area)#1 RSG (recognition score gap)P21& 3
X PR R AT AR AR AR FE, (R1IE S R A S R W) Bk A T R AR IR TR R A

(4) AEgHHTEA

FIH#%Z Turning f&it %3 60 N-Gram 1S SR HT  HE L.

4 FJH CDME ZEMHF Rk RN ER
2 T i CDME f#4E8E, B 117 Windows 05 2FH COME M TN ES5 . XAGHEBE STo7 MiESH
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A& B CMDIT.

STS7 B— Tl LI Lhr (89 “18- X R XA GBS EXTEEP . AP AEHBREP TEERAD
IhEE GEAT L — B F . Bde Bk S h &k thak. COME A5 6 R o B E S 80R , 3648 & 1R8I B/ 4]
T RATTA 863 BHEEEFHEE T 100 ) FRATHIMNYR, MRE R B AEHEELET 87.6%.

CMD97 B—MEMBEE M4 AL X MRET B AU HER EH B S8 &4 (UL, Ao T
PSRRI LA B O R, RATREOLEEL T 200 A 43847 T L0 (B IR, SEIHEFRE 9%, R ERELE
T 99%.

5 H—FHITAF

CDME @ s el 7 —# B8 NEREPAEFRE T EMTHE kA .

(1) FBFET AR FDSMERE

CDCPM HERLAY I g B NLP B8 3810000 75 5 5 00, Sk 1B @ M — R & (BD I L m &2k 1L
VTR, CRIECEE RS IER L 2 S A (eature difference sum, 1 FDS)ABM S, XM SIS EELE
(equal FDS,f&# EFDS A . NLP HIER T £“SH I LR HE LT BREFH " REFFLERIZE
8 ELB — B AR b B D Y TR AR AE T B P 47 B — i , AT 33 3 A T (L A 2 S I SR R A

HTAREHB UG REMBFF LK —Bd, BB EARSHIAERMREHEBHFHESTRE
B FDS REMEXMNER. & TIHERZETARRRC 0 S E MM, T EEEETFHANZRA
g F I, R RS R AR AE R YRR AN FDS SHT— RS 1 FDS M %7, T 5 34 4 7T A 238
. ‘

W, 5 FDS B REHBEMBELFRRYEEE. TA, A TH FOS BRRESHEBRERET RA
NS ZEARTS B FIRE LAY Bk, BT LR 2 R KR UL

(2) ¥ L EEE

EESEANTE, RN OFWENEAISAE, XRVFHREFRAER. EMRPERA ETREHN
A 1B P A 3 1 L B T B AR AE , PR R 2 (R BEA R AT o k. IATTBE S — MR R S A R R R AR
i AR H B T B R AR —

(3) HiHEE MK S G B ML NE TR A

FEHE AN, Turing M+ BARBIFHN o WEHAT 7 PH, T A H FHTERE2E T N-Gram #,
AREFHF, NI ERE rREANE BEREEN L, BHEET (P(ALBD > P(4,B)] A [P(B,,C) >
P(B,,C) =P (A, B,,C) > P(A;, By, Cy) B E A REREIBM IR, AT 7 N-Gram P (R EEHERF K
B0 ARG R S EA B R ER E A LEA 0 BEA N-Gram HEFTAFREHE.

B—FE,HHE S ER I SO LR R A RLT, — R R AR EROER RS TR RN E
BREHIETHAS HERNE R RIHMER . TEHIE— LB F XA LMy —aRERE—
ST 2L B S SRS R T R 2 KRR T AR S B2, T LI R TR AR R
B OAEAHERANES CEARESETETANAE S RENE XAEEETRINETEANET RN
BEEBRAHMESSEE ﬂﬁmﬁ%EE—ﬁﬁﬁ%;ﬁﬂﬁﬁﬁiﬁﬁﬂiﬁﬁlﬂﬂﬁ§ﬁfﬁﬁﬂ.

Bl STO7 R ILIT =R (Sound Tek) By T B Be A MR A F] 9% 14 42K % (Tsinghua) 3T AR 5 B R R 58,
B8-S0 8 B (spesch-to-text) R EL. HRAMMB BRI A REF R HIEEY T RBENTFRTAE, R
PRE T T RACFHMIET, R A IR TR E.

#H30

1 Rabiner L R, Schafer R W. Digital Processing of Speech Signals. Englewood Cliffs, NJ: Prentice-Hall Inc., 1978
2 Furui 5. Speaker-independent isolated word recognition using dynamic features of speech spectrum. IEEE Transactions
on ASSP, 1686,34(1).52~59

© HIERRESSAHIIFTR  http:/ www. jos. org. cn



4 # #OFHF ABEEFNERKRGHE BRA 443

3

10

11

13

14

15

16

17

18

19

20

21
2z

Juang B H. Rabiner, L R. A probabilistic distance measure for hidden Markov models. AT&T Technical Journal, 1985,
64(2) ;391408
Ney H. Modeling and search in continuous speech recognition. In: Proceedings of the European Conference on Speech
Technology. 1993. 491~4938
Rahiner 1. R, Juang B H. An introduction to hidden Markov models, IEEE ASSP Magazine, 1986,3(1):4~16
Lee K F. Large-vocabulary speaker-independent continuous speech recognition; the SPHINX system [Ph.D. Thesis].
Carnegie-Mellon University, USA, 1988
BLWEE,AVNRS. ETRASROFEEEANRER L. A2RERKRE. S BEETEI SRR
B HEAY A A S U A NCCIIA). ALE, B F Tk ATt . 1997, 68~~103
(Zheng Fang, Wu Jian, Wu Wen-hu et al. A distance measure for acoustic models based on minimum classification
error. In: Wu Quan-yuan, Qian Yue-liang eds. Proceedings of the 3rd National Conference on Computer Intelligence
Interfaces and Intelligence Applications. Beijing: Electronics Industry Publishing House, 1997, 98~~103)
Wilpon J G, Lee C H, Rabiner L R. Application of hidden Markov models for recognition of a limited set of words in
unconstrained speech, In, Proceedings of the International Conference on Acoustics, Speech and Signal Processing.
1989. 254~257
Huang X D, Jack M A. Semi-continuous hidden Markov models for speech signals. Computer Speech and Language.,
1989,(3):239~251
Bellegarda ] R, Nahamoo D. Tied mixture continuous parameter modeling for speech recognition. IEEE Transactions on
ASSP, 1990,38(12):2033~ 2045
Viterbi A ]J. Error bounds for convolutional codes and an asymptotically optimum decoding algorithm. IEEE
Transactions on 1T, 1567,13(2):1~18
Lee C H, Rabiner L R. A frame synchronous network search algorithm for connected word recognition. IEEE
Transactions on ASSP, 1989,37(11):1649~1658
A7, BOCHE, A . CDCPM R R TEE HHAI P B R A, $00F 24 ,1996,7(10),69~75
(Zheng Fang, Wu Wen-hu, Fang Di-tang. CDCPM with its application to speech recognition. Journal of Software,
1996, 7(10) . 68~75)
Zheng Fang, Chai Hai-xin, Shi Zhi-jie et al. A Real-world speech recognition system based on CDCPMs. In: Tang
Yuan Y ed. Proceedings of the International Conference on Computer Processing of Oriental Languages (ICCPOL'$7).
Hong Kong: Hong Kong Baptist University Printing Press, 1997. 204~~207
Woh. BT RS R RN T AEE RS S BRI L A0 ] A0 1080
(Jiang Li. The study of speaker-independent isolated word speech recegnition based on statistical model [MS. Thesis .
Tsinghua University, 1989
Zheng Fang, Wu Wen-hu, Fang Di-tang. Center-distance continuous probability models and the distance measure,
Journal of Computer Science and Technology, 1998,13(5),426~~437
W RLE, FHE UEEE RSN PHIESHENEL L. 2RSS F4BeRANETERFR &R
(NCMMSC?06 ) 308, JL R E PR A BT R IR, 1996, 32~35
(Zheng Fang, Wu Wen-hu, Fang Di-tang. The speech recognition unit in the Chinese dictation machine. In: Yuan Bao-
zong ed. Proceedings of the 4th National Conference on Man-Machine Speech Communication (NCMMSC'88). Beijing .
Institute of Acoustics, The Chinese Academy of Sciences, 1596, 32~-33)
Zheng Fang, Xu Ming-xing, Wu Wen-hu. The Description of the intra-state feature space in speech recognition. In: Lee
Lin-shan ed. Proceedings of the 1997 Internationpal Conference on Research on Computational Linguistics. Taipei.
Academia Sinica, 1957. 272276
Bk, B BEHSLAE S PEAEERKRE R, 1990
(Chen Yong-bin, Wang Ren-hua, Language Signal Processing. Hefei; University of Science and Technelogy of China
Press, 1990) '
Rabiner L. R. A tutorial un hidden Markov models and selecred applications in speech recognition. Proceedings of IEEE,
1989,77(2).257~285
Nadas A. On Turing’s formula fot werd probabilities. 1EEE Transactions on ASSP, 1985,33(6):1414~1420
Katz § M. Estimation of probabilities {rom sparse data for the language model component of a speedh recognizer. 1EEE
Transactions on AS3SP, 1887,35(3):400~401
Church K W, Gale W A. A comparison of the enhanced good-Turing and deleted estimation methods for estimating
probabilities of English bigrams. Computer Speech and Language, 1§91,5:19~54 '
Gupta V, Lennig M, Mermelstein P. A language model for very large-vocabulary speech recognition, Computer Speech
and Language, 1992,(6),331~344
i kFREF IR ESPEFHEAE 20k ] EHERE, 1995

©|v[

FESATFT  http:/ www, jos. org. cn



— 444 — e o#H % # 10 %

(14 Zhi-min. A language model in large-vocabulary speech recognition system [MS. Thesis]. Tsinghua University,
1895)

26 BB, HFRIR. ETEERCHE ST REMN N-grom BERE. L. EREZR. H BLEANETERFRAS
PR SCHE (NCMMSC98). BRI : i AR B Tl K%, 1998
(Mu Xiac-long, Zheng Fang, Wu Wen-hu. A modified back-off estimation for N-gram based language models. In.
Wang Cheng-fa ed. Proceedings of the 5th Natiopal Conference on Man-Machine Speech Communication
(NCMMSC'98). Harbin: Harbin Institute of Technology, 1998)

27 By RAE NFEKETRIPEYEINSNTE. LR PR B BEANFEESREEFIRIERS VR
. A E . pE P ocE B2, 1992, 285289
(Zheng Fang, Wu Wen-hu. The study of automatic syllable detection of continuous Chinese speech, In: Zhang Xin-
zhong ed. Proceedings of the 4th Nationzl Conference on Chinese Character and Chinese Speech Recognition. Beijing.
Chinese Information Processing Society of China, 1992. 285~289)

28 R BTRWHSUENE M S [FEE e8] @, 1906
(Huang Ren-zhong. Pitch detection and Chinese tone recognition [MS. Thesis]. Tsinghua University, 1596)

29 BEEE. DUEAEEE AT TR e 0] EEKF, 1995
(Xue Xiao-gang. The segmentation of continucus Chinese speech [Undergraduate Project]. Tsinghua University,
19953

30 BN HEFFHS AHA—FHERAFELEL LEREA B4 B AMETEREA LIRS
(NCMMSC’96). L7, o B F4# Be £ 37 9T . 1096, 165168
(Zheng Fang, Hu Qi-xiu, Deng Xiang et al. An introduction to a kind of voice dialer for dummigs. In: Yuan Bao-zong
ed. Proceedings of the 4th National Conference on Man Machine Speech Communication (NCMMSC'96). Beijing.
Institute of Acoustics, The Chinese Academy of Sciences, 15%6. 165~168) '

31 HH. TR AEE R X RIE IR S I R A (A e 3 . RS, 1997
( Zheng Fang. Studies on approaches to keyword spotting in unconstrained continuous speech [Ph. D, Thesis _.
Tsinghua University, 1997)

32 Xu Ming-xing, Zheng Fang, Wu Wen-hu. Rejection in speech recognition based ¢n CDCPMs. In: Lee Lin-shan ed.
Proceedings of the 1997 International Conference on Research on Computational Linguistics, Taipei; Academia Sinica,
1997, 412~-419

Research and Implementation of the Techniques for Chinese Dictation Machines

ZHENG Fang MU Xiao-long XU Ming-xing WU Jian SONG Zhan-jiang

(Speech Laborawry Department of Computer Science and Technology Tsinghua University Beijing 100084)

Abstract In this paper, the search strategies in the acoustic layer of the CSR (continuous speech
recognition ) and the CDM (Chinese dictation machine) are addressed in two aspects. the acoustic recogniticn
unit and the syntax-constrained word search tree. The SKB-FSS (statistical knowledge based frame
synchronous search) algorithm and the syntax-constrained WST (word search tree) structure are proposed,
they form the TLSN (two-level search network) in the acoustic layer. The statistical knowledge used by the
algorithm includes differential state dwell distribution, the feature difference sum and so on, which result in an
improvement of 36. 6% in CSR. The principles of a modified back-off estimation algorithm and the search
algorithms for the N-gram based language models are also introduced. Finally, by integrating the authors’
techniques, a Chinese dictation machine engine (CDME) is implemented. A speaker-independent CDM text
editor named $T§7 and a voice command system named CMD$7 are established for persenal computers (PCs)
based on the CDFIE.
Key words CSR (Continuous speech recognition), CDM {Chinese dictation machine), search strategy, SKB-
FSS (statistical knowledge based frame synehronous search) algorithm, differential state dwell,
feature difference sum, WST (word search tree}, TLSN (two-level search network), CDME

(Chinese dictation machine engine), voice command.
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