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[BAFEFA 7T —2ar®ERKYV7by27] i3, KERESRSHFZ# (LVCSR) W% - Bi%
DIBTT v b7+ —hb UTREE - fEREN, Thid, BEROKYE - ANHEBEOMES
OMNTAT 22 VOBRETH B, TOFFy b7 +—nsld, EEMLZRBTY VY BRES
BEF)N - BABESHEETV»OMREN 3, TBEFVIE, BEABEZLAOEEFF— ¥ "—2
ZHVT%#ZE L. monophone 2 5 ¥ TIKEED triphone T THE L7z, EHk L ¥3E N-gram (2-
gram & 3-gram) &, EEFMRET— 5 XA AVTHREL 2, ##T > ¥ JULIUS it.
FEETV - EHETNVEDA /771—7\&%‘1§L’cﬁﬁ§§ém‘:o INLDEY 2 - NEKE
LT, 5000 BRDARTET 1 77—V av Y AFARERL, Mt OEERROFMEE T 4o
7o KV —NF v M, BECTRIIABREATYS,

Evaluation of Japanese Dictation ToolKit — 1997 version —

Tatsuya Kawahara, Akinobu Lee (Kyoto Univ.), Tetsunori Kobayashi (Waseda Univ.),
Kazuya Takeda (Nagoya Univ.), Nobuaki Minematsu (Toyohashi Univ. of Tech.),
Katsunobu Itou (ETL), Akinori Ito (Yamagata Univ.), Mikio Yamamoto (Tsukuba Univ.),
Atsushi Yamada (ASTEM), Takehito Utsuro, Kiyohiro Shikano (Nara Inst. of Sci. & Tech.)

Abstract

The project of developing LVCSR (Large Vocabulary Continuous Speech Recognition)-
platform is introduced. It is a collaboration of researchers of different academic institutes
and intended to develop a sharable software repository of not only databases but also
models and programs. The platform consists of a standard recognition engine, Japanese
phone models and Japanese statistical language models. As an integrated system of these
modules; we have implemented a baseline 5000-word dictation system and evaluated various
components. The software repository is available to the public.
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1 @JUHIC

REREHSTHFRH[1[2[3] 3. FEE2MAALE
a7 )r—2avyORBIC2sENRNTHY, B
FANT 70, BEPA—F 1+ 7-TOBEES
L EDIGAMELLNDL—F, 2 TEDRIEE
PRI EFENE AT LRELADEFA VY 72— R
CFRATELTHS I,

KEREFTERROERO-DICIX, BHEEOH
BEFIN, BEEOSHETTNV. TLTHENIVE
BTy (Fa-N)PLELEN, ERLDNT
YAD L WEALE L bz, EBREICEWCITERE
HROERIND, COLIICKBEELIATLLE
AEEOMFEENT VAL LHEEL TV DI,
HBOVIIILTTIv b 74— BHTHIL
PLETHLLEELOND,

AR, BRSO 1 OoTHAEAFHORE
F- e EBOSHE  EE I A4 IHRAL, %
BEOVIMIZT TSIy b 740 kRAETAH SO
V7 bEEELTVWD, A7V I, FEL
TRELANFRBEEO A N —D L BRE N, 5]
MEBRBEER S (IPA) O (AN HRENTRE
¥ 0EBEZITI VB [5l, TORETHS [BE
ETF47T—varvERV T by T] X, BENE
EBEFN, EETTFN,. RURBRZL o LR
s, —RICEETABIATVZ, Thbna—3
ALV7 VT OBEERZRM IR T,

EETIR, ZOv—vEy bOITEREBRICEL T,
BETVa—-V (FEEFN - SHETNV - BH Y
oL REChL KL TEBRENRS BERE
FArF—a vV ATFLAOBBIIOVTHRRS, &
LIz, BEV 2k VAT AEBOMEEFMIZOV
THHRET 5,

2 EFNETOTSLOMEE

2.1 E®WEFMN
EWETF V(6] 13, BAEED A HMM(H A 35

B IcESTwTEY, HTK D 7+—<v } [7] TR -

ftah s,

F£LIRT X912, FERBEIY (monophone) £
F W55 triphone EF NV EF T, A D HEXRFEEET
FUVEHBEL TS, FHEMIIRLTHELLET
VEBRTLILHFTED, LBMEELEET LS
BEHRERELETVE, REHXRZ2BETHHE

1. KEERERETFRRFROEL

WIBEMAREFVERAVS, TBEFVIEITRT,
B/ KEONCHESNRT VD, £V —VF v P T
FHLTVA2AEREND B EXRO—KELTER2ITT,
COBERILZ. BFEFEES (AS))0BRT—¥
R—-ZAFBETHEEEINLDIDICEITTVE, K
T, a:~o: REREE, qETEERT. F— X2
ML Tid, silB, silE, sp D3RO EF N EMH
L, chbidFhEh, XHE- XK XF (EF
) OHR—ZIHE L T2,

#1: BRETVO-K

REH | RESAE

monophone 129 4,8 16

triphone 1000 1000 4,8, 16

triphone 2000 2000 4, 8, 16

triphone 3000 3000 4, 8, 16
K2 FED0—E

aiueoa: i: u: e: o: Nwy

PPy tkkybbyddy ggy ts ch
mmy nny hhy fsshzjrry
q sp silB silE

BFEREFVOEZIZE, BAERERDERNF v
AXP oL BHREREREE T — ¥ ~N— A (ASJ-PB)
NEWE, FHELFEHA LITEET—/1X (ASI-IJNAS)
D)L 100 B EFHA L, AEFTHLLED. H130
ZOFEHEICLD 2AXDTF— 9 ThHbo



FH 7'~ ¥ i3 16kHz,16bit T71 ¥ ¥ ML S h,
7V —LEH 10ms T, 12RTD A VEEKYT T A
b T A8 (MFCC) 2BHEY B, 2 0—KES (AMFCC)
LT —D—R#ES (ALogPow) bEHET 5, F0#k
R, B7 V- ADFHENZ PV 25(=12+12+1)
RIGEBDo ANFXAINDIATY FEWET 27
BT, ¥ T AT LEHIC X BEHL (CMN) 2E47
Tbo

BFEEETVIEIRE (AL 2VIH - &R
REZR)»HHEBREND, REEBIZIT T,
left-to-right T& 0 . FHPRED & DB & BRIRE
NDEBIZ1DIBELTWS,

EROEHEFMIC triphone EF N EHAT 51213,
HEHEPCHBATRLZEROMAGDEETRT
AN—FTEUENDD, EDHIZ, THELEEOHM
(logical triphone) & ERICHE & h7-E 7NV (phys-
ical triphone) DM ICEHWET S 774 VERET
Bo PEITE, IXTOEFEED I >HMITH LTTHA%
EBF— 530 T, RERIESTVAEZTASY)
YTk oT, BULERREEZ I LOTEE 2T
Y, CDIFAFN Y TOLEWELRETLZL
12k o T, fli4 0E 7V (KEE$ 1000,2000,3000) %
gL,

2.2 HELE

HEME ) b, HTKO7+—= v b [7] TRt
(8

BEFHEI, FRETVESETTIVOWMA LES
HrLoTWa, Tibb, BRLFRETNTEET
FNTHN-SNTBY, TLHFROTV M) IIERE
EFNOLY F)E—FLTWA,

BRI BOHMOI1991ELRPS 19944698
ECOAHPASDEET— ¥ (CD-4EHHH 91 ~
MER) KBV THFIEDOHIE (=TBEE) » b HR
SNb, BEEBIIBVTIIBERIIBEEBINFICL-
TEESND I LAEVA, T TRFERLERR
BEOFMEES V57— 5 RWCPFF A b 7¥—%
NR=Z) IZETVTWD, FFEROT Y F I, RREX
DCRBRBEIF TV IZL-oTORERD, e

BERY A XICBITEINL—TEERIIIRT,

HERBOETIIEE, HHOBRAZHFOOT, B
FOELLIRBOEAD LN TV S, BELZEOW
{oDPDIZY MR- XTI ShTwa,

97 EEIRTIL 5000 FEOFEHELAEL TWA, 20000
EORBELEVIFRICAETATETH D,

K3 EREINL-D

EERYAX | ANL—Y
5000 85.8%
8129 90.0%

20047 95.7%
27634 97.0%

2.3 EBEITFN

BELAFERIIESNT, N-gram SREETNVEIE
£l ThbE, BiE2-gram & 3-gram #¥EF L
720 Zhbid, CMU-Cambridge SLM ¥ — b % v
BT H—vy FTREEEN,

HEMOF—- X b HAWSETT IV ORMATHRD
NTHEY, ZOHBEBRRIR-XIIHIGT 285V
FIEAWTHEE SR TWS,

EBETFANORERO -1 A (BHFEH 141
A~9490R)D% 4 X3, fRBEBOERE, 2405
X - 6500 FHFE (= EEE) LikoTWwd, X—A7F
A YNgram T DAy bF 7D L EWEIL,
2-gram T1, 3-gram T2 & L7,

5000 EEDSHEET TN OMABEERAUIRY, B
TAHFIA—F Tk, 2-gram DET Y+ I218 84
M, 3gram DEFEIL Y P61, FEFID BT,
forward-backward #F 2172 5 Ta—Fndic,
WMHED3-gram ¥AE L, T, Ay bFT70L
EVWEERES (4L8)THILITLD, HAEVH
ENEFMORAELI, 2B, EETTVON-T
LE¥E V71 OB, FERI—-NALRLR 5 (94
F£IOA~HUELRA)DFA LY FOXERNT
L,

% 4: 5K N-gram D4

Ay b | I | =TV

*+7 FUTFA4

2-gram 1 578,653 107
3-gram 2| 1,978,931 70

24 Fa-4

BT v YV JULIUS[E)[9] i, BRI D EREFN
LEBEFNEA VY 72— ARNEND LI ICERS



N, BADIATOEFNERZBLDT, FhoHD
FMEICHWA I LW TE S,

JULIUS 13 2 RABEFEZITH V. F—/SATHFE2-
gram %, /S ATHEE 3-gram x5,

F—NATIR, ABEFHFFIC 2-gram BELFHII
S YUTLHPL, 7L— 2R -2 BETENTT
%, 2-gram HERIX, BAOHEREL V717
ARFAFTIHBERLELT, KOTRTO/ — FiZGq
Eahsb,

S XTIt BEMSELTIE % { 1-best AL 2 RA
LTwb, SOMWEBICE Y E— " XORMEEL
EFTT 555, Fhidtree-trellis IEE21T4 ) EZ/S
ACHEESNS, BEN VAL Ty 7 A2hEER
BIcBWT, RN ARY v 7 Fa—F7 4 ¥ T ERE
EHLTWD, BESFS72ACVHERLRELT,
PR )L VEHER EERETRSU LODBBE R
BEIENRENTVS, FIERILERAT)E
Y, EHER Y O TEIMET 2K T TRIBICHIR
T&7:[9

Y— AR, SEEETNVEA, HARFLT A2 Y
DNGA—=FiF, ERATRHETES L) T T
5,

ETAARCBWTIR, BEMOSEREKEN (CD)

DMBRITEI LT, LN EHEORBELERLT
W2, AY v s Fa—FIZET CETNRIL, CHA
@ N-best BN T A EHTEL,
Fa—-FOMBELEERSIIE LD D,

% 5. 73— JULIUS DIEE
| H%@%?wlgﬁ%?»| EL |

#E—/sA || BEEACD 2-gram 1-best
BTN A || HEEM CD 3-gram | N-best

CD: Context-Dependent (FHEFORMIF) 7V

3 AXEF«sIVTF—2a I AT LA

MBETCRRAZEV2-NVEFESLT, BRET 1
rF—arv VAT ARERE - EEL,
YRFADTOY 2MER2IRT, TaA—-F DL
BIiESWT, BEBEFNVESBTTFNVIHKEINT
Wb, E—/SATIZHEE 2-gram *FIA L. HERRE
&7t (CD) OB BEERAOAIROENA TS, &
DEREETHEROKE VWEEE 3-gram & BERMOF

FHRBEAME (CD) R, LEONEH2ERR - B
ST A SATER SIS,
FEETFVESEETFVIZRWL o 0fEE D
LDT, FRIE->THAD S AFABENELLN
5, BlZiX, TFEBRBM % monophone €7V % A
WHILIZED, MEEBROVATLAIEETE
o FA—FDNFIA—FDOREILLoTH, W(D
PON) - ariEIbNRS,

7T ERERR T, EHEM L 5000 FED T4 7 T—
avVAFLARRBARL. BEV - VIXRL B
B THRB SR, HRRICBo TRELZSHKEST
ATUHPTET,

4 ETT21-NEYRTLOFHE

BEL-VATFLERVT, HIKEET 2 —IVOFF
MEITE)IENTED, Thbb, §EVa—IV%E
FHTHILIZE o T, ZORMBECLERHITH
TR RANL,

FMAY TV, BREREROFTMEERHA
EFEF -8R (ASJ-INAS) DI &, BEET NV
OFECHVTWEWwE Y FEFHWSE, BXEFhEFR
ZownT, 10&DFEEICLD 10 XNEFTHS 100
S INERAVE YTV IREETFNVEE I
LCHhA =T eloTnh,

FMREL L TIXHERMME (word accuracy)
#BAWTW5, 2-gram & 3-gram £ ENOHHIZ
HLTEELTVD, FI—F ORI L, F—/1NA
(2-gram) DRHAERITET & < VA, HTIIR (3
gram) DEHHFEILERTELLNTH S,

4.1 BRTTFIVOFE

I, HADHEEEFMIHTHFMEIT 227
ZITH, NR—AFAVEBETN (v b T 1-2)
L. BB F - ERLETFI-FEHNTWS,

EMEEICHET A HETEREELR 6L, KHHEE
TS HERREEER TIOR T

monophone EF N iz +o L RHMELEZBLIOILES
MOBREHHELELTHZ L, kU triphone 7
B THRELHHEHPL LTD TN ERHBHE
HEELTWEWZ EXbH b, Zhik, triphone
EFNETFIIFETHINE, B ENT—E
FLETHLILERBL TS, Bt kETHE
NREEEICERALILT, ThODERIMEETE
Z35DTHBEILERLTND,



[BEWETF I

AN R R
—_— b (BT U]
Llaidi i 'E)
[BETEBETMV)
________ YV Tmmemm
HaNs |

2 BEEFA75—2avy Y AFLADERK

% 6: BEET VO (BH)

mix.4 mix.8 mix.16
monophone || 78.1 (67.2) | 86.1 (74.7) | 87.4 (80.4)
triphone 1000 || 88.2 (77.7) | 91.4 (80.4) | 91.7 (82.3)
2000 || 90.0 (78.0) | 91.9 (80.1) | 92.8 (82.6)
3000 || 90.2 (76.9) | 92.4 (80.4) | 92.7 (80.3)

word accuracy: with 3-gram (with 2-gram)

£ 7. TEEFNOFME (KHE)

mix.4 mix.8 mix.16
monophone || 79.1 (66.4) | 84.7 (75.7) | 88.6 (80.0)
triphone 1000 || 91.0 (79.1) | 90.6 (82.9) | 90.0 (82.3)
2000 || 91.3 (78.7) | 91.8 (81.1) | 93.2 (82.9)
3000 | 91.1 (79.3) | 92.9 (80.6) | 92.6 (81.7)

word accuracy: with 3-gram (with 2-gram)

4.2 EBETFIOFHE

RIZ, ERETTFNVOHMEET 2o/ ERIZIX, B
£ triphone 2000x16 £ 7V % FIH L 72,
FORRTESIIRT. v PF7OLEWEDOKR
ERMEVEFNEFRAVDLILIZL), BETORHEE
BEDEBETFTHEAONI, T/, TOEFNVIEIXAEIHE
RUET LY, DEREBICEIEELZVWI E b
72

* 8 ST T NVORE

baseline cutoff 1-2 || 92.8 (82.6)

cutoff 4-8 || 91.2 (82.8)
word accuracy: with 3-gram (with 2-gram)

4.3 FIa- 4 OFE

Fa—F4 v FTNIT) AL LFEOFML. BY
@ triphone 2000x16 EFN ENR—A5{ Y EEET
NV (hy b471-2) 8AWTH o7,

£912, Fa— ¥ THAL-EL DFEOHRETR
T BIEEMOFEERBKFYE (CD) 0RELT4 I 2
Litkh, BREENSIRKE(ALELTWSE, XY -V
Fv b TR, BRIBEE,SERSATBY, Th
LidBE D “HEE LN /RSVENTHENT, HEE
MOBEHELLET S I LPERTHELELLN

.60

£ TA-FIIBTEELOFEOHR

2-gram only (80.2)

3-gram 86.0 (80.2)

LM weight tuned for 2-pass 86.9 (80.2)
insertion penalty used 87.5 (82.6)
inter-word CD handled (=final) || 92.8 (82.6)

word accuracy: with 3-gram (with 2-gram)



4.4 AT LOMEKE

Biklc, BEREF1 277V a v VAT ADEKE
LTOBEE®R10ICT DB, Z2TiE, BEMPYE
VAT LOHRE 30T TWA,

MBREhE % E% L2V A7 Ald. monophone €7
VERwTBh, BEHNLET—I ATV a3 Y TE
B IBTRBMEITZ) ZLITE 5%, triphone
3000x8 EF NV EHWT, Fa—7F1 Y /BOK—-2A
BEMo 7Y AT AT, ERMO6HETHERD X
I REOHEERL TS, AEMELERLL
VAT LI, BHEREEE TV (2000x16) % AW
THYy, HERIRT% 2ERL TV 5,

% 10: SuBIM AR ¥ A T L OHASHI

FRETNV monophone | triphone | triphone

129x16 3000x8 2000x16
FaA—54 7 || candidates small large
reduced beam beam

Eot ] 3x RT 6x RT 12x RT
R (B 85.2 91.3 92.8
R (KiE) 87.3 . 91.2 93.2

CPU: Ultra SPARC 300MHz

RT (Real Time): 4.1% /> 70

5 X ESHERDEE

HAVHRLTWE TSy b7+ — Ak, ERENS
OR—FTNTHb, T, HELTHERIND T4
TF—Yav v ATANTAuEEERTAILE
Rl THIZEY, B4 DERBER P VAT ALK
BT 2 —RBOWE - BREIHESND, W{2hDE
Va—id, A BREEANOT ) r—3a ik
AW TH 5, ,

HZ7uVzy bOSHEOFEL LTk, (1)20000
EROYRAZIHRT AL, (2) BHEM Ry
TEMETA L) IHRILT 2 &, BBTLND,

HEEM® L SEETVICEL Tk, — 0% BARE
TR BEOINL—-VEFERT S L) KIEETS
FEThHE, FOLDI, BRERFT LFEATEGOT
Uy ADRELTL ). EWETVICHALTS, &
DRELGEERCTALBBKELBOND L 1¥E
FTAFETH B, FI—FIZO2nThH, —BORE[L
1% 9,

tERUSNOBEEE LTIE, EEETV - BEETV
DEA DY A7 ~NOBEIGRRMEONEL EH D5,

BWE: X7uvz s P LTARERZIAY MRS
KEBHETHAL 7 P4 FYBBROF 4 RPHREMIC
BHLET,
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