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Abstract )

A sharable software repository .for Japanese LVCSR (Large Vocabulary Continuous
Speech Recognition) is introduced. It has been developed under collaboration of researchers
of different academic institutes in Japan. The platform consists of a standard recogni-
tion engine, Japanese phone models and Japanese statistical language models as well as
Japanese morphological analysis tools. As an integrated system of these modules, we have
implemented a baseline 20000-word and 60000-word dictation system and evaluated various
components. The software repository is freely available to the public.
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L7,

FHAPF— g

oFMEE

Monopnﬁar‘)‘é‘/‘ Triphot
/ Gl model 3

I AIEHE

F1: v—Fy FOBRE

2 EFNETOTSLOMLE
2.1 BEEFIL

BEEEFL (73 dAEFBOREERS A
HMM (ZETWTE), HTKDO 7+ —< v 8] T
Rtz 5,

R LIRT & 912 FHEREMIL (monophone) £
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EMTIE . Phonetic Tied-Mixture (PTM) €7V &
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BEEERT B, REFHDEADH % triphone
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£1: BEEFIO—%

( model fstate | #mixture | gender |
monophone 129 4,8,16 | GD, GI
triphone 1000 1000 4,8,16 | GD
triphone 2000 2000 4,8,16 | GD, GI
triphone 3000 3000 | -4,8,16 | GD
PTM triphone || 3000/129 | 64 | GD, GI

GD: Gender Dependent, GI: Gender Independent
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frasn b, HEHEEL, BETSTNVEEBEET VO
MhEeBEAHEL TS, T2bt, FELER
TRTCEBETFTNTHN-INTEN, F/EED
LY FYICRTRTCEFBETVICLY (2D
l-gram 2 & 0 ) EREENERZ SR L, 2B, i
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FIIRHBUNK A TITYEL TREENS,

=3 BEREASL =Y

| vocabulary size-[ coverage |
5000 88.3%
20000 - 96.4%
24000 97.0%
53000 99.0%
60000... - 99.2%
101000 - 99.7%

154000 . 99.9%

BAEC BV TR, BROEHFHESBE S 2
TARET B Ay =% v b Tl REERFT
¥ A5 112 ChaSen[10] #$RAL 720 1751 . BFR
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AR GRS ) OBRTEREL 2. EHOH
AEROBEETEAHETE VAL, B
DHEIAEWELATBTIODERTIY M) EkoT
Vh, , .
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HALBHFOIY MY LEDTEN., INHORE
HHE-ZIHESF O TV S, BLsDOERY (X
BT BANL =V RIIITRT. &AEMIZ. 5000
5. 20000 & 60000 SEOHERE L AEL TV 5,
60000 FEOEHHFIL, 99%% LEAZ A/ — TV 2 ER
LTwh, 2

2.3 BEETN

RELLEERIIEIVT, Ngram SEFEETVEHE
L, Thbb, BEE2gram & 3-gram 2 FHL
oo WEN AN I F THERET>TEY, Ny 2
F 7 REOREEICIE Witten Bell 74 A7 5 14
FEBWTwn5, Thbid, CMU-Cambridge SLM
Y—Ey 12|07 x -7y FTRMEEEN S,
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2 5000 &£ 20000 FENOFFHI 98 FEEM L F—TH %, 60000
BOBRBEOBRRII 5 ADOREF— s 6 HRL TV b,



£ 4 20KEEEFTNVO—E

2-gram 3-gram

entries entries

45month cutoff-1-1 1,238,929 | 4,733,916
45month cutoff-4-4 657,759 | 1,593,020
45month compress10% || 1,238,929 473,176
75month cutoff-1-1 1,675,803 | 7,445,209
75month cutoff-4-4 901,475 | 2,629,605
75month compress10% || 1,675,803 744,438

% 5: 60K BFEETINVO—E

2-gram 3-gram

60K E7 )V entries entries
75month cutoff-1-1 2,420,231 | 8,368,507
75month compress10% || 2,420,231 836,852
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FRERGFETVORKETELL . BEHHTIE
BABE,PS 52228125 [Hwedl 77V 32,0
COWBIIBWTIE, BEEIEZEITIE A < 1-best 3T
BEHVE, TOMVEBIZ L ) B~/ SZADEHRIE
BIZET T 525, FRUL tree-trellis FEREFTEZ ) E
ZNRATHEENS,

FEINRIBCTE, BEE 3-gram ISR T, ¥
EEOEEREREHEOLELAEL (TR I LT,
I EMELRBTERL T2, RERKBEOEE
IZonTh, BER (HBICLETEILLTES
[wed2 # 7V ar]e A% v 77 a—5I2 % IR
EATHAY, BHiZ: best-first ITEETIZERIZERKL T
BBBONLVWEEND o/, £2T, FHERD
R LR (=Y — 418) 2 BREL T, F#FLIEE
BB 1B AL EHICATIC D 5 HFRE EHE
L 7z [15]0

FEEFNVOBEEIC, BEREBERDOT I -
FAYT AT a e BELL, BERTIIHEES
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TR
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M2 HAEF1 75— a3y AT LADHERK

BReHHWE,

BT, Y AFHBOKE W PTM EF L O
R E DB RO 7212, Gaussian pruning % E
BLZZ. CNE, FRTNZ P VO (=HEEE
BRDEEERS) DEEEITIBIZ, BFORTTH
MY EFTISDTH B, ZOBDL SVl LT, BE
WEREBEORTE CEE SN kbest DEEH 2D
PBEETH 525, $FL & %\ [safe pruning]o ¥
FDRTLTHE — LIELFXEL 721 [beam pruning].
REBEORTEL2—YART 4y 7ICRBo720 ¥
5 Z &2 & [heuristic pruning]. #EEMEIEEDbI D
5, SDIZKIBELEN B, BERTIL safe pruning
A%, BETIZ beam pruning ASEH SH 5 [9],

3 HARBTF1I97—-3a>rPAFLA

METRREEV 22—V EHEAL T, BFRET 1
IF—av Iy RAF LR EEL

VATLOTOy 7JRER2ICRT, TEETTN
LEBETNVICIRVL O DOEENHLDOT, Fh
> THEADY AT LBRFELOND, 72—
FDINTG A= DREICL2TH, WL 29D/
I—vavnEILND,

Z ZCid, 20000 %L 60000 RBEDT 4 7T —
YaVYAFAEERLE. BEV 2 —-VIEEL B
HREEETHRB SN2, BB, THIEL <%
ETHIENTE,

4 EFV21-NEY T LOFHE

HELAEY AT LAEHWT, #IZ&EV 2 -1
FMEEITL ) ENTER, Thbb, 8EVa—
WERRTAHIEIZE 2T, FOTBREELLER
BIINTIEBERRDL, 2Tk, FIZ 20000 3F
BOY AT LEHACTEMET 70

B Y TVt BRFEESOFHEER
HEFEREI—-/YR (ASJ-JNAS) ®H &b, BEEF
VOEBIZHWTWaRVLE v b (IPA-98-TestSet) %
Bz, Zhid, BRERFNIZOWT, 23405
FBIZLDARETI0XDBENL R D,

Fr7NXIE, SEEFAMFBIHLTLA -
YEROTWE, XEX/S=TLFUF1IZELT
b, A—NAEEKOPHERBEL TW5E, 7N
RO AEE RV REEERE 1575 T, 20000 58
DFEFIC L BRMEBRIL 0.44%TH 5,

FHMEREEE LTt BEERMBME (word accuracy)
ERVTWA, BEDHREEL, BB EE TS
RBERL THo, EFRLTEHRL TV 5 [16) 3

4.1 SEEF IO

Y, BADBEEF VKT LM IT R 072
I T, X=X 7 1Y EFEETIV [7T5month cutoff-
1-1] &, BERFI—-F 172 HVTW5, Bk
HEECHATAIHBIMEELRG I, KHEEILH
THHERBBELRTICRT,

S EBROBEMICEL TIXTRY B8,
http://winnie.kuis.kyoto-u.ac.jp/pub/julius/result99/



3% 6: FETTIVOE (B accuracy)

* 8 EEETIVOEME

£ 7. BEETTNVOFM (K accuracy)

mix.4 | mix.8 | mix.16

GD monophone 75.5 80.7 88.9

GI monophone 76.0 80.8 84.7

GD triphone 2000 92.0 94.4 95.2

GI triphone 2000 92.3 93.4 94.8
GD PTM 129x64 (3000) 94.6
GI PTM 129x64 (3000) 94.3

PTM EF i 472 WS H T, triphone €7
JECEBREESERL T2l edtbh b, &
B. PTM EF7 VI & 25282 | - triphone D3
EOEFLUTTH A, T/, WHIFERF (GI) TV
EHERMKEE (GD) EF MICHAR T, £fICER Y R
B%RBEEMNL Twa,

4.2 BRETTIOM

Kz, BEEFNVOFMEE TR 07 KR B
H triphone 2000x16 €7 )V & BT 7 —77 1 ~
7 % EEL 77, 20000 FEHe L 60000 FERIZOWVT,
N—=RAF A ¥ DEFI [cutoff-1-1] &£ TV b OEIZE
SWTEML 72 EF )V [compressl0%)] % HLEL 72,
REFMCEA AT ) ERAREEADBHEELRS
N7

sE&9 4 X % 20000 EA S 60000 FEICHERLL T
L. F—0Y —LAMBICLhDbo T, BRERECRT
W 1%RECTH o, 5L, MIEEEI 30%EE
Rz, £70. 3gram T~ M U % 1/10 (ZHlEL
FEFVEEALTYL., B ALRBENETLEZ
WZ EHTHERR SN,

4.3 FI-F O

FA—F 4TI YA LOFHES . BEOHESR
BT o720 R— 2T 4 ¥ DEFET IV [75month
cutoff-1-1] & A 7z,

mix.4 | mix.8 | mix.16 ’ - “ accuracy | LM sizeJ
GD monophone ' 75.3 79.6 83.9 20K 75month cutoff-1-1 94.3 79MB
GI monophone 68.3 78.0 81.7 20K 75month compress10% 94.3 38MB
GD triphone 2000 92.0 92.6 94.3 60K 75month cutoff-1-1 93.7 | 100MB
GI triphone 2000 89.3 91.8 92.5 60K 75month compress10% 93.5 55MB
GD PTM 129x64 (3000) 92.4
GI PTM 129x64 (3000) 89.5

triphone 2000x16 €7 VA AV 2B EIIE T,
4 324 triphone DXV DL EIZ L S HHEEILIZRET
LEBRBERTEIICRT, 1 /%A (st pass) L5
28 % (final) #RENIIDVT, BEEDMMBE LT
LTWw5, 98 FEFERICIAT, 81/ 3 A TEBAIC
# 75 triphone ) Z LIZ L0 %1 NADKEE
ARECHLEL, 612, B2 /5A12 81T B RE
sz o) BEEM triphone % £ 0 BT Z L2
L0, BOEHNKE CHBENZ, Thid, BET
F—hESUTICLAZ EIHEET S (170

PTM €7 )L % B\ A4 Gaussian pruning i<
LA EHELCET A EBRERLRI0ITRT . BEEL
a4 ASMEMOFEE CREER) OMR
EARLTVA, FTHEBROER, &64RENHD
3 b B2 AROAREETUL, BREEIIEEL
BB ENBL DI 0T W DHDORAY FiE
% HEL R, HMith DR E% safe pruning TH
M EOELH1/2 HIMTE, £XTTLEY
fE% 3% T 5 beam pruning |2 &V # 1/5 IZHIKT
&7,

%£9: 73 —7 4 ¥ 7 OFf (triphone |2 BT 2 HiF
E1L)

accuracy
GD triphone 2000x16 final (1st pass)
(1998 version) 92.0 (78.9)
enhanced IW-CD: 1st pass 93.0 (85.2)
enhanced IW-CD: 1st&2nd pass 94.3 (85.0)

TW-CD: inter-Word Context Dependency handling

3£ 10: FI—F 4 v 7 OFE (PTM 51T 5E:E(L)

accuracy Gaussian
GD PTM 129x64 computation
No Gaussian pruning 92.8 100
safe pruning 92.4 52
heuristic pruning 90.7 36
beam pruning 91.2 21




4.4 S XFLDMEEE

AAET 4 77— avy s AFL0&KE L ToR
BE% . 20000 FERD Y AT AIZ D TE 1L, 60000
BEOVATAIDOVWTERI2IZF LD 5, HEEDTR
BEL T, EEFHBHE (Acc.iword accuracy) &

FEIEfE (Corr.:word Y%correct). RUTERE 777

SIS BNBEEEETRL TNa, .

CITCIEHARNEYRAFLALLT., BEERES
HR & 2T %, SHBEMTIE, triphone £7 )L
BT O-F Ay SR ERATAILIZLY,
# 95NN HEERRELERL TV 5, BERTIE.
PTM EFNMIC L) QORBEORBEL L 2L
T, BHELER-oTw b, T, ERMEEET VY
HAWTAE)HELHREL TD, IhICEY, (B
WMCFEo -t EBL )V BERENAZ IR D) RV T
VTR EREICEVEIENTEEE 2o T b,

20000 EEEIZDWTIE, ED 72012 98 EFERD
HESTRL TS, BEK - BRERE bICEHEER
AL TWaAHS, BYEIAKE ( (BBUh2/3%8
B BREN T WA &b hb,

5 F&H

KT 72T OEEREEIT, LB L IRET
Hb, BEVa-NVOTH+—=v e FT7x—-R
WS REEEDH D TLURCERNBESTH S, X
BCHBEOERIL, B 2BETHRSNEY 2 -
VERR - HETAILICL DITbIR, Lzdio
TERY—=VF v M, BHEY 2 - VOFFERRLHE
DEHDOY AT LADRRBIZEL TWb, /o, BEE
ERTEFAMMG Y- NVERVBILIZLY, A
DIRT~DERBBESHIC L >TWh,

HELTHBEENET A7 F—ary v AT LM,
20000 3BED ¥ A 7 TR OB5%DIRMAEE L ERL | £
L EREIGECEIET O%DOEELERTEALZL
FRLTC.A Y=y bOFHABETHS L 2.

KU AT L (Fa—4)i%, BEHERZ Unix B (So-
laris, IRIX, PC Linux % &) TEIfET 2. 4kl
Windows PC~DBEZITI &L £ HIT, API &%
EELTWL{FETDH 5,

BE ATV PIHLTERZI XY MRS
KB HZFEEELALTEFANAFYRROF £
FREMICEHL £7,
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£ 11: 20K ¥ A7 L O (98 FEMD 5 D)

R AR
98 R 99 FEM_ | 98 EEM | 99 HEM
acoustic model monophone 16 | PTM 129x64 triphone 2000x16
(0.5MB) (3.0MB) (8.6MB)
language model 75month compress10% 75month cutoff-1-1
(38.0MB) (78.5MB)
decoding fast fast (1998 ver.) | standard
CPU time 1.1x RT 2.3x RT 8.4x RT 12.8x RT
Acc,Corr(male) 82.6, 83.5¢ 89.1, 91.1c 92.0, 93.2¢ | 94.3, 95.4c
Acc,Corr(female) 85.7, 87.1c 91.8, 93.1c 93.2, 94.1c | 95.2, 96.2¢
Acc,Corr(GD ave) 84.2, 85.3c 90.5, 92.1c 92.6, 93.7c | 94.8, 95.8¢
Acc,Corr(GI) 81.5, 84.0c 89.7, 91.1c 90.3, 91.7¢c | 93.7, 94.7c
RT (Real Time): 5.8sec./sample, CPU: Ultra SPARC 300MHz
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[ BRI BEEW . |
acoustic model PTM 129x64 triphone 2000x16
) (3.0MB) (8.6MB)
language model 75 compress10% 75 cutoff-1-1
(54.5MB) (99.7MB)
decoding fast standard
CPU time 2.9x RT 16.9x RT
Acc,Corr(male) 89.1, 90.9¢ 93.7, 94.6¢
Acc,Corr(female) 91.6, 92.7¢ 93.4, 94.9¢
Acc,Corr(GD ave) 90.4, 91.8c 93.6, 94.8¢
Ace,Corr(GI) 88.9, 90.5¢ 93.2, 94.2¢
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