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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 recognition
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 imple-
mented a baseline 20000-word dictation system and evaluated various components. The
software repository is available to the public.
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FREFEEFEDBROEROLDIZIE, BHED
FEETNV, BREOSEETTNV, FLTHENL
WHEBIY YV (Fa-F)BLEL SN, FRO 0
NFG Y AD I WEHEELE EHic, EREICBWVWTIR
HALBER D BRSNS, TOXIITKEEL Y X
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FITHALG, —REEKD 1 OTHSEEHE
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AL, EFERBOT-DO{XBEDOV 7 I LT )RY
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IREEER S (TPA) O [JHEIR R TERBAMT IR
b AR ] OXBE T TV 5 [3][4][5][6]. =D
BEWTHH [ARFEFT 4 77— aryERKY 7
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1. REERMEMNIZ ChaSen 2FHL . TOFHEr U
EBL LT, FAMNE T2 5 L ChaWan #1E
Bl 7o SHIZHET VT 20000 EEDERY AE
Lo CORR, HEHEDOINL -V EHEA
OREEIRESHEIN,

2. 7TESOREF - EFBL., TEHETVT
UALRBATAIEIZEY, BAE)TEN
ELREETTVEEBEL I,

3. MRS FEOSBET VEREL

4. 73—% Julius #eLEL | AL M EL 2 LT
MEEES 2B BT L 72, FOER, BRI=RIK
VAT AT, BITERFRRBSTREE o/,
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(45 5; 65MTLHESE)
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“:Monophone / Triphoné
©GD/GImodel

1. V=¥ v b OBE

£ 1 FEETIVO—E

l model “ #states | #mixtures | 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
GD: Gender Dependent, GI: Gender Independent
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2.1 BEETFNL

BEETV[7 X, BREERST HMM( A3ty
) IcESWTEY), HTK O 7+ —< v b [8] TR
fltEn s,

£ LITRT & 912, FEEEMT (monophone) €
T b BFAREED triphone EF NV F T, A DH
FEEFETFVEBELTEY ., FHAMICELT
BELEFNVEBIRTLZLDTED, EEETWV
BRI B/ (GD) ICBE SR TV D25,
1oM@Yy, —HIZ OV TIEENIHKRE (GI) 7V
LHABLTWA, KY— V¥ vy hCRALTWSH
FEDO B BFEO—EER2IERT, TOFTERE
. BARSEES (AS)) 0EFT— I R—ZREB&
TEESNLEDDIIESTVTV S,

FEETNVOEFIL., BEABEFROTRNT
YAXH S HIFHAERERET — ¥ X — A (ASJ-
PB) o&#fE | FMEHEGA L EF 2 -3 % (ASJ-
IJNAS) D9 b 100 &5 FIAL 1z, GRITHRZL D,
10 BDFEHEICL B 2AXDT—4ThH b,
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T — 13 16kHz,16bit TF 1 I ¥ LS, 7
L — A 10ms T, 12 RTED AVEEE T 7 A+ 5
L% (MFCC) 2 3HET %, 20—K#ES (AMFCC)
LT —D—RES (ALogPow) bEMHET 5, FOH
R BTV — LOFHEN T P ViZ 25(=12+12+1)
RELHhd, ANFXYAINDIAR Yy FEBIET S
20, F7 AT AT & BERIL (CMN) %
7T %,

BFEEFET VI IRE (DA RVl - &k
KREZER ) »OBE SN 5, triphone EF VI
LT, RERICETVW22 5 A5 Y712k oT,
HUL - FFBEMTREOKIE21T ). 2025
AZNYTDLEWERRETHI LICL-T, L
DET NV (REFEAH 1000,2000,3000) & HELL 72,

2.2 TORESRARMT & BEERTE

HESEL, {FRoxy M) M ERL -{FET
55} DEETHY, HTK D7 +—~< v b [8] Tk
ft3n b, HESEL, FESTVELEEEET VO
ML BEAHE LTV, Thbb, BERLER
FTRCFEEFNVTHN-ENTBY, THEED
IV MR TRTEEEFNVICLY BRED
l-gram |2 & V) ) EEERFER SN,

BE(=EROIYFIOEE) X, BEHHD 91
F£1APH U4EIRTTOLAPHAFTOREF—¥
(CD-ZRHH) BV ITEBHEEOHER (=H43E) »
LEREN S,

BAEICBWTIE, BROEEVHEZFITS 2
T AARIFT B0 OB EEIRTIZ, FRREEMEITY 27
LI EREWBFEEMAFERAFZTHR STV S
ChaSen # 3L 72, L 7272 L. KXY — L F v b D7
DIV OPDBEEITo 7z, 1, IPA BFMAER
I2#DWT ChaSen O HEEEEELBRL 72, F72.
FHEECHBETAEFRRIENT 572012, A
BRWEZEEFLICKEOT Y P Y EEML 2.

197 £ERTIR, BERETIFERLERREEOTHE
By7F—% (RWCP 7 F 2 b7 — 5 = 2) i £EF 0T,

EFRBHOBEFET BN T 2010, BE
RIS T 5725 T, FEATELLfFET 5
VENFH B, #2T, BEOHEAEEROREE
ZEDSCLDPLEBOFREAFICETDDICER
L7z BRI TRCA S A FEELET, FORILER
FERIE LT, NHK BARERET 7t~ b # (HK)
\ZHEo 7z, R - FIEE - SARFEEHLT., BEFIL
THRINBBFERIERELT [—] TEREL

(¢7)] Ik vy

By VX1
2 %) a2y
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o, AEALEARELCRET 2008
MET TS5 A2 VERL 7. BICBARECIE, £<
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EHEMWHIN GBI EEL 2B/ DD, ZD L)

T BEAR B EF ORAZELIE . ChaSen DTS
07 5 4 ChaWan I LY ¥ 5%,

() 1&R, 2K, 34
14, 247, 34

SO, B ASOHEAIHEL THAEE TV,

- BERBR M) BERICIERLL <. BRT s b
S UNRESND,

—fRIC, FA—DRELTHMAY I RE 5 L EE
THRBROMERG R L 5, T/-EROBIDL S,
TAVEET B BERIEKET 2EEE., RS
LTy b RRBILTBLIEICENZFDE D %
% ERBTEL, LA o TSEEFVOBER
Eoioic, FEOIY FIRERZTTLRLTEA
L@ S o THRAIL | { TR I A }+{
ma g7} ORRTEHL 2. WROTEA % HOF
EETRAHETELVIESIE., HEROEA L
BLIZETIODBEI N ELoTWS, 28,
ARRAE BEMFOLY b ) ER-XHIETT 5 h
Twh,

C2)) A+ 7 +39 BN holN
A+7R 7 +33 (41 holN
ZR+7K 7 +33 (%] boN
AR+R  +33 [&] poN
R+{HFV/EFI+2 %] holN
R+{F ¥ /F P2 (%] moto
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vocabulary size | coverage J
5000 88.2%
6135 90.0%
20000 96.5%
22959 97.0%

ﬁﬁ@%ﬁ%4iuﬁwéwﬂv—V%§3ui
T 98 FEMUTIX 5000 FE L 20000 FEOHEFEL
HAEL T,

2.3 BETFIN

BREL FERICEDS VT, N-gram SiEET V&R
L7 T4 b, BEE 2-gram & 3-gram 2 FE L
Foo TGSy 74 T HRILEIToTEY . Ny 2
F 7 RBOMEEITIE Witten Bell T4 AW TV T 47
FERVTWSE, Ihbhid, CMU-Cambridge SLM
V- NFyFQDOT+—y FTRESN S,

R=XIHEDT 72 FHR 28 b BEDOHGE L[
FCEDONTEY  FERE LT, UHEADHBEREED
HEC L DR - XOBBEOHEELAHAL T 5,

SHEEFVOFERO I — L L THEAETH
EF - EFALAA, 455 A5 (9141 A~94
£9H ;65MHBRE) & 5y A (911 A~94 49
A,954 1 B~974E 6 B ; 118M H3E) 0 2@ 0 %
WEL 72, B, REBLRERLZE DA LTICHES
TVWFF AN FEMBIZE > THREL TV [

NR=AFAY N-gram LY F DAY FFTDL
E\WEE, 2-gram. 3-gram & H12 1 & L 72 (cutoff-
1-1),

IEAEVAEDOEFTNEERT A0, N-
gram TV b Y OHIRE AT o7z, (R, Ay b A T7D
LEVEEZRELTAHILICEDFHERET VOMD
PEFbRTEY, 22T 2-gram, 3-gram & H T
4IZREL BTV (cutoff-4-4) X HEL 72, ThiC
Iz <. B HBEEICES W CHIRT 2 DTt
%, Ty b aCICEOWCHIET 5 5 (10] bR
ATz TN, TV FOEDOEL GEOSHEET NV E
DALY MUY FRMNIE D LIRS
EfTVAA S TV b Y EBRMICHIBRL TWIE
BETHD, TNITLD 3gram DY F U DEEY
1/10(=10%) 2B L 7= €7 )V (compress-10%) % F
Bl

* 4 20K EFEETNVO—E

2-gram 3-gram

entries entries
75-month cutoff-1-1 1,675,803 | 7,445,209
75-month cutoff-4-4 -901,475 | 2,629,605
75-month compress-10% || 1,675,803 744,438
45-month cutoff-1-1 1,238,929 | 4,733,916
45-month cutoff-4-4 657,759 | 1,593,020
45-month compress-10% || 1,238,929 473,176

By BF0TF =L 155 AFOT— 5D 28) I
WL CLEEEEHL 20T, BRL-SEET VO
—BREIDI IR T,

B, BRTAHFTI—-FTiE, 2-gram DZKEI b
JIZ18 84 b, 3-gram DEL Y P Y2651 b %
& YT 3%, forward-backward ERE T H T a2 —
FDizdZ, HHED J-gram  HEL 72,

24 FaA-~4

BHBL Vv Julius[11] 13, ROBFRETN - F
BEFNEA S T2 — AN END L HICHREESR
7o WADI AT DEFNERZLBOT, FNOHOD
FMHVDLI LN TE S,

98 EBEMTIX, 77 ANVAD (EFER/ S8
BE) 2T L v A7 AN SIIBL 72, Sun,
SGI DI —Z7 A5~ 3, Linux PCOY A7
F. KU DAT-LINK /netaudio fH T HE A AT
B oTWVA,

Julius i£ 2/ R (forward-backward) HEHEZ T\
85— (forward) 7SA T B2 ET IV (2-gram) I L 1)
HEEERZ LiIZo4 LT, % (backward) /AT
EHELZET I (3-gram) & AV THER - BiFli%
T,

FE—NATIE, AMEECHEICSTHET VHERE
BIRICEI D BTN, 7L - AREY - AR
ETT 5. BRAOHEREL TV 740 7 A% kET
BHEESITEL T 2-gram BEE KD TRTH /) —
FICHBEET 2R ER L §5, 2L E#E{bD/-0
12, RDOBEHRD /) — P2 1-gram FERF B S
LTBE, KO (=HEHIR) 1TEL 2B 2-gram
HEL 52 5 HR b EEL /- (1-gram factoring),

EINABVTIE, BEE 3-gram (AT, B
FEMOERBEKE (CD) DB LT H T LT,
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B2 BAEF 4 757—> a3y s A5 AOHR

#£ 5. 73 —4% Julius DRE

acoustic model | language| search
model approx.

1st pass || intra-word CD | 2-gram | Il-best
2nd pass || inter-word CD | 3-gram | N-best

CD: Context-Dependent model

LV ERBEORBEERL Cnb, RF¥ v r7a—
FA YT —F R ETT 505, BH7% best-first FH
THERIIERL TEIBORLVWEESH o7,
ZI T, XK (=HEE) SRS LR &EL
T BERIRBILICHE - 725 I3 saH 89 BT
% }73 (enveloped best-first) * EHL 7,

B ETNADRATHE—INADAIAT LY
LI RBBANH L0, BER ASERICIE R
59, BAICHNEN L EHITABEEBES v,
FIT. 1I0BEFEEHL T2ORAEOHBY BRI &
2T %, RZLEDEBETIE, £1 880N
RETEERZITHE 5 (1-best candidate)o

Y — AR, BREETNVEA, BART VT 4%
EDNRT XA=FiZ, BENRNATHETEDL LI 2k
TWb,

FaA-FOBMERERS T LD D,

3 BEXEF«IVT—2ariXF LA

AETRRZRES 22—V 2HEL T, HEET 1
rr—var AT AEEE - EEL,

VAFLADTO Y JEER2IIRT, FA—FD
AR EDWT, BEETNVEEEETVIHEE
NTV5D, F—/NATIHHEEE 2-gram ZFIFL . F
FREKH (CD) EF VOLBIIHEERNOAIZIES
hTwd, L) ERECIHERDOKE VEEE 3-gram
L HFEEMOETRBRRKFE (CD) k. LiZbhizfE
e BEE - BEMTAES A SATHEESLS,

EBETIVESETFNIIIN L o0 OEENH
EDT, ZRIESTRLDY AT A ERASEZ S
N5, Bz, FFEEEMV % monophone €7 IV %
AwaZ izl $hEEEROY X7 A0 HBRT
Kb, FaA—FDNRTA—FDREICL-TH, »
(L ODPDNYI—Y a VL SN,

98 FEERRTIE | 20000 FERDT 4 77— ary
AT LR BR L. BEY 2 — VIR AFFFHE
THRESNM, B> THEZ AT 22
EHNTET,

4 EV1-IESXF LOHE

HELZY AF 22 AVT, HIEEI2—VD
FMEiTR I LA TEDL, T4bb, HEVa—
VERMT B LIZE T, FORBMELLER)
BRI T HREEETRD,

AT T VICE, BASEESOFHTER
ALITERI—/IA (ASJ-JNAS) D95 b, HFEEF
NVOEFIZHA TR VL b (IPA-98-TestSet) %
BAwiz, T, BEnhFhiconT, 2380
BIZL BB I00 XOREFENLL R D,



FUTNIE, 4E10H~12 BORET— s h
L EhTBY, EFEFVEZBIFL T A —
T oTwE, XRPNA-TLF 7 1 12BL
Th, I—NAEEKDOTAE KBL TW5B, 7
VDR REE BB 1575 T, RAEE
2 0.4%TH B,

RHERBE & L CIZ BFERR#BHEE (word accuracy)
EHVWTWS, HAFEOREDHRMEOZHI IV
KOPOMBEND D, T3, HEOBIITHER
BT & > TR% AMEN S 5, TFHEMTESE
BT AEVEFEENT N, ZITiEbh R
FTEDLOIIRY -V Fy b TERL - HE (=R
F) DBEMIZETVTWD, KIC, BEERITS 27
2% FEELTH. BEEORSILICERENEL 2
MDD, BIZIT. DI VI BRFR Tk
bl & T] D200BERCESLEN B4
Hbo TOMBICKLT B720DI0, BAEL EET
LMBELHEL THhLEREDC Y F %297, &
LI, EELPLRORTOBEKMEOMES S 5, #
T e (o B LbEEEN B, 72751,
FTRCEDPRERDICERT S L, [#8E] & T8
DI uFERFEMORADS EFEHAELTL
VT h D, TITIR, EFERETHEELTWA,
RO DREBIIBEWHICHEL TBY ., AMFER
THRELZZHELHRT, 0.5%REM Y R
% [12]o ,

B, FRRLTOLRWIRY  IZIZFEEREFINEL
et SiY - AEEEAL TV, 2

4.1 BETFILVOFHE

7, BAOFEET VI T 5 -E* T2 o720
T, 757 AGDF— ¥ THEFBEINZR—-2 5
4 ¥ EFEET IV (75-month cutoff-1-1) & . HHAYIZ
Fa—rEN7z7Fa—% (Julius 2.0) T AV TW5B,
T BESECHTIHERREETRG D, N
BT A HETRBELRTICRT,

monophone EF I +5 % BHBBEE B DICE
BOREGMELELTHZ L RU triphone €5
Vi 2000 REETIZIZRAMESPEREL T B 2 Las
hh b,

F 7o, HRIFHKAE (GI) EF NV Z BV 5 L350 3¢
2RREREHINL TV 5,

? EROBMICEL TR TR BR,
http://winnie.kuis.kyoto-u.ac.jp/pub/julius/result98/

£ 6: BRET VO (FH; accuracy)

[ [ mix.4 | mix.8 [ mix.16 |
monophone 75.3 79.6 83.9
triphone 1000 86.9 90.0 90.5
triphone 2000 90.5 90.9 92.0
triphone 3000 89.2 90.5 90.5
GI monophone 68.3 78.0 81.7
GI triphone 2000 87.4 88.7 90.0

7 FEETNVOFE (XE; accuracy)

]| mix.4 [ mix.8 | mix.16 |
monophone 75.5 80.7 88.9
triphone 1000 90.3 91.6 92.6
triphone 2000 91.0 92.2 93.2
triphone 3000 90.5 90.4 91.3
GI monophone 76.0 80.8 84.7
GI triphone 2000. 89.9 91.8 90.5

4.2 EZBEFINOFM

K2, SREETNVOFMEE TR o720 EBRICIE, B
4@ triphone 2000x16 . EF IV ZFAL 72,

BETNVICE A A FHE- UETRBELE
8IZRT,

5y AGDT— 5 TEBLIZET VDD, 455 B
FIHRTERICBREFL/BTBY ., 2E7 -
T BEEOTHRIHER SN,

HAEMUICEL TR, vy b 70OL EvE%
KELT 5 (cutoff-4-4) £ H b, =¥ ¥ icEon
THEML 72€ 7 )V (compress-10%) D J5 %% 38 5k ks Be
DETHA %o TBY, BEFEOEYAR
Shiz,

4.3 FIA—-4OFHH

FA=F AT TNT) X LAOFMD . BYED tri-
phone 2000x16 EF N EN— 25 4 Y EEEF I
(75-month cutoff-1-1) % AV TAT % o7z,

% 8 FHET VO

[ accuracy | LM size |
45-month cutoff-1-1 89.8 54MB
45-month cutoff-4-4 89.3 23MB

45-month compress-10% 89.3 |. 28MB
75-month cutoff-1-1 92.0 T9MB
75-month cutoff-4-4 90.9 34MB
75-month compress-10% 91.8 38MB




£ Fa-FIZBIFETNVT) X LDLE

word accuracy

3-gram (2-gram)

2nd-pass best-first 91.2 (78.9)
2nd-pass enveloped best-first 92.0 (78.9)
+ 1st-pass 1-gram factoring 91.2 (73.9)
+ 2nd-pass 1-best candidate 90.8 (78.9)

RIOCHFEC LD HEIREEL, £
IR AENRERIZOVTIRT,

RO LS TIE, Bl best-first FERICHRT,

FEXERBIRHEOHE L 1T 5 FR (enveloped
best-first) IZ & Y WEVPEEIC L BREHFREINT
wh, ’
- TFESTIE, BEILOZDICEAL 2 FEOHE
TRRNTCV 5, B SADAEREEFEFD ) —F AT
2-gram T7% { 1-gram factoring % FHT+5 & | H—
NADTHBAERIKRECET T2, BRYLE
NRATEDTPLRETICEE T >TWE, THIER
Fa-FHFEEN Y AR FPERBUCHVTY
BlHEEZOND, $72, FENATE LEHITE
ENRECHERLITLY S L (1-best candidate).
DEREVPETET 5, TNFROFHEICLD, M
HREIERMO | EEERESN S,

4.4 AT LOMEEE

BAREFA7F—2av Y AFL0LEKELTO
HEEERI0ICEFE DD, T TRARWE VAT A
ELT, BRI E BRERY BT Twa,

BXIEM TIE . monophone EFVEHWTHEY .,
FA-=FT 47 BEELER->Tw5, T/, EHE
EREETVERACT AT YHGRIZEL TV5E, =
C X, XYy CIEITERBEEST R E 7 o

TWb, BRERTIL, triphone EF IV & EigEL

SHEEFVEERTAILICEY, BBEh 93%D
HERSISREERL TWa,

4.5 9T EERRE D HE

BEDD, KV —NVEy b OTEERICLS YA
TALEDHEERILICRT, 97T EEEBROAREIZDH
HET, 5000 FRNDF ALY T, TEEDTF ALy
k (IPA-97-TestSet) t= X 0 5% 47> 72

BRI T, FRREORBRMEZ R /- LT,

2B EOBEEFERL | ERBLEL TEICL
2o BREMTCONEEE LM 2MBICLLET, B
DEZYEL T2,

5 F&H

BV T b T OEEZREBIE, AL RS
THb, FEV2a—NVDTr—<Iy bk 4§ T7x—
A DH Y |, T UBRRPEENESTH D,
L7zAoT, HHEY 2 — VOERLBEEOBENOD
VAT LADRBICHEL TWALETTEL, B o7
BETHRINALEY 2 - VOH - e T M
THITELDTEETH B, T, BEZRITEFZAT
EY—LVERWLILICLY) . BADY A7 ~DE
HARBESIZE>Twh,

MAELTHBRENET 1 77— a > Y AT A%,
20000 FEFD ¥ A7 T 90% % LM A HMEE* E£H
L. F7-EREMEfEb IZIZTMEETH AT L R T,
KY—VvEy b OFHAEEHES 2L 2,

R AT H(FI3—F) 1, EHERY: Unix B3 (So-
laris, IRIX, Linux % &) TEfET %, 4%, 851
EREMLBHELE" > T FETH B,

#ME I ATOV 27 P L TERRI XY MRS
KeWHETEL T ENAFIVERDH 4 HBREM
CREEL 9,

SE XM

1] FEEEE, FREEH, TESRC, WEEd,
MR, HKH, HERES, RS, 2REH,
AR, FrIRESE, A, MEERE, B
BE. KiERH ARG F Bk
-2 - EEHT A b 2 — S ADOER-. 15
WALERERBFEHR T, 97-SLP-18-2, 1997.

K.Itou, M.Yamamoto, K.Takeda, T.Takezawa,
T.Matsuoka, T.Kobayashi, K.Shikano, and
S.Itahashi. The design of the newspaper-based
Japanese large vocabulary continuous speech
recognition corpus. In Proc. ICSLP, pp. 3261~
3264, 1998.

TR, 30, ESIE, SRR, FRER
1, AR, ki, B, SN, 2
189, WA, HRESE, RE—&, REEE,
BEBFIK 2. KSR AT S AT A
DN SR E LM 0 7 A DER—
LT ST, 97-SLP-18-1, 1997.
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efficient version |

accurate version |

Acoustic monophone 129x16 triphone 2000x16
Model (0.5MB) (8.6MB)
Language 75-month compress-10% 75-month cutoff-1-1
Model (38.0MB) (78.5MB)
Decoding 1-gram factoring 2-gram factoring
) 1-best candidate 10-best candidates
CPU time 2.2x RT 8.4x RT
Male Dep. Corr. 83.8 / Acc. 82.9 | Corr. 93.2 / Acc. 92.0
Female Dep. Corr. 87.5 / Acc. 86.2 | Corr. 94.1 / Acc. 93.2
Gender Indep. || Corr. 82.7 / Acc. 81.2 | Corr. 91.7 / Acc. 90.3

RT (Real Time): 5.8sec./sample,

CPU:

Ultra SPARC 300MHz

% 11: 5K ¥ A5 LD E

98 FER 97 R
efficient ] accurate efficient accurate
Acoustic Model monol29x16@98 | tri2000x16@98 | mono129x16@97 | tri2000x16@97
(0.5MB) (8.6MB) (0.5MB) (8.6MB)
Lexicon ChaSen RWCP
Language Model 75 compress-10 75 cutoff-1-1 45 cutoff-1-2 45 cutoff-1-2
(18.5MB) _ (44.9MB) (23.5MB) (23.5MB)
Decoding 1-gram factor 2-gram factor 1-gram factor 2-gram factor
1-best cand. 10-best cand. 1-best cand. 10-best cand.
CPU time 1.1x RT 6.3x RT 2.8x RT 13.0x RT
Corr/Acc(male D) 87.3 / 86.5 94.5 / 93.3 87.9 /854 93.6 / 92.6
Corr/Acc(female D) 90.0 / 88.9 94.4 / 93.7 89.9 / 89.0 94.1 / 93.3
Corr/Acc(GI) 86.5 / 85.7 92.0 / 91.0 NA NA

RT (Real Time): 4.1sec./sample,

CPU: Ultra SPARC 300MHz
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