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AßSTRACT 

A品harable :'.oftware repository for Japal1t:se LYCSR 
(Large Vocabulary Cominllous Speech Recognitiυ11) Iぉ111・

trüduced. lt i日designed as a bas巴line platforll1 fOI・l・己目巳arch
and c1eveloped by researchers of differ巴nt 41cademic insti
tutes lInder a governlllental !札l]Jport. The repository con・
sists of a recognition engine tJulius)， J41pan出e aじOUStlC

1110dels and statistical langllage 1l10dels as well as Japanese 
morphological analysis tools. Thes己moclules can be eas
ily integrated and r巴placed lIncler U plllg-ulld.play frall1ピ

wurk， which make討it possible to fairly evalllate compυ

nel1ts ancl to develop sp巴ci品c application syst巴 I l1S . Assess
ll1ent of thes巴 modllles and品ystell1日in a 20000-、vυrd dic
tat:on task is reported. The software repository is freely 
available to th巴 public

1. INTRODUCTION 

Larg己 、'ocablllary Continlloll品 Speech Recognition 
(LVCSR) is a basis l)f variolls spe巳ch tt:chllolugy applica
tions_ ln order to bllild an LVCSR system， highべlじcllracy

acollstic 1l10dels， large-scale langllage ll10clels and an 
efficient recognition progralll (decocler) are essential. 
Integration ùf th巴se components and adaptatioll techniqlles 
for re41l-world envil・onmellt山-e also needecl. On the 
other hand， most of researchers are interestecl in specific 
components and try to demonstrate the ellectiveness of 

a new method by integrating with other components_ 
This backgrollnd motivated lIS to develop a fn::巴 sharable
platform that can be lIsecl as a baseline and reference. lt 
is rnther 巴asy_.to hav巴 agreem己nt of a common interfac巴
ancl fOl・mat in the LYCSR systelll. lt realizes a plll呂.and.

play frall1己work. fOl・ res巴arch and de、己lopm己nt. Nall1ely. 

rピ:-.earchC::1、じal) plll and tc::st a nc::山COI1lいon己III ，tlidぉystC::11l
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Figllre 1: Platform ofしVCSR

develop己rs can replace and tune components for 
aplコlications_

We (ldopt巴d Mainichi New邑paper， one ùf the 
wide g巴neral n巴wspapers in Japan， for the sharable 
pllS of both text and speech[ 1]. 41nd organized a p 

to develop a standard software repository that incl 
recognition program together with acoustic and 1 
ll1odels[2]. An overview of the corplls and softw41r巴
picted in Figllre 1. 

Specifications of the acollstic models， langllage 
and recognition engine as well as Japanese 
analysis tools 41re described in this paper. We 41lso 
evalllation of these modules llnder a 20000-word J 
dict41tion task. 

2. SPECIFICATION OF MODULES 

2.1. Aじoustic j\lodel 

Acousti仁Il1llde 1討are based on continl1ol1s density HM! 
WeιIdlì{X the HTK fυnl1at a� i� i�ι111 ASCIl日1:::.

-+76 
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4.8.1G ! ιìD i 
4. b. Ih ; GυCìl ! 
4. X. : () : (;じ l

have trained品evcral kincls 01' Japai1e品己凶OllstlC
frυm a t:onrext independent phone 111υdel to tr卜

11l0dels， as listed in Table 1. We 刷 lIP both gen
and gender independent mod巴Is. A PTM 

Tied-九，1ixtllr巴 ) model is a synthesis of th巴 mono
and ordinary triphone ， in that a miλtllre of Gallssian 

1ü1lS IS目hared as in th巴lllonophllne， blll different 
of distributions are assigned to state討of lriphon巴

acouslic lllodels are trained wilh ASJ speeじh
lìf phonet ically balanced �entenじe� (ASJ-PB) and 
r ‘lI'licle texlS I.ASJ-JNAS). ln tota!， arollnd 20K 
lIttered by 132 speakers are avaiiable for each 

The speech data wer巴山mpkd at 16kHz and 16bit. 
rder meトfreqllency cep品tl川coeffìci己nts (MFCC) 

pllted 巴very 10ms. Temporal diff，巴renc己ofthe t:oef
(ムMFCC) and power (ムしogPow)ωe also incor
. Cepstral mean normalizntion (CMN) is p巴rfol・m巴d

lItterance. 

decision 11'巴e-based c 1ustering is perforlllt:d tll iJlIild 

ing structllre that grollpS similar contexlS anl1じan
with re凶onable d山ta. 1きy changing the threshold 

we set lIP a variety of models whos己nllmber
states is 1000.2000 and 3000. respectively. A PTM 
fllrth巴r introdllt:巴s mixture-tying . lt is lllade lIP nf 

of 64・mixture distrihutions of the lJlonophlJne rnodel 
states in total ) and a set 01' 30()() states detìned by the 

model. Each stat巴 of Ihe triphone sh‘Ires mixture 
ons ofth巴じorresponding monophone stat巴and has 
W己ighぃ10 synth巴Slzeじりnlext-dependent acoll日tic

These parωl1eters ar巴 re-trained for optimization. 
the PTM model realizes an effìcient triphone repre

ion and reliable parameter estimation[3]. 

恥1.orphological Analysis and Lexicon 

con is a set of lexical entries speci!ìed with Iheir no-
s and baseforms . It is also in tl1e HTK forl11at. 

In J apanese， detìnition υf vocablllary depends on 11101'-
1 analysis system lhat seglllenls lInd己lil1lilecl t巴X1S

adopt a morphological analyz巴r ChaSen. '!'n d己目ne
1 t!ntries for speech reじOζnftlυn. the ilIorphulogiじal

lyzer has to not only segll1ent texts into \>υrds blll also 

1Il Kanji-to・Kana (sill1ilar to graphell1巴ーtu-plWIl巴l1l己)
scription. The Kana tranぉcription for dictiollary word日
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Tüble 2・L巴xical Coverage 

l vocabulary size Iじov三笠cJ
5α)() I 1\ö.3q.; i 

20000 : l)().4悦1
出」L2L22LJ

is ch anζed frol11 orthographic one to phonemic one. In .Id
ditioll. we have developed a postprocessor that handleぉir
reglllar variations of pronllnciation. 

In Japanese， there are many morphel11e entries that have 
11111 1tiple part-of-speech tags and also a lot of Kanji (Chト
nese character) entries that have 111111tiple pronllnciations. 
Generally. words of different palt-of-speech tags have dif
ferent tendency of possible adjacent words. ev巴n if they are 
出Ime in notation. Pronunciution of日ome words is also de
pendent on臼djacent words_ In 01・del・to improve langllage 
11l0cl巴ling. we distinguish lexical entries by not only their 
notations bllt also their part-of-speech tags and Kana tranー
はriplions. When a word has 1l1111tipl巴transcriptions which 
are not disa ll1bigllated by the morpl1oiogit:al analysis， one 
entry is allotted with l1Iultiple baseforms 

The vocablllary consists of the 1110討t frequent words 
'_=Illοrph己m凶) in Mainichi n己wspaper articlωfrom .1mト
lIary 1991 to September 1994 (45 months)ll]. Available 
lexicon目白re listed in Table 2. Coverag巳of 99% is achieved 
with tht! 60K lexicon. 

2.3. Language Model 

N-呂ram langllage models are constrllじted based on the lex
lじon. Specitìcally， word 2-grω11 and 3-gram models are 
trained lIsing back-off smoothing. Witt巴n-Bell discollnting 
method i国lIsed to compute back-off coefficients. We adopl 
the CMU -Camhridge SLM toolkit forl11atωit is alsc an 
A.SCll fi le. The cut-off threshold for baseline N・gram 己n司
tries is I for both 2・gram and 3・gram l clltoff- I ・ I J.

Th己n. dimination 01' N-g:ram entries is explored for 
memory effìcienc)'. Conv巳ntionally. it has been done by 
setting a high己1・clIt-offthreshold. Here， we prepare a 1110del 
with tl1巴cut-off threshold of 4 [cutoff-4・4]. In addition， wじ

have introdllced a new method based on the model enlropy， 
not word occurrences[4]. "The method increm巴ntally picks 
oll13・grall1 entries so that ML estilllation 01' th巴 I己dllじed
model gives the smallest increase of entropy. As a result， 
3ぢl山n entries are redllced to 1/ 10 [compress l 0%]. 

We huve lIsed Muinichi newspaper corpus 10 Irain lk 
langllage model. He叙uωdlines and table日WC'I'むlじI川1l()\じd iiì 
pr 
l川110】n刊川th ，叫山Irti比正cle巴?品; (0 1υ/ρ9 1-べ心oり/94; 6StルM叫Iw【0ω)rd 日り). γ、 1" 、 h 山 :1' ..1 
lIsed 1υde!ine th巴leλicon. Th en， lrainilic' d:ll‘， .白

じreased 10 7う-ll1onth urticles (ü 1 /り1-0り/り-1. �: Iリ
i IBM wurd� トTh巴 list í)f langllag巴 1110clじI � ;11'é 

Tabk :; und Table 4. 



Table 3: List of 20K LaIHW，H.!è !VIocl巴Is

Tabi巴4: List üf 60K Langllage Models 

i 75nWlllh �Ulütl-l・1
i 75111011lhじ01111】l巴s， 1 09f， 

2.4. Decoder 

A 1'ecognitioll巴ngll1己 nallle d Julius[5] has be己n ckvelopc:c1 
to inte1'face the acollstic ancl lang:lIa呂c: Ill ùdels. Itじ‘111 c1c:al 

with val・IOUメtype品of th巴 ll10d巴Is. thus can be us巴d fo1' lh巴11
己valu孔tiu I i 

Julius pC:1'tυrllls a t Vv ω-pa>>s \ fu1'ward-baじkVvard I ;，earch 

using wo1'd 2-grall1 and 3-g1'alll on the resl光じtlve pass出 e

In the ti1'st p出品. a t1'et!-stnlctlll巴d Iexicul1 a出Igllecl wltl1 
languag己lllodel probabilities is applied with the f1'all1e
品ynchronous b巴am s巴arch algorithlll . lt assigns p1'巴
curnputed i-忌1'<lm factoring valu巴s to the int<::lïnecliate 
nodes. and appl i巴s 2-g1'all1 p1'obabilitie品at th巴 wo1'd-encl
nodes. Croω-wo1'cl context dependency is handled with ap
proxill1ation which applies th己 best 1l10del fOl・th巴 b己目t his
tory. We a州1I11e one-best approxill1ation rather than word
pair approxirnation. The degradatiun by the rOl lgh approxi
mation in tlle品rst pa品目is n:coven::cl by th巳tree-tr巴lIi日目ピarch
in the seconcl pass. Th巴worclーtrellis inclex forlll is acloptecl 
to efficiently look lIP predicted word canclidates and the ir 
ゐcores[5]. 11< the :-;econd pa:>s. 3-gram language l110de l and 
accuratピ人ピllt巳nじe-dep巴ndem acou>>tic 111けd己1 art: appl it:c1 for 
I・(!-sじoring. Th己re isιln optll>ll tl1at aドplies C!"lJ"s-wlJrd ，;(111-
text liepenct巴nt ll1udèl to worll-c:ncl pllones wltilυlIt clelay rOI 
accurate d巴じocling. W，じピnhancピιt theぉrack-dcclJd 川ト;earch
by setting a In<lxill1ul11 1I111ldlerけr hypけthピ>>t:>> l)f t:\'ery �en

I巴nce 1己ng\h sillce lhピSllllpiじbじsHì1'Slメc:arch ，UIII己11111巳H
fails to gel any I・己cog:nition resu lts 

Fo1' èffìciじI1l d己codingwith the PTrvt I1HJCkl llwl h出a
larg己llllxlll1'巴p己r stat己. Gall山1an prllning i討illlpklllじllled
It prlll1Ö Gaussian d istancピ (=Iog likèlihùod)じl)tnpllt�卜

tion halfway 011 thc: full v己ctor dilllピIIメi()ll i r i 1 is llol 
prolll isi ng[3 J. 

An ove1'view of the decoder is given in Tab le 5 
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Tabl巴5: Ov巴rview of Oecoder Julius 
iIじ1・oss・WOl廿

phone model 
!寸言1玉川 !i app川Xllllalc
; 2nd j)a�\ :l 斗じじuralじ ，、

I .)-旦ralll

3. E\ALljATIOl\‘AT DICTATlON TASK 

ßy int己grating th巴 modllles specifìed in the prev ioll S sec・
tion . a Japanese dictation systel1l is realized. The integrated 
syst巴111 can be lIsed to evalllate the cOl1lponent modules， in 
turn. By changing the tllOdllles llnd巴r the plug-and-play 
fram巴work，we can 巴valllate their 巴ffectswitl】 respect to the 
1'ecognition accuracy and effìci巴ncy. Most of expe川nents
al巴clon:! lIsing a 2UK dicration tasl<. 

As lPA-り8-Testset， 1 we hnve lIsed a portion of the A5J
.1 NAS speèch database that were not llsed for training of出e
aCOllSllC 111りdel. [lじοnSI広lS ()f 100叫mplt!s by 23沿peakers
forξ山ch g巴nct巴r. Tlle日<ll1lple Selllel1CeS areりpen to the lan
guagピmodel t:-aining . Wo1'd accuracy is computed using 
ollr t，)υ1 that processesじornpollnd words. 

3.1. Evaluation of Acoustic Models 

え1 Ilrst. wピDrピselll evaillatiol1 ，)f a varielV I)f孔じoustic mod
els. Hc::・e， tllC: ba討巴l inc: 1.111足uagc: IlllJüel l ï 5-lI1onthじutoff
ト1 J is adυpted. Safe prllning is pピrfo1'll1ed in the PTM 
IlllJιl亡し

The wo1'd accllracy is listed in Tablc: 6 fυr llIale and To・a
ble 7 f・01' felllale speake1's， I吋ectively. The円M model' 
achi巴V己目 a cOlllpa1'able acclIracy to that of the triphone' 
lllodel 01' 11l 1lch larger nlllllbe1' of paral1leters. In fact， recog- : 
nition wi比th th官己PTM 1l10d白州巴el iぬs fa山州l凶凶s叫te創町削rけ. by tw ice than that wilh : 
the t1' iphone . lt is also observed that gend己r indepen抑t i 
lllod巴15 incret附he error rates to a ce口抑制ent comp捌 j

with gende1' depc:ndent models. : 
• J 

3.2. Evaluation 01' Language Models 

N防陶M叫削X刈t，w附己叩p仰t臥附己叩日te己V川a山IL川1I山l川u山(1(“t叩 山ng.忠肝伊1Il伊 l1lod仙d出s. T加he 町岬1凶叫晶雌除 ; 
o' 

t1'ipholl己2(J()Ox 1 () ll10del is lIS巴d. .• ! 
fï1'st. '.ve invesは叩tig忽引仰a川l日t削 the ef仇:fe了這討切e配叩Cαt 0ωf laω川11叩1

d山山川IIに�川:スt
目山h加ow川n 川 T川üble巴 8 fOIωr 、U川川川川il川U川11げ川r什"1川Oαω1Iおリ20似K 1110削削Oαωd山1l!1己d凶山Zゴ止Is唱恥2 T引he刊m岬s恥! 
l川l口川川aω川川11川l日川nc以ωιd川with 75ふ釘5-11寸引11川1
i孔lにu川ωじω山ωじu山川ura町 c引 yドt川 h川 u川n川th加O凶 w川it山h4特件5子-IllO∞n凶川lt川巾tけ山hd山a山lt山Iじ札L
叶d州山licに山川ωCαω川lば山己引n川11111川11川110dωlodωd出' 附 t叩n山 op仰貯川y-州.七b凶L孔山川l凶悶S将叫e吋d ∞ωlllpl芯U叩凶叩s仰iω伽O叩n m耐et勺m勺2 i 
Ic川川じuωωoω}川11川11p，
111ピthod (じlltof什T二-4-4] 1

Next，川�Il，巴ct ()f v(Jcab l.l 1川見ize i品川叩ed. T里、j
pe l' 1"01" 111i1I1Ce of 20K 11l0cl己Is and 60 K ll1ùdds for the SØ'" d 

'一叫lt"' 1
1dL :二、 .!、 :ュ !-:y8!:.�ト 勾 三にこ.ユp/?'...lb，'j刊:リI � 1川山u山5 1 ム円忌a:‘，11çJ僻i
:勺リl川向tリ均Iy I山1)1' .:以.\(>卯〉児CI円川川11川川l日川)1山l川川じ

dじ仁l"lリ山)(刈dじ山l‘ h叫tいI thlじ: �IピじUl口a忙9'附討 、v刷"川l、じ lけha山山1111川'"り)th】じer Tれa‘礼l山h叫kじメ .�冨 ω 
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ごsel is compared in Tai、kり. Acじmacy dじさr�ldallυ111メ
óbsel可己d by じピ口?汁11リ 1 �I川i 日川I r到ng thにピ k己凡lκじon fn刀羽oω3列l川11 20K 1ωtυ) bOK‘ 

炉炉炉4叫ψI
凶d釘じω凶川íJ川川川J川川川川III川11川1可甲巾p仰川J川川 lはt 討町川山九心、4叩i九ω、心)1日j Idほt己�t出h旧川(仁O以odヲX刈)(川d ailllèl叫凶川�刈、叫t ke 巴叩ps川t h旧t 叫 1I川11 心 ‘ ，\ i仙tl山 ! h  1 

;}戸加凶ir日仰ωml】日' 111似川川川H以川川a川凶11山I日川l日川J1 g 3し;-��ツぷl川aω11山l

れJe decodin):; �lIgor!thll1s arc evalllated by lISillg "tl:ピ出Oll:;-

: model of malc triphone 2000x 16 and the ba日el!ne lan

íuage lllodeJ. 

日 100pl 川じIIIピní by邑e\eral enhuncel1lentぉihbtill1111ill-iよ己d

ili Table t O. The aじじlIraじy in tht: J st pa�s and iînai rt:sult 
Iisted. First. setting a beam in the stack d己CL'ding is己f二

切tive.1'h巴n. ;he effect of cross-word context CI巴p巴nclency

fhandJing for aじじurate decoding is conhrmed. Enhanc巴111己nt

tof the lìrst pa山附日刈后 d山山raω山州l�以川F日刈刈t刊ti比ca川州IJ旬y im明'oves itト目i 山Clll口L町 Tog許et山h児m巴l

しh刷[.(v it仙i江t h e引叩n川lha川礼川11町己n川
lisr閃ed川d by 25%. lt tll川n山 υlIt 川 th巴 5巴iυ川川川l日川川l印川ch CITOI内日 川

'rピducecllοl己日th;m half 

4. CONCLUSJON 

!l<ey prυperty ofthe software toolkit is gen巴r川ity :lI1d pÙlïa
ibility. r\， the format日and i nterfaces 01' the lllod 1I1巴s al亡
;widely ac仁巴pWblじ‘ any 1ll0ctllte品ωn be eaおIly repJact:d 
fThlJS山toolkit is sllit�削己for!巴ぬIrch on i州、Iclllλlじonト
�ponent lé:ピhn iq ue�-; as ソ'，'elJ as develop111ent of speじl討c :;y日

tem討 八ctllally. thtご己λp巴Iîm己nts in thiト; paper are done by 
intl!graring ancl replac ing l1lodul巴s that are CI己Vじlupecl at clif

ferent sites. Th己n.!SlIJts provc that the pJllg-and-play frame
work etTectiv己Iy wurks ancl our platform c1emollstrat己日 rea

sonable perfolïilance when adeqllately integrated. 

The software repll詰itory is freely available tu th己pllblic.
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