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ABSTRACT

We describehe new implemenation of a speechto-speech
translatiorsystemat ATR SpolenLangwageTranslatiorRe-

searchLabs(SLT). We usethearchitectue standardCORBA

(Comma ObjectRequesBroker Architecure)to interface

betweena speechrecogiizer, translationsystemand TTS

engire. Variows input typesaresuppoted,includng close-

talking microploneandtelephory hardware.

1. INTRODUCTION

We have developedanew speechto-speechranslatiorsys-
templatform usingCORBA architet¢ure. Theinterfacewas
named"speechand multimodal interfacefor multilingud
exchamge (SMILE)". Previously, ATR hadimplemertedthe
speech-tespeechranslationsystemATR-MATRIX [1, 2],
asaresearclprototype. It consistof thespeechecogiition
subsystenrATRSPRECthelanguag translatiorsubsystem
TDMT, thespeeclsynthesisubsystenCHATR andamain
contrdler. As from early 2000the new laboratoy of ATR
SLT was startedwith new goals,not only the subsystems,
but alsothesoftwareinterfacirg themneededo meethigher
demauds, suchashigher flexibility andmodulaity. Instead
of simply modfying the old software,we decicedto imple-
menta new structue following an establishednterrational
interface standard. After exanmining different appraches,
CORBA waschosen

This paperfirst discusseprevious work in the field of
speechecogiition basedservicesystemsThebasicphilos-
ophyandpropetiesof CORBA areexplained. Thestructure
of thenaw systemapplicatiorexamples andfuturestepsare
given

2. EXISTING ARCHITECTURAL APPROACHES

2.1 ATR-MATRIX

The previously develogped ATR-MATRIX has a modular
thoudh fixed structure.The moduleS ATRSPREC,TDMT,
CHATR) are startedand schedulecby a main contrdler,

eachmodue is managd by a local contrdler. Commu
nicationbetweerthe modules andthe main contrdler fol-
lows the self-ddined SipPacket protocd. Figure 1 shavs
the structue of the previous system. We decided to dis-
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Fig. 1. Previous systemarchitectue

cardATR-MATRIX andimplemen new interface software
becaus®f thefollowing prablems:

¢ insufficient moduarity

e comgicated contoller software, making ATR-
MATRIX hardto modfy

¢ thesystemis noteasyto install or hande for inexpe-
riencedusers

e themoduescannotbedistributedover the network

e one-serone-drectionalsystemii.e. althowgh ATR-
MATRIX is asystenmeantto translatedialogs, only
onecorversatiorsidecanbetranslategpercompuer.

e nonstandardnterfacepraocol

Recenpapersabou architectuesfocusonman-mahine
dialog systemgatherthanon speecho-speechranslation
Butthebasicprablemsandarchitectual appoachesaresim-
ilar. Widely usedsystemarchitectuesarein particularthe
DARPA CommuicatorandCORBA.

2.2. DARPA Communicator

The“DARPA Commuicator”, alsoknown by the nameof
its refeenceimplemenation“Galaxy”, is a modular archi-
tecturedevelgpedat MIT [3]. It wasdesignedor speech



recoqition basednformationretrieval systemslt corsists
of acentralhubwhichinterfacesbetweersenerslik e audio
sener, dialog mana@r, databae etc. The hub behaiour
is definedthrough a setof rulesimplemerted in a special
scripting language. The US Departmat of DefenseAd-
vancedResearchProjectsAgeng/ (DARPA) encouiaged
Americanresearchacilities and companiesto adapttheir
systemdo the Commuricatorarchitectue with funding reg-
ulations therebymakingit a defactostandad in the USA.
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Fig. 2. TheDARPA Communiator

Thedecisionnotto follow the Commurncatorstandard
at ATR wasmadefor severalreasons.

¢ neithe specificationaor the refeenceimplementa-
tion wereopento the public at thetime SLTs future
developmen planswere discussedthey have been
pulishedin the meantine, though).

¢ aself-mademplemenationis familiar andtherebre
easietto modify accordngto changig demands. Theie
is no needfor extemal suppot.

e the Communicatoris a standardvhichis exclusively
usedfor dialog systemsthereare no otherapplica-
tions.

e CommuicatorandCORBA follow similarbasiccon-
cepts,suchas a client-serer achitecture therebre
coud bemadecompatilbe with specialinterfaces.

2.3. CORBA

CORBA [4] is anobjed oriertedarchitectue introducedby

the ObjectManagmentGroup(OMG). Usingthe standard
protccol IIOP (InternetInterORB Protool), modues can

interoperateevenif they are

o distributedover a network,
¢ in differentprogamminglanguaes,

e ondifferert platfoms.

CORBA encapulatesenersasclassesglientsaccesshem
using the interface definition langua@ IDL. Seners and
clientscommuicateusingllOP protacol network conrec-
tions. Thereis no singlecentrd huly eachclientandsener
containsCORBA stubsandskeletonsj.e. interfacesfor pa-
rametettransmission

Exampes for speechrecogition basedsystemsusing
CORBA include ISIS [5], amultilingual spolendialogsys-
tem for finandal transactios, and the speechrecogqition
basedmedicalrecordng systempresentedn [6]. CORBA
is awell establishedndustry standard CORBA interfaces
are available for mary progamminglanguags, including
C++, Java, PerlandPython.

3. TARGETS

While aiming for a multiple use system,we selecteda
telephor-basedranslationsystemas first target applica-
tion. Two usersin aface-to-fcesituationaccesshesystem
usingcellularor standad telephmes.SMILE providesbidi-
rectionaltranslation

Besidedollowing astandardrchitectue, thereareothe
requirenentsfor anidealspeechranslationsystem.

¢ ability todistributesystem:ATRsfirst speechto-speech
translationsystemAsura could only run distributed
over severd compuers,ATR-
MATRIX's compmentshadto beononemachne. A
CORBA basedsystemallows both.

e one system(on one computer) shoud allow bi- or
multidirectionaltranslation.

e multimodal input data: not only speectfrom micro-
phore, but alsotext, speecHilesandvideoinput should
be suppated.

¢ aWWW or othernetwork-basednterface.

e suppat multiple progmmminglanguaes.

¢ dynanmic systemcontrd.

¢ dynanic configurationchang.

¢ logging of all datamustbeeasy

¢ the(graphical) userinterfacemustbe easyto under-

stand.

4. SYSTEM ARCHITECTURE

Figure 3 gives an ovewview of the new systemstructue.
Thesenersincludea speechrecogiition sener, text-to-text
translation speectsyntheis andadditiorally CORBA ser
vices. CORBA servicesareadministréion seners thatare
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Fig. 3. Overview of thenew SMILE systemprototype

partof the CORBA distribution, suchasa namingsenerto
bind a nameto anobjectreferance,a securitysener for au-
thorization andencrygion etc. A client module interfaces
to GUI andinput data.Theclientinterfacerequetsservices
from the seners, contols the dataflow andreturrs the re-
sultsto theuser

The splitup into senersallows both the systemsappli-
cationasspeech-tespeechranslationsystemaswell asan
easycharge to a human-madine dialog system(if a dia-
log manageis given). New senerscanbequickly included
into the systemasa standardDL basednterfacelibrary is
providedto easilywrapary new program.

Thesystenflow andsenerselectionis completelydriven
by a client program. SMILE canbe usedby morethanone
client at the sametime. Therebre, unlike a systemwith
a centralhub andcentralflow control, the SMILE seners
canbeusedfor competely differenttasksat the sametime.
For examge, one client driving the seners as translation
machire anda secondclient usingthe senersfor a dialog
systemcanrun simultaniasly.

5. APPLICATIONS

SMILE is desigredto be easily configurablefor mary dif-
ferentapplicatiors. The speech-tespeechranslationtask
are hotel resenation and generaltravel relatedconversa-
tions,including shoppimy, sightseeing,

transpatation and simple medicalexpressions. Corversa-
tion languagesareEnglishandJapanesaylandarin Chinese
will be addedsoon SMILE is desigred to be multimodal
andsupprt variows types of userinterfaces. For exanple,
to suppot different kinds of speechnput,weinsertarecog-
nition sener for cleanspeectandanadditiacnal recogrition
senerfor telephmespeech.

5.1. Telephone-based Trandation Service

A very simpleteleptoneinterfacehasbeendevelopedear
lier [7] usingonly minimal hardware To be ableto imple-
mentadditinal featuresandto enhancehe userinterface,
we now usea CTl boad to accesghetelephory hardvare.

For a translationsystem,dialog contrd is not possibleor
necessaryOnly in aninitial phasethe useris promptedto
tell the systenmthedialogpartrer’s telephme numberwhich
is thencalledby the system After that,the systemwill wait
for speechinput, recoqize, translateandthenplay there-
sultto thecellularphme of thedialogpartner As aface-te
facesituationis assumedopnly limited feedlackis needed
suchastheinformationthatthe seneris currenly working
ontherecogition. This canbe provided e.g.with a signal
tone. Additional feedback canbe provided by displayirg
therecogition andtranslationresultson a PDA, as previ-
ously shovn in [8]. Most moddes in this systemsun on
theLinux operding systemotherson Windows NT or CE.
CORBAs intergerability suppots suchdistribution.

5.2. C-Star 3

Theinterrational C-Star3 speech-tespeecttranslationre-

searchproject[9] alsofocuseson recogition of telephme

speechEachsitedevelgpstheirown humanlanguagetrans-
lation (HLT) systems,ATR usesthe nev CORBA-based
SMILE. The interfacebetweenthoseHLT seners is pro-

videdwith the comnunicationswitch (CS), a soclet-tased
broadtastingsystemsimilar to interng chat. It transmits
recogiition andtranslationresultsaswell ascortrol mes-
sagedo all conrectedsites. The commoninterfaceto the
compuer telephay hardware hasbeencalledMediator It

initially pronmptsauserto inputthedialogpartnerdanguae
andtelephom® numter, thensendsspeechdatato therecog

nizerandplaysspeectgenergedby thetext-to-speeclsys-
tem. Figure4 shavs the architectue of the C-Star3 system
architectue.
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Fig. 4. TheC-Star3 architectuewith multipletelephorin-
terfaces(Mediaor) andhumanlanguag techndogy (HLT)
seners

6. EVALUATION

The previous speecho-speechranslationsystemATR-
MATRIX hasbeerevaluatedor naiveuserg10] andshaved
ascoreof abou 500in the TOEIC,astandardestof English



asa foreignlangwage. Suchan end-teendevaluationhas
not beenundetaken for the SMILE-basedsystemyet. The
curreri applicationfor SMILE is aphrasebooktypetransla-
tion servicetaskwhichis currently developedat ATR [11].

Thevocahulaty sizeis 2132 uniquewordsfor Japanesand
1917Bfor Endish. Currentrecoqition ratesfor thistaskare
shawvn in Tablel. The Englishacousticmodelwastrained
on the WSJ datalase,the Japanesen the ATR phoreme
balancedsentenceslatabase.Training and evaluaion are
basedon cleanreadspeechrecoded with a close-talling

microphoneat 16 kHz samplingfrequeng.. The test set
for Englishconsistsof 2288sentencgutteredby 44 speak-
ers,the Japansetestsetcortains510 utteranesutteredby

20 spealers. Work on telephme speechacousticmodelsis

still in progess with acowstic mocelsbeinggeneréedfrom

trainingdatafiltered by a codecor by piping,i.e. playing to

aspealerandthenrecordng with a cellularphore.

Table 1. Acousticmodelevaluation
LangJage| Endish Japanese
WER | 174 14.7

7. FUTURE WORK AND CONCLUSION

Asthesenerinterfacesoftwarehasjustbeerfinished mary
future stepsare possible. One developmenteffort will fo-
cuson the userinterfacepart, we arecurrerly working on
atelephme-basedpeech-tespeechranslationservicesys-
tem. To suppat a high numter of languayes,ATR coqer
ateswith researchinstitutesin sevencourtriesin the C-Star
3 project. Theseconcdhew userinterfacetypeis aPDA in a
client-serer scenario.

A different target is to include a dialog managenent
modue and startdeveloping a human-machne communi-
cationsystemsuchastravel informationretrieval or ticket
andhotelresenation

Thishighvariationof possiblduture apgicationsshovs
the high flexibility of the CORBA appoach. SMILE can
alsobeusedfor adialogsystempr for atranslationsystem
with dialogcontol.
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